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Skyline Webinar 26

Spectrum-centric analysis of DIA datasets

In this tutorial, we will conduct an untargeted spectrum-centric analysis of a data-independent acquisition
(DIA) dataset utilizing the FragPipe computational tool collection. Our focus will be on a subset of samples
from a larger study that compares the plasma proteomes of older and younger healthy individuals.
Specifically, we prepared pooled plasma samples from five old (n=5) and five young (n=5) healthy
participants. These pooled plasma proteomes were processed using the ENRICH-IST digestion kit from
PreOmics, which enriches low-abundance proteins onto paramagnetic beads, effectively addressing the
dynamic range challenge in plasma prior to analysis. The digested samples were subsequently analyzed
with an Orbitrap Astral employing a DIA strategy, using 2-Da isolation windows across a mass range of 380
to 980 m/z. These analyses were performed with a 50-cmm yPAC HPLC column and a chromatographic
gradient of 30 SPD, approximately 38 minutes in duration.

We will use FragPipe for these analyses, which is an open-source Java Graphical User Interface (GUI) for
a suite of computational tools enabling comprehensive analysis of mass spectrometry-based proteomics
data. Fragpipe is powered by MSFragger, an ultrafast proteomic search engine suitable for both
conventional and open (wide precursor mass tolerance) peptide identification. FragPipe includes the
Philosopher toolkit for downstream statistical post-processing of MSFragger search results
(PeptideProphet, iProphet, ProteinProphet), FDR filtering, label-free and label-based quantification, and
multi-experiment  summary report  generation. The software is  well documented
(https://fragpipe.nesvilab.org/) and the original publication is Yu, F et al. (2023), Analysis of DIA proteomics
data using MSFragger-DIA and FragPipe computational platform. Nature Communications, 14(1), 4154.

In this tutorial, we will combine the MSFragger module with DIANN for direct analysis of data independent
acquisition (DIA) data. We will first process the data with MSFragger to identify multiple peptides in chimeric
spectra, then statistically validate the identification results with Percolator, and finally perform peptide
quantification with DIA-NN. Once we get the identification and quantification results from FragPipe, we will
load them in FragPipe-PDV to visualize the identifications, and we will perform some downstream analysis
using FragPipe-Analyst. Finally, we will load the raw data in Skyline to see the extracted ion chromatograms
for each of the identified peptides.
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Yu, Fengchao, et al. "Analysis of DIA proteomics data using MSFragger-DIA and FragPipe computational
platform." Nature Communications 14.1 (2023): 4154.

Parametrization of FragPipe graphical user interfase

In this first part of the tutorial, we will set up the graphical user interface of FragPipe and launch a spectrum-
centric search combining MSFragger and DIA-NN. The result will be a collection of matrices with the
quantification values at the precursor and protein levels, as well as a summary pdf file of the experiment.
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Note: This tutorial is based on FragPipe 23.1.
e Go to C:\FragPipe-23.1\bin\

e Click in the FragPipe-23.1.exe icon to open the graphical user interface.
Parametrization of the Config section

In this section we need to make sure that all the different tools that are required by FragPipe are installed
in the system and provide FragPipe with the path to the corresponding executables.

e Select the config tab from the graphical user interface of FragPipe.

o
[ Select tools folde

Buscar en: tools v F o
diann MSFragger-4.3 speclib
ﬁ fpop opair
Elementosre... FP-PDV percolator_3 71
Glycan_Databases  Philosopher
‘ hipparchus-1.2 PTMProphet
Escritoria metaproteomics SAINTexpress
=u
Mombre de carpeta: C:\FragPipe\FragPipe-23. 1\tools|

Documentos

Archivos de tipo: Todos los Archivos ~ Cancelar

e Go to the “MSFragger, lonQuant, diaTracer” section below and click “Browse”. Navigate to
C:\FragPipe-23.1\tools and click “Select”.

Note: In case you don’t have the MSFragger, lonQuant and diaTracer files in your current installation, you
should click to “Download/Update” for automated installation of these three programs. These programs
have specific academic licenses that need to be accepted in their first installation to be used (see below).
Register, agree with the terms of use and enter the “Verification Code” that you will receive by email.

| | MSFragger, IonQuant, and diaTracer software are avaiable freely for academic research, non-comme
or educational purposes under academic icense.

