LECO

EMPOWERING RESULTS

ChromaTOF Tile — uzivatelsky privetive
vyhledavani
rozdilt v ,,omickych* datech mérenych v GCxGC



Comaparison of large GCxGC-TOF MS sets/records

Omics Others

Human metabol- Bacteria metabol- Forensic

EMPOWERING RESULTS



Intended for Sample Group Differentiation

The data comparison tool is infended to find differences between 2 or more
groups of samples
e Forexample ...

Biomarkers to distinguish healthy Off-odor detection in food Water samples up and down Differentiate petroleum samples

and various states of diseases

samples that pass vs fail QC stream from an outflow source from various geographical origins

e
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Available GCxGC Data “Comparison” Tools in LECO SW

1) Target search for selected analytes via REFERENCES nn References

2) Non-Target search via STATISTICAL COMPARE -(§H) Statistical Compare
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Work with REFERENCES [T reterences

GCxGC data

« Comparing of list of Selected analytes
iIncl. RT & spectral information with
(other) samples

« One way onlylll
« Work based on
o Peak Find

o Deconvoluted spectra

Resulting in 4 different peak types in each .
individual sample lL

b\ A A\
i ———— 2040 ( 60)( 80\|

Peak # Name Type F

5 Dodecane Match
Chrysene/Lab 5 Reference Methods vi1j Not Found

4 Naphthalene Out of Toleran

1 Sulfurous acid, 2-ethylhexyl nonyl esterj Unknown
Sa yl( \ ple
Type Peak Spectral match | Area PC >ﬂ
present . .
Match v v v 40 60 80 40 60 80
fout of tolerance v v X
INot Found X or X or X
L ECO unknown Not present in original reference EMPOWERING RESULTS




Work with STATISTICAL COMPARE

GCxGC data

« Export to .csv

 Work with 3rd
party statistical fool

-{§m Statistical Compare

L
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v J B, Compound Table DPF SN 50.20...

Analyte

Name

Count Mass

Fisher Ratio

34

Cyclohexane, methyl-

12

3o*

Valproic Acid

36

Cyclopentane, ethyl-

12

83

- :

3.8941

18.754

37

-

Trimethylene oxide

10

57

Undefined

v J|m -°C55-1" [ Compound Stats By Class-DPF S..|

ID

Name

Count Area

Area

-

Average %RSD

35-1 c4 2! 207059.154 16.172
35-2 c7 2. 243043.217 36.875
35-3 c10 2 242928734 1.771
354*% C55 969 9.78
35-4-10 4740095.49

354-11

354-12 0.969

35 Al Classes 9: 331914.568! 47.591

4

Pair-wise comparison

Compares each peak found
within a given sample’s peak
table to all the peaks found in
every other sample’s peak
tables.




New data comparison tool available from 2021
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What is this tool ?

e The algorithm is based on R Synovec et al, TILE BASED FISCHER RATIOS (TBFR)
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Based on Fundamental Research of Prof Synovec

Contents lists available at SciVerse ScienceDirect

Talanta

journal homepage: www.elsevier.com/locate/talanta

Tile-based Fisher-ratio software for improved feature
selection analysis of comprehensive two-dimensional gas
chromatography-time-of-flight mass spectrometry data

Luke C. Marney , W. Christopher Siegler ™', Brendon A. Parsons*, Jamin C. Hogga
Bob W. Wright ", Robert E. Synovec **

* Department of Chemistry, University of Washington, PO. Box 351700, Seattle 98198, WA, USA
" Pacific Northwest National Laboratory, Battelle Boulevard, PO, Box 999, Richland 99352, WA, USA

AR

Artic
Recef

Rece

Contents lists available at Scien

Journal of Chromatog
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Journal of Chromatography

journal homepage: www.elsevier.com/locate
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Performance evaluation of tile-based Fisher Ratio analysis using a
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Performance of tile-based Fisher Ratio (F-ratio) data analysis, recently develo|
studies using comprehensive two-dimensional gas chromatography coupled Y
spectrometry (GC x GC-TOFMS), is evaluated with a metabolomics dataset tl
analyzed in great detail, but while taking a brute force approach. The previously
to herein as the benchmark dataset) were intracellular extracts from Saccharg
either metabolizine oliicose (renressed) or ethanol (derenressed) which defir
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ABSTRACT: Comprehensive two-dimensional (2D) gas chromatog- GCxGC-TOFMS False

raphy coupled with time-offlight mass spectrometry (GC X GC— K i Positives

TOFMS) is a versatile instrumental platform capable of collecting i; Null

highly informative, yet highly complex, chemical data for a variety of Fa e § P’T:‘““”"
. . . : ke imi

samples. Fisherratio (F-ratio) analysis applied to the supervised sl > 2

comparison of sample classes algorithmically reduces complex GC X AN g —
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What is this tool ?

e The algorithm is based on R Synovec et al, TILE BASED FISCHER RATIOS (TBFR)

e Prof Synovec was partnered to develop a fully functional application usable
by all LECO customers / HW+SW GCxGC platforms — Pegasus HT, BT, HRT

ol
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How does ChromaTOF Tile work?

e Whatis does:

— Compares GCxGC data files to quickly and easily identify significant
differences between classes of sample.

— Applies tiling across datasets and determines statistically significant
differences in the sample groupings for every nominal mass.

— Nominalizes data to make it fast

— Presents this information in an intuitive and highly graphical interface to
allow users to understand where differences exist and also allows them to
begin to identifty what those differences are.

e Whatis does not:
— Not performing deconvolution
— Not aligning the data sets
The data must be comparable in terms of retention time stability
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Principle of work with CHT-Tile

1) Definition of sample groups - USER

e.qg., Costa Rica vs. French Roast Coffee

Costa Rica French Roast

Or samples (all coffee samples) vs. Blank(s)

Coffee samples SPME blanks
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Principle of work with CHT-Tile

1) Definition of sample groups - USER

e.q., Blanks vs. different types of samples

LECO

Samples

Intersecting mass range:

MNumber of spectra:

Modulation period (spectra):

Acquisition rate (spectra/sec):

Acquisition delay (sec):

33:500
552036

200,0128002819252

Location

Importad samples
Imported samples
Imported samples
Imported samples
Importad samples
Imported samples
Imported samples
Imported samples
Importad samples
Imported samples

