[pynnunpoBaHue NUKANCTOB U popMmnpoBaHue
MaTpuy npunsHakos MSI aaHHbIX.

MonyuyeHne maTpuLbl NPU3HAKOB MMaayka GyHkumnen Pgrouping KD .

KpaTtko o pa6ote ¢pyHKuuUmn

OyHkumsa Pgrouping_KD rpynnupyet 6yxzaatolime 3HaueHns NMMKOB OT OAHOTO CUIHana v 3aaéT um
OZHO 3HaueHne mz . PyHKLMA FPyNnMpyeT MUKW Ha OCHOBE AAEPHON OLIEHKN MAOTHOCTY BEPOSTHOCTM
PacnonoXeHNa 3HaYEHUI NUKOB, rAe ONpeAenstoTCa LIEHTPbI, BOKPYr KOTOPOro 3HayeHne mz
6ny>xaaeT. O1a PyHKUMA TpebyeT KaueCTBEHHbIN NOABOP LWMPUHBI NOAOCHI NponyckaHus. [osTomy
NMOMMMO aBTOMaTUYECKMX BapMaHTOB NoAOOpa - eCTb BO3MOXHOCTb 3aaTb BPYUHYHO. PacCUéT oLleHKuM
MAOTHOCTM BEPOSTHOCTM COBEPLUAETCA KpalHe 6bicTpolt dyHKumen FFTKDE naketa kdepy , koTopas

paboTtaeT Ha ocHoBe dypbe-npeobpazoBaHus. (https://github.com/tommyod/KDEpy).

MonyyeHHble CrpynnmMpoBaHHble MUKANCTbI 3anuckiBatoTcs B hdf5 daiin, koTopbi BbirpyatoTcs ¢
nomoubto yHKumm feat2DF (aHanor peakl2DF , Toabko paboTaet ¢ dparnamu okaHuMBarOLMeCa Ha
_features.hdf5).

Ha Bbixoge ¢yHKUMM Pgrouping KD cnoBapb CO CTaHAAPTHOWN CTPYKTYPOM, B KOTOPbIE 3amnmncaHbl

nukanctel B popmate DataFrame pandas.
Mpumep nytn k patacety: HDF5File[Slide][sample][roi][dataset],
* rpe Slide - ato rpynna gatacetoB n3 ogHoro hdf5 daina.

® sample - 3To rpynna AaHHbIX, B KOTOPYIO BbIrPY>XeHbl JaHHble U3 ogHoro imzml ¢aina (HasBaHue
sample co3gaérca cnepyrolnm obpasom: <HassaHue KopHesol nanku imzml><_HassaHue ¢palina
imzml>, echn <HaszeaHue kopHegoU nanku imzml> VAEHTUYHO <HazeaHue ¢hatina imzml>, To

sample 3anucbiBaeTcs 6€3 Ay6AnpoBaHHOro Ha3BaHMA 1 '_' Mexay)

® roi -3TO rpynna AaHHblX, OTBeYatoLas 3a 0b6aacTb n3mepeHus. B ogHom daine imzml moxet
6bITb 3aMMCaHO HECKObKO 0bacTei C 0AHOro aKcrnepumMeHTa (K npruMepy darnbl ot Rapiflex). Ho

419 OCTalbHbIX NPMOOPOB B OCHOBHOM TaM TOJ/IbKO OAHa obnacTb: 00"
® dataset - Ha3BaHMe 3anNMCaHHbIX JAHHbIX:

B Xy - MaTpuua koopauHaTt (M,2), rae Kaxgasa cTpoka COOTBETCTBYeT KOOpAMHaTam cnekTpa. 1-
af 1 2-aa KONOHKM - X U Y KOOPAMHAaTbI, COOTBETCTBEHHO.

= features - NUKANCT NOCae rPYNNMPoBKK ¢ nomolbto KDE n duabTpaumm nmkos, ¢
3aMeHEHHbIM CToNI6L oM "mz" Ha "Peak”, rae kaXaas cTpoka - 3TO XapakTepUCTMKM OAHOTO MyvKa
13 onpepenérHHoro cnekTpa. MiHaekcauns aataceta cornacHo ¢opmaty pandas DataFrame.

Hanpumep:
® BhIrpysutb Becb jartacert:
HDF5File[ Slide ][ sample ][ roi ][ dataset ]
® Bbirpy3utb yacTb gataceta:
HDF5File[ Slide ][ sample ][ roi ][ dataset ].query(‘( Peak > 500 ) and ( Peak < 900)")

WY 3KBMBaNEHTHOE (ObICTPEE, HO MEHEE UMTAEMOE):


https://github.com/tommyod/KDEpy

HDF5File[ Slide ][ sample ][ roi ][ dataset ].loc[( HDF5File[ Slide 1[ sample ][ roi ][ dataset ][ "Peak" ] >
500)&(HDF5File[ Slide ][ sample ][ roi ][ dataset ][ "Peak” ] < 900),:]

Momumo rpynnupoBku NnKoBs, pyHKUua Pgrouping_KD penaer:

* Hopmanvsauu. 3Ha4eHNN NMKOB BHYTPW OAHOrO CNeKTpa.

* ®uabTpauma NMKOB MO KOA-BY UX BCTPEYAaEMOCTU B CNEKTPax.

* [IpeBpalleHme NUKANCTa B MaTPULLy NPU3HAKOB MOBOPOTOM TabuLbl OTHOCUTENIbHO MHAEKCA
cnekTpa, N1Ka 1 Ha BbIBOp MO KakoMy 3HaYeHUo (MHTEHCUBHOCTb, MAOLWaAb U T4), UTO AenaeTt
roToBbIM TabanLy K paboTte B MallMHHOM 06yueHumn (B hdf5 coxpaHseTcs BCE paBHO MUKINCT).

MapameTpbl pyHKUMM Pgrouping_KD :

e ftable : /icTouHuMK gaHHbIX. MOXeT BbITh Tabauuen/gatadpenMom, a MOXeT BbITb CCbIIKOWN Ha
nanky ¢ NMMKAXCTaMu B NOANankax, KoTopble HaZo BbIrPy3nTb UAN NPAMOW CCbINKON Ha dalin,
OKaHuMBawOLWMNCA Ha _specdata.hdf5

® columns : JlIuct HoMepoB cToNBLIOB, KOTOPble BOWAYT B faTadperim ¢uy, rae O m 1 -
3KCTparnpyroTca Bcerga ( "spectra_ind" wn "mz" wan "Peak™ ).

= None (Default) - akcTpakums Bcex ctonbuos

B 3HayeHus: 2 - "Intensity" ,3 - "Area" ,4- "SNR" ,65- "PextL",66- "PextR",7-
"FWHML" , 8 - "FWHMR" , 9- "Noise" , 10- "Mean noise"

® KD_bandwidth : - BbIGOp Nonockl nponyckaHmsa, 160 anropuTM eé onpeseneHus:

= "med_FWHM" - noJsioca nponyckaHusa paBHa MeAnaHHOMY 3HaUEHWUIO AUCNEPCUN MUKOB,
KOoTOpas onpeAenaerca U3 MejuaHbl LUMPUHbLI Ha MONYBbLICOTE.

B "mz_discret" - nosoca nponyckaHus paBHa MeAuaHe PacCTOHUN MeXAYy ToOUKamu LKabl
mz, rae nydlle Bcero, ecam ectb goctyn K danny hdf5 n imzml.

= "ISJ", "silverman" , "scott" - 6a3oBble ana ¢yHkumm FFTKDE (13 naketa KDEpy)

= float 3HaueHwue - npAaMoe YncaeHHoe HadHadyeHne pasMepa noaoChbl NponyckaHnA

bwc : KO3PPULUNEHT AOMHOXKEHNSA NONOCHI MPOMYCKaHUA

* KD_kernel : KDE sagpo (see also: https://kdepy.readthedocs.io/en/latest/kernels.html#available-
kernels)

® CountF : NapamMeTp MUcKatOUEeHWE 13 faTaceTa PeaKmX/LLYMOBbIX MUKOB, Yb€ KOJI-BO MEHbLUE
[aHHOTO 3HaYeHus

® params2mspeaks_KD : octasbHble napameTpbl s GyHkumm mspeaks_KD ( oversegmentation wu

peaklocation)

tol : tolerance in ppm of m/z (used for batching dots by window)

, "max". Second is

norm : Default (None, None). First is type of normalization on spectrum: "I1", "2
which column normalize (str or list)

® draw_borders : graphics borders extension + m/z

dupl drop : True -yaaneHuve fy6avKaToB B UTOrOBOM Tabauue.

