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Metabolomics - the link between genotypes and phenotypes

Oliver Fiehn
Max-Planck Institute of Molecular Plant Physiology, 14424 Potsdam, Germany
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“Finally, if metabolomics profiling is to be used to its fullest, it is imperative
that publicly available metabolomic databases be created.”



CHROMATOGRAPHY
Gas chromatography (GC)
Liquid chromatography (LC)

Capillary chromatography (CC)

DETECTORS

lon trap (Orbitrap)
Quadrupol
Time-of-flight (TOF)

Fourier transform ion cyclotron resonance (FT-ICR)



Conditions

lons

A* or A-

Electron impact ionization (El)

Chemical ionization (Cl)



0.0005 Dalton (Da)



Chromatogram
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4 retention time (min)

Figure 1. Lipophilic phase of Arabidopsis thaliana leaves analysed by GC/quadrupole MS (unpublished results). Inspection of peaks apparent
in the base peak chromatogram results in 160 distinct metabolites. Abundant peaks in the middle of the chromatogram are methylated fatty
acids. At the end of the chromatogram, trimethylsilylated sterols are eluted.

Plant Molecular Biology 48: 155-171, 2002.
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.



Palmitic acid

Limonene

Hexane, cyclohexane, diethylether, chloroform, ethyl acetate, ...

HO

HOIIIIII- OH

B-Glucose

Watert, methanol, ethanol, ... ,”/,
HO OH



Me, metal, central atom



Consequences for chromatography

Low pH,

No dissociation of O, S and N functions
No coordination complexes

Slim peaks in the chromatogram

High pH,

Dissociation of O, S and N functions
Plethora of coordination complexes
Polymerization of analytes

/——M



Flavonoids - UV spectra
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El spectrum of falcarindiol
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El spectrum of derivatized falcarindiol
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Figure 1. Lipophilic phase of Arabidopsis thaliana leaves analysed by GC/quadrupole MS (unpublished results). Inspection of peaks apparent
in the base peak chromatogram results in 160 distinct metabolites. Abundant peaks in the middle of the chromatogram are methylated fatty
acids. At the end of the chromatogram, trimethylsilylated sterols are eluted.

Plant Molecular Biology 48: 155-171, 2002.
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.



Gas chromatography
Electron impact mass spectrometry

Analysis of central (primary) metabolites



Deconvolution and peak integtration (GC-EIMS)
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NAME: 28.2609 min RE_M_C1
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Database search (GC-EIMS)
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SPECTRUM LIBRARY SEARCH & PREDICTION OF FUNCTIONAL GROUPS

This page facilitates the search of metabolites within the GMD by means of user submitted GC-MS spectra consiting of retention index (n-
alkanes, if vailable) and mass intensities ratios. In addition, a functional group prediction will help to characterise those metabolites without

available reference mass spectra included in the GMD so far. Instead, the unknown metabolite is characterised by predicted presence or absense

of functional groups. For power users this functionilty presented here is exposed as soap based web services.

We kindly ask users to cite the following paper when publishing results derived from this service:

Hummel, J., Strehmel, N., Selbig, J., Walther, D. and Kopka, J. (2010) Decision tree supported substructure prediction of metabolites from GC-
MS profiles, Metabolomics. http://dx.doi.org/10.1007/s11306-010-0198-7 @lﬂ‘

|1898

;Enter the GC-column type the alkane retention index is based on!

Enter the alkane retention index here (if neither an alkane RIs for VARS nor MDN35 is available in your setup please select

'none’ in the input field above)!

Paste the spectrum under investigation into the textbox below!
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Search results (GC-EIMS)

Library Search Results
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Search results (GC-EIMS)

csv export of library search result set

msp export of spectra hits
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Search results (GC-EIMS)
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Liquid chromatography
Electrospray interface
Time-of-flight mass spectrometry

Analysis of specialized (secondary) metabolites



Metabolite fingerprinting

3 conditions with 6 replicates each - 18 samples
Line 1 Line 2 Line 3

Material

\ 4
Extraction: 80 % Methanol

/

Polar phase

!

Ultra performance liquid chromatography (UPLC)

!

Electrospray ionization/time-of-flight MS (ESI-TOF)

\ 4
Sample set: Sample set:
Pos.ESl/polar || Neg.ESl/polar
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A MS signal is characterized by m/z, Rt and the signal intensity

A TIC (Total lon Chromatogram) is a chromatogram created by summing up all intensities of all m/z peaks
belonging to the same scan.T

m/z 300

Intensity (cps)

Total ion chromatogram (TIC) A

A MS signal is characterized by the three parameters:
m/z (300), Rt (1min) and signal intensity (600 cps)

Intensity (cps)

Retention time (min)

Retention time m/z Intensity
1 100 300
— 1 150 400
1 300 600
2 75 400
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L

Open and inspect TICs

MassLynx - Wound - KF123_master_practical_course_150511.SPL
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Open and inspect TICs
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Open and inspect the mass spectra