Read the acadenic Icense for MSFragger, lonQuant, and daTracer.
Download available for academic users only. Non-academic users (inchuding those with an existing
www. fraqmatics. com or

visk Fragmatics at s fr
emal okof:armatcs.com to urchass orconfrm thek Kense and access th tooks

First Name:

Last Name:

Emai:
(academic emai)

Institution:
(academic only)

Ihave red theacadnic kangs end by egre toaide by ks s

O it grants right ragger,
ol AT o i e
non-commercial, or educational purposes.

(O 1agree to the terms of Thermo (c) Raw File Reader License Agreement.
() Yagree tothe terms of Bruker SOK lbwary distrbution condions.
Send Verification Email
NOTE: I you dontt receive the verication emai, check your spam folder. IF s not there
download MSFragaer, [onQuant, and diaTracer through your browser. Unzip them, put them

in the same folder, and enter the folder path in the ‘Config tab,
1f none of the ol

Verification Code:

Download Cancel

e Go to the DIA-NN section below and click “Browse”. Navigate C:\DIA-NN\2.2.0\diann.exe and click
“Select”.
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2.2.0 % [~
%] brotlienc.dIl
|%] bz2.dll
[Z] c10.dIl
ﬂ camprotR_240512_cRAP_20190d01_full_tags.fasta
diann.exe
. DIA-NN.exe
[ ] DIA-MM.exe.config
. DIA-NN.ico
H diann-stats.exe
£ >
File name: DiaMM, exe
Files of type: | Al Files w Cancel

Note: If you don’t have DIA-NN installed from previous tutorials, you can download it from the DIANN github
repository https://github.com/vdemichev/DiaNN/releases or select the DIA-NN version 1.8.2 shipped

together with FragPipe and that can be found at “C:\FragPipe\FragPipe-23.1\tools\diann”.

e Go to the Python section and make sure that the correct path “C:\FragPipe\FragPipe-
23.1\python\python.exe” is defined and points to Python version 3.11.11. Otherwise, click “Browse”
and select “C:\FragPipe\FragPipe-23.1\python\python.exe”.

e Check that the “Data Splitting” and “EasyPQP” modules are correctly installed and appear as

“Available”.

Prython

C:\FragPipe'\FragPipe-23. 1'python'\python.exe

Python version: Python 3.11.11

Database Splitting: Awvailable, Used for searching very large databases by splitting into smaller chunks.

EasyPQP: Available. Version: 0.1.52, Used for spectral library building.

Your Config tab should look like this:


https://github.com/vdemichev/DiaNN/releases

4 validation FTMs T Glyeo 8B Quant (Ms1) &2 Quant (Isobaric) SpecLib £4 Quant [DIA) Ju. Skyline
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O run 8o Batch *{. Downstream
+* MSFragger

System O5: Windows 11, Architecture: AMD&4

Java Info: 17.0.10, OpenlDK 64-Bit Server VM, Edipse Adoptium
.NET Core Info: N/A

FragPipe: v23.1

About Open cache location Clear cache and dose

Main tools configuration

More info and docs: DIA-Umpire, Crystal-C, MSBooster, Percolator, PTMProphet, PTM-Shepherd, O-Pair, TMT-Intearator, EasvPQP, FragPipe-PDV, Skyline, SAINT

MSFragger, IonQuant, diaTracer
C:\FragPipe\FragPipe-23. 1\tools
MSFragger version: 4.3 {Academic license) More info and docs: MSFragger
TonQuant version: 1,11,11 (Academic license) More info and docs: lonQuant

diaTracer version: 1.3.3 (Academic license) More info and docs: digTracer

DIA-MM
C:\DIA-NNY2. 2.0\DiaNN. exe
Path to DIA-NN executable file, The file name is DiaNN.exe. Do not use DIA-MN.exe or the installer file. If not customized, use the built-n version 1.8.2 Beta 8

DIA-NN version: 2, 2.0 Academia More info and docs: DIANN

Python
C:\FragPipe\FragPipe-23. 1\python'python.exe
Python version: Python 3,11,11
Database Splitting: Available. Used for searching very large databases by splitting into smaller chunks,

EasyPQP: Awailable. Version: 0.1.52. Used for spectral library building.

Tabs at the top represent processing steps that will be performed sequentially if enabled.

Browse Download [ Update
Browse Download
Browse Download

Parametrization of the Workflow section

In the Workflow tab:

FragPipe supports multiple proteomics workflows, which can be customized, saved, and shared with
other users.

e Choose the workflow “DIA_SpecLib_Quant” workflows, which corresponds to the DIA spectral

library generation and quantification using MSFragger and DIA-NN.