* min_res : MMHMManbHOE paspelueHune npubopa B ppm. KOHTpoanpyeT MUHMMaAbHOE 3HaUYeHne
NOAOChI NPONycKaHWa Ana MeToza eé onpegeneHna "mz_discret" wn makcumanbHOeE KOJ-BO
TOYEK NPU NOCTPOEHNMN OLLEHKM MAOTHOCTN BEPOATHOCTU

* pivotingdval : list of columns or None (default) - resulted table is pivoted by index: spectra_ind,
columns: Peak with fill_value = 0, and values: list of columns from pivoting4val. If None - do nothing
about pivoting.

® cpu_free : Number of CPU cores don't used in multiproccessing

* path2save : path to save in hdf5 file, if parameter ftable is pandas DataFrame.

® sample : works with path2save and ftable is pandas DataFrame. It's a name for sample group in

writing hdf5 file. Default: "unknwn"


https://kdepy.readthedocs.io/en/latest/kernels.html#available-kernels
https://kdepy.readthedocs.io/en/latest/kernels.html#available-kernels

* roi : works with path2save and ftable is pandas DataFrame. It's a name for roi group in writing
hdf5 file. Default: "00"

® coords4table : works with path2save and ftable is pandas DataFrame. It's coordinates for saving
in hdf5 file. Default: None

Mpumep paboTbl pyHKLMN:

from pelmesha.pfeats import Pgrouping KD
from pelmesha.pspectra import Raw2peaklist

path = r"D:\Testing\Our_data\Rapiflex\roi8 e040" # 0O6pabomaem mosnoko O0OuH ¢aln imzml 018 35KOH

Raw2peaklist(path, draw=False, oversegmentationfilter=0.15,SNR_threshold=4,resample_to_dots=5
path = r"D:\Testing\Our_data\Rapiflex"

fdata = Pgrouping KD(path,columns=[2,3], CountF=100, norm=('max','Intensity"'))
#4mobbl y3Hamb KAw4Yu Kaxdol 2pynnel OAHHbIX, Heobxodumo BBecmu .keys() 6 KoHye
print(f"Keys for Slide: {fdata.keys()}")

print(f"Keys for Sample: {fdata[ 'Rapiflex'].keys()}")

print(f"Keys for roi: {fdata['Rapiflex']['roi8_e040'].keys()}")

print(f"Keys for datasets: {fdata['Rapiflex']['roi8 _e040']['00"'].keys()}")

# Omobpa3zum damacem mampuysi npu3HakoB

display(fdata[ 'Rapiflex']['roi8 _e040']['00"' ][ 'features'])

The Rapiflex raw spectra data is on progress.

Slide's Rapiflex spectra coordinates and metadata extraction for preparation parallel procces
sing

Slide's Rapiflex spectra coordinates writing

Slide's Rapiflex spectra parallel proccessing

Batches progress:  0%| | ©/38 [00:00<?, ?it/s]

Rapiflex, roi8 e@40 and roi ©0. x and y coordinates were extracted

Previous processed features data is deleted

Warning! At the specified peak grouping settings in the peak list of roi8_e@40 00, 948 duplic
ates were identified, of which 51 were unique peaks in 914 of mass spectra (4.32% of the tota
1 spectra).

Grouping results of roi8_e040 00:

Number of unique peaks before grouping: 6540

Number of unique peaks after grouping: 1585

Number of excluded peaks by count filter(100): 1010 (63.72%)

Resulted feature peaks is 575

Processed features of sample roi8 e@40 roi 00 is saved in hdf5 file

Keys for Slide: dict_keys(['Rapiflex'])

Keys for Sample: dict_keys(['roi8_e040'])

Keys for roi: dict_keys(['00'])

Keys for datasets: dict_keys(['xy', 'features'])



spectra_ind Peak Intensity Area FWHML FWHMR

0 0 100.436218 0.000845 0.067246 100.363976 100.492348

1 0 112111398 0.005152 0.310645 112.053123 112.156563

2 0 114.067126 0.011089 0.700595 114.006798 114.115852

3 0 116.038294 0.000817 0.076659 115.910149 116.087448

4 0 117.026451 0.001215 0.088919 116.954208 117.065781
3909652 21157 481.185524 0.001701 0.152531 481.133179 481.268921
3909653 21157 497.263665 0.000732 0.090629 497.162933 497.416901
3909654 21157 665.345595 0.001306 0.128960 665.289185 665.444275
3909655 21157 888.332007 0.000919 0.103200 888.250000 888.417908
3909656 21157 890.352068 0.000709 0.074283 890.225281 890.431091

3909657 rows x 6 columns

Duplicated peak 188.869 in the spectra of sample roi8_e040 00.

—— Graph of the 20762 mass spectrum
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anMep C NoBOpoOTOM TaGl'II/ILI,bI OTHOCUTE/IbHO OAHOro 3HaueHusa Area .

# Omobpazum menepb noBEpHymyw mabauyy C npu3Hakamu nsaowaou nukoB

2305

fdata_pivo = Pgrouping KD(path,columns=[2,3], CountF=100, norm=('max','Area'),pivotingdval="A

display(fdata_pivo[ 'Rapiflex']['roi8_e040']['00"'][ ' features'])

Rapiflex, roi8 _e@40 and roi 00. x and y coordinates were extracted
Previous processed features data is deleted

Warning! At the specified peak grouping settings in the peak list of roi8 e040 00, 948 duplic
ates were identified, of which 51 were unique peaks in 914 of mass spectra (4.32% of the tota

1 spectra).
warnings.warn(textw)
Grouping results of roi8_e040 00:
Number of unique peaks before grouping: 6540
Number of unique peaks after grouping: 1585
Number of excluded peaks by count filter(100): 1010 (63.72%)
Resulted feature peaks is 575
Processed features of sample roi8 _e040 roi 00 is saved in hdf5 file



Peak 100.436218 104.368261 110.086191 112.111398 114.067126 116.038294 117.026451 118.012(

spectra_ind
0 0.000856 0.000000 0.0 0.003953 0.008914 0.000975 0.001131 0.000(
1 0.000917 0.000674 0.0 0.003871 0.009731 0.000892 0.000993 0.000(
2 0.000947 0.000000 0.0 0.003516 0.010190 0.001334 0.000798 0.001(
3 0.000859 0.000797 0.0 0.003707 0.008848 0.001270 0.000969 0.000(
4 0.000821 0.000827 0.0 0.003362 0.008913 0.001288 0.001017 0.000°
21153 0.000000 0.000000 0.0 0.003481 0.008252 0.001019 0.001006 0.000(
21154 0.000000 0.000607 0.0 0.003647 0.007795 0.001038 0.000982 0.000(
21155 0.000000 0.000816 0.0 0.003372 0.007971 0.000831 0.000817 0.000(
21156 0.000000 0.000807 0.0 0.004106 0.009449 0.001074 0.001125 0.000°
21157 0.000000 0.000906 0.0 0.003722 0.009226 0.001033 0.000925 0.000(

21158 rows x 575 columns

Duplicated peak 198.390 in the spectra of sample roi8_e040 00.

—— Graph of the 2853 mass spectrum
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Mpumep c noBopoTOoM Tab/NLLbl OTHOCUTE/IbHO HECKO/IbKUX 3HaYeHUM.

# Omobpa3um menepb noBEpHymyw mabauyy C npu3Hakamu naowyaou u uHmeHcuBHocmamu nukoB
fdata_pivo = Pgrouping KD(path,columns=[2,3], CountF=100, norm=('max',['Area',"Intensity"]),p
display(fdata_pivo[ 'Rapiflex']['roi8 _e040']['00"'][ " 'features'])

Rapiflex, roi8_e@40 and roi 00. x and y coordinates were extracted
Previous processed features data is deleted

Warning! At the specified peak grouping settings in the peak list of roi8 e040 00, 948 duplic
ates were identified, of which 51 were unique peaks in 914 of mass spectra (4.32% of the tota
1 spectra).

