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1. Introduction

1.1 Personal introduction

| have been interested in biology since primary school, the specialisation to biochemistry and
molecular biology took place in high school with the beginning of the Kursstufe. Special
abilities of living things, especially abilities of plants like photosynthesis, insectivorism or
nastic movements have always fascinated me. In my opinion, many of animals and plants
skills are superior to human technologies, for example energy storage or production of light

(bioluminescence), concerning efficiency and sustainability.

To follow up my interest and improve my knowledge and skills in biology and biochemistry, |
first took part at a course of the Explo Lernlabor at the University of Heidelberg, where |
learned a lot about molecular biological methods. | also tried out some chemical technigues
at home: | isolated DNA and pectin from tomatoes, extracted chlorophyll from green leaves
and tried out many similar experiments. In school, | participated in profile courses in biology
and chemistry and additionally went on an excursion to Istria. The topic of this trip was
marine biology and we were focusing on organisms like Acetabularia. The Internationale
BiologieOlympiade 2017 was this far the greatest opportunity for me to test and expand my
biological knowledge. By reaching the third round, The Férderverein der BiologieOlympiade
e.V. gave me the opportunity to visit the Max Planck institute of molecular plant physiology,

which opened up a new field of biology, in which | never worked before.

1.2 Institutional introduction

The Max Planck institute of molecular plant physiology is located in the Science Park Golm.
Its work is about development and implementation of phenotyping technologies and system
approaches concerning the biochemistry and physiology of plants [1]. The focus lies on both
primary and secondary metabolism, as well as on developing and improving methods to
analyse them. Most of the research is done on the model organism Arabidopsis thaliana.
This flowering plant is easy to cultivate and produces many seeds in a relatively short time,

which makes it likely for research. In Europe Arabidopsis thaliana is a native plant [11] The
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instituteds wor k concerns t he fields mol ecul ar

biophysics and bioinformatics.

I was working in the group of Dr. Alisdair Fernie focusing on central metabolism. This topic is
about localizing factors in plant cells, which affect primary and secondary metabolism, for
example metabolites of the citric acid cycle and Calvin cycle. Apart from Arabidopsis
thaliana, the group is also working with some crop plants, like tobacco, maize and tomatoes,
on which | was focused. Often used techniques to induce changes in metabolism are
mutagenesis and molecular biological techniques, methods for analysis are chromatography

and mass spectrometry.

Figure 1.1:

In these connected buildings the laboratories and offices of the Max Planck institute are

located. The green house is located behind it.

1.3 Abstract:

My specific project was to analyse primary metabolism of red ripe fruits of tomatoes with
different genotypes grown under different conditions. Therefore, | used the gas-
chromatography mass-spectrometry time-of-flight (GC-MS-TOF) analysis. | could identify

some significant metabolites and made guesses about their role in plant metabolism: L-

3
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Proline and 4-amino butyric acid are mostly important against salt stress. Genotypes with a
resistance against Tomato Mosaic Virus are also more resistant to salt stress, this may have

something to do with their increased levels of L-Proline and probably also GABA.

2. Project referring information

2.1 Background information

The tomato is a native plant in South and Middle America, from which it came to Europe with
Christoph Columbus in 1498. Many of its abilities like resistances to stress and pathogens
got lost due to breeding efforts, while other properties like growing size of the fruits and
higher concentrations of sugar got shaped by crossing. Today, the red ripe fruit of the tomato
is a food with global importance, which makes it necessary to optimize some properties lost
during cultivation, to guarantee better harvest conditions and a good flavour.

There are for example some viruses, which are dangerous for tomatoes. Tomato Mosaic
Virus (ToMV) harms growth of the whole plant and induces areas with different colours on
the fruits, as well as it influences the consistence of the fruit. Tomato Yellow Leaf Curl Virus
(TYLCV) reduces growth and fruit production, which can lead to a loss of 90-100 % of the
fruits normally growing on a tomato culture. The Tomato Spotted Wilt Virus (TSWV) causes

similar symptoms.

Two forms of stress influencing the plants are high salinity and the absence of essential
components with elements like nitrogen and phosphorus. High salinity can lead to
plasmolysis of root cells, but also other tissues, caused by the hypertonic environment in
comparison to the salt concentration in the cells. Osmolytes are metabolites synthesized by
the plant as a reaction to high salinity, which are stored in high concentration in the cells to

compensate the osmotic stress.

To get back these useful properties, the responsible metabolites and therefore the
responsible genes to produce these metabolites first have to be identified. This procedure is

described in the following steps:

First, plants with different genotypes are created. This can be done by crossing, mutagenesis
or by molecular biological methods. For example, Agrobacterium tumefaciens can be
transformed to get a plasmid with a special gene or promotor that should the transferred in
the plant genome. The bacterium is then used as a vector. After this step, genetically
modified plants are cultivated under different conditions. This can be helpful to analyse the
characteristics of the different genotypes regarding reactions to different types of stress.

4



Erik Zimmer 2. Project referring information 11.02.18

2.2 Method information

From the ripe fruits of these plants, the pericarp is taken. This is the fruits tissue around the
seeds. The tissue is crushed and homogenized. Aliquots taken from the sample (chapter 3.1)
are treated with special chemicals to extract metabolites (chapter 3.2), afterwards these

metabolites are derivatized (chapter 3.3).

To analyse metabolites with a relatively low mass, the GC-TOF-MS method is used (chapter

3.4). There are two major steps:

Figure 2.1:
The parts of a GC-TOF-MS device. After the injection of the sample in the machine

(green), it runs through the GC column (red). Then the analytes are detected in the MS
with the TOF method (blue).

In the gas chromatograph, separation takes place. A vaporous mix of the sample and the
carryier gas helium runs through a thin column with a diameter of 3-6 mm and a length of
30 m. The analytes are separated concerning their volatility. The temperature in the GC is
slowly increased, which induces vaporisation of the analytes. More vaporous analytes, which

are usually also smaller molecules, are therefore running through the column with the helium
5
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gas earlier. The point in time, when a particle exits the column, is called retention time and is

characteristic for each metabolite.

After the gas chromatograph, the sample enters the time-of-flight mass spectrometer (TOF-
MS), where the detection takes place. In this 1 to 1.5 m long tube with a vacuum inside, the
analytes are ionized and fragmented at the ion source by shooting them with electrons. At
the end of the column, an electric field is located, which speeds up the ionized fragments.
Besides the weight of the particles, the intensity of charge is also relevant for the speed they
reach in the tube. lons with a higher charge also get a higher speed in the spectrometer.
Consequently, the fragmented analytes get separated in this step. The detector notices the
time, an ion collides with a piece of metal at the end of the spectrometer. This time is
proportional to the mass-to-charge ratio of a fragment, so this ratio of each fragment can be
determined. Later on a program can conclude through the quantity of these different
fragments which analytes they originally are and therefore which analytes the sample

consists.

The data received in this step is visualized in peaks (chapter 4). The peaks are identified and

assigned to the correct metabolites with different software (chapter 5).

3. Material and methods

After collecting the red ripe fruits from tomato plants, the samples run through a procedure in

which they get prepared for the final analysis with the GC-MS.

The samples | worked with were already crushed and dried in a vacuum. The following
practiced steps are taking aliquots from each sample, extracting the metabolites and

derivatising the molecules.

| worked on four different and independent experiments with tomato samples. However, the
used methods are the same. For easier understanding, the described masses and volumes
in this chapter are referred to one of these experiments, experiment I, which includes 52

samples.

3.1 Aliguotation

To compare the different samplesd results
samples and to bring them on a similar level. This guarantees the metabolomic

concentrations of the samples to be in a relatively comparable order of magnitude.

Preparation, necessary material:

ater
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52 empty 2 ml Eppendorf Tubes®, one per sample, are prepared. A precise scale is

necessary for aliquotation.
Experimental sequences:

1) A 2 ml Eppendorf Tube® is placed in a holder on the scales. The scales are
calibrated to the weight of the empty Eppi (normally the weight of the empty tube
should be around 1.1 g).

2) About 25 mg (+/- 3 mg) of the corresponding sample are transferred into the empty

tube with the two spatulas. It is important to work very carefully and to try not to touch
the tube on the scale withthe spatulas. Thi s coul d | ead to small (
position and change the detected weight. The weight is written down in [mg] up to
one decimal.
In the experiments with biological replicates (Experiment J and L) it is better to make
more than one aliquot per sample to create technical replicates. This reduces the
probability of mistakes in interpreting the results due to contaminations or mistakes in
detecting metabolites.

3) The aliquots are stored in closed plastic bags with a special Silica Gel granulate.
These small balls absorb water and keep humidity around the samples on a low level
to keep them dry. The plastic bag is stored in a fridge again, until beginning with

extraction.

3.2 Extraction

Many cellular molecules (lipids, proteins) are too big and too heavy to detect them with the
GC-MS method. For that reason, the smaller metabolites must be extracted from the sample

material.

Preparation, necessary material:

An extraction buffer is prepared: A ribitol-solution with the concentration ¢ 1+ is soluted in

100 % methanol to get a buffer with a concentration of &0  ¢@—.

52 samples = 52 ml buffer 60 ml

Q'@ —  Z It | 1
w G EEa o fpw v @
Gi 0G0 tb 2 ol 1 @)l |

CTT
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Ribitol is an internal st andard used to identify the | oss of
procedures. This is needed to explain possible fluctuations in concentration between the
samples in the end. Ribitol is a bacterial glycoalcohol, it does not play an important role in
plant metabolism and does not react with other metabolites consequently. This is important,
because otherwise the peak of ribitol detected with GC-MS would also include ribitol from the
original sample and an exact conclusion on how much of the sample got lost during the

process would not be possible.
Used devices:

- 2 pipets (507 200 pul and 400 i 1000 pl), electric pipet (10 ml tip)
- vortexer

- incubator

- centrifuge

- rotary evaporator

Experimental sequences:

1) 1000 pl extraction buffer are added into each sample. This comes up to 6 ug ribitol in
1 ml 100 % methanol per sample. Methanol stops all enzymatic activities, which
prevents changes in metabolomics concentrations due to continuing catabolism and
anabolism.

2) The samples get vortexed for a few seconds for an optimal solution and contact of
methanol with the metabolites. Additionally, the tubes are stored on ice to prevent
chemical reactions.

3) The samples are incubated for 15 min. at 70°C. After 1 min. the cap must be opened
for a few seconds to release pressure caused by evaporating methanol. In this step
the enzymes denature. After incubation the tubes can be stored at normal room
temperature. They cool down for 10-15 min.

4) 500 pl distilled water are pipetted into each tube. Most of the metabolites are solved
in this polar phase (amino acids, sugars, fatty acids etc.).

5) Now the samples are put in the centrifuge for 10 min. with a speed of 12000 rpm
(revolutions per minute). This separates the small, polar metabolites from other
cellular ingredients like membranes and large proteins, which are set down at the
bottom of the tube as a heterogenous phase. From each sample 120 pl are
transferred into one of the two lettered 1.5 ml Eppendorf Tubes®. This is the tube for
further steps and the GC-MS analysis. In experiments with biological replicates it is
useful to take two tubes with 120 pl in this step to have technical replicates.

Additionally, 500 pl are transferred into the second 1.5 ml tube as a backup.
8
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6)

7)

This backup can also be used for other analysis like LC-MS later.

All the tubes are dried with opened caps in a rotary evaporator, also called
SpeedVac. This device is built out of a centrifuge (1) in which a vacuum is created
with a vacuum pump (2) to evaporate the water, methanol and other liquids in the
samples. The centrifuge runs with 1000 rpm, which leads to a pellet at the bottom of
the tube after evaporation. This pellet consists of the sample and the ribitol.

To store the samples, the tubes are filled up with argon gas through a pipe. The
argon replaces the air in the tubes and prevents the samples from aerobic oxidational

reactions. The tubes are stored in a freezer with a temperature of -20°C.

Figure 3.2:

Construction of the rotary evaporator or SpeedVac. (1) centrifuge, (2) vacuum
pump.
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3.3 Derivatization

Many metabolites are not volatile, which is necessary, because the samples are getting
evaporated in the gas chromatograph later. In this step hydrogen atoms from polare
functional groups are replaced with TMS-groups which leads to more volatile compounds

because there are fewer hydrogen bonds between these functional groups.
Preparation, necessary material:

Methoxyaminhydrochloride (MEOX), a solid powder should be solved in pyridine with a

concentration o m—. 60 pl of this solution are necessary per sample. All following steps are

additionally practiced with one empty tube as a blank, with one AC sample and one QC
sample. The blank is a prove for contamination. AC stands for Arabidopsis Control, which is
a sample from an Arabidopsis thaliana tissue including main metabolites to make
identification of the peaks and standardization easier. QC means Quality Control and has a
similar role like AC, just including the FAMEs and some major sugars.

52 samples + 1 blank + 1 AC + 1 QC + = 55 tubes

vuvzoernl ol 1 til
Methoxyaminhydrochloride: 11 12 o == p ¢inC

120 mg MEOX are aliquoted and solved in 4 ml pyridine. The solution is vortexed until the
MEOX is solved completely.

FAME (Fatty acid methyl ester) is mixed with MSTFA with the concentration ¢ 7. 120 ul are

necessary per sample.

vuzpctml el 1 xil
FAME:x z ¢mt | ptpul

140 pl FAME is mixed with 7 ml MSTFA-Mix.

Experimental sequences:

1) 60 yul MEOX-pyridine solution is added into each tube (o m—) with the electric pipet.

MEOX substitutes aldehyde and keto functional groups in monosaccharides like in

glucose and fructose by adding an imino-group. This prevents formation of acetals,
10
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so the saccharides canbot switch in their cCy
chained conformation. Without this chemical each monosaccharide would be

derivatized and fractionated in different ways because of the two different forms (or

three with the two anomers). This would lead to many different peaks in analysis due

to different derivates and would consequently influence the results. MEOX is also

involved in derivatization, besides TMS (next step). The samples are incubated and

shaken for 2 hours at 37°C.

2) 120 pyl MSTFA-FAME mix are added into each tube. MSTFA is a molecule with a
TMS (trimethylsilyl) functional group. During derivatization, hydrogen atoms at
functional groups of metabolites are substituted with this TMS group. The created
derivates are less polar than the original metabolites because the polar OH- and NH-
groups lose their ability to create hydrogen bonds to other molecules. These silyl-
derivates are consequently volatile. FAME is a mix of 13 fatty acid methyl esters with
varying carbon chain length, the shortest with 8 C up to the longest with 30 C. The
peaks of the FAMESs are used as a mass standard to correct the retention times of the
metabolites after GC-MS.

0 o 0

F €, ey Clef—f( ChH, £ 0

Hol N/S\I\ HSC""}Si-—N\ O“‘“ISF—LCHS FAM

OH 4 3 F - | CHy Y H4C 57— CHap.C + 3 ! NH-CH,
CH3 [N
HC  CH,
glycine MSTFA Glycine, 3TMS -

Figure 3.3:

Chemical reaction of the derivatization of glycine with MSTFA.

3) The samples are incubated and shaken at the same time for 30 min. at 37°C.
Derivatization takes place.

