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Overview Methods Results » We observed that FLIP was able to define effective
models with significant differences in the numbers
» FLIP is a modular, computational Software development > Our goal was to create a flexible framework capable of adapting to many types of proteomics data. and types of fragment ions found for each of these
framework for developing and optimizing » FLIP is composed of four independent modules written in C#: parsing, modeling, learning, and cross Here we use FLIP to train scoring models for top-down and bottom-up proteomics experiments data types, increasing the number of confident
validation (Figure 1). Each module can be replaced without recompilation of the entire software utilizing UVPD and HCD. identifications (<1% false discovery rate) by 15% for

tandem mass spectrometry (MS/MS)

- del package. bottom up and 12% for top down, when compared
SCoring modeis. » Required input: raw MS/MS data, true-positive and negative PSMs in community standard formats. to a peak counting scoring model.
> FLIP enables rapid optimization for new > Aclassifier is used to welg_h_t fragment ion feat_ures, §u_ch as mass error, isotopic fit, and intensity, that Selected lons by Dissociation Training Results
_ best separate the true-positive and true-negative training data. Method
MS/M_S methods and eXpe”menta_I > By default, FLIP supports both logistic regression and support vector machine models through the Bottom Up lon Proportions Cross Validation ROC
conditions that change fragmentation Accord.NET machine learning framework. A) _— (C) = i Conclusions
propensities. > The trained model is written to a tab-separated file, which serves as input for MS/MS scoring. (A) - % a8
_ S | e » FLIP Is a universal tool for creating scoring
. . . . R o igure o. Froportion or eac
> !De5|gne_d to pe reused and e_xpan_c!ed _for Parsing Model Learning Validation 5 " £ on type found by FLIP for models for many types of MS/MS spectra.
|ntegrat|0n with new MS/MS identification «|sotopic -Create Feature *Feature selection «Cross validation O bottom up (A) and top down
software Deconvolution Vector for true-pos, eLogistic regression, eCalculate training a 02 (B) HCD and UVPD |
' *Binning and té‘:)i']gﬁge i SVM, Bayes Net, error Figure 1. The FLIP workflow. R 5 experiments. Lines under » FLIP allows developers to quickly adapt
Filtering ) » B etc... *Maximize ROC Each box represents a set of T A o o o 0 o 1 the ion names indicate - - - -
*Peak Finding Z;?r:esfré?t?gstlgyﬁe S — algorithms that can be Product lon Type FPR which ions were selected their mformatlcs tO_O_IS to data with new _
- . shape a ..... replaced via the Dependency | | during training for each experimental conditions and fragmentation
ntroaucton R —— 4 injection pattern without Top Down lon Proportions Score Histogram dissociation method. ROC _
PSS e A e recompilation of the FLIP (B) | mico N curve for the final round of properties.
> The development of new MS/MS technologies is : codebase (D) 10-fold cross validation (C)
driven by the necessity to achieve more complete . . 7 - l - N 5 s calculatod by FLIP using a > FLIP does not require the user to manually
and confident peptide/protein characterization in T [ =g T S g logistic regression scoring . : ..
» Mechanisms of fragmentation and the resulting : : : : : v | ]I I : : :
oroduct ion types vary greatly between MS/MS » To select ions for scoring, FLIP starts with a very large set of possible fragment ions and performs : Jeadddls. . _alll > This tool is available as part of the
methods. mu_Itl_pIe rounds of 10-fold cross-validation. Each round reduces the number of product ions used for - = - BT SR Tt moxcor Informed Proteomics software package on
training. Product lon Type Score (Probability) _ .
> Additionally, experimental conditions, such as the Github at http-//9|thUb-Com/PN_N L-Comp-
presence TMT/ITRAQ, can significantly change lon Type Selection Mass-Spec/Informed-Proteomics
MS/MS fragmentation propensities. _ Figure 2. Cross validation » We created bottom up MS/MS spectra for 6 bacterial organisms, which resulted in over 100,000
> Development of MS/MS scoring models has typically lteration  s———p- Selected foature reduction is used to unique peptides, and top down MS/MS spectra for 3 bacterial organisms resulting in 6400 proteins.
b idered part of th ft devel ¢ = EET __ath remove the features for the The scoring models were evaluated with Hela peptides with MSGF+, and a Fibrobacter succinogenes
een considered part of the software developmen A A lowest weighted ion each camble using MSPathEinder
process and Is rarely a user customizable B B B iteration of 10-fold cross P g :
component of peptide identification tools.? c I c > C validation. Area under the
P PeP X - - ROC curve is calculated each ACknow' edg me ntS
» Scoring models are usually hard-coded, hindering y Y y iteration to determine a | _ . _
adaptatlon and Opt|m|zat|0n fOr new MS/MS > > - .g;topping point for the product BOttOm Up UVPD PSMS TOp DOWI’\ UVPD PSMS Th|S researCh IS _p_ar:[' Of the H|gh Resqlutlon and MaSS
methods. ion selection. £9631 649 . 4 Number of PS\ Accuracy Capability developmer_lt prOJect_ at EMSL, a N
| | Cross validation feature reduction aﬁ”lz/eo félsé‘gsgg\‘/)er ratZ Department of Energy (DOE) Office of Science User Facility
» FLIP’s modular software architecture enables rapid tsund with our databa{; o sponsored by the Office of Biological and Environmental
learning and validation of scoring models for MS/MS Mass spectrometry search tool MSPathEinder. Research and located at the Pacific Northwest National
data. > Experiments were performed using a Thermo Fisher Scientific Q Exactive HF modified to enable . 2935 212 915 gfltSr;itehdF:SSir ;/\(/;S;i;l;n with Labortatgl’)b/ (I:I;Ntl\t”_l)l’ ? m;ﬂtlpggrzam gatmnalt |ath|gaEt02é05
. . - s - - - operate attelle for the under contract DE- -
> FLIP is trained for new fragment types (UVPD) on UVED In a similar fashl_on previously published.® 193 nm photons were generated by a Coherent model and a scoring model 7gRL0183g This proiect was also supported by the
both d db d Excistar XS 500Hz excimer laser. that counted the number of . ' .
oth top down and bottom up data. . . . . . Environmental Research (OBER) Pan-omics program at
» Peptide and protein reversed phase separations were performed using 70 cm C18 and 50 cm C2 A, B, C, X, Y, Zions. PNNL
columns, respectively, with a Waters nanoACQUITY UPLC system at 300 nL/min. '
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