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1 General Information 

1.1 Scope of Spectronaut® Software 

Spectronaut® is a commercial software package aimed at analyzing data independent 

acquisition (DIA) proteomics experiments. Spectronaut can quantitatively profile hundreds to 

several thousands of proteins in one experiment. Large experiments with several conditions 

and replicates consisting of up to tens of thousands of LC-MS runs can be analyzed. 

Spectronaut can analyze DIA data without the use of a retention time calibration kit. However, 

the addition of the iRT Kit is highly recommended as it ensures calibration on difficult matrices 

and allows for detailed quality control readouts. 

1.2 Spectronaut® 20.0 Key Release Features 

× Powered by Kuiper 

o Kuiper, a new search engine, boosts Pulsar for state-of-the-art unspecific 
directDIA analysis 

o Introducing ñPTM probingò open search mode for fast querying of potential 
PTMs 

o Up to 85% faster unspecific (and semi-specific) directDIA search; 
independent of peptide length constraint 

o Up to 80% more identifications for MHC Class I immunopeptides 
o Up to 30% more identifications for MHC Class II immunopeptides and other 
o unspecific searches 
o Unparalleled speed without sacrificing scalability 
o Features for high data quality Improved FDR processes for higher confidence 

in protein identifications 

o Added global precursor FDR, especially relevant for peptidomics study 

o Added beta feature to improve confidence in identification from non-canonical 

o protein database by calculating precursor FDR per group 

 

× Improved AI for unspecific peptides 

o Up to 50% improvement in key performance metrics of deep learning models 

for unspecific peptides 

o  Novel scores improve identifications in unspecific searches 

× Improved quantification. 

o  Improved processing of ion mobility dimension boosts quantitative accuracy 

for timsTOF 

× New visualizations for QC and biological insights 

o New peptide motif plot based on Shannon entropy in post analysis 

o New peptide length plot, per and across samples, in post analysis 

https://biognosys.com/shop/irt-kit
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o New precursor charge plot in post analysis Overlay identifications per charge 

in ñIM overview plotò in the analysis perspective 

× Improved command line options 

o Support for Apache Parquet format for exporting reports 

o Å Support for providing settings for library generation step of directDIA via 

JSON 

o filesSupport for explicitly specifying modification repository per analysis job 

o Å Improved scalability and functionality for SNE combine pipeline 

Å Support for reading raw and fasta files directly from Azure object storage 
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1.3 Computer System Requirements 

Spectronaut® is available for Windows and Linux operating systems. Command line operation 

is also supported (see Section Spectronaut Command Line Mode). The minimum and 

recommended system specifications are described in Table 1. 

Table 1. Operating system specifications 

Specifications Minimum Recommended * 

Operating System 
Windows 10, x64 / Ubuntu 22.04 

LTS 

Windows 11 or higher, x64 / Windows server 

2016 or higher/ Ubuntu 22.04 LTS 

CPU 
Intel® CoreÊ CPU,  

2.7 GHz (4 cores) or similar 

Intel® CoreÊ i9-13900KS,  

3.2 GHz (24 cores) or similar 

or AMD Ryzen 9 7950X with 16 or more cores 

Hard drive 200 GB free space 

2 TB of hard drive space or more (2x data set 

size). The required temporary storage space 

scales with the library size and the number of run 

files being analyzed.  

RAM 16 GB 

128 GB or more 

(16 GB of memory or more (1 precursor in 1 run 

amounts to ~0.5 KB of RAM) 

Software .NET 8.0 .NET 8.0 or higher / .NET 8.0 for Linux 

¶ for a library-free experiment with 200 DIA runs and typical search space settings 

The memory growth for a given experiment can be estimated using the following equation: 

Ὑὃὓ υȢπ  
πȢφz ὲz ὶ

ρπςτ
 

 

where ὲ is the number of precursors in the library and ὶ is the number of runs in the 

experiment. The baseline memory consumption (estimated at 5 GB in this equation) can vary 

by vendor and gradient length. To get an estimate for the baseline, you can analyze a single, 

representative raw file with the target library. Spectronaut has been successfully tested 

running 1,000 2 h DIA raw files with a library of 200,000 precursors on a 128 GB RAM system.  
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1.4 Post Installation Recommendations 

Performance improvements after the installation: 

1. Directories: Spectronaut® will set all directories in the C:\ drive by default. However, it is 

likely that the C:\ drive has a limited storage capacity. Thus, we strongly recommend 

changing the Temporary Directory and the Local Search Archives directory to a local 

destination with enough free memory. To do that, go to the Settings Perspective Ą Global 

Ą Directories (Figure 1). 

 

 

Figure 1. Change the default location of Local Search Archives and Temporary Directories to local 

destinations with enough storage capacity. 

2. Network drives and virtual machines: We strongly recommend running Spectronaut 

locally, i.e., having the resources (especially run files, Search Archives, and temporary 

directories) on a local drive. The use of virtual machines is feasible but not advised. A failure 

in the connection to any network drive can cause Spectronaut to abort the process due to 

third-party library dependencies. 

3. CPUs: Spectronaut is designed to perform highly resource-intensive tasks, especially when 

running searches with Pulsar, Biognosys' proprietary search engine. For resource 

management purposes, you can override the setting for maximum number of CPUs for 

Spectronaut to use. To do that, go to the Settings Perspective Ą Global Ą General Ą 

Override CPU Affinity, and uncheck one or more of the CPUs (Figure 2). Be aware this may 

prolong the analysis time. 
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Figure 2. Designate the CPUs that Spectronaut can use. 
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1.5 Spectronaut on Linux OS 

Starting from version 18, Spectronaut installer for Linux OS is available. Spectronaut Linux 

version is run via command line. Spectronaut experimental files (.sne files) are exchangeable 

between operating system, which allows to get all Spectronaut GUI visualizations in the 

Spectronaut Viewer on Windows OS. Below you can find further specification of Linux version 

of Spectronaut: 

¶ Support for library generation, HTRMS conversion, directDIA workflow, library-based 

DIA analysis and SNE combine workflow. 

¶ Experimental settings schemas are supported by a JSON file or schema file in the 

input folder.  

¶ Global settings edition is currently not supported by JSON file, only available as 

settings schema. 

¶ For the library generation, Mascot search results are not supported 

¶ Support for the following post analysis reports: Experiment Overview, CVs below X, 

Run Identifications 

Prerequisites for the installation of Spectronaut on the Linux OS: 

¶ .NET 8 ï for the installation instructions, refer to the appropriate section of .NET 

documentation: https://learn.microsoft.com/en-us/dotnet/core/install/linux-ubuntu 

¶ The user running Spectronaut has to have a home directory (/home/<username>) with 

read and write permissions to it. 

For the installation run the following command: 

sudo dpkg -i spectronaut-VER.deb (where VER indicates version of Spectronaut being 

installed). 

For running Spectronaut run the following command: 

spectronaut <options> (where <options> are appropriate options for running Spectronaut, 

which can be checked in a Windows batch file. Output files should be by default placed in 

user's working directory "."). 

1.6 Supported Mass Spectrometers 

Spectronaut® supports mass spectrometry DIA data from Thermo ScientificÊ, SCIEX, 

Bruker, and Waters. The specific supported models are: 

¶ Thermo ScientificÊ Orbitrap Astral  

https://learn.microsoft.com/en-us/dotnet/core/install/linux-ubuntu
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¶ Thermo ScientificÊ Orbitrap ExplorisÊ 480 

¶ Thermo ScientificÊ Q ExactiveÊ Series 

¶ Thermo ScientificÊ Orbitrap FusionÊ Series 

¶ Bruker timsTOFÊ Pro series and timsTOF HT 

¶ Bruker timsTOFÊ SCP and timsTOF Ultra series 

¶ Bruker timsTOFÊ Flex 

¶ Bruker Impact II 

¶ SCIEX ZenoTOF 7600 System 

¶ SCIEX TripleTOF® Series 

¶ Waters Xevo® G2-XS 

Linux Spectronaut installation supports analysis from Bruker and Thermo vendors, 

instruments as listed above. 