4) The samples are put in the centrifuge for about 10 sec. with a speed of 12000 rpm to
spin down the drops at the sides and the top of the tube.

5) 100 pl of each sample is transferred into a special glass vial for the GC-MS device.
The vials are closed with a cap including a thin membrane. The injection needle of

the device will sting through this membrane to take the sample.

3.4 Gas chromatography i mass spectrometry (GC-MS)

The GC-MS finally detects the metabolomics of the samples.

11
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Preparation, necessary material:

The GC-MS vials are put specially ordered in a holder at the GC-MS device. In case there

are biological replicates, this order is very important,the r epl i cat esd vi al

row. If the machine makes a mistake or is somehow contaminated at the beginning, it is
important that all genotypes are concerned in the same way, otherwise this could lead to
false interpretations. If there are no replicates, the vials can be put in a random sequence. An
empty vial is filled up just with MSTFA-FAME-Mix. After each injection, the needle which
transfers the sample to the machine will be cleaned up with this solution three times. The
positions of the vials in the holder are written in a computer program, which controls the
function of the GC-MS.

Experimental sequences:

1) The injection needle is cleaned up three times with the MSTFA-FAME mix in case
there is material left from former processes.

2) A few pl of Propanol is transferred in the gas chromatograph to clean the column.

3) 1 pl of the sample is injected in the device with the needle. At first, the sample gets
cleaned up from bigger particles by running through a filter. After that the material is
heated up to 250°C. The whole sample evaporates and gets in contact with the gas
helium. The helium transfers the sample inside the gas chromatograph. The sample
is heated up again and runs with the helium through the column. The mass
spectrometer directly follows the column.

4) After each run the machine and the needle are cleaned up again (step 1 and 2).

5) The major problem with the GC-MS analysis of tomato fruit tissue is their high content
of sugars. This means that the column is overloaded with sugars and therefore the
peaks of the sugar s c a idsblvelbhis problera eachi shniple
needs to make 2 GC-MS runs, the second one called split30. In this run only 30 % of
the original sample material of 1 pl, 0.3 pl is injected in the machine. The peaks of all
the metabolites are lower and the real concentrations of the sugars can be better
detected, while the molecules with lower concentrations can only be identified in the

first run.

3.5 Selecting the peaks from the raw data

The data received from the GC-MS includes many detected fragments, from which the
important and accurate ones must be selected at first. Therefore, the program TagFinder is
used. The program has access to a library with many primary metabolites and their

fragments, so it suggests which analytes the detected fragments could refer to. Many of

12
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these peaks are not accurately assigned and the right ones must be picked manually. To do

this, a list with analytes and their corresponding fragments is used.

4. Experimental results

In the following paragraphs, the results of two independent experiments, Experiment | and L,
will be presented. Both were prepared with the same materials and methods and both ran

through the same procedures before (chapter 3).

4.1 Experiment |

Experiment | includes 52 tomato samples. The used tomatoes can be separated in 6 different

genotypes and they were grown under 3 different conditions:

table 4.1:
Upper table: Properties of the 6 different genotypes in
experiment I. Table below: Description of the 4 cultivation

conditions.
Resistant
(RR)/susceptibl
(ss) to virus

Genotypes ToMV TYLCV TSWV
G1 Sss ss RR
G2 RR SS SS
G3 Ss Ss SS
G4 RR RR RR
G5 Ss Ss SS
G6 Ss RR SS
Cultivation
conditions
LS High salinity
LB Low input
LC Conventional

To visualize the GC-MS results, a heatmap is very useful. Therefore, the average amount of
each metabolite of 1 genotype is calculated and then divided by the average amount of this
specific metabolite in all the 52 samples. This visualizes if one relatively high or low

concentrated metabolite is characteristic for a specific genotype:

13
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11.02.18

Heatmap of all metabolites identified in the samples of experiment I, clustered due to

concentration similarities of the 6 genotypes.
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The heatmap shows the most significant metabolites with intensive green for low and
intensive red for high concentrations: 4-amino butyric acid, tyrosine, galactinol and raffinose

are characteristic for their great differences in concentration between the genotypes.

Another way to cluster the samples in a heatmap is to look at the differences in
metabolomics under the different cultivation conditions:

K -
03 19

s
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[%p} m Q
| ) |
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Figure 4.3:
Heatmap showing all the identified metabolites in experiment |, clustered according to the 3

cultivation conditions
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The most significant metabolites are in this case alanine, 4-amino butyric acid, galactinol and

melezitose, as well as L-proline, whi ch plays a major role in plan

4.2 Experiment L

Experiment L includes 12 samples divided in 4 different genotypes with 3 biological
replicates each: Control (wildtype), FAD3, FAD7 and FAD3+FAD7. FAD is the short form for
fatty acid desaturase, which is an enzyme creating double bonds at a defined C in a fatty
acid and consequent | y desaturating it. FAD3 and F&D7 are
fatty acid desaturase. These genes are also present in the wildtype. In the FAD3 and FAD7
mutants the genes are either more or less expressed than in the wildtype, which is not known

in this experiment.

To visualize the data in a heatmap, the values of Control are used as a reference to see,
which genotype leads to an increase or decrease of metabolomic concetrations in

comparison to the wildtype:

L i Putrescine (4TMS) ’
0.2 10 3. Fucaose, DL- (IMEOX) (4TMS)
— Phenylalanine, DL- (2TMS)
Q Asparagine, DL- (3TMS)
I Glucose, 1 6-anhydro, beta-D- (3TMS)
£ 8 3 & Fictoss, D (HIEOK) (BTMS)
£ ructose, D- 5
S < = = Sorbose, D- (1MEOX) (5TMS)
O u u u o Galactonic acid-1 4-lactone, D(-)- (4TMS)
kﬁbﬂb a'~E']dL- D|2_'—I'l£ﬂ?§ MS) Galacturonic acid, D- [1MEOX) (5TMS)
Pyriviz 2t (IMEOK) (1THS) Salactonic acid (ngE'mE 0X) (5TWS)
uvic ac ucuronic acid, D- 5
valine, DL [ZTMS) Saccharic acid (5TMS)
e M) Inositol, myo- (6TMS)
GN'-.mé (3-I|—MS) Tyrosine, DL- (3TMS)
F’hodsphorin: acid (3TMS) Hexadecanoic acid methyl ester, n-
[ Proling, - (2TMS) g'bf?se‘S‘inSphat?g%;qg)MEO"’ (5TMS)
Alanine. DL (3TMS affeic acid, trans-
ssrriquqr:'DL_ (gTMS)) Fructose-6-phosphate (1MEOX) (6TMS)
Threonine, DL- (3TMS) Glucose-6-phasphate (1MEOK) (8TMS)
Fumaric acid (2TMS) Eicosanoic acid methyl ester, n-
Nicatinic acid (1TMS) Sucrose, D- (BTMS)
Uracil (2TMS) Lactulose, D- (1MEOX) (BTMS)
Alanine, beta- (3TMS) Maltose, D- (1MECI) (8TMS)
Homoserine, DL- (3TMS) Trehalose, alpha alpha'’-, D- (BTMS)
gre&ﬂe_t, Cl)(g_wl__ﬁthszl) DL- (2TMS) Turanose, D- (1MEOX) (BTWMS)
rto Maltitol (9TMS
ﬁ;ﬁ{e;nﬁa SDTBEQEPM E)L— (2TMS) Spermir(we (ETraflS) )
Butyric acid, 4-amino- (3TMS) iSomaltos ?&ESS{%@%@? )
Aspartic acid, L- (3TWS) Isomaltose (1MEQX) (8TMS)
Methionine, DL- (2TMS) e
Glutamine, DL- (4TMS) | giliﬁ'ipgglizggmgf)feo - trans- (BTMS)
Xylose, D- (IMEOX) (4TMS) Cacicy S caney
Ribitol, D- (5TMS) Adenosine-5-monophosphate (5TMS)
Nicotinamide (1TMS) Tocopheral, alpha- (1TMS)
- Maltatriose 11TMS/1MeOx BP
Stigmasteral (1TMS)
Figure 4.4:

Heatmap of all metabolites identified in the samples of experiment L and their deviations in

concentration from the wildtype.
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The most significant metabolites here are L-proline, tyrosine and quinic acid.

5. Discussion

In the final chapter the results of the GC-MS analysis presented in chapter 4 will be
interpreted regarding metabolic pathways of plants. Steps to continue this project will also be

mentioned.

5.1 Experiment |

5.1.1 Differences due to cultivation condition

The metabolites alanine, L-proline, 4-amino butyric acid, galactinol and melezitose are very
significant, because their concentrations differ a lot according the 3 cultivation conditions.
Al anine wonot be mentioned her e hwapsarcnetal®lsm i t pl a

being one of the basic amino acids.

B .

0.3 1.0 1.9

a - 9
Alanine, DL- (2TMS)
Proline, L- (2TMS)
Urea (2TMS)

I  Butyric acid, 4-amino- (2TMS)

Butyric acid, 4-amino- (3TMS)
Ornithine, DL- (4TMS)

_— Galactinol (9TMS)
Melezitose (11TMS)
Figure 5.1:

Heatmap of the most significant metabolites regarding the 3 cultivation conditions and

biomolecules important in their metabolic pathway.

L-proline:

[2][6] L-proline is an amino acid, which is known to be accumulated in plants due to stress
like high salinity or a lack of water. The greater amount of L-proline in tomato fruits, which
were cultivated with high salinity, confirms this thesis. [7] It shows its role as an osmolyte in
plant cells, which prevents the cell from plasmolysis caused by the hypertonic salt
environment. The relative low concentration in tomatoes grown with low input can be

explained with a lack of educts for the synthesis of L-proline.

There are two major pathways in biosynthesis of L-proline: It is synthesized by ornithine

pathway and glutamate pathway:
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Ornithine and glutamate pathway with the product L-proline.

The results show no major differences in ornithine levels of the LS (high salinity) samples.
There are also no irregularities in urea concentration, which should be produced in this

pathway. Consequently, most of the L-proline produced as a reaction to osmotic stress
should the produced in glutamate pathway.

4-amino butyric acid:

[3] Also known as GABA, this non-protein amino acid is told to play a similar role in plant

metabolism as L-proline. GABA also functions as an osmolyte, but its synthesis is also
18



Erik Zimmer 5. Discussion 11.02.18

stimulated on high substrate levels. There are two peaks found of 4-amino butyric acid, one
with 2 and one with 3 TMS-groups (figure 5.2). They differ in quantity because the
derivatization of GABA can be completely with 3 or just partially with 2 TMS-groups. The
relatively high levels of GABA in the samples with LS and LC (conventional) as cultivation

conditions show the plants reaction to high salinity and high input.
Galactinol:

[4][5] Galactinol is an oligosaccharide produced in large amounts as a reaction to high
salinity and chilling stress. However, in this experiment the tomatoes growing with high
salinity are showing a relatively low amount of galactinol, while the ones cultivated under
conventional condition have a higher amount. This contradiction can be explained with wrong
peak picking. It is also possible, that the galactinol is mostly produced in the roots as an
osmolyte and therefore the concentration in the fruits decreases.

5.1.2 Differences between genotypes 1 to 6

The most significant metabolites concerning the different genotypes are valine, L-proline,
GABA, tyrosine, galactinol and raffinose. Val i ne and tyrosine wonot

their many functions in metabolism like alanine.

B -
03 1.0 19
— 0 o s ©
& & & O &

&
] Valine, DL- (2TMS)
Proline, L- (2TMS)
Butyric acid, 4-amino- (3TMS)
I P Tyrosine, DL- (3TMS)

H Galactinol (9TMS)
Raffinose (11TMS)

Figure 5.3:

Heatmap with the most significant metabolites regarding the 6 genotypes.

L-proline:

The levels of L-proline in genotypes 2 and 4 are the highest detected. Consequently, these
genotypes can be seen as more resistant to salt stress than the others. Regarding the stress

resistance, the 6 genotypes can be clustered:
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| |
06 1.0 14
Ly [a g ) -— L]
D D D & D 0
[ 0.578B078

1.235679

1.8827503

Proline, L- (2TMS)

Figure 5.4:

Clustered genotypes according their similarities in proline production.

This shows a connection between the genotype and the resistance to stress (salt stress): G2
and G4 are showing the highest levels of L-proline. They are both resistant to Tomato
Mosaic Virus, which means there is a possibility that this resistance is somehow related to
the stress resistance or even the L-proline itself. To examine this thesis, other metabolites
responsible for stress resistance must be checked.

4-amino butyric acid:

| -
0.0 1.0933682 1.1288142
— o [y L% =T 4]

& o O o O O

06335642

1.01819449

1.347825

Butyric acid, 4-amino- (3TMS)

Figure 5.5:

Clustered genotypes according their similarities in GABA production.

The amount s o $howGheBane tbsulh & tthe L-proline levels. On the one hand
this could mean, that L-proline is specific for the resistance to ToMV. On the other hand, it
coul d just show that therebébs no connection bet.\
resistance to ToMV. However, it is obvious which genotypes are most resistant to stress and

which are not:
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table 5.1:
Genotypes ordered by their level of L-proline and GABA from higher to lower levels. The
higher levels (intensive red) refer to a higher resistance to salt stress.

Resistance to salt stres:

G2
G4
G3

1.00349327

G5

0.93898506

G1

0.80214917

G6

0.7860643

Galactinol and raffinose:

5. Discussion

11.02.18

Raffinose is synthesized from galactinol. Consequently, their concentrations should be

similar or at least comparable. This is the case here, which is visualized in figure 5.7:

normalized levels according
to the average in all 6 genotypes
=

1,8

=
o

P
D
|

P
N
|

o o 9o
B » [00]
1 1 1

o
N
1

o
|

m Galactinol (9TMS)
m Raffinose (11TMS)

3 4 5 6
genotype

Figure 5.7:

Comparison of the levels of galactinol and raffinose in each genotype.

In this bar chart, is easy to compare the two levels of these metabolites, while a heatmap is

practically to handle more data. As seen in 5.1.1, galactinol levels are showing a negative

correlation to the levels of other osmoprotectants like L-proline in this experiment. Regarding
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the genotypes, the same result can be found: G2 and G4 are showing low levels of galactinol

and raffinose, while they are showing high levels of L-proline and GABA.

Further analysis is necessary to get more precise information on how the metabolites are
connected and how these genotypes effect metabolomics. It would be helpful to run another
GC-MS with the same samples to be sure if the right peaks were picked. The next step to
interpret the shown levels of metabolites would be to look at the structures of the 4 viruses
and to seek molecules that could be connected to the metabolic concentrations in the

analysed tomatoes.

