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Identifying and quantifying the unknown: Two workflows combined to search for
variant/mutation information and to quantify un-/identified spectra in MS-based
proteomics.
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Abstract Results
Introduction: Today's data analysis in MS-based proteomics primarily relies on typical identification and |ldentifying with the custom generated FASTA, containing Feature PSMs binned into single features
qguantification workflows. These workflows usually utilize a FASTA database where mostly only canonical features like cleaved peptides, variants and more, : ———
sequences of proteins are provided. In such workflows a theoretical spectrum is matched to an actual measured yielded an increase of the overall identification ratio of 3 B Shared PSMs
. . . 5 (me . . 0 4 1 Unique PSMs
spectrum (search engine) returning identified spectra, which further are used to quantify the found 0.01% (around 3000 more spectra with an identification) g q
peptide/protein. While these workflows usually suffice for the selected use-cases, not all spectra are identified after the FDR cutoff. Although many MS2 spectra were &
and only a part of all measured molecules in a mass spectrometer are quantified, thus not reported in the final annotated with a feature peptide or received a better 5103'
data analysis. Our workflows aim to shed some light on the unknown, trying to identify non-canonical sequences peptide candidate (around 60000 / 5% of all identified 5 |
and by quantifying charged molecules, regardless of whether they are identified or not. MS2 spectra), the large FASTA database (33Gb, 10% 5
Methods: In our lab, we developed two workflows: a sophisticated FASTA generator (1) and a MS1-based containing 55 million peptides) causes many entries to : . = .
quantification workflow (2). be shifted below the FDR-threshold of 0.01%. In Figure 4, .« (o= ge“/coo}_\de/coov R T S N
: .. : : : : Ve O e o© L\ c
* (1) generates a peptide FASTA databases containing already digested peptides, complemented with signal-, pro- we illustrate certain found features, by their count, ° " reatures binned by type
and other specially cleaved peptides as well as peptides containing variants and mutations. This is achieved by showing that variants and conflicts have mostly been Figure 4: Counted feature peptides in the CSF dataset
using protein graphs generated via ProtGraph, the MS2 precursors and a sophisticated traversal algorithm found. Figure 5 shows the 15 proteins with the highest from PSMs, depending whether it is a shared or unique
implemented in C++ to retrieve the peptide entries. amount of features from found unique feature peptides. PSM. This OVETVIEW only contains certain hits and may
. : : : : : , , , . count multiple features for a single PSM.
e (2) utilizes OpenMS to find features (FeatureFinderCentroided). Label-free matching across multiple Mostly immunoglobulin proteins have been found with a
measurements is done via MapAlignerTreeGuided and FeaturelinkerUnlabeled, using identified features as conflict feature. Serotransferrin, Transthyretin, Alpha-1- Top 15 proteins with annotated features
anchor points. The actual quantitative values for all features is then extracted via the ThermoRawFileParser XIC- antitrypsin are also present with many found variants.
: : : : : T 10% 3
Extraction. We also discovered the protein Secretogranin-1, and its ¢
These two workflows are implemented in Nextflow, with various Python scripts used as intermediate steps. neuropeptides: PE-11 and CBB. g
|dentification in this combined workflow is done via Comet and Percolator with a g-value cut-off of 1%, using the Figure 5: Top 15 proteins with annotated features, derived from 5 i
human proteome database as plain text format, and allowing for up to 5 variants per peptide. unique PSMs. HBB has the most feature annotations, which is g
Results: We applied this combined workflow on measured CSF samples (two groups, DDA). Our results expected, since it is highly annotated in UniProt KB. Many g0 Feature
: : : C : Immunoglobulin proteins have been found with conflict features. = [ VARIANT
demonstrate the benefit of using a custom tailored FASTA database from workflow (1), which includes entries : ) . L ki == CONFLICT
_ . . _ . . Conflict features describe differences originating from sequence ) | FERTIDE
typically not searched for, thereby increasing the number of identified spectra in the CSF dataset. Workflow (2) errors or of currently not described sequence polymorphisms. . i AP AL E e
shows that charged molecules can be quantified, regardless of whether an identification or even a MS2 spectrum Proteins like Serotransferrin which are expected to be found in CSF T T R e S s S SR o S e
is present. By combining and normalizing the results of each workflow, we generated a volcano plot, containing have also been found, topped with many annotated variant features. Accession
unidentified and non-canonical entries alongside of usual canonical entries, illustrating the additional data points
gained by this combined workflow. This hit is an unidentified Mgy Unidentified MS1 feature _Volcanoplot:PVsK —
feature. From this entry we | Blue: Canonical sequence
. . only know that it has 593.345 2 g:znug;der:::d T}fl;:t:tle
Motivation and Context m/z (charge 4) and was Red: Sequence with conflct
captured at a retention time of ™
In MS-based DDA proteomics, the usual focus mostly lies on identified and quantified peptides, or proteins around 52 minutes. s
after inferencing. Many charged molecules are usually not used in further analysis, simply by leaving them _ i
out in common data analyses. Figure 1 illustrates the information, which gets lost in such analyses and VSQAEVMQRPYTCDFLAR  An identified MS1 feature, - . s
describing a peptide having 4 - - | >

shows, where our work focuses on to reduce the lost information.

