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Step-by-Step Tutorial for Integrating Contaminant FASTA and Spectral
Libraries in Various DDA and DIA Proteomics Software Platforms

Mass spectrometry-based proteomics is challenged by the presence of contaminant protein
background signals. During data analysis, contaminant FASTA libraries allow the search algorithm
to distinguish between peptides with similar retention times and m/z. Here, we generated universal
contaminant FASTA and spectral libraries that can be used for both data-dependent acquisition
(DDA) and data-independent acquisition (DIA) proteomics, available to download at:
https://github.com/HaoGroup-ProtContLib, and ProteomeXchange (#PXD031139) These new
contaminant libraries have been shown to reduce false identifications, increase protein 1Ds, and do
not influence protein quantification for both DIA and DDA workflows. We modified the
contaminant FASTA library to contain a “Cont” prefix before each UniProt identifier, simplifying
the process of searching and removing contaminant proteins prior to statistical analysis.

In this tutorial, we describe how to use our new contaminant FASTA and spectral libraries
with various DDA and DIA software platforms.
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1. Brief Description of Contaminant Libraries

Exogenous contaminant proteins originated from reagents and sample handling are often
shared in most bottom-up proteomic experiments. Although widely used for DDA proteomics, the
list of common protein contaminants from MaxQuant and cRAP list have not been updated for years,
containing deleted Uniprot IDs, sample-specific interference proteins that are incorrectly listed as
contaminants, and commercially available human protein standards which are not contaminant
proteins. Therefore, we first built a new contaminant FASTA library by manually merging the
available contaminant lists online, updating their Uniprot entry IDs, deleting noncontaminant
proteins, searching for new contaminant proteins on Uniprot, and combining them into a new
FASTA file. Our new contaminant FASTA library contains 381 contaminant proteins including all
human keratins and skin-derived proteins, common bovine contaminants from cell culture and
affinity columns, various proteolytic enzymes, affinity tags, and other contaminants. When
compared to the MaxQuant and cRAP contaminant lists, our new FASTA library is up-to-date for
all Uniprot IDs and contains an additional 166 contaminant proteins. This new FASTA library can
be used for both DDA and DIA proteomics. We also added a “Cont_" prefix in each contaminant
entry in the FASTA library, allowing contaminant proteins to be easily filtered and removed in the
result files.

2. Removing Contaminant Proteins from Result Files.

1.1. Launch the results file in Microsoft Excel. In the “Home” tab, click on “Sort & Filter” and
then “Filter”.

1.2. Navigate to the Protein ID column and type in “Cont_".

Report_Scheduled DIA (Normal) - Excel

Insert Page Layout Formulas Data Review View Help Acrobat Q Tell me what you want to do

Calibni LY Wy = - ® Genera . i 7 @ = > -y p
x Condonat Fovmutas can | B0 -\ B O B
’ B I U- « O - ZE B $-% 2 83 onditional Formatas Cel 5 t in
> 4 Formatting~ Table~ Styles~ (%] Format~ °| Filter -+ elect -
Clipboard & Font . Alignment . Number ) Styles Cells Editing| ~
El > f« PG.ProteinDescriptions A
A B C D E F G H | J K L M N (o} 0 B

1 lR.Cond ~ | PG.Fast ~ PG.Ger ~ |PG.Prof-¥] 4G.Prot ~ |pEP.Str ~ | PEP.MS ~ | PEP.MS ~ |EG.Dati ~ £G.Qua ~ EG.Ape v EG.Sval ¥ EG.Pval ~ EG.Sign v FG.Hasl| v | FG.Sigr
203 Not Defin Protein Contaminat{Coot P00 Jrypsin  LGEHNIDV 3.226+08 71611928 5.639311 1.72€-08 84.5584 0.00026 4.276-07 2781.781 FALSE  2781.7
204/ Not Defin Protein Contaminati Cont_P00:Trypsin  LGEHNIDV 3.22€+08 71611928 4.226716 3.776-08 84.51532 0.656757 2.38£-05 5.37468 TRUE 5.374
205 Not Defin Protein Contaminati Cont_P00:Trypsin  VATVSLPR 31821202 9959710 4.676975 1.72E-08 49.5358 0.001594 7.34£-07 182.2339 FALSE  182.23
206 Not Defin Protein Contaminati Cont_P00' Trypsin  VATVSLPR 31821202 9959710 5.026395 2.76E-07 49.47039 0.956123 0.000253 138.0881 TRUE 138.0¢

