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Introduction 
Ion mobility (IM) based mass spectrometry exploits ion mobility separation for high-sensitivity 
analysis of complex proteomes. Neural networks based deep learning has been previously used 
to predict different characteristics of a peptide such as retention time and peptide fragmentation. 
A recent publication by Meier et al. used a deep recurrent neural network that can also 
accurately predict collisional cross section (CCS) based IM. Here we also developed a deep 
neural network-based ion mobility prediction model which shows high accuracy and precision 
and incorporated it into Spectronaut for cross-platform library generation. 
 

Methods 
We have previously shown that dynamic retention time (RT) and IM calibration at the analysis 
step greatly benefits DIA analysis (Bruderer, 2016) (Gandhi, ASMS 2020). During the main 
analysis, the calibration is used for dynamically predicting the expected location and extraction 
window of the peptide in each dimension. If the library is not annotated for a given dimension 
(e.g., IM) then the extraction window is extended to the full range leading to increased 
interferences.  As a proof of principle, we analyzed a 3-species LFQ benchmark dia-PASEF 
experiment with a library annotated with 1) empirical IM from PASEF runs and 2) predicted IM 
using a deep learning model to simulate library generation from an instrument without ion 
mobility-based separation. 
 

Preliminary Data 
Our deep learning model for CCS based IM prediction was trained on approximately 1 million 
unique peptides from a timsTOF Pro instrument. We validated our model using a separate dia-
PASEF dataset by using Spectronaut to measure apex ion mobility for each peptide in the full 
IM dimension. Our model achieved a Pearson correlation of R = 0.994 and a relative median 
absolute error of 0.65%.  

We created a base library (library 1) based on 20 fractionated PASEF DDA runs from a pooled 
sample of the 3 species. The library consisted of over 13,000 protein groups and 181,000 
peptide precursors. From the base library, we created another library (library 2) where empirical 
IM were replaced with predicted IM. 

We analyzed a 3-species LFQ benchmark dataset (a  mixture of human, yeast, and E. coli in 
the ratios 1:2:0.25) with each of the two libraries. Using library 1 (Empirical IM) we could identify 
138,000 peptide precursors and 11,500 protein groups. Using library 2 (Predicted IM) gave 
similar results with 131,000 peptide precursors and 11,200 protein groups. Furthermore, 
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analysis with library 1 yielded 3,734 candidates and library 2 yielded 3,638 candidates (2.5% 
less) at 5% FDR (based on background human candidates). This shows that our deep learning 
model can accurately predict ion mobility.  

We have integrated this prediction model into Spectronaut for library generation so that you can 
easily use cross platform spectral libraries (e.g., library from an Orbitrap instrument for optimally 
analyzing dia-PASEF data). As an outlook, we are also actively working on a deep learning 
model for predicting optimal compensation volage (CV) for a FAIMS device. 

 
Novelty aspect 
We show that analyzing dia-PASEF using a library with empirical IM vs. IM predicted with deep 
learning gives similar results. 
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