5.2 Experiment L:

It is noticeable that the levels of many metabolites like L-proline are relatively low in the
FAD3 and FAD7 genotypes, while their levels in the combination of these two genotypes are

relatively high:

table 5.2:
Heatmap with the most significant metabolites of experiment L.
Control FAD3 FAD3+FAD7 FAD7
Proline,L- (2TMS) 1,00 0,69 0,90 0,24
Phenylalanine, DI(2TMS) 1,00 0,73 1,17 0,44
Tyrosine, DL(3TMS) 1,00 1,05 1,58 0,54
Quinic acid, 2affeoyt, trans (6TMS) |1,00 1,03 0,81 1,99

Both FAD3 and FAD7 are enzymes producing desaturated fatty acids, [8] FAD3 in the ER
and [9] FAD7 in the chloroplasts. This shows that metabolism of the plastids is tightly
connected with metabolism in other organelles, like the ER. It is possible that they
compensate changes in metabolic concentrations of each other, probably with the fatty acid

biosynthesis pathway as a major coordinating point.
L-proline:

The levels of proline in the three modified genotypes are lower than the level in the wildtype.
This implies, that FAD3, FAD7 and FAD3+FAD7 genotypes are not as stress resistant as the
wildtype. However, a clear hypot hesi s cané6t b all tha pldnés wéree grava s e
under conventional conditions and the plants consequently did not face serious stress

situations.

Tyrosine, phenylalanine and quinic acid:
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The concentrations of these three analytes show their relationship in plant metabolism. [10]
Quinate is an educt in the biochemical pathway of tyrosine and phenylalanine synthesis.
Especially genotype FAD7 shows very high concentrations of quinic acid and lower ones of
tyrosine and phenylalanine. Consequently, it can be said that in this genotype the pathway is
somehow blocked, for example because an enzyme is downregulated or beause there is a
lack of another metabolite. This shows, that their synthesis takes place in the shikimate

pathway in the chloroplasts, where the FAD7 enzyme is localized.

It is not possible to make statements on the effect of FAD3 and FAD7 genotypes on the
biosynthesis of desaturated fatty acids themselves. The reason are the FAMEs used for the
GC-MS analysis, which also include the same fatty acids involved in metabolism and
therefore change the result of their concentrations. To get useful and more clear results, a
second GC-MS without FAMEs could be done with this experiment, to see the direct effect

on the fatty acid concentrations.
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6. Conclusion

| learned a lot during my stay at the MPI, both about metabolomics and the everyday life of a
scientist. What | liked most is the way and the methods to solve a problem in science, first
planning something precisely in theory and then doing an experiment step by step to
examine it. It is great to see your thinking and planning was correct according to the results
or to think about what went wrong. | also got to know ordering data, tubes and results is the
key to a successful work as a scientist. It is very important not to forget about the original
goal you were trying to achieve, which makes you focus on the relevant data. Otherwise it
wonot be possible to finish a project, be
analysis. Therefore, it is necessary to spend a lot of time in taking notes, creating digital
tables and diagrams and labeling the tubes for the experiments to not lose any relevant
information. On the other side | worked with many machines and techniques | did not know
about before, for example the gas chromatography, mass spectrometry, electric pipets and
the rotary evaporator. | heard about the advantages of working with plants, about model
organisms like Arabidopsis thaliana, about the current progress and the current research in
plant physiology and I got an introduction in plants metabolism. | was hoping to get deeper in
this topic, but the limited time of four weeks and my limited previous knowledge did not allow
that. | had already decided to study biochemistry before the internship, but it aroused my
interest in the biochemistry of plants and now | can imagine working in this field later. In my
opinion research on plant physiology is very important to guarantee a healthy and balanced
biosphere in the future despite our growing population and consumption. There are many
opportunities in this field to use plants for different processes in chemistry and medicine. But

this is only possible, if we understand their metabolism better.

| want to thank my supervisor Saleh Alseekh for introducing me to the research and work at
the MPI. He answered all my questions and let me work on a project on my own, which |
really enjoyed. | also want to thank the whole AG Fernie for answering my questions, eating
lunch with me and making me feel like a part of their group. This internship would not have
been possible without the Forderverein der BiologieOlympiade e.V., thank you for enabling
me to learn so much about plant physiology and for giving me the opportunity to collect
impressions of the everyday life of a scientist! | am especially grateful to Martina Heller, who

organized my internship and helped me if | had questions of any kind.
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8. Attachment

8.1 Experiment [:

Table 8.1:

Raw data from GC-MS analysis of experiment I.
Rawname  17092rA 11 17092rA 14 17092rA 23 17092rA_30

name GlLSS5 Gl1LCS11 GlLBS5 GlLCS7

condition G1 Gl Gl Gl

fw 21. Jun 22. Jan 21 20. Mrz

Gl Gl Gl Gl

Name Analyte Avg_Intensity 17092rA 11 17092rA 14 17092rA 23 17092rA_30
M000629_A185007-101_METB_573570_TOF_Psicose, D- (IMEOX) (5TMS) Htittiti 306766 358589 360941 285646
M000629_A185007-101_METB_573570_TOF_Psicose, D- (LMEOX) (5TMS) HttHHHHH 99386 117974 114370 87609
M000629_A185007-101_METB_573570_TOF_Psicose, D- (LMEOX) (5TMS) T 21512 25322 25191 19304
M000629_A185007-101_METB_573570_TOF_Psicose, D- (LMEOX) (5TMS) HthH 10925 13276 13006 9863
M000606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) HHHHHEHHH 262406 316967 308385 237394
M000606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) pifipid 80898 98551 93818 71619
M000606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) HHHHHHH 17584 21657 20550 15770
MO000606_A188004-101_METB_582135 TOF_Fructose, D- (IMEOX) (5TMS) HBHHHHE TR 9228 11491 11183 8354
M000606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) HtthH 6067 7349 7083 5617
M000606_A188004-101_METB_582135_TOF_Fructose, D- (LMEOX) (5TMS) T 3463 4323 4177 3127
M000606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) HHHHHHHHHT 4552 5722 5399 4024
M000637_A189009-101_METB_589750_TOF_Altrose, D- (LMEOX) (5TMS) T 224392 238638 224214 205872
M000637_A189009-101_METB_589750_TOF_Altrose, D- (LMEOX) (5TMS) HEHHHHERTRT 40890 43758 41243 39263
M000637_A189009-101_METB_589750_TOF_Altrose, D- (LMEOX) (5TMS) HthHH 330627 355191 309820 283312
M000040_A191001-101_METB-METB_598880_TOF_Glucose, D- (IMEOX) (5TMS)  #i#HHHHHHH 38908 42664 37766 30207
M000040_A191001-101_METB-METB_598880_TOF_Glucose, D- (IMEOX) (5TMS)  33543.5 38228 42194 36904 29893
M000040_A191001-101_METB-METB_598880_TOF_Glucose, D- (IMEOX) (5TMS)  #HHHHHHHHH 6266 7010 6233 4809
M000040_A191001-101_METB-METB_598880_TOF_Glucose, D- (IMEOX) (5TMS)  ###HHHHHHH 1211 1347 1257 917

17092rA 34 17092rA 35 17092rA 46 17092rA 49 17092rA 51 17092rA 4 17092rA 5 17092rA 8 17092rA 17 17092rA 18 17092rA 20
GlLCS9 GlLSS2 GllBS6 Gl1LBS1 G1LSS8 G2LCS3 G2LBS4 G2LSS2 G2LCS7 G2LBS9 G2LBS10
G1 G1 G1 G1 G1 G2 G2 G2 G2 G2 G2
23 21. Mai 21 21. Jun 21. Mai 24 21. Aug 22. Feb 22. Jun 21. Apr 21.Jun
G1 G1 G1 G1 G1 G2 G2 G2 G2 G2 G2
17092rA 34 17092rA 35 17092rA 46 17092rA 49 17092rA 51 17092rA 4 17092rA 5 17092rA 8 17092rA 17 17092rA 18 17092rA 20
342700 250923 251236 281166 132175 382282 315617 324674 359472 355210 363716

106634 76804 78162 87750 44134 137268 109793 109419 117066 114437 116617
23318 17066 17114 18967 9562 26795 22770 23069 25445 24989 25594
12205 8559 8727 9796 4759 14907 12084 12145 13311 12986 13251

288451 201706 200110 230326 107650 338215 284687 284126 310969 316100 320790
86941 60781 61797 70899 36189 117803 93640 89987 95467 96070 97469
18967 13459 13545 15371 7639 23971 19867 19584 20879 20993 21273
10425 7022 7166 8199 4067 13507 10621 10316 11187 11465 11578

6704 5089 5139 5714 3463 9479 7157 6809 7172 7308 7419
3892 2600 2660 3007 1465 5311 4081 3966 4237 4342 4313
4994 3387 3403 3879 1858 6955 5402 5191 5525 5638 5662

222654 195038 179040 196607 140781 288343 193817 243941 242843 213089 213546
41945 37359 33494 36979 26420 55327 33056 44793 49473 39351 39713

313475 267027 241050 273575 189160 467436 267289 373431 389775 291877 290789
34270 27585 24654 27303 19130 75015 30135 46599 44499 33758 33683
33461 26618 22890 24917 17425 68790 29255 45741 43819 32631 32614

5377 4352 3681 3865 2819 11827 4726 7573 7533 5513 5431
1077 888 720 742 504 2361 924 1528 1472 1034 993

17092rA 25 17092rA 26 17092rA 36 17092rA_3 17092rA_15 17092rA 31 17092rA 33 17092rA 37 17092rA 39 17092rA 43 17092rA 44
G2LCS10 G2LSS5 G2LSS3 G3LSS8 G3LSS2 G3LBS6 G3LSS6 G3LCS8 G3LBS4 G3LCS6 G3LCS7
G2 G2 G2 G3 G3 G3 G3 G3 G3 G3 G3
22. Jan 21. Sep 20. Aug 23. Jul 22. Mrz 21. Jul 22. Mrz 22. Mrz 21 22. Feb 21. Sep
G2 G2 G2 G3 G3 G3 G3 G3 G3 G3 G3
17092rA 25 17092rA 26 17092rA 36 17092rA_3 17092rA_15 17092rA 31 17092rA 33 17092rA 37 17092rA 39 17092rA 43 17092rA 44
355531 344155 274503 328777 329989 290699 331703 308887 250781 286587 285024

111577 107524 83744 118141 105410 89151 102712 95224 77252 88712 88668
24573 23705 18487 23914 23115 19531 22438 20710 17030 19242 19196
12621 12223 9459 12948 11773 10077 11684 10865 8685 9948 9967

300348 296604 221642 298751 276716 235816 275715 248073 203306 232847 226212
90328 89137 66982 100464 84583 71488 83203 75493 61506 70870 69451
19816 19496 14798 21095 18434 15683 18085 16470 13568 15425 15105
10787 10612 7761 11492 9756 8255 9875 8953 7091 8227 8088

6893 6835 5295 8057 6354 5539 6400 5908 5062 5605 5552
4065 3943 2865 4539 3659 3035 3681 3313 2584 2976 2949
5266 5166 3776 5904 4781 3986 4741 4279 3411 3918 3852

237769 227791 190413 248586 229772 178409 219239 211690 166538 191602 203429
44300 42696 35938 45564 43796 33763 41920 40224 31488 36118 38246

340992 323535 254625 379714 345234 236899 311258 295531 222719 260649 281359
42921 37867 26887 49745 41001 24491 34500 31692 22697 27538 29611
42848 37316 25920 47378 40115 23173 34320 30950 21432 25604 27879

7186 6153 4161 7958 6683 3831 5425 5027 3469 4119 4418
1371 1179 820 1552 1293 746 1065 975 662 786 861
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17092rA 1 17092rA 12 17092rA 13 17092rA 16 17092rA 24 17092rA 28 17092rA 32 17092rA 42 17092rA 50 17092rA 2 17092rA_6 17092rA_19
G4LBS4 G4LSS5 G4LBS11 G4LBS9 G4LCS7 G4LSS10 G4LCS11 G4LSS1 G4LCS1 G5LBS4 G5LBS9 G5LS S6
G4 G4 G4 G4 G4 G4 G4 G4 G4 G5 G5 G5
22. Jan 22. Jun 23. Jul 23. Mrz 20. Apr 20. Sep 21. Mrz 22. Aug 22. Jun 20. Sep 22. Jun 22
G4 G4 G4 G4 G4 G4 G4 G4 G4 G5 G5 G5
17092rA 1 17092rA 12 17092rA 13 17092rA 16 17092rA 24 17092rA 28 17092rA 32 17092rA 42 17092rA 50 17092rA 2 17092rA 6 17092rA 19
335596 295795 359222 398831 341585 271520 311850 276317 302074 268859 336046 319948

117927 93870 119495 135489 106226 82802 95585 85386 94623 90935 117203 100191
24510 20560 25493 28571 23484 18426 20907 18704 20380 19292 24071 22063
12880 10344 13526 15570 12085 9246 10853 9633 10667 9888 12914 11306

303877 244444 325845 387310 286761 220564 254559 221598 241813 227856 301936 267048
97721 74959 101686 117566 86310 66364 77167 67011 74606 72387 99297 81691
21201 16261 22087 25906 18811 14631 16880 14765 16143 15704 20969 17668
11071 8462 11850 14233 10137 7608 9127 7854 8771 8140 11298 9594

8058 5703 7700 9400 6469 5213 5993 5408 6109 5848 7651 6165
4348 3121 4509 5293 3788 2763 3364 2915 3242 3162 4370 3598
5706 4124 5883 7066 4945 3646 4370 3726 4168 4079 5743 4674

234944 206790 231360 268475 223833 217039 209685 229020 218661 177565 222811 217174
39971 38064 42744 53747 41206 40633 39598 43757 41381 29999 39493 40633

345226 287512 342727 443493 307812 298494 288061 333784 314237 241129 328914 303485
42427 34036 40077 62243 35862 35490 31730 36241 33042 26298 37618 35630
39743 32955 39216 60102 36012 34317 31078 35289 30220 24666 37074 34847

6635 5417 6532 10342 5982 5762 5130 5574 4752 4061 5934 5796
1299 1030 1276 2016 1126 1128 970 1154 945 792 1145 1124

17092rA 27 17092rA 38 17092rA 40 17092rA 47 17092rA 48 17092rA 7 17092rA 9 17092rA 10 17092rA 21 17092rA 22 17092rA 29 17092rA 41 17092rA 45 17092rA 52
G5LCS10 G5LCS3 G5LSS3 G5LBS8 G5LCS1 G6LCS4 G6LBS1  G6LCS7 G6LBS10 G6LCS11 G6LBS11 G6LSS8 G6LSS5 G6LS S2
G5 G5 G5 G5 G5 G6 G6 G6 G6 G6 G6 G6 G6 G6
20. Aug 19. Sep 21 21. Sep 22 21. Mai 21. Apr 22. Jul 21. Sep 22. Feb 20. Feb 21. Jul 22. Feb 21. Mrz
G5 G5 G5 G5 G5 G6 G6 G6 G6 G6 G6 G6 G6 G6
17092rA 27 17092rA 38 17092rA 40 17092rA 47 17092rA 48 17092rA 7 17092rA 9 17092rA 10 17092rA 21 17092rA 22 17092rA 29 17092rA 41 17092rA 45 17092rA 52
256216 216257 234177 272714 233222 330212 322870 346842 353477 331094 302251 281157 307659 254475

