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• Multiple 10-h LC-IMS-MS analyses 
performed on tryptic digests of Shewanella 
oneidensis MR-1, mouse plasma, and 
human plasma to characterize cross 
sections of peptides in a large dataset

• Overlapping peptide identifications from 
individual organism are used in a machine 
learning framework to predict IMS drift 
times

• High accuracy prediction of drift times for 
+2 charge states (95% accuracy with 
FWHM of 1 millisecond) and +3 charge 
states (90% accuracy with FWHM of 2 
milliseconds) 

• A support vector regression-based model 
was developed to predict the drift times 
directly from peptide sequences. Our 
model exhibits very high accuracy on the 
xAMT database and will be tested in the 
future on larger AMT tag1 databases.

• Preliminary results indicate the potential 
of predicting the drift times for existing 
AMT tag databases and using the 
additional dimension of drift times to 
reduce FDRs.

• A pipeline of processing steps is outlined 
for high throughput analysis of IMS 
coupled proteomics datasets.

Peak List

LC-MS 
features

MtId Mass Net DT1 DT2 DT3 
------------------------------------

--- -- -- -- -- -- -- --

Complex biological 
samples

Peak List

LC-MS 
features

Parent 
fragment 

association

Organism
Database
Organism
Database

Determine 
parent 

sequence

Determine 
parent 

sequence

Peptide,
mass, net,
drift time

Peptide,
mass, net,
drift time

Support Vector 
Regression3

based model

Support Vector 
Regression3

based model

LC-IMS-MS

Existing 
AMT tag  database

Existing 
AMT tag  database

Extended 
AMT tag  database

Extended 
AMT tag  database

Deisotope using Decon2LS

Feature finding using VIPER

Find common peptides and drift times

High 
confidence 

identifications

Ion mobility spectrometry (IMS) coupled 
with liquid chromatography (LC) and mass 
spectrometry (MS) offers an additional 
dimension of separation that can be used 
to distinguish gas phase conformers, 
separate similar ions based , and reduce 
chemical noise (Figure 1).

Figure 1: 15-min LC-MS base peak chromatogram with 
corresponding IMS-MS spectra at 3 different elution times  

Figure 1: 15-min LC-MS base peak chromatogram 
with corresponding IMS-MS spectra at 3 different 
elution times  

Drift time profile Average Weighted 
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Detection

Extended AMT Database size1 1864 2776 3662 3699 (3000 unique)

LC-MS identifications2 1429 2211 2913 2287

False identifications3 113 174 208 98

False discovery rate4 7.9% 7.9% 7.0% 4.3%

LC-MS-DT Identifications5 1119 1884 2597 2076

False identifications 62 100 102 59

False discovery rate 5.5% 5.3% 3.9% 2.8%

% Reduction in FDR 29.9% 32.6% 44.0% 33.8%

1The Extended Accurate Mass and Time (xAMT) tag database is built by selecting highly confident overlapping peptides 
identifications from four experiments at different pressure and voltage values for Shewanella oneidensis MR-1. 
2Unique identifications as obtained by the AMT tag approach using only LC and MS dimensions
3False identifications are calculated by shifting the masses of peptides within the mass tag database by 11-Daltons
4False discovery rate were calculated by shifting the masses of peptides by 11-Da
5Unique identifications as obtained by the AMT tag approach with the additional dimension of IMS drift times

Drift time prediction

• A Support Vector Regression3 (SVR)-based model was trained and tested on the xAMT tag database.
• 132 features based on properties calculated directly from peptide sequence were used to predict 

drift times.

• The prediction method illustrated 95% accuracy for predicting 2+ charge state peptides and 90% 
accuracy for 3+ charge state (Figure 2). 

• The final goal is to predict drift times for existing AMT tag databases to resolve ambiguities in peak 
matching and improve FDRs (Table 1).

High throughput  LC-IMS-MS 
data analysis pipeline

Prediction of ion mobility drift times for existing AMT tag databases

Training data 
generation strategy 1

Training data 
generation strategy 2 Table 1: Profiles of four different algorithms for characterizing drift times. Tolerances for mass, 

normalized elution time and drift time are 9 ppm. 0.01, and 2 msecs, respectively

Figure 2: 5 fold cross validation results for prediction of drift times for charge states +2 and +3
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