1.7 Supported Data Acquisition Methods 

Spectronaut® analyzes a large variety of DIA data. Minimum requirements are a reversed 

phase chromatography with either a linear or nonlinear gradient that spans at least 10-35% 

acetonitrile. Methods acquiring MS1 and MS2 scans are recommended; methods acquiring 

only MS2 scans are also supported. For more information on setting up a DIA acquisition 

method, please refer to Box 1. The cycle time of the DIA method should aim to sample 

chromatographic peak sufficiently. MS1 as well as MS2 scan ranges can be segmented. The 

MS2 scans should cover at least 500-900 m/z of precursor range. More specifically 

Spectronaut supports HRMÊ (Bruderer et al., 2015), WiSIM-DIA (Kiyonami, 2014), AIF 

(Geiger et al., 2010), SWATHÊ (Gillet et al., 2012), SWATHÊ 2.0 (Lambert et al., 2013), 

SONARÊ (Moseley et al., 2018), BoxCar (Meier et al., 2018) DIA, FAIMS Pro (Box 2; (Bekker-

Jensen, Martinez-Val, et al., 2020)) dia-PASEF (including diagonal-PASEF, Box 3), and 

HDMSE (Distler et al., 2014). RTwinDIA (Li et al., 2019) is supported as well as the 

staggered/shifted window method (Amodei et al., 2019) upon MS2 demultiplexing via the 

HTRMS converter (co-installed with Spectronaut; see Section 4). Fraction aggregation is 

currently not performed in Spectronaut but analysis of fractionation samples is supported, 

including gas phase fractionation (Box 9). Multiplexed DIA (Egertson et al., 2013) and MSE 

(Silva et al., 2006) are not supported. In case you experience technical problems with the 

software, or if you have feature suggestions, please contact us at support@biognosys.com. 

Box 1. Recommendations for DIA Method Setup 



 

 

Page 17 of 210   

 

Although MS1 information in DIA is not strictly required, it is highly beneficial. MS1 information boosts the 

sensitivity and is a very useful orthogonal information that significantly improves peak picking and scoring, 

leading to a higher number of identifications (roughly 20-30%). It also hardly adds any time to the cycle 

time. 

In a DIA analysis, the MS1 XIC is reconstructed and evaluated by a set of different scores that focus mostly 

on mass accuracy, isotopic pattern, XIC shape, and intensity. Together with the MS2 level scores, they 

are weighted and incorporated into the final peak scoring. In a peptide-centric approach, the MS1 

information will add to the scoring, but the scoring is not dependent on an MS1 signal being of good quality 

or even present at all. For example, the dynamic range of certain biological samples can cause some 

peptides to remain undetected in the MS1 scan. In such cases, if the MS2 signal is good enough, 

Spectronaut can recover that peptide ion information.  

Differently, a spectrum-centric approach strongly relies on the good quality of both MS1 and MS2 signals 

for precursors identification. By default, the MS1 signal is not used for quantification, unless actively chosen 

in the DIA analysis settings. 

If you are interested in further insight, please learn more in our MCP article on the optimization of 

experimental parameters in DIA (Bruderer et al., 2017).  

Box 2 Ion Mobility DIA with Thermo ScientificÊ FAIMS ProÊ 

With the introduction of Spectronaut 14 we greatly increased the support for the FAIMS ProÊ device for 

ion mobility (IM) filtering. DIA methods with FAIMS usually come in two main themes. Single CV methods 

and multi-CV methods. While single CV methods can be used with any already existing spectral library 

(including those not recorded with a FAIMS device). DIA methods with multiple FAIMS windows require 

matching IM (CV) annotation to be present in the spectral library to function.  

To generate spectral libraries for FAIMS DIA we recommend the usage of Pulsar, our integrated search 

engine. Pulsar supports the search of both FAIMS DIA and DDA methods for library generation.  

Alternatively, one can also use Proteome Discoverer for generating spectral libraries from FAIMS DDA.  

 Single CV Multi CV 

Standard Library V U 

FAIMS Library V V 

directDIA V V 
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To analyze DIA data with multiple CV windows, one requires a library with CV annotation per precursor 

(ideally measured on a DDA or DIA method with similar CV settings). The analysis of single CV DIA files 

does not require any specialized libraries and can therefore be done with pre-existing libraries that were 

generated on DDA or DIA data without the use of a FAIMS ProÊ device. 

Alternatively, you can also analyze FAIMS DIA runs without the need for a spectral library using directDIA. 

Box 3. Ion Mobility dia-PASEF with Bruker timsTOF ProÊ 

Spectronaut supports dia-PASEF workflows. Spectronaut processes dia-PASEF data based on high-

precision ion mobility (IM) calibration workflow which is conceptually similar to retention time calibration 

(Escher et al., 2012). 

To analyze dia-PASEF data, it is recommended to use a library where the precursors are annotated with 

their expected IM. While this is not mandatory, it will positively impact your analysis if your library consists 

of IM information. To generate a library with IM annotation, you must use the Pulsar search engine as none 

of the other external search engines like MaxQuant are supported. Pulsar can generate libraries from both 

PASEF and dia-PASEF runs. 

Library generation PASEF dia-PASEF 

Pulsar V V 

MaxQuant U U 

Spectronaut can also generate libraries with in-silico predicted IM. In the library generation settings, you 

can enable the deep neural network to predict IM in libraries that do not have the IM dimension. This also 

allows, for instance, to predict IM for libraries generated on other instruments than timsTOF Pro, such as 

Orbitrap libraries 
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2 Getting Started 

2.1 Getting Spectronaut® 

Spectronaut® software licenses can be requested on our webpage. We also provide free 

licenses for a trial period upon request on our webpage. After requesting a license, you will 

get an email with a link to the installer and an activation key for the software. If this is not 

the case, please contact us at order@biognosys.com. 

IMPORTANT NOTES: 

1. Your license will start running from the moment we generate the activation key. 

2. Activation keys are computer-bound. If you need to install Spectronaut on more than 

one computer, please contact us at order@biognosys.com. 

 

Spectronaut Activation 

When you install and start Spectronaut for the first time, you will be asked to activate your 

software by pasting your activation key into the Spectronaut activation dialogue. If your 

computer can reach our servers, activation will be automatic. If your Spectronaut computer 

cannot reach our servers (no internet connection, firewall, etc.), you can also activate your 

software offline. The respective instructions will appear after a few seconds if online activation 

was not successful: save the registration information file on your computer and follow steps 

displayed in the wizard. In case you will have any issues related to offline activation, please 

contact us at support@biognosys.com. To activate Spectronaut using an activation file, click 

on the "Browse Activation Fileé" button in the Spectronaut Activation dialogue. 

2.2 Demo Data 

In Spectronaut® Usage section, we will guide you through the software perspective by 

perspective. The examples shown for the classic DIA analysis (Section 3.4.1.1) are generated 

with the demo data available for downloading here. Please note this demo data was 

intentionally prepared to be as small as possible for demonstration purposes. Most DIA 

experiments will require larger storage space and more resources to be analyzed. 

https://biognosys.com/software/spectronaut/
https://biognosys.com/software/spectronaut/
mailto:order@biognosys.com
mailto:support@biognosys.com
https://biognosys.com/resources/spectronaut-demo-data-set/
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3 Spectronaut® Usage 

3.1 Structure of Spectronaut® 

Layout 

Spectronaut® is structured in different levels (Figure 3). The highest level are the 

perspectives. Within each perspective, you can often find several pages separated into tabs. 

The layout of each page is normally structured into a left menu (tree) containing elements 

(nodes) and a right panel containing information related to the selected nodes (plots, reports 

and summaries). The Analysis perspective features Tree - and a Grid Views. 

 

Figure 3. Spectronaut general layout structure. 

Tips for a Better Experience 

1. Spectronaut is full of informative tool-tips throughout the software (Figure 4). They will 

appear as you hover over many of the elements. 

2. There are many functionalities by right-clicking an element: experiment tab, plots, nodes, 

etc. 
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Figure 4. Spectronaut contains nonobvious tips and menus when you hover over some elements or right-click 

on them. 

3. It is possible you get warning messages such as this: 

 

Warnings are sometimes just informational, and do not require action. Errors during 

spectral library generation and DIA analysis are shown in red. You can display the full 

library and DIA analysis log in the respective perspective (Figure 5). The log provides 

messages i.e., information on the steps executed in the pipeline. Warnings and errors are 

displayed in separate tabs. The log can be directly saved as text file from the Library or 

Analysis perspective or can be found in the About perspective under "Show error logs". If 

an error occurs, please send the error log to us at support@biognosys.com. 

 

mailto:support@biognosys.com
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Figure 5. The analysis and library log shows messages, warnings, and errors in separate tabs. One or more 

tabs can be selected and simultaneously displayed. 

4. Finally, we would also recommend watching Spectronaut video tutorials that you can find 

here. They will guide you through basic steps of setting up your new DIA analysis with a 

desired workflow. 

3.2 Before Starting 

Make sure you have everything you need ready before starting your analysis in Spectronaut®. 

Two quantitative analyses are supported: classic DIA data extraction using a DDA spectral 

library or direct search of the DIA data, directDIAÊ. Table 2 shows which resources are 

required for each workflow. 

https://www.youtube.com/user/BiognosysAG
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Table 2. Input resources for each DIA approach supported in Spectronaut. 

Resource 
Classic DIA analysis 

(library-based) 

directDIA 

(library-free) 

DIA run files required required a 

Spectral Library b required not applicable 

Protein database (FASTA) recommended Required 

Gene Ontology annotation optional Optional 

a directDIA supports Thermo ScientificÊ, Bruker, and SCIEX run files 

b Spectral Libraries can be generated in the Library Perspective of Spectronaut (Section 0) 

 

3.3 Library Perspective 

The main tasks you can perform in the Library Perspective of Spectronaut® are: 

1. Generating a library with Pulsar, Biognosys' proprietary search engine (Section 0). 

2. Generating a library using search results from external search engines. 

3. Importing an external library. 

Guidelines on how to generate the data for an optimal spectral library can be found in Box 4. 

