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Conclusion 
The pSMART acquisition method for global qualitative and quantitative analysis was 
developed to increase performance of sample profiling for proteins and peptides that 
could be used as putative biomarkers.  The pSMART performance analysis  resulted in 
better data as compared to standard DIA methods based on:  

 Greater number of plasma peptides routinely identified 

 Significantly reduced number of decoy hits using multiple means of matching 

 Incorporation of Crystal spectral libraries facilitated real-time data analysis to 
reduce post-acquisition processing time 

 pSMART method is easily adaptable for complex or simple samples as well as 
different chromatographic peak shapes 
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Overview  
Purpose: Demonstrate a more comprehensive data acquisition scheme for performing 
global protein/peptide qualitative and quantitative analysis.  Evaluate data acquisition 
performance by comparing to previously published methods. 

Methods: Data acquisition strategy based on HR/AM MS used for quantitative analysis 
with looped narrow precursor DIA events for sequence confirmation.  Utilize 
consolidated spectral library information facilitating real-time data analysis to create a 
targeted peptide list used for analysis across all technical replicates. 

Results: The pSMART acquisition method resulted in more peptides identified and 
quantified than the standard DIA method with significantly fewer decoy matches 
resulting in greater quantitation in much less time. 

Introduction 
The trend in proteomics is to perform global qualitative and quantitative sample 
analysis without targeted precursor inclusion lists or from MS-driven MS/MS 
acquisition.  The goal is to sample the greatest number of peptides across the gradient 
enabling global determinations across biological samples which can then determine 
subsequent targeted, high-throughput experiments.  Data independent acquisition  
(DIA) strategies have become common due to opportunity to archive and interrogate 
data using any user-defined protein/peptide lists. To increase the sampling and 
characterization capabilities for global qual/quan experiments, we utilize high 
resolution/accurate mass (HR/AM) MS and narrow, asymmetric DIA windows as 
opposed to only DIA data.  The decoupling of data sets used for quantitative and 
qualitative analysis increases quality of both sets.  Success is predicated on leveraging 
high resolution (>70,000 per precursor target) and high mass accuracy to increase 
selectivity for robust MS quantitation.  In addition, the acquisition strategy enables 
product ion data quality to be significantly increased because only one high quality 
product ion spectrum is needed for verification.  The narrow precursor isolation using 
high ion accumulation times and higher resolution settings have shown greater 
sensitivity and selectivity compared to standard DIA data on the same samples. 

Methods  
Sample Preparation 

All experiments were performed using a donor sample of human plasma collected 
under IRB approved protocols and stored in an EDTA stabilized tube (Becton 
Dickinson, Franklin Lakes, NJ).  A stock solution of human plasma was prepared 
without depletion using standard trypsin digestion protocols following reduction and 
alkylation.  The concentration of the final stock solution was estimated to be 4 mg/µL, 
divided into aliquots of 100 µL of 100 ng/µL and frozen until used.  Before MS analysis, 
the sample was spiked with Peptide Retention Time Calibration (PRTC) peptides 
(Thermo Fisher Scientific, Rockford, IL) to a final concentration of 20 fmol on column.  
A total of 1 µL was injected on column per experiment.   

Liquid Chromatography  

All chromatographic separation was performed using a Thermo ScientificTM EASY-
nLCIITM LC system with a binary solvent system of (A) 0.2% formic acid in water and(B) 
0.2% formic acid in acetonitrile.  Samples were loaded onto a 120 x 0.15 mm trapping 
column packed with 5 µm PS-dvb particles (Polymer Labs) and the analytical 
separation was performed using a 500 x 0.1 mm column packed with C18 Aq 
(Bischoff).  The samples were eluted from the column with a linear gradient from 5 to 
45% B in 180 minutes prior to ramping to 90% B for column regeneration.   

Mass Spectrometry 

Thermo Scientific TM Q ExactiveTM mass spectrometer was used for all experiments.  
Two different experiments were performed, standard DIA and peptide-based. 
Staggered MS and M/MS acquisition Across Retention Time (pSMART) for data 
analysis.  Standard DIA acquisition was performed using 25 Da precursor isolation 
covering m/z 400-1200 in 32 scan events, 100 msec max ion fill times, 1e6 AGC 
settings, and 35,000 resolution (@m/z 200).  The pSMART acquisition settings for MS 
was 5e6 AGC setting and 140,0000 resolution (@m/z 200) and DIA events were 
independently acquired using 5 Da precursor isolation for a precursor range of m/z 
400-800, 10 Da for m/z 800-1000, and 20 Da for m/z 1000-1200.  Each narrow DIA 
was acquired using  150 msec max ion fill times, 1e6 AGC settings, and 35,000 
resolution (@m/z 200).  A custom acquisition script was used to perform real-time data 
analysis and recording from a global peptide lists. 

Results  
To determine performance of the pSMART acquisition strategy, experimental analysis 
of non-depleted human plasma digest was compared to standard DIA data.  The 
evaluation metrics was confident matching as described above.  In addition to spectral 
matching, %CVs were used to determine reproducibility and quantitative capabilities 
per method. 

Data Analysis 

Crystal spectral libraries were used to create a comprehensive list of plasma peptides 
identified and verified based on DDA data acquired at BRIMS over the course of two 
years and contains 10,288 peptides.  The list of peptides contains the sequence (with 
and without modifications), relative retention times, precursor charge states, product 
ion m/z values and average product ion distribution.  A custom script was used to 
perform real-time spectral matching for both standard DIA and pSMART data to 
spectral library information resulting in a final list of identified peptides per injection.  
Real-time identification was based on retention time overlap, precursor/product ion 
mass errors, and cosine similarity scoring between experimental product ion 
distribution and spectral library information.  Mass tolerance values were set to 10 ppm 
for all pSMART data and CS scores of 0.6 or better.  Standard DIA data was 
processed using two different mass tolerance values, 10 and 20 ppm and a CS score 
threshold of 0.7.  Further scoring for standard DIA evaluated the consecutive spectral 
matches based on mass accuracy and CS scores.  The final list of identified peptides 
was exported to the Pinpoint™ software for quantitation and variance analysis across 
all technical replicates.  

In addition to forward matching analysis, a decoy database was created and used for 
subsequent data analysis.  The same spectral library was used to create two different 
decoy databases with the first decoy database created by switching precursors and 
product ions.  The two peptide entries used to switch must have similar retention times 
but precursor m/z value differences in excess of 50 Da.  The second decoy database 
extended the first by further shuffling the relative abundance values per fragment ion.  
Decoy hits were scored using the same acceptance criteria as that for the forward 
search. 

 

Three technical replicates were acquired per data acquisition scheme.  The real-time 
data analysis generates a list of peptide sequences per injection that can be 
compared across each replicate and data acquisition scheme to determine 
reproducibility.  The peptide numbers listed in Table 1 sums the total number of 
peptides identified across all technical replicates.  Of primary interest is the 
reproducibility of peptides identified across each injection.  Of the 2525 peptides 
identified across all pSMART, 2285 were identified in all three replicates and ca. 
another 75 peptides identified in 2/3 injections. In the standard DIA identified a total 
2159 peptides from the all replicates but only 1599 peptides were verified across all 
three technical replicates and ca. another 180 peptides identified in 2/3 replicates. 

