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• Informed Characterization (IC) 

approach for peptide identification 

• IC works well for both Data-

Dependent Acquisition (DDA) and 

Data-Independent Acquisition (DIA). 

• IC does not require assay libraries 

• IC uses sequence graphs to 

decompose peptides into unique 

transitions, efficiently scoring 

peptides with modifications 

• IC was applied to DIA data acquired with 

5 and 3 m/z isolation windows and 

shown to identify comparable numbers 

of peptides to those identified from DDA 

data from the same sample 

 

•Unlike existing tools, e.g. OpenSWATH 

[3], IC does not require assay libraries 

 

• For DDA data, IC outperformed MS-GF+ 

•DIA is becoming increasingly popular in 

proteomics as a complement to DDA. 

• Several recent studies showed the 

usefulness of DIA for targeted proteomics 

[1,2,3]. However, for discovery 

proteomics, the full potential of DIA has 

not yet been achieved mainly because of 

the lack of effective algorithms for 

analyzing the data.  

•We present an IC approach that works 

well for both DDA and DIA data analysis.  

•Our prototype implementation of IC was 

applied to analyze DDA and DIA datasets 

from the same sample of high complexity 

and showed promising results, identifying 

more peptides from DIA than DDA for a 

complex sample.  

• Furthermore, for DDA, IC identified 

significantly more peptides than our 

present state-of-the-art MS-GF+ [4] 

database search engine. 
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Q-Exactive Dataset 

Mouse Heart Proteome 

Q Exactive 

DDA (2 m/z isolation) 

DIA (5 m/z isolation): 4 LC-MS/MS files 

m/z 400~525 
54,624 MS2 

m/z 525~650 
53,705 MS2 

m/z 650~775 
52,974 MS2 

m/z 775~900 
52,562 MS2 

m/z 325~1450 
36,734 HCD MS/MS 
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+3% than IPA DDA 
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+29% than  
MS-GF+ DDA 
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Retrieval 

Scoring 

>Protein1 
ARNDDQGGHILKMFKKLILLK 
>Protein2 
MFPVYWTSPNRAARNDCEHLL 
>Protein3 
KMMMYVVVYWPSSFMKILLHG 
>Protein4 
QEQGGHILLKMMFPSDDQQGH 
>Protein5 
HKLMFPSTWYVVDRNNASSCE 
>Protein6 
FFPPFSTWWYVEQGHHDDCNE 
…… 
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MS data 

Scoring Model 

Evidence 

IC Workflow 

Finding best-scoring path 

Sequence: MARTKQTARK (C48H89N19O13S) 

Modification: Methyl K, (CH2), Oxidation M (O) 
Max #Modifications: 2 

K R A Q K T T R A M 

1 Methyl 

2 Methyls 

1 Methy, 1 Oxidation 

1 Oxidation 

2 Oxidations 

No modification 
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Sequence (Reversed) 

Compositions of all  
possible proteoforms 

“MARTKQTARK”,Methyl, Ox 
(C49H91N19O14S ) 

K R A Q K T T R A M 

1 Methyl 

2 Methyls 

1 Methyl, 1 Oxidation 

1 Oxidation 

2 Oxidations 

No modification 

Select “MARTKQTARK”, 1 Methyl, 1 Oxidation (C49H91N19O14S) 

“KRATQK”,Methyl 
(C31H58N12O8 ) 

Each node represents a transition. 
Assign a score to each node. 
Find the best scoring path. 

Transition (C49H91N19O14S,  C31H58N12O8) 

Sequence (Reversed) 
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Sequence Graph 
Decomposing a sequence into a set of unique transitions 

Transition: (PrecursorComposition, FragmentComposition) 

(PrecursorComposition,  FragmentComposition) 

Match 

MS1 

MS2 

b+ y+ 

This approach can be used for both DIA and DDA 

Scoring a transition 

Yeast Proteome 

Orbitrap Fusion 
DDA (3 m/z isolation) 

DIA (3 m/z isolation): 1 raw file 

59,303 LowRes CID MS/MS spectra 
Mz 400 - 2000 

109,200 low 
resolution CID 

MS/MS spectra 
Mz: 395 - 1005 

Orbitrap Fusion Dataset 
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Figure 1. The Q-Exactive dataset. The DDA and DIA data were generated by a single 
injection and 4 injections of a mouse heart proteome sample, respectively. For the DDA 
data, the survey scan range was m/z 325-1450, the number of selected precursors was 12, 
and the isolation window width was m/z 2. The DIA spectra were generated similar to 
SWATH-MS, but with 5 m/z isolation windows.  

Figure 2. The Orbitrap Fusion dataset. The DDA and DIA data were generated by a single 
injection of a yeast proteome sample each. For the DDA data, the survey scan range was 
m/z 400-2000, the number of selected precursors was 10, and the isolation window width 
was 3 m/z. The DIA data was generated with the survey scan range of m/z 395-1005, and 
the isolation window width 3 m/z. 

Figure 3. Results for the Q-Exactive dataset. IC identified slightly more peptides from the DIA data (4,902 peptides) than from the DDA data (4,745 
peptides). 3,119 peptides with highly correlated elution times (R=0.98) were identified from both, and MS-GF+ identified only 3,678 peptides (30% less 
than IC) from QE-DDA, indicating that IC is effective both for DIA and DDA.  

Figure 4. Results for the Orbitrap Fusion dataset, IC identified 20% less (6,301) peptides from Fusion-DIA than Fusion-DDA (7,866 peptides), 
mainly due to the Fusion-DIA dataset being created by a single injection. Similar to the Q-Exactive dataset, MS-GF+ identified 20% fewer 
peptides than IC from Fusion-DDA.  
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