Grouping results of roi8_e040 00:

Number of unique peaks before grouping: 6540

Number of unique peaks after grouping: 1585

Number of excluded peaks by count filter(100): 1010 (63.72%)

Resulted feature peaks is 575

Processed features of sample roi8 e040 roi 00 is saved in hdf5 file



Peak 100.436218 104.368261 110.086191 112.111398 114.067126 116.038294 117.026451 118.012(

spectra_ind
0 0.000856 0.000000 0.0 0.003953 0.008914 0.000975 0.001131 0.000(
1 0.000917 0.000674 0.0 0.003871 0.009731 0.000892 0.000993 0.000(
2 0.000947 0.000000 0.0 0.003516 0.010190 0.001334 0.000798 0.001(
3 0.000859 0.000797 0.0 0.003707 0.008848 0.001270 0.000969 0.000(
4 0.000821 0.000827 0.0 0.003362 0.008913 0.001288 0.001017 0.000°
21153 0.000000 0.000000 0.0 0.003481 0.008252 0.001019 0.001006 0.000(
21154 0.000000 0.000607 0.0 0.003647 0.007795 0.001038 0.000982 0.000(
21155 0.000000 0.000816 0.0 0.003372 0.007971 0.000831 0.000817 0.000(
21156 0.000000 0.000807 0.0 0.004106 0.009449 0.001074 0.001125 0.000°
21157 0.000000 0.000906 0.0 0.003722 0.009226 0.001033 0.000925 0.000(

21158 rows x 1150 columns

Duplicated peak 745.443 in the spectra of sample roig_e040 00.

—— Graph of the 4825 mass spectrum

Grouping results around peak 188.869 (as example) of sample roi8_e040 00.
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Mpumep nonyueHus Tabanubl NPU3HAKOB C NpeABapuUTeNbHON cBo60AHOI 06paboTkon Tabanlbl
KOHEUYHbIM l03epom:

B dyHkunro Pgrouping KD MOXHO nepegfatb cpa3y camy Tabauuy, npessaputenbHo obpaboTtas

cornacHo peLLIGHMI'O/VBy‘-IeHI/II'O HECTaHAAPTHbIX 3a4ay NCMNOJIb3YHOLLETO.

B kauectBe npumMepa nposesémM 06paboTky faHHbIX ¢ 6onee nogxoanawen punbTpaLmein Wyma Ans
Macc-aHanu3saTtopa Orbitrap cnocobom ykasaHHbIM B AaHHOW paboTte. CyTb MpUMeEHeHMs, Tak Kak
SNR mMeToabl duabTpaummn AN AaHHbIX MONYUYEHHbIX Ha Macc-aHaan3atope Orbitrap He pabotatoT u

SNR paBHbI 3 - He ByAeT oTobpaXkaTb UCTUHHY.

MoayYnM NUKANCTBI UMaZXKa CAeNaHHbI Macc-CneKTPOMETPOM ¢ aHanusaTtopom Orbitrap. s
YCKOPEHMs pacCUYEToB, BBUAY NOKa3aTesIbHOCTU paboTbl, He ByaeM NPUMeHsTb BbipaBHUBaHME, UTOObI
TakXKe n3bexaTb 0653aTesbHOro NPUMeEHeHUs pecemnna (418 JaHHbIX C BbICOKUM pa3peLleHnem
Heobx0ANMO AenaTtb pecemnn ¢ 60/bLIMM KOJI-BOM TOYEK, YTO BMECTe C BbipaBHUBaHNEM - ABAAETCA
Hanbosee pecypcoTpeboBaTesibHbIM B 06paboTke). Tak Kak Mbl 6yieM NPUMEHSATb ApYyron GuabTp Wyma,

TO 419 NONHOTBI paboThl, NocTaBnuM GuabTp Wyma SNR_threshold = 0, a Bce octanbHble GUALTPLI NO

- pedonty Ha Hyne.

import matplotlib.pyplot as plt
from pelmesha.loaders import peakl2DF


https://pubs.acs.org/doi/10.1021/ac403278t

from KDEpy import FFTKDE

from scipy.signal import argrelextrema
from pelmesha.pspectra import Raw2peaklist
from pelmesha.pfeats import Pgrouping_ KD
import numpy as np

path = r"D:\Testing\Our_data\Orbitrap\1"
Raw2peaklist(path, mz_diap4draw=(800,900),SNR_threshold=0,Ram_GB = 10)

The Orbitrap raw spectra data is on progress.

Slide's Orbitrap spectra coordinates and metadata extraction for preparation parallel procces
sing

The testl _poslog.txt file is not in directory D:\Testing\Our_data\Orbitrap\1l, the coordinate
data is taken from the imzML file

Slide's Orbitrap spectra coordinates writing

Slide's Orbitrap spectra parallel proccessing

Batches progress:  0%| | ©/37 [00:00<?, ?it/s]

Spectrum number: 43471

Sample: 1_testl, roi: 00

X Peaks

v Peak’s left base
40000 A Peak’s right base
—— original spectrum
—— Processed spectrum
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BbIrpy3vM nonyyeHHbIV MUKAUCT U HalAEM OMTUMaJIbHbIN LYMOBOW MOPOT MHTEHCUBHOCTEW,

OMUCaHHbIN B CTaTbe

path = r"D:\Testing\Our_data\Orbitrap"

peaklist = peakl2DF(path,extr_columns=None)

# Tak KAk nukaucm eOuHCmBeHHbIli - ynpocmum ucnosb3o0B8aHue

pl = peaklist['Orbitrap']['1_testl1']['00"'][ 'peaklists'].copy()

p=np.logl@(pl[ 'Intensity']).copy() #npeobpasyem uHmeHcuBHocmu B Oecsamu4Hbie aA02apudmbl

#Mocmpoum @yHKYUKW naomHocmu

ints = np.array(p.loc[p>np.logle(0.01)]) #418 ycKopeHUA pacc4émoB - UCKAWYUM NUKU C UHMEeHCUBH

X_plot = np.arange(ints.min()-0.001,ints.max()+0.001,0.00001) #locmpoum paBHOmepHyw cemKy 0

Y_kde = FFTKDE(bw="scott').fit(ints) (X _plot) #Onpedensem naomHocmb BeposmHocmu OecCAmMUYHO2O S0

peaks = argrelextrema(Y_kde,np.less) # Haxodum uHOekcel Bcex sn0KaAbHbIX MUHUMYMOB, 0aa ompucoBk

intensity = 10**X_plot[peaks] # [llpeobpa3zyem 6 uHmeHcuBHocmu obpamHo 044 ompucoBku

plt.figure(figsize=(25,5))

plt.plot(X_plot,Y_kde)

plt.scatter(X_plot[peaks],Y_kde[peaks],100, 'k',"|")

plt.xlabel("Intensity. logl® scale")

plt.ylabel("Probabilty density")

plt.legend(['Intensity KDE function','local minima'])

plt.xlim((ints.min(),ints.max()))

# JlobaBum nodnucu K MUHUMYMAM

for x,y,s in zip(list(X_plot[peaks]), (Y_kde[peaks]),[f'{x:.2f}"' for x in intensity]):
plt.text(x,y+0.05,s,rotation=90,verticalalignment="bottom',horizontalalignment="center")

Orbitrap, 1_testl and roi 0. x and y coordinates were extracted

—— Intensity KDE function
| local minima
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N3 rpadmika Bbilwe, BCE UTO HAaXOANTCA HUXKE MHTEHCUMBHOCTU 409.14 C BbICOKON BEPOATHOCTHIO
ABNIAETCA LWYMOM U 3TO 3HaYeHne cYUTaeM NoporoBbiM. s AanbHenLwern rpynnmpoBKn NMKOB -
NCKIOUYNM BCE MUKW C MHTEHCUBHOCTBIO HXKe 409.14 1 cpasy e BHECEM B QYHKLMIO
Pgrouping_KD B Buge Tabauubl, BbICTaBUM NapamMeTpbl GuabTpaumm, YTOObl MCKAKOYAANCh MUKW,

KOTOpble BO BCEM MMagxxe BcTpevarotca meHee 100 pas.