Imported samples

Imported samples

Mame

0.0071 20, new wial
0.01 20, new vial

0.1 20, new vial

Blackberry Chai, 50x 2D
Blackberry Chai, 50x 2D_2
Blackberry Chai, 50x 2D 3

Peach Ginger, 30x 2D

Peach Ginger, 50x 2D_2
Peach Ginger, 50x 2D_3

Pom Hibiscus, 50w 2D

Pom Hibiscus, 30w 2D _2
Pom Hibiscus, 30w 2D _3

Date
20-Mov-19 3:32:32 AM
20-Mov-19 4:40:14 AM
20-Mow-19 6:05:57 AM
23-Mov-19 8:20:06 AM
23-Mov-19 9:45:45 AM
23-Mov-19 11:02:27 AM
23-Mov-19 4:09:12 PM
23-Mov-19 5:25:54 PM
23-Mov-19 6:42:38 PM
23-Mov-19 12:19:08 PM
23-Mow-19 1:35:50 PM
23-Mov-19 2:52:29 PM

Class
[[Blank )
Elank
\ Elank -

((Blackberry Chai |
Blackberry Chai

\ Elackberry Chai J

rI:'v.=~_.5|-.:h Ginger

Peach Ginger
\[cach Ginger J

rF'u::nrn Hibiscus

Pom Hibiscus

\L'om Hibiscus J

Scale factor

1
1
1
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Principle of work with CHT-Tile

1) Definition of sample groups - USER

e.q., Blanks vs. samples

LECO

Class
[Sampls

Scale factor
1

@ Sample set (12 samples, 2 classes)

Databases

06866 6666 6 6 666 6

C  Samples to compare:

Location

Imported samples
Imported samples
Imported samples
Imported samples
Imported samples
Imported samples
Imported samples
Imported samples
Imported samples
Imported samples
Imported samples

Imported samples

Name

0.001 2D, new vial

0.01 2D, new vial

0.1 2D, new vial
Blackberry Chai, 50x 2D
Blackberry Chai, 50x 2D_2
Blackberry Chai, 50x 2D_3
Peach Ginger, 50x 2D
Peach Ginger, 50x 2D_2
Peach Ginger, 50x 2D_3
Pom Hibiscus, 50x 2D
Pom Hibiscus, 50x 2D_2
Pom Hibiscus, 50x 2D_3

Close

For all selected samples

\ Apply

Apply

Q) C

Rate: 200ss
Date Class
20-Nov-193:32:32 AM [ [Blank ))
20-Nov-19 4:49:14 AM | (Blank
20-Nov-19 6:05:57 AM {_|Blank )
23-Nov-19 8:29:06 AM f|Samples D)

23-Nov-19 9:45:45 AM | (Samples

23-Nov-19 11:02:27 AM| (Samples

23-Nov-194:09:12 PM | [Samples
23-Nov-195:25:54 PM | (Samples
23-Nov-19 6:42:38 PM | (Samples

.

23-Nov-19 12:19:08 PM] (Samples

23-Nov-19 1:35:50 PM | (Samples ]

23-Nov-19 2:52:29 PM \/Samples )

N
B
Mass range: 32: 501.1

Scale factor

1
1
1




Principle of work with CHT-Tile

2) Definition of tile size (wizard exists) - USER

Masses: TIC

EMPOWERING RESULTS



Principle of work with CHT-Tile

2) Definition of tile size (wizard exists) and other processing parameters - USER

Click here to auto-calculate suggested tile size l
Tile size D1 (modulations): Auto-calculate tile size X 1.0e7 -
0.8e7 A
Tile size D2 (spectra): \ ffypical peak width (sec) _ ) 0.6e7 -
D1: at () 50% (@ Base 0.4e7 _
5/M threshold: 10 D2: at () 50% @ Base 0.2e7 -
N 0 .
Samples that must exceed 5/N threshold: (7 |2 M;:_e"pemd R = 1st Time (s) "' 951039 957
) P 2nd Time (s) 0.061 0.0
Mass F-ratios to average: 2 1 \DZ: L . | ) Spectrum # {190412} {1914
e - XIC(93+0.5)
. _ : Wi ofe: If you switch to samples with
Threshold tj.fFIE to E||CI|:ZI|’_'|I. F-ratic different timing parameters, you will
. need to redo this calculation.
F-ratio threshold: 7 30
.. . | Cancel | | OK @
Minimum masses per tile: (2 3 5e6 5
466 N
Minimum mass: 7 33 3e6
2e6
Maximum mass: 7 500 le6
0
Masses to ignore: (2 joTme ) otssss s 99 | o450

Spectrum # {190222} {190242} {190262} {190282}
Perform one-point normalization: 1] Quant - XIC(71.05:+500ppm)
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Principle of work with CHT-Tile

« 3) Dividing chromatogram into retention windows/files - SW

Determination
of differences

Output is tile locations and list of m/z with significant Fisher Ratio
leading to analytes that differ between the samples



How differences are determined

e Comparison of raw data windows (tiles)
e Based on variance, which necessitates replicates per group
e Calculated by Fisher Ratio,

02, _ classtoclassvariation

Fisher Ratio = = — —
O2err within class variation

e QObjective is to emphasize differences between sample groups/classes
and ignore differences in data not related to pre-defined groups

~ Supervised analysis
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Principle of work with CHT-Tile