Open the mass spectra at 4.52 min for both analysis by left double click or right click into the chromatogram.
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Search for a mass signal of a compound, that occurs in pos. and neg. mode and describe their
corresponding adducts in both modi (for adduct rules see next slide)

Spectrum - [KF122_masterprak_wtl c01 _p neg 150424 01,KF122_masterprak_wt1 ... [I=]
File Edit Display Process Tools ‘Window Help _|E'|5|

zanlepR|lLn@aBRo|daX|# e s an

KF122_masterprak_wt! c01_p_pos 150424 01 200 (4.540) 1: TOF MS ES+
100 205.0760 G.89e4
Remind, that pos. ESI mainly leads to protonated analytes [M+H]+ and solvent
adducts [M+CH3CN+H]+ or to [M+Na]+ and [M+NH4]+ adducts
= 164.0494
206.0799
1000755 411013 ot ZA0N2 BI040 9985 3691178
R B B S o S s B s ey e o
|KF122 masterprak_wt1 c01_p neg 150424 01 200 (4.528) 1. TOF M5 ES-
100 1620332 2.06ed
Remind, that neg. ESI mainly leads to deprotonated
analytes [M-H]- and the formic acid [M+HCOO-]- adduct. In
cause that the concentration of a compound is very high,
325.0763 o
Y el also [2M-H]- adducts are built in the souce.
FA 0320
208.0407 326.0771 71,0830
! 226 (1360 '
91.0025 1651.9327.) , . 3;9_9?91 L l/
L B e S o B R L L ey s e s sy o 11
a0 100 130 200 250 300 330 400
I I
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How to identify adducts?

Adducts are built during ionisation in the source. Because of that, they have the
identical RT as its protonated or deprotonated ion and are characterized by a very
exact mass shift to that corresponding ion (see below).

Mass differences (neg. ESI mode):
[M-H+]- to [M+HCOO-]- - 46.0055
[M-H+]- to [2M-H+]- - [2M-1.0073]-

Mass differences (pos. ESI mode):
[M+H+]+ to [M+Na+]+ = 21.9825
[M+H+]+ to [M+NH4+]+ = 17.0265
[M+H+]+ to [2M-H+]- - [2M+1.0073]+
[M+H+]+ to [M+CH3CN+H+]+ = 41.0265

4.956

Exact masses for common element of organic compounds:
H: 1.0078 Da, but H+: 1.0073

C: 12.0000 Da

0O:15.9949 Da

N: 14.0031 Da

P: 30.9738 Da

S: 31.9721 Da
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Extracted mass chromatogram (EIC, XIC)

Chromatogram - [KF122_masterprak_wt3_c011_p_pos_150429 01,KF122_masterprak_wi3_c011_p_neg 150429 01] = Ech =
File Edit Display Process Window Tools Help = & =
E AR @RI EB L @ARRDT QA |m e & IE
KF122 masterprak_wit3 c011_p neg 150429 01 1. TOF MS ES- i
100 454 162.034 0.0500Da Intensity of
2.28ed
— |, the extracted mass
LS EIC of m/z 162.034 signal (cps)
D""""I""I""I""""I""""I""""I""""I""""I""I""I""""I""I""
1.00 2.00 3.00 4.00 5.00 6.00 7.00 §.00 9.00
KF122_masterprak_wt3_c011_p_pos_150429_01 1: TOF MS ES+
452 164.047 0.0500Da
100+ 4 68ed
=] EIC of m/z 164.047
0 L I L B L B L I L L L L B L L L I B L L LN LN UL ELELE B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
KF122_masterprak_wi3 c011_p neg 150429 01 1. TOF MS ES-
4.03 TIC
1007 2.82e5
o] 4 5s TIC
] 6.95.7-10
D""""I""I""I""""I""""I""""I""""I""""I""I""I""""I""I""
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
KF122_masterprak_wt3_c011_p_pos_150429_01 1: TOF MS ES+
0.42 TIC
100 4.69€5
8.98
- 403 4524 75 TIC
s'7 107 197 265 3.28 4
0 L B L B L B B L B M IEEEsaamss e s s e ne el B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
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MarkerLynx performs peak picking and peak alignment

A feature is characterized by m/z (300), A ;{)(1)00 Peak alignment
Rt (1min) and the corresponding signal
intensities of all samples. ’ : \4\11’
" Sample 3
A ‘ ‘4“‘ _
1/1oo >
<&
1/100
300 \4\11‘
‘)‘hd)
—
one
feature
Rt/ m/z
1/100 1/150  1/300 ... 2/75
mmmmm) Data matrix Sample 1 300 400 600 400
Sample 2 0 0 30 10
Sample 3 500 21 16 8
Samplen 0 0 35 12
© Kirstin FeuBner