Takke K TabavLe MOXHO J06aBAATb HOBbIE XapaKTEPUCTUKN MUKOB N HOPMaan3oBaTh UX B GYHKLUM
Pgrouping KD . lns npuMepa AaHHOW BO3MOXHOCTY, MpesBapuTensHo gobaBmM K Tabauvue napameTp
FWHM © HOopManu3yeM ero B GyHKLMM MO MakCMManbHoOM BennunHe (be3 kakoro-nmbo cmbicia, MpocTo

nokasaTb).

pl["FWHM"]= pl.loc[:,"FWHMR"] - pl.loc[:,"FWHML"]
gr_pl = Pgrouping KD(pl.query("Intensity>409.14"),CountF=100, norm=("max","FWHM"))

display(gr_pl)

Warning. The value of 10.0 ppm is used as the minimum distance between points to build the de
nsity distribution. If you want to build a more accurate probability distribution, change the
"min_res" parameter. (Example: accuracy of Orbitrap ~ 10 ppm)
Warning! At the specified peak grouping settings in the peak list of unknwn 00, 2431 duplicat
es were identified, of which 202 were unique peaks in 2327 of mass spectra (3.82% of the tota

1 spectra).
Grouping results of unknwn 00:

Number of unique peaks before grouping: 482479

Number of unique peaks after grouping: 8754

Number of excluded peaks by count filter(100): 5697 (65.08%)

Resulted feature peaks is 3057

spectra_ind Peak Intensity Area SNR PextL PextR FWHI

0 0 350.990528 36634.628906 229.223068 600.415100 350.981232  350.999969  350.9880

1 0 351.993919 5021.345703  31.758595 82.296227 351.987671 352.000214  351.9912

2 0 352988011 2384.433838 16.554083 39.079147 352981659 352995819  352.9851

3 0 357.038765 830.071045 6.047819  13.604265 357.030945 357.043732  357.0358

4 0 358.048354  4284.580078 31.119408 70.221169  358.039246  358.058716  358.0451
22897781 65755 1139.611309 934.625610  33.555325 9.632448 1139.574097 1139.637939 1139.5941
22897782 65755 1144.545356 580.256104  17.114134 5.980241 1144516846 1144.571899 1144.5354
22897783 65755 1154.583910 1315489380 45810612  13.557710 1154.541504 1154.606567 1154.5620
22897784 65755 1158.922121 688.445435  24.100246 7.095263 1158.884033 1158.940186 1158.9005
22897785 65755 1182.623832 813.486328 30.473515 8.383961 1182.585449 1182.652954 1182.6030

22897786 rows x 12 columns

Duplicated peak 598.930 in the spectra of sample unknwn 00.
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Grouping results around peak 844.472 (as example) of sample unknwn 00.
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Mpw BHeCeHWM B KayecTBe aprymMeHTa B Pgrouping KD Tabauubl eé Takke MOXHO coxpaHutb B hdf5

dopmart, Ho ansa 3Toro TpebyeTca BHECTU B MapaMeTpbl: - path2save , sample , roi u coords4table

gr_pl = Pgrouping KD(pl.query("Intensity>409.14"),CountF=100,path2save=r"D:\Testing\Our_data\
display(gr_pl)

Warning. The value of 10.0 ppm is used as the minimum distance between points to build the de
nsity distribution. If you want to build a more accurate probability distribution, change the
"min_res" parameter. (Example: accuracy of Orbitrap ~ 10 ppm)

Warning! At the specified peak grouping settings in the peak list of 1_testl 00, 2431 duplica
tes were identified, of which 202 were unique peaks in 2327 of mass spectra (3.82% of the tot
al spectra).

Grouping results of 1_testl @@:

Number of unique peaks before grouping: 482479

Number of unique peaks after grouping: 8754

Number of excluded peaks by count filter(100): 5697 (65.08%)

Resulted feature peaks is 3057

Processed features of sample 1 _testl roi 00 is saved in hdf5 file

spectra_ind Peak Intensity Area SNR PextL PextR FWHI

0 0 350.990528 36634.628906 229.223068 600.415100 350.981232  350.999969  350.9880

1 0 351993919 5021.345703  31.758595 82.296227 351.987671 352.000214  351.9912

2 0 352988011 2384.433838 16.554083 39.079147 352981659 352995819  352.9851

3 0 357.038765 830.071045 6.047819  13.604265 357.030945 357.043732  357.0358

4 0 358.048354  4284.580078 31.119408 70.221169  358.039246  358.058716  358.0451
22897781 65755 1139.611309 934625610  33.555325 9.632448 1139.574097 1139.637939 1139.5941
22897782 65755 1144.545356 580.256104  17.114134 5.980241 1144516846 1144.571899 1144.5354
22897783 65755 1154.583910 1315489380 45810612  13.557710 1154.541504 1154.606567 1154.5620
22897784 65755 1158.922121 688.445435  24.100246 7.095263 1158.884033 1158.940186 1158.9005
22897785 65755 1182.623832 813.486328 30.473515 8.383961 1182.585449 1182.652954 1182.6030

22897786 rows x 12 columns

Duplicated peak 813.615 in the spectra of sample 1_test1 00.
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Grouping results around peak 873.568 (as example) of sample 1_test1 00.
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[ns BbIrpy3KM 3anmcaHHbIX TabauL, Npu3HakoB npuMeHsietca dyHkuma feat2DF mogyns loaders .

MapameTpbl pyHKLUM:

® batch_path - nyts k nanke/danny hdf5 . Bo3mMOXHO 3a4aTb cpa3y HECKOJIbKO MyTel CANCKOM:
[path_1, path_2].
= Ecam Hy>HO paboTaTb TONbKO C OAHUM GainioM B yKa3aHHOM NyTW, TO Nyylle yKa3aTb NPsMOM
nyTb K Hemy (example: r'D:\Testing\Our_data\Rapiflex\Rapiflex_features.hdf5").
= Ecam HeobxoAMMO BbIFPY3uUTb Cpasy HeCKObKO $alinoB, yKazaB OANH MyTb, TO MOXHO yka3aTb
nyTb K ob6Len nanke (example: r'D:\Testing\Our_data").
® extr_columns - kakve MMeHHO cToNbUbl BbIrpy>XaTb. OTCYTCTBYIOLME CTONDLBI HE BbIrpy>KatoTCA.
® Ecam None (Default), To Bbirpy>aet Bce ctonbupbl
B eCNN INCT LeNbIX YMCES, TO BbIrPY>KaeT TONbKO CeAytoLme CTONOLbl, COOTBETCTBYOLLME
umdpam:
© 2- "Intensity",

© 3-"Area",

o 4- "SNR",

o 5- "PextL",
° 6- "PextR", -
© 7- "FWHML" ,
© 8- "FWHMR",

© 9- "Noise",
© 10 - "Mean noise" Ecau saHHble cogep>kat cTonbeLl, He yKa3aHHbI BbILLE, TO €r0 MOXHO
BbIrPY3MTb TONbKO Yepe3 None BMecTe CO BCEMM CTONBLAMM
* extract_coords - Ecan True (default), To Bbirpy>aeT KOOpAnHaTbl MacC-CNEKTPOB MMaXKa.
® pivoting4val : list of columns or None (default) - resulted table is pivoted by index:
spectra_ind , columns: Peak with fill_value = 0, and values: list of columns from pivoting4val. If
None - do nothing about pivoting.

from pelmesha.loaders import feat2DF

# Bblepy3um nukaucm ¢ omcymcmBywowum cmonbyom 4 - SNR
columns=[3,4,7,8]

path = r"D:\Testing\Our_data\Rapiflex"

ftable = feat2DF(path,extr_columns=columns)

display("Feature table",ftable['Rapiflex']['roi8_e040']['00'][ ' features'])
# Bblepy3um KoopOuHamel cnekmpoB
display("Coordinates", ftable['Rapiflex']['roi8 e040']['00"']['xy"'])

# Boelepy3um nuksaucm
path = r"D:\Testing\Our_data\Orbitrap\1l_testl 00 features.hdf5"
ftable = feat2DF(path,extr_columns=columns)

display("Feature table",ftable['Orbitrap']['1_testl']['@0"']['features'])