Of further interest was determining the overlap of identified peptides across all 
methods as well as those peptides uniquely identified per method.  Each list of 
peptides per method were compared and evaluated displayed in Figure 3.     

FIGURE 3. Venn diagram comparing identified peptides per data acquisition 
used to sample the plasma digest.  Each peptide had to be identified in all three 
technical replicates to be considered. 

FIGURE 4.  Comparative mass spectral analysis of the plasma peptide 
SLAELGGHLDQQVEEFR that was uniquely identified using pSMART method.  A) 
shows the overlaid precursor isotopic XICs for the +3 charge state and the inset 
shows the isotopic distribution overlap.  The red dashed line indicates the 
matched narrow DIA window.  B) shows the overlaid product ion XIC trace from 
the PRM experiment.  The inset table list the product ions, ion type, and library 
distribution.  C) shows the overlaid product ion XICs from the standard DIA 
experiment.  The inset shows the comparative product ion distribution from each 
data set as compared to the spectral library entry. 

FIGURE 1.  Schematic representation of pSMART data acquisition strategy 
consisting of HR/AM MS spectral acquisition used for quantitative peptide 
analysis (red lines) and looped narrow asymmetrical DIA acquisition for 
qualitative peptide confirmation (black dashes). (1A) User defined loop count 
dictates MS acquisition cycle time while precursor m/z range, individual DIA 
precursor isolation range, and max ion fill times dictate total DIA acquisition 
cycle time.  The real-time data processing scheme is displayed in Fig. 1B 
showing the predicted retention time window read in from the Crystal Spectral 
Library, precursor XIC, and the single narrow DIA window acquired under the 
precursor XIC trace. 
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FIGURE 2. Comparative targeted peptide analysis using standard DIA and 
pSMART methods for the plasma peptide ISASAEELR. (A) Shows the product 
ion XIC results from the standard DIA dataset compared to (B) which shows the 
precursor ion XIC results used to determine elution profile, qualitative analysis, 
and quantitation.  The dashed line shows the RT point for matched DIA 
spectrum for the targeted peptide.  Fig. C shows  comparative product ion 
distribution analysis for DIA and pSMART as well as the product ion 
distribution read in from Crystal.  Successful matching is based on CS scores 
in excess of 0.7 as compared to library product ion distribution.  CS scores for 
DIA is 0.87 compared to 0.81 for pSMART.  CS scores for DIA are based on 
relative product ion AUC values whereas the single narrow DIA spectrum is 
used to calculate the CS score.    

 

TABLE 1. List of comparative peptide hits using different data processing 
strategies.  Each column lists the forward and decoy hit rates per data set and 
acceptance criteria used for processing.  Mass tolerance criteria used for 
pSMART data (MS and DIA) was 10 ppm.  Decoy libraries used to search 
experimental data are described above. 
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A secondary set of PRM experiments were 
performed to target the unique peptides 
identified per acquisition scheme.  A 
targeted inclusion list of 536 peptides 
(standard DIA), 656 from pSMART, and 
724 peptides identified by all three 
experiments as a control.  The results from 
each PRM analysis showed over 95% of 
the 724 peptides verified across all three 
methods were confirmed using PRM, over 
85% of the peptides were confirmed for 
the pSMART method, and less than 15% 
of the unique peptides identified by 
standard DIA were confirmed by the PRM 
experiment.  An example of the 
comparative data analysis strategy is 
presented in Figure 4. 
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C 

Figure 5. Comparative reproducibility analysis of area values per data 
acquisition method.  The coefficient of variance was determined across the 
three technical replicates.  Area values for the pSMART data was determined 
from precursor isotopic XICs compared to standard DIA experiments relying on 
product ion XICs. 
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The pSMART acquisition method for global qualitative and quantitative analysis was 
developed to increase performance of sample profiling for proteins and peptides that 
could be used as putative biomarkers.  The pSMART performance analysis  resulted in 
better data as compared to standard DIA methods based on:  

 Greater number of plasma peptides routinely identified 

 Significantly reduced number of decoy hits using multiple means of matching 
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reduce post-acquisition processing time 
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Overview  
Purpose: Demonstrate a more comprehensive data acquisition scheme for performing 
global protein/peptide qualitative and quantitative analysis.  Evaluate data acquisition 
performance by comparing to previously published methods. 

Methods: Data acquisition strategy based on HR/AM MS used for quantitative analysis 
with looped narrow precursor DIA events for sequence confirmation.  Utilize 
consolidated spectral library information facilitating real-time data analysis to create a 
targeted peptide list used for analysis across all technical replicates. 

Results: The pSMART acquisition method resulted in more peptides identified and 
quantified than the standard DIA method with significantly fewer decoy matches 
resulting in greater quantitation in much less time. 

Introduction 
The trend in proteomics is to perform global qualitative and quantitative sample 
analysis without targeted precursor inclusion lists or from MS-driven MS/MS 
acquisition.  The goal is to sample the greatest number of peptides across the gradient 
enabling global determinations across biological samples which can then determine 
subsequent targeted, high-throughput experiments.  Data independent acquisition  
(DIA) strategies have become common due to opportunity to archive and interrogate 
data using any user-defined protein/peptide lists. To increase the sampling and 
characterization capabilities for global qual/quan experiments, we utilize high 
resolution/accurate mass (HR/AM) MS and narrow, asymmetric DIA windows as 
opposed to only DIA data.  The decoupling of data sets used for quantitative and 
qualitative analysis increases quality of both sets.  Success is predicated on leveraging 
high resolution (>70,000 per precursor target) and high mass accuracy to increase 
selectivity for robust MS quantitation.  In addition, the acquisition strategy enables 
product ion data quality to be significantly increased because only one high quality 
product ion spectrum is needed for verification.  The narrow precursor isolation using 
high ion accumulation times and higher resolution settings have shown greater 
sensitivity and selectivity compared to standard DIA data on the same samples. 

Methods  
Sample Preparation 

All experiments were performed using a donor sample of human plasma collected 
under IRB approved protocols and stored in an EDTA stabilized tube (Becton 
Dickinson, Franklin Lakes, NJ).  A stock solution of human plasma was prepared 
without depletion using standard trypsin digestion protocols following reduction and 
alkylation.  The concentration of the final stock solution was estimated to be 4 mg/µL, 
divided into aliquots of 100 µL of 100 ng/µL and frozen until used.  Before MS analysis, 
the sample was spiked with Peptide Retention Time Calibration (PRTC) peptides 
(Thermo Fisher Scientific, Rockford, IL) to a final concentration of 20 fmol on column.  
A total of 1 µL was injected on column per experiment.   

Liquid Chromatography  

All chromatographic separation was performed using a Thermo ScientificTM EASY-
nLCIITM LC system with a binary solvent system of (A) 0.2% formic acid in water and(B) 
0.2% formic acid in acetonitrile.  Samples were loaded onto a 120 x 0.15 mm trapping 
column packed with 5 µm PS-dvb particles (Polymer Labs) and the analytical 
separation was performed using a 500 x 0.1 mm column packed with C18 Aq 
(Bischoff).  The samples were eluted from the column with a linear gradient from 5 to 
45% B in 180 minutes prior to ramping to 90% B for column regeneration.   