207 Not Defin Protein Contaminati Cont_P00:Trypsin  IITHPNFN« 1.3E+08 9900832 4.626133 6.17t-08 88.75113 0.723467 4.29€-05 135.0102 FALSE 135.01
208 Not Defin Protein Contaminati Cont_P00: Trypsin  LSSPATLN 2956277 1024684 5.171885 1.72E-08 38.64737 0.118914 2.99E-06 100.8617 FALSE  100.8€
209 Not Defin Protein Contaminati Cont_P00: Trypsin  LGEHNIDV 5093644 464217.3 4.667501 1.72€-08 116.8189 0.032981 1.91€-06 105.7796 FALSE  105.7%
210 Nt Nafin Dratein Cantaminati Cant DON"Truncin  IITHDNFNE 1A7S91R 79024 18 299454 191F.NR 99421 N4A79) KR 7RF.06 27.M3RA TRIIF 22 m3

1.3. This will select all contaminant proteins. Evaluate the selected proteins to ensure that they
are not biologically relevant based on custom sample types. Remove contaminant proteins
prior to statistical analysis.
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3. Using Contaminant FASTA in DDA Software

3.1. Proteome Discoverer for DDA

3.1.1. Click the “Administration” tab and select “Maintain Fasta Files”. Click “Add” and
then select “Protein Contaminants Hao Lab.Fasta”.
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3.1.2. Click on the “Sequest HT” tab in the processing workflow in a study file. For
protein database, select both the “Protein Contaminants Hao Lab” and organism
FASTA for your sample.

NOTE: The protein contaminant FASTA file must be included in data processing
step to reduce protein/peptide false identifications.
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3.1.3. Select your consensus step workflow. Under the “Protein Marker” tab, include the
contaminant FASTA in the contaminant database. This will create a separate
column in the result file marking contaminant proteins.
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3.1.4. Contaminant proteins can be filtered using the accession column or separate
contaminant column.
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MaxQuant for DDA

3.2.1 Launch MaxQuant. Load .raw files. Click the “Global parameters” tab and then
select “Sequences”.

3.2.2 Select the “Protein Contaminants Hao Lab.Fasta” and then click on “Identifier
rule”. Select “UniProt Identifier”.

3.2.3 Unselect “Include contaminants”.

NOTE: Including the existing MaxQuant contaminant database will not affect
results. However, contaminant proteins from the new FASTA will not be marked in
the contaminant column in the MaxQuant results file, which may lead to confusion.
Contaminant proteins are marked in the UniProt ID column with the prefix “Cont_”
as described on page 2.
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4. Building Contaminant Protein Spectral Libraries

To establish comprehensive contaminant protein spectral libraries for DIA proteomics, we
created a series of contaminant-only samples using various proteolytic enzymes, affinity purification
beads and fetal bovine serum (FBS) that are commonly used for cell culture medium. Contaminant
Protein Spectral Library is available to download in Github and ProteomeXchange (#PXD031139).
For proteomics software that allows the input of multiple spectral libraries, our contaminant spectral
library and custom proteomics data can be included together. For software that only allows one
spectral library input, an integrated spectral library can be built using our contaminant-only raw data
and custom proteomics data. We have tested that the integrated spectral library performs similarly
to two separate libraries. Either method is better compared to the results analyzed without the
contaminant library.

4.1. Building a Spectral Library in Spectronaut

4.1.1. Launch Biognosys Spectronaut and select the “Databases” tab. Import the “Protein
Contaminants Hao Lab.Fasta”.

4.1.2. Select the “Library” tab. Click “Generate Library from Pulsar/Search Archives”.
4.1.3. Select “Add Runs from File” to add .raw files.