# Bblepy3um KoopOuHamel cnexkmpoB
display("Coordinates", ftable['Orbitrap']['1_testl']['@0"']['xy"'])

SNR doesn't founded in hdf5 column headers
Rapiflex, roi8_e@40 and roi 00. x and y coordinates were extracted
'Feature table'

spectra_ind Peak Area FWHML FWHMR

0 0 100.436218 0.000856 100.363976 100.492348

1 0 112111398 0.003953 112.053123 112.156563

2 0 114.067126 0.008914 114.006798 114.115852

3 0 116.038294 0.000975 115.910149 116.087448

4 0 117.026451 0.001131 116.954208 117.065781
3909652 21157 481.185524 0.001942 481.133179 481.268921
3909653 21157 497.263665 0.001154 497.162933 497.416901
3909654 21157 665.345595 0.001642 665.289185 665.444275
3909655 21157 888.332007 0.001314 888.250000 888.417908
3909656 21157 890.352068 0.000946 890.225281 890.431091

3909657 rows x 5 columns

'Coordinates’

spectra_ind
0 79580.0 -21525.0
1 79600.0 -21525.0
2 796200 -21525.0
3 79640.0 -21525.0

4 79660.0 -21525.0

21153 80680.0 -24325.0
21154 80700.0 -24325.0
21155 80720.0 -24325.0
21156 80740.0 -24325.0

21157 80760.0 -24325.0

21158 rows x 2 columns

Orbitrap, 1_testl and roi @0. x and y coordinates were extracted
'Feature table'



spectra_ind Peak Area SNR FWHML FWHMR

0 0 350.990528 229.223068 600.415100 350.988007  350.993896

1 0 351993919  31.758595 82.296227 351.991272 351.997101

2 0 352988011 16.554083  39.079147 352985168 352.991058

3 0 357.038765 6.047819  13.604265 357.035889  357.041351

4 0 358.048354 31.119408 70.221169  358.045105 358.051239
22897781 65755 1139.611309  33.555325 9.632448 1139.594116 1139.628662
22897782 65755 1144.545356  17.114134 5.980241 1144535400 1144.561523
22897783 65755 1154583910 45.810612  13.557710 1154.562012 1154.595459
22897784 65755 1158.922121  24.100246 7.095263 1158.900513 1158.934082
22897785 65755 1182.623832  30.473515 8.383961 1182.603027 1182.638672

22897786 rows x 6 columns

'Coordinates’

spectra_ind
0

1

65751
65752
65753
65754

65755

65756 rows

2640.0

2680.0

2720.0

2760.0

2800.0

5760.0

5800.0

5840.0

5880.0

5920.0

x 2 columns

80.0

80.0

80.0

80.0

80.0

13800.0

13800.0

13800.0

13800.0

13800.0

nOJ'Iyl-IEHI/Ie 06u.|,e|7| MaTpunuybl MPU3HAKOB HECKOJIbKUX Mma,q»(eﬁ.

CpaBHeHWe HeCKOIbKNX UMaZXel 3aTpyAHEHO B BBUAY OCOBEHHOCTEN KaXkA0ro Macc-CnekTpomeTpa w1
HaIMUNA CUCTEMATUYECKMX U ClyYaliHbIX OLIMOOK M3MEpPEHUS, a TakxKe BBUAY 60/IbLIOTO KOJI-Ba
aHa/NNTOB, YbM MaCChl HAXOAATCS OYeHb 61M3KO/Ha Npeaese paspeLleHns npubopa. Tak 3HauUnTeNbHble
OTKJIOHEHWS B CUTHaNax Mo mz MOTyT MPOWUCXOANTb U jaxe B TeUYEHME OLHOr0 3arnycka noayyeHuns
“Maza>Ka. BelpaBHVBaHME NO3BONAET NCKAOUNTL CUCTEMATUYECKYHO OLIMOKY M MNLb YaCTUYHO
CNyyarHyto, KOTOpas MOXEeT CUJIbHO 3aTPYAHWUTL OnpejeneHvie NpusHaka (curHana) y 6ansko CcToawmx
nvKoB. MNo3TOMy HEO6XOAMMO NPOBECTH eLwé OAHO BblpaBHMBAHWE Ha OCHOBE CTAaTUCTUKKN, KOTOPOW B
MMag>Ke AOCTaToYHa 13-3a 60NbLIOrO KOM-Ba MacC-CMEKTPOB, MO3BOJIAOLLENA MOBLICUTL TOYHOCTb

onpegeneHna m/z curHana.

Takum o6pa30M 4nda nonyyeHna O6LLI,€I7I MaTpuubl NPU3HAKOB ANA HECKOJIbKUX I/IMap,)KGI‘/JI HeO6XO,D,I/1MOI



1. CocTtaBUTb CNMCOK 06LLI,I/IX peq)epeHCHbIX NMMKOB 417 BblpaBHMBaAHWA CMEKTPOB ANA BCEX

paccMaTprBaEMbIX MMAZKEN.

3TOT CNMUCOK AOJKEH NMOKPbIBATh Kak MOXHO 60/bWwniA Anana3zoH mz . Cnucok pedepeHCHbIX MUKOB
MO>HO 3a4aTb BPYUHYHO, MO0 BbIOpaTh “3TaNOHHbIN" MUKAWCT U3 XOPOLLO OTKaanbpoBaHHOro/
BbIPaBHEHHOIO MMaZ>a W BbIHECTU U3 HEro ¢ NoMoLblo GyHKUMKM Getrefpeaks cnuncok nnkos u
WX YaCcTOTbl BCTPEYAEMOCTUN B MMaZXKe, TakuM 06pa3oM BblpaBHMBAHME OCTa/lbHbIX MMagxen byaeT

NPOUNCXOANTb OTHOCUTENBHO "3TaNOHHOIO" NNKANCTA.
. ObpaboTaTtb 1 BbIpaBHUTb MMaZXW MO CANCKY pedepeHCHbIX MUKOB U NOAYYUTb MUKANCTDI.

. C nomouwbto dyHKUMM Roi_Pgrouping KD 06beavHWTb MUKANCTBI U CFPYNNMpPOBaTh NUKK
UMaZxKen, rae Ha Bbixoge 1 byaeT Halla MaTpuLa-npr3Hakos Nocae NoBopoTa Tabanupl

OTHOCUTEJIbHO TeX BENNYUNH, KOTOPbIE HAaC MHTEPECYHOT.

Mapametpbl pyHKUMN Getrefpeaks :

ref_rois_paths : MNytu k darinam hdf5 ¢ nukancTamm, ns kotopsix Byaem noayyatb pedepeHCcHbIe
nukn. Example:
= dict = {path_1: [ [sample_1, [roi_list_1] ], [sample_2, [roi_list_2] ], ...], path_2: [ [sample_3,
[roi_list_3]1, [sample_4, [roi_list_4] ],...]1},

rae "path_n" - path to hdf5 file directory, "sample_n" - kakon nmeHHo sample (string), ecan
None - 6epéT Bcé, "roi_list_n" - cnncok Kakux roi UCnosib3oBaTh, €C/N OTCYTCTBYET, TO BepéT BCé

(example: dict value: list[sample_n])

= |ist[ path_1, path_2], "path_n" - path to hdf5 file directory, ncnonb3sytotcs Bce sample v roi B

HWX.

step : Wwar ogHOro NpomexyTka Mo Mz AMana3oHy, B KOTOPOM BblbupatoTcs Hanbonee
YyacToBCTpeYaeMble MNKK

num_peaks_per_step : KONMYECTBO NMMUKOB, BbibUpaemMble 13 KaXA0ro NpoMexyTka
min_occurence : MMHUMaNbHas YacTOTa BCTPEYAEMOCTN NUKOB Anst oTbopa
return_weight : Bo3Bpaliaerca v BeC NMKOB

Pgrouping_KD_kwargs : MNapameTtpbl dyHKLUMM Pgrouping_ KD

MapameTpbl pyHKUMKM Roi_Pgrouping KD :

paths : MyTn k dpannam hdf5 ¢ nukancramm, ans nonyyeHve obmx npmusHakos. Example:
® dict = {path_1: [ [sample_1, [roi_list_1] ], [sample_2, [roi_list_2] ], ....], path_2: [ [sample_3,
[roi_list_3]1, [sample_4, [roi_list_4] ],...]},

roe "path_n" - path to hdf5 file directory, "sample_n" - kakon nmeHHo sample (string), ecan
None - 6epéT Bcé, "roi_list_n" - cnncok Kakux roi MCnosb3oBaTh, €C/IN OTCYTCTBYET, TO 6epéT BCé

