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What is Data-Independent Acquisition (DIA)? 
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DIA Combines the Merits of DDA and Targeted Acquisition 
at the Cost of Precursor Selectivity 

Data Dependent  
Acquisition (DDA) 

Parallel Reaction  
Monitoring (PRM) 

Peptide Identification Peptide Quantification 

Data Independent  
Acquisition (DIA) 
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VSDSGIVTLAYK VSDSGIVTLAYK VSDSGIVTLAYK VSDSGIVTLAYK 

Database Searching Targeted Analysis 

Cycle time 



Can we confidently detect peptides directly 
from DIA data? 
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PECAN 
Protein  

sequence DB 
NLPFSVENK 

Peptides of interest 

1. Peptide scoring 

2. Background subtraction 

3. Chromatographic peak picking 

4. Statistical analysis 

DIA 

PECAN: Sequence-Based Peptide Detection Tool for DIA 
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Peptide: NLPFSVENK ++  

without a prerequisite spectral/chromatogram library 



How does PECAN work? 
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APTNVTCILK 

Peptides of interest 
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PECAN First Analyzes each Isolation Window 
Independently 

Protein  
sequence DB PECAN 

DIA 

870-880 m/z 

870-880 m/z 870-880 m/z 

Analyze isolation window: 870-880 m/z 

VTSAYLQDIENAYKK 

Target peptides 

Decoy peptides 

KYANEIDQLYASTVK 



Distribution of predicted fragment (b-/y-) ions 

Fragment ion m/z 

Fr
eq

u
en

cy
 o

f 
o

cc
u

rr
en

ce
 

7 

PECAN Step 1: Peptide Scoring 

Protein  
sequence DB PECAN 

1a. Calculate fragment ions specificity 

870-880 m/z 870-880 m/z 

R[y1]: 175.1190  

K[y1]: 147.1128 

APTNVTCILK 

Peptides of interest 
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PECAN Step 1: Peptide Scoring 

Protein  
sequence DB PECAN 

1b. Generate scoring vector for peptides 

APTNVTCILK 

Peptides of interest 

( for all b-/y- ions )  

PECAN generated spectra (scoring vectors) 

Target Decoy 
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PECAN Step 1: Peptide Scoring 

PECAN 
1c. Score with fragment ion XICs 

APTNVTCILK 

Peptides of interest 

DIA 

Target 

Decoy 

Target 

Decoy 
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PECAN Step 2:  Background Subtraction 

Protein  
sequence DB PECAN 

2a. Estimate background score  

APTNVTCILK 

Peptides of interest 

870-880 m/z 

Thousands of 
randomly shuffled 

peptides 

Scoring vectors 



11 

PECAN Step 3:  Peak Picking 

PECAN 
3a. Pick the top N peaks (N=3)  

APTNVTCILK 

Peptides of interest 

1 2 3 

4 
5 

6 
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PECAN Step 3:  Peak Picking 

PECAN 
3b. Generate features for each peak 

APTNVTCILK 

Peptides of interest 

Fragment ions  
 - raw score 
 - background subtracted score 
 - spectrum similarity 
 - number of contributing ions 
 - mass error mean 
 - mass error variance 
 - rank 

Precursor ions 
 - idotp (isotope dot product) 
 - mass error mean 
 - mass error variance 

Peptide sequence 
 - charge state 
 - peptide length 
 - SSR hydrophobicity index 
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PECAN Step 4: Statistical analysis 

PECAN 
4. Statistical analysis 

APTNVTCILK 

Peptides of interest 

Decoy peptides 

CVITNLAPTK 

p-value 

q-value 
Percolator 

Percolator, Käll et al. 2007 

Top N 

Top N 

890-900m/z 400-410m/z 410-420m/z 880-890m/z 420-430m/z 

APTNVTCILK 

Peptides of interest 



Does PECAN work? 
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SIS peptides in water 

