SCIENCE MEETS LIFE

MS?PIP: Predicting peptide spectrum peak
intensities to improve proteomics identification

Ralf Gabriels

‘ VIB-UGENT CENTER i Com 18/07/2019
E?c;‘TeAcEl?rll%tlbeY UNNERSITET m!:())s BePA Mini Symposium on Statistics in Proteomics, ISCB2019
GENT g



In MS-based proteomics, peptides are
identified by their fragmentation spectra
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For every |_3eptide, a fragmentation
spectrum is generated
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We can easily calculate the m/z values for

any given peptide spectrum

. . Chemical
Amino Acid Molecular mass
formula
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We can easily calculate the m/z values for
any given peptide spectrum
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But how do we get the intensity values?
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Every amino acid has known physicochemical
properties
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Machine learning enables us to predict
Intensities based on these properties
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Machine learning enables us to predict
Intensities based on these properties
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Machine learning enables us to predict
Intensities based on these properties

Target:

ion . e
intensities
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In MS2PIP, one input leads to multiple targets

Feature1 Feature2 Feature3 Feature n Target

Piece of fruit | —— Yellowness Acidity Hardness Weight —_— Banana

Feature1 Feature2 Feature3
Peptide —_— Basicity? Hydro.? Helicity? Ip? —_— int. b,

int. b,

int. by




In MS2PIP, one input leads to multiple targets,
leading to multiple feature sets

Feature 1 Feature 2 Feature 3 Feature n

Target

Piece of fruit | —-——> Yellowness Acidity Hardness Weight —_— Banana

Feature1 Feature2 Feature3 Feature n
Peptide —_— Basicity b,? Hydro. b,? Helicity b,? Ip b,? —_— int. b, B
o
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Variable input length, requires creative
feature engineering

ion Feature1 Feature2 Feature2 Feature3 Feature4 Feature5 Featureb6

Hydro 1 ? ? ? ? Basicity 1 ? int. b,
Hydro 1 Hydro 2 ? ? ? Basicity 1  Basicity 2 int. b,
Hydro 1 Hydro2  Hydro 3 ? ? Basicity 1 Basicity 2 int. by
Hydro 1 Hydro 2 Hydro 3 Hydro 4 ? Basicity 1  Basicity 2 int. b,
? Hydro 2 Hydro 3 Hydro4  Hydro5 ? Basicity 2 int.y,
? ? Hydro 3 Hydro4  Hydro5 ? ? int. y;
? ? ? Hydro4  Hydro5 ? ? int.y,
? ? ? ? Hydro 5 ? ? int.y,




Variable input length, requires creative
feature engineering

- Minimum
Hydrophobicity Full peptide Q1
Basicity .

Iso-electric point x 3:3: x gg

Helicity Maximum
N-term

Hydrophobicity Fragmentation site - 1

+ Basicity x Fragmentation site

Iso-electric point Fragmentation site + 1

Helicity Fragmentation site + 2
C-term

+ Peptide length
Peptide charge



Variable input length, requires creative
feature engineering

Hydro Hydro
Charge Length min Hydro Q1 Hydro Q2 Hydro Q3 ax

int. b,
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int.y,

int. y;

int.y,

int. y,




Given their shared fragmentation event, we
can combine b- and y-ion features

lons (b and y) Charge Length H):::ir:: E Hyg:o E Targetb Targety

2 5 37 37 224 int.b, int.y,
2 5 72 35 189 int.b, int.y,

@) 2 5 153 35 108 int.b, int.y,
@oO® © - 5 212 35 49 int.b, int.y,




MS2PIP employs XGBoost, an ensemble
decision tree algorithm

Decision tree Ensemble of (weak learner)
decision trees
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The result is a predicted spectrum that is a
much better resemblance of a real spectrum

Empirical spectrum
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MS2PIP is available on jomics.ugent.be/ms2pip

MS2PIP SERVER HOWTO  RUN MS2PIP  CONTACT




Percolator employs a semi-supervised learning
to iImprove target-decoy separation

Database
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Percolator’s input comes from search
engine derived metrics

Search engine features
» Search engine score
» Mass error of the peaks (theoretical vs measured)

¥ % of matched peaks
...
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We can add or replace these features with
information from MS2P|P

Search engine features
» Search engine score
» Mass error of the peaks (theoretical vs measured)

¥ % of matched peaks
...

Correlation of MS2PIP prediction and measured spectrum
» Dot product
¥ Pearson correlation
» Spearman rank correlation

» Absolute differences
’ ...
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MS2PIP + Percolator allows for more identifications at
a more conservative FDR threshold
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MS2PIP + Percolator allows for more identifications at
a more conservative FDR threshold

200000 %
Andromeda 1% FDR threshold
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MS2PIP within a search engine enables
sensitive open modification searches

ionbot.cloud



MS2PIP can replace spectral libraries for
Data-Independent acquisition (DIA)

7.3% Spectral library

(spectra that have
been detected

1.1% z before)
1.5%
Only Fasta database
(Human Proteome)
7.8%
MS2P|P

* Only peptides detected in (Human Proteome)
LY : . 9.6%
triplicate wide window DIA runs
with at least three transitions
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