¢ In Global settings, set the amount of RAM memory to zero. A RAM setting of 0 will allow FragPipe

to automatically detect available memory and allocate a safe amount.

e In the “Parallelism” you can select the number of logical cores to use. Set this to the number of

cores that your computer has minus one.

Note: You can check the number of logical cores by opening the "Task Manager" application in Windows
and navigating to the "Performance" tab. Here, you will find the number of virtual cores available on your
computer.

In “Input LC-MS Files” section we will load and annotated all the .mzML files that contain the raw mass

spectrometry data acquired in the experiment.

e Check “Regular MS” as the MS data type. Note that the option ‘IM-MS’ is meant only for Bruker
timsTOF PASEF data whereas ‘Regular MS’ is meant for all other data types (including FAIMS).
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e Click “Add files” and navigate to “Webinar26\mzML” and select the 10 .mzML files. Click “Select”.

Lock in: mzML v &=
. B 2025NKD15_EMBO_D01.mzML
(e ] B 2025NK015_EMBO_002.mzML
Recemt Tems |16 2025NKD15_EMBO_003.maML
B 2025MK015_EMBO_004.mzML
B 2025MK015_EMBO_D05.mzML
[l B 2025NKD15_EMBO_006.mazML
| Desktop B 2025NK015_EMBO_007.mzML
B 2025MK015_EMBO_008.mzML
v B 2025MK015_EMBO_009.mzML
j B 2025MK015_EMBO_010.mzML
Documents
|
| This PC
B enme -
; |
Belik Files of type: | LCMS files (mzML, mzXML, mgf, mzBIN, Thermo RAW, Bruker PASEF .d) ~ Cancel |

Note: The original . raw files were converted to the mzML open format and trimmed to keep only the first
five minutes of each run with the purpose to optimize the file size and data analysis timings for this tutorial.
This conversion was performed with the msconvert software that can be obtained from the Proteowizard
web page (https://proteowizard.sourceforge.io/download.html).

The command used was msconvert.exe --32 --filter "scanTime [0,300]" --filter
"peakPicking vendor msLevel=1-"

Table 1: File names and conditions

File Name Experiment BioReplicate Data Type
2025NK015_EMBO_001.raw oid 1 DIA
2025NK015_EMBO_002.raw oid 2 DIA
2025NK015_EMBO_003.raw oid 3 DIA
2025NK015_EMBO_004.raw old 4 DIA
2025NK015_EMBO_005.raw old 5 DIA
2025NK015_EMBO_006.raw Young 6 DIA
2025NK015_EMBO_007.raw Young 7 DIA
2025NK015_EMBO_008.raw Young 8 DIA
2025NK015_EMBO_009.raw Young 9 DIA
2025NK015_EMBO_010.raw Young 10 DIA

Now we need to annotate the “Experiment” and the “Bioreplicate” associated to each raw file according to
the information provided in Table 1.


https://proteowizard.sourceforge.io/download.html
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o First select all files in the table and click “Set DIA” to inform FragPipe that the raw files provided
were acquired in DIA mode.
e Then, select all the specific raw files the “Control” key to select multiple rows simultaneously, and
in the “Set experiments” section click “Custom” and type the condition “Young” or “Old” according
to Table 1.
o For each file (row) select “Consecutive” in the “Set Bioreplicates” section.

Input LC-MS Files
MS data type (® Regular MS O IM-MS (ion mobility, timsTOF only)
Add files Add folder recursively Remove selected files Clear files Add recent C:\Users\proteomics\Desktop{Tutorial-5\mzML
Save as manifest Load manifest
Assign files to Experiments/Bioreplicates:
Set experiments Consecutive By parent directory By file name Custom Clear Set DDA SetDDA+ SetDIA
Set bioreplicates Consecutive Consecutive by experiment Custom Clear Set DIA-Quant Set DIA-Lib Set GPF-DIA

Total raw files: 10, Selected raw files: 1

Path (can drag & drop from Explorer) Experiment (can be empty, alphanumeric, a...  Bioreplicate (can be empty and integer) Data type (DDA, DDA+, DIA, DIA-Quant, ...
s'proteomics\DesktopTutorial-5\mzML\2025MK015_EMBO_001.mzML