Library Generation from Pulsar 

Pulsar is Biognosys' proprietary search engine integrated into Spectronaut. We recommend 

using Pulsar for seamless library generation. Pulsar can search data-dependent acquisition 

(DDA), data-independent acquisition (DIA), and parallel reaction monitoring (PRM, with MS1 

information) data. Both centroid and profile data can be processed. HTRMS-converted runs 

are also supported. Pulsar is designed to be fast and to scale as the number of runs increases. 

Further, Pulsar is able to identify co-fragmented peptides in multiple search rounds by 

subtracting previously identified fragment ions from the spectra. False identifications are 

controlled by a false discovery rate (FDR) estimation at three levels: peptide-spectrum match 

(PSM), peptide, and protein group level. 

The specific vendors and acquisition modes supported by Pulsar are: 

¶ Thermo ScientificÊ, with and without FAIMS (DDA, DIA, and PRM with MS1 

information) 

¶ SCIEX (DDA and DIA/SWATHÊ) 

¶ Bruker, including TimsTOF Pro (DDA and DIA) 
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¶ Waters (DDA and HDMSE) 

 

Figure 6. Library Generation with Pulsar. In the Library Perspective, Spectral Library tab click "Generate 

Library from Pulsaré". Follow the wizard to complete the process. 

Every time a search is performed, Spectronaut will save the results (PSMs) for each run as a 

Search Archive (Box 5). These search archives can be used to generate libraries without the 

need to search the runs from scratch. Run files and Search Archives can be combined 

conveniently to generate new libraries. Refer to Table 3 to see a summary of the resources 

you will need in each of these cases. 

To generate a library from Pulsar, go to the Library Perspective and click on "Generate Library 

from Pulsaré" in the bottom left corner. A wizard will appear to help you set up the experiment 

(Figure 6). A schematic view showing the wizard steps you will encounter, depending on your 

input resources, is shown in Table 4. The sequential steps are described below: 

1. Set up Library Generation from Pulsar. 

¶ Choose an experiment name 
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¶ Click on "Add Runs from Fileé" or "Add Runs from Folderé" and select the runs from 

which you want to create the library. You can mix runs acquired in different modes. If 

you want to generate a library from Search Archives only, skip this step. 

Table 3. Spectronaut can generate libraries using different input resources 

Library based on FASTA file Gene Ontology information 

Run file(s) only required optional 

Search Archive(s) only not applicable optional 

Run file(s) and Search Archive(s) combined required optional 

 

2. Choose FASTA File(s) by clicking "Fasta Fileé". Protein databases can be assigned on 

a run basis. Multiple protein databases can be selected. FASTA files can be added at this 

step by clicking "Importé" in the bottom left corner. If you are generating a library from 

Search Archives only, this page will not be shown.  

3. Choose Pulsar Search Settings by clicking "Search settingsé" (for detailed explanations 

about each setting, see Appendix 2. Pulsar Search Settings (Section 7.2). 

Choose either the default schema which can be modified on the fly or a previously saved 

setting schema. Schemas can be assigned at either the experiment or run level. Only one 

setting schema can be set per run. When nothing is selected for a run, default settings will 

be applied. If you are generating a library from Search Archives only, this page will 

not be shown. 
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Box 4. Library Generation Guidelines 

To generate a spectral library, typically DDA runs of your samples of interest are acquired, searched 

against a sequence database, and the results condensed into a spectral library. To maximize the coverage, 

we recommend measuring pools of representative samples that have been fractionated (e.g. using high 

pH reverse phase fractionation). Technical LC-MS/MS replicates are still recommended due to the 

semi-stochastic nature of DDA proteomics. The optimal number of pools, fractions and replicates depends 

on the experimental setup and the complexity of the samples. However, overly large spectral libraries 

where only a small percentage can be recovered from the data might negatively influence the sensitivity 

of your analysis. 

We strongly recommend generating the library in Spectronaut®. Although for most common samples the 

iRT Kit is not strictly required, we do recommend spiking the iRT Kit into samples aimed at library 

generation. Spectronaut® will take care of calculating iRTs for all peptides identified even if the iRT Kit 

was not used. 

 

4. Next, you can add Search Archives (for more information see Box 5) to your library. 

Search Archives prevent you from having to research run files if you have already searched 

them in the past. 

5. Next, you can choose the FASTA files that will be used for protein inference. If you want to 

keep the files that were selected for the search space (as set in a previous page for the 

runs or the ones that were automatically saved in the archives), you can just skip this step. 

6. In Spectronaut you can generate your library with Gene Ontology (GO) annotation 

information. To select a GO annotation (*.goa) file at this point, you need to have the file 

already imported in the Databases Perspective. Learn how to do so in Section 3.9.1.4. 

Box 5. Search Archives 

Before Search Archives were introduced, already searched run files had to be searched again from scratch 

to include them in a library with other runs and maintain control of the FDR. This resulted in a great amount 

of time and computational resources which had to be reinvested. 

With Search Archives, every time a library is generated using Pulsar, the result from this Pulsar search is 

saved, and will appear in the Search Archive page of the Library Perspective. Search Archives contain the 

information from a search before applying any FDR filter. This allows several Search Archives to be 

combined together or with runs files to generate libraries with a proper, library-wide control of the FDR. 

 

7. The next wizard page contains experiment-wide settings for library generation, such as 

PSM, peptide, and protein FDR thresholds (for a detailed explanation about each setting, 

see Appendix 4. Library Generation Settings - Section 7.4). 
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8. The last page shows an overview of the whole experiment set-up. Clicking "Finish" will start 

the experiment. Using the "View Live Logé" it is possible to follow the progress of the 

experiment. As soon as the library is generated, it will appear in the library tree. Libraries 

with FASTA files assigned are marked with a blue protein icon. 

Table 4. Schematic view of the wizard steps during library generation depending on the input resources 

Library generation step 
Run files 

only 

Run files and Search 

Archives combined 

Search 

Archives only 

Choose an experiment 

name 
required required required 

Add runs required required not applicable 

Choose Fasta Files required required not applicable 

Choose Search Settings 

required 

(with 

default) 

required 

(with default) 
not applicable 

Choose Search 

Archives 

not 

applicable 
required required 

Specify Protein 

Inference FASTA files 
optional optional optional 

Specify Gene Ontology 

annotation 
optional optional optional 

Choose library settings 

required 

(with 

default) 

required 

(with default) 

required 

(with default) 
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Library Generation from External Search Engines 

We strongly recommend using Pulsar to generate your libraries. However, Spectronaut also 

supports generating a library from external search engine results. To do so you will need: 

1. The search result files or folders  Ą required 

2. The run files from which the search was done Ą required 

Spectronaut supports search results from: 

¶ MaxQuant (Cox et al., 2011) 

¶ Proteome DiscovererÊ 

¶ ProteinPilotÊ 

¶ MascotÊ 

Table 5 summarizes the type of files or folders needed for each search engine, and whether 

some actions are required for correct integration of the post-translational modification (PTM) 

annotations. 

In addition to the specific result formats above, Spectronaut also supports results in 

mzIdentML (.MZID) format (containing fragment ion information). Finally, any search results 

can be reformatted into the Biognosys (BGS) Generic Format. 

Regarding Ion Mobility data, Spectronaut supports PASEF and dia-PASEFÊ spectral libraries 

generated only in Pulsar whereas FAIMS spectral libraries generated by both Pulsar and 

Proteome DiscovererÊ. Currently, no other search engines are supported in Spectronaut for 

PASEF and dia-PASEFÊ or FAIMS spectral library generation. Note, BGS generic format can 

be used for uploading such libraries. 

To generate a library from search results: 

1. Go to the Library Perspective Ą Spectral Library and click on "Generate Spectral Library 

fromé" in the bottom left corner (Figure 7). Choose your search engine. 

2. Navigate to the files or folders containing the search results (see Table 5). Spectronaut will 

try to map the run files automatically (see Box 6 ). If it fails to do so, you will have to manually 

link the files by clicking "Assign Shotgun Filesé" 

3. Choose your library settings in the Library Settings panel or run under default settings. (for 

a detailed explanation of each setting, see Appendix 4. Library Generation Settings - 

Section 7.4). 

4. Choose a FASTA file in the FASTA File tab. If your FASTA file is not yet in the tree, you 

can add it at this point by clicking "Importé" in the bottom left corner. 
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5. Select your Gene Ontology annotation information in the Gene Annotation panel. You 

should have your file previously loaded into the Databases Perspective (to learn how to do 

this, go to Section 0). By clicking "Load", Spectronaut will perform the library generation. 

Your new library will automatically appear in the Library Perspective upon completion. 

