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Abstract:

DeepNovo is a deep learning based algorithm for de novo sequencing that predicts the peptide from the
MS/MS scan by iteratively predicting amino acids consecutively. The goal of this note is to compare PEAKS de
novo and DeepNovo approaches by evaluating the accuracy and scoring of HLA peptidome data.
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Introduction:

Over a decade ago, PEAKS de novo sequencing was introduced as a tool to assist peptide spectral matching
to a protein sequence database. This approach increases both sensitivity and accuracy of peptide
identifications. De novo sequencing derives the peptide sequence directly from the MS/MS spectrum, with
PEAKS de novo algorithm computing amino acid sequences with the local confidence scores for each position
as well as the confidence scores for the entire sequence [1]

Earlier this year, we introduced a workflow, called DeepNovo Peptidome, for the analysis of immunopeptides.
Here, in addition to the classic database and homology searches, PEAKS uses a novel and unique de novo
sequencing approach, named DeepNovo [2,3,4]. Importantly, while PEAKS de novo sequencing algorithm
produces a score based on the concept of the score gap of the Peptide-Spectrum-Match (PSM) by mutating
each amino acid in the peptide, DeepNovo takes a very different approach to evaluate the amino acid
confidence. DeepNovo predicts the de novo peptide by iteratively predicting one amino acid after another. At
each iteration, based on the spectrum and the amino acid sequence already generated, DeepNovo predicts
the next amino acid and its score. This score is a value from 0 to 100 and represents the probability of a
particular amino acid, out of 20 possible amino acid candidates considered by PEAKS (or more candidates if
PTMs are included), to be present at a position within the peptide sequence. The score of the predicted
peptide is then calculated as the average of its amino acid scores.

The goal of this note is to compare PEAKS de novo and DeepNovo approaches by evaluating the accuracy and
scoring of HLA peptidome data.

Methods and Results:

For evaluating PEAKS de novo and DeepNovo algorithms, we used immunopeptidome data acquired by
timsTOF SCP (Bruker) [5] and Orbitrap (Thermo) [6] mass spectrometers to perform PEAKS Database (DB)
search, PEAKS de novo search, and DeepNovo search. We selected one sample from each dataset for the data
analysis.

For timsTOF SCP data, a total of 13,322 PSMs was obtained from the PEAKS DB search under 0.1% Peptide
FDR. These PSMs were then used to evaluate the de novo results as follows. For each PSM, the database
identified peptide was considered as the target, and the de novo peptides predicted by PEAKS de novo or
DeepNovo were compared to the target peptides to determine the peptide and amino acid accuracies. The
de novo score cutoffs for both PEAKS de novo and DeepNovo were set to 0 in order to consider all peptide
sequence predictions.

The calculated accuracies of PEAKS de novo and DeepNovo predictions for the resulting PSMs are shown in
Table 1. Here, DeepNovo outperforms PEAKS de novo by 20.5% at the amino acid level and 16.6% at the
peptide level. Furthermore, Figure 1 shows the overlap between PEAKS DB, PEAKS de novo, and DeepNovo
peptides, as well as the overlap of the amino acids predicted by PEAKS de novo and DeepNovo. While PEAKS
de novo and DeepNovo shared a large amount of amino acid assignments (up to 64%), they shared much
fewer common peptides (32.5%). More importantly, compared to PEAKS de novo, DeepNovo shared
significantly more peptides with PEAKS DB.

Accuracy Accuracy
Tools Amino Acid Peptide Tools Amino Acid Peptide
PEAKS de novo 60.9% 34.6% PEAKS de novo 72.0% 42.5%
DeepNovo 81.4% 51.2% DeepNovo 77.5% 53.1%

Table 1. timsTOF Accuracy of PEAKS de novo and DeepNovo Table 2. Orbitrap Accuracy of PEAKS de novo and DeepNovo
predictions of PSMs at the amino acid and peptide levels. predictions of PSMs at the amino acid and peptide levels.



(a) (b)

PEAKS DB PEAKS de novo
(13322 PSMs) (13322 PSMs)

5514

7994
40318 52112
5790
DeepNovo PEAKS de novo DeepNovo
(13322 PSMs) (114887 amino acids) (126681 amino acids)

Fig 1. Venn diagrams showing an overlap of PEAKS DB, PEAKS de novo and DeepNovo peptides (left) and an
overlap of amino acids predicted by PEAKS de novo and DeepNovo (right).

Next, we investigated the distributions of the amino acid accuracies versus the de novo scores to determine
the score cutoffs. We varied the score cutoffs from 0 to 100, and for each cutoff, we counted the de novo
predictions above each score to calculate the amino acid accuracy. The distributions of PEAKS de novo and
DeepNovo scores are shown in Figure 2. For example, for a score =55 for DeepNovo, the predicted peptides
will have the amino accuracy of ~95%. Similarly, for the peptides predicted by PEAKS de novo having the
amino acid accuracy of around 95%, the de novo score cutoff needs to be set around 80.
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Fig 2. The accuracy-versus-score distributions of PEAKS de novo and DeepNovo peptides from timsTOF SCP data.



The accuracy-versus-score distribution is hypothesized to be data and instrument dependent. To assess this
hypothesis, we looked at the relationship between de novo and DeepNovo predictions using an Orbitrap
dataset following the same approach as described for timsTOF SCP. Table 2 and Figure 3 validated our earlier
conclusion that DeepNovo performed better than de novo in accurate predictions of amino acids and peptide
sequences. Indeed, for a similar amino acid accuracy of 95%, the required PEAKS de novo score is ~95 while
DeepNovo is ~60.
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Fig 3. The accuracy-versus-score distributions of PEAKS de novo and DeepNovo peptides from Thermo Orbitrap data.

Conclusion:
From our experience with many large public datasets and internal data, we recommend setting a minimum
score of 80 when using PEAKS de novo, and 55 for DeepNovo score (for timsTOF data). For Orbitrap, the
recommended cut-off for DeepNovo score is 60. Those cutoffs correspond to an average amino acid accuracy
of around 95%.
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