IC:\Users'proteomics\Desktop{Tutorial-5mzML2025MKD 15_EMBO _002.mzML old 2pIa
C: Wsers'proteomics \Desktop\Tutorial-54mzML\2025MK0 15_EMBO_003.mzML old 3DIA
(C+\Wsers'proteomics \Desktop\Tuterial-54mzML\2025MK0 15_EMEO _004,mzML ld 4DIA
C:\Users'proteomics\Desktop{Tutorial-5mzML2025MKD 15_EMBO _005.mzML old 5DIA
(C:\Users'proteomics\Desktop{Tutorial-5mzML12025MKD 15_EMBO _008.mzML foung 6[DIA
C: Wsers'proteomics \Desktop\Tutorial-54mzML\2025MK0 15_EMBO_007.mzML foung 7DIA
C+ \Wsers'proteomics \Desktop\Tuterial-54mzML\2025MK0 15_EMEO _008,mzML Young 8DIA
IC:\Users'proteomics\Desktop{Tutorial-5mzML2025MKD 15_EMBO _009.mzML 'foung 9[DIA
C: Wsers'proteomics \Desktop\Tutorial-5YmzML\2025MK0 15_EMBO _010.mzML foung 10[DIA

Parametrization of the Database section

We will skip the DIA Pseudo MS2 tab as it is not meant to be executed in the selected workflow, and
move directly to the Database tab.

e Click “Download” to retrieve a fresh UniProt human database including reviewed sequences only,
plus contaminants and decoys.

T Download options 5

Select organism [ Input proteome 1D

© Homo sapiens (Human) - Uniprot ID: UPDD0005640
() Mus musculus (Mouse) - Uniprot ID: UP000000589
() 5. cerevisiae (Yeast) - Uniprot ID: UP000002311

() SARS-CoV-2 (COVID-19) - Uniprot ID: UP000464024
() Other:

Cptions

I8 Reviewed sequences only

8 Add decoys

B Add common contaminants

[C] Add isoforms

[ Add iRT sequences

Spike-in sequences {do not indude decoys)

FASTA file path Browse

e Save the fasta in the Webinar26 folder.
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Note: Alternatively, one can also use the fasta file database provided in the “Webinar26\” folder with the
name 2025-07-22-decoys-reviewed-contam-UP000005640. fas

4 Validation 7 PTMs T Gy &l Quant (MS1) & Quant (Isobaric) SpecLib £ Quant (DIA) I Skvline Orun 3o Batch /. Downstream
o Config &% Workfiow DIA Pseudo M52 < Database o MSFragger
FASTA sequence database
FASTA file path | C:\Tutorial-512025-07-22-decoys-reviewed-contam-UP00000 5640, fas Browse Add decoys
Decoy protein prefix |rev_ Try auto-detecttag | File contains 40906 entries (20453 decoys: 50.0%)

"Browse” to select 3 FASTA file from a previous FragPipe analysis, or Download” to retrieve a new one from UniProt.
Use "Add decoys” to append decoy sequences andjfor add common contaminant sequences.

IMPORTANT: Sequence headers must follow certain format rules.

To download a database containing two or more arganisms during ‘Download", list all UniProt proteome 1Ds separated by commas, e.g., UPDOD005640,UP000464024 to get a combined human + COVID-18 database.

Parametrization of the MSFragger section

In the MSFragger tab you can check the search parameters that will be used to interpret the spectra
acquired in our analysis. The parameters have already been filled with the default values associated to
the workflow selected. Let’s review them.

¢ In Peak Matching the precursor and fragment mass tolerances are specified. In this case, it is set
to 20 ppm, which is a standard value in a so-called closed data search using data acquired in a
high-resolution mass spectrometry analyzer. Options on whether there is the need for automatic
mass calibration, parameter optimization and isotope peak selection correction are also present.

¢ InProtein Digestion we define that an enzymatic digestion was used to prepare the sample, which
in this case was trypsin. The range of peptide length and mass range allowed are also specified in
this section. All these parameters are important when interpreting the spectra in silico because they
define the set of potential peptides that can be present in the sample.

Note: Calibration and Optimization is set by default to “Mass Calibration, Parameter Optimization”. This
option will effectively perform multiple simplified MSFragger searches with different parameters to find the
optimal settings for your data. In practice, it results in 5-10% improvement in the number of identified PSMs
at the expense of increased analysis time. To save time, you can consider changing this option to “Mass
Calibration” or even “None”, especially if you already know your data (e.g. from previous searches of the
same or similar files) and can adjust the corresponding MSFragger parameters (fragment tolerance,
number of peaks used, intensity transformation) manually, if needed.