Note: The .raw files from our universal contaminant-only experiment can be included to
ensure the accurate detection and inclusion of contaminant spectra within the library.
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4.1.4. Click “Next” and then “Fasta File.” Select the “Protein Contaminants Hao
Lab.Fasta”. Select the remaining settings to build the desired library.
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Building a Spectral Library in MaxQuant

4.2.1 Launch MaxQuant. Load .raw files. Click the “Global parameters” tab and then select
“Sequences”.

4.2.2 Select the “Protein Contaminants Hao Lab.Fasta” and then click on “Identifier rule”.
Select “UniProt Identifier”.

4.2.3 Unselect “Include contaminants”.

NOTE: Including the existing MaxQuant contaminant database will not affect results.
However, contaminant proteins from the new FASTA will not be marked in the
contaminant column in the MaxQuant results file, which may lead to confusion.
Contaminant proteins are marked in the UniProt ID column with the prefix “Cont_” as
described on page 2.
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5. Using Contaminant FASTA and Spectral Libraries in Library-based DIA

5.1. Spectronaut for Library-based DIA.

5.1.1. Launch Biognosys Spectronaut. Select “Set up DIA Analysis from File”.

® Spectronaut - a o
[I — r
Library Analysis  Post Anglysis Report Qc Pipeline Databeses Settings About
Load Experiment x| & 1 F X
- Setup a DIA Analysis from File
Start 3 classic DIA znzlysis using a3 targeted, library-based search

w Setup a directDIA™ Analysis from File

Start a library-fres DIA anglysis using & protein database (FASTA) file as input.

Open a previcusly saved Spectronaut experiment from a *.SNE file,

Fecent Expeniments

5.1.2. Load the .raw files for the study.

& Set up DIA Analysis ] X

Specify all LC-MS'MS measurements that you want to include in this expeniment and assign which spectral-libraries to use.
Each run needs to have at least one spectral-library assigned in order to proceed.

Injection1

4 . Injection?
| [1] 20210824_DIA_HEK_Injectionl.raw
1 [2] 20210824 _DIA_HEK_Injection2 raw
| [3] 20210824_DI&_HEK_Injection3 raw
| [4] 20210824_DIA_HEK_Injectiond.raw

5.1.3. Select the contaminant-containing spectral library and contaminant FASTA used
during library creation.
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5.2. DIA-NN for Library-based DIA.

5.2.1. Launch DIA-NN. Click “Spectral library” and add the contaminant FASTA that

was built using Spectronaut.

5.2.2. Load the .raw files. Under “Add FASTA” select the appropriate FASTA libraries to

build the spectral library.

Input
Raw diaPASEF d Clear list Convert to dia

Spectral library |C MAshley DIANN_LF_HEK_Cont_Pn

I Add FASTA ICZ"\ABHE-'&-'

SDIANMN_LF_HEK_Cont_Prefix
- “ContaminationPrefix fastaC:
Clear list \Ashley

R el SDIANMN_LF_HEK_Cont_Prefix
[ Reannatate “Human_5Swissprot fasta

DIA-NN exe diann exe
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5.3. Skyline for Library-based DIA.

5.3.1. Launch Skyline (version 21.2) and open a “Blank Document”.

5.3.2. A spectral library can be built by selecting “File”, “Import” and then “Peptide
Search.”

5.3.3. Import the .pdResult file from Proteome Discoverer or msms.text file from
MaxQuant. Select “Next” to build the peptide search library.

b

‘ Spectral Library

@ Buid O Use existing

Cut-off score:

Start from:
Search resuits (buid liorary directly) -

Resuit fles
DDA_Wouse_Cortex_Injection pdResuft Add Files..

iRT standand peptides tu

None v
Parsing 531574 spectia

S
Firish Cancel |

5.3.4. Select the appropriate .raw files and click “Next”.

[ include ambiguaus matches
[ Fiter
Warkflow
(®) DDA with MST fitering
[e):1}
) PRM

5.3.5. Select the FASTA File and then “Finish”.

NOTE: Only a single FASTA library can be imported. The contaminant FASTA
file will need to be combined with the organism FASTA.

tu

Import FASTA (optional)

Enzyme: Max missed cleavages:

Trypsin [KR | P] o~

FASTA records begin with *>' and have the protein name followed by the
optional protein description.

| | I Browse .. I

5.3.6. Library-based DIA analysis can be conducted using established Skyline workflows.
However, the conjoined FASTA file used to build the library should be included during

data analysis.
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MaxDIA for Library-based DIA.

5.4.1. Launch MaxQuant. Load .raw files. Click the “Global parameters” tab and then

select “Sequences”.

5.4.2. For library-based DIA proteomics, you must include the same contaminant and
organism specific FASTA files used to generate the spectral library. Select the
“Protein Contaminants Hao Lab.Fasta” and the organism specific UniProt FASTA
file. Click on “Identifier rule” and select “UniProt Identifier”.