78906 66088 71534 84825 72127 112625 107311 116381 112330 102841 92497 86241 96152 79625
17348 14759 15847 18471 15883 23569 22844 24585 24641 22631 20329 18834 20800 17409
8734 7264 7988 9416 7981 12446 11906 12981 12701 11567 10431 9685 10873 8853
211186 157432 171605 222658 177464 297351 285742 308273 309542 282452 252996 226155 249355 201178
63659 48696 53286 68164 54980 95991 90206 97524 93896 85089 76296 68588 76324 62600
14081 10688 11647 14853 12116 20465 19494 21127 20587 18585 16603 15104 16583 13689
7292 5484 6023 7903 6331 10937 10280 11199 11121 9910 8875 8021 8951 7218
5023 4308 4635 5601 4834 7311 6821 7365 7180 6375 5808 5529 6041 5218
2636 1976 2154 2921 2344 4136 3901 4248 4182 3682 3204 2931 3303 2656
3562 2569 2808 3759 3012 5506 5167 5591 5446 4801 4255 3808 4322 3423
171352 150511 168269 183190 177817 230620 218008 251054 226179 225473 200478 216098 236717 191640
32488 28517 32118 34511 33355 41153 38227 51159 42190 41079 37960 41734 45608 36317
225057 201380 227584 248549 239815 342514 312121 422814 318760 309878 270649 311626 353876 266157
22477 20972 23366 24915 25346 41167 37000 47314 36322 36870 28319 32314 38866 27054
21990 19445 21886 23138 22836 40420 36268 46249 35388 36973 27537 31471 38151 24676
3526 3242 3503 3656 3680 6638 5802 7639 5863 6081 4536 5015 5899 3806
664 586 671 728 711 1287 1130 1502 1117 1136 864 1006 1227 711

Rawname  17091rA 13 17091rA 16 17091rA 25 17091rA 32

name 111 G1LS S!I14 G1LC S!I23 G1LB S!I30_G1LC S’
condition G1 G1 G1 G1
fw 21. Jun 22. Jan 21 20. Mrz
Gl Gl Gl Gl
Name Analyte Avg_Intensity 17091rA 13 17091rA 16 17091rA 25 17091rA 32
MO000036_A163001-101_METB_507780_TOF_Glutamic acid, DL- (3TMS) T 2645673 2982131 2904495 2757467
MO00036_A163001-101_METB_507780_TOF_Glutamic acid, DL- (3TMS) BRI 681962 831177 510065 555601
MO000036_A163001-101_METB_507780_TOF_Glutamic acid, DL- (3TMS) T 428906 593615 335429 361811
MO000036_A163001-101_METB_507780_TOF_Glutamic acid, DL- (3TMS) 26538.75 31793 40470 23342 25692
MO000036_A163001-101_METB_507780_TOF_Glutamic acid, DL- (3TMS) SHET 15083 19514 10226 11669

17091rA 36 17091rA 37 17091rA 48 17091rA 51 17091rA 53 17091rA 6 17091rA 7 17091rA 10 17091rA 19 17091rA 20 17091rA 22 17091rA 27
134 G1LC S!135 G1LS Si146 G1LB Stl49 G11LBS!I51 G1LSSi{l4 G2LC S35 G2LBS4 18 G2LSS2 117 G2LCS'118 G2LB S¢120 G2LB SI125 G2LC S
Gl Gl Gl Gl Gl G2 G2 G2 G2 G2 G2 G2
23 21. Mai 21 21.Jun 21. Mai 24 21. Aug 22. Feb 22.Jun 21. Apr 21.Jun 22. Jan
Gl G1 G1 Gl Gl G2 G2 G2 G2 G2 G2 G2
17091rA 36 17091rA 37 17091rA 48 17091rA 51 17091rA 53 17091rA 6 17091rA 7 17091rA 10 17091rA 19 17091rA 20 17091rA 22 17091rA 27
2838620 2710719 2159307 2617279 2050060 2565955 2573891 2688324 2984334 2973822 2958614 2833975
724582 515889 295640 314833 206220 707544 584391 709821 767757 611174 657476 756604
499944 333631 172461 206102 121530 440191 360975 449571 540161 419000 444344 516778
35336 24152 14052 14859 9828 33855 27096 33429 37315 28528 30903 36570
16981 10790 5902 6112 3931 16172 12473 15939 17697 12816 14260 17685
17091rA 28 17091rA 38 17091rA 5 17091rA 17 17091rA 33 17091rA 35 17091rA 39 17091rA 41 17091rA 45 17091rA 46 17091rA 3 17091rA 14 17091rA 15 17091rA 18
126_G2 LS S!136_G2 LS S{I3_G3 LS S8 115_G3 LS S:131_G3 LB St133_G3 LS St137_G3 LC SiI39_G3 LB S¢143 G3LC Sil44 G3LC S'11_G4 1B S4 112_G4 LS S!I13_G4 LB SI116_G4 LB S¢
G2 G2 G3 G3 G3 G3 G3 G3 G3 G3 G4 G4 G4 G4
21. Sep 20. Aug 23. Jul 22. Mrz 21. Jul 22. Mrz 22. Mrz 21 22. Feb 21. Sep 22. Jan 22.Jun 23. Jul 23. Mrz
G2 G2 G3 G3 G3 G3 G3 G3 G3 G3 G4 G4 G4 G4
17091rA 28 17091rA 38 17091rA 5 17091rA 17 17091rA 33 17091rA 35 17091rA 39 17091rA 41 17091rA 45 17091rA 46 17091rA 3 17091rA 14 17091rA 15 17091rA 18
2547977 2442649 2792440 2802015 2837886 2906073 2849919 2647287 2915909 2689140 2162651 2929450 2501130 2107853
545238 427805 850594 723901 609554 650502 660342 540730 561728 551753 348679 690461 397953 256629
335248 261443 604685 476469 407890 450846 451948 345602 404452 360979 202372 464901 238473 147456
25131 19908 42512 34288 28732 31637 32026 25265 27883 26231 15835 32585 18163 11362
11456 8778 20950 16431 13191 14732 14930 11536 12405 11899 6748 15180 7757 4541
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17091rA 26 17091rA 30 17091rA 34 17091rA 44 17091rA 52 17091rA 4 17091rA 8 17091rA 21 17091rA 29 17091rA 40 17091rA 42 17091rA 49 17091rA 50 17091rA 9
124 GALC S'I28 GALSS!I32_ GALC S 142_G4LS S!I50 GALC S!I2 G5LBS4 16_G5LB S9 119 G5LS StI27_G5LC S'138 G5 LC S!140_G5LS S{147_G5LB Stl48_G5LC S!I7_G6 LC S4
G4 G4 G4 G4 G4 G5 G5 G5 G5 G5 G5 G5 G5 G6
20. Apr 20. Sep 21. Mrz 22. Aug 22.Jun 20. Sep 22.Jun 22 20. Aug 19. Sep 21 21. Sep 22 21. Mai
G4 G4 G4 G4 G4 G5 G5 G5 G5 G5 G5 G5 G5 G6
17091rA 26 17091rA 30 17091rA 34 17091rA 44 17091rA 52 17091rA 4 17091rA 8 17091rA 21 17091rA 29 17091rA 40 17091rA 42 17091rA 49 17091rA 50 17091rA 9
2925436 2602847 2878383 2790505 2716947 3045502 2516233 2836467 2708653 2983573 2884494 2374576 2865231 2889417
677412 400592 660606 404550 426558 685051 546003 795055 679169 710756 645519 475798 692031 683051
466789 252194 451743 270974 281374 492896 331982 547271 439744 554035 456110 288137 498064 453052
32356 18436 31891 18901 20300 34160 24815 38298 32147 37978 31956 22381 35517 32175
15092 7879 14901 7958 8691 15676 11203 18599 15376 18014 14842 9946 16771 14999

17091rA 11 17091rA 12 17091rA 23 17091rA 24 17091rA 31 17091rA 43 17091rA 47 17091rA 54
9 G6LBS1110 G6LC SI121 G6LB S!I22 G6LC S!I29 G6LB S: 141 G6LS Stl45 G6 LS StHI52 G6 LS S
G6 G6 G6 G6 G6 G6 G6 G6
21. Apr 22. Jul 21. Sep 22. Feb 20. Feb 21. Jul 22. Feb 21. Mrz
G6 G6 G6 G6 G6 G6 G6 G6
17091rA 11 17091rA 12 17091rA 23 17091rA 24 17091rA 31 17091rA 43 17091rA 47 17091rA 54
2140385 2546974 1899921 2837316 2037125 2133909 2202986 2584640
258177 637652 165881 604249 255473 498662 400918 421789

149432 390950 98335 396225 147226 294465 234470 272486
11584 29772 7365 27903 11469 23126 18689 20018
4696 13900 2804 12676 4641 10431 8101 8676
Rawname  17091rA 13 17091rA 16 17091rA 25 17091rA 32
name 111 G1LS S!I14 G1LC S!I123_G1LB StI30_G1LC S
condition Gl Gl Gl Gl
fw 21. Jun 22. Jan 21 20. Mrz
Gl Gl Gl Gl
Name Analyte Avg_Intensity 17091rA 13 17091rA 16 17091rA 25 17091rA 32
MO00673_A299002-101_METB_940280_EIROE_Galactinol (9TMS)  #HHHHHH# 10437 22888 14870 3519
MO000673_A299002-101_METB_940280_EIROE_Galactinol (9TMS)  #HHHHHHHH 35251 78560 50529 13048
MO00673_A299002-101_METB_940280_EIROE_Galactinol (9TMS) 2307.75 2488 5805 3722 816
MO000673_A299002-101_METB_940280_EIROE_Galactinol (9TMS) 2006.0 2040 4479 3091 743
MO000673_A299002-101_METB_940280_EIROE_Galactinol (9TMS) 637.14 671 1352 956 227

17091rA 36 17091rA 37 17091rA 48 17091rA 51 17091rA 53 17091rA 6 17091rA 7 17091rA 10 17091rA 19 17091rA 20 17091rA 22
134 G1LC S!I35_G1LS SiM46 G1LB St149 G1LB S:I51 G1LS S{l4 G2LC S3 15 G2LB S4 I8 G2LS S2 117 _G2LC S'118 G2 LB S¢[20 G2 LB S:

G1 Gl Gl G1 Gl G2 G2 G2 G2 G2 G2
23 21. Mai 21 21. Jun 21. Mai 24 21. Aug 22. Feb 22. Jun 21. Apr 21. Jun

G1 Gl Gl G1 Gl G2 G2 G2 G2 G2 G2
17091rA 36 17091rA 37 17091rA 48 17091rA 51 17091rA 53 17091rA 6 17091rA 7 17091rA 10 17091rA 19 17091rA 20 17091rA 22
23243 1363 35715 6429 5818 1334 9136 1026 257 7459 6419
80889 5286 131035 22301 20332 4704 30713 3850 795 25591 22448
5834 336 8622 1463 1344 378 2314 291 245 1883 1632
4774 327 8370 1394 1168 252 1773 211 64 1565 1266
1432 110 2586 447 364 91 597 72 NA 523 385

17091rA 27 17091rA 28 17091rA 38 17091rA 5 17091rA 17 17091rA 33 17091rA 35 17091rA 39 17091rA 41 17091rA 45 17091rA 46 17091rA 3 17091rA 14
125 G2LC S!I26 G2 LS S!136_ G2 LS SiI3 G3LS S8 115 G3 LS SiI31_G3 LB StI133_G3 LS StI37 G3LC SiI39 G3 LB S:l43 G3LC S(144 G3LCS'I1 GALBS4 112 GALS S!

G2 G2 G2 G3 G3 G3 G3 G3 G3 G3 G3 G4 G4
22. Jan 21. Sep 20. Aug 23. Jul 22. Mrz 21. Jul 22. Mrz 22. Mrz 21 22. Feb 21. Sep 22. Jan 22. Jun

G2 G2 G2 G3 G3 G3 G3 G3 G3 G3 G3 G4 G4
17091rA 27 17091rA 28 17091rA 38 17091rA 5 17091rA 17 17091rA 33 17091rA 35 17091rA 39 17091rA 41 17091rA 45 17091rA 46 17091rA 3 17091rA 14
1287 1305 2100 14169 6017 29753 1693 4964 16102 3365 5541 803 1953
4687 4811 7922 47756 20795 106352 6233 17579 56003 12379 19442 2737 7072
382 413 537 3557 1383 7185 446 1184 3792 828 1315 483 759
279 302 462 2710 1200 6561 424 1063 3310 706 1173 154 475
88 119 130 849 385 1974 163 341 1023 204 332 59 195

17091rA 15 17091rA 18 17091rA 26 17091rA 30 17091rA 34 17091rA 44 17091rA 52 17091rA 4 17091rA 8 17091rA 21 17091rA 29 17091rA 40 17091rA 42
113_G4 LB S:116 G4 LB S{124 G4LC S'I28 GALS S1132_ G4 LC S!142 GALS S1150_G4 LC S!I2_G5 LB S4 16_G5 LB S9 119_G5 LS S(127_G5 LC S138_G5 LC Si140_G5LS S!

G4 G4 G4 G4 G4 G4 G4 G5 G5 G5 G5 G5 G5
23. Jul 23. Mrz 20. Apr 20. Sep 21. Mrz 22. Aug 22.Jun 20. Sep 22. Jun 22 20. Aug 19. Sep 21

G4 G4 G4 G4 G4 G4 G4 G5 G5 G5 G5 G5 G5
17091rA 15 17091rA 18 17091rA 26 17091rA 30 17091rA 34 17091rA 44 17091rA 52 17091rA 4 17091rA 8 17091rA 21 17091rA 29 17091rA 40 17091rA 42
7928 56816 1932 6140 1223 866 487 1613 24734 3053 22386 164 1410
26774 213460 6987 21540 4251 3150 1628 5763 84218 10885 77818 574 5253
2036 13693 736 1501 567 320 357 517 6520 743 5404 96 344
1551 13545 400 1261 267 194 131 300 4931 644 4653 NA 318
480 4250 107 386 94 82 53 98 1532 197 1393 NA 86

17091rA 49 17091rA 50 17091rA 9 17091rA 11 17091rA 12 17091rA 23 17091rA 24 17091rA 31 17091rA 43 17091rA 47 17091rA 54
47 _G51B St148 G5LC S!I7_ G6LC S4 19 G6LB S1 110_G6LC S'121_G6 LB SI122 G6 LC S!I129_G6 LB S!141_G6 LS Stl45_G6 LS St152_G6 LS St

G5 G5 G6 G6 G6 G6 G6 G6 G6 G6 G6
21. Sep 22 21. Mai 21. Apr 22. Jul 21. Sep 22. Feb 20. Feb 21. Jul 22. Feb 21. Mrz

G5 G5 G6 G6 G6 G6 G6 G6 G6 G6 G6
17091rA 49 17091rA 50 17091rA 9 17091rA 11 17091rA 12 17091rA 23 17091rA 24 17091rA 31 17091rA 43 17091rA 47 17091rA 54
12193 806 3898 14778 2034 36529 12936 15928 3070 2682 7609
42022 2969 13334 50305 7092 132570 43682 54790 11190 10047 26363
2842 238 1057 3672 631 8901 3258 3872 726 649 1886
2454 167 806 2923 420 8250 2560 3224 718 631 1622
741 62 249 975 127 2535 800 964 228 226 517
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8.2 Experiment L:

table 8.2:
Raw data of GC-MS analysis from Experiment L.