Run MSFragger

Save Config Load @ Custom MSFragger parameter file from disk - SMSFR GGER
Common Options (Advanced Options are at the end of the page)
Peak Matching
Precursor mass tolerance  PPM - 20 5 - 20 5 Fragment mass tolerance PPM -~ 0
Calibration and Optimization Mass calibration, parameter optimization ~ Isotope error |0/1/2
Frotein Digestion
Cleavage ENZYMATIC  + [ ClpN-termM
Enzyme name 1 |stricttrypsin Load rules _ strictirypsin v Cuts1 kR Mo cuts 1 Missed deavages 1 | 13| Sensel C v
Enzyme name 2 | null Load rules  nul v Cuts2 Mo cuts 2 Missed deavages2 | 15| Sense2 C
Peptidelength | 75| - | 50 3| Peptide mass range (Da) 500 % - | 5000 % Spitdatabase | 13

¢ In Modifications both variable and fixed modifications that can be found in the analysed peptides
are specified, as well as the maximum number of allowed modifications per peptide and the
maximum number of occurrences per single modification.
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Modifications

Variable modifications

Max variable mods on a peptide 3 | Max combinations | 5,000 5| [ Use all mods in first search
Enabled Site (editable) Mass Delta (edita... Max occurrences ...
[] M 15,9949 1
B [~ 42,0106 1
C] ST 79.96633 3
[l nQnC -17.0265 1
[l nE -18.0106 1
[l site_08 0.0 1
0 site_07 0.0 1
[ site 03 0.0 1

Fixed modifications

Enabled Site Mass Delta (editable)
[-] C-Term Peptide 0.0
[] M-Term Peptide 0.0
[] C-Term Protein 0.0
[] M-Term Protein 0.0
[] G (aglycine) 0.0
[] A (alanine) 0.0
[] S (sering) 0.0
[] P (proline) 0.0
[] vV (valing) 0.0
[-] IT (threoning) 0.0
[ C (cysteine) 57.02146

e Finally, the section of Advanced Options, which encompasses several key parameters, including
Mass Offsets, which allow for the introduction of specific fixed delta masses to be considered in a
restricted open search; Glyco/Labile Mods, which enable the inclusion of specific diagnostic
fragment masses for identifying glycans and other labile modifications; and Spectral Processing,
which determines the number of peaks considered for interpreting each spectrum. Additionally, this
section includes Open Search Options, which are not activated in this DIA analysis, as well as
Advanced Output Options that define the output format and related settings. Finally, the Advanced
Peak Matching Options specify the number of top N peptides to be considered for identification per
spectrum, detail the fragment ion series, establish the fragment charge range, and set the minimum
number of matched fragments required during the search.

Spectral Processing

Activation Type Filter  all -~ Precursor mass mode  selected - [ Check spectral files {8 Require precursor
Analyzer Filter  all B Min peaks 15 = Use top N peaks | 1,000 5 Minratio | 0.00 5
Clear mfz range 05 - 05 Intensity transform  None b [CJ Reuse DIA fragment peaks

Remove precursor peak  Only peak with precursor charge -~ removal mjz range L5 - 15
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Advanced Output Options
Report top N for DDA 15 B Report alternative proteins Output format  PEPXML_PIN ~
Report top N for DDA+ 5 [ Write calibrated mzML Group variable MNone ~
Report top M for DIA 55 Output max expect 50 5
Advanced Peak Matching Options
Min frags modeling 25 Min matched frags 45 Max fragment charge | 2 =
Deisotope  Yes ~ Fragment ion series b,y Add custom ion series
Deneutralloss  Yes -~ Precursor true tolerance  PPM 20 5| [ ©verride charge with precursor charge 25 - 43

You can choose to save a customized parameter file to load for future use, or save the entire workflow
(from either the ‘Workflow’ or the ‘Run’ tab).

Parametrization of the Validation section

The validation section will also be executed as part of the selected workflow. The search results
obtained from MSFragger will be further analyzed by MSBooster, Percolator and ProteinProphet to get
confident peptide identifications.

In this process, MSBooster will first use the DIA-NN deep learning model to predict additional features of
the identified peptides including fragmentation spectra and retention time. Note that other models of peptide
retention time and peptide fragmentation are available.

Rescating IUsing Deep Learning Prediction

8 Run MSBooster Rescoring using deep learning prediction. Require Run Percolator in PSM validation panel.
@ PredictRT Model:  DIA-MM e (T Find best RT model {requires Koina server)
@ Predict spectra Model:  DIA-MM ~ [T Find best spectral model (requires Koina server)
8 Predict M (if applicable) Model:  DIA-MM ~ (] Find best IM mode! if applicable (requires Koina server)

Fragmentation type: auto
Koina server URL (optional):

Fill in your Koina server URL if you want to use the models in Koina. The public one is https://koina.wilhelmlab.org:443fv2fmodels/

Spectral library (optional, experimental): Browse

These features will be used to modify the initial identification scoring, and then Percolator will use them to
improve its discrimination model to increase the number of confident identifications in the DIA dataset.