Mass Spectrometry 

Thermo Scientific TM Q ExactiveTM mass spectrometer was used for all experiments.  
Two different experiments were performed, standard DIA and peptide-based. 
Staggered MS and M/MS acquisition Across Retention Time (pSMART) for data 
analysis.  Standard DIA acquisition was performed using 25 Da precursor isolation 
covering m/z 400-1200 in 32 scan events, 100 msec max ion fill times, 1e6 AGC 
settings, and 35,000 resolution (@m/z 200).  The pSMART acquisition settings for MS 
was 5e6 AGC setting and 140,0000 resolution (@m/z 200) and DIA events were 
independently acquired using 5 Da precursor isolation for a precursor range of m/z 
400-800, 10 Da for m/z 800-1000, and 20 Da for m/z 1000-1200.  Each narrow DIA 
was acquired using  150 msec max ion fill times, 1e6 AGC settings, and 35,000 
resolution (@m/z 200).  A custom acquisition script was used to perform real-time data 
analysis and recording from a global peptide lists. 

Results  
To determine performance of the pSMART acquisition strategy, experimental analysis 
of non-depleted human plasma digest was compared to standard DIA data.  The 
evaluation metrics was confident matching as described above.  In addition to spectral 
matching, %CVs were used to determine reproducibility and quantitative capabilities 
per method. 

Data Analysis 

Crystal spectral libraries were used to create a comprehensive list of plasma peptides 
identified and verified based on DDA data acquired at BRIMS over the course of two 
years and contains 10,288 peptides.  The list of peptides contains the sequence (with 
and without modifications), relative retention times, precursor charge states, product 
ion m/z values and average product ion distribution.  A custom script was used to 
perform real-time spectral matching for both standard DIA and pSMART data to 
spectral library information resulting in a final list of identified peptides per injection.  
Real-time identification was based on retention time overlap, precursor/product ion 
mass errors, and cosine similarity scoring between experimental product ion 
distribution and spectral library information.  Mass tolerance values were set to 10 ppm 
for all pSMART data and CS scores of 0.6 or better.  Standard DIA data was 
processed using two different mass tolerance values, 10 and 20 ppm and a CS score 
threshold of 0.7.  Further scoring for standard DIA evaluated the consecutive spectral 
matches based on mass accuracy and CS scores.  The final list of identified peptides 
was exported to the Pinpoint™ software for quantitation and variance analysis across 
all technical replicates.  

In addition to forward matching analysis, a decoy database was created and used for 
subsequent data analysis.  The same spectral library was used to create two different 
decoy databases with the first decoy database created by switching precursors and 
product ions.  The two peptide entries used to switch must have similar retention times 
but precursor m/z value differences in excess of 50 Da.  The second decoy database 
extended the first by further shuffling the relative abundance values per fragment ion.  
Decoy hits were scored using the same acceptance criteria as that for the forward 
search. 

 

Three technical replicates were acquired per data acquisition scheme.  The real-time 
data analysis generates a list of peptide sequences per injection that can be 
compared across each replicate and data acquisition scheme to determine 
reproducibility.  The peptide numbers listed in Table 1 sums the total number of 
peptides identified across all technical replicates.  Of primary interest is the 
reproducibility of peptides identified across each injection.  Of the 2525 peptides 
identified across all pSMART, 2285 were identified in all three replicates and ca. 
another 75 peptides identified in 2/3 injections. In the standard DIA identified a total 
2159 peptides from the all replicates but only 1599 peptides were verified across all 
three technical replicates and ca. another 180 peptides identified in 2/3 replicates. 

Of further interest was determining the overlap of identified peptides across all 
methods as well as those peptides uniquely identified per method.  Each list of 
peptides per method were compared and evaluated displayed in Figure 3.     

FIGURE 3. Venn diagram comparing identified peptides per data acquisition 
used to sample the plasma digest.  Each peptide had to be identified in all three 
technical replicates to be considered. 

FIGURE 4.  Comparative mass spectral analysis of the plasma peptide 
SLAELGGHLDQQVEEFR that was uniquely identified using pSMART method.  A) 
shows the overlaid precursor isotopic XICs for the +3 charge state and the inset 
shows the isotopic distribution overlap.  The red dashed line indicates the 
matched narrow DIA window.  B) shows the overlaid product ion XIC trace from 
the PRM experiment.  The inset table list the product ions, ion type, and library 
distribution.  C) shows the overlaid product ion XICs from the standard DIA 
experiment.  The inset shows the comparative product ion distribution from each 
data set as compared to the spectral library entry. 

FIGURE 1.  Schematic representation of pSMART data acquisition strategy 
consisting of HR/AM MS spectral acquisition used for quantitative peptide 
analysis (red lines) and looped narrow asymmetrical DIA acquisition for 
qualitative peptide confirmation (black dashes). (1A) User defined loop count 
dictates MS acquisition cycle time while precursor m/z range, individual DIA 
precursor isolation range, and max ion fill times dictate total DIA acquisition 
cycle time.  The real-time data processing scheme is displayed in Fig. 1B 
showing the predicted retention time window read in from the Crystal Spectral 
Library, precursor XIC, and the single narrow DIA window acquired under the 
precursor XIC trace. 
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FIGURE 2. Comparative targeted peptide analysis using standard DIA and 
pSMART methods for the plasma peptide ISASAEELR. (A) Shows the product 
ion XIC results from the standard DIA dataset compared to (B) which shows the 
precursor ion XIC results used to determine elution profile, qualitative analysis, 
and quantitation.  The dashed line shows the RT point for matched DIA 
spectrum for the targeted peptide.  Fig. C shows  comparative product ion 
distribution analysis for DIA and pSMART as well as the product ion 
distribution read in from Crystal.  Successful matching is based on CS scores 
in excess of 0.7 as compared to library product ion distribution.  CS scores for 
DIA is 0.87 compared to 0.81 for pSMART.  CS scores for DIA are based on 
relative product ion AUC values whereas the single narrow DIA spectrum is 
used to calculate the CS score.    

 

TABLE 1. List of comparative peptide hits using different data processing 
strategies.  Each column lists the forward and decoy hit rates per data set and 
acceptance criteria used for processing.  Mass tolerance criteria used for 
pSMART data (MS and DIA) was 10 ppm.  Decoy libraries used to search 
experimental data are described above. 
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A secondary set of PRM experiments were 
performed to target the unique peptides 
identified per acquisition scheme.  A 
targeted inclusion list of 536 peptides 
(standard DIA), 656 from pSMART, and 
724 peptides identified by all three 
experiments as a control.  The results from 
each PRM analysis showed over 95% of 
the 724 peptides verified across all three 
methods were confirmed using PRM, over 
85% of the peptides were confirmed for 
the pSMART method, and less than 15% 
of the unique peptides identified by 
standard DIA were confirmed by the PRM 
experiment.  An example of the 
comparative data analysis strategy is 
presented in Figure 4. 
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Figure 5. Comparative reproducibility analysis of area values per data 
acquisition method.  The coefficient of variance was determined across the 
three technical replicates.  Area values for the pSMART data was determined 
from precursor isotopic XICs compared to standard DIA experiments relying on 
product ion XICs. 