Box 6. Mapping run files to search results 

Spectronaut will try to map the run files automatically by name matching. First, it will look in your Shotgun 

Raw Repository (Settings Perspective Ą Global Ą Directories). If unsuccessful, it will look in the search 

results location. If the automatic mapping fails, you will see a red cross 

If this is the case, you will have to manually map the runs. Click on "Assign Shotgun Filesé" to find the 

missing runs. You can either navigate to a common directory or browse for your runs individually. After the 

runs have been found, the red cross will change into a green tick mark  

Table 5. Supported search engines and information required by Spectronaut when generating a library from 

search resultsa 

Search engine Search result files 
Peptide modifications 

Default Custom 

MaxQuant 
evidence.txt or 

msms.txt 
Included 

Imported (*.xml file) 

from MaxQuant 

installation folder 

(\bin\conf\modificatio

ns.xml) 

Proteome Discoverer 
*.msf for PD 1.4 

*.pdResult for PD > 2.0 
Included with the search results 

Protein Pilot 
MS Excel with the suffix 

"_FDR" 

Importation required: 

"Unified Modification Catalog.xlsx" located 

in \ProteinPilot\Help folder in Program 

Files a 

Mascot *.dat 

Download the latest 

Unimod XML 

database from 

www.unimod.org/do

wnloads.html b 

Add manually 

(see 3.9.1.2) 

 a Library generation from external search engine results is only supported for Thermo .RAW or Sciex .WIFF files 

b These defaults apply only to upgrades from old versions of Spectronaut. If your first version of Spectronaut was 

either X, 13.0 or 14.0, no action is required concerning default modifications 

 

http://www.unimod.org/downloads.html
http://www.unimod.org/downloads.html
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3.3.1.1 Spectral Library Generation from BGS Generic Format 

Spectronaut supports generating libraries from the minimal BGS Generic Format. This allows 

end-users to use their favorite search engine with the aid of a basic script which would convert 

their search result into the BGS Generic Format. This is a tab separated, plain-text format with 

defined header where each row represents a PSM. Table 6 shows the information required in 

this file. The user selects the BGS Generic Format file as well as some corresponding LC-MS 

raw files. Spectronaut tries to automatically map possible modifications to the internal 

modification database. If unambiguous mapping is not possible then a UI form will prompt the 

user to make the link. 

Box 7. Source-specific iRT calibration 

Source-Specific iRT Calibration is a new feature introduced with Spectronaut®. 

In the past, the iRT value of a given peptide in a spectral library was summarized by taking a median 

across all runs where the peptide was identified. However, when building a spectral library from 

chromatographically heterogenous data, this can lead to a loss in iRT-precision. A good example of this 

case would be a situation where you would generate a Hybrid Library using DDA files from public 

repositories together with your quantitative DIA files. 

To improve the targeted extraction of such data, we introduced the concept of Source-Specific iRT 

Calibration. Spectronaut will generate libraries containing as many iRT values as different sources exist 

in the dataset. When using this library on a quantitative dataset, Spectronaut will use the iRT calibration 

from the best source available for each assay. 

By using source-specific iRT calibration, you will be able to keep the iRT-precision of project specific data 

while benefiting from the depth of a large resource dataset. This feature though, is not available for the 

spectral library generation from BGS Generic Format. 

Source-Specific iRT Calibration and Search Archives 

Spectronaut will create different iRT sources in the libraries in the following cases: 

1. Different acquisition methods: DDA and DIA 

2. Different calibration types: linear, fragmented (non-linear), in silico (no iRT peptides present) 

3. Different library inputs: Search Archive(s) or run files. One source will be created per Search Archive. 

You can create archives with iRT heterogeneity in mind so that you can conveniently reuse them in 

the future. 
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Figure 7. Library Generation from external search engines. In the Library Perspective, Spectral Library tab, 

click "Generate Library fromé" and choose your search engine. Load your search results and assign your 

run files (Box 6). Follow the wizard to complete the process. 
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Table 6. BGS Generic Format required information. The BGS Generic Format is a tab-separated, clear text 

format with a header as specified below. PSM FDR, protein FDR and other filters must be already applied to 

the PSMs beforehand. 

Header Information 

Raw File 

The name of the DDA file in which this PSM was 

found. This column is used to map the DDA file 

to the PSM. 

required 

Stripped Sequence 
The stripped sequence of the peptide that was 

found by the search engine for this PSM. 
required 

Precursor Charge 
The charge that was associated with this PSM 

by the search engine. 
required 

Labeled Sequence 

The sequence with encoded modification and 

label information. The only requirement is that 

the modification/label information should be 

enclosed in [modification/label] or 

(modification/label) brackets. Examples: 

_IHC[CAM]SNYSTQELLR_, _[Ac]AAAAAGGR_, 

_AAHHPPK_[C-term Mod] 

required 

Retention Time 

The retention time of the PSM in minutes if 

possible. Ideally the apex retention time 

otherwise the PSM retention time. 

required 

Scan Number The scan number of the PSM. required 

Scan Event 
The scan event of the PSM. This is only relevant 

for SCIEX *.wiff files. 
required 

MS1 Intensity 
The intensity of the PSM as reported by the 

search engine. 
recommended 

Protein Group Id 

The protein group assigned by the search 

engine for this peptide. It is not necessary if 

using protein inference in Spectronaut. 

recommended 

 

Importing an External Library 

To import an external library into Spectronaut, click on "Import Spectral Libraryé" in the 

bottom left corner of the Spectral Libraries tab in the Library Perspective (Figure 8). 

There are two ways of importing a library into Spectronaut: 
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1. Importing a *.kit library (Biognosys' library format). In this case, no further action is required, 

and the library will be loaded automatically into the Library tree. 

2. Importing a compatible spreadsheet as a plain text, separated value format (*.txt, *.csv, 

*.tsv, *.xls). Headers defining your columns are mandatory in these files. 

The "Import Spectral Libraryé" dialogue (Figure 8) will try to auto-detect column names. If 

there are new column names, Spectronaut will ask you whether or not you want to store 

them as a recognized synonym for this column. This allows Spectronaut to automatically 

select these columns the next time you load a spectral library with a similar format (you can 

remove the user-defined column synonyms in the Databases Perspective Ą Table Import). 

 

Figure 8. Importing an external library. The "Import Spectral Libraryé" dialog only applies to formats different 

than *.kit. You can refine your library using the lower panel tabs. 

The import function also allows you to refine your library. In the Library Settings panel, you 

can choose several options to be applied to your library (for details, see 

Appendix 4. Library Generation Settings, in Section 7.4). For example, you can perform 

protein inference again. To do this, go to the FASTA File panel and choose your protein 

database. You can also add Gene Ontology annotation information using the Gene 

Annotations panel. Table 7 shows the recommended fields to achieve the best possible 

results. 
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3.3.1.2 Library Columns 

A spectral library is similar to a typical MRM/SRM transition list. Refer to Table 7 to see what 

information a library should contain. 

Table 7. Library columns to achieve the best possible results with Spectronaut 

Header Requirement Refers to 

PrecursorMz Required The in silico calculated m/z of the peptide precursor 

ion. Do not round this number. 

IonMobility optional For the FAIMS raw files IonMobility refers to the 

compensation voltage (CV) applied in the 

acquisition method. For PASEF data, ion mobility 

whether empirical or predicted, refers to the value 

1/K0 expressed in Vs/cm2, and for HDMSE files is 

drift time expressed in ms. 

FragmentMz Required The in silico calculated m/z of the peptide fragment 

ion. Do not round this number. 

iRT Highly 

recommended 

The peptide retention time in the reverse phase 

chromatography converted into iRT space (Escher 

et al., 2012). If accurate iRTs are provided, the 

analysis will speed up significantly, and the quality 

of your results will increase (sensitivity, specificity, 

accuracy). If no iRTs are available, Spectronaut will 

predict an iRT for each peptide. This is less 

accurate than an empirically determined iRT value. 

To derive iRTs for your peptides, we recommend 

spiking the Biognosysô iRT Kit into your shotgun 

runs. If the Library Perspective of Spectronaut is 

used, iRT values will be automatically determined 

for your library. 

RelativeFragmentIntensity Highly 

recommended 

The relative peptide fragment ion intensity 

expressed as a percentage of the most intense 

fragment ion. Please report the raw number without 

the percentage sign. This information improves the 

limit of detection. 
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Header Requirement Refers to 

StrippedSequence Recommended The stripped amino acid sequence of the peptide 

excluding any modifications. Please only use the 

single letter code for the 20 standard proteinogenic 

amino acids. This information is used for labeling 

and scoring your fragment ions in Spectronaut. 

Further, it is included in the automatically generated 

unique ID for your precursor if necessary. 

PrecursorCharge Recommended The peptide precursor ion charge. This information 

is used to label your precursors in Spectronaut and 

to automatically generate a unique ID for your 

precursor if necessary. 