- 4) Data (F-Rafio hits) review



F-Ratio Hits

F-ratio hits | Chemical features | Summary
Tile hits:
Ed Avg F-ratio Top mass _RT1 RT2 IMasses
001 48241159.62 93 123192 12 234 | Reject
L0 it e 1 s T Coaot P — T
003 756782.76 204 149590 120 269 | Reject
004  588412.18 143 151790 1.29 196 | Reject
005 431857.48 93 1365.91 1.1 276 | Reject
006  430746.29 94 120092 113 385 | Reject
007  260365.83 94 147191 115 284 | Reject
008 333543.56 105 1461.91 119 217 | Reject
009 30933316 121 142991 114 278 | Reject ( 247731; | 269002( | 194550 |
010 30515243 120 1507.80 122 233 | Reject | 622276¢ | 106734: | 562062 |
011 29155148 157 150190  1.25 166 | Regect
012 252842.67 122 79195 1.1 306 | Reect
013 179405.72 153 152380 132 139 | Reect
014 158234.25 161 1427.91 119 214 | Reect
015 154678.77 106 113193 122 276 | Reect
016  148277.16 179 1387.91 116 267 | Reect
017 141720.10 119 1379.91 115 255 | Reect
018 141240.72 140 667.96  1.20 165 | Reect
019 13331234 91 %4794 123 297 | Reject
020 122937.37 78 145391 116 185 | Reject
021 113166.36 109 93184 129 192 | Reject
022 107064.29 136 1411.91 117 248 | Reject
023 104807.78 105 112193 118 268 | Reject
024 102912.94 134 149590 1.2 90 | Reject
025  99546.42 142 170289 142 259 | Reject
026 9172336 121 1481.91 113 123 | Reject
027  72503.32 94 149590 149 144 | Reject
028 69441.72 92 133391 113 328 | Regect
029  58280.78 122 152180 1.2 218 | Reect
030 5372152 136 148191 121 201 LR 623977, | 305920¢ | 589934 | 665900 |
Mass hits for selecteddd b 1
& Mz -ra\{o RT1 RT2 Area diff Blank  Blackbe Peach¢ PomH
1 41150.62 123192 1.227678623.80 | Reject 545207: | 506314
181 1230 123392 120 21549.40
182 274 123192 124 1275754
183 149 123202 1.221856934.63
184 142 225 123392 123279437310
185 397 222 123392 120 25043.84
186 413 217 123392 118 5176227 accept | reec: [[[EEEE EEMD
187 262 217 123392 120 9575.65 acceot | reiect EERN IEGTIERY

LECO

Class average for "Blank"

Class average for "Blackbers

(Class average for "Peach Ginger"

Class average for "Pom Hibiscus"

ane

List of tile hits

 For each hit there is a list of masses for
that tile (incl. calculated F-Ratio)

« Immediate feedback on class distinction

based on:

o Heat map on calculated intensities

to draw your eye

o Contour plofts

- Zone for area calculation
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F-Ratio Hits Pane - Filters o

 Filters allow to exclude/include only several zones (bleed, solvent,

unmodulated areq, etfc.)

« When applied 2 immediately removing files from unwanted zone from an

overview

EMPOWERING RESULTS



F-Ratio Hits Pane - curation

J LECO ChromaTOF Tile (v1.0.2.0)

#) Home » Processings » Beverages with CBD #1

- [m} *

R : b |
Al selected tiles: Reject | Unreviewed I_[ll-; |J7' E@; = |_|_|J

Class average for "Blank"

Mass hits for selected tile:

Class average for "Blackben

Manual approach

For each tile can be selected one or more
Mmasses
Each proposed tile can be accepted or

rejected

93 1231.92

1.22 284 | Reject

F-ratio hits | Chemical features | Summary

Tile hits:

z AvgF-ratic  Topmass RT1 Masses Blank  Blackbe PeachC Pom Hi
001 48241159.62 93 123192 1.2 284

002 5201502.56 154 68596 1.4 238

003 756782.76 204 149590 120 269

004 58841218 143 151790 1.29 196

005 431857.48 93 1365.01 1.1 276

006 430746.29 94 120092 1.3 385

007 360365.83 94 1471.91 115 284

008 333543.56 105 1461.91 119 217

009 309333.16 121 1429.91 1.14 279

010 30515243 120 1507.90 1.2 233

011 291551.48 157 150190  1.25 166

012 25284267 122 79195 1.1 306

013 179405.72 153 152390 132 139

014 1 25 18] _Jao7.01 118 214

05 1

016 1

017 1

o 0071 48241159.62
019 1

020 1

021 1 . T —— e o= ' 11U 12 | 1 e | Usesis | 3UEK
022 107064.39 136 141191 117 248 m
023 104807.78 105 112193 118 268

024 102912.94 134 149590 1.21 90 | Reject

025 9954642 142 170289 1.8 259 | Reje

026 91723.36 121 1481.91 113 123 | Reject

027 72503.32 94 149590 149 144 | Reject

023 69441.72 92 133591 113 328 | Reject

029 53280.78 122 152190 1.2 218 | Reject

030 5372152 136 148191 121 201 EER=S 623077, | 305920t | 589934 | 665900 |

Class average for "Pom Hibiscus”

#

Mass

429
274
149
142
397

262

F-ratio
93 48241159.62

RT1
1231.92
1233.92
1231.92
1233.92
1233.92
1233.92
1233.92
1233.92

1.24

1.20
1.18
1.20

Area diff
1.22 7678623.80

12757.54 &
1.23 1856034.63 »
1.23 270437310 &,
25043.84 «
51762.27 &
9575.65

Blank  Blackbe Peach ¢ PomHi

N R
mmmmm;..n

« Selected files/masses are converted to

Features
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F-Ratio Hits Pane - curation

LECO ChromaTOF Tile (v1.0.2.0)

Autocuration

#) Home » Processings » Beverages with CBD #1 All selected tiles: Reject | Unreviewed '_[l_l-; . Ir > E(g

F-ratio hits | Chemical features | Summary

Tile hits: Class average for "Blank"

. . .

# AvgF-ratic  Topmass RT1 RT2 Masses Blank  Blackbe PeachC Pom Hi e AII Or Selecied Tlle hITS WI” be ConverTed TO
001 48241159.62 93 1231.92 . 284 | Reject
002 5201502.56 154 685.96 288 | Reject
003 75678276 204 1495.90 269 | Reject Feai-u res
004 58841218 143 1517.90 196 | Reject
005 431857.48 93 136591 276 | Reject
006  430746.29 94 1209.92 385 | Reject
007  260365.83 94 1471.91 284 | Reject ¢ ACCGDTQ nce bQSGd On
008 333543.56 105 1461.91 217 | Reject
009 30933316 142891 279 ey 113488 | 2477312 | 260002( | 194550: |
010 305152.43 1507.90 X 233 | Reject m Class average for "Blackber

T - =  Area difference between classes

179405.72 1523.90

014 15823425 1427.91 214 .
15467877 1131.93 : 276 ° F— ro 'I'| O
148277.16 1387.91 267

017 14172010 137991 255

018 14124072 667.96

i — « Possible filtering based on F-ratfio value

020 12293737 1433.91 185

021 113166.36 931,94 192 Class average for "Peach Ginger"
022 107064.39 1411.91 248