SAPs at once (Acc. Q12809).
All variants are linked to the & ;
“Long QT syndrome 2" § . I I . s
disease. These variants were 10 :
found across both groups !

(p-value

e Charged molecules (in MS1) Figure 1: lllustration of the information which is
identification gathered and used (proportions not correct). While
ratio Fragmented molecules (MS2)  most data analyses focus on the smallest subset, it
also shows that there is still a lot of potential to get
even more information from such MS-
measurements. Our work (black arrows) focuses VHTECCHGDLLECADDRADLAK
on increasing the identification ratio as well as

*Identified MS2 Spectra with at least one PSM USIhg M?%—fe:atures dlsrega rdlng whether there is
**Either quantities for all identified precursors, or only identified precursors matched with found features from MS1 are reported g |dent|flcat|0n or not.
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Figure 6: Volcano plot from the results of the showcased combined workflow. The volcano plot is additionally colored, where
blue points describe MS1 features, containing a canonical identification, grey points describe MS1 features without

WOfkﬂOW a nd Im plementatlon identification and colored points MS1 features annotated with a variant (green) or conflict (red) feature. On the left, selected

points are shown, with raw extracted XICs across all measurements and a small description of the information available on this
entry.

Besides the identification results, our workflow returns MS1 features with an identification from an MS2
spectrum if present. We used all MS1 features, normalized it and used a t-test, creating a volcano plot to
show most interesting hits between the healthy and diseased group, while also coloring the available
identification information (Figure 6). The interpretation of the results is still ongoing. However, with this
additional knowledge, a much more in-depth look into the CSF-dataset is already possible.

We first focused on increasing the identification ratio in MS2 spectra and
have already developed a workflow with ProtGraph which is able to
increase it by utilizing non-canonical sequences (Figure 2) in some
datasets [1][2]. This workflow has been further extended with our
experimental quantitative workflow (unbeQuant), which uses the
OpenMS-framework to find features and the ThermoRawFileParser to [ e
retrieve the corresponding XICs/quantitative values. The final combined
workflow is shown in Figure 3. All steps are implemented in such a way,
that they can be integrated in other workflows for other use cases or to be

used on their own. For Additional information and implementation details, Futu re WQ rk
visit our GitHub! - = - ————————————————————————
_ - = P ——— Although the combined workflow (ProtGraph + unbeQuant) was applied on the CSF dataset, we already
yCnexcflow fg’tbagag nextFlow UPS s-.a-edpsmu applied this workflow on multiple other datasets including cell models, blood, tissue and some initial tests
g " - with stool samples. We aim to provide both as general workflows applicable to a variety of DDA datasets.
p pgthon ., . ] p th Figure 2: Difference of identified MS2 _ .
B|OC N DA pg on spectra across a identification with only Furthermore we noticed that still many MS1 features
[w] 3¢5 2044 [w] canonical sequences in a database or across multiple runs are not present (missing values).
R oA C ?;Z?Lige;md with ”O”t'ca”r‘i)zn';aliﬂsz Due to the high amount of missing values, a p-value
. i @ coectra b .qu?dncets.;c.cz ((etg)lo k()e may not be calculated and therefore may simply not
pectra py: unidentitie aCkK), . .
identified with a unique/shared peptide be shown in a final volcano plot. The not shown
(blue/orange) as well as with non- entries could be potential “black and white” entries
P°Steri:‘:f'o':;i;i':‘ta“°"s canonical unique/s_hared peptides and we also want to further explore ideas to visualize
[1] Protein gra.ph identification wor.kflow unbeQuant lggreen/glurpc;e)‘ ThIIS r:SLcjjlt OIIIIRgI:;:teS and rank them in a meaningful way. In Figure 7, we
ptings 1 Biomtormcne, O Ao e experimented with a view, using the ratio of missing

data and the mean intensity of all (non missing

Figure 3: The final workflow used in this work (excluding the conversion steps). The ProtGraph, Match all fealures across runs features)

ProteinGraph and identification steps from [1] were extended with the steps from our ‘
experimental workflow to also retrieve quantitative information. All steps are implemented as M
Nextflow processes in DSL2 and can be included into other workflows or used solely.

In future, we want to provide an explorative data
view suite as a result provided by both workflows,

e NS 1 were the results can be explored interactively,
spEvMBL | O O 0 © 0 © «@» O + ‘ . . . . . . . . . . . .
— o Ident. + Feature-Matching yielding information about the workflow and raw Figure 7: Plot containing all entries, which did not received a
data in a meaningful way. First work has already
Measured Spectra FeatureFinderCentroided XIC / Quant-Value Retrieval

|
| p-value. On the x-axis, we calculated a negative or positive
MS - PUthOﬂ : : value depending on the quantitative ratio and for each group
started in this regard: a XIC extractor has been . o . L
(rawl.d.mzML) | ThermoRawEileParser m _ ) the ratio of missing values which was multiplied with the
MS @ python implemented which can generate XICs from the hean of the normalized intensityThe Y-axis contains a jitter
(8D entries provided in Figure 6 and Figure 7 as also to spread the data points.
shown in them.
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