FragmentType Recommended The peptide fragment ion type. Usually, this is "y" or 

"b". This information is used for labeling and scoring 

your fragment ions in Spectronaut. 

FragmentNumber Recommended The peptide fragment ion number. This number 

should be between 1 and the length of your peptide 

in amino acids minus one. This information is used 

for labeling and scoring your fragment ions in 

Spectronaut. 

FragmentCharge Recommended The peptide fragment ion charge formatted as a 

number. This information is used for labeling and 

scoring your fragment ions in Spectronaut. 

FragmentLossType Recommended Allows you to specify the fragment loss-type (e.g. 

NH3 or H2O). This is mainly used to label your 

fragment ions within plots. 

ExcludeFromQuantification If applicable This column can be specified optionally and is 

meant for annotating fragment ions that should only 

contribute to identification but not to quantification 

(TRUE or FALSE). TRUE means that Spectronaut 

will never consider this fragment for quantification 

and FALSE if Spectronaut will always use it for 

quantification. If you leave the column empty, the 

automatic interference correction will decide 

whether or not to use it (the latter is the default if 

the column is not specified). 
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Header Requirement Refers to 

ModifiedSequence optional In the event that your peptide is modified use this 

column to specify the amino acid sequence 

including modifications. The modified sequence 

should be constant for one unique precursor. This 

information is used to label your precursors in 

Spectronaut and automatically generate a unique 

ID if necessary. Spectronaut will try to parse and 

map modifications from the provided sequences to 

the internal modification database. This field does 

not contain any label specific modifications (see 

LabeledSequence). 

LabeledSequence If applicable Similar to modified sequence. This sequence will 

specify the respective label for each channel in a 

labeled experiment. It will also contain any 

modifications. An example SILAC labeled peptide 

could look like this: _NAYVC[+57]WTLK_ for the 

light channel and _NAYVC[+57]WTLK[+8]_ for the 

heavy channel of the same peptide. 

ProteinId optional The ID of the protein, the peptide is derived from. 

This information is used to label your peptides. 

Spectronaut provides filtering capabilities in the 

Analysis Perspective including filtering for the 

protein ID. 

EnableForNormalization optional Allows to classify precursors to be used for 

normalization. This can be useful if you know which 

proteins/peptides constitute a stable background 

(e.g. in LFQ Benchmark experiments) 

UserGroup optional A column for additional user information that can be 

used for grouping and filtering. 

 

To view an example of a library, see our dataset for download or export a library from the 

Library Perspective in *.tsv format. There is also the option to ñExport Peptide Listéò by right-

clicking on the spectral library of interest. This text file is substantially smaller and more 

manageable and allows for a quick peek on the peptides contained in the spectral library. 

 

https://biognosys.com/resources/spectronaut-demo-data-set/
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3.3.1.3 Modification Parsing 

Once the library is imported, Spectronaut will try to parse all values imported from the 

"ModifiedSequence" and the "LabeledSequence" columns to assign modification 

specifications to them. This allows Spectronaut to have greater control over decoy generation. 

If possible, Spectronaut will automatically assign known modifications from its internal 

database. If a certain modification is unknown, you will be prompted to assign the modification 

specification from the database to the new keyword (Figure 9). The only parsing requirement 

for external modification definitions is the modification tag which is specified within round or 

square brackets. Spectronaut will not parse modifications specified as single letter special 

amino acids (such as 'B' for carbamidomethyl cysteine or 'O' for oxidized methionine). You 

can remove previously assigned parsing synonyms in the Modifications page of the 

Databases Perspective. 

Merging Libraries 

Although Spectronaut allows merging libraries, we do not recommend this action, since this 

can lead to uncontrolled inflation of the protein FDR. Instead, we strongly advise generating a 

new library from a search that includes all relevant LC-MS/MS runs, so FDR remains 

controlled. Alternatively, you can use Pulsar Search Archives (see and Box 5). This being said, 

two or more spectral libraries can be merged in the Library Perspective. To do so, select the 

libraries you would like to merge while holding the Ctrl key and then, right-click to open the 

context menu and select the "Merge" option. This will open a setup window similar to when 

generating a library from a database search (see Figure 7). 
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Figure 9. Modification assignment during import of an external library. Add the synonym from the database 

by double-clicking of dragging it to the unassigned modifications. 

Please note that if the libraries used for merging have different types of protein annotations, 

protein counts in the merged library will be inflated (as the same protein could be counted 

twice). This will not happen if the libraries were generated in Spectronaut performing protein 

inference using the integrated IDPicker algorithm (Zhang et al., 2007). 

Library Overview 

Spectronaut provides several different plots with an overview of your library. You can access 

these plots by clicking on the library node in the tree and selecting the relevant plot in the right 

panel (Figure 10). 
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Figure 10. Spectral library overview. Several plots can be selected from the drop-down menus. In this 

example, the top plot shows the Library Summary, while the bottom plot shows the missed cleavage overview 

Making a Labeled or a Spike-in Library 

There are two ways to generate a labeled (or spike-in) library. Either from an existing label-

free library or from scratch. If you already have a label-free library that you would like to label, 

you can in silico generate a labeled library from a label-free library. By right-clicking on a library 

in the Library Perspective, you can attach heavy labels to an existing library (Generate 

Labeled Library). Doing so will open the Label Editor form where you can select which labels 

should be applied to the existing library by double-clicking from the list on the right-hand side 

(Figure 11). The selected library will be stripped of any pre-existing labels. The selected 

workflow will be included in the library to define how these new peptides will be treated during 

analysis. 

If you want to generate a labeled library from scratch, specify the channels (up to three 

channels allowed) and labels to be searched (Pulsar Search > Labeling > Labeling applied, 

and tick the box). Note that also the light channel has to be specified by selecting a channel 

and leaving the labels text box empty. Then under the Workflow node of the Library Generation 

settings, select ñIn-Silico Generate Missing Channelsò and choose the appropriate workflow 
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(i.e., label, spike-in, inverted spike-in). This option will add the missing channels to yield a 

homogeneous set of channels for all peptides. 

For detailed information about the supported, labeled workflows, see Section Error! 

Reference source not found.. Additionally, find a short video tutorial on labeled library 

generation here. 

 

Figure 11. Right-clicking on a Library opens a context menu with several options, such as generating a 

labeled library or enable library for QC. In the figure there is an example of applying a SILAC label to an 

existing library. The two isotopic modifications Arg6 and Lys4 are selected by double-clicking to be applied 

as label to all applicable peptides.  

Generate a Quality Control Kit from a Library 

When right-clicking on a spectral library in the Library Perspective you have the option to 

generate a new QC kit using this library (Enable QC, Figure 11). This will select 250 highly 

abundant peptides from the spectral library which will be added as a QC kit to the quality 

control perspective. The selection of peptides can also be altered manually within the dialogue. 

These peptides can then be tracked for quality control purposes within the quality control 

perspective whenever the corresponding library was used. 

  

https://www.youtube.com/watch?v=yk98BYN4xbs
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3.4 Analysis Perspective 

Spectronaut® starts up in the Analysis Perspective. This perspective allows you to: 

1. Set up a classic DIA or a directDIAÊ analysis 

2. Load an existing experiment (SNE file) 

3. Review your data at any level through many of the useful plots, reports, and filters 

4. Refine your quantification by modifying integration boundaries, fragment ions used for 

quantification, defining interferences, etc. 

Setting up and Running an Analysis 

Setting up your DIA analysis is straightforward, thanks to the setup wizards in Spectronaut. 

Before starting, see Table 2 to make sure you have everything you need. After completing the 

wizard and clicking "Finish", Spectronaut will switch back to the Analysis Perspective and start 

the analysis.  

First, in every run, Spectronaut will perform a basic, linear iRT calibration using the iRT Kit 

peptides; then, Precision iRT calibration will be applied using a stored set of endogenous iRT 

peptides or using the novel Biognosys' Deep Learning Assisted iRT Calibration (as defined in 

the settings). Browsing your data is possible a few seconds after the initial calibration process 

is finished. Once the analysis has finished the number of unique precursors, peptides and 

protein groups identified for the q-value cutoff defined in the settings (default 0.01, the 

equivalent of an FDR cutoff of 1%) will be shown at the bottom right (Figure 26). 
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Box 8. Spectronaut plots: how to get the most out of them 

Spectronaut provides, across all its perspectives, a comprehensive number of plots of many types to show 

you all the relevant details about your analysis, from MS data acquisition to post-analysis results. Most 

plots in Spectronaut are interactive and customizable to some extend. For example: zoom in on a plot by 

selecting the area you want to enlarge (find back to default scale by right-clicking on the plot). Drag or 

navigate a plot horizontally by Ctrl +click and drag. 

By right-clicking on a plot, you will find a context menu with an extensive list of functionalities (see figure 

below): 

 

In this example, you can show or hide the legend, save the data used for the plot, choose the unit you 

want to show numbers for (protein, peptides), among many others. 