5.4.3. Select the “Group-Specific Parameters” tab. Click “Type” and select “MaxDIA”

from the drop-down menu.

5.4.4. Import the peptide, evidence and msms.txt file for library-based DIA.

o]
Fie Tools Window Help

Raw data Group-specific parameters  Global parameters  Performance  Visualization Configuration

Group 0 | odfications Instrument  First search
Digestion Label{ree quantification Misc.

Parameter section

Lbrery type MaxQuant
Peptide files

Evidence files

Msms files
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6. Using Contaminant FASTA in Library-free DIA

6.1.

Spectronaut for library-free DIA

6.1.1. Launch Spectronaut. Click “Set up a directDIA Analysis from File”.

@ Spectronaut

[

Al B &

Analysis  Post Analysis Report Qc

Library Pipeline

Load Experiment x | &

< B
=
=

T

About

Databases

v Setup s DIA Analysis from File

-Séﬁ E} -classi;: Dlﬁ;;nalysis using a3 targeted, library-based search

rectDIA™ Analysis from File

Start a library-free DIA analysis using 2 protein database (FASTA) file as input.

~ i

30 3 JDeCrong

Open a previously saved Spectronaut experiment from a * SNE file.

it Expeament

Recent Experiments

6.1.2. Load the .raw files for the study.

® Set up DIA Analysis

Specify all LC-MS/MS measurements that you want to include in this expenment and assign which spectral-libranies to use.
Ezch run needs to have at least one spectral-library assigned in order to proceed.

Injection 1

4 |i.g Injection]

[1] 20210824_DIA_HEK_Injection.raw
[2] 20210824_DIA_HEK_Injection2 raw
[3] 20210824_DIA_HEK_Injection3.raw

]
I
I
I [4] 20210824_DIA_HEK_lnjectiond.raw

"I Add Runs from File I Assign Spectral Library Remave

Nexd Skip to Last

6.1.3. Select the contaminant FASTA and organism FASTA.
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6.2. DIA-NN for library-free DIA

6.2.1. Launch DIA-NN. Click “spectral library” and add the contaminant library that was
built using Spectronaut.

6.2.2. Under “Add FASTA” select the appropriate FASTA libraries to build the spectral
library.

Input
Raw diaPASEF d Clear list Convert to dia

| Spectralbrary | [C:\Ashley \DIANN_LF_HEK_Cort_Pr

| Add FASTA |C:\Ashlev
\DIANN_LF_HEK_Cont_Prefix

) “Contamination Prefix fastaC:
Clear list \Ashley
R ot SDIANN_LF_HEK_Cont_Prefix
W] “Human_Swissprot fasta

DIA-NN exe diann.exe
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6.3. PECAN for library-free DIA
6.3.1. Launch EncylopeDIA (version 1.12.31). Select the Walnut tab.
6.3.2. Import the contaminant FASTA library to the “Background” and “Target” sections.

NOTE: Only asingle FASTA library can be imported into the workflow. The Hao
Lab Contaminant library must be combined with your organism FASTA database.

File View Convert Data Help

' EncydopeDIA |/, Thesaurus @Wahl-lt

Walnut: PeCAn-based Peptide Detection
Directly from Data-Independent Acquisition
(DIA) MS/MS Data

" Walnut uses PeCAn-style scoring to extract peptide fragmentation
chromatograms from MZML files, assign peaks, and calculate various peak
features. These features are interpreted by Percolator to identify peptides.

Parameters:

Backgroun dFupp\ementa\ FASTA Protein Contaminants_Hao Lab_Prefix.fasta Edit
Targ et;liupplemental FASTA Protein Contaminants_Hao Lab_Prefix. fasta Edit
Target/Decoy Approach: Normal Target/Decoy v

Precursor Window Width (blank=extract from file)]-1

Enzyme: Trypsin

Fixed:| C+57 (Carbamidomethyl)

Fragmentation:| CID/HCD (B/Y)

Precursor Mass Tolerance:| 10.0 PPM

Fragment Mass Tolerance: 10.0 FFM

Maximum Missed Cleavage: 2
Percolator Version: v3-01

w

o 4R U RS L R EY Y RS R

MNumber of Quantitative lons:
MNumber of Cores:

=3

Charge ranga: 28 to (4%

Additonal Command Line Options:

Console
EncyclopeDIA Graphical Interface (version 1.12.21)
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