.
023 104807.78 112193 268 aﬂtutgcu ratH}n
024 10291294 1495.90 90 | Reject

025 99546.42 1703.89 259 | Reject
026 9172336 148191 123 ey 276532 For:
027 7250332 1495.90 144 | Reject _ . .
028 6944172 1335.91 328 | Reject L All tile hits

029 5828078 1521.90 . 218 | Reject 1 Selected tile hits
030 5372152 1481.91 201 EER=S 623077, | 305920t | 589934 | 665900 | —*

Mass hits for selected tile: Clozeaverage forpom Hibiscus: Auto-accept the mass with the maximum:
# Mass  F-ratio RT1 RT2 Area diff Blank  Blackbe Peach ¢ PomHi - -
93 4824115962 123192 122 7678623.80 | Reject 545207: | 506314 L Area difference between classes
429 1230 123392 120 2154940 & | 26547.9 | 16472.4 | 35491.1 | 38021.8 oy F-ratic
274 1301 123192 124 1275754 203132 | 10262.8 =
SCI

149 123392 1.23 1856034.63 . ..
142 123392 1.23 279437310 '\I'r |'|: its F-FEtIIII 15 at |E35t:

397 1222 1233.92 1.20 25043.84
1217 1233.92 118 51762.27

262 217 123392 120 957565 Acceot | nee . ’ Autocurate

pt | R

pt | R
pt | R

pt | R

pt | Rej




Principle of work with CHT-Tile

« 5) Chemical features review



Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0) - O X
Fan I ARk l
4 Home » Processings » Beverages with CBD #4 - Liz param=separate samples a0 [[' ) 5”‘“&
F-ratic hits | Chemical features | Summary ?
A [ preab : A A
A0 &0 an 100 120 o rea bars | Area lines | Contours W PCA Results W
1200 I (.001 2D, new vial
[L I (.01 2D, new vial e ¥-axis: | Component 1 ¥ | Y-axis: | Component 2 v
1% B 0.1 2D, new vial Te+0]
200 B Blackberry Chai, 50x 2D Scores | Loadings
I Blackberry Chai, 50x ZD_ZEI w07
31 B Blackberry Chai, 50x 2D_37°""" o .
400 5 I Feach Ginger, 50x 2D 2
B Peach Ginger, 50x2D 2 . - -
0 B Pcach Ginger, 50x 2D_3 ' =
- : . BN Pom Hibiscus, 50x 2D = )
B Fom Hibiscus, 50x 2D 2 4..07 L P pu
I Pom Hibiscus, 50x 2D _3 2 .
400 5 g e
51 Je+07 S .
\
200 Component 1 (81.39%)
77 I3
1200 o5 Features’ list y &
iz}
=40
40 B0 a0 100 120 . s
Feature: - 0 =0 = —_—
. . : 1 3 5 7 9 1
Library Hit: ¥ | Unassig 123 4567 8 9101112
. G ' Component r*

[ Name Formula Similaril Quanti F-ratic MedRTl MedRT2 Sample 1@ 2@ ::@® 1:@® @ ¢@® 6 ::©@ :© @® @ .{}'
41056 (614 48 Feature 41056 0 80 30449 953.9 1.04 12 45791393 47873242 44870111 21816329 126064257 763538821 504042447 472065706 14250660 07041127 213996
41935 (638 & Cannabidivarol = CiaHz:0; 2 203 63.09 2260.9 1.28 12 129208.22 14281377 14853624 | 728211.80 (45008796 1355493.95 1549020.33 150647371 33384402 50083635 179430
42600 (659 & Benzaldehyde C:H:0 936 7 4573 560.0 1.37 12 10220773.83 88499125 081973696 15012650 )539380.60 1016230.06 16085344.18 7556428.86 364920 21 5@"13 Er‘jag

@?4? (66 & 2{1H}-Maphtha Ci:Hz0; 714 4 36.05 1537.9 1.18 12 16110190.08 583324.20 1702792973 592504.38 382717686 379221520 428180260.93 0006401.90 520088, G-‘SE"I 049 E&n....:ﬂ]'l)




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0]

4 Home » Processings » Beverages with CBD #4 - Liz param=separate samples

F-ratic hits | Chemical features | Summary
F
A0 &0 a0 100 120 o
1200
7w
200
51
A00 5
0
) 1
AD0 5
31
200
7 i
1200
A0 &0 a0 100 120
Feature: -
Library Hit: ¥ | Unassi
g PN
Id Mame Formula
21056 (614 4 Feature 41056 0
41985 (638 & Cannabidivarol  CaeHzs0: a4
42600 (659 & Benzaldehyde C:H:0 936
42747 (669 +  2(1H)-Maphtha CisHz0: 714

Sirnilart Cluant 1 F-ratio

Area bars | Area lines | Contours

I (.001 2D, new vial
I (.01 2D, new vial

I (.1 20, new vial

B Blackberry Chai, 50x 2D
I Blackberry Chai, 50x 2D _2
I Blackberry Chai, 50x 2D _3
I Feach Ginger, 50x 2D
B Peach Ginger, 50x2D 2 . -
B Feach Ginger, 50x 2D _3 '
B Fom Hibiscus, 50x 2D

B Fom Hibiscus, 50x 2D 2 4..07
I Pom Hibiscus, 50x 2D _3

a

Sample color
coding 7

4

Te+07

fe+07

=+ 07

7

N

e

Med RT1  Med RT2  Sample:

a0  304.49 953.9 1.04 12
203 63.00 2269.9 1.28 12
I7 4573 560.0 137 12
41 | 3605 15379 1.18 12

— O X
2| ) @
A A
¥  PCA Results «
K-axis: | Component 1 ¥ | ¥-axiz | Component 2 i
Scores | Loadings
—_ L
=
r-}
=
(a7
= ’
@
2 g 1
El &
b L]
Component 1 (81.39%)
© a0
=
5 40
5
=0 ——
4 3 5 7 9 11
1\ 2 4 2 11 12
‘MN ﬁ
@ 2 3 " @7:® - ® '@ :@@ °® @ "®
457913.93 47873242 44870111 21816329 1260642.57 763538821 504942447 47206537.06 142306.60 07041127 213996
12920822 142813.77 14853624 728211.80 1450087.96 1855493.95 154992033 1506473.71 58384402 509836.35 179430
10220773.83 B884991.25 0819786.96 150126.50 )539380.69 1016230.06 1608534418 7556428.86 364920 -F_"Irg"mﬁ 2"-539
16110190.08 588824.29 17027929.78 302504.88 3827176.86 579281529 43180260.93 0006401.90 580088.u. 661, 1049 B0