 

3.4.1.1 Performing a DIA Library-based Analysis 

Most examples shown in this Section are generated with the available dataset for download. 

Please, use this data to reproduce these results. Alternatively, you can generate your own DIA 

data to test Spectronaut. To check what resources you will need to perform a DIA library-

based analysis, refer to Table 2. 

To start a library-based DIA analysis, go to the Analysis Perspective (add a new experiment 

tab if needed) and click on "Set up a DIA Analysis fromé" in the bottom left corner. This will 

https://biognosys.com/resources/spectronaut-demo-data-set/
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let you navigate to your run files or folders. Another option is to copy the run files from a folder 

to the clipboard. Spectronaut will auto-transfer the runs saved in the clipboard when setting 

up an analysis. Once you have chosen your DIA data, a wizard will start guiding you through 

the set-up (Figure 12): 

1. Set up a DIA Analysis. 

¶ Give a name to your analysis. 

¶ Select the whole experiment or individual runs, then click on "Assign Spectral Libraryé". 

Different libraries can be assigned to different runs. More than one library can be 

assigned. 

 

 

Figure 12. Setting up a library-based DIA analysis. After selecting your run files, a wizard will guide you 

through the process. You will be prompted to assign one or more libraries, the FASTA files, the GO annotation 

file, and to select your analysis settings. Finally, you will see a summary of the analysis set-up (Figure 13). 

2. Choose Spectral Library. Select the library from the Recently Used list, From File, or From 

Library Perspective. If the library is chosen from file, this action is similar to importing an 

external library. Click "Load" to add the library to your analysis.  

3. On the next page, you select your DIA Analysis Settings Schema. Use one of the schemas 

available or modify one on the fly. These settings will define many important aspects of 

the analysis, such as FDR thresholds, quantification preferences, how to filter your data, 
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among others. The BGS Factory Settings (default) schema is a good starting point for most 

projects. Find a detailed explanation of the analysis settings in Appendix 1. DIA Analysis 

Settings (Section 7.1). 

4. Choose a protein database (FASTA file) if you want Spectronaut to perform protein 

inference. Spectronaut performs protein inference according to the IDPicker algorithm 

(Zhang et al., 2007). Refer to Appendix 1. DIA Analysis Settings (Section 7.1) for more 

details about this option. 

5. Specify your experimental set-up (conditions, replicates) so Spectronaut can test for 

differential abundance (paired and unpaired Student's t-test) and perform other 

Post Analysis processing steps. See Section 3.4.1.6 for more information about how the 

condition editor works. 

6. Choose a Gene Ontology (GO) annotation file if you want Spectronaut to give you extra 

biological insight into your experiment. This includes GO term enrichment and GO 

clustering. 

7. Before clicking "Finish", a summary of your analysis set-up will be shown (Figure 13). 

 

 

Figure 13. Summary of the analysis set-up. Click "Finish" to proceed with the calculations. 

 



 

 

  Page 46 of 210 

3.4.1.2 Performing a directDIAÊ Analysis 

Spectronaut enables directDIAÊ, Biognosys' library-free DIA workflow. This novel workflow 

allows you to directly search DIA files using nothing but a FASTA file for identification. 

DirectDIA is a 2-step process: 1) It creates a library by performing a spectrum-centric analysis 

of your DIA runs based on the specified protein database which is conceptually similar to DIA 

Umpire (Tsou et al., 2015), and 2) It automatically uses the library to perform a targeted 

analysis of the same DIA runs. In the end, you get the results from the targeted analysis and 

optionally, you can save the generated search archive by selecting the option in the Reporting 

node of the Global Settings. Currently, directDIA is supported for Thermo ScientificÊ Orbitrap, 

SCIEX TripleTOF® data, Bruker timsTOF Pro, and Waters Synapt data. To know the 

resources required to perform a directDIA analysis, refer to Table 2. 

To start a new directDIA analysis, go to the Analysis Perspective (add a new experiment tab 

if needed) and click "Set up a directDIA Analysisé" in the bottom-left corner. This will prompt 

you to navigate to your run files. Another option is to copy the run files from a folder to the 

clipboard. Spectronaut will auto-transfer the runs saved in the clipboard when setting up an 

analysis. Once you have chosen your DIA data, a wizard will start guiding you through the set-

up (Figure 14): 

1. Set up a directDIA Analysis. Give your analysis a proper name. 

2. Choose one or more FASTA files. The searches will be done against these databases. 

3. Choose the search and analysis settings for your experiment. Use one of the schemas 

available or modify one on the fly. These settings will define many important aspects of the 

analysis, such as digestion rules, FDR thresholds, quantification preferences, how to filter 

your data, etc. The BGS Factory Settings (default) schema is fitting most projects. Find a 

detailed explanation of the directDIA settings see Appendix 3. directDIAÊ Settings 

(Section 7.3). 

4. Specify your experimental set-up (conditions, replicates) so Spectronaut can test for 

differential abundance and perform other Post Analysis processing steps. See 

Section 3.4.1.6 for more information on how the condition editor works. 

5. Choose the Gene Ontology (GO) annotation if you want Spectronaut to provide extra 

biological insight for your experiment, including GO term enrichment and GO clustering. 

6. Optionally, additional run files (DDA and DIA) or Search Archives can be added to create 

a hybrid library. Those runs/Search Archives will be used to enrich the project-specific 

library and improve the depth of proteome coverage in the analyzed DIA project. 
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Figure 14. Starting a directDIA analysis. After selecting your run files, a wizard will guide you through the 

process. You will be prompted to assign the FASTA files, the GO annotation file, and to select your analysis 

settings. Finally, you will see a summary of the analysis set-up before clicking "Finish". 

3.4.1.3 Modification Probing Search Mode 

Spectronaut 20 introduced the option to carry out an open PTM Probing Search enabled by 

the search engine Kuiper. As opposed to a Closed Search limited to Fixed and Variable 

Modifications defined by the user, the PTM Probing Search Mode allows the list of Variable 

Modifications to be split into Known and Probe Variable Modifications. 

 

3.4.1.4 Method Evaluation Workflow for directDIA 

This feature allows for the direct comparison of different DIA methods within one directDIA 

Experiment. By enabling the Method Evaluation parameter in the directDIA Workflow settings 

(Figure 15), the user will perform a separate Pulsar DIA search per condition to better compare 

different DIA methods within one experiment. The Method Evaluation workflow is not suited 

for quantitative experiments. 
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Figure 15. The Method Evaluation workflow allows for direct comparison of different DIA methods within one 

directDIA experiment. 

3.4.1.5 directDIA+ 

Spectronaut 17 introduced the new directDIA+ workflow for significantly deeper coverage from 

our library free directDIA pipeline. By default, directDIA+ is always enabled but there is the 

option to select from three different workflows (Figure 16). 

¶ directDIA 

This will select the classical directDIA pipeline without the directDIA+ extension. This 

workflow is still well suited for many-modification search spaces while being 

significantly faster than directDIA+ (Deep). It will however, yield significantly less 

identifications in most cases. 

¶ directDIA+ (Deep)  

This option will always provide the deepest coverage in all cases. However, the 

relative gain between directDIA and directDIA+ (Deep) for search spaces with many 

modifications can be smaller. 

¶ directDIA+ (Fast) 

This will give you a good balance between speed and depths for classical (non-PTM) 

search spaces. While this option will be the fastest one, it might yield less 
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identifications for large PTM search spaces compared to directDIA+ (Deep) or the 

classical directDIA workflow.  

 

Figure 16. The workflow option for directDIA+ allows you to prioritize speed over depth. 

 

3.4.1.6 Configure Conditions 

To let Spectronaut perform the differential abundance tests (paired or unpaired Student's t-

test) and other condition-wise metrics, you need to specify your experimental set-up during 

the configuration of your analysis. Spectronaut will ask you to annotate your runs and specify 

to which condition, biological replicate, and fraction (if applicable) they belong (see Box 9 to 

learn more about fractionation in Spectronaut). Each condition in Spectronaut will get a color 

assigned during the set-up which will be used for post-analysis plot labelling. The 

Condition Set up panel contains several columns (Figure 17): 

¶ The "Label" column is used for plotting purposes. 

¶ You can specify which condition should be considered as the reference ("Is Referenceò) for 

differential abundance testing, and all other conditions will be compared against that one. 
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You can always redefine and rerun the comparisons in the Analysis perspective under 

Settings, Condition Setup. 

¶ You also have the option to enter quantity correction factors for each sample. Spectronaut 

will multiply the final quantities by this factor. An application example would be if quantities 

should be expressed per initial sample volume (for instance in plasma). 

 

 

Figure 17. Condition Setup panel during DIA Analysis set-up. You can manually adjust your conditions on 

the panel or Import Condition Setup from a text file. 

Unless actively changed to pairwise comparison (paired Student's t-test), or disabled in the 

Analysis Settings, Spectronaut will perform an unpaired comparison (two-sample t-test) 

between all conditions specified in the Condition Setup panel. The results are reported in the 

Post Analysis Perspective. 