Peptide 
IDStrategy 

Standard DIA 
 20ppm 

6 data point 
across peak 

Standard DIA 
20ppm 

 4 data point 
across peak 

Standard DIA 
10ppM 

 6 data point 
across peak 

Standard DIA  
10ppm 

 4 data point 
across peak 

 
 pSMART 
(10ppm) 

Library Hits 2159 3034 1645 2244 2525 

Decoy library 
#1 Hits 983 1790 503 897 287 

Decoy library 
#2 Hits 515 996 182 363 149 

Decoy Hit 
Rate (#1) 46% 59% 31% 40% 11% 

Decoy Hit 
Rate (#2) 24% 33% 11% 16% 6% 

All trademarks are the property of Thermo Fisher Scientific and its subsidiaries.   

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others. 

PO64149-EN 0614S 



4 Real-Time Qualitative and Quantitative Global Proteomics Profiling Using a Hybrid Data Acquisition Scheme

Real-Time Qualitative and Quantitative Global Proteomics Profiling using a Hybrid Data Acquisition Scheme 
Tara Schroeder1, Amol Prakash2, Scott Peterman2, Barbara Frewen2, Shadab Ahmad2, Maryann Vogelsang2, David Sarracino2, Bryan Krastins2, Mary Lopez2 
1Thermo Fisher Scientific, Somerset, NJ 2Thermo Fisher Scientific BRIMS, Cambridge, MA 

Conclusion 
The pSMART acquisition method for global qualitative and quantitative analysis was 
developed to increase performance of sample profiling for proteins and peptides that 
could be used as putative biomarkers.  The pSMART performance analysis  resulted in 
better data as compared to standard DIA methods based on:  

 Greater number of plasma peptides routinely identified 

 Significantly reduced number of decoy hits using multiple means of matching 

 Incorporation of Crystal spectral libraries facilitated real-time data analysis to 
reduce post-acquisition processing time 

 pSMART method is easily adaptable for complex or simple samples as well as 
different chromatographic peak shapes 
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Overview  
Purpose: Demonstrate a more comprehensive data acquisition scheme for performing 
global protein/peptide qualitative and quantitative analysis.  Evaluate data acquisition 
performance by comparing to previously published methods. 

Methods: Data acquisition strategy based on HR/AM MS used for quantitative analysis 
with looped narrow precursor DIA events for sequence confirmation.  Utilize 
consolidated spectral library information facilitating real-time data analysis to create a 
targeted peptide list used for analysis across all technical replicates. 

Results: The pSMART acquisition method resulted in more peptides identified and 
quantified than the standard DIA method with significantly fewer decoy matches 
resulting in greater quantitation in much less time. 

Introduction 
The trend in proteomics is to perform global qualitative and quantitative sample 
analysis without targeted precursor inclusion lists or from MS-driven MS/MS 
acquisition.  The goal is to sample the greatest number of peptides across the gradient 
enabling global determinations across biological samples which can then determine 
subsequent targeted, high-throughput experiments.  Data independent acquisition  
(DIA) strategies have become common due to opportunity to archive and interrogate 
data using any user-defined protein/peptide lists. To increase the sampling and 
characterization capabilities for global qual/quan experiments, we utilize high 
resolution/accurate mass (HR/AM) MS and narrow, asymmetric DIA windows as 
opposed to only DIA data.  The decoupling of data sets used for quantitative and 
qualitative analysis increases quality of both sets.  Success is predicated on leveraging 
high resolution (>70,000 per precursor target) and high mass accuracy to increase 
selectivity for robust MS quantitation.  In addition, the acquisition strategy enables 
product ion data quality to be significantly increased because only one high quality 
product ion spectrum is needed for verification.  The narrow precursor isolation using 
high ion accumulation times and higher resolution settings have shown greater 
sensitivity and selectivity compared to standard DIA data on the same samples. 

Methods  
Sample Preparation 

All experiments were performed using a donor sample of human plasma collected 
under IRB approved protocols and stored in an EDTA stabilized tube (Becton 
Dickinson, Franklin Lakes, NJ).  A stock solution of human plasma was prepared 
without depletion using standard trypsin digestion protocols following reduction and 
alkylation.  The concentration of the final stock solution was estimated to be 4 mg/µL, 
divided into aliquots of 100 µL of 100 ng/µL and frozen until used.  Before MS analysis, 
the sample was spiked with Peptide Retention Time Calibration (PRTC) peptides 
(Thermo Fisher Scientific, Rockford, IL) to a final concentration of 20 fmol on column.  
A total of 1 µL was injected on column per experiment.   

Liquid Chromatography  

All chromatographic separation was performed using a Thermo ScientificTM EASY-
nLCIITM LC system with a binary solvent system of (A) 0.2% formic acid in water and(B) 
0.2% formic acid in acetonitrile.  Samples were loaded onto a 120 x 0.15 mm trapping 
column packed with 5 µm PS-dvb particles (Polymer Labs) and the analytical 
separation was performed using a 500 x 0.1 mm column packed with C18 Aq 
(Bischoff).  The samples were eluted from the column with a linear gradient from 5 to 
45% B in 180 minutes prior to ramping to 90% B for column regeneration.   

Mass Spectrometry 

Thermo Scientific TM Q ExactiveTM mass spectrometer was used for all experiments.  
Two different experiments were performed, standard DIA and peptide-based. 
Staggered MS and M/MS acquisition Across Retention Time (pSMART) for data 
analysis.  Standard DIA acquisition was performed using 25 Da precursor isolation 
covering m/z 400-1200 in 32 scan events, 100 msec max ion fill times, 1e6 AGC 
settings, and 35,000 resolution (@m/z 200).  The pSMART acquisition settings for MS 
was 5e6 AGC setting and 140,0000 resolution (@m/z 200) and DIA events were 
independently acquired using 5 Da precursor isolation for a precursor range of m/z 
400-800, 10 Da for m/z 800-1000, and 20 Da for m/z 1000-1200.  Each narrow DIA 
was acquired using  150 msec max ion fill times, 1e6 AGC settings, and 35,000 
resolution (@m/z 200).  A custom acquisition script was used to perform real-time data 
analysis and recording from a global peptide lists. 

Results  
To determine performance of the pSMART acquisition strategy, experimental analysis 
of non-depleted human plasma digest was compared to standard DIA data.  The 
evaluation metrics was confident matching as described above.  In addition to spectral 
matching, %CVs were used to determine reproducibility and quantitative capabilities 
per method. 

