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Ecometabolomics

T,
0 Current cooperation and future challanges of

cooperation between CREAF and CzechGlobe

0 different methodological approaches
0 NMR x HPLC-MSn

0 comparative ecological and ecophysiological
studies

O climatic and geographical gradients
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Metabolomica
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Ecometabolomics

. S 2 :,-;‘ ‘ “ iy :.
Seasons (Ontogeny) Plant-Herbivore Climate Change: Drought & Warming
interaction

Environmental Changes

Ecosystem - Species

OR' GAN' ISM ECOMETABOLOMICS
Stoichiometry Metabolits
N_ K O0°
C'p Sugars W

¢
Terpens ... Nucleotids




Obijective
I T

A. Understand the Relationship between Metabolome and Stoichiometry

B. Study the Effects of Environmental changes on the Metabolome of a
Species

C. Study the Structure & Function of the Ecosystem by Metabolomics and
Stoichiometry.

D. Increase the Knowledge of the Ecosystem structure and fucntion by
Metabolomics and Stoichiometry

nvironmental Changes
Ecosystem - Species .

ECOMETABONOMI




Results and discussion

Ecological Question (first work)

I T
0 Which are the metabolism of plants affected by:

® Climate Change (Drought, warming, rainfall)
® Phisiology (Structure & function)
m Biodivesrtity or competition

m Ontogeny
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Experimental design
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Experimental design
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Experimental design
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Results and discussion

Experimental design
N
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Experimental design
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winter rainfall and
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(Figure 1).
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Experimental design

]
EVENT Il _
s ] (] [ . - 2 species (Alopecurus
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winter rainfall and
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Sample collection
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Sample collection

‘ : 1. Freeze fresh 2
samples in -
Tliqid Nirogen Eyohilize

3.

W i‘ ‘ )‘ —\ /\ = Grind samples

10.a
Add

9.a 25mlH:0  11.8 Freeze (-80°C)
N 13.2 Add 4 ml H:0

Vortex (15 s)
14.a Centrifuge

Collect aqueous
fraction in
centrifugue tubes

12.a Lyophilize

4. Add 150 mg of powder 5.
to centrifugue tube

Add
6 ml MeOH/H20 (1:1)
6. 7 8.
/—\ Vortex Sonicate Centrifuge
(15s) (2 min) (15 min; 1100 x g)

S

—E=

Repeat this process in the same tubes (steps 5 to 9.2/9.b) (twice extractions)

18.a 20.a - Transfer to
Resuspend with micropipette and Transfer 0.6 ml NMR tube
15.2 Freeze (-80°C) 17.a transfer contents to Eppendorf tube to NMR tube
Add 1ml AT

4ml _ (3 min; 23 000 xg)‘
@ &
‘1’ B
2mi

HPLC/MS

@y 19.a
Centrifuge

(3 min; 23 000 x g)

16.a Lyophilize ! D.0+TSP
Vortex (5 s)
> —)




Results and discussion

c
.
-
O
9
O
O
<
O
&
O
Vg




Results and discussion

Sample collection
I T

Elemental
Analyzer

ICP-OES

Gt Acids digestions ——————3
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Sample collection
I T
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NMR-based metabolic profile
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NMR-based metabolic profile
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Results and discussion

Fingerprinting (Adquisition)
]

0 Automation

0 All the samples doing with the same protocol and use
the nmr-robot to doing the 'H-spectrum.

0 Reproducibility

noesyprid

'H dl 48
presat presat
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Results and discussion

NMR- Processing (Topspin & Amix software)

' spectrum | ProcPars | AcquPars| Title| PuiseProg | Peaks| Integrals| sample| Structure | Fid |
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b
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i - Base Line Correction (abs)
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Results and discussion