PS5 Walidation
B Run PSM Validation

Run PeptideProphet Defaults for:  Closed Search Single combined pepxml file per experiment [ group

Cmd line opts: |--decoyprobs --ppm --accmass —nonparam --expectscore

© Run Percolator [ | Keep intermediate files Min probability 0.7

Cmd line opts: |—-no-terminate --post-processing-tdc —subset-max-train 500000
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Finally, based on the identified peptides we will run the Protein Inference together with ProteinProphet to
generate a confident list of protein groups identified in the sample at a maximum of 1% false discovery rate
and a minimum peptide length of 8 amino acids.

Protein Inference
Run ProteinProphet

Cmd line opts: | --maxppmdiff 2000000 --minprob 0.5

FDR. Filter and Repart
Generate reports
Filter |--picked —prot 0.01 -—-minPeplen &

(] Do not use ProteinProphet file

(] Remove contaminants []Printdecoys [ | Generate peptidedevel summary || Generate proteindevel summary

Parametrization of the Spec Lib section

Next, we will jump directly to the Spec Lib tab as the other ones (PTMs, Glyco, Quant (MS1), and
Quant (isobaric)) are not relevant for the selected workflow and will not be executed. In the Spec Lib
section we will generate a spectral library in pepXML format from the search results, containing b and y
fragment ions, allowing for automatic selection of the runs to be used as reference for the retention time.

Spectral library generation

Generate spectral library from search results
Filetype to Convert: © pepiML () psm.tsv [_] keep intermediate files
RT calibration  Automatic selection of a run as reference RT -~
IM calibration  Automatic selection of a run as reference IM
RT Lowess fraction 05 Fragment types: [_|a b [Jc [x v [z []neutralloss
UniMod annotation tol (Da) 0,02 5

Fragment annotation tol (ppm) 15 +

Glyco Mode  Regular (not glyco) - Max glycan g-value 15

Parametrization of the Quant (DIA) section

In the Quant (DIA) section, we will configure the quantification to be conducted by DIA-NN, setting a
maximum false discovery rate of 1%. Additionally, we will include the command “--export-quant” and
indicate the path to the fasta file with the command “--fasta C:\Webinar26\2025-07-22-decoys-reviewed-
contam-UP000005640.fas” in the Cmd line opts section below. These commands instruct DIA-NN to
export quantitative values at the fragment level and annotate the proteins names, which are essential steps
in case the DIA-NN results are further analyzed with the MSstats statistical framework (https://msstats.org/).



https://msstats.org/
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Note: Msstats is an R package for statistical inference of proteomics data and can be accessed
through the web at www.msstatsshiny.com. Kohler D, et al. MSstats Version 4.0: Statistical
Analyses of Quantitative Mass Spectrometry-Based Proteomic Experiments with Chromatography-
Based Quantification at Scale. J Proteome Res. 2023 May 5;22(5):1466-1482. doi:
10.1021/acs.jproteome.2c00834.

DIA Quantification

N
Quantify with DIA-NN \ §‘7
N
The stand-alone DIA-MN program (with full functionality) can be downloaded from the DIA-MN GitHub repository. Reference
FDR 0.01 [ plex DIA
[] Apply run-spedific protein FOR. Light
Medium
Quantification strategy QuantUMS (high precision) ~ Heavy
[J unrelated runs Channe! normalization strategy | Run specific
[ Replace library spectra with predicted
Spectral library (optional) Browse
Cmd line opts --export-guant -fasta C:\Tutorial-512025-07-22-decoys-reviewed-contam-UP000005640, fas
PTM Site Repart {optional)
Mod tag Min site probability 0,75
Parametrization of the Skyline section
In this section we instruct FragPipe to generate a Skyline Document for the Skyline daily version.
Skyline
Generate Skyline Document | I' Skyl] ne
() Skyline (@) Skyline Daily () Custom Browse

[ Let Skyline buid the library and determine peak boundaries

Special Modifications Mode | Default

Precursor Tolerance (ppm) 1035 Fragment Tolerance (ppm) 103

Parametrization of the Run section

In this final section, we will indicate the output directory and run the analysis.

e Create a new folder in “Webinar26\” called output and set is as the output directory of the results.

e Click “RUN". The analysis will now be launched, and it will take about 30 minutes to complete all
the tasks. Once finished, do not close the FragPipe window. We will need it later to visualize the
results.