Data Analysis 

Crystal spectral libraries were used to create a comprehensive list of plasma peptides 
identified and verified based on DDA data acquired at BRIMS over the course of two 
years and contains 10,288 peptides.  The list of peptides contains the sequence (with 
and without modifications), relative retention times, precursor charge states, product 
ion m/z values and average product ion distribution.  A custom script was used to 
perform real-time spectral matching for both standard DIA and pSMART data to 
spectral library information resulting in a final list of identified peptides per injection.  
Real-time identification was based on retention time overlap, precursor/product ion 
mass errors, and cosine similarity scoring between experimental product ion 
distribution and spectral library information.  Mass tolerance values were set to 10 ppm 
for all pSMART data and CS scores of 0.6 or better.  Standard DIA data was 
processed using two different mass tolerance values, 10 and 20 ppm and a CS score 
threshold of 0.7.  Further scoring for standard DIA evaluated the consecutive spectral 
matches based on mass accuracy and CS scores.  The final list of identified peptides 
was exported to the Pinpoint™ software for quantitation and variance analysis across 
all technical replicates.  

In addition to forward matching analysis, a decoy database was created and used for 
subsequent data analysis.  The same spectral library was used to create two different 
decoy databases with the first decoy database created by switching precursors and 
product ions.  The two peptide entries used to switch must have similar retention times 
but precursor m/z value differences in excess of 50 Da.  The second decoy database 
extended the first by further shuffling the relative abundance values per fragment ion.  
Decoy hits were scored using the same acceptance criteria as that for the forward 
search. 

 

Three technical replicates were acquired per data acquisition scheme.  The real-time 
data analysis generates a list of peptide sequences per injection that can be 
compared across each replicate and data acquisition scheme to determine 
reproducibility.  The peptide numbers listed in Table 1 sums the total number of 
peptides identified across all technical replicates.  Of primary interest is the 
reproducibility of peptides identified across each injection.  Of the 2525 peptides 
identified across all pSMART, 2285 were identified in all three replicates and ca. 
another 75 peptides identified in 2/3 injections. In the standard DIA identified a total 
2159 peptides from the all replicates but only 1599 peptides were verified across all 
three technical replicates and ca. another 180 peptides identified in 2/3 replicates. 

Of further interest was determining the overlap of identified peptides across all 
methods as well as those peptides uniquely identified per method.  Each list of 
peptides per method were compared and evaluated displayed in Figure 3.     

FIGURE 3. Venn diagram comparing identified peptides per data acquisition 
used to sample the plasma digest.  Each peptide had to be identified in all three 
technical replicates to be considered. 

FIGURE 4.  Comparative mass spectral analysis of the plasma peptide 
SLAELGGHLDQQVEEFR that was uniquely identified using pSMART method.  A) 
shows the overlaid precursor isotopic XICs for the +3 charge state and the inset 
shows the isotopic distribution overlap.  The red dashed line indicates the 
matched narrow DIA window.  B) shows the overlaid product ion XIC trace from 
the PRM experiment.  The inset table list the product ions, ion type, and library 
distribution.  C) shows the overlaid product ion XICs from the standard DIA 
experiment.  The inset shows the comparative product ion distribution from each 
data set as compared to the spectral library entry. 

FIGURE 1.  Schematic representation of pSMART data acquisition strategy 
consisting of HR/AM MS spectral acquisition used for quantitative peptide 
analysis (red lines) and looped narrow asymmetrical DIA acquisition for 
qualitative peptide confirmation (black dashes). (1A) User defined loop count 
dictates MS acquisition cycle time while precursor m/z range, individual DIA 
precursor isolation range, and max ion fill times dictate total DIA acquisition 
cycle time.  The real-time data processing scheme is displayed in Fig. 1B 
showing the predicted retention time window read in from the Crystal Spectral 
Library, precursor XIC, and the single narrow DIA window acquired under the 
precursor XIC trace. 
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FIGURE 2. Comparative targeted peptide analysis using standard DIA and 
pSMART methods for the plasma peptide ISASAEELR. (A) Shows the product 
ion XIC results from the standard DIA dataset compared to (B) which shows the 
precursor ion XIC results used to determine elution profile, qualitative analysis, 
and quantitation.  The dashed line shows the RT point for matched DIA 
spectrum for the targeted peptide.  Fig. C shows  comparative product ion 
distribution analysis for DIA and pSMART as well as the product ion 
distribution read in from Crystal.  Successful matching is based on CS scores 
in excess of 0.7 as compared to library product ion distribution.  CS scores for 
DIA is 0.87 compared to 0.81 for pSMART.  CS scores for DIA are based on 
relative product ion AUC values whereas the single narrow DIA spectrum is 
used to calculate the CS score.    

 

TABLE 1. List of comparative peptide hits using different data processing 
strategies.  Each column lists the forward and decoy hit rates per data set and 
acceptance criteria used for processing.  Mass tolerance criteria used for 
pSMART data (MS and DIA) was 10 ppm.  Decoy libraries used to search 
experimental data are described above. 
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A secondary set of PRM experiments were 
performed to target the unique peptides 
identified per acquisition scheme.  A 
targeted inclusion list of 536 peptides 
(standard DIA), 656 from pSMART, and 
724 peptides identified by all three 
experiments as a control.  The results from 
each PRM analysis showed over 95% of 
the 724 peptides verified across all three 
methods were confirmed using PRM, over 
85% of the peptides were confirmed for 
the pSMART method, and less than 15% 
of the unique peptides identified by 
standard DIA were confirmed by the PRM 
experiment.  An example of the 
comparative data analysis strategy is 
presented in Figure 4. 
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Figure 5. Comparative reproducibility analysis of area values per data 
acquisition method.  The coefficient of variance was determined across the 
three technical replicates.  Area values for the pSMART data was determined 
from precursor isotopic XICs compared to standard DIA experiments relying on 
product ion XICs. 
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Conclusion 
The pSMART acquisition method for global qualitative and quantitative analysis was 
developed to increase performance of sample profiling for proteins and peptides that 
could be used as putative biomarkers.  The pSMART performance analysis  resulted in 
better data as compared to standard DIA methods based on:  

 Greater number of plasma peptides routinely identified 

 Significantly reduced number of decoy hits using multiple means of matching 

 Incorporation of Crystal spectral libraries facilitated real-time data analysis to 
reduce post-acquisition processing time 

 pSMART method is easily adaptable for complex or simple samples as well as 
different chromatographic peak shapes 
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Overview  
Purpose: Demonstrate a more comprehensive data acquisition scheme for performing 
global protein/peptide qualitative and quantitative analysis.  Evaluate data acquisition 
performance by comparing to previously published methods. 

Methods: Data acquisition strategy based on HR/AM MS used for quantitative analysis 
with looped narrow precursor DIA events for sequence confirmation.  Utilize 
consolidated spectral library information facilitating real-time data analysis to create a 
targeted peptide list used for analysis across all technical replicates. 

Results: The pSMART acquisition method resulted in more peptides identified and 
quantified than the standard DIA method with significantly fewer decoy matches 
resulting in greater quantitation in much less time. 