Post-Processing

E integrals_192: Bloc de notas T le=h &
Archive Edicion  Formate  Ver Ayuda I
Number Integrated Region Integral 1. 1. II 1.
aber  Integrated fegio soral s nregrare ail specirum
2 8.956 8.723 0.15622
3 8.487 8.421 0.03722
4 8.120 8.038 0.13101
5 7.890 6.225 15.37703
6 6.128 5.921 0.54323
7 5.766 5.684 0.20155
8 5.587 5.536 0.15041
9 5.486 5.431 0.66421 R °
10 5.435 5.400 7.94417 1' ‘l' ‘l' ‘l'
¥ iy I espect 10 € Internd
12 5.373 5.314 0.49839
13 5.287 5.250 0.39146
14 5.249 5.220 0.76354 d d °
15 5.221 5.173 1.38018
IS TR standard concentration
17 5.052 5.023 0.24556
18 5.023 1,960 0.52547
19 1,672 1,618 0.59628
20 4.466 4.426 0.75164
21 1,367 1,249 4,15057
22 4,249 4.151 45.30775
23 4,141 4,080 38.29610
24 4.080 4.035 12.02106
25 4,035 3.992 5.97331
26 3.992 3.932 42.94301
27 3.922 3.872 53.70915
28 3.872 3.849 12.62051
29 3.850 3.805 46.29956
30 3.805 3.732 64.06543
31 3.720 3.716 3.73860
32 3.713 3.628 68.43568
33 3.607 3.503 53.22546
31 3.503 3.447 15.73321
35 3.446 3.374 5.32279
36 3.374 3.349 1.88364
37 3.349 3.316 1.54200
38 3.287 3.223 6.56320
39 3.223 3.181 2.95495
10 3.168 3.122 0.70441
41 3.039 2.995 0.84750
42 2.991 2.962 0.63002
43 2.962 2.923 0.91779
44 2.897 2.870 0.82580
45 2.870 2.844 0.55973
16 2.844 2.821 0.37846
47 2.821 2.786 0.54277
48 2.721 2.649 2.09459
49 2.513 2.425 4.64855
50 2.425 2.383 1.35084
51 2.383 2.337 1.79870
52 2.334 2.268 1.09548
53 2.253 2.225 0.63043
54 2.200 2.103 6.24710
55 2.103 2.004 3.30611
56 2.004 1.969 1.47591
57 1.969 1.831 5.90750
58 1.788 1.700 2.46144
© Ll L3 D% 42 41 40 38 38 37 36 35 34 33 32 31 ppm
60 1.592 1.523 1.10707
61 1.507 1.464 0. 89044 " " " ' ' ' ' ' ' ' ' P
62 1.352 1.317 1.96147
63 1.317 1.255 1.79880
61 1.196 1.157 0.88925
65 1.064 1.031 0.54831
66 1.031 1.007 0.36539
67 1.007 0.983 0. 50861
68 0.983 0.920 1.13527
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AWA

Methodology d

MzMine

- Base Line Correction

=3 w e o] |

- Mass Detection

* Chromarogram Builder T ECE R R SR SRR =

Q4415

0 45526

* Chromatogram R A T LR = tem tew ia

Deconvolution

- Alignment
Huge databases

. Peak Finder (often more than 8000 variables)

- Export




Results and discussion

Methodology developt

ADVANTAGES

- High elucidation power
- Rapid HINMR spectra obtention

- High Reproducibility
(even between labs and
spectrometers)

- No destruction of samples

- High sensitivity
- Rapid preparation of Extracts

- Good compound separaton by
chromatography

- Rapid metabolite assignation

DISADVANTAGES

- Slow elucidation process
- Slow preparation of Extracts
- High overlapping signal

- Low sensitivity

- Low elucidation power
- Slow chromatographic separation

- Sample destruction



Results and discussion

NMR-Ms-Stochiometry study
1

gwzEh 3
Metabolome determination
NMR plant Extracts NMR analyses Spectrum Processing

LC-MS plant Extracts LC-MS analyses Chromatogram
Processing
(C, N) Elemental
> Analyzer

