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 FLIP is a modular, computational
framework for developing and optimizing
tandem mass spectrometry (MS/MS)
scoring models.

Software development
 FLIP is composed of four independent modules written in C#: parsing, modeling, learning, and cross
validation (Figure 1). Each module can be replaced without recompilation of the entire software
package.
 Required input: raw MS/MS data, true-positive and negative PSMs in community standard formats.
 A classifier is used to weight fragment ion features, such as mass error, isotopic fit, and intensity, that
best separate the true-positive and true-negative training data.
 By default, FLIP supports both logistic regression and support vector machine models through the
Accord.NET machine learning framework.
 The trained model is written to a tab-separated file, which serves as input for MS/MS scoring.

 Our goal was to create a flexible framework capable of adapting to many types of proteomics data.
Here we use FLIP to train scoring models for top-down and bottom-up proteomics experiments
utilizing UVPD and HCD.
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•Create Feature
Vector for true-pos,
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Validation
•Cross validation
•Calculate training
error
•Maximize ROC

 Mechanisms of fragmentation and the resulting
product ion types vary greatly between MS/MS
methods.
 Additionally, experimental conditions, such as the
presence TMT/iTRAQ, can significantly change
MS/MS fragmentation propensities.
 Development of MS/MS scoring models has typically
been considered part of the software development
process and is rarely a user customizable
component of peptide identification tools.2
 Scoring models are usually hard-coded, hindering
adaptation and optimization for new MS/MS
methods.
 FLIP’s modular software architecture enables rapid
learning and validation of scoring models for MS/MS
data.
 FLIP is trained for new fragment types (UVPD) on
both top down and bottom up data.
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Figure 1. The FLIP workflow.
Each box represents a set of
algorithms that can be
replaced via the Dependency
injection pattern without
recompilation of the FLIP
codebase.
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Figure 2. Cross validation
feature reduction is used to
remove the features for the
lowest weighted ion each
iteration of 10-fold cross
validation. Area under the
ROC curve is calculated each
iteration to determine a
stopping point for the product
ion selection.
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 To select ions for scoring, FLIP starts with a very large set of possible fragment ions and performs
multiple rounds of 10-fold cross-validation. Each round reduces the number of product ions used for
training.
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 The development of new MS/MS technologies is
driven by the necessity to achieve more complete
and confident peptide/protein characterization in
proteomics experiments.1
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 Designed to be reused and expanded for
integration with new MS/MS identification
software.
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 FLIP enables rapid optimization for new
MS/MS methods and experimental
conditions that change fragmentation
propensities.
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 We observed that FLIP was able to define effective
models with significant differences in the numbers
and types of fragment ions found for each of these
data types, increasing the number of confident
identifications (<1% false discovery rate) by 15% for
bottom up and 12% for top down, when compared
to a peak counting scoring model.

Figure 3. Proportion of each
ion type found by FLIP for
bottom up (A) and top down
(B) HCD and UVPD
experiments. Lines under
the ion names indicate
which ions were selected
during training for each
dissociation method. ROC
curve for the final round of
10-fold cross validation (C)
and score histogram
calculated by FLIP using a
logistic regression scoring
model (D).
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 We created bottom up MS/MS spectra for 6 bacterial organisms, which resulted in over 100,000
unique peptides, and top down MS/MS spectra for 3 bacterial organisms resulting in 6400 proteins.
The scoring models were evaluated with Hela peptides with MSGF+, and a Fibrobacter succinogenes
sample using MSPathFinder.

 FLIP is a universal tool for creating scoring
models for many types of MS/MS spectra.
 FLIP allows developers to quickly adapt
their informatics tools to data with new
experimental conditions and fragmentation
properties.
 FLIP does not require the user to manually
determine fragment ions for training.
 This tool is available as part of the
Informed Proteomics software package on
Github at http://github.com/PNNL-CompMass-Spec/Informed-Proteomics
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Cross validation feature reduction

Mass spectrometry
 Experiments were performed using a Thermo Fisher Scientific Q Exactive HF modified to enable
UVPD in a similar fashion previously published.3 193 nm photons were generated by a Coherent
Excistar XS 500Hz excimer laser.
 Peptide and protein reversed phase separations were performed using 70 cm C18 and 50 cm C2
columns, respectively, with a Waters nanoACQUITY UPLC system at 300 nL/min.
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Figure 4. Number of PSMs
at <1% false discovery rate
found with our database
search tool MSPathFinder.
MSPathFinder was run with
a trained FLIP scoring
model and a scoring model
that counted the number of
A, B, C, X, Y, Z ions.
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