Introduction 
The trend in proteomics is to perform global qualitative and quantitative sample 
analysis without targeted precursor inclusion lists or from MS-driven MS/MS 
acquisition.  The goal is to sample the greatest number of peptides across the gradient 
enabling global determinations across biological samples which can then determine 
subsequent targeted, high-throughput experiments.  Data independent acquisition  
(DIA) strategies have become common due to opportunity to archive and interrogate 
data using any user-defined protein/peptide lists. To increase the sampling and 
characterization capabilities for global qual/quan experiments, we utilize high 
resolution/accurate mass (HR/AM) MS and narrow, asymmetric DIA windows as 
opposed to only DIA data.  The decoupling of data sets used for quantitative and 
qualitative analysis increases quality of both sets.  Success is predicated on leveraging 
high resolution (>70,000 per precursor target) and high mass accuracy to increase 
selectivity for robust MS quantitation.  In addition, the acquisition strategy enables 
product ion data quality to be significantly increased because only one high quality 
product ion spectrum is needed for verification.  The narrow precursor isolation using 
high ion accumulation times and higher resolution settings have shown greater 
sensitivity and selectivity compared to standard DIA data on the same samples. 

Methods  
Sample Preparation 

All experiments were performed using a donor sample of human plasma collected 
under IRB approved protocols and stored in an EDTA stabilized tube (Becton 
Dickinson, Franklin Lakes, NJ).  A stock solution of human plasma was prepared 
without depletion using standard trypsin digestion protocols following reduction and 
alkylation.  The concentration of the final stock solution was estimated to be 4 mg/µL, 
divided into aliquots of 100 µL of 100 ng/µL and frozen until used.  Before MS analysis, 
the sample was spiked with Peptide Retention Time Calibration (PRTC) peptides 
(Thermo Fisher Scientific, Rockford, IL) to a final concentration of 20 fmol on column.  
A total of 1 µL was injected on column per experiment.   

Liquid Chromatography  

All chromatographic separation was performed using a Thermo ScientificTM EASY-
nLCIITM LC system with a binary solvent system of (A) 0.2% formic acid in water and(B) 
0.2% formic acid in acetonitrile.  Samples were loaded onto a 120 x 0.15 mm trapping 
column packed with 5 µm PS-dvb particles (Polymer Labs) and the analytical 
separation was performed using a 500 x 0.1 mm column packed with C18 Aq 
(Bischoff).  The samples were eluted from the column with a linear gradient from 5 to 
45% B in 180 minutes prior to ramping to 90% B for column regeneration.   

Mass Spectrometry 

Thermo Scientific TM Q ExactiveTM mass spectrometer was used for all experiments.  
Two different experiments were performed, standard DIA and peptide-based. 
Staggered MS and M/MS acquisition Across Retention Time (pSMART) for data 
analysis.  Standard DIA acquisition was performed using 25 Da precursor isolation 
covering m/z 400-1200 in 32 scan events, 100 msec max ion fill times, 1e6 AGC 
settings, and 35,000 resolution (@m/z 200).  The pSMART acquisition settings for MS 
was 5e6 AGC setting and 140,0000 resolution (@m/z 200) and DIA events were 
independently acquired using 5 Da precursor isolation for a precursor range of m/z 
400-800, 10 Da for m/z 800-1000, and 20 Da for m/z 1000-1200.  Each narrow DIA 
was acquired using  150 msec max ion fill times, 1e6 AGC settings, and 35,000 
resolution (@m/z 200).  A custom acquisition script was used to perform real-time data 
analysis and recording from a global peptide lists. 

Results  
To determine performance of the pSMART acquisition strategy, experimental analysis 
of non-depleted human plasma digest was compared to standard DIA data.  The 
evaluation metrics was confident matching as described above.  In addition to spectral 
matching, %CVs were used to determine reproducibility and quantitative capabilities 
per method. 

Data Analysis 

Crystal spectral libraries were used to create a comprehensive list of plasma peptides 
identified and verified based on DDA data acquired at BRIMS over the course of two 
years and contains 10,288 peptides.  The list of peptides contains the sequence (with 
and without modifications), relative retention times, precursor charge states, product 
ion m/z values and average product ion distribution.  A custom script was used to 
perform real-time spectral matching for both standard DIA and pSMART data to 
spectral library information resulting in a final list of identified peptides per injection.  
Real-time identification was based on retention time overlap, precursor/product ion 
mass errors, and cosine similarity scoring between experimental product ion 
distribution and spectral library information.  Mass tolerance values were set to 10 ppm 
for all pSMART data and CS scores of 0.6 or better.  Standard DIA data was 
processed using two different mass tolerance values, 10 and 20 ppm and a CS score 
threshold of 0.7.  Further scoring for standard DIA evaluated the consecutive spectral 
matches based on mass accuracy and CS scores.  The final list of identified peptides 
was exported to the Pinpoint™ software for quantitation and variance analysis across 
all technical replicates.  

In addition to forward matching analysis, a decoy database was created and used for 
subsequent data analysis.  The same spectral library was used to create two different 
decoy databases with the first decoy database created by switching precursors and 
product ions.  The two peptide entries used to switch must have similar retention times 
but precursor m/z value differences in excess of 50 Da.  The second decoy database 
extended the first by further shuffling the relative abundance values per fragment ion.  
Decoy hits were scored using the same acceptance criteria as that for the forward 
search. 

 

Three technical replicates were acquired per data acquisition scheme.  The real-time 
data analysis generates a list of peptide sequences per injection that can be 
compared across each replicate and data acquisition scheme to determine 
reproducibility.  The peptide numbers listed in Table 1 sums the total number of 
peptides identified across all technical replicates.  Of primary interest is the 
reproducibility of peptides identified across each injection.  Of the 2525 peptides 
identified across all pSMART, 2285 were identified in all three replicates and ca. 
another 75 peptides identified in 2/3 injections. In the standard DIA identified a total 
2159 peptides from the all replicates but only 1599 peptides were verified across all 
three technical replicates and ca. another 180 peptides identified in 2/3 replicates. 

Of further interest was determining the overlap of identified peptides across all 
methods as well as those peptides uniquely identified per method.  Each list of 
peptides per method were compared and evaluated displayed in Figure 3.     

FIGURE 3. Venn diagram comparing identified peptides per data acquisition 
used to sample the plasma digest.  Each peptide had to be identified in all three 
technical replicates to be considered. 

FIGURE 4.  Comparative mass spectral analysis of the plasma peptide 
SLAELGGHLDQQVEEFR that was uniquely identified using pSMART method.  A) 
shows the overlaid precursor isotopic XICs for the +3 charge state and the inset 
shows the isotopic distribution overlap.  The red dashed line indicates the 
matched narrow DIA window.  B) shows the overlaid product ion XIC trace from 
the PRM experiment.  The inset table list the product ions, ion type, and library 
distribution.  C) shows the overlaid product ion XICs from the standard DIA 
experiment.  The inset shows the comparative product ion distribution from each 
data set as compared to the spectral library entry. 