(example: dict value: list[sample_n])

= |ist[ path_1, path_2], "path_n" - path to hdf5 file directory, ncnonb3sytotcs Bce sample v roi B

HWX.

extr_columns : cnMcok HOMepPOB CTONBLOB Ans akcTpakumm n3 hdfs , rae 0 n 1 - akcTparnpytoTcs
Bcerga ( "spectra_ind" un "mz" wan "Peak" ). Default: None - akcTpakums Bcex ctonbuos 2 -
"Intensity" ,3- "Area" ,4- "SNR",65- "PextL",66- "PextR",67- "FWHML", 8-

"FWHMR" , 9- "Noise" , 10- "Mean noise"



® Pgrouping_KD_kwargs : napameTpbl yHKUMM Pgrouping KD
® path2save : nyTb kysa OyayT COXpaHeHbl AaHHble B Galii ¢ Ha3BaHMEM
"Images_{konnuectso_nmagxei}_grouped_MSldata.hdf5". Ecnrn None , TO AaHHble He ByayT

coxpaHeHbl B pai.

Example

MonyuyeHune pedepeHCcHbIX MMKOB ¢ NomMowbio Getrefpeaks

ObpaboTaem pedepeHCHbIN MMaaX

from pelmesha.pspectra import Raw2peaklist
from pelmesha.pfeats import Pgrouping KD
path = r"D:\Testing\Our_data\Rapiflex\roil_e@46" # O6pabomaem mosabkKo 00uH ¢ain imzml 0149 3KOH

Raw2peaklist(path, draw=False, oversegmentationfilter=0.15,SNR_threshold=4,resample_to_dots=5
path = r"D:\Testing\Our_data\Rapiflex"
Pgrouping KD(path,CountF=100)

The Rapiflex raw spectra data is on progress.

Slide's Rapiflex spectra coordinates and metadata extraction for preparation parallel procces
sing

Slide's Rapiflex spectra coordinates writing

Slide's Rapiflex spectra parallel proccessing

Batches progress:  0%| | ©/38 [00:00<?, ?it/s]

Rapiflex, roil_e@46 and roi ©0. x and y coordinates were extracted

Previous processed features data is deleted

Warning! At the specified peak grouping settings in the peak list of roil_e@46 00, 176 duplic
ates were identified, of which 38 were unique peaks in 176 of mass spectra (0.67% of the tota
1 spectra).

Grouping results of roil_e046 00:

Number of unique peaks before grouping: 9060

Number of unique peaks after grouping: 3071

Number of excluded peaks by count filter(100): 2632 (85.70%)

Resulted feature peaks is 439

Processed features of sample roil_e@46 roi 00 is saved in hdf5 file



{'Rapiflex': {'roil_e0@46': {'00': {'xy': X y
spectra_ind

0 27380.0 -52105.0
1 27400.0 -52105.0
2 27420.0 -52105.0
3 27440.0 -52105.0
4 27460.0 -52105.0
26365 26840.0 -55905.0
26366 26860.0 -55905.0
26367 26880.0 -55905.0
26368 26900.0 -55905.0
26369 26920.0 -55905.0

[26370 rows x 2 columns],

'features': spectra_ind Peak Intensity Area SNR PextL
\

(%] 0 100.451658 ©0.502878 0.059779  10.522492 100.293198

1 0 112.126838 2.329159 0.255621 48.736557 111.985085

2 0 114.082566 12.336557 1.365335 258.136627 113.826958

3 © 116.048587 0.646906 ©0.093988 13.536203 115.869034

4 0 127.754647 0.599205 ©.098725 12.538084 127.460815

3222175 26369 481.236991 0.385070 0.059532 8.980775 481.020233

3222176 26369 483.290505 0.398078 0.072868 9.284148 483.122375

3222177 26369 497.315131 1.693191 0.238912 39.489357 497.156647

3222178 26369 498.316155 0.522537 ©.115350 12.186837 498.157654

3222179 26369 499.312032 0.326174 0.074111 7.607184 499.058563
PextR FWHML FWHMR Noise Mean noise

(%] 100.553459 100.377762 100.485153 0.047791 0.127258

1 112.285385 112.060768 112.159348 0.047791 0.127258

2 114.227364 114.018349 114.119408 0.047791 0.127258

3 116.169334 115.975861 116.096535 ©0.047791 0.127258

4 127.881241 127.680222 127.802040 0.047791 0.127258

3222175 481.320526 481.158112 481.288971 0©.042877 0.112952

3222176 483.402649 483.203094 483.366241 0©.042877 0.112952

3222177 497.436920 497.249451 497.379578 0©.042877 0.112952

3222178 498.578094 498.237183 498.408417 0©.042877 0.112952

3222179 499.438965 499.194275 499.399323 0.042877 0.112952

[3222180 rows x 11 columns]}}}}

Duplicated peak 480.221 in the spectra of sample roil_e046 00.

012 ] — Graph of the 12730 mass spectrum
All peaks except mass spectra with num of spectra 12730
| The mass spectrum peaks of spectra with num of spectra 12730

Probability Density
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—— Graph of the 957 mass spectrum

of 229.442 peak
' of 230.083 peak
1 Dots of excluded peaks 10
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Monyunm pedepeHcHble MMKK U3 NPU3HAKOB.

from pelmesha.pfeats import Getrefpeaks

import pandas as pd

ref_roi = {r"D:\Testing\Our_data\Rapiflex":[('roil_e046')]} # mak kak 6 ¢aline moabko 00UH uMa
align list, weight_list = Getrefpeaks(ref_roi,step=50,num_peaks per_step = 5,min_occurence=0.

# Omobpazum, 4mo Beuuno



print('align_list is:', align_list)
display(weight_list.to_frame().T) # weight List - amo Series, koHB8epmayueli 8 dataframe omobpa

Warning! At the specified peak grouping settings in the peak list of unknwn 00, 176 duplicate
s were identified, of which 38 were unique peaks in 176 of mass spectra (0.67% of the total s
pectra).

Grouping results of unknwn 00:

Number of unique peaks before grouping: 9060

Number of unique peaks after grouping: 3071

Number of excluded peaks by count filter(100): 2632 (85.70%)

Resulted feature peaks is 439

align_list is: [145.56239342926332, 120.89229964358879, 127.75500202915174, 112.1257378739329
6, 114.08365004811048, 195.18085277178898, 197.11474148370664, 196.09174238247482, 194.189884
95357027, 193.1909093145983, 205.06050162615105, 225.05803200228533, 230.0849414801583, 231.0
679014776237, 229.0819619308097, 289.0265061346929, 275.0228295923904, 257.0332602701417, 27
4.0318617741717, 273.0288822248231, 331.03152989603535, 307.0300891432599, 304.0231524504024,
306.02310568353465, 305.02212808937435, 387.22841398738245, 370.1937772899626, 386.2254344380
338, 384.21547142896, 385.2244568438735, 429.15335954119206, 450.22994376383116, 401.23409248
48732, 417.2197046636131, 449.23497203523584, 497.31592979313126, 480.2212344400617, 482.2392
0526988894, 481.23622572054035, 687.5537235184829, 715.5430590063929, 726.5057656176365, 716.
5380307349883, 700.5263931388002, 744.5013408054502, 752.4971498276026, 751.4801565919357, 76
6.4768029076453, 778.490535992757, 750.4971965944704, 808.4217680133381, 835.3800965792631, 8
07.4267962847427, 806.4258186905824, 891.438845762616, 892.4278116256462, 890.4318623028907,
889.4248788431656, 888.4178953834402, 905.4164968874703, 902.4295797464961, 916.439262154363
4, 906.4214783920072, 904.4155192933101]

Peak 145.562393 120.892300 127.755002 112.125738 114.083650 195.180853 197.114741 196.091

P_occurence 0.370421 0.46041 0.858627 0.985438 0.994729 0.986386 0.9865 0.99:

1 rows x 64 columns

( CE— 4

BbipaBHMe npy 06paboTke uMagkein 06w MmN pedpepeHCHbIMU NMUKaMu

Tak kak pedepeHCHbIX MMKOB MHOrO 1 pacrpejeneHbl Mo BCEMY Anana3oHy, KpailHe pekoMeHayeTcs
noctaButb Napametp only_shift = False , yTo6bl NpK BbipaBHUBAHUN Tak>Ke MPOUCXOAMAA NOAHAsA

Kanm6p0|3|<a JaHHbIX, @ He TOJIbKO CABWT LWKalbl mz

path = r"D:\Testing\Our_data\Rapiflex" # O6pabomaem Bce imzml ¢aliner 6 nymu
Raw2peaklist(path, align_peaks=align_list, weights_list=weight_list, only_shift= False, draw=

The Rapiflex raw spectra data is on progress.