There are several ways to introduce the annotation information into the Condition Setup panel: 

1. If you maintain a file-name structure which is self-annotating, you can define a parsing rule 

to automatically parse the conditions and replicates from it (Settings Ą Global Ą General 

Ą File Name Parsing Schema; see Section 3.10.1.1). A parsing rule is a set of instructions 

that inform Spectronaut what type of information you want to extract from the file name and 

how. 
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2. The Condition Setup table is editable: you can directly write in any of the fields to enter your 

information (Figure 17). The table will recognize your changes and adapt them to the rest 

of the fields automatically. Be aware that the condition editor is space and case sensitive. 

3. Import your annotation from an external text file. The easiest way to do this is by exporting 

the Conditions set-up Spectronaut suggests, modify it, save it as a text file and import it 

back. 

Box 9. Sample Fractionation in Spectronaut 

We do not recommend sample fractionation in DIA analyses. While for DDA, sample fractionation results 

in significantly higher coverage, the gains in the case of DIA are less significant. In general, increasing the 

coverage in a DIA analysis is achieved by optimizing the acquisition method and building a better spectral 

library. 

In addition, one of the main features of DIA datasets is the low CVs and the high reproducibility. The 

process of sample fractionation introduces variability, sometimes notably high, which renders in a dataset 

of lower quality. 

Although not recommended, Spectronaut supports sample fractionation. If you have your samples 

fractionated, you need to annotate this properly in the Condition Setup. This will allow Spectronaut to 

perform fraction-wise normalization. Furthermore, libraries might have to be optimized in case of 

fractionation. If a peptide is not expected to be in a fraction, ideally it should not be targeted in that fraction. 

The reason for this is shown in the following table: 

Peptide 

present only 

in Fraction1 

Identified in 

Fraction1 

Replica1 

Identified in 

Fraction1 

Replica2 

Identified in 

Fraction2 

Replica1 

Identified in 

Fraction2 

Replica2 

Full 

Profile 

Sparse 

Profile 

A TRUE TRUE FALSE FALSE FALSE TRUE 

B TRUE FALSE Not Targeted Not Targeted FALSE TRUE 

C TRUE TRUE Not Targeted Not Targeted TRUE TRUE 

 

 

3.4.1.7 Labeled Workflows / plexDIA 

Spectronaut not only performs label-free quantification. Labeled workflows are also supported, 

and specific scoring methods are developed for each approach. 

¶ Label-free: Default workflow for all channel experiments. Peak detection, scoring and 

identification are applied as usual. 
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¶ Labeled: By default, when two channels are defined, peak detection and scoring are 

applied to all channels. Quantification in Post analysis is performed on the light to heavy 

ratio. However, when more than two channels are defined in the analysis settings, channel 

sets need to be defined in the condition setup. In this case, post analysis quantification is 

performed on each combination of run and channel set conditions. It is also possible to 

define channel sets with two channels. See the following section for an example multi-

channel condition setup.  

¶ Spike-in: Peak detection is performed on only the reference (heavy) channel. Scoring and 

identification are performed on the target (light) channel. The heavy channel is expected to 

be easily detectable and considered a peak-picking aid in this type of experiment. 

Quantification in Post analysis is performed on the target to reference ratio. 

¶ Inverted Spike-in: Similar to spike-in, but the light channel is considered as the reference. 

For more details about how to set up these workflows, see Appendix 1. DIA Analysis Settings 

(Section 7.1). 

Spectronaut also supports the analysis of raw data acquired with Ion Mobility dimension. You 

can find more information on supported ion mobility DIA acquisition methods in Box 2 and Box 

3 (Section 1.5). Ion Mobility acquisition is compatible and could be used for implementation of 

all supported workflows.  

Condition Setup for multi-Channel Experiments 

Spectronaut 19 introduced the support for regulation analysis of multi-channel DIA 

experiments like plexDIA. In this case, statistical analysis is performed on individual channel 

quantities, and comparisons are done between combinations of run and channel set 

conditions. Two examples of common conditions setup are given below as example. 

1. Experiment has four biological replicates, and each run contains three channels (light, 

medium and heavy for three different measurements time points. In this case, the 

comparisons will be done between the different channels, with each run contributing 

one quantity value per protein. 
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Figure 18. Example 1, run condition with four biological replicates and a single channel set. 

 

 

Figure 19. Example 1, channel set condition 0 with 3 different channels representing three experimental 

timepoints. 

2. Experiment has three biological replicates, and three labels (light, medium and heavy) 

are used to label three different time points. However, in order to avoid labeling bias, 
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each run has a different combination of the three labels (ex. ABC, BCA, CAB). In this 

case, each different combination of labels for the three timepoints is a different channel 

set, and each run is assigned a different channel set (0 through 2).  To create new 

channel sets, simply click on the ñ+ò next to the highest number channel set). 

 

Figure 20. Example 2, run conditions with three biological replicates and three channel sets.  

 

Figure 21. Example 2, channel set condition 0 which is used for biological replicate number 1. All channel 

set conditions use the labels A, B and C but in different orders. 
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3.4.1.8 PTM Workflow 

Spectronaut features a PTM analysis workflow that includes  the determination of 

posttranslational modifications occurrence, localization confidence and  differential abundance 

analysis (Bekker-Jensen, Bernhardt, et al., 2020). Additionally, input normalization is 

supported which reports quantities of PTM site as normalized by the protein quantity in a 

reference sample. For the details how the PTM localization is performed, see Box 10, an 

example of PTM localization plot could be found on Figure 69.  

The differential abundance testing is available at the modification site level if the PTM analysis 

is selected. If input normalization is used, differential abundance is performed on input 

normalized PTM site quantities. 

Firstly, if an input normalization strategy is selected in the settings, PTM site quantities are 

normalized by protein quantities of the reference samples.  

Secondly, Spectronaut performs quantitative site collapse of parent peptides carrying given 

modification at a specific modification site (Bekker-Jensen, 2020). If the parent peptides carry 

more modifications of the same type, a separate collapse is performed according to the 

modification multiplicity (see collapse of doubly and singly phosphorylated peptides on Figure 

22). Singly modified parent peptides (multiplicity 1, M1) and doubly modified (multiplicity 2, 

M2) will undergo site collapse separately. If the peptide carries three or more modifications of 

the same type, it will be reported with multiplicity 3, M3. 

Subsequently, the resulting modification site quantities undergo differential abundance 

analysis.  

 

Figure 22. Example of quantitative site collapse of phosphorylated parent peptides, performed according to 

their multiplicity. 
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If a PTM site stoichiometry strategy is selected in the analysis settings, relative stoichiometries 

are calculated for every PTM site for which a flyability ratio can be calculated. Flyability ratios 

are calculated at the precursor level using input-normalized quantities from two samples where 

modified and non-modified precursors are identified and are different enough between the 

samples. Settings specify a maximum Q-value and a minimum fold change requirements that 

are used as filters to obtain reliable flyability ratios.  

Box 10. PTM localization algorithm 

A major challenge for library based (peptide-centric) data independent acquisition (DIA) is the correct 

localization of post translational modifications (PTMs). Standard targeted DIA processing algorithms are 

often not specific enough to differentiate between multiple versions of the same peptide differing only in 

the PTM site localization. Spectronaut's PTM localization workflow for DIA allows to benefit from the 

sensitivity, accuracy, and precision of a DIA targeted extraction with a high confidence site localization. 

The PTM localization algorithm for peptide-centric analysis utilizes information not typically available to a 

classic DDA. This includes a usually full isotopic pattern for all fragment ions and the possibility of 

generating short elution chromatograms to correlate with the targeted peak shape. The later allows for 

systematic removal of any interfering fragment ions that one could not account for in DDA. Combining 

those two unique aspects with additional scores based on fragment mass accuracy and intensity shows 

excellent performance.  

The novel PTM localization algorithm can work on any variable modification (such as phosphorylation, 

methylation, acetylation, sulfation, etc.) or combinations of different modifications and does not require 

specially generated libraries. 

 

Reviewing your Analysis 

The Analysis perspective features Grid and Tree Views (Figure 3). The Grid View is a protein 

centric view of the analysis that allows easy visualization of differential protein expression 

(Figure 23). Differential abundances across samples are displayed in colours: blue for lower 

and red for higher abundances. You can also filter the list by identified PGs, complete profiles, 

coefficient of variation, by the candidates according to the differential abundance testing. By 

dragging a column and dropping it to the designated area above the grid, you group the list by 

that function. For a selected PG you can also display protein coverage, quantity profile, and 

condition box plot. Grid View data can be easily exported using a dedicated Grid View Report 

schema in the Report perspective. 
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Figure 23. The Grid View is a protein centric view of the analysis and shows differentially abundant proteins 

across conditions ï low abundant in red and high abundant in blue (if compared against the mean for that 

protein group), protein coverage, and quantity profiles (log2 quantities). 