18,4, 207 20 18,4, 207 20 18.6 19,4 185 18.6
Control Control Control Control Control Control FAD3 FAD3 FAD3 FAD3
Name Analyte Ava_lmtensity 17089rA3 |17080rA 7 |17080rA L1 |17089rA_1S |17080rA 19 |17089rA 23 [17080rA 4 |17089rA B _|17080rA 12 |17080rA 16
MO00100_A105001-101_CONT-METB_190250_TOF_Lactic acid, DL- (2TMS) s 6 122 o3 107 135 95 226
MO00100_A105001-101_ CONT-METB 190250 TOF_Lactic acid, DL- (2TMS) st 2130 3203 2848 2645 a2 2501 3357 2560 2206 4248
MO00100_A105001-101_CONT-METB_190250_TOF_Lactic acid, DL- (2TMS) S 388 595 515 475 185 213 316 496 395 797
MOO0026_A110001-101_METB_208565_TOF_Alanine, DL- (2TMS) 96.365.375 116131 123839 58310 134832 139035 62210 68765 110621 105974 83621
MO00026_A110001-101_METB_208565_TOF_Alanine, DL- (2TMS) 5763.75 7146 7331 3460 7982 8317 3809 4070 6492 6299 4942
MO00026_A110001-101_METB_208565_TOF_Alanine, DL- (2TMS) P 4231 4461 2057 4980 5288 2343 2413 3984 3854 2975
MO00026_A110001-101 METB 208565 TOF_Alanine, DL- (2TMS) 1067.75 1310 1328 615 1515, 1568 667 709 1176 1151 881
MOO0071_A104002-101_METB_222650_TOF_Pyruvic acid (IMEOX) (1TMS) 98.3 71 107 77 NA 205 134 NA 123 80 69
MO00071_A104002-101_METB_222650_TOF_Pyruvic acid (IMEOX) (1TMS) st 247 410 311 328 526 432 223 434 274 326
MOO0071_A104002-101_METB_222650_TOF_Pyruvic acid (IMEOX) (1TMS) e 138 218 167 188 283 226 103 223 176 162
MOO0030_A122001-101_METB_271580_TOF_Valine, DL- (2TMS) 76.0 NA 81 NA 69 148 51 52 NA 81 NA
MOO0030_A122001-101 METB 271580 TOF Valine, DL- (2TMS) s 5851 10754 3691 9435 12452 4138 3943 7530 10600 4955
MOOO030_A122001-101_METB_271580_TOF_Valine, DL- (2TMS) 1020.75 888 1565 557 1374, 1877 624 552 1054, 1515 721
MOO0030 A122001-101 METB 271580 TOF Valine, DL- (2TMS) 999.5 845 1596 498 1314 1863 609 528 1063 1532 703
MOO0030_A122001-101_METB_271580_TOF_Valine, DL- (2TMS) 51 157 264 95 207 313 107 122 172 274 118
MOOOO53_A129003-101_METB_291783_TOF_Glycerol (3TMS) 74.15 82 NA 55 79 52 77 59 55 NA 90
MOO0OS3 _A129003-101 METB 291783 TOF_Glycerol (3TMS) s 4115 5656 6253 7057 6160 6545 6523 6802 7411 8587
MOOOOS3_A129003-101_METB_291783_TOF_Glycerol (3TMS) 5.244.875 3138 a618 5020 5726 5272 5395 5011 5404 5496 6780
MOOOOS3 A129003-101 METB 291783 TOF Glycerol (3TMS) 3866.5 2478 3397 3761 4229 3555 3736 3624 4062 4467 5214,
MO00017_A132002-101_METB_319193 TOF_Isoleucine, L- (2TMS) 1 10679 16179 4821 15997 21949 5600 5021, 8294 13979 7677
MO00017_A132002-101_METB_319193_TOF_Isoleucine, L- (2TMS) 1.676.875 1877 2637 802 2744 3017 923 806 1346 2374 1202
MO00017_A132002-101_METB 319193 TOF_Isoleucine, L- (2TMS) S 380 481 157 567 833 202 206 268 460 277
MOO0017_A132002-101_METB_319193_TOF_Isoleucine, L- (2TMS) 505.75 545 607 395 749 1005 337 292 481 1064 446
MO00017 A132002-101 METB 319193 TOF Isoleucine, L- (2TMS) st NA NA 62 143 201 NA 61 NA o3 101
MOO0031_A133001-101_METB_325180_TOF_Glycine (3TMS) 511111 5863 11468 5318 9129 11070 5153 5021 7083 7577 6690
MOO0031_A133001-101_METB_325180_TOF_Glycine (3TMS) 3200.0 2788 5140 2346 3964 4976 2347 2378 3078 3207 2938
MOO0031_A133001-101_METB 325180 _TOF_Glycine (3TMS) 1716.75 1361 2699 1277 2161 2655 1345 1277 1695 1689 1599
MOO0031_A133001-101_METB_325180_TOF_Glycine (3TMS) 881.5 708 1380 627 1134, 1353 645 647 885 918 797
MOO0031 A133001-101 METB 325180 TOF Glycine (3TMS) s 209 380 153 330 370 184 198 263 235 204
MOO0075_A129001-101_METB_333520_TOF_Phosphoric acid (3TMS) Htt1H1111151111 128625 156955 150186 151152 NA 155752 137403 150961 149727 147074
MO00075_A129001-101_METB_333520_TOF_Phosphoric acid (3TMS) s 38225 48774 45477 45051 NA 45924 41685 46511 45588 44138
MOO0075_A129001-101_METB 333520 TOF_Phosphoric acid (3TMS) 926664.0 802141 1001379 947990 953304 NA 977879 868470 957877 943495 925071
MOO0075_A129001-101_METB_333520_TOF_Phosphoric acid (3TMS) s 168618 236007 208779 212846 267593 226767 183343 213189 208095 202829
MOO0075 A129001-101 METB 333520 TOF Phosphoric acid (3TMS) st 47402 58364 55560 55277 NA 55962 51443 56497 55436 54238
MOO0029_A132003-101_METB_338693 TOF_Proline, L- (2TMS) S 948 1833 405 1405, 2278 554 279 510 1481 407
MO00029_A132003-101_METB_338693_TOF_Proline, L- (2TMS) s 1909 3550 1092 2890 4344 1275 814 1215 2781
MO00029_A132003-101_METB 338693 TOF_Proline, L- (2TMS) A 234378 415356 109871 339297 514159 130064 80490 128550 346624 106383
MO00026_A138002-101_METB_354060_TOF_Alanine, DL- (3TMS) b NA 82 75 105 117 73 53 90 101 70
MOO0026 A138002-101 METB 354060 TOF Alanine, DL- (3TMS) 4.090.125 2571 3477 2637 5642 5265 3656 2675 4321 4239 4361
MOO0026_A138002-101_METB_354060_TOF_Alanine, DL- (3TMS) 3361.25 2221 2794 2021 4800 4144 2792 2106 3678 3679 3537
MOO0026_A138002-101_METB_354060_TOF_Alanine, DL- (3TMS) s 509 672 511 1153 1036 680 497 878 854 825
MO00026_A138002-101_METB_354060_TOF_Alanine, DL- (3TMS) I 242 347 245 582 535 341 259 442 452 427
MO00015_A138001-101_METB_357523_TOF_Serine, DL- (3TMS) 25034.75 24390 36534 11900 35159 a8as9 14804 14860 21078 35606 20875
MOO0O15_A138001-101 METB 357523 TOF_Serine, DL- (3TMS) 15211.75 14656 22339 6961 21555 30419 8644, 8607 12658 21963 12487
MOO0015_A138001-101_METB_357523_TOF_Serine, DL- (3TMS) 13707.0 13005 19426 6719 19133 25108 8260 8425 11853 19041 11649
MOO0O15_A138001-101_METB_357523 TOF_Serine, DL- (3TMS) 1.134.875 1031 1637 546 1618 2283 628 620 958 1682 047
MOO0015_A138001-101_METB 357523 TOF_Serine, DL- (3TMS) S 499 751 277 752 1061 309 296 474 816 436
MOO0016_A140001-101_METB_368365_TOF_Threonine, DL- (3TMS) s 18534 32612 9705 27509 42658 11666 9097 12940 18432 11609
MOO0016_A140001-101 METB 368365 TOF Threonine, DL- (3TMS) st 12686 24322 6282 19779 32811 7715 5695, 8544 12754 7651
MOO0016_A140001-101_METB_368365_TOF_Threonine, DL- (3TMS) S 12148 23755 6120 19310 31773 7519 5531 8298 12437 7470
MOO0016_A140001-101_METB_368365_TOF_Threonine, DL- (3TMS) s 2903 5872 1546 4791 7942 1859 1261 2058 3050 1828
MOO0016_A140001-101_METB 368365 _TOF_Threonine, DL- (3TMS) 414.375 410 802 255 619 1079 265 162 290 398 244
MOO0067_A137001-101_METB_371255_TOF_Fumaric acid (2TMS) i NA NA NA NA 60 68 NA NA NA 51
MOO0067_A137001-101 METB 371255 TOF_Fumaric acid (2TMS) st NA NA 80 122 205 126 NA 118 78 101
MOO0067_A137001-101_METB_371255_TOF_Fumaric acid (2TMS) S 556 734 630 810 1054 934 556 1073 677 734
MO00067_A137001-101_METB_371255_TOF_Fumaric acid (2TMS) 184.0 113 143 128 193 249 230 136 260 153 202
MO00457_A133004-101_METB_386210_TOF_Nicotinic acid (1TMS) S 88 85 101 123 88 88 113 118 126 125
MO00457_A133004-101_METB_386210_TOF_Nicotinic acid (1TMS) s 2049 2743 3826 3556 3629 4256 3211 2940 3488 4200
MO00457_A133004-101 METB 386210 TOF_Nicotinic acid (1TMS) 2542.0 1555, 2049 2907 2804 2821 3247 2383 2226 2682 3208
MO00457_A133004-101_METB_386210_TOF_Nicotinic acid (1TMS) S 1362 1852 2544, 2473 2449 2904, 2126 1957 2371 2828
MO00456_A136001-101_METB_392490_TOF_Uracil (2TMS) st 80 99 136 136 163 274 66 141 104 128
MO00456_A136001-101_METB_392490_TOF_Uracil (2TMS) 11111 77 87 920 113 144 217 NA 112 80 97
MO00456_A136001-101_METB_392490_TOF_Uracil (2TMS) e 63 72 109 o5 124 207 NA 106 85 101
MO00456_A136001-101 METB 392490 TOF Uracil (2TMS) 574.125 187 368 476 625 807 971 151 405 406 573
MO00456_A136001-101_METB_392490_TOF_Uracil (2TMS) wnst 117 185 241 281 349 483 82 214 203 281
MO00027 A144001-101 METB 394250 TOF Alanine, beta- (3TMS) s 150 190 84 220 254 80 NA 99 143 99
MOO0027_A144001-101_METB_394250_TOF_Alanine, beta- (3TMS) 187.5 234 328 108 350 462 106 77 140 287 124
MO00027_A144001-101_METB_394250_TOF_Alanine, beta- (3TMS) Tt 1602 2237 597 2134 3166 676 470 866 2023 722
MO00027_A144001-101 METB 394250 TOF_Alanine, beta- (3TMS) st 999 1363 381 1389 2065 426 299 539 1246 475
MOO0027_A144001-101_METB_394250_TOF_Alanine, beta- (3TMS) L1511 NA NA NA NA NA NA NA 546 1154 469
MOO0019 A146001-101 METB 404940 TOF Homoserine, DL- (3TMS) ettt NA NA NA 52 92 NA NA 65 NA NA
MOO0019_A146001-101_METB_404940_TOF_Homoserine, DL- (3TMS) 773.625 965 1908 214 1258 2621 331 151 343 511 239
MOO0019_A146001-101_METB_404940_TOF_Homoserine, DL- (3TMS) ey 753 1483 185 989 1980 268 121 265 411 184
MOO0019 A146001-101 METB 404940 TOF Homoserine, DL- (3TMS) s s8 132 NA 62 138 NA 53 54 NA NA
MO00024_A141001-101_METB_409350_TOF_Serine, O-acetyl-, DL- (2TMS) 0 NA NA 156 NA NA 199 128 196 NA 187
DL- (2TMS) s 283 374 259 473 500 337 204 285 231 314
DL- (2TMS) Htt1H111115111) 03 198 82 251 248 98 51 142 98 101
. DL- (2TMS) s 112 187 55 103 297 84 NA 102 114 62
MO00024_A141001-101_METE_409350_TOF_Serine, O-acetyl-, DL- (2TMS) I a68 737 203 717 1074 386 176 a28 584 323
MOO0054_A150002-101_METB_408455_TOF_Erythritol (4TMS) 0 NA NA NA 95 NA NA NA 78 NA NA
MO00O54 A150002-101 METB 408455 TOF Erythritol (4TMS) s 684 710 806 1081 913 937 615 603 549 819
MOO0054_A150002-101_METB_408455_TOF_Erythritol (4TMS) 430.625 328 378 416 550 454 a77 320 345 285 433
MOO0054_A150002-101_METB_408455_TOF_Erythritol (4TMS) s NA NA 59 ES) 69 93 NA 104 68 70
MO00130_A144002-101_METB 424210 TOF_Cysteine, S-methyl-, DL- (2TMS)  73.1 51 55 NA NA 72 NA NA NA NA NA
MO00130_A144002-101_METB_424210_TOF_Cysteine, S-methyl-, DL- (2TMS)  ##tsssssssstitt 177 310 154 212 a68 243 140 195 NA NA
MO00130_A144002-101 METB 424210 TOF Cysteine, S-methyl-, DL- (2TMS)  #sssssisititittt 438 632 338 602 809 468 293 246 745 427
MO00130_A144002-101_METB_424210_TOF_Cysteine, S-methyl-, DL- (2TMS)  ##sisssiiitt 349 480 261 462 675 339 202 363 620 322
MO00130_A144002-101_METB_424210_TOF_Cysteine, S-methyl-, DL- (STMS) sttt 278 380 193 384 543 257 142 258 495 244
MOOOO65_A149001-101_METB 440995 TOF_Malic acid, DL~ (3TMS) I 78703 120822 130446 117107 158114 159929 53235 123603 79787 64127
MOOOO65_A149001-101_METB_440995_TOF_Malic acid, DL- (3TMS) S 59806 91432 99576 89576 122507, 125546 39085 93810 59606 a7627
MOOOO65_A149001-101 METB 440995 TOF Malic acid, DL- (3TMS) 27420.25 19409 28627 30821 28079 37660 38176 12932 29216 19202 15583