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0) - O X
4 Home » Processings » Beverages with CBD #4 - Liz param=separate samples mQ [[' I;_ e

F-ratic hits | Chemical features | Summary

40 60 80 100 120w | Areabars | Arealines | Contours «” PCA Results "
1200 I (.001 2D, new vial
[L I (.01 2D, new vial e ¥-axis: | Component 1 ¥ | Y-axis: | Component 2 v
1 I 0.1 2D, new vial Te+03
200 B Blackberry Chai, 50x 2D Scores | Loadings
I Blackberry Chai, 50x ZD_ZEI w07
31 B Blackberry Chai, 50x 2D_37°""" o .
400 5 I Feach Ginger, 50x 2D 2
B Peach Ginger, 50x2D 2 . - -
0 . B Pcach Ginger, 50x 2D_3 ' =
- : B Fom Hibiscus, 50x 2D = r
0 B Pom Hibiscus, 502D 2 4e. (7 g ¢ PCA pIO'l'
I Pom Hibiscus, 50x 2D _3 2 .
400 5 El &
51 Je+07 S ]
200 Component 1 (81.39%)
h 2e+07
% v
1200 g &0
Te+07 2 10
40 &0 80 100 120 S
Feature: - 0 =0 _— —
. . . 1 3 5 7 9 11
Library Hit: ¥ | Unassig 123 4567 8 9101112
. G ' Component r*
Id Name Formula Similaril Quant: F-ratio MedRTI MedRR2 Sample 1@ 2@ 3@ 1@ ® @ © :1© @ v@® 1® .
41056 (614 4+ Feature 41036 0 80 304.49 953.9 1.04 12 45791393 47873242  448701.11 218163.29 1260642.57 7635388.21 504042447 4720657.06 142506.60 070411.27 213996
41985 (638 # Cannabidivarol CisH=0: 841 203 63.09 22699 1.28 12 12020822 14281377 14853624 728211.80 |450087.96 1855493.05 154092033 1506473.71 383844.02 509836.35 179480
42600 (659 & Benzaldehyde C:H:Q 936 7T 4573 560.0 1.37 12 10220773.83 88499125 981978696 15012650 )530380.60 1016230.06 1608534418 7536428.86 364920 21‘@“’13 zr'j.ag
42747 (669 #+ 2(1H)-Maphtha C.:HzQ; 714 41 3605 15379 118 12 16110190.08 588824.29 (702792978 30250488 382717686 5792815.29 48180260.93 0006401.90 580088.c. 66T, 1049 Beras I




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0) — O x
+« 4 - Liz param=separate samples - [[' I-_ g
MS spectrum “Q |
o ° 2
ot vs. library hit |
. A A
Area bars | Area lines | Contours v PCA Results v
1200 I (.001 2D, new vial
[L I (.01 2D, new vial e ¥-axis: | Component 1 ¥ | Y-axis: | Component 2 v
1% I 0.1 2D, new vial Te0i
200 B Blackberry Chai, 50x 2D Scores | Loadings
I Blackberry Chai, 50x ZD_ZEI w07
31 B Blackberry Chai, 50x 2D_37°""" o .
400 5 I Feach Ginger, 50x 2D 2
B Peach Ginger, 50x2D 2 . - -
0 B Pcach Ginger, 50x 2D_3 ' =
- : . BN Pom Hibiscus, 50x 2D = )
B Fom Hibiscus, 50x 2D 2 4..07 L P pu
I Pom Hibiscus, 50x 2D _3 2 .
400 5 LY ESF
51 Je+07 S -
200 Component 1 (81.39%)
h 2e+07
HIf
1200 g 0
Te+07 2 10
40 &0 a0 100 120 s
Feature: - 0 =0 = —
. i . 1 3 5 7 9 1
Library Hit: ¥ | Unassig 123 4567 8 9101112
. G ' Component r*
Id Name Formula Similaril Quant: F-ratio MedRTI MedRR2 Sample 1@ 2@ 3@ 1@ ® @ © :1© @ v@® 1® .
41056 (614 48 Feature 41056 0 20 | 30449 953.9 1.04 12 45791393 47373242 44870111 118163.29 126064257 TR35388.21 504942447 4720657.06 142506.60 1070411.27 213996
41935 (638 & Cannabidivarol = CiaHz:0; an 203 63.00 2269.9 1.28 12 129208.22 14281377 143536.24 728211.89 1450087.96 1855493.95 1349920.33 1508473.71 333844.02  500836.35 179430
42600 (659 & Benzaldehyde C:H:0 936 7 4573 560.0 1.37 12 10220773.23 884901.25 931973696 150126.50 )539380.69 M16230.06 16035344.18 7556428.86 364920 21 ’@"13 2"539
42747 (669 +  2(1H)-Maphtha CisHz0: T4 1 36.05 1537.9 1.18 12 16110190.08 588824.20 17027929.73 392504.83 3827176.86  3792215.29  48130260.93 O006401.90 @ 330088.u- G-‘Sﬁ'l. o 40 B0




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0)

4 Home » Processings » Beverages with CBD #4 - Liz param=separate samples

F-ratio hits | Chemical features | Summary
100 200 300 A00 55" Area bars | Area lines | Contours
I 0.001 2D, new vial 352400
1200 133 I (.01 2D, new vial
I 0.1 20, new vial
B Blackberry Chai, 50x 2D 3., pg
200 151 BN Blackberry Chai, 50x 2D _2
I Blackberry Chai, 50x 2D_3
400 139 I Feach Ginger, 50x 2D 3 500
B Feach Ginger, 50x 2D _2
0 B Fcach Ginger, 50x 2D_3
0 ——rffulE H M Pom Hibiscus, 502D 5, o9
I Pom Hibiscus, 50x 2D _2
114 I Fom Hibiscus, 50x 2D _3
400 .
1.5e+09
200 51
Te+09
133
1200
Je+03
100 200 300 400 500
Feature: 0
Lik Hit: U i
ibrary Hi nassig (PR L
Id MName Formula Similarii Quant1 F-ratic Med RT1 Med RT2  Sample:
43243 (678 4 Feature 43248 0 107 83.51 907.9 1.07 12
43305 (682 4% Feature 43305 0 95  80.32 1123.9 1.02 12
43839 (692 + Oxime-, metho CzHsNO; 781 133 9.15 466.0 1.08 12
44355 (703 4 Feature 44355 0 69 12042 1137.9 1.01 12