Slide's Rapiflex spectra coordinates and metadata extraction for preparation parallel procces
sing

Slide's Rapiflex spectra coordinates writing

Slide's Rapiflex spectra parallel proccessing

Batches progress:  0%| | ©/114 [@0:00<?, ?it/s]

MonyueHne obLen MmaTpuLbl NPM3HAKOB € NOMOLWbO Roi_Pgrouping KD

|-|O.I'Iy‘-WIM O6I.Ll,y|-0 MaTpuuy NPpU3HaKoB 1 COXPaHUM UX B OTAENbHYHO Manky

from pelmesha.pfeats import Roi_Pgrouping KD
rois = {r"D:\Testing\Our_data\Rapiflex\Rapiflex_specdata.hdf5":[('roil_e046'),('roi3_e047')]}
path2grouped_ftable = r"D:\Testing\Our_data\Grouped_fdata" # Kyda coxpaHaem OaHHbie

ftable, coords = Roi_Pgrouping KD(rois,path2save=path2grouped_ftable,CountF=100, draw=False)
display(ftable)
display(coords)

Warning! At the specified peak grouping settings in the peak list of unknwn 00, 2656 duplicat
es were identified, of which 46 were unique peaks in 2555 of mass spectra (5.84% of the total
spectra).



Grouping results of unknwn 00:
Number of unique peaks before grouping: 11189
Number of unique peaks after grouping: 3063

Number of excluded peaks by count filter(100): 2529 (82.57%)

Resulted feature peaks is 534
Grouped features is saved in hdf5 file

slide sample roi
Rapiflex roi1_e046 00
00

00

00

00

roi3_e047 00
00
00
00

00

spectra_ind

17356
17356
17356
17356

17356

6077678 rows x 11 columns

slide sample roi

Rapiflex roi3_e047 00

roil e046 00

43727 rows x 2 columns

spectra_ind
0

1

26365
26366
26367
26368

26369

Peak

100.434320
112.109722
114.067634
116.045566

127.740988

480.213227
481.224214
665.404091
888.409887

890.417848

Intensity

0.503274
2.301229
12.275289
0.642679

0.603808

0.333604
0.710504
0.395486
0.394758

0.328316

68900.0 -58405.0

68920.0 -58405.0

68937.5 -58405.0

68960.0 -58405.0

68860.0 -58425.0

26840.0 -55905.0

26860.0 -55905.0

26880.0 -55905.0

26900.0 -55905.0

26920.0 -55905.0

Area

0.059404

0.255521

1.371055

0.093960

0.097930

0.063072

0.120717

0.081054

0.063113

0.072003

SNR

10.506015

48.038887

256.250580

13.416131

12.604676

6.913659

14.724580

8.196111

8.181015

6.804060

PextL

100.313217

112.005104

113.826958

115.869034

127.460815

480.079285

481.040253

665.227478

888.314270

890.356384

PextR

100.553459

112.305412

114.247383

116.169334

127.881241

480.359558

481.380615

665.567871

888.534485

890.656677

B MaTpuue NpM3HakoB COXPaHAETCA I/IHCI)OpMaLI,MFI Nno NPUHaANEXHOCTN MPU3HaKa K OI'IpeAeJ'IéHHOMy

MMag>xy B MHAEKCE DataFrame, Aa>XKe eC/in Npu rpynnmupoBke NMKOB BOCMOJ/Ib3yeMCA NMOBOPOTOM

- Tabavupl.

from pelmesha.pfeats import Roi_Pgrouping KD
rois = {r"D:\Testing\Our_data\Rapiflex\Rapiflex_specdata.hdf5":[('roil_e046'),('roi3_e047')]}
ftable, coords = Roi_Pgrouping KD(rois,CountF=100, draw=False,pivotingdval = "Area")

100

112

114

115

127

480

481

665

888

890



display(ftable)
display(coords)

'pivotingdval'= Area. Data saved in hdf5 is not pivoted

Warning! At the specified peak grouping settings in the peak list of unknwn 00, 2656 duplicat
es were identified, of which 46 were unique peaks in 2555 of mass spectra (5.84% of the total

spectra)

Grouping results of unknwn 00:
Number of unique peaks before grouping: 11189
Number of unique peaks after grouping: 3063

Number of excluded peaks by count filter(100): 2529 (82.57%)
Resulted feature peaks is 534

Peak 100.434320 104.360154 110.093753 112.109722 114.067634 114.307869 115.0485¢

MS_image

(Rapiflex,
roil_e046,
00)

(Rapiflex,
roi3_e047,
00)

spectra_ind
0

1

17352
17353
17354
17355

17356

0.059404

0.045183

0.057731

0.053201

0.052652

0.063589

0.085953

0.067809

0.069038

0.064502

43727 rows x 534 columns

slide

Rapiflex

43727 rows x 2 columns

sample roi

roi3_e047 00

roil_e046 00

spectra_ind
0

1

26365
26366
26367
26368

26369

0.000000

0.041099

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

68900.0 -58405.0

68920.0 -58405.0

68937.5 -58405.0

68960.0 -58405.0

68860.0 -58425.0

26840.0 -55905.0

26860.0 -55905.0

26880.0 -55905.0

26900.0 -55905.0

26920.0 -55905.0

< G

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.255521

0.219662

0.240948

0.249516

0.271659

0.426549

0.403482

0.382485

0.348098

0.389509

1.371055

0.878976

0.714783

0.822829

1.130116

1.258164

1.624935

1.147856

1.313831

1.444012

3arpy3ska MaTpuLbl MPU3HaKOB CrpynnMpoBaHHbIX MMagyken ns hdfs

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.055212

0.000000

0.000000

0.035112

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0545"



3arpy3ka mMaTtpuLbl MPU3HAKOB NPOM3BOAMTCA ABYMA GyHKUMAMYK grouped_MSIdata_Load wn

grouped_feat2DF u3 moayns loaders .

Mpw 3arpy3ke dyHkumer grouped_MSIdata_Load MaTpuLbl MPM3HAKOB OT PasHbIX UMagXeln pa3bunTbl
pa3buThbl B OTAe/bHbIE faTaceThbl. [Mpumep nyTn Kk MmatpuLe npusHakos: HDF5File[Slide][sample][roi]
[dataset],

raoe Slide - 3to rpynna gataceTtoB u3 ogHoro hdf5 daiina.