MarkerLynx performs peak picking and peak alignment

-

@ MarkerLynx X5 Method Editor - Standard02_Masstd_05_PW_PPEMaute IT.. | = =] |i"._?-|
File VWiew Help

D@ H | R D B

Property Walue
Function 1
Analysis Type? Peak Detection
Initial Retention Time 0.30
Final Retention Time 10.00
Low Mass 50.00
High Mass 1200.00
¥IC Window (Da) 0.05
Use relative retention time? MO
[=]Apex Track Peak Parameters

Peak Width at 5% Height (seconds) Automatically calculated

Feak-to-Peak Baseline MNoise Automatically calculated

Apply Smoothing? MO

[=]Collection Parameters

Marker Intensity threshold (counts) 100
Mass window 0.05
Fetention time window 0.20

Moise elimination level 2.00

Deisotope data? YES

Ready MLUM
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MarkerLynx creates a data matrix

group 1 group 2 group 3 group 4 group 5 group 6
line 1 line 2 line 3 line 1 line 2 line 3 line 1 line 2 line 3 line 1 line 2 line 3 line 1 line 2 line 3 line 1 line 2 line 3
Ret. Time m/z Biotransfcincluded Saturated KF123_maKF123_maKF123_maKF123_maKF123_makKF123_maKF123_makKF123_maKF123_makKF123_makKF123_maKF123_maKF123_maKF123_maKF123_maKF123_maKF123_ma KF123_mast:

5.0716 101.0715 Yes No 882.0952 262.7163 0 283.7944 £19.7363 1162.66 0 0 0 0 521.9146 0 0 B801.4541 0 383.4438 1087.562 299.6514
9.7887 101.0714 Yes No 0 354.01660 681.0884 363.5645 314.2451 202.9902 499.5205 1] 0 482.127 0 253.7441 361.6699 1] 0 328.0645 216.165 1]
8.8178 101.0713 Yes No 1154.428 1172.914 1158.673 1245.879 1248.584 1008.378 1238.956 1429.4 1311.273 1327.131 1690.79 1403.039 1557.743 1960.483 1759.028 1362.172 1524.441 1408.715
9.2701 101.0713 Yes No 417.085 714.499 1] 0 473.7627 1] 1] 1] 0 682.2817 304.2061 508.9824 778.376 545.9521 850.8374 0 256.4126 360.4023
9.5318 101.0712 Yes No 314.1738 1] 1] 1] 0 447.7827 693.7471 1] 1] 1] 1] 1] 1] 0 424.7026 1] 0 413.5869
8.4987 101.0712 Yes No 548.4849 636.7832 223.2461 463.8796 521.9688 390.8638 1] 0 647.071 651.9302 251.147 156.0684 250.6074 0 261.2695 276.168 127.3477 221.7402
0.3576 100.0767 Yes No 0 0 0 236.6903 226.496 211.6368 377.2024 0 347.4537 0 218.1116 0 0 323.2346 0 293.1354 0 383.3393
8.53524 100.0766 Yes No 125.2697 153.4164 0 228.1321 139.4534 27.0656 150.2716 1] 0 145.2825 103.2449 270.1361 201.2876 464.4622 1] 0 179.0063 43.4053
8.7742 100.0763 Yes No 268.8967 303.024 468.2544 362.1595 321.9352 379.1399 254.5883 390.9028 415.6243 504.0273 574.6771 0 437.8279 551.9454 315.3832 353.0796 394.2798 376.2729
0.7735 100.0763 Yes No 603.622 578.1069 635.5267 382.7745 231.8239 189.2976 663.0088 552.723 298.9272 546.4854 393.7505 307.7651 292.7864 567.5922 461.8815 305.2363 612.438 1]
1.3838 100.0762 Yes No 108.6471 204.8467 38.823 221.4504 102.9684 96.4639 215.2853 0 53.2627 152.3521 83.523 103.0213 73.1382 0 39.1654 112.6183 0 45.0715
0.5772 100.0761 Yes No 1] 0 455.5798 0 381.0845 1] 1] 0 344.5036 1] 1] 1] 1] 1] 1] 1] 0 178.1351
2.6759 100.0761 Yes No 306.1294 1] 1] 0 54.8224 1] 1] 1] 1] 1] 0 294.9215 273.5017 0 264.53965 328.3875 1] 1]
0.4104 94.0451 Yes No 627.6673 420.7847 676.8804 819.5258 431.9557 862.4532 698.5081 451.0273 B49.0703 686.172 623.0878 780.2838 897.8263 501.6707 921.1264 562.8005 506.076 847.6222
0.4222 86.5821 Yes No 136.6347 274.6291 16.2025 545.1334 449.8309 101.7945 212.3313 268.7368 37.4729 212.9345 385.7653 121.7012 124.103 431.5797 0 210.127 314.9386 167.5492