1 ®
130673616
1997255.01

94347649.57
855713630

4 567 8 910N

: @ :@

237923.33 136824216
046713.39  2150393.41
383836.49 12248401.24

77695614 9095744.30

— O >
9 (e &
r A
¥  PCA Results o
K-axis: | Component 1 “ | ¥-axiz | Component 2 e
Scores | Loadings
L
[ ™ Py .
) e 8
L]
. Ao K., .oy .
- LT L
g
=
a
E
g
L}
o
loadings
L
12 Oxime-, methoxy-phenyl-_ J r_’ |
_________________ Component 1: 0.10 ponent 1
Component 2: -0.74
‘@ @ @ n® 1@
106707.25 1962758.74 4343137.03 7194589.55 689742612 140553.85 416351.97 337688
1N00286.00 1976325.00 3274655.79 38672591.38 742183723 26502190 '251183.88 674209
708916.28 1459523.81 7933269.30 831926591.14 723759436 113369 — ‘92-‘%?3 1997 'iﬁg
202002.88 3145213.10 3271285.53 1662494353 6380220.40 52?414.u,ﬂ31}tsu_..16 T35




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0) N - X
M ;réé'sE X

4 Home » Processings » Beverages with CBD #4 - Liz param=separate samples ,.(AQ

F-ratio hits | Chemical features | Summary

100 200 300 400 5@ | Areabars | Arealines | Contours «” pCA Results "
200 = X-axiz | Component 1 ¥ | Y-axist | Component 2 v
800 - Scores | Loadings
s 151
L
400 153
0 L RS °
0 : L) w9 =
* »
T
[
000 151 :
Class average for "Blackberry Chai” 8
123
100 200 300 400 500
Feature: ®
Library Hit: ¥ | Unassig N — Oxime-, methoxy-phenyl-_ -
Component 1: -0.10 ponent 1
Component 2: -0.74
Id Name Formula Similaril Quant| F-ratio Med RTI MedRT2 Sample: 1 @) :® ::1® ::©® 9 o @® 0® 1® .
43248 (678 4% Feature 43248 0 107 8351 907.9 1.07 12 130678616 237923.33 136824216 106707.25 196275274 4843137.03 7194589.55 6897426.12 140553.85 416351.97 337688
43305 (682 48 Feature 43305 ] g5 2032 1123.9 1.02 12 199725501 04671339 215039841 10086.00 3976325.00 327465570 38672501.38 7T421337.23 26502190 '251183.38 6742809
43859 (692 & Oxime-, metho C:H:MNO; 7a1 133 9.15 466.0 1.08 12 94347649.57 38383640 )2248401.24 708916.28 1439523.81 7938269.30 81926591.14 7287594.36 13360 92573 :| 1697 iﬁg
44355 (703 48 Feature 44355 0 69 12048 1137.9 1.01 12 855713630 77695614  0005744.30  202002.88 145213.10 3271285.53 16624948.53 633022040 327414... Q‘3 D= ﬂ'l ] > T35




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0)

#) Home » Processings » Beverages with CBD #4 - Liz param=separate samples

F-ratio hits | Chemical features | Summary

Similarii Quant

Y .
100 200 300 ADD " il
2 43 93
121
E-:':' E'E
g7 136
a00 4
0 Ll
ADD f2
200 36
03 .
43 121
100 200 300 ADD 500
Feature: -
Library Hit: *| Una
-
Id Mame Formula
43248 (678 &  Feature 43248 0
43305 (R82 48 Feature 43305 0
44355 (703 48 Feature 44355 0
43127 (724 & Pentanoic acid.  CiaH=n0l 780

Area bars | Area lines

107
95
i)
40

R.l. calc

MLA.
MLA.
MLA.
M4,

Contours

Rl lib
MLA.
MLA.
MLA.
1381

Class average for "Blackber

Rl &
MLA.
MLA.
MLA.
M4,

Chai"

F-ratio
83.51
80.32

120.43
83,30

907.9
1123.9
1137.9

1.07
1.02
1.01

- O x
mq FINRE::
M
PCA Results PCA lot «
KX-axis: | Cormnponent 1 ent 2 ¥
Scores | Loadings
=
[T
[T
=]
=
[t
B
@
E
g
10,
=]
!
Component 1 (87.24%)
o 20
=
o
g 40
=0 || ===
1 3 5 7 g H
Component o
Med RTI  MedRT2 Sample: 1 @) : @ : @ 1 &
12 1306786.16 1237923.33 136824216
12 194725501 2046713.39 2150398.41 23
12 8557136.30 8776956 H H YW EH D 4
) EEr O
12 0040624.75 8642331.10 1000073146 2

1593.9

1.26




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0)

#) Home » Processings » Beverages with CBD #4 - Liz param=separate samples

R.l. calc
M.A.
MLA.
MLA.

F-ratio hits | Chemical features | Summary
100 200 300 A00 55{.’ Area bars | Area lines
AL 43 93
121
E-:':' E'E
g7 136
400 4
0 Ll
400 63
800 36
93,
43 Th21
100 200 300 400 500
Feature: [ ]
Library Hit: *| Una
P
Id Mame Formula  Sirnilard Cuant
43243 (678 45 Feature 43248 0 107
43305 (R82 48 Feature 43305 0 95
44355 (703 48 Feature 44355 0 i)
43127 (724 +  Pentanoic acid.  CaisH=0. 780 40

M4,

Contours

Rl lib

MLA.
MLA.
MLA.
1381

Class average for "Blackber

Rl &
MLA.
MLA.
MLA.
M4,

Chai"

F-ratio
83.51
80.32

120.43
83,30

907.9
1123.9
1137.9

1.07
1.02
1.01

- O x
1l (smais
® |
b
PCA Results PCA plo-l- ¥
KX-axis: | Cormnponent 1 it 2 ¥
Scores | Loadings
2 S les A
[Ty}
2 amples
s Samples B
[}
]
u
g
E Samples C
] O,
Blanks Component 1 (87.24%)
o 20
=
.}
g 40
= 0 || o —
1 3 5 7 H
Component o
Med RTI  MedRT2 Sample: 1 @) : @ : @ 1 &
12 1306786.16 1237923.33 1368242.16
12 1997255.01 2046713.39 2150308.41 23
7 7T L1 L] a5 -
12 855713620 B776056 DQ ELQ. ezl ’,4
12 9040624.75 8642331.10 10000731.46 2