The Tree View shows the data organized in an expandible tree (left panel) and corresponding 

plots, reports, and summaries (right panels) (Figure 24). By default, the hierarchy of the tree 

is: 

> Run 

> Protein Group 

> Elution group 

> Precursor 

> Fragment ions 

The runs are by default filtered by identification, which means that only what has passed all 

the identification thresholds specified in the settings is shown (see DIA identification settings 

in Appendix 7.1). These include precursor posterior error probability (PEP) cutoff, precursor 

Q-value cutoff, and protein Q-value cutoff at both experiment and run level. You can also see 

what has not been identified (ñNot Identifiedò) or remove all the identification filters and 

visualize all the data (ñNot Filteredò). 

You can change the tree structure by right-clicking on the experiment tab Ą Group by, then 

select one of the options (more about these functions in Appendix 6. Experiment Tab Options, 



 

 

  Page 58 of 210 

Section 7.6). The most common actions are also accessible through intuitive icons that are 

available under the experiment tab (Figure 24). 

 

Figure 24. The analysis Tree View. The data tree is displayed on the left side. Plots and summaries are on 

the right side. The drop-down menu in the bottom-left corner allows run filtering. A summary of the number 

of identifications is shown in green at the bottom.  

In the data tree, you can right-click on any of the elements and execute element-specific 

actions such as accepting or rejecting a precursor ion or refine the fragment ions selection 

(Figure 30). 

The right side of the Tree View is divided into upper and lower panel to display two different 

plots at the same time. By selecting the same plot in both panels, you will get it in large view.  

The plots change based on the selected element in the data tree (e.g. run-level, protein-level, 

precursor ion level). To know which plots are available at each level, see Appendix 5. Analysis 

Perspective Plots (Section 7.5). 

To visualize more than two plots simultaneously, you can use the floating plotting windows 

(Figure 26). You can open up to three floating widows per experiment. 
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Figure 25. Filtering the tree in the Analysis Perspective. Check the box for a filter and give the corresponding 

value. An example of filtering for a peptide sequence is shown on this figure. 

 

Figure 26. Visualization of several plots simultaneously on one or many monitors with the floating plotting 

windows. 
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You can also visualize several perspectives simultaneously by detaching them (Figure 27). 

This allows, for instance, to keep the Analysis and Post-Analysis perspectives open on 

separate monitors. To detach a perspective, select it and press the F12 key on the keyboard. 

 

Figure 27. Perspectives can be detached and visualized simultaneously. 

3.4.1.9 Analysis Perspective Plots 

Spectronaut provides a comprehensive set of plots and reports for the review of the analysis 

at different levels: run, precursor and fragment ion. 

¶ Run level plots: information about the calibration status, DIA method used, TICC, run meta 

information and cross run performance 

¶ Precursor and fragment level plots: XIC chromatograms, score-centric plots and cross-run 

profile visualizations. The latter ones are only available in multi-run experiments and 

disabled for experiments containing only one run or peptides that are only targeted in one 

run. 

Please, visit the Appendix 5. Analysis Perspective Plots (Section 7.5). to find an example and 

description of each plot. 

To learn some tips about how to use the plots in Spectronaut, see Box 8. 
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3.4.1.10 Tree Filtering 

One can apply one or several filters to the data tree. These filters only influence what is shown 

in the Analysis Perspective but not, for instance, the Post Analysis Perspective. Select a filter 

from the drop-down menu (Figure 25) and set the filter criteria. The filter is now checked within 

the drop-down menu. To combine filters, select a different filter and define the value that 

should be applied. A precursor must apply to all selected filters in order to be shown in the 

review tree. By default, the Identification filters apply. 

Note: sometimes is not obvious that a filter is applied. Make sure you check the filter 

list before reviewing your analysis further. 

You can specify a custom criterion with the "User Group" filter. This value can be set during 

the library import by selecting a specific column as "User Group". 

3.4.1.11 Experiment Tab Options 

Right-clicking on the experiment tab in the Analysis Perspective opens a context menu with 

many functionalities that can be applied to the experiment (Figure 24). The most common 

actions are also accessible through intuitive icons. To see the full details for these options, 

refer to Appendix 6. Experiment Tab Options (Section 7.6). Some of the most relevant ones 

are: 

1. Save and Save as: Spectronaut will not save the analysis automatically. To save an 

analysis you will have to do it manually. You can save your analysis with or without ion 

traces (XICs) (Figure 28): 

a. With ion traces (FULL): the file generated (*.sne file) will be larger, but Spectronaut 

will not require the run files to be available when you load your saved analysis again. 

b. Without ion traces (XICs): The *.sne file will be smaller, and you can map the run files 

after loading it. 

 

Figure 28. Saving your *.sne file with or without ion traces (XICs). 
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2. Group by: change the structure of the data tree. The main level will still be "Run". See 

details in Appendix 6. Experiment Tab Options (Section 7.6). 

3. Settings: this option allows you to review and change many of the analysis settings without 

having to run the analysis again. For instance, you can change the FDR cutoffs, 

quantification settings, FASTA file for protein inference, conditions set-up, and many more 

(for details see Appendix 6. Experiment Tab Options, Section 7.6). 

3.4.1.12 Manual Analysis Refinement 

Spectronaut is implemented with a highly reliable peak picking algorithm and with scores and 

confidence thresholds, adapted to high throughput workflows with several 1000s of runs 

analyzed, several 1000s of protein identified and 100000s of precursors targeted. Reviewing 

the results of your analysis is in general not expected or needed. 

However, Spectronaut provides the possibility of exploring your results and fine tuning several 

aspects manually, if you would like to do so (see Box 11 on how to optimize the manual 

reviewing process). For this purpose, the Analysis Perspective provides a number of aspects 

you can interact with and modify. The most relevant are: 

¶ Refine elution group integration boundaries. Select an elution group in the data tree 

and set the right-side plots to, for example, MS2 XIC. You will see the ion chromatogram 

corresponding to the selected elution group within two green lines (Figure 29). You can 

manually slide these lines on both sides of the integrated peak, to set different boundaries. 

A new q-value should be calculated. A hand icon will appear next to the elution group in 

the data tree, denoting it was manually modified. 
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Figure 29. Reviewing Spectronaut peak picking. Integration boundaries can be modified by dragging them. 

The precursor will be marked as manually modified. 

 

¶ Manually select a different peak in the XIC. Select an elution group in the data tree and 

set the right-side plots to, for example, MS2. Hover over the peak you want to assign and 

click when the cursor changes into a hand. The integration will be transferred, and a new 

q-value should be calculated. Similar to the action above, the precursor will be marked as 

manually modified in the data tree. 

¶ Manually accept or reject an elution group: If you right-click on an elution group, you 

can manually accept or reject it. The icon next to the precursor will change to denote it has 

been manually modified (Figure 30). 

¶ Manually define an interfering fragment ion: in the data tree, when you expand the 

precursor, you can see the fragments present in the library for that specific precursor. The 

ones used for quantification will have a blue icon, while the ones detected as interferences 

have a grey icon (Figure 31). You can define interferences manually by right-clicking on the 

fragment ion and unchecking the "Used for Quantification" option. 
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Figure 30. Reviewing Spectronaut peak picking. Precursors can be manually accepted or rejected by right-

clicking and choosing the option. The precursor will be marked as manually accepted or rejected. 

Box 11. Tips to optimize manual reviewing of your data (UI responsiveness) 

If you need to manually review and actively navigate through your analysis in the Analysis Perspective, 

you might find some processes to be a bit slow and the software not as responsive as hoped. There are 

several things you can check in order to make the process as fast as possible: 

1. Have your run files locally. Having your run files on a network drive is not recommended and can 

significantly slow down the computational processes. 

2. Convert the run files to HTRMS files (see Section 4) before running your analysis. 

3. If you saved your *.sne file without XICs, re-extract your XICs (see Section 3.4.1.11). 

4. Group your data tree by precursor window. 

Happy reviewing! 
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Figure 31. Manually define interfering fragment ions or manually accept fragment ions for quantitation that 

were defined as interferences by Spectronaut. 

3.4.1.13 Library Refinement 

Spectronaut allows you to refine the fragment ion selection of your libraries. You can remove 

fragments that show interferences, specifically select fragments to cover interesting 

modification sites, or add additional fragments that were not detected in the original DDA 

analysis but are nicely visible in DIA. 

To perform library refinement, the peptide assay must originate from a library generated in the 

Library Perspective. Right-click on the elution group node and select "Refine Fragment 

Selection". A new dialog will appear that shows the selected peak in detail (Figure 32). The 

list on the left will show you all the fragments of this peptide that are present in the library, and 

which of those are currently selected. Additionally, a list of theoretical fragments is generated. 

In order to change the selection of theoretical fragments, right-click on the "Theoretical 

Fragments" node and select "Set Fragment Filter". This will allow you to expand the set of 

theoretical fragments so that it will contain different ion types, as well as common loss types. 

 


































































































































































































































































