0.485 112.8968 Yes No 427.4036 184.74 50.6329 273.551 155.7257 254.4329 519.8291 130.277 4727988 111.3924 275.4526 145.3938 460.104 126.7795 115.4288 351.1493 218.7673 117.5218
0.4103 111.0385 Yes No 2360.795 1730.289 1715.175 2063.221 1918.056 1697.267 2445.888 2288.683 1937.034 2810.959 1928.101 2150.84 2126.823 2512.878 1816.645 1864.936 2291.697 2160.416

0.441 108.5756 Yes No 19.2405 86.4135 154193 156.5653 202.4172 37.8059 73.8115 71.5436 17.7742 35.6593 245.0024 105.3164 20.2532 184.5401 67.091 92.1519 115.5671 70.981
0.4407 106.0508 Yes No 614.1013 565.6454 388.3525 1021.834 603.9758 402.7023 763.0594 709.3617 481.9627 738.2960 553.6714 657.8618 626.3096 649.9551 0 658.2168 710.1682 549.9656
0.4217 105.0432 Yes No 430.1598 408.2475 464.5026 696.9055 406.4919 287.3443 390.4571 401.6479 386.7248 379.6534 0 373.3454 518.8275 383.9574 585.6287 443.0052 316.6424 431.1303
9.5114  105.043 Yes No 1] 0 1145.032 520.9121 755.4917 601.7397 1252.806 1579.861 924.3716 1710.675 684.7075 545.186 954.1631 2101.408 1324.661 1] 0 949.459
9.0919 105.0429 Yes No 1] 0 B828.9619 1] 0 635.6992 1] 1] 1] 0 247.8135 1] 1] 1] 1] 1] 0 656.3809
8.5284 105.0428 Yes No 3464 3095.705 1413.669 569.6016 2465.163 1451.181 3116.457 3733.392 1849.939 3727.597 3773.33 866.1016 3771.936 3568.118 563.5547 3591.108 4474.91 1528.078
9.3275 105.0427 Yes No 1141.644 0 1145.032 1422.371 562.8584 167.0898 381.3472 230.2793 523.7207 1894.398 1] 0 1009.84 0 B892.3164 0 235.793 327.168
9.7608 105.0426 Yes No 1] 1] 0 724.4727 A498.8281 0 1140.785 0 B83.5762 1217.606 1163.224 775.8818 1098.387 497.2559 1081.367 1026.18 0 1261.216
7.8748 105.0425 Yes No 1] 1] 1] 1] 1] 1] 0 239.3794 0 276.6528 1] 0 86.2819 1] 0 215.8767 1] 1]
8.7202 105.0425 Yes No 1864.55 2134.779 1290.898 3061.77 1349.021 1799.292 4059.114 1684.168 1783.396 2054.786 708.9268 2114.42 1864.489 5123.484 2594.85 1208.708 2851.748 1119.277

8.187 105.0424 Yes No 1] 1] 0 236.4973 1] 0 210.1033 1] 0 200.2227 256.824 172.2122 201.0728 1] 0 227.3059 0 233.2175
0.4548 104.1069 Yes No 3651.015 3748.58 2051.784 3689.213 3614.463 3814.795 3808.646 3797.738 3832.834 3531.703 3904.681 3584.891 3871.593 3979.554 3301.108 3887.903 3691.648 3330.798
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[ MarVis Homepage X
< C' | ® marvis.gobics.de Qv 8 & B3 O 9 S
2 Apps &, Outlook Web App @2 mysms (H Biochemie § PetrKarlovsky Funding » Weitere Lesezeichen

Department of Bioinformatics
Metabolomics Project

MarVis MarVis-Graph

MarVis

he I'VI?EUI e: Marker Visualization, Filtering, Clustering, and
unctional Analysis

The MarVis-Suite (Marker Visualization) is a toolbox for interactive ranking, filtering, combination, clustering, visualization, and functional analysis of data
sets containing intensity-based profile vectors (data set features or marker candidates), as obtained e.g. from mass spectrometry (MS), microarray, or RNA-
seq experiments. The clustering algorithm is based on a realization of one-dimensional self-organizing maps (1D-S0Ms). Additionally, the MarVis-Suite
includes specialized functions for analysis of MS data in the context of non-targeted metabolomics studies, such as adduct and isctope correction, molecular
formula calculation, and pathway reconstruction based on accurate masses.

Within the MarVis-Suite framework, the MarVis-Filter interface provides functions for import, preprocessing, filtering, and combination of raw data files, while
the MarVis-Cluster interface was designed for high-level visualization and cluster analysis. The MarVis-Pathway interface is used for functional annotation of
filtered/combined (cross-omics) data sets or selected clusters in the context of reference or organism-specific pathway maps. For statistical analysis of
combined data sets from different omics platforms, MarVis-Pathway provides an extensive framework for (Gene/Metabolite) Set Enrichment Analysis and
meta-analysis. Within the MarVis-Suite, selected data can be easily exchanged between the different interfaces. Nonetheless, the interfaces can also be
used as independent tools.