http://www.msstatsshiny.com/
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& Config % workflow DIA Pseudo M52 <= Database 4" MSFragger
L4 validation . PTMs T Glyeo &[3 Quant (MS1) &% Quant (Tsobaric) SpecLib 1% Quant (DI1A) lu. Skyline OFrun 20 Batch *f . Downstream
Qutput dir: | Tutorial-5'eutput EBrowse Open in File Manager
RUN Stop [C]Dry Run Save as Job
~ Open FragPipe-PDV viewer [ °F ] Open FragPipe-Analyst Generate Summary Report ExportLog Report Errors Clear Console Save SDRF template SDRF Type Default ~
Word wrap  [_] Export matched fragments () Delete temp files (T Write sub mzML  Probability threshold 0.5 5

Exploration of the FragPipe main results tables

In this second part of the tutorial, we will go through the main results tables generated by FragPipe and
some of its intermediate files.

Inspection of the FragPipe main output

e Go to Webinar26\output and locate the “diann-quant-output” folder that has been generated by
FragPipe.

¢ Inside the “diann-quant-output” folder locate the report.pg matrix.tsv file and open itin Excel
to inspect the protein-level output from the DIA-NN quantification module. You will see columns
with the information such as protein group identifiers, gene names, and intensities from DIA runs
calculated with the MaxLFQ algorithm embedded in DIA-NN.

| A B C D E F G H | J K L A M a] P
1 |Protein.GiProtein. i Genes First.ProteM.Sequen M.Proteot ChUsershy ChUsershy ChUsersp ChUsersiy Chlsersyy ChUsersy ChUsershy ChUsershy C\Usershy C\Usershy
2 | AlADTIBEHS 1GL4-69 2 2 3.62EH07 1.04E+07 S9.0%E+06 415E+07 1.24E+07 4.596E+07 7.71E+06 S5.51E+07 3.78E+07 1.12E+07
3 | AlADTSBEIL 1GL4-60 2 2 1B2EHDT T7F622 Z.7eE+06 9,29E+06 5. 44E+06  1.03E+07 8.85E+06 7 42E+06
4 | ALADTSBEIT 1GLWS-48 1 1 881128 1.19E+06 457158 661236 1.83E+HIE 669138 962258 4.32E+H06
5 |A0A075BEKS IGLYW3-9 1 0 3.40E+06 4.69E+06 292372 72406 590654 2.32E+06 253115 804634 2.01E+06 156050
6 | AlANTIBESZ 1GKY2D-29 1 0 1.02E+08 4.55E+07 1.04E+07 5.2Z1E+07 8. 72E+07 6.97E+07 1.02E+07 7.11E+07 L1.1ZE+08
7| AlANETWSXD 1GL4S-45 2 0 1.12E+07 1.54E+07 1.33E+07 3.40E+07 2.35E+07 3.30E+07 6. 22E+06 2.48E+07 L1.17E+08 1.89E+07
8 | AlANCADHED 1GHW3-16 1 1 188564 715053 57310.5 569411 254652 249511
9 |A0A0CADH34 IGHWv4-28 1 1 1.93E+08 3.04E+07 2.50E+07 1.87YE+08 4.53E+07 1.14E+08 2.06E+07 8.85E+07 9.34E+07 3.70E+07
10 |A0ADCADHIS 1GHY3-35 1 1 2.29e+07 5.15E+06 7.44E+06 1.41E+07 B8.32E+06 3.67E+07 3.85E+06 2.02E+07 L1.58E+07 5 78E+DG6
11 |ADAIBIIRYS MCTS2 1 0 2.14e+06 1.37E+06 1.83E+06 1.99E+06 1. 49E+06 1.64E+06 1.63E+06 2,07E+06 1. 64E+06
12 |ADMBOE 1GLCT 2 2 1,20E+08 2,31E+08 7.50E+07 1.41E+08 5.82E+07 1.84E+08 3.06E+07 3.16E+08 2. 7SE+08 3 89E+07
13 |£1+283 SH3PXDZE 1 1 2328443 71833.6
14 |A2PYH4 HFRAL 1 1 1.09e+07 3.74E+06 1.64E+07 L1.87E+07 3.531E+06 4. 17E+07 2.23E+06 2.24E+07 L1.14E+07 4 96E+06
15 |ASDEVE WRS3TC 1 1 440152 36630.2 418237 276051 235676 528841 26211.2 21179.8
16 |AEMNDGE PGP 1 1 170442 A77806 572668 348631 814463 233671 684912 942986
17 |ABMNIZ1 R&P1BL 2 0 4.94E+08 4.69E+08 2.87E+08 4.50E+08 3 75E+08 5.06E+08 3.70E+08 4.04E+08 4.02E+08 3.93E+08
18 |Bladzs FHAD1 2 2 433134 1.01E+06 5.22E+06 1.01E+06 3.43E+06 319954 1.15E+06
19 |B2RPKO HMGBLPL 2 0 1.49E+06 816174 Z12E+06 1.05E+06 1,259E+06 885203 885724 920782 1.06E+06
20 |B5A0E4 IGLLS 1 1] 2.63E+09
21000139 KIF24 ] 4 1.44E+07 1.05E+07 1.24E+07 1.14E+07 1.30E+4+07 1.17E+07 1.26E+07 1.25E+07 1.15E+07 1.27E+07