MOOOO65_A149001-101_METB_440995_TOF_Malic acid, DL~ (3TMS) 17.866.375 11772 19047 20432 18322 24594 24876 8041 19365 12464 9917
MOOOO65_A149001-101_METB_440995_TOF_Malic acid, DL- (3TMS) I 9143 13982 14725 13413 17355 17249 6437 14031 9624 7730
MOO0114 A153003-101 METB 452200 TOF Butyric acid. -amino- (3TMS) 5.182.125 6251 9410 2582 8040 15348 3208 1412 2580 10119 2745,
MO00114_A153003-101_METB_452200_TOF_Butyric acid, 4-amino- (3TMS) b 212249 310734 91016 266152 500604 114352 51748 91030 333079 97142
MOOO114 A153003 101 METE 452200 TOF Butyric acid, 4-amino. (STMS) 26003.0 31176 46702 13532 40079 74620 17350 7619, 13608 49547 14624
MO00114_A153003-101_METB_452200_TOF_Butyric acid, 4-amino- (3TMS) A 29915 42447 14113 36839 66309 17886 8508 14207 44852 15207
MOOO114_AL53003-101 METE 452200 TOF_Butyric acid, d-amino- (STMS) s 14764 21028 6098 18144 33234 7877 3419 6143 22244 6586
MOO0033_A152002-101_METB_457283 TOF_Aspartic acid, L- (3TMS) A 102661 167678 69074 152986 196179 85686 94006 120105 139713 117145
MOO0033_A152002-101_METB_457283_TOF_Aspartic acid, L- (3TMs> 78506.0 66325 109049 43196 99481 127341, 54311 59883 77030 90317 75372
MOO0033_A152002-101 METB 457283 TOF_Aspartic acid, L- (3TMS) 12.903.625 10735 17605 7563 15753 21283 9291 10188 12885 14546 12495
MOO0033_A152002-101_METB_457283_TOF_Aspartic acid, L- (3TMS) 6388.0 5106, 8856 3610 7844 11104 4465 4889 6296 7241
MO00033_A152002-101_METB_457283_TOF_Aspartic acid, L- (3TMS) 631984.25 551903 830354 383408 768681 959187 469714 515360 640684 717618 626205
M000015_A152001-101_METB_474325 TOF_Methionine, DL- (2TMS) S 116 176 52 145 281 90 NA 63 146 63
MOO0018_A152001-101_METB_474325_TOF_Methi . DL- (2TMS) s 137 157 84 133 261 85 NA 50 146 NA
MOOOO18 A152001 101 METE 474325 TOF Methionine, DL (2TMS) 123.0 103 170 83 129 245 91 NA NA 141 59
MOO0018_A152001-101_METB_474325_TOF_Methionine, DL- (2TMS) 3.127.125 2879 4589 1538 4057 6917 2150 1036 2190 3197 1512
MO00018_A152001-101_METB_474325_TOF_Methionine, DL- (2TMS) st 2346 3953 1323 3534 5874 1934 998 1878 2755 1374,
MO00032_A174008-101_MST_492650_TOF_Glutamine, DL~ (4TMS) 12523.0 6829 26128 2510 21964 45795 3915 2322 8058 12615 5658
MO00032_A174008-101_MST_492650_TOF_Glutamine, DL- (4TMS) T 2753 10204 912 8438 18396 1421 019 3011 4831 2114
MOO0032 A174008-101_MST 492650 TOF_Glutamine, DL~ (4TMS) st 1160 3221 309 2380 4904 453 407 1013 1451 671
MOOO579_A166001-101_METB_498150_TOF_Xylose, D- (LIMEOX) (4TMS) L 1745 NA 1353 2595 NA 2052 1186 1952 NA 1665,
MO00579_A166001-101_METB_498150_TOF_Xylose, D- (IMEOX) (4TMS) s 42879 81203 80189 60853 107660 100334 57168 84427 62634 72674
MO00579_A166001-101_METB_498150_TOF_Xylose, D- (IMEOX) (4TMS) 1111 16211 32691 31549 23938 43893 39568 23114 33536 24515 28220
MO00579_A166001-101_METB_498150_TOF_Xylose, D- (IMEOX) (4TMS) s 5163 10804 10137 7651 14457 12938 7421 10953 7787 9074
MO00579_A166001-101_METB 498150 TOF Xylose, D- (IMEOX) (4TMS) 7702.25 4482 9121 8519 6678 12305 10740 6025 9007 6614 7552
MOOO579_A166001-101_METB_498150_TOF_Xylose, D- (LIMEOX) (4TMS) L1 aa1a 8941 8397 6545 12074 10596 5763 8753 6367 7320
MO00155_A173001-101 IS (QUAN) 501603 TOF Ribitol, D- (5TMS) s 173 213 171 229 NA 266 212 108 199 198
MO00155_A173001-101_IS (QUAN)_501603_TOF_Ribitol, D- (5TMS) 511111 510 613 487 666 867 624 502 634 558 575
MO00155_A173001-101_IS (QUAN) 501603 TOF _Ribitol, D- (5TMS) s 16755 22451 21051 25493 28416 25231 20049 22825 22711 23454
MO00155_A173001-101 IS (QUAN) 501603 TOF_Ribitol, D- (5TMS) s 7481 9759 9371 11192 NA 10643 8742 10018 10178 10365
MO00155_A173001-101_IS (QUAN)_501603_TOF_Ribitol, D- (5TMS) A 3017 3741 3578 4328 NA 4116 3556 3879 3993 3946
MO00155 A173001-101 IS (QUAN) 501603 TOF Ribitol, D- (5TMS) st 2129 2910 2829 3111 NA NA 2514 2863 2754 2890
MOO0S82_A167011-101_METB_501570_TOF_Ribose, D- (IMEOX) (4TMS) 28128.0 22621 28345 28045 31189 36255 NA 24421 28034 27298 28993
MOO0582_A167011-101_METB_501570_TOF_Ribose, D- (IMEOX) (4TMS) s 16755 22451 21051 25493 28416 25231 20049 22825 22711 23454
MO00S82 A167011-101 METB 501570 TOF_Ribose, D- (IMEOX) (4TMS) s 4538 5985 5662 6661 7748 6681 5077, 5935 5920 6033
MOO0S82_A167011-101_METB_501570_TOF_Ribose, D- (IMEOX) (4TMS) A 2129 2910 2829 3111 NA NA 2514, 2863 2754 2890
MO00521 A150004-101 METB 515270 TOF Nicotinamide (1TMS) e 1669 3205 2255 2590 4708 3055, 1473 2336 1916 2199
MO00521_A150004-101_METB_515270_TOF_Nicotinamide (1TMS) 7445 400 939 642 808 1365 862 423 705 608 694
MO00521_A150004-101_METB_515270_TOF_Nicotinamide (1TMS) 229.875 145 272 160 271 416 272 132 184 208 187
MO00521_A150004-101_METB_515270_TOF_Nicotinamide (1TMS) A 51 153 69 168 281 215 55 95 141 162
MO00521_A150004-101_METB_515270_TOF_Nicotinamide (1TMS) B 480 1032 707 832 1494 1016 442 749 644 729
MO00186 A175002-101 METB-METB 517180 TOF Putrescine (4TMS) s 178 353 138 286 NA 138 120 189 226 131
MO00186_A175002-101_METB-METB_517180_TOF_Putrescine (4TMS) 39.108.875 34424 68086 24050 46291 93768 27865 17166 29807 41698 24177
MO00186_A175002-101_METB-METB_517180_TOF_Putrescine (4TMS) s 3723 8454 2832 5754, 11709 3467 2034, 3727 5091 3161
MO00186_A175002-101_METB-METB_517180_TOF_Putrescine (4TMS) I 2102 4549 1519 3082 6494 1762 1088 1965 2732 1509
MOO0186_A175002-101_METB-METB_517180_TOF_Putrescine (4TMS) L 1424 3101 1043 2102 4438 1188 741 1313 1846 1045,
MO0O591 A173002-101 METB 522140 TOF Fucose, DL- (IMEOX) (4TMS) s 506 973 488 751 1374 623 481 660 622 575
MOO0S91_A173002-101_METB_522140_TOF_Fucose, DL- (IMEOX) (4TMS) S 7201 12317 9020 10411 16350 12015 8375 10090 9095, 10097
MO00591_A173002-101_METB_522140_TOF_Fucose, DL- (IMEOX) (4TMS) s 1189 1979 1495 1674 2759 1955, 1313 1644 1511 1572
MOO0S91_A173002-101_METB 522140 TOF_Fucose, DL- (IMEOX) (4TMS) S NA 110 108 96 183 140 103 110 73 108
MOO0011_A164001-101_METB_531145_TOF_Phenylalanine, DL- (2TMS) e 150 298 100 320 354 134 04 114 204 141
MOO0011 A164001-101 METB 531145 TOF Phenylalanine, DL- (2TMS) 16.793.125 16603 24963 9247 25653 34955 11678 7567, 13580 16902 12910
MOO0011_A164001-101_METB_531145_TOF_Phenylalanine, DL- (2TMS) S 12032 18077 6569 18408 25015 8244, 5581 9744 12198 9137
MOO0011_A164001-101_METB_531145_TOF_Phenylalanine, DL- (2TMS) s 7447 10134 3496 10386 13731 4438 3651 5224 6630 4820
MOO0011_A164001-101 _METB 531145 TOF_Phenylalanine, DL- (2TMS) S 723 1126 410 1182 1597 526 352 605 792 583
MO00013_A168001-101_METB_550100_TOF_Asparagine, DL- (3TMS) 6.994.875 7025 13215 NA 7699 15846 NA 2524, 4745 4341 NA
MO00013_A168001-101 METB 550100 TOF_Asparagine, DL- (3TMS) 39940.25 49330 90888 19889 54369 108488 17107 16429 31543 33440 18104
MOO0013_A168001-101_METB_550100_TOF_Asparagine, DL- (3TMS) S 16274 31412 7563 17273 35961 5111 4907 9856 10560 5473
MO00013_A168001-101_METB_550100_TOF_Asparagine, DL- (3TMS) s 12143 22483 3789 13660 27481 3880 3667 7644 8254 4354
MOO0013_A168001-101_METB 550100 TOF_Asparagine, DL- (3TMS) I 2326 4805 NA 2408, 5348 692 699 1427 1458 796
MO00248_A172001-101_METB_557320_TOF_Glucose, 1,6-anhydro, beta-D- (3TMS 2936.3 2865 NA NA 2938 3235 3472 2151 3100 2180 2538
MO00248_A172001-101_ METB 557320 TOF_Glucose, 1, . beta-D- (3TMS 2702 4662 4351 3175 3695 3232 2246 2809 2328 2578
M000248_A172001-101_METB_557320_TOF_Glucose, 1.6-anhydro, beta-D- (3TME 303.0 323 457 399 306 379 279 223 265 223 279
MO00248 A172001-101 METB 557320 TOF Glucose, 1, . beta-D- (3TME 130 307 NA 162 258 118 163 153 87 196
MO00328_A177002-101_METB_574230_TOF_Gi phate, DL- (4TMS) 137 465 454 392 692 389 57 201 117 225
MO00328_A177002-101_METB_574230_TOF_Gl I phate, DL- (4TMS) 109 210 189 168 272 173 NA 98 NA 52
MO00328_A177002-101 METB 574230 TOF phate, DL- (4TMS) 631 1103 1024 801 1546 991 372 535 535 548
MO00328_A177002-101_METB_574230_TOF_ phate, DL- (4TMS) 424 694 651 554 936 631 235 358 345 331
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) s 36381 43882 39947 NA 43072 NA NA NA 41526 NA
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (STMS) S NA 18607 17455 NA 18981 N, NA 17886 18848
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) i NA 368854 332808 NA 361825 340330 363371 336500 346674 357822
MOOO606_A188004-101 METB 582135 TOF_Fructose, D- (IMEOX) (5TMS) sttt NA NA NA 1151634 1144694 1073763 1110938 1068382 NA 1140414
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (STMS) NA NA 24231 25168 25464 24760 NA 24178 NA 25641
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) 18300.5 NA NA NA 18975 NA 18179 NA 17732 NA
MOOO606_A188004-101_METB 582135 TOF_Fructose, D- (IMEOX) (5TMS) P51 NA NA NA 97928 97036 88601 94945 88829 NA 96671
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (5TMS) s NA NA NA NA NA 23252 24083 NA NA NA
MOOO606_A188004-101 METB 582135 TOF Fructose, D- (IMEOX) (5TMS) sttt NA NA NA NA NA 40616 42346 NA NA NA
MOOO606_A188004-101_METB_582135_TOF_Fructose, D- (IMEOX) (STMS) 00 NA NA NA 376985 NA NA NA NA NA NA
MOOO606_A188004-101 METB 582135 TOF Fructose, D- (IMEOX) (5TMS) 42.008.625 NA NA NA 44199 NA NA NA NA NA NA
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MO00689_A193009-101_METB_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MO00689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MO00689_A193009-101_METE_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101 METE 668700 TOF Hexadecanoic acid methyl ester,
MOO0689 A193009-101 METE 668700 TOF Hexadecanoic acid methyl ester,
MOO0689_A193009-101 METE_668700 TOF Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700 TOF Hexadecanoic acid methyl ester,
MOO0689_A193009-101 METE_668700 TOF Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METE_668700 TOF Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METB_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METB_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METB_668700_TOF_Hexadecanoic acid methyl ester,
MOO0689_A193009-101_METB_668700_TOF_Hexadecanoic acid methyl ester,