The MarVis-Suite software is free for academic use. It comes with no guarantee or warranty at all. Use it at your own risk. Please send questions,
| bug reports and feature requests to marvis(AT)gobics(DOT)de.




Open MarVis Filter 2.6
Import data matrix1 (pos. ESI)

© Kirstin FeuBner

W:\Praktikanten_ALL\KF123_master_practical course.PRO\Results_etc\Data_matrixes

blarvis-Filter
Selection  Clipboard

Irnpart Maris data
Irmport raw data

Merge lists

Load project

Sawve project

Reset default settings
Export Marfis data
Attach to Maris cov data
Exit

nsr
0.4 r
n3r
02r

0.1+

plartifis-Suite  Help

= e

Marker infarmation ko

0.5

B Select File To Open
p
b -v| <« Praktikanten_ALL » KF123_master_practical course.PRO » Results_etc » Data_rmatrixes v |+ | | Search Dota_matnxes o |
O p %
Organize « Mew folder =+ O '9'

_UBGEL00_ALL i Marre .

_UBGB100_Users

Adrmi =] KF122_master_method_polar_neg_150429_US.cov

a r:.lns ‘»U KF122_rnaster_tnethod_polar_pos_150429_US.csv
rchiv

Praktikanten_ALL Type: Microsoft Excel Cornma Separated Values File
-HBGELDsys ngEl 334;?’ d: 5/10/2015 11:32 Ak

t 8 8

Biochernisches Grundpraktikum 2014 e
BScBC_Binanalytik2015 Select a file
ESc-Binanalytik2014 to preview,

m Desktop
4 Downloads

Gruppe 1u2
KF117_Tittrmann_FAD.PRO

KF122.PRO

KF123_rmaster_practical course,PRO
Master-Methodenkurs-2015

m

File narne: KF122_master_method_polar_neg_150429_US.csv - | (*.oaw, ¥ads)

Y oo

| |

0.3

04 05

0.6

0.7

0.8

0.4

1

add cata set‘ | FEMOVE | ‘ correct | |comhine |




Import data matrix (pos. ESI)

F

‘B 1mport dialog o = == = E=R (= ==

27 zample columns found (3 9 3 zamples per condition]. Continuea?

Delimiter: :
! " Vg ’ Ma ] ’Cancel]

Start row: 5
Start calumn: 3

u Log-scale transformation EI =] @

Perfarm log-zcale tr ation af intensities?

D column: D lzkoel: il
Generate IDs Pl Cancel
x column; 2 x label: rt
y column; 3 y label: iz .

n Select type of sarmple-based normalization El =] @

Condition identifiers (separated by delimiter):

m ’ Mo normalization

Divide by sum
Divide by mean

linel, line2, line3

Additional columns: Divide by median
Divide by size factor
Additional labels: Guantile normalization

*
** 004 ] [ Cancel ]

35
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Rank the data by ANOVA
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Filter the data set
Correct the adducts

-

Marvfis-Filkter: KF122_master_method_polar_neg_150429_US.csv

-, Clipboard=MarVis=Suite—Help

FMR

intensity

300

200

100

Refilter markers ..,
Goto [evel

Goto rank

Find markers ...
sample PCA

Sample HCA,
Correlation analysis
Showe sarnple harnes
Sample error/boxplot
Estimate wariation
Shapiro-Wilk cdfplot
Data transfarmation
Regroup samples
Remowve samples
Rearrange conditions
Replace IDs

Adduct and isotope correction

Undo correction

MONWA ranking

3

Liotope correction

o] o ==

Maximal number of C13 izctopes per marker candidate

ﬂ* (a4 ] | Cancel |

© Kirstin FeuRner

B cosine .. [ ] © s

Minimal cozine similarity (0-1

TIT

1
400

1
300

1
400

1
G000

1a83 0.00035287 433 L7535 719 E .

104 0.00037679 343 04987 Lza. 7

12t 0.000412587 41F 4.4233 ela.

1 B select jnput file for adduct rules
1

1 f‘ < Prakt... » KF123_master_practical ... » - | *¢ | 0
1 Organize « MNew folder - il &
1l =

1 4 Libraries Acalioe

1 =] Documents Data

1 @' Music MethDE

1 ] Pictures Results_etc

1 B RS SampleDB

1 adduct_neg.txt

1 ;M Computer

s ) ) || adduct_pos.txt
1 s Local Disk (C:)
1 c-a Local Disk (D)
¥ _ubgbl00S (\fs-all.top.gwdg.de) ():)

2 x# kfeussn$ (\Vwwinfs-uni.top.gwdg.de) (P:)

2 # ubgbl00-alls (\\wwis-biclogie.top.gwdg.de) (W:)