Inspection of intermediate FragPipe output files

If you are curious, you can explore FragPipe output files in Webinar26\output to get a better understanding
of various FragPipe modules.

e Open the psm. tsv file with Excel and inspect the information that you have for each
peptide-spectrum match. You will see the “SpectralSim” column, which indicates how well
each PSM’s experimental fragment intensities match predicted intensities from the spectral
prediction model; this is the ‘spectral entropy’ score, a value between 0 and 1, with 1 being
a perfect match. You will also see the “RTScore”, which shows how much the experimental
retention time of each PSM deviates from what is expected based on retention time
predictions; the lower the value, the better.



CRG"

Centre
for Genomic
Regulation

e Open now the .png files inside MSBooster_plots both inside the RT_calibration_curves
and score_histograms subfolders. In the RT_calibration_curves subfolder, each file
corresponds to a different mzML file and shows the calibration curve fit between the
predicted iRT scale and the experimental RT from this experiment’s chromatography setup.
In the score_histograms subfolder, there are the scoring distributions that use retention
time and spectra entropy to differentiate between the targets and the decoy candidate
peptides.

e Open the 1og. txt file with a text editor or your Notepad. In this file you will find all the
commands that have been executed by the FragPipe workflow. Note the mass correction
values printed at the mass calibration step of MSFragger. Inspect also the Percolator
weights. The greater the magnitude of the weights, the more influence that variable has in
Percolator rescoring.

e Openthe library. tsv file with Excel. This is the library files built using EasyPQP from
PSM. tsv and the .mzML files, and contains peptide ions passing 1% protein-level, peptide-
level, and PSM-level FDR. For precursors identified from multiple PSMs (in the same or
different runs), fragment ion intensities and retention time (after alignment to the reference
run) from the best scoring PSM are used. This file is used as input to DIA-NN for extracting
quantification.

Visualization of raw data in Skyline

In this section we will use Skyline to visualize the results in terms of extracted chromatograms generated
by FragPipe during the spectrum centric analysis of our dataset. Since its version 22.0 FragPipe can create
a Skyline document with the results as defined in the Skyline tab during the configuration of FragPipe at
the beginning of this tutorial.

Note This part of the tutorial is based in Skyline-daily 25.1.1.206

e Open Skyline.
e Select “Open file...” and browse to Webinar26\output\skyline_files and select the fragpipe.sky
file.

Skyline will now open a session with all the proteins and peptides identified by FragPipe. Re-arrange the
panels to set your favourite window layout by simply dragging them around. See the screenshot below for
an example layout.
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Finally, we will explore the extracted chromatogram in Skyline to inspect the intensity of the peptide
HYEGSTVPEK (charge +2) from protein sp|P00738|HPT_HUMAN.

e Go to Edit  Find... and search for the peptide HYEGSTVPEK

¢ In the ‘View’ menu, select ‘Peak Areas’ and then ‘Replicate Comparison’ to visualize the
intensities among all samples, to confirm the upregulation of this peptide in tumor samples.
Make sure that the option “Normalized To” is set to “Default (None). You can right click in
the Peak Areas plot to check it.

How does the data look like? In which samples do you have an associated identification? Do the signals in
these samples look better? In which samples do the peptide have higher area values? Does this match
with the statistical results obtained in FragPipe-Analyst?
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¢ Inspect the different peptides that have been identified for this protein.
Browse the different peptide precursors and inspect their signal in the different samples. How to
they look like? How many points per peak are there?
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e Select peptide AASGTQNNVLR and explore its signal in each sample. Do you see anything
strange? What happens to this peptide in sample 2025NK015_EMBO_001, 003 and 010?

Finally, take your time to browse other proteins and precursors. How are their peaks? Why were they
identified?
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