1593.9

1.26




Chemical Features Pane

LECO ChromaTOF Tile (v1.0.2.0)

€] Home » Processings » Beverages with CBD #4 - Liz param=separate samples

F-ratio hits | Chemical features

Summary

s

F-ratic Med RT1  Med RT2  Sampl

38760. 1471.9 1.15 12

100 200 200
1200
200
400
[:I e
0
400
200
1200
100 200 3200 500
Feature:
Library Hit: ¥ | Assi
Id lib R4
25751 370 [@ 13 NA.
101 @ o N.A.
20020210 [ A N.A.
4701 331 B A N.A.

21.96 1873.9 1.15 12

0.63 268.0 0.85 12
12,13 1607.9 0.29 12

Area bars | Area lines | Contours

B - Terpinyl acetate

Limonene
B cis-Calamenene
B [solongifolene, 4,5,9,10-dehydro-
B Cyclohexane, 1-ethenyl-1-methyl...
B Naphthalene, 1,2,3.4.4a,7-hexahy...
B (-)-o-Panasinsen

B Naphthalene, 1,2,3.4,4a,5,6,8a-oct...
I Tricyclo[5.4.0.0(2,8)lundec-9-ene....
Bicyclo[3.1.1]hept-2-ene, 2,6-dim...

B (- Bisabolene
B «-Calacorene
B Cyclohexene, 1-methyl-4-(1-met...
I 1,3-Cyclohexadiene, 5-(1,5-dimet...

BN Thiazole, 4-methyl-2-(1-methylet...

Terpinen-4-ol
B A cetic acid, 1,7,7-trimethyl-bicycl...

Benzene, 1-(1.5-dimethylhexyl)-4...
Benzene, 1-(1.5-dimethyl-4-hexe...

B Naphthalene, 1,6-dimethyl-4-(1-...
I cis-Calamenene

Ll

2.5e+09

Ze+(9

1.5e+09

Te+09

Je+08

— | X

v | il (smais
e | =t

» PCA plot from

123 4567 8910112

30944371.47
32110595.13
32637554.63

¥ PCA
selected samples
K-axis
Scores | Loadings
2 SamplesA [/ ¢
E .
g SamplesB
g P Samples C
E
]
L=
Component 1 (89.73%)
g 20
§ 40
=0 [ | =
1 3 3 7 9
Component -

: @ s @ 6 @ 7@ «
19346656.39 31303526.26 22059212.01 17871268.22

854781645.43 240629385.83 83931334498 171057464.13
2491 6050.41 55498166.31 5 1.5 @’ 34
) @&

29262833.63

4523216767 38034831.55 41367974.93 34303939.62




Export to 3" party SW

LECO ChromaTOF Tile (v1.0.2.0) — O X
€ Home » Processings » Beverages with CBD #4 - Liz param=separate samples mq ll' I-_; R
F-ratio hits | Chemical features | Summary ?
100 200 300 400 5@; Area bars | Arealines | Contours “’ PCA Results ‘F
| | | | |
B - Terpinyl acetate
1200 Limonene 2.5e+09 KX-axis: | Cormnponent 1 ¥ | Y-axis: | Component 2 b
. B cis-Calamenene
200 | B |olongifolene, 4,5,9,10-dehydro- Scores | Loadings
N B Cyclohexane, 1-ethenyl-1-methyl... _
B Naphthalene, 1,2,3,4,4a,7-hexahy... | 2e+09 2 o
400 B (-)-c-Panasinsen -]
= B Maphthalene, 1.2,3.4.4a,5,6,8a-oct... E ]
o I Tricyclo[5.4.0.0(2.8)]lundec-9-ene,... ~
0 Bicyclo[3.1.1]hept-2-ene, 2.6-dim...  1-38+09 E™
B (-Bisabolene =
400 B o-Calacorene E-
B Cyclohexene, 1-methyl-4-(1-met... | g °
800 BN 1,3-Cyclohexadiene, 5-(1,5-dimet... 15707 ~
I Thl-aZIGIE', 4-methyl-2-(1-methylet... Component 1 (89.73%)
Terpinen-4-ol
1200 B Acetic acid, 1.7.7-trimethyl-bicydl... . o | S a0
- - - - - Benzene, 1-(1,5-dimethylhexyl)-4... E
100 200 ann A00 500 Benzene, 1-(1,5-dimethyl-4-hexe... = a0
B Naphthalene, 1,6-dimethyl-4-(1-... ; 0 Exporlll dqtq
Feature: I cis-Calamenene 0 | b U-lnlnon
Library Hit: v | Assi r 1234567 89101112
i . e ' OMponen I
Id lib R A F-ratic Med RT1 Med RT2 Sample: 1 2 . 3 + @ 5 @ 5 @ ® "
25751 (370 E 13 MLA. 21.96 1873.9 1.153 12 30614983.77 32322779.63 30944371.47 19346656.39 31303526.26 22059212.0 17371268.22
1430 (17) E 09 MLA. 387e0. 1471.9 1.13 12 35786100.68 30068374.24 32110595.13 85478164543 240629335.83 839313344, 171057464.13
20920 (310 E A, MLA. 0.63 268.0 0.85 12 27185373.04 29556325.27 32637554.63 e4916090.41 55498166.31 5?{'@ %7 @’ ﬁ 34 ’}
[}
47701 331 & A MLA, 12,153 1607.9 0.29 12 27468663.27 29262233.68 32644657,60 45232167.67 38034331.55 41367974.93

34303939.62




Export to 3" party SW

LECO ChromaTOF Tile (v1.0.2.0)