2

2l €l Metwork

2 »
I; File name: adduct_pes.txt - | ) -|
2l - -Opcn Cancel |
7

4

0.08

0.01

Calculate mass differences 700
rmarker
Sample intensities Dats st ol A T0Ier2nces
T T T T .
i rt tolerance:
1 iz tolerance:
1 1 1
5 10 15 20 25 |
add data set| | remaoye | E
sample




Filter the data set
Transfer the filtered data to the data set clipboard

MarVis-Filter: KF122_master_method_polar_pos_150429_US.csv
File Selection Clipboard MarVis-Suite  Help
. Marker information box
AMNOVA ranking
1 T T T T T T rt m/z (corrected) ABRule nCl3 CosSum FormerY -~
4.0106 4030883235 M+H a 0.000 4040956
0.9 4.0444 340.0B812786 MiHNa O 1.382 363.0705
SN 7 28581 198.1333235 M+H a 0.000 153.1412
4_.0422 340.0791744 M+NH4 O 1.386 358.113
3.288 3B86.1210786 MtNa O 1.348 409.1103
0.8 T 4.0471 M+H a 0.000 335.0554
3.2863 M+NH4 O 1.347 4041547
3.2545 MiN= O 1.351 735233
07 - 40273 M{E 0 0.000 373.0798
4.04% M+H [l 0.000 440.1539
4.0z 235 M+H [l 0.000 357.083
06 - 4.0296 235 M{H 0 0.000 340.0787
2.2547 235 M+H a 0.000 Z4g.1583
o 3.z801 235 M+H a 0.000 82 5634
o 051 - 4.0301 726 MHa O 1.377 703146
. 4.0483 235 M+H a 0.000 735.0883
4.0254 524 M+H a 0.000  1075.1628
04r — 4.0432 T44 MANH4 O 1.373 EEREET
3.1603 235 M+H a 0.000 431.111¢
] 235 M+H a 0.000 544013
03k - 4.0306 235 M+H a 0.000 477058
3.2765 335 M+H a 0.000 386.1211
. 3.277% 480.0577235 M+H 0 0.000 481.065
02k _ 40868 475.0437235 M+H a 0.000 476051
3.2727 772.2405744 M+NH4 O 1.385 790.2744
4.174% 537.2I3E235 M+H a 0.000 538.22393
01k _ 4.018% 265.0948235 M+H [l 0.000 ZgE.1021
4.032 340.0785235 M+H [l 1.374 341.0858
4 Tl 3
0 L | 1 | |
0 200 400 600 800 1000 1200 1400
marker
. - Data set clipboard
Sample intensities £
A00 T T T EF122_master_method polar_pos_15042% US_cav (268 markers,
= 300
‘W
T 200
E
100 -
0 |
5 10 15 20 25 ]
sample ' add data set remove correct combing
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Open MarVis Filter 2.6
Import data matrix2 (neg. ESI)

W:\Praktikanten_ALL\KF123_master_practical course.PRO\Results_etc\Data_matrixes

Marviis-Filter = ==
L]

Selection  Clipboard  faryiz-Suite  Help

Irnpart Maris data

.» Import raw data ttarker information boo

Merge lists |
-
Load project
c act Select File To Open @
awe projec =
R defaul ) L) | <« Praktikanten_ALL » KF123_master_practical course.PRO » Results_etc » Data_matrixes - |+’|| Search Data_matrives p'
eset default settings
T Organize v New folder = H @
Attach to Maris cov data BA_Master_Diplom_Doktor_Arbeiten - Mame z
_Info
Exit ‘ -] KF122_master_method_polar_neg_150429_US.csv
Xl
. =] KF122_master_method_polar_pos_150429_US.csv
ol Libraries
| Documents
05+ 3
@' Music
k=| Pictures
0.4 i
B videos Mo preview
available.
03r /M Computer £
&, Local Disk (C)
02r —u Local Disk (D:)
5 _ubghl008 (\\fs-alltop.gwdg.de) (1)
01r S kfeussn$ (Vwwinfs-unitop.gwdg.de) (P:)
S ubgbl00-alls (\wis-biclogietop.gwdg.de) (W:)
! 1 1 1 1
0 01 0.2 0= 04 - . - | i k
File name:  KF122_master_method_polar_neg_150429_US.csv * | (*.csv, *xls) v|
1 m’ Open | | Cancel |
o BPRepeat the steps f lide 2-4 for th d data matrix)
] 1 1 1 1 1 1 1 1 1 I | 2 |