n-

MO00482_A203002-101_MST_696130_TOF_Hexadecenoic acid, 9-(2)-, n- (1TMS)

MO00482_A203002-101_MST_696130_TOF_Hexadecen

acid, 9-(2)-, n- (1TMS)

MO00482_A203002-101_MST_696130_TOF_Hexadecenoic acid, 9-(2)-, n- (1TMS)
MO00482_A203002-101_MST_696130_TOF_Hexadecenoic acid, 9-(2)-, n- (1TMS)

8. Attachment

I

.

HHIHHHE NA

U
62.246.125

139.454.875
A
A

3424.6
28083.25

I
I
HIHHEHHHI1
I

.
9633.25

3.506.875

429.625

I
I
I

L
A NA
I NA
I NA
114.0

MO00467_A211004-101_METB_706290_TOF_Ribx Pl

. D- (1 MEOX) (£

MO00467_A211004-101_METB_706290_TOF_Ribx

. D- (1 MEOX) (£

MO00467_A211004-101_METB_706290_TOF_Ribose-5-phosphate, D- (1 MEOX) (=

MO00649_A214001-101_METB_744935_TOF_Calffeic acid, trans- (3TMS;
MO00649_A214001-101_METB_744935_TOF_Caffeic acid, trans- (3TMS)
MOOOG45_A214001-101_METE 744935 _TOF_Cafelo acid. trans- (3TVS)

2.612.875
16.1 NA

MO00510_A232002-101_METB_767060_TOF_| (AIMEOX) (6T
MO00510_A232002-101_METB_767060_TOF_Fructose-6-phosphate (IMEOX) (sn

MO00510_A232002-101_METB_767060_TOF_§

MO00510_A232010-101_METB_768250_TOF_Fructose-6-phosphate, D- (IMEOX) (
MO00510_A232010-101_METB_768250_TOF_| phosphate, D- (IMEOX) (

MO00510_A232010-101_METE_768250_TOF_|

A
2.338.125
(AMEOX) (6T1
2.815.125
NA
. D- (IMEOX) ( NA

MO00485_A225002-101_METB_771063_TOF_Octadecanoic acid, n- (1TMS)
MO00485_A225002-101_METE_771063_TOF_Octadecanoic acid, n- (1TMS)
MO00485_A225002-101_METE_771063_TOF_Octadecanoic acid, n- (1TMS)
MO00485_A225002-101_METE_771063_TOF_Octadecanoic acid, n- (LTMS)
MO00485_A225002-101_METE_771063_TOF_Octadecanoic acid, n- (LTMS)

MO00513 A235002-101 METB-METE 781350 TOF Glu (1IMEO: NA
MOO0513 A235002-101 METB-METE 781350 TOF Glu (AMEO:
MO00513 A235002-101 METB-METE_781350 TOF_Glu MEO>
MO00513 A235002-101_METB-METE 781350 TOF_Glucose-6-phosphate (IMEO: 1134.75
MO00513 A235002-101_METB-METE_781350_TOF_Glucose-6-phosphate (IMEO> 326.125
MO00714_A235004-101_METE_819650 TOF_Eicosanoic acid methyl ester, n-
MO00714_A235004-101 METE_819650 TOF Eicosanoic acid methyl ester, n- IR
MO00714_A235004-101_METB_819650_TOF_Eicosanoic acid methyl ester, n- I
MO00714_A235004-101_METB_819650_TOF_Eicosanoic acid methyl ester, n- 5.0
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- 170.875
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- 194.0
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- .
MO00714_A235004-101_METB_819650_TOF_Eicosanoic acid methyl ester, n- 113.125
MO00714_A235004-101_METB_819650_TOF_Eicosan methyl ester, n- A NA
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- L
MO00714_A235004-101_METB_819650_TOF_Eicosan methyl ester, n- L
MO00714_A235004-101_METB_819650_TOF_Eicosan methyl ester, n- A
MO00714_A235004-101_METB_819650_TOF_Eicosanoic acid methyl ester, n- 3.914.875
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- A
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- A
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- A
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- S
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- 975.25
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- A
MO00714_A235004-101_METEB_819650_TOF_Eicosanoic methyl ester, n- A
MO00714_A235004-101_METEB_819650_TOF_Eicosanoic methyl ester, n- A
MO00714_A235004-101_METB_819650_TOF_Eicosanoic methyl ester, n- 776.75
MO00714_A235004-101_METE_819650_TOF_Eicosanoic methyl ester, n-
MO00714_A235004-101_METE_819650_TOF_Eicosanoic methyl ester, n- 517.5
MO00714_A235004-101_METE_819650_TOF_Eicosanoic methyl ester, n- 388.25
MO00714_A235004-101_METE_819650_TOF_Eicosanoic methyl ester, n- 243.625
MO00714 A235004-101 METE of methyl ester, n-
MO00714 A235004-101 METE methyl ester, n- 174.625
MO00714 A235004-101 METE methyl ester, n- 261.0
MO00714_A235004-101 METE. methyl ester, n- I
MO00714_A235004-101 METE. methyl ester, n- 1
MO00714_A235004-101 METE. methyl ester, n-
MO00044_A264001-101_METE_840783 TOF _Sucrose, D- (8TMS) I
MO00044_A264001-101_METB_840783 TOF_Sucrose, D- (8TMS) AR
MO00044_A264001-101_METB_840783 TOF_Sucrose, D- (8TMS)
MO00044_A264001-101_METB_840783_TOF_Sucrose, D- (8TMS) 32350.45
MO00044_A264001-101_METB_840783_TOF_Sucrose, D- (8TMS) s
MO00783_A269005-101_METB_858670_TOF_Lactulose, D- (LMEOX) (8TMS) S
MO00783_A269005-101_METB_858670_TOF_Lactulose, D- (LMEOX) (8TMS) 1.572.375
MO00783_A269005-101_METB_858670_TOF_Lactulose, D- (LMEOX) (8TMS) 1504.25
MOO0783_A269005-101_METB_858670_TOF_Lactulose, D- (LMEOX) (8TMS) 644.375
MOO0048_A274001-101_METB_870355_TOF_Maltose, D- (IMEOX) (8TMS)
MO00048_A274001-101_METB_870355_TOF_Maltose, D- (IMEOX) (8TMS)
MO00048_A274001-101_METB_870355_TOF_Maltose, D- (IMEOX) (8TMS) 1044.25
MOO0048_A274001-101_METB_870355_TOF_Maltose, D- (IMEOX) (8TMS) st NA
MOO0048_A274001-101_METB_870355_TOF_Maltose, D- (IMEOX) (8TMS) s

. D- (8TMS) | #ssststetsitt

.D-(8TMS)  3.367.625

. D- (8TMS)

. D- (8TMS)

D- (BTMS) 96:

» T _885460_TOF_Turanose, D- (LMEOX) (8TMS) 4.853.625
MO00786_A277005-101_METE_885460_TOF_Turanose, D- (LMEOX) (8TMS) A
MO00786_A277005-101_METE_885460_TOF_Turanose, D- (LMEOX) (8TMS) A
MO00786_A277005-101_METE_885460_TOF_Turanose, D- (LMEOX) (8TMS) A
MO00786_A277005-101_METE_885460_TOF_Turanose, D- (LMEOX) (8TMS) I
MOO0058_A284001-101_METE_889040_TOF_Maltitol (9TMS) A
MOO00S8_A284001-101_METE_889040_TOF_Maltitol (9TMS) 1.126.875
MOO00S8 A284001-101 METE 889040 TOF Maltitol (9TMS) At
MOO00S8 A284001-101 METE 889040 TOF Maltitol (9TMS) A
MO00230_A272003-101_METE_894670 TOF_Spermine (5TMS) A
MO00230_A272003-101_METE_894670 TOF_Spermine (5TMS) A
MO00230_A272003-101_METE_894670 TOF _Spermine (5TMS) s
MO00230_A272003-101_METE_894670 TOF _Spermine (5TMS) I
MO00107_A287001-101_METB_909948 TOF_lsomaltose (LMEOX) (8TMS) A
MO00107_A287001-101_METB_909948_TOF_Isomaltose (LMEOX) (8TMS) .338.
MO00107_A287001-101_METB_909948_TOF_lsomaltose (LMEOX) (8TMS) a
MO00107_A287001-101_METB_909948_TOF_lsomaltose (LMEOX) (8TMS) S
MO00171_A287003-101_METB_914380_TOF_Melibiose (LMEOX) (8TMS) 2.151.875
MO00171_A287003-101_METB_914380_TOF_Melibiose (LMEOX) (8TMS) s
MO00171_A287003-101_METB_914380_TOF_Melibiose (LMEOX) (8TMS) S NA
MO00171_A287003-101_METB_914380_TOF_Melibiose (LMEOX) (8TMS) R
MO00107_A291002-101_METB_917000_TOF_Isomaltose (LMEOX) (8TMS) B
MO00107_A291002-101_METB_917000_TOF_lsomaltose (LMEOX) (8TMS) st
MO00107_A291002-101_METB_917000_TOF_lsomaltose (LMEOX) (8TMS) s
MO00107_A291002-101_METB_917000_TOF_lsomaltose (LMEOX) (8TMS) s
MO00673_A299002-101_METB_940280_EIROE_Galactinol (9TMS) s
MO00673_A299002-101_METB_940280_EIROE_Galactinol (9TMS) A
MO00673_A299002-101_ME TB_940280_EIROE_Galactinol (9TMS) 737.75

MOOO003_A311001-101_METB_1025600_TOF_Quinic acid, 3-caffeoyl-, trans- (6TNV
MOO0003_A311001-101_METE_1025600_TOF_Quinic acid, 3-caffeoyl-, trans- (6T #H#itHt
MOOO003_A311001-101_METE_1025600_TOF_Quinic acid, 3-caffeoyl-, trans- (6T #H##H#iH
MOO0003_A311001-101_METE_1025600_TOF_Quinic acid, 3-caffeoyl-, trans- (6T 338.0

M000003 311001101 METB 1025600 TOF Quinic acid, 3-caffeoyl, rans- (6T 116.0
(5T

MO00284 A307003-101 METE 1054900 TOF

MOG0264 AS07009-101 METE 1054500 TOF Ade (5T

MD00284_A307003-161_METE_1054800_TOF_Adenosine-S-monophasphate (5TM]

3.757.875

MO00284 A307003-101 METE 1054900 TOF

MOO0264 AS07005-101 METE 1054500 TOF Ademasine o monophosphate (STM‘

MOO0626 A316001-101 METE 1070600 TOF Tocopherol, alpha- (1TMS)
MOO0626 A316001-101 METE 1070600 TOF Tocopherol, alpha- (1TMS)
MOO0626_A316001-101 METE 1070600 TOF_Tocopherol, alpha- (1TMS)
MOO0626_A316001-101_METE 1070600 TOF_Tocopherol, alpha- (1TMS)
MOO0626_A316001-101_METE 1070600 TOF_Tocopherol, alpha- (1TMS)
MO00269_A355003-101_METE 1081300 TOF_Maltotriose 11TMS/1MeOx BP
MO00269_A355003-101_METE_1081300_TOF_Maltotriose 11TMS/1MeOx BP.
MO00269_A355003-101_METB_1081300_TOF_Maltotriose 11TMS/1MeOx BP.
MO00158_A332001-101_METB_1114100_TOF_Stigmasterol (LTMS)
MO00158_A332001-101_METB_1114100_TOF_Stigmasterol (1TMS)
MO00158_A332001-101_METB_1114100_TOF_Stigmasterol (1TMS)

1.265.625

464.625
282.75
A
1345

HIHH . NA
I
I
I
.
63.375 NA

47520
24710 25811
110483 112034
44945 NA
A
243 433
55223 68366
30 3815
79
2931 3452
2820 2a49
4286 4195
3973 3783
92568 82741
104034 99092
42408 55741
11704 16172
4799 6328
2890 3504
22806 26782
22044 23030
4914 5047
641 597
NA
716 565
20 96
2728 2802
1000 1208
197589 221071
277405 314282
93275 107906
6
328340 379573
007
32045 NA
10136 5757
4965 1989
439 214
538 596
126137 123668
20570 19820
13119 13372
13225 12909
10776 10713
5527 5559
5471 5269
5188 5234
4903 4842
a784 4756
3382 3371
2536 2675
2022 2055
1802 1041
1596 1606
1482 1540
1160 1205
1002 1212

978 1043

9266 1005

764 783

597 620

302 376
2334 2279

525 621

365 435

74273
34696
14661

280 NA

624 642
1283 1957
1879 3665

105

539 1524

o7 279
1082 3376
1439 2697
112 151
1756 4382
274
136
14413
118
128819
63403
31226
111

180 a19

772 1438

683 1321

190 395

349 436

236 272

335 a29

131 218

113 153

152 186

126 211

55 84

73

135 84
35687 35563
5941 6129
3472 3694
2766 2828
1030 1157

961 1072

910 1017

756 899

725 813

741 815

723 733

628 717

540 654

397 a83

281 400

171 258

123 173

125 184

105 261

247 302
2550 2786

60

405125 457287

59267 64616
39185 NA
38551 NA

24528 20098

2846 9949

716 2030

761 2526

217 1120

59 100
8390 11721
665 1149
207

1622 2246
2248 3257
2356 3720

158 249
1552 2082

711 1138
4023 5437

443 675
5842 10412

2 430

1 100
2708 3973

980 1233

73 86
70 89
77 287

142

as3 711

127 391

103 209
5026 7055
2 2648

833 1312
1899 3120

517 691

112

a19 751
3065 a078
1787 2131

936 1359

78 134

a97 670

223 281

471 710

522 906

470 852

355 630

181 249

77

11165 17909
6620 10689
3140 5196
190148 33828

o908 1783

279 368

185 249

110 139

105 120

66
NA,

186 471 17
10aad b 1226
1075 1469

183 224

NA

£33

47708
25838
112367

280857
495

63652

159

496
106
250

5995

2336

1483

924
1541
216

46379
25521
113080

3652

19910

1390

108

54
278
1665
1692
231

NA
NA
NA
NA

NA

NA
NA

NA
NA

NA

1853

212967

102128

363056

2216

54 NA

112478
287080
231
57513
2929

174
5369
2203

a81

53

3

331990
6

166
1110
1504

289

11.02.18

NA

a7e
218

04
4190
1705

327

180

1537
243
55

105877
01686

326448
73

209

1860
311
80
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17089rA 20 17089rA 24 17089rA 6 17089rA 10 17089rA 14 17089rA 18 17089rA 22 17089rA 26 17089rA 5 17089rA O 17089rA 13 17089rA 17 17089rA 21 17089rA 25
L5B FAD3 rL6B FAD3 rL10A FAD3+L11A FAD3+L12A FAD3+L10B FAD3+L11B FAD3+L12B FAD3+L7A FAD7 rL8A FAD7 rL9A FAD7 riL7B FAD7 rL8B FAD7 rL9B_FAD7_r
FAD3 FAD3 AD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD7 FAD7 FAD7 FAD7 FAD7 FAD7

19,4 18,5 19,3 19,6 20,4 19,3 19,6 20,4 18,2 19,6 19,2 18,2 19,6 19,2
FAD3 FAD3 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD3+FAD7 FAD7 FAD7 FAD7 FAD7 FAD7 FAD7
17089rA_20 17089rA_24 17089rA 6 17089rA_10 17089rA_14 17089rA 18 17089rA 22 17089rA 26 17089rA 5 17089rA 9 17089rA 13 17089rA 17 17089rA 21 17089rA_25

322 29 08 NA 150 183 181 29 125 181 117 120 94 7

7076 2050 2588 2098 3637 2871 3574 5392 2672 3349 1998 3137 2870 1253

1189 373 238 NA 640 627 644 269 a7s 598 350 537 520 255,

127513 93787 89731 152345 138987 98462 164263 140660 40981 57618 40155 57761 66657 40511

7712 5727 5388 8852 818 5941 9892 8533 2367 3295 2388 3481 4256 2464

ass1 3516 3281 5512 5121 3656 6295 5416 1393 1985 1488 2024 2635 1523

1476 1085 977 1641 1599 1105 1932 1650 388 589 432 599 763 470

o8 65 65 71 NA 95 81 NA 104 104 107 117 o8 o5
435, 273 306 281 367 343 302 ais 321 329 315 394 378 402
243 123 192 172 196 172 173 227 183 170 157 226 210 207

55 NA NA 74 65 62 81 108 NA NA NA NA 61 NA

8346 9302 5204 9158 10483 5892 9854 10640 4569 4302 3009 5946 4863 3051

1230 1324 720 1266 1527 201 1448 1514 662 650 446 867 751 a65.