(P, K) \CP.0ES l
Statistical
Analyses

v

DATABASES

-




Results and discussion

Pre-Processing statistical analysis

.-.\ ok Julioladju_RMMN - Microsoft Excel ':' |
Inicio Insertar Disefio de pagina Farmulas Datos Revisar Vista Complementos & e o BB
o ] ] =] e -
j & Arial 11 v AT AT S Ajustar texto MNimero - *;:J %‘j;ﬂ }ﬂ' E|- ? "] T Autosuma W [ﬁ
- I o 4 @ Rellenar = =
Pegar N ¥ § - Sy A~ @Combinarycentrar - EE - o000 | %Y 508 Formato  Darformato Estilos de | Insertar Eliminar Formato Ordenar  Buscary
< \; - condicional = como tabla~ celda~ < < < (2 Borrar ~ y filtrar = selecciona
Portapap... & Fuente Pl Alineacion ] Miamero = Estilos Celdas Maodificar
AC63 - fe| 37.576
& 5 E [1] E F G H 1 J 3 L 1] 1] 1] F [ R 8 T u W I i3 T z Al AE A
Maime  Hame  Scasom  Specic  Part of p Treatmen Plot Replicat: index de Simp Index Shant Precipitat HHA mafl ni G oH (KCI) soil mois Scm air b -2 cm soi Soilrespits Ca K Mg E3 P Fe s Ha c
1 4 ar HOZ
2 153 JHDINALE July Haleuz stem o1 ] 1 02516655 20Z532IT 22323 das o415 0zt 08 43 OIS 154 £.3605 085 03360 1T400 04055 0M33 04595 O51T5 07231 04000 425450
3 190 JHDINILEZ July Haleuz stem o1 ] 2 15456758 1TTETO46 22325 43 153 .25 24 407 OATHE 154 B.3605 076 04162 LTSS 0ZET 04260 00572 0212 03555 25362 HENEE
4 19 JHDINILS July Haleuz stem o1 ] 3 123549455 06335692 22323 457 o908 .25 15 sa7  OATMS 154 15,3605 051 03300 23736 (1SS 04503 04990 05505 07327 0000 434250
5 195 JHDINILS July Haleuz stem o1 ] 5 06364145 Z5SMOTT 22323 a7 0524 o1 23 sge AT 154 B.3605 055 05451 22326 04T 0T TS 04070 0160 04000 442150
[ 194 JHDIMSLE July Haleuz stem o1 s 1 10455025 15228551 22323 A 0415 0zt 508 43 OIS 154 53605 085 04273 18556 0659 016 045T3 04T OTE23 04000 M
7 195 JHDMNSLZ  July Haleuz stem o1 NS 2 4ESH1359 18216372 22323 43 153 .25 24 407 OATHE 154 B.3605 076 05500 15247 0026 04240 00705 02132 05143 04350 45.357C
& 196 JHDINSLE July Haleuz stem o1 NS 3 A0TOSE10 1119243F 22323 ast o908 .25 515 sa7  OATMS 154 15,3605 051 06060 213E3 02135 04950 (L2243 04544 1025 00000 423150
a 157 JHDUNSLE  July Haleuz stem o1 NS 4 TEIEFIIF 09545561 22323 4a o907 033 .95 ssr OATMS 154 53603 054 06330 20654 04955 0.2506 02133 05312 09450 04000 450370
10 195 JHDINSLS July Haleuz stem o1 NS 5 25501636 252TT33F 22323 a7 o524 ot 23 sge OATMS 154 £.3603 055 03302 15509 04004 065 04505 055T6 03422 04000 453700
1l 159 JHDINBLT  July Haleuz stem o1 NE 1 11526424 14421424 22323 4 0415 0zt 508 43 OIS e 54636 085 OSTTE 2422 0.2207 02557 04355 04340 07352 04000 435510
12 200 JHDINGLE  July Haleuz stem o1 NE 2 53307208 1TT24822 22325 43 153 .25 24 407 OATHE e 54636 076 03303 11652 01259 00434 00134 02215 0T7E5 06052 N