1] 0.1 02 03 04 05 068 07 08 09

|add data SET‘ | rEmove | ‘ carrect | |combine |
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Combine the filtered and adduct corrected data sets

n MarVis-Filter: KF122_master_method_polar_neg_150429_US.csv
File Selection Clipboard MarVis-Suite  Help
. Marker information box
ANOVA ranking
1
' : : : : : 177 0.0002708 183 1.3608 M-H -
1782 0.00027124 30%  3.8072 M-H
09l _ 173 0.00029571 504 4.0441 M-H
: 180 0.000314428 152 5.3883 M-H
181 0.00031442 200 0.4501 M-H
oal ] 18z 0.0002239 243 3.0553 M-H
- 123 0.0002g887 433 7535 M-H
124 0.000237675 243 M-H
07k | 185 0.00041857 412 M-H
- pR=1 0.0004458e8 179 M-H
187 0.00047593 2235 M-H
06kE | 18 0.00045203 123 M-H
- 123 0.000573922 210 M-H
130 0.00053872 182 M-H
14 05 131 0.000825942 207 M-H
= e 7] 192 0.00063069 283 M-H
133 0.000&4551 73 M-H
194 0.00084551 127 M-H
04 7 135 0.0006743232 18l 2Z.& M-H
193¢ 0.0007077% 257 1.9 M-H
137 0.0007307 357 0.4502 Z239.86837¢ M-H
03 N 138 0.00079078 2374 2.9575 5&8B.21487&S M-H
193 0.00081022 358 2.492 552.183B7e5 M-H
200 0.00081022 357 4.7707 55B8.19157&5 M-H
02 . N 201 0.00087522 3218 2.107& 4&65.07307&5 M-H
202 0.0008B8582 €17 €.9778 10BZ.47157¢ M-H
203 0.00053864 441 2.9973 702.224€7&5 M-H
01 1 204 0.000538&64 95 4.0725 20B.0353785 M-H
205 0.00055508 415 4.033 &79.1530765 M-H -
4 1nr
0 . | i | | | ?E» '
0 100 200 300 400 500 600
marker
. .. Data =set clipboard
Sample intensities £
300 T T T T EF122_master method_polar pos_150423 US.csv (268 markers,
{205 markers,
= 200
w0
-
O
E
4 mn
1 1 k
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Rearrange the combine data by mass

R Filter dialog [E=3 Boh u Label selec... EI' =] '@
Title:

Combined data set

id -
rt

Use conditions:
2 Sz corectea |
Datazet

ANOVApValue FDR

[~ Options ARule
__ Ranking method nC13
u Condition handling EI' = '@ i CosSum
| Kruskal-Wallis Formery

nc
@ Interlace conditions and replicate zamples over all data sets? ) ANOVA =

.»‘ Yes | [ No ] [Cancel] Rank-sum
(") Binomial '4* oK ] [ F— ]

~1 Moderated Chi2

"1 SignaHo-noise/level fu P EIEI@*

| Fold-change

| Maximum level
: i i ?

S Saort values in azcending order?
“I High intensity ratio

: Tes I No ] I Cancel]
| Random Forest ‘*

I Marker matching

g
| Combined ranking

) None

[] New window

© Kirstin FeuBner



Start MarVis Compound for db search

MarVis-Filter: Combined data set EI@
File  Selection CI. MarVis-5uite | Help
,@ ﬁ Goto MarVis-Cluster
‘* Goto MarVis-Compound : Marker infermation box
i nking
1200 Goto MarVis-Pathway | | | |
S
. §02.20578 5§72  3.28%% S0Z.20577&5 KF1: »
Hide cursors §11_.35148 570  £.7958 911_3514765 KF1:
Show cursars 918.24002 1293  4.066 918.2400235 KF1:
918.24208 565 4.0509 918.2420765 KF1:
1000 F Export graphics 4 §20.47452 1252 §.5784 S20.4745235 KF1.
933.21428 539 Z.6636 933.2142765 KF1:
Errorplot 5934 08028 537 2.6573 934 0302765 KF1:
Boxplot 547.22718 534  3.142& 947.22717&% KF1.
e $74.22885 53¢ 4.08 974.2288821 KF1:
800 - Plot x/y values - 974_2307 603 4.018 974.2306371 KF1:
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Inspect the putativ identities of compounds

n MarVis-Compound: Combined data set
File  MarVis-5uite  Help
Results Names

scycCount keggCount internallame -~ internal: Ferulate (134 _0575; -0_.0001&864&; Q) F &
g Rlznin (RT 0.45) (85.0477; 0.0012445; 0) aracyc: S5-hydroxy-coniferaldehyde (154_.0573; -0.0
Z knaps: 4-Hydroxymellein (134.0573; —-0.00018&46; 0O
z - lipidm: ZE, 4E,&Z,8Z-Decatetraenediocic acid (1594.0
z = metacyc: S—-hydroxy-coniferaldehyde (1534_.0575%; -0
zZ kegg: Scytalone;3,4-Dihy ° -3,6,8-trihydoroxy-1(Z
10