1213 1286 697 1319 1487 833 1396 1540 633 634 414 843 709 433

206 185 144 206 223 158 226 248 114 126 NA 149 152 77

o5 63 68 110 52 70 106 106 NA 54 94 NA 57 59

8301 7547 6736 8497 6570 7241 9502 6089 3987 5484 5268 5371 7569 assa

6583 6022 5269 6746 5202 5814 7560 4553 3234 4316 4313 4308 5978 4119

4937 4284 4028 5173 3901 4149 5468 3427 2352 3262 3132 3091 4336 2733

12487 11220 5985 10518 18223 8133 11368 19773 4821 4620 3072 7146 6286 3232

2142 1939 944 1691 3106 1345 1925 3592 802 707 530 1197 1054 553

456 384 226 376 653 264 367 705 175 135 100 251 209 129

557 519 335 469 849 397 505 958 310 193 121 503 302 199

106 72 87 100 184 71 86 171 NA NA NA 62 NA NA

8575 8107 7159 92068 9358 7923 10376 9345 4a14s 5430 3299 5693 5665 3732
3761 3661 3269 4080 4069 3532 4637 4238 1843 2386 1457 2432 2550 1633
1993 2008 1803 2174 2110 1910 2496 2177 1026 1201 782 1371 1385 o918
1082 1016 874 1120 1136 962 1268 1190 as9 660 395 696 706 a68
314 251 251 327 299 267 327 323 152 196 7 199 191 140
156437 153599 133237 142003 157222 140317 151407 156689 136911 135671 148418 150969 145078 151952
46532 45039 40326 43043 47356 41590 44549 46593 41842 41185 45003 44798 42821 44276
983660 961553 837648 895072 995943 875803 945822 984029 863116 852304 933077 950319 905749 951571
227983 220170 173014 191016 230787 187460 213702 233417 181454 179308 206442 212379 197833 215576
56337 54974 49924 52089 57466 51422 54591 56291 51465 50590 54902 54896 52868 54511

767 1380 1155 1563 1449 242 197 59 464 NA

1857 2618 2645 2381 805 2906 2879 NA 614 925 NA 734 1156 NA

190145 292229 325442 293492 50057 362391 338206 62776 52922 96613 19499 73265 115478 20428

139 115 NA 146 73 84 169 118 60 NA 70 75 92 62

5971 5918 2945 5495 4650 a7a7 9069 5132 1516 2202 2437 2758 3392 3087

5134 4819 2371 4582 3738 3817 7684 4339 1192 1755 1987 2120 2826 2534

1247 1166 562 1144 201 913 1795 1058 311 389 ass 543 717 611

644 581 245 585 432 as8 895 547 171 181 250 312 366 320

33998 33929 22478 28333 37438 25430 36019 39470 12195 14022 8067 17540 19495 8755
21031 20904 13434 17298 23033 15358 22125 24460 7059 8240 4695 10403 11655 5098
18381 18853 12580 15833 20374 14182 19874 21662 6772 7776 4640 9665 10843 4914
1583 1542 973 1322 1724 1126 1620 1885 529 572 362 797 855, 397
764 702 467 654 790 536 733 869 278 253 182 374 380 185
17234 19181 13657 17478 33755 14710 21331 34245 10493 10048 6586 14099 12487 7169
11860 13047 8991 11762 24983 9817 14765 25715 6766 6568 4222 9411 8363 a72a
11537 12758 8761 11527 24250 9583 14412 24996 6547 6374 4070 9171 8085 4545
2849 3222 2141 2875 6130 2395 3665 6276 1552 1544 o985 2272 1966 1089
450 322 398 819 334 a97 859 215 242 157 306 246 170

74 68 NA NA NA NA NA 80 NA NA 56 NA NA NA

225 147 86 169 NA 129 NA 190 87 78 76 119 94 101

1421 842 688 715 774 866 867 9207 453 aza 627 684 636 743

348 204 167 206 206 203 197 229 103 112 157 159 1as 173

109 74 82 79 85 107 92 137 67 96 100 100 81 86

3313 3368 3080 2634 4193 3744 3104 4361 2214 2950 2691 3648 3356 3017

2590 2564 2313 2003 3267 2892 2476 3309 1723 2235 2079 2796 2575 2304

2297 2266 2098 1795 2854 2550 2159 2955 1579 1998 1849 2478 2329 1973

179 179 67 73 162 206 197 258 NA 100 158 178 202 224

115 150 NA 51 143 150 155 222 NA 92 136 135 163 173

119 142 52 NA 125 142 14as 195 NA 93 118 129 136 160

775 833 236 338 643 703 799 1070 179 370 523 642 796 9203

355, 390 132 160 280 360 375 504 53 212 286 308 369 408

105 159 100 75 222 88 94 208 NA 71 63 109 71 NA

164 262 137 139 340 146 151 340 70 121 76 156 117 65

1173 1877 862 913 2109 267 1087 2441 619 611 375 863 687 436

721 1185 525 566 1302 599 675 1560 364 381 251 554 a1z 276
NA 1064 524 510 NA NA 617 NA NA NA NA NA NA NA

67 60 NA 63 120 NA NA 118 NA NA NA 52 NA NA

735 383 288 346 2416 356 a3a 2866 267 210 366 427 572 360

593 343 263 287 1846 313 355, 2313 213 162 309 331 459 278
NA 64 NA NA 147 NA 76 164 NA NA NA NA 60 NA
NA NA 215 223 NA 254 NA NA NA 110 122 198 NA 141

352 185 386 336 757 446 403 888 208 234 208 368 353 246

194 NA 106 124 407 135 156 490 77 82 107 161 141 114

149 67 73 85 237 119 82 361 NA 75 NA 152 143 57

669 388 342 367 1064 ass. 528 1319 333 425 333 538 604 402

87 NA 73 69 71 77 66 NA NA NA NA NA 52 NA

700 502 1138 875 1477 1275 1021 1525 490 662 456 749 741 533

384 262 602 as9 786 644 516 774 262 326 262 399 382 291

100 NA 89 83 118 120 103 122 NA NA NA 78 56 55

55 102 67 NA 88 62 NA 106 NA NA 73 NA NA NA

245 196 NA NA 356 227 NA a14 253 190 269 330 226 326
670 744 561 503 985 619 596 1078 409 435 486 601 611 534
531 618 4a1s 386 771 471 a62 891 314 343 388 466 a87 435,
a1s. 501 338 297 614 356 379 716 262 259 290 384 378 335,
149624 90226 66229 79608 139574 71586 100617 145036 123370 98504 146175 169413 117631 168160
116582 68767 48907 59397 107755 53654 77256 113554 93587 74208 112627 132362 90723 133185
35714 21807 15982 19123 33249 17432 24260 34773 291903 23390 34729 40175 28216 40338
23454 13866 10161 12326 21891 11061 15625 22713 19343 15476 22949 26447 18471 26180
16548 10575 8005 9412 15687 8624 11678 16021 14121 11516 16186 18088 13456 18044
6128 8021 3097 2944 9381 4371 4806 11260 1931 2095 651 3467 3707 727
203046 265236 106548 103765 309724 147158 160865 369625 66808 74468 22862 116735 124836 26004
30657 39797 16107 15482 46361 22290 24523 54964 10116 11070 3310 17690 19074 3774
29491 36966 16500 15820 42610 22236 24101 50306 10405 11710 3786 17778 19116 4453
14086 18103 7282 6972 20968 10160 11240 24889 4586 5035 1523 8065 8611 1706
149653 156071 114818 126268 180674 132625 161530 182983 83852 70626 53704 118580 86342 62426
97468 101745 73179 81270 117526 85466 105315 119249 52905 44187 33501 76211 54570 39247
15404 15964 12280 13440 19303 13789 16477 19346 9174 7726 5917 12577 9207 6739
7670 8017 56 os78 6747 8203 9940 4467 3715 2807 6185 4392 3184
757506 780605 617962 668342 888331 690993 805107 896720 463856 391526 295857 631516 473393 342704
105 155 NA 89 248 88 79 263 79 NA 148 123 85 140
o3 139 63 101 226 88 94 259 73 NA 127 114 81 142
107 138 69 117 234 76 72 278 59 51 143 115 80 146
2978 3488 1945 2185 6842 2414 2931 7485 2010 1543 2767 3119 2068 3211
2659 3128 1747 1999 5723 2197 2691 6451 1753 1384 2485 2708 1916 2795
7511 17995 3459 8009 30285 7636 13833 34437 3261 5002 8022 8812 4734 11762
2788 7008 1359 2958 12059 2873 5291 14011 1279 1823 3009 3353 1721 4600
886 1984 503 968 3343 1534 3765 asa 621 938 999 548 1363
2878 2209 1579 1513 3311 1846 2261 3837 1137 1232 1228 2062 1765 1485
104028 72494 53253 54801 51844 59960 69515 56651 54081 65295 75390 77875 77961 89118
41663 28331 20825 21181 20413 23169 27130 22280 21187 25531 29471 30812 30462 35162
13732 92033 6554, 6620 6466 7281 8651 7171 6735 8132 9520 10050 2875 11558
11130 7616 5646 5803 5807 6316 7534 6423 5770 6957 8131 8545 8390 9743
10862 7347 5562 5741 5796 6239 7381 6475 5713 6816 8056 8446 8262 9596
227 209 206 178 246 216 205 NA 193 185 231 276 199 261
648 679 492 a98 725 527 637 690 517 a7s 575 723 613 662
26693 24884 19883 20826 23292 21698 24397 24714 20169 20585 21000 26134 23130 23361
11583 11107 8727 9198 10475 9434 10655 10963 8903 9074 9349 11654 10201 10294
4459 4202 3493 3542 4143 3673 4140 4306 3631 3543 3705 a648 3950 4101
3385 3047 2511 2466 2820 2723 3008 NA 2443 2478 2581 3229 2860 2959
33442 30287 24607 25144 28066 26935 30073 29743 23699 25050 25396 31613 28668 29020
26693 24884 19883 20826 23202 21698 24397 24714 20169 20585 21000 26134 23130 23361
6988 6530 5131 5339 6136 5589 6293 6416 5110 5283 5493 6840 6062 6110
3385 3047 2511 2466 2820 2723 3008 NA 2443 2478 2581 3229 2860 2959
3004 2429 2462 2640 3446 2867 3465 3745 1802 1912 1968 2839 2447 2315
831 752 680 702 937 763 940 1058 as57 544 559 838 761 600
239 233 230 247 294 228 307 315 139 181 183 237 257 180
112 77 122 100 178 121 160 150 79 117 65 117 122 83
940 790 819 857 1141 898 1136 1224 581 595 628 201 797 747
200 285 164 221 324 176 219 175 179 114 274 173 168
37734 43557 28706 36158 57458 32265 42682 60256 33636 31109 21804 45143 36341 24432
4873 5378 3597 4371 7610 4129 5276 7523 3830 3657 2581 5122 4211 2914
2502 2893 1803 2349 3911 2066 2773 4036 2115 2006 1408 3001 2339 1581
1654 1997 1246 1628 2649 1390 1861 2782 1470 1377 2059 1556 1112
654 681 514 617 1030 608 708 1030 503 562 625 746 709 675
11463 10416 9477 10476 12449 10841 12469 13218 8922 9703 o852 12842 11241 11444
1808 1724 1523 1659 2035 1728 1993 2179 1378 1610 1632 2073 1839 1852
o1 26 62 132 111 87 71 150 71 134 81 138 112 122

179 182 103 212 436 169 235 a49 109 70 NA 156 71 NA

16394 18874 11536 17080 39175 13780 20201 41763 9713 7256 4146 15253 o088 4718
11759 13581 8260 12217 27864 o861 14546 29663 7139 5246 2992 10942 6455 3419

6479 7512 4603 6708 15584 5349 8247 16577 4237 2854 1699 5997 3451 1979

741 811 493 782 1791 627 935, 1914 425 336 158 652 401 228

5491 NA 4201 4330 13526 NA NA 13261 4188 3284 NA 4934 3308 NA

36713 26780 27013 29017 102125 26395 30083 98234 29232 21994 16571 36473 22056 16293
11483 8041 8332 8959 34343 8013 92002 32854 9179 6815 5290 11363 6694 4997

8960 6421 6528 7068 25921 6369 7220 25028 7194 5409 4146 8951 5305 3714

1639 1088 1182 1214 5071 1116 1248 4913 1273 962 791 1555 934 725

3955 2686 2980 2856 3831 NA 2800 4766 2559 2227 1844 3538 NA 2205

2840 2799 3006 2899 4065 2771 2874 3744 3006 2511 2084 3553 2551 2424

328 304 288 300 280 288 272 343 239 211

159 183 142 156 259 162 175 157 132 153 94 181 159 121

309 239 177 210 459 238 259 527 221 191 172 385 211 103

110 NA NA NA 183 74 96 207 68 94 NA 161 55 64

677 517 410 469 1086 495 589 1216 606 432 446 874 a94a 534

425 319 273 308 723 339 369 775 408 208 296 577 337 342
NA NA NA NA 40906 NA NA NA NA NA NA NA NA NA
NA NA NA NA 17721 NA NA NA NA NA NA NA NA NA
NA NA 341573 NA NA 354779 NA 342521 330962 NA NA NA NA 332451

1095259 NA NA NA NA 1130721 NA 1081975 1049552 1072373 NA 1093965 1111315 NA
24540 NA NA NA NA 25613 25549 NA 24237 23999 NA 24739 24920 NA

NA NA NA NA 19794 NA 17991 17335 17882 NA NA 18516 NA

920850 NA NA NA NA 95813 NA AN 88748 87338 88696 NA 91278 92857 NA

N, NA NA NA NA 24611 NA 3Z 23426 22647 23509 NA NA 23934 NA
NA NA NA NA A 43895 NA Dt bl 41105 39752 41265 NA NA 41893 NA

352782 NA NA 366245 NA NA 360407 NA NA 346345 NA 347932 357892 NA
42074 43708 42747 43189 NA NA NA N, NA NA 89 41720 NA 38943

1167969 1163859 1144838 1162752 1194656 1183393 1171389 1175076 1135388 1176395 1170284 1177970 1170048 1198148
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NA

NA

NA

NA

NA
NA

46300

109871
N,

508
68382
4082

NA
192
1373
1849
321

68 NA

NA

NA

NA

4

A

NA

asiis

340
70395
3472

4012
3553
5725
5283

117557

143616

ase04a

2719

2985

381572
52728
35064
36118

199
1216
1479

211

NA

NA

NA

206

1596
240

NA

NA

as086
26462
114076
N

291146 NA
574

64156
4435
117
3936
4609
6740
6640
147684
164031

8. Attachment

as925

111972
N,

NA
NA

NA

NA
NA

NA
NA
NA

NA
NA

NA

NA

NA

as5778
25016

292
51681

3277
a613
4404

102867

109594

4711

216
1211
1289

217

NA
NA

NA

NA

NA

110120
46042
200982

62023
3606

181
1190
1453

204

NA

NA

NA

46507
25607
109070

aea
47569

265

2073

NA

46341
25530
111408
46291
286889

57434
3585

NA
NA

11.02.18

arssa
25696

113208
N,

500
64157
3833

219
1356
1698

258



