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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.”



Instrumentation

CHROMATOGRAPHY

Gas chromatography (GC)

Liquid chromatography (LC)

Capillary chromatography (CC)

DETECTORS

Ion trap (Orbitrap)

Quadrupol

Time-of-flight (TOF)

Fourier transform ion cyclotron resonance (FT-ICR)



Conditions

Ions

Electron impact ionization (EI)

Chemical ionization (CI)

A+ or A−



e−

0.0005 Dalton (Da)

Mass accuracy



Chromatogram



Lipophilic

COOH

Hexane, cyclohexane, diethylether, chloroform, ethyl acetate, …

Palmitic acid

Limonene

Hydrophilic

O

OHHO

HO OH

HO

Watert, methanol, ethanol, …
β-Glucose
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Coordination complex

Ligand

Me, metal, central atom



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

Consequences for chromatography



Flavonoids - UV spectra

220 270 320 370 420

Kaempferol-3,7-dirhamnopyranoside 
(19.6 min)

220 270 320 370 420

Kaempferol-3-glucopyranosyl-
7-rhamnopyranoside (18.3 min) 

220 270 320 370 420

Kaempferol-3-glucopyranosyl-(1→2) rhamno-
pyranosyl-7-rhamnopyranoside (16.9 min)



OH
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EI spectrum of falcarindiol
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TMS diether of 
falcarindiol
(MSTFA)

EI spectrum of derivatized falcarindiol



Chromatogram



Gas chromatography

Electron impact mass spectrometry

Analysis of central (primary) metabolites



Deconvolution and peak integtration (GC−EIMS)
)

https://chemdata.nist.gov/mass-spc/amdis/downloads/



NAME: 28.2609 min RE_M_C1
COMMENT: 28.2609 min RE_M_C1
RT: 28.261
SOURCE:D:\Temp\test.msp
NUM PEAKS:  107 
( 71    9) ( 75   36) ( 76    3) ( 77    3) ( 78    1) 
( 81    5) ( 85    7) ( 87    8) ( 89   81) ( 90    8) 
( 91    5) ( 94    1) ( 97    2) ( 99    7) (101   18) 
(109    2) (111    4) (113    7) (116   23) (119   10) 
(120    2) (125    1) (129   88) (131   51) (132    5) 
(133  289) (134   33) (135   17) (137    1) (143   14) 
(144    2) (146   28) (151    2) (153    1) (155    6) 
(159   18) (163    9) (164    2) (165    2) (169   14) 
(170    3) (171    4) (174    4) (175    8) (176    1) 
(179    1) (181    1) (183    3) (185    4) (187    4) 
(189   45) (191   58) (192   11) (193    6) (194    1) 
(197    1) (199    2) (203   22) (204 1000) (206   76) 
(213    2) (215    4) (217  260) (218   84) (219   33) 
(220    8) (231   33) (233   17) (242    2) (243   14) 
(244    2) (245    5) (247    8) (248    3) (249    2) 
(255    3) (257    3) (259    3) (261    3) (265    2) 
(271    5) (272    1) (273    3) (287    5) (288    2) 
(289    3) (290    9) (303    4) (317    6) (331    4) 
(332    4) (333    4) (334    2) (335    3) (345    6) 
(346    1) (347    2) (348    1) (361    3) (362    1) 
(363    1) (377   13) (378    4) (379    3) (380    1) 
(435    2) (436    1) 

Exported spectrum (EI-MS)



Database search (GC−EIMS)



Search results (GC−EIMS)



Search results (GC−EIMS)



Search results (GC−EIMS)



Liquid chromatography

Electrospray interface

Time-of-flight mass spectrometry

Analysis of specialized (secondary) metabolites



Material

Extraction: 80 % Methanol

Polar phase Non-polar phase 

Ultra performance liquid chromatography (UPLC)

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

Sample set: 
Pos.ESI/polar

Sample set: 
Neg.ESI/polar 

Sample set:
Pos.ESI/non-polar

Sample set: 
Neg.ESI/non-polar

Metabolite fingerprinting

Line 1 Line 2 Line 3

3 conditions with 6 replicates each  18 samples

© Kirstin Feußner



Retention time (min)
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 (c
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)
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)