4 I

4 F
4
4 Indole-3-acetaldehyde (155.0684; -0.0001904&; 0) / 1H-4-oxogui KEGG
4 Indole-2-acetaldehyde (155.0&84; -0.0001%04&8; 0) / lH-4-oxogui
4 Indole-3-acetaldehyde (155_0884; -—-0_.00015%04&; 0) / 1H-4-oxogui
1
13 Column plot
Ju]
o o o o 1000 |
a Phenylalanin (RT 1.87) (1&85.07%; —-0.0004554&; 0)
@ Phenylalanin (RT 1.87) (165.075; -0.000Z0254; Q)
[ Phenylalanin (BT 1.87) (165.07%; 0.0004181; 0)
1
4 500
5 N-Methyltryptamine; N-Methylindocleethylamine (174.1157; -0.004
11
11
: 1,3,8-Trihydroxynaphthalene (17&.0473; -0.0003214&; 0O) 0 -I = |_|_|_|_|
=z 5 10 15
5 Tyrosin (RT O0.%&) (181.073%; -0.0004704&; 0)
2 Additional information
1
1
3 S-Hydroxyindoleacetate (151.0582; -0.0045205; 0 total number: 473
3 found in databases: Z81 (539%)
11 1,3,8,8-Tetrahydroxynaphthalene (1%Z_04Z23; -3_€457e-05; 0)
10 Ferulate (154_057%; —-0.0001864&; 0) / €-Hydroxymellein (154._0% internzl: 8% total, Z4% relative
10 Ferulate (134_057%; -0.00018c4s; 0) / €-Hydroxymellein (134.0f% aracyc: Z0% total, 24% relative
3 knaps: 48% total, 38% relatiwve
1 lipidm: Z0% total, 35% relative
a metacyc: 35% total, 3IZ% relative
3 8 kegg: 45% total, 38% relatiwve

4 I I
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&

¥ KEGG LIGAND Database X

Apps <%, OutloockWeb App &3 mysms @F Biochemie i Petr Karlovsky Funding

LIGAND Relational Database

(e

»

C' | @ Sicher | https://www.genome,jp/kegg/ligand.html#rdb v¢ @ & ® ? S :

Weitere Lesezeichen

F

The primary database of KEGG LIGAND is a relational database with the KegDraw interface, which is used to
generated the secondary (flat file) database for DBGET. A read-only copy of the LIGAND relational database

is made publicly accessible.
& search COMPOUND

Exact Mass ¥ |example) 100 - 200

& search GLYCAN

Glycan ID ¥  example) G10596

& search REACTION

Reaction ID ¥ | example) RO0259

Chemical Structure Search

& search similar compound structures

|| Clear |

Clear
| S |

Clear
| S |

SIMCOMP: maximal common subgraph search -- a portion of the query compound is optimally

matched to a portion of the database compound [references]

SUBCOMP: isomorphic subgraph search -- the query compound is fully matched to a portion of
the database compound (substructure match) or a portion of the query compound is

fully matched to the database compound (superstructure match)

& search similar glycan structures

KCaM: local or global search for matching tree structures [reference]

& Download chemical structure drawing tool



Tentative structure elucidation
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FIGURE 2. UV, IR, and EF-MS spectrum of the polyacetylene falcarinel, a characteristic secondary metabolite =
found in Apiaceae and Arallaceas. The UV spectrum was obtained ontline from a HPLC run by a diode-array -
system (Hewlett Packard 1020), the mobile phase was a gradient of MeOH and aqueous buffer; 2 mg of a ™
pura sample dissolved in CCl, was used for IR (Perkin Elmer 1600 PC FTIR); the MS was obtained from a w1 L .
GC—MS run at standard 70 V. carrier gas halium (Perkin Eimer Autosystem with Turbomass). o — L
138
ant — . s L
B aw ma am an Te oo opm

. . . .. FIGURE 3. One- and two-dimensional NMR spectra of the polyacstylena falcarinol: one-dimensional technologies:
Critical Reviews in Plant Sciences, 21(4):273-322 (2002) H-NMR {proton NMR), Jmed =C (carbon NMR); two-dimensional technologies: DQF-COSY (double quantum
filtered correlation spectrum), HSCQC (heteronuclear single quantum coherence), HMBC (heteronuclear multiple
bond comelation). Measurements were carried out with 10 mg falcaringl dissolved in CDCL, at 300K on a Bruker

DAX400.



Figure 2. Cluster analysis of a hypothetical experiment. Clustering
of the samples by principal-component analysis might result in the
expected separation of samples from origin A (such as wild-type
samples) and from origin B (such as mutant samples). In this exam-
ple, B samples fall into two sub-groups, By and B2, as indicated by
covers (dotted lines).

Plant Molecular Biology 48: 155-171, 2002.
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.
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Relevance and significance

1) 2) 3)

p < 0.05 p < 0.05 p >0.05



log (2) fold change, Gower quantitative similarity, multidimensional scaling

2D Stress: 0.09
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log (2) fold change, Gower quantitative similarity; multidimensional scaling;
at, Arabidopsis; gb, Green Bean; ma, Maize; pe, Pea; rs, Rapeseed; to, Tobacco; small letter: root exudates; capital lettes, roots;
fold change calculated on determined amounts (mg / g FW).
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