€] Home » Processings » Beverages with CBD #4 - Liz param=separate samples

F-ratio hits | Chemical features | Summary
100 200 300 400 53{ Area bars | Area lines | Contours
| | | | ]
B - Terpinyl acetate
1200 Limonene 2.5e+09
. B cis-Calamenene
200 | B [solongifolene, 4,5,9,10-dehydro-
N B Cyclohexane, 1-ethenyl-1-methyl...
B Maphthalene, 1,2,3,4,4a,7-hexahy...  2e+09
400 B (-)-o-Panasinsen
= B Naphthalene, 1,2,3.4,4a,5,6,8a-oct...
o I Tricyclo[5.4.0.0(2,8)lundec-9-ene....
0 Bicyclo[3.1.1]hept-2-ene, 2.6-dim...  1-38+0%
B (- Bisabolene
400 B «-Calacorene
B Cyclohexene, 1-methyl-4-(1-met... 1es09
200 B 1,3-Cyclohexadiene, 5-(1,5-dimet...  '©7
BN Thiazole, 4-methyl-2-(1-methylet...
Terpinen-4-ol
1200 B Acetic acid, 1.7.7-trimethyl-bicydl... oo
- - - - - Benzene, 1-(1.5-dimethylhexyl)-4...
100 200 00 A00 500 Benzene, 1-(1.5-dimethyl-4-hexe...
B Naphthalene, 1,6-dimethyl-4-(1-...
Feature: I cis-Calamenene 0
Library Hit: ¥ | Assi , .
ry A R
Id ik Rl & F-ratic Med RT1  Med RT2  Sample: 1 2 2
25751 (370 E 13 M.A. 21.96 1873.9 115 12 30614983.77
1430 (11) E 09 M.A. 337e0. 1471.9 1.15 12 35726100.68
20920 (310 E A, MNLA. 0.63 268.0 0.85 12 27185378.04
47701 (331 [ A MLA, 1215 1607.9 0.89 12 27468663.27

— O *
mq 2L g':réé;
2
N ¥
¥  PCA Results «
= X-axis: | Component 1 ¥ | Y-axis: | Component 2 v
Scores | Loadings
— E [ ]
o
-
= .
o
- =t
g |-
EL Export data
. S Export:
@ All rows
Col B
() Pinned/selected rows
n g 20 When numeric data is missing:
E an (®) Write an empty cell
20 ) Write zero
e |
T 1 [ ] Include nominal mass spectra
1234567 8 9101112 Save/copy format:
R @) Comma-separated values (CSV)
b & 4 0 5 0 6| () Tab-separated values (TSV)
32322779.68 30944371.47 19346656.39 31303526.26 Save to file
300e2374.24 32110595.13 854731645.43 240629335.83 Copy to clipboard
2955632527 32637554.63 6491609041 55498166.31 5?{'@ 3.3 @’ ﬁ 34 }
X
20262833.68 3264465760 45232167.67 33034231.55 41367974.93

34303939.62




Export to 3'9 party SW (e.g., Metaboanalyst)

Statistics

Exported
[ csyv file ] _

! Meta-analysis
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User manual or “How to” available?

LECO ChromaTOF Tile (v1.0.2.0)




User manual and “How to” available!

ChromaTOF® Tile Guidance
Document

Part Number 200-816
December 2020

Patent Pending in U.S.A. and other countries

® 2020 LECO Corporation
Minor revisions may not be reflected in this manual.

LECO

EMPOWERING RESULTS

LECO Corporation LECO Europe B.V.

3000 Lakeview Avenue - St. Joseph, MI 49085 Vouersweg 118
Phone: 269-983-5531 - Fax: 269-983-3850 6161 AG Geleen
info@leco.com - www.leco.com (P.0. Box 1174 - 6160 BD Geleen)
1S0-9001:2015 Q-994 The Netherlands

Phone: 31-46-4747473 - Fax: 31-46-4747333
info_nl@leco.com www.nl.leco-europe.com

LECO is a registered trademark of LECO Corporation.

The first dimension tile size is marginally too small in Figure 7,

following; it fails to span the whole peak in at least one sample (B4).

Such incomplete integration in some samples confounds significance

LECO

calculations,
chemical fea
Al
e
B1
Figure 7. Fird
The first dim)
in Figure 8, f
minimizing i
retention tim
Al
e
B1
Figure 8. Ap

CUTTCVICVy oo,

How to Review Features

1t

View tentative chen

The spectrum for e3
This feature spectry
subtracting the avel
feature is least intel
wherein the feature
several columns in {
Similarity, RI (lib),

View relative trends|

Relative trends bety
specified quant mag
autocuration). The (¢
has the same displ3
F-ratio Hits tab. The
table. They are alsol

(shown in the previous screensnot) or Area Lines charlt (second

tab).

ot Dty rpe—p— O o 11]‘

EI 20
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g =

- =m
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=D E=8

. ]
“ N e

o D EED
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. OPTIONAL: Filter Tile Hits

x
|
Retention window filters can be applied (through the icon) to
selectively hide or display hits from the Tile hits table. The filter
regions are defined as a retention window box by entering a time
range (in seconds) in D1 and a time range (in seconds) in D2. If
entered as an exclusion region, any hit within this defined window will
be hidden/removed from the Tile hits table. If entered as an inclusion
region, only hits within this defined window will remain in the Tile hits
table. If both inclusion and exclusion regions are entered, the behavior
is to include everything outside of the exclusion region and include
everything inside the inclusion region, which allows for including
sections of an exclusion region, if desired.
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We should remember that ...

... fundamentally its all about Statistics

e Replicates are good & many classified samples are good.

e Random number of unclassified samples is VERY bad = UN-USEABLE.

LECO EMPOWERING RESULTS



Practical hints based on beta-testers review:

LECO EMPOWERING RESULTS



Practical hints based on beta-testers review:

Support variable modulation YES, by cutting to areas with the same MP

3500
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Conclusion @E} Eﬂ@ma]’%ﬁé

« Revolutionary data analysis software for GCxGC-TOF MS data

« Versatile tool for data comparison identitying statistically significant
differences between classes of samples

« GCxGC-TOF MS data alignment tool with fast & effective processing

« Over traditional approaches reduces days-to- weeks of work down to hours,
or even minutes

« Algorithm based on prof. Synovec's tile-based Fisher ratio analysis

« Compatible with with all of LECO's GCxGC TOF MS instruments - Pegasus® BT

4D, the Pegasus GC-HRT+ 4D, and the original Pegasus 4D

A free 90-day trial of the software (for all current LECO GCxGC customers).

LECO EMPOWERING RESULTS



https://www.leco.com/product/chromatof-tile

Thank you for your attention ©
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