* sample - rpynna AaHHbIX, B KOTOPYHO BbIFPY>XeHbl AaHHble 13 ogHoro imzml dpaina (HasBaHue
sample co3gaétca cnepyrownm obpasom: <HassaHue kopHesol nanku imzml><_HaseaHue ¢palina
imzml>, ecnv <HassaHue kopHesol nanku imzml> NaeHTUUYHO <Ha3eaHue galina imzml>, T0

sample 3anuncbiBaeTcs 6e3 Ay6AnMpoBaHHOro Ha3BaHMA 1 '_' Mexay)

* roi -rpynna gaHHblX, OTBeYatoLLan 3a 06nacTb n3MepeHus. B ogHom darine imzml moxet 6b1Tb
3anmncaHo HeCcKoJIbko obnacTelt ¢ O4HOro 3KcneprMeHTa (K npumMepy danabl ot Rapiflex). Ho ans

OCTasbHbIX NPUBOPOB B OCHOBHOM TaM TOJIbKO ofHa obnactb: 00"
® dataset - Ha3BaHMe 3aMMCaHHbIX AAHHbIX:

B Xy - MaTpuua koopanHaTt (M,2), rae Kaxgasa cTpoka COOTBETCTBYET KOOpAMHaTam crnekTpa. 1-
asf 1 2-asl KOJOHKM - X N 'y KOOPAMHATbI, COOTBETCTBEHHO.
B features - NUKAWUCT, rae Kaxaas CTPOKa - 3TO XapakTepUCTUKN Nmnka

from pelmesha.loaders import grouped MSIdata_Load
path2grouped_ftable = r"D:\Testing\Our_data\Grouped_fdata" # Kyda coxpaHaem OaHHbie
fdata = grouped_MSIdata_Load(path2grouped_ftable)

#Knawyu epynnel 0aHHbLIX U docmyn K OGHHbLIM

print(f"Keys for Slide: {fdata.keys()}")

print(f"Keys for Sample: {fdata['Rapiflex'].keys()}")

print(f"Keys for roi: {fdata['Rapiflex']['roil_ee@46'].keys()}")

print(f"Keys for dataset: {fdata['Rapiflex']['roil_e046']['00'].keys()}")
print(f"Features columns names: {fdata.attrs['Column headers']}")

print(f"Features numpy array: {fdata['Rapiflex']['roil_ee46']['00"'][ features'][:]1}")

Keys for Slide: <KeysViewHDF5 ['Rapiflex']>
Keys for Sample: <KeysViewHDF5 ['roil_e®@46', 'roi3_e047']>
Keys for roi: <KeysViewHDF5 ['00']>
Keys for dataset: <KeysViewHDF5 ['features', 'xy']>
Features columns names: ['spectra_ind' 'Peak' 'Intensity' 'Area' 'SNR' 'PextL' 'PextR' 'FWHM
L
"FWHMR' 'Noise' 'Mean noise']
Features numpy array: [[0.00000000e+00 1.00434320e+02 5.03274441e-01 ... 1.00487640e+02
4.79034595e-02 1.22853473e-01]
[0.00000000e+00 1.12109722e+02 2.30122876€+00 ... 1.12162918e+02
4.79034595e-02 1.22853473e-01]
[0.00000000e+00 1.14067634e+02 1.22752886e+01 ... 1.14122910e+02
4.79034595e-02 1.22853473e-01]

[2.63690000e+04 4.97313928e+02 1.69381201e+00 ... 4.97386139e+02
4.27358672e-02 1.09497800e-01]
[2.63690000e+04 4.98314905e+02 5.21598339e-01 ... 4.98414490e+02
4.27358672e-02 1.09497800e-01]
[2.63690000e+04 4.99311879e+02 3.26828420e-01 ... 4.99405182e+02
4.27358672e-02 1.09497800e-01]]

Mpw 3arpy3ke dyHKumnen grouped_feat2DF MOXXHO BbIrpy3uUTb Kak MUKAWUCT, Tak M MaTpULYy NPU3HaKoB
(Npv noBopoTe TabanLbl), KOTOpble BYAYT BbIFAAAMUT TOUHO TakXe, Kak M Ha Bbixoge QyHKL MK

Roi_Pgrouping KD



from pelmesha.loaders import grouped_feat2DF
path2grouped_ftable

r"D:\Testing\Our_data\Grouped_fdata" # Kyda coxpaHeHbl OaHHble

ftable = grouped_feat2DF(path2grouped_ftable, extract_coords=False) # obwuli nukaucm
display("Peaklist:",ftable)

ftable, coords

'Peaklist:’

= grouped_feat2DF(path2grouped_ftable,pivotingdval="Area",extract_coords=True)
display("Feature matrix:",ftable)
display("Coordinates:",coords)

slide sample roi

Rapiflex roi3_e047 00

00

00

00

00

roil_e046 00

00

00

00

00

spectra_ind

26369

26369

26369

26369

26369

6077678 rows x 11 columns

'Feature matrix:'

Peak 100.434320 104.360154

MS_image spectra_ind

(Rapiflex,
roil_e046,
00)

(Rapiflex,
roi3_e047,
00)

43727 rows x 534 columns

'Coordinates:’

0

1

17352

17353

17354

17355

17356

0.059404

0.045183

0.057731

0.053201

0.052652

0.063589

0.085953

0.067809

0.069038

0.064502

Peak

100.434320

112.109722

114.067634

116.045566

127.740988

481.224214

483.290232

497.313928

498.314905

499.311879

0.000000

0.041099

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

Intensity

0.559927
4.847675
10.966498
0.836627

0.899356

0.384883
0.391784
1.693812
0.521598

0.326828

Area

SNR PextL

0.069820  10.304893 100.313217

0.568513  89.216614 111.985085

1377126 201.827438 113.907036

0.139019  15.397281 115.869034

0.133848  16.551748 127.540894

0.057104 9.006096 481.040253

0.069424 9.167563 483.122375

0.241760  39.634438 497.156647

0.112888  12.205166 498.177673

0.075091 7.647638 499.058563

PextR

100.553459

112.305412

114.507645

116.389565

127.901260

481.320526

483.402649

497.456940

498.578094

499.458984

100

112

114

115

127

481

483

497

498

499

110.093753 112.109722 114.067634 114.307869 115.0485¢

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.255521

0.219662

0.240948

0.249516

0.271659

0.426549

0.403482

0.382485

0.348098

0.389509

1.371055 0.000000

0.878976 0.000000

0.714783 0.000000

0.822829 0.000000

1.130116 0.000000

1.258164 0.000000

1.624935 0.055212

1.147856 0.000000

1.313831 0.000000

1.444012 0.035112

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0000(

0.0545"



slide sample roi spectra_ind
Rapiflex roi3_e047 00 0 68900.0 -58405.0
1 68920.0 -58405.0
2 68937.5 -58405.0
3 68960.0 -58405.0

4 68860.0 -58425.0

roil_e046 00 26365 26840.0 -55905.0
26366 26860.0 -55905.0
26367 26880.0 -55905.0
26368 26900.0 -55905.0

26369 26920.0 -55905.0

43727 rows x 2 columns

3anucb gaHHbIX B gpyroii popmart

,ﬂflﬂ 3anncy NMKANCTOB N MaTpuLbl MP3HaKOB B ,D,pyFOIZ q)OpMaT MO>XXHO MCMNOJIb30BaTb METOAbI K/1aCCa

DataFrame.
Example

import pandas as pd
from pelmesha.loaders import grouped_feat2DF
path2grouped_ftable = r"D:\Testing\Our_data\Grouped_fdata" # Kyda coxpaHeHbl OaHHble

ftable = grouped_feat2DF(path2grouped_ftable, extract_coords=False) # obwuli nukaucm
path2csv = r"D:\Testing\Our_data\Rapiflex\roi8_ e040 features.csv"

ftable.to_csv(path2csv)
pd.read_csv(path2csv)


https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.html

6077673

6077674

6077675

6077676

6077677

slide

Rapiflex
Rapiflex
Rapiflex
Rapiflex

Rapiflex

Rapiflex
Rapiflex
Rapiflex
Rapiflex

Rapiflex

sample

roi3_e047
roi3_e047
roi3_e047
roi3_e047

roi3_e047

roi1_e046
roil_e046
roi1_e046
roil_e046

roi1_e046

6077678 rows x 14 columns

roi spectra_ind

0 0
0 0
0 0
0 0
0 0
0 26369
0 26369
0 26369
0 26369
0 26369

Peak

100.434320

112.109722

114.067634

116.045566

127.740988

481.224214

483.290232

497.313928

498.314905

499.311879

Intensity

0.559927
4.847675
10.966498
0.836627

0.899356

0.384883
0.391784
1.693812
0.521598

0.326828

Area

0.069820

0.568513

1.377126

0.139019

0.133848

0.057104

0.069424

0.241760

0.112888

0.075091

< G —

SNR

10.304893

89.216614

201.827438

15.397281

16.551748

9.006096

9.167563

39.634438

12.205166

7.647638

PextL

100.313217

111.985085

113.907036

115.869034

127.540894

481.040253

483.122375

497.156647

498.177673

499.058563

Pe

100.553

112.305

114.507

116.389

127.901

481.320

483.402

497.456

498.578

499.458