FIGURE 1.  Schematic representation of pSMART data acquisition strategy 
consisting of HR/AM MS spectral acquisition used for quantitative peptide 
analysis (red lines) and looped narrow asymmetrical DIA acquisition for 
qualitative peptide confirmation (black dashes). (1A) User defined loop count 
dictates MS acquisition cycle time while precursor m/z range, individual DIA 
precursor isolation range, and max ion fill times dictate total DIA acquisition 
cycle time.  The real-time data processing scheme is displayed in Fig. 1B 
showing the predicted retention time window read in from the Crystal Spectral 
Library, precursor XIC, and the single narrow DIA window acquired under the 
precursor XIC trace. 
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FIGURE 2. Comparative targeted peptide analysis using standard DIA and 
pSMART methods for the plasma peptide ISASAEELR. (A) Shows the product 
ion XIC results from the standard DIA dataset compared to (B) which shows the 
precursor ion XIC results used to determine elution profile, qualitative analysis, 
and quantitation.  The dashed line shows the RT point for matched DIA 
spectrum for the targeted peptide.  Fig. C shows  comparative product ion 
distribution analysis for DIA and pSMART as well as the product ion 
distribution read in from Crystal.  Successful matching is based on CS scores 
in excess of 0.7 as compared to library product ion distribution.  CS scores for 
DIA is 0.87 compared to 0.81 for pSMART.  CS scores for DIA are based on 
relative product ion AUC values whereas the single narrow DIA spectrum is 
used to calculate the CS score.    

 

TABLE 1. List of comparative peptide hits using different data processing 
strategies.  Each column lists the forward and decoy hit rates per data set and 
acceptance criteria used for processing.  Mass tolerance criteria used for 
pSMART data (MS and DIA) was 10 ppm.  Decoy libraries used to search 
experimental data are described above. 
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A secondary set of PRM experiments were 
performed to target the unique peptides 
identified per acquisition scheme.  A 
targeted inclusion list of 536 peptides 
(standard DIA), 656 from pSMART, and 
724 peptides identified by all three 
experiments as a control.  The results from 
each PRM analysis showed over 95% of 
the 724 peptides verified across all three 
methods were confirmed using PRM, over 
85% of the peptides were confirmed for 
the pSMART method, and less than 15% 
of the unique peptides identified by 
standard DIA were confirmed by the PRM 
experiment.  An example of the 
comparative data analysis strategy is 
presented in Figure 4. 
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Figure 5. Comparative reproducibility analysis of area values per data 
acquisition method.  The coefficient of variance was determined across the 
three technical replicates.  Area values for the pSMART data was determined 
from precursor isotopic XICs compared to standard DIA experiments relying on 
product ion XICs. 
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Conclusion 
The pSMART acquisition method for global qualitative and quantitative analysis was 
developed to increase performance of sample profiling for proteins and peptides that 
could be used as putative biomarkers.  The pSMART performance analysis  resulted in 
better data as compared to standard DIA methods based on:  

 Greater number of plasma peptides routinely identified 

 Significantly reduced number of decoy hits using multiple means of matching 

 Incorporation of Crystal spectral libraries facilitated real-time data analysis to 
reduce post-acquisition processing time 

 pSMART method is easily adaptable for complex or simple samples as well as 
different chromatographic peak shapes 
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Overview  
Purpose: Demonstrate a more comprehensive data acquisition scheme for performing 
global protein/peptide qualitative and quantitative analysis.  Evaluate data acquisition 
performance by comparing to previously published methods. 

Methods: Data acquisition strategy based on HR/AM MS used for quantitative analysis 
with looped narrow precursor DIA events for sequence confirmation.  Utilize 
consolidated spectral library information facilitating real-time data analysis to create a 
targeted peptide list used for analysis across all technical replicates. 

Results: The pSMART acquisition method resulted in more peptides identified and 
quantified than the standard DIA method with significantly fewer decoy matches 
resulting in greater quantitation in much less time. 

Introduction 
The trend in proteomics is to perform global qualitative and quantitative sample 
analysis without targeted precursor inclusion lists or from MS-driven MS/MS 
acquisition.  The goal is to sample the greatest number of peptides across the gradient 
enabling global determinations across biological samples which can then determine 
subsequent targeted, high-throughput experiments.  Data independent acquisition  
(DIA) strategies have become common due to opportunity to archive and interrogate 
data using any user-defined protein/peptide lists. To increase the sampling and 
characterization capabilities for global qual/quan experiments, we utilize high 
resolution/accurate mass (HR/AM) MS and narrow, asymmetric DIA windows as 
opposed to only DIA data.  The decoupling of data sets used for quantitative and 
qualitative analysis increases quality of both sets.  Success is predicated on leveraging 
high resolution (>70,000 per precursor target) and high mass accuracy to increase 
selectivity for robust MS quantitation.  In addition, the acquisition strategy enables 
product ion data quality to be significantly increased because only one high quality 
product ion spectrum is needed for verification.  The narrow precursor isolation using 
high ion accumulation times and higher resolution settings have shown greater 
sensitivity and selectivity compared to standard DIA data on the same samples. 

Methods  
Sample Preparation 

All experiments were performed using a donor sample of human plasma collected 
under IRB approved protocols and stored in an EDTA stabilized tube (Becton 
Dickinson, Franklin Lakes, NJ).  A stock solution of human plasma was prepared 
without depletion using standard trypsin digestion protocols following reduction and 
alkylation.  The concentration of the final stock solution was estimated to be 4 mg/µL, 
divided into aliquots of 100 µL of 100 ng/µL and frozen until used.  Before MS analysis, 
the sample was spiked with Peptide Retention Time Calibration (PRTC) peptides 
(Thermo Fisher Scientific, Rockford, IL) to a final concentration of 20 fmol on column.  
A total of 1 µL was injected on column per experiment.   

Liquid Chromatography  

All chromatographic separation was performed using a Thermo ScientificTM EASY-
nLCIITM LC system with a binary solvent system of (A) 0.2% formic acid in water and(B) 
0.2% formic acid in acetonitrile.  Samples were loaded onto a 120 x 0.15 mm trapping 
column packed with 5 µm PS-dvb particles (Polymer Labs) and the analytical 
separation was performed using a 500 x 0.1 mm column packed with C18 Aq 
(Bischoff).  The samples were eluted from the column with a linear gradient from 5 to 
45% B in 180 minutes prior to ramping to 90% B for column regeneration.   

Mass Spectrometry 

Thermo Scientific TM Q ExactiveTM mass spectrometer was used for all experiments.  
Two different experiments were performed, standard DIA and peptide-based. 
Staggered MS and M/MS acquisition Across Retention Time (pSMART) for data 
analysis.  Standard DIA acquisition was performed using 25 Da precursor isolation 
covering m/z 400-1200 in 32 scan events, 100 msec max ion fill times, 1e6 AGC 
settings, and 35,000 resolution (@m/z 200).  The pSMART acquisition settings for MS 
was 5e6 AGC setting and 140,0000 resolution (@m/z 200) and DIA events were 
independently acquired using 5 Da precursor isolation for a precursor range of m/z 
400-800, 10 Da for m/z 800-1000, and 20 Da for m/z 1000-1200.  Each narrow DIA 
was acquired using  150 msec max ion fill times, 1e6 AGC settings, and 35,000 
resolution (@m/z 200).  A custom acquisition script was used to perform real-time data 
analysis and recording from a global peptide lists. 