SIS peptides in 1 ug yeast lysate 

SIS peptides in  
1 ug HeLa lysate 

Chromatographic Peak Picking Accuracy of PECAN 
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SWATH Gold Standard dataset (OpenSWATH, Röst et al., 2014) 
 422 stable isotope-labeled standard (SIS) peptides with 10 two-fold dilution steps 
 SIS peptides spiked into water, yeast, or HeLa cell lysate 
 DIA isolation window width: 25 m/z  

82% 

29% 

26% 

~90% 



Peptide Detection Capability of PECAN 
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  5,426 1,006 5,384 

Peptide comparison 

DIA+PECAN DDA+Comet 

  2,303 101 837 

Protein comparison 

DIA+PECAN DDA+Comet 

Query 8,207 GST-fusion-proteins from DNASU human cDNA plasmid library 

4xGPF covering 500-600,600-700,700-800,800-900 m/z range 
Isolation window size: DDA 1.5 m/z-wide, DIA 5m/z-wide 

HeLa digest 
peptide mixture 

DIA 

DDA 

PECAN 

Comet 
pipeline 

  

DIA+PECAN DDA+Comet 

84 peptides from  
PECAN only detection 

SRM validation 

82 peptides 



DIA+PECAN Specific Detection Validated by SRM from 
Analytical Standards 
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HeLa digest  
5mz DIA 

16 IVT proteins mixture 
2mz PRM 

R.LIEEENMLAPSLK.Q [242, 254]  

K.LMVEESDLLGQLK.I [342, 354]  
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iRT from SRM 

  slope = 0.45 
  r = 0.9969 

82 peptides 
 



What can PECAN do? 
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M. musculus heart proteome  

 DDA covering 325-1450 m/z  analyzed by SEQUEST (with Percolator) 

 DIA (5 m/z-wide isolation windows) covering 400-900 m/z analyzed by PECAN (with Percolator) 
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DDA 
+ SEQUEST  
223 mt proteins 

 220 

DIA  
+ PECAN 
326 mt proteins 

Query 1,265 mouse mitochondrial proteins 
from MitoP2 database 
= 62 K peptide precursors 

Application 1: What Fraction of the Mitochondrial 
Proteome Can be Detected? 

MitoP: Elstner M et al. (2008, 2009) 

106 3 

Proteins with at least one unique peptide(s) 



Application 1: What Fraction of the Mitochondrial 
Proteome Can be Detected? 
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Q3U3J1:  2-oxoisovalerate dehydrogenase subunit alpha, mitochondrial  (BCKDHA) 

1 

2 

3 4 

5 

6 

1 2 

3 4 5 6 
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Application 2: Query Peptides from Disease Specific Alleles 
in Amyloidosis  
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(Han-Yin Yang)  

Transthyretin TTR 
MASHRLLLLCLAGLVFVSEAGPTGTGESKCP 

LMVKVLDAVRGSPAINVAVHVFRKAADDTWE 

PFASGKTSESGELHGLTTEEEFVEGIYKVEI 

DTKSYWKALGISPFHEHAEVVFTANDSGPRR 

YTIAALLSPYSYSTTAVVTNPKE 

H R TTR variance caused by an A>G 

MASHRLLLLCLAGLVFVSEAGPTGTGESKCP 

LMVKVLDAVRGSPAINVAVHVFRKAADDTWE 

PFASGKTSESGELRGLTTEEEFVEGIYKVEI 

DTKSYWKALGISPFHEHAEVVFTANDSGPRR 

YTIAALLSPYSYSTTAVVTNPKE 

1 

1 2 3 2 

Connors et al., 2003; Jacobson et al., 1999 



Application 3: Query Isoform Specific Peptides  
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Tau: Microtubule associated protein 

Sample 1 Sample 2 

Canonical Tau Sequence 

Jovanov-Miloˇsevi´c et al., 2012 
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Conclusions 

About DIA 
– Samples cmprehensively  

– Combines the merits of DDA and targeted acquisitions 

– Often compromise precursor selectivity   

 

About PECAN 
– Confident peptide detection for DIA data 

– No prerequisite spectral/chromatogram library 

– Detects peptides with target-decoy FDR control 

– Enables both discovery and targeted data analysis   
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