Retention time (min)
Retention time m/z Intensity

1 100 300
1 150 400
1 300 600

2 75 400

1

m/z 100
300

m/z 150
400

21 1

m/z 300
600

m/z 75
400

Total ion chromatogram (TIC)

A MS signal is characterized by m/z, Rt and the signal intensity 

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

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

© Kirstin Feußner



Open and inspect TICs

Open a total ion chromatogram (TIC):
Left click on the number (3) of the selected run ( black)
Left click on chromatogram

2

3

1

© Kirstin Feußner



Open and inspect TICs

2,4

3

1
Open a total ion chromatogram (TIC)
for line1 in neg. ESI and pos. ESI mode

5

line1, pos.ESI

Line1, neg.ESI

© Kirstin Feußner



Walk through the chromatogram and search different scans (mass spectra) 
by moving the right/left key on the key board or moving the cursor.

Open and inspect the mass spectra 

line1, pos.ESI

line1, neg.ESI

Open the mass spectra at 4.52 min for both analysis by left double click or right click into the chromatogram.

1

3

2

4

© Kirstin Feußner



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)  

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  

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, 
also [2M-H]- adducts are built in the souce.

© Kirstin Feußner



How to identify adducts?

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

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).

Exact masses for common element of organic compounds:
H: 1.0078 Da,    but H+: 1.0073
C: 12.0000 Da
O: 15.9949 Da
N: 14.0031 Da
P:  30.9738 Da
S:  31.9721 Da

© Kirstin Feußner



Extracted mass chromatogram (EIC, XIC)

TIC

TIC

EIC of  m/z 164.047

EIC of  m/z 162.034

Intensity of 
the extracted mass 
signal (cps)

© Kirstin Feußner



MarkerLynx performs peak picking and peak alignment

Rt / m/z
1/100 1/150 1/300 …… 2/75

Sample 1 300 400 600 400
Sample 2 0 0 30 10
Sample 3 500 21 16 8
…..
Sample n 0 0 35 12

1/100
300

1/100
0

1/100
500

Sample 1

Sample 2

Sample 3

Data matrix

Peak alignment

one
feature

A feature is characterized by m/z (300),
Rt (1min) and the corresponding signal
intensities of all samples.

© Kirstin Feußner



MarkerLynx performs peak picking and peak alignment

Automatically calculated

Automatically calculated

© Kirstin Feußner



MarkerLynx creates a data matrix

© Kirstin Feußner





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

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

1

2

3

4

© Kirstin Feußner



line1, line2, line3 

2

4

5

Import data matrix (pos. ESI)

3

35
© Kirstin Feußner



1

2

3

4

Rank the data by ANOVA

© Kirstin Feußner



1

2

4
3 5

6

Filter the data set 
Correct the adducts

37

© Kirstin Feußner



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

2

1

© Kirstin Feußner



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

Open MarVis Filter 2.6 
Import data matrix2 (neg. ESI)

Repeat the steps from slide 2-4 for the second data matrix)

1

2

3

4

5

© Kirstin Feußner



Combine the filtered and adduct corrected data sets

2

3

4

1

1

40
© Kirstin Feußner



Rearrange the combine data by mass

1
4

3

2

5

© Kirstin Feußner



Start MarVis Compound for db search  

2

1 1

3

42

4

© Kirstin Feußner



Inspect the putativ identities of compounds

2
1

© Kirstin Feußner







Tentative structure elucidation





Glucose

Glucosamine

Isoleucine

Shikimic acid

Unknown

Glutamic acid

Ornithine

Lysine
GABA

Xylose

Xylulose

Citramalic acid

Cinnamic acid

Glucuronic acid

4-Hydroxy-
benzoic acid

Galactose Lactic 
acid

Valine

Water sufficient Water deficient

Galactosamine

Proline
Glycine

Root exudate

Asparagine

Ornithine
Glucoheptonic acid

Galactonic acid

Seduheptulose

GABA

NA259001
3-Hydroxy-butanoic acid

Phenylacetic acid

Adenosine
Glycerol-3-phosphate der.