Results  
To determine performance of the pSMART acquisition strategy, experimental analysis 
of non-depleted human plasma digest was compared to standard DIA data.  The 
evaluation metrics was confident matching as described above.  In addition to spectral 
matching, %CVs were used to determine reproducibility and quantitative capabilities 
per method. 

Data Analysis 

Crystal spectral libraries were used to create a comprehensive list of plasma peptides 
identified and verified based on DDA data acquired at BRIMS over the course of two 
years and contains 10,288 peptides.  The list of peptides contains the sequence (with 
and without modifications), relative retention times, precursor charge states, product 
ion m/z values and average product ion distribution.  A custom script was used to 
perform real-time spectral matching for both standard DIA and pSMART data to 
spectral library information resulting in a final list of identified peptides per injection.  
Real-time identification was based on retention time overlap, precursor/product ion 
mass errors, and cosine similarity scoring between experimental product ion 
distribution and spectral library information.  Mass tolerance values were set to 10 ppm 
for all pSMART data and CS scores of 0.6 or better.  Standard DIA data was 
processed using two different mass tolerance values, 10 and 20 ppm and a CS score 
threshold of 0.7.  Further scoring for standard DIA evaluated the consecutive spectral 
matches based on mass accuracy and CS scores.  The final list of identified peptides 
was exported to the Pinpoint™ software for quantitation and variance analysis across 
all technical replicates.  

In addition to forward matching analysis, a decoy database was created and used for 
subsequent data analysis.  The same spectral library was used to create two different 
decoy databases with the first decoy database created by switching precursors and 
product ions.  The two peptide entries used to switch must have similar retention times 
but precursor m/z value differences in excess of 50 Da.  The second decoy database 
extended the first by further shuffling the relative abundance values per fragment ion.  
Decoy hits were scored using the same acceptance criteria as that for the forward 
search. 

 

Three technical replicates were acquired per data acquisition scheme.  The real-time 
data analysis generates a list of peptide sequences per injection that can be 
compared across each replicate and data acquisition scheme to determine 
reproducibility.  The peptide numbers listed in Table 1 sums the total number of 
peptides identified across all technical replicates.  Of primary interest is the 
reproducibility of peptides identified across each injection.  Of the 2525 peptides 
identified across all pSMART, 2285 were identified in all three replicates and ca. 
another 75 peptides identified in 2/3 injections. In the standard DIA identified a total 
2159 peptides from the all replicates but only 1599 peptides were verified across all 
three technical replicates and ca. another 180 peptides identified in 2/3 replicates. 

Of further interest was determining the overlap of identified peptides across all 
methods as well as those peptides uniquely identified per method.  Each list of 
peptides per method were compared and evaluated displayed in Figure 3.     

FIGURE 3. Venn diagram comparing identified peptides per data acquisition 
used to sample the plasma digest.  Each peptide had to be identified in all three 
technical replicates to be considered. 

FIGURE 4.  Comparative mass spectral analysis of the plasma peptide 
SLAELGGHLDQQVEEFR that was uniquely identified using pSMART method.  A) 
shows the overlaid precursor isotopic XICs for the +3 charge state and the inset 
shows the isotopic distribution overlap.  The red dashed line indicates the 
matched narrow DIA window.  B) shows the overlaid product ion XIC trace from 
the PRM experiment.  The inset table list the product ions, ion type, and library 
distribution.  C) shows the overlaid product ion XICs from the standard DIA 
experiment.  The inset shows the comparative product ion distribution from each 
data set as compared to the spectral library entry. 

FIGURE 1.  Schematic representation of pSMART data acquisition strategy 
consisting of HR/AM MS spectral acquisition used for quantitative peptide 
analysis (red lines) and looped narrow asymmetrical DIA acquisition for 
qualitative peptide confirmation (black dashes). (1A) User defined loop count 
dictates MS acquisition cycle time while precursor m/z range, individual DIA 
precursor isolation range, and max ion fill times dictate total DIA acquisition 
cycle time.  The real-time data processing scheme is displayed in Fig. 1B 
showing the predicted retention time window read in from the Crystal Spectral 
Library, precursor XIC, and the single narrow DIA window acquired under the 
precursor XIC trace. 
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FIGURE 2. Comparative targeted peptide analysis using standard DIA and 
pSMART methods for the plasma peptide ISASAEELR. (A) Shows the product 
ion XIC results from the standard DIA dataset compared to (B) which shows the 
precursor ion XIC results used to determine elution profile, qualitative analysis, 
and quantitation.  The dashed line shows the RT point for matched DIA 
spectrum for the targeted peptide.  Fig. C shows  comparative product ion 
distribution analysis for DIA and pSMART as well as the product ion 
distribution read in from Crystal.  Successful matching is based on CS scores 
in excess of 0.7 as compared to library product ion distribution.  CS scores for 
DIA is 0.87 compared to 0.81 for pSMART.  CS scores for DIA are based on 
relative product ion AUC values whereas the single narrow DIA spectrum is 
used to calculate the CS score.    

 

TABLE 1. List of comparative peptide hits using different data processing 
strategies.  Each column lists the forward and decoy hit rates per data set and 
acceptance criteria used for processing.  Mass tolerance criteria used for 
pSMART data (MS and DIA) was 10 ppm.  Decoy libraries used to search 
experimental data are described above. 

256 724 

889 

10 

536 

656 

463 

DDA 

pSMART DIA 

83 84 85 86 87 88 89 90 

0 

0 

100 

100 

0 
20 
40 
60 
80 

100 
120 

Ab
un

da
nc

e 

m/z 

Theoritical Isotopic Distribution 
Experimental Isotopic Distribution MS1 pSMART 

PRM 

Standard DIA 

R
el

at
iv

e 
Ab

un
da

nc
e 

Library 

m/z 1050.485 (y8)  100% 
m/z 1163..569 (y9)  76% 

+ m/z 935.458   (y7)   57% 
m/z 679.340   (y5)   48% 

0 
20 
40 
60 
80 

100 
120 

y5 y7 y8 y9 

Lib. 
pSMART 
PRM 
DIA 

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

0-10% 11-15% 16-20% 21-30% >30% Missed 

Fr
eq

ue
nc

y 

%CV Range 

SMART HR/AM MS 
Standard DIA 

A secondary set of PRM experiments were 
performed to target the unique peptides 
identified per acquisition scheme.  A 
targeted inclusion list of 536 peptides 
(standard DIA), 656 from pSMART, and 
724 peptides identified by all three 
experiments as a control.  The results from 
each PRM analysis showed over 95% of 
the 724 peptides verified across all three 
methods were confirmed using PRM, over 
85% of the peptides were confirmed for 
the pSMART method, and less than 15% 
of the unique peptides identified by 
standard DIA were confirmed by the PRM 
experiment.  An example of the 
comparative data analysis strategy is 
presented in Figure 4. 
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Figure 5. Comparative reproducibility analysis of area values per data 
acquisition method.  The coefficient of variance was determined across the 
three technical replicates.  Area values for the pSMART data was determined 
from precursor isotopic XICs compared to standard DIA experiments relying on 
product ion XICs. 
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