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= Location: COBRA laboratory (near Rouen, France)
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Complex matrices molecular characterization

= Complex matrices:
— Encountered in almost all research domains =» From biology to environmental sciences.

— Humongous quantity of information at the molecular level

= Accessing complex matrices molecular information:
High-end instrumentation is required: FTICR / Orbitrap mass spectrometers that can achieve very high resolving power

(>10°) and mass accuracy. (<1ppm)
These two factors allow for the resolution of isobaric compounds and attribution of molecular formulas using constructors’

software or self-elaborated routines (ex: Data Analysis, Composer, Peak-by-Peak)

= Python tools for complex matrices molecular characterization or PyC2MC
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Complex molecular data visualization

» Visualizing the molecular information:

— Generic data treatment software:

) Mu.:r_osoft EX‘?e_' } Easy to use but low efficiency
= OriginLab Origin

— R, Python or Matlab based self-written software:

= DEIMoS, (S.M. Colby et al.)
= Constellation, (D.R. Letourneau et al.) Several minor drawbacks

= PyKrey, (E. Kitson et al.)
— PyC2MC viewer:
= User-friendly
= Open-source
= Able to handle voluminous data

= Compatible with the most common representation types and more i
/ Visualization \
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List of attribution composition
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PyC2MC Viewer
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Peak lists as input file

= Compatible constructor software: DataAnalysis (mass list export in .asc), Xcalibur (.csv)
» File architecture: m/z ratio, intensity in an .asc file

= Data processing option: merge (without attribution)

T ) [ Masslist | KMDplots
| VeS| stasical anaiysis

Peak list

(csv, asc)




Merge (without attributions)

Example: using pandas.merge_asof() and a tolerance (default Tol = 0,21mDa)

A A A
L J

If corresponding ratio within
the tolerance

Intensity value Intensity value

If exclusive to file 1 1 Intensity value 0 filled

. . q If exclusive to file 2 1 0 filled Intensity value
é




Attribution lists as input file

Compatible constructor software: DataAnalysis (‘Export for Van Krevelen’, .csv), Xcalibur (.csv),
PetroOrg (.csv, .xIs) or CERES processing (.xIsx)

File architecture: m/z ratio, intensity, error (in ppm) and molecular formula in a .csv file

Data processing options:
— Merge (with attribution)
— Fuse replicates

Attribution
list

(csv, xls,
XIsx)

Merge (with attributions)

Attributed

Fused

Merged

Statistical analysis

| Primary visualization
Samples comparison
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Merge (with attributions)

Example: using pandas.merge () on molecular formula

. . . Molecular formula Name of file 1 | Name of file 2

If corresponding formula Intensity value Intensity value

If exclusive to file 1 1 Intensity value 0 filled

. . q If exclusive to file 2 1 0 filled Intensity value
é




Fuse replicates

Example: using pandas.merge () on molecular formula

Molecular formula Name of file 1 | Name of file 2 | Name of file 3

2B R

If corresponding formula Intensity value Intensity value

Commonto file 1 & 3 2 Intensity value 0 filled

Intensity value

Intensity value

!
Commonto file2 & 3 2 0 filled Intensity value Intensity value
\
\ )
I

=

User input : X = minimum occurrence of each attribution
with 1 < X < nb sample

Calculates a mean intensity for each peak =» Files is treated as
a normal attribution list but with statistical information (mean,
std. dev.)
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Input and data processing summary
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Primary visualization

= Compatible items: [ Attributed

} [ Fused

=  Dataset:

— Plastic pyrolysis oil analyzed by APCI(+) (C. MASE et al)

= Primary visualization :
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KMD plots and series extraction

J | J |

Dataset: Shipping fuels and corresponding emissions analyzed by ET-MALDI FTICR MS (M. SUEUR et
al.)

KMD plots as an attribution tool:
— KMD vs NKM calculation:

Compatible items: [ Attributed Fused Mass list }

Highlighted series of species
for manual attribution (*.csv)

~

KMD = Nominal Kendrick mass — Kendrick mass

Repetition pattern nominal mass

2. Kendrick mass = observed mass X —
Repetition pattern exact mass

3. Kendrick nominal mass = rounded Kendrick mass
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Sample comparison

= Compatible items: [ Attributed ] [ Fused }

Peak intensity in sample 2 . . .
FC = Y PP log,(FC) is used as the color coding variable.

Peak intensity in sample 1
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Statistical analysis

] Merged non-

Compatible items: [ Merged attributed

Dataset: Aerosol samples mimicking Titan’s atmosphere (Tholins) (J.MAILLARD et al)
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» Venn diagrams

IS
f

* Volcano plots

-log10(p-value)

_IogZ(foId change)

< N
“«Fresh» tholins 3 years aged tholins

17




Conclusion

Software is available on GitHub ( https://github.com/iC2MC/PyC2MC_viewer )

TR
2 versions : q . 'Ll&,
— Open code, to be executed with a Python interpreter :%:
_ Executable file (.exe) ,.tm 2 f.i‘
ol
Nl
@

Bug report or suggestions: maxime.sueurl@univ-rouen.fr

Preprint paper: “PyC2MC: an open-source software solution for visualization and treatment
of high-resolution mass spectrometry data” on ChemRxiv



https://github.com/iC2MC/PyC2MC_viewer
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