3-Deoxy-2-ketoglucose

Uracil

Uridine

Urea
Glucoheptulose

Galactosamine Phenylalanine
Fucose
Lysine
A252005

Rhamnose
Glutamic acid

Water sufficient Water deficient

Root

Arabidopsis

Volcano plot

change change



p < 0.05

1)

p < 0.05

2)

p > 0.05

3)

Relevance and significance
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MA

2D Stress: 0.09

Amino acids

Ala
Asn

GABA

Glu
Orn

Pro

His

Cys
Met

Gln

Gly

Hse
Ser

Lys

Ile

Leu

Nle
pGlu

Val, Phe
Trp

Organic acids

Malon

Cim

Cit

Oxg

Fum

Mal

Pyr
Suc

Monosaccharides

Fru

Fru d.
Fru d.

Fru d.

Fru d.

Rha

Gal

Tal

Drib

Ara

Xyl

Glu

Rib

Di- and trisaccharides

Mel

Raf Mal

Suc

Tre

Mez

Sop

Xyl

Sugar alcohols

mIn

mIn

Ara

Rib

Xyl

cIn

Ono
Pin

Sugar acids

Gal

Ghp

Glr
Gcr

Glu

Dgc

Ara

Fru
Gal

Glu

Acg

Aminosugars

Cin

DPhe

Benz

Pam

Phe

Pac

Shi

Trp

Tyr

Shikimic acid pathway

Ad
A

All

Gam

T

U

Ur

Urea

Nucleotide biosynthesis

Ascorbate metabolism

38
39

40

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

All 175 metabolites



0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

C1 T1 C2 T2
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

C1 T1 C2 T2
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

C1 T1 C2 T2
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

C1 T1 C2 T2
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

C1 T1 C2 T2
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

C1 T1 C2 T2

0.0

5.0

10.0

15.0

20.0

25.0

C1 T1 C2 T2
0.0

5.0

10.0

15.0

20.0

25.0

C1 T1 C2 T2
0.0

5.0

10.0

15.0

20.0

25.0

C1 T1 C2 T2
0.0

5.0

10.0

15.0

20.0

25.0

C1 T1 C2 T2
0.0

5.0

10.0

15.0

20.0

25.0

C1 T1 C2 T2
0.0

5.0

10.0

15.0

20.0

25.0
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Arabidopsis                   Rapeseed                     Tobacco                   Green bean                       Pea    Maize

exudate
root

Central metabolites in root and root exudates (mg / g  f.w. root)

0.2 1.6 1.5 1.6 2.7 2.5

0.2 0.7 -0.1 -1.8 -2.7 0.1

Fold change
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2D Stress: 0.09

Amino acids

Ala
Asn

GABA

Glu
Orn

Pro

His

Cys
Met

Gln

Gly

Hse
Ser

Lys

Ile

Leu

Nle
pGlu

Val, Phe
Trp

Organic acids

Malon

Cim

Cit

Oxg

Fum

Mal

Pyr
Suc

Monosaccharides

Fru

Fru d.
Fru d.

Fru d.

Fru d.

Rha

Gal

Tal

Drib

Ara

Xyl

Glu

Rib

Di- and trisaccharides

Mel

Raf Mal

Suc

Tre

Mez

Sop

Xyl

Sugar alcohols

mIn

mIn

Ara

Rib

Xyl

cIn

Ono
Pin

Sugar acids

Gal

Ghp

Glr
Gcr

Glu

Dgc

Ara

Fru
Gal

Glu

Acg

Aminosugars

Cin

DPhe

Benz

Pam

Phe

Pac

Shi

Trp

Tyr

Shikimic acid pathway

Ad
A

All

Gam

T

U

Ur

Urea

Nucleotide biosynthesis

Ascorbate metabolism

Sac
Tat

Thre

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).

All 185 metabolites

(0.2)

(1.6)

(2.5)

(2.7)

(1.6)

(1.5)

(-2.7)

(-1.8)

(0.7)

(0.2)
(0.2)

(-0.1)



Systemic

Chaotic

Non-linear
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