15 201 JHDINGLE  July Haleuz stem o1 NE 3 TEESEA52  14420T4 22323 a5t o908 .25 515 nar  OATMSE e 15,4656 051 06324 20636 02047 04540 04739 05260 L1361 0000 453530
14 202 JHDINGL4  July Haleuz stem o1 NE 4 46245156 04555614 22323 am o907 033 .95 ssr OATME e 15,4636 054 04045 15528 0573 0596 00555 0073 06461 04000 M
15 203 JHDINGLS  July Haleuz stem o NE 5 60T 20E0TEE 22323 4T 0584 ot S et OATME e 154656 055 02833 18125 0.0904 00942 04365 OM3F 07262 01000 45081
16 204 JHCMANILL  July Haleuz stem oM 1] 1 6.0SE5T2T  LIT2T4TE 0SS 0.zt .25 a0 43 0.24337 154 153603 0.5 05506 26329 0.2296 0.2426 02112 04128 0.3T43 01000 432410
1 205 JHCMNILZ  July Holeus stem cM 1] 2 17244208 25563132 35085 4 0508 .24 2 4tz 024337 154 153603 065 04551 28474 051 0.2TET  0L2334 04805 OUH13T 0000 d6.7200
16 206 JHOMNILS  July Holeus stem cM 1] 3 15561091 1350043 35085 45 121 .26 299 5a7  0.2433T 154 153603 064 04M0 18331 01333 04955 04975 02305 09533 05363 44.0350
13 207 JHCMNILE  July Holeus stem cM 1] 4 BE.223TIS0 11E3124 35085 A 15 .24 500 401 024337 154 153603 064 05761 16334 0656 04728 00657 01035 03054 00000 450340
20 | 20§ JHCMNILS  July Holeus stem cm 1] 5 075G 25635663 35085 M 0568 o1 zit ngd 024337 154 153603 067 04453 13362 00454 00804 02243 05522 05353 01000 43600
21 203 JHCMNSLY  July Holeus stem cm s 1 JET436305 05226723 38085 sk 0.zt .25 50 43 024337 154 153603 08 06464 25321 0.223F 053352 02647 02057 04343 01000 WEREE
22 | 210 JHCMNSLZ  July Haleuz shem cm T 2 2363153 27228093 IE0ES 48 0508 .24 24 a1z 024337 154 B.3603 065 04353 32463 063 02445 02871 06636 05ITE 01000 427330
23 21 JHCMNSLS  July Haleuz shem cm T 3 130612524 13475346 FE0ES 45 121 [F3 298 za7  0.2433T 54 53603 054 02530 13316 0.0354 00666 00643 00455 06452 05031 445720
24| 212 JHCMNSLE  July Haleuz stem cM NS 4 13432855 18133399 35085 A 15 24 0 401 024337 454 53603 064 03651 22076 04254 02013 0227 01685 0EE22 04000 44.7330
25 215 JHCMNSLS  July Haleuz stem cM NS 5 13.2823476 10523213 35085 M [ X 22t ngd 024357 454 £5.3603 067 05036 30303 0.263% 05013 04153 13432 09301 04933 413130
26 | 214 JHCMNEL!  July Haleuz stem cM i3 1 SAIG4654 13255204 /085 .zt 025 20 4x6 024357 w7 54636 0.8 0STS3 2565 0.2005 02431 02168 05075 0SETI 04000 S
El 215 JHCMNELZ  July Haleuz stem cM NE 2 44456664 LT03EEH 5055 4 0508 0.z4 24 a1z D243 e 54636 065 0SS 24518 DTS5 0.2286 02360 04343 05102 04000 4440070
25 | 216 JHCMNELS  July Haleuz stem cM NE 3 TRATIO6ET  152E15ET 35055 45 121 026 299 nar  DLE433T e £5.4636 054 03353 L5805 O34 04152 04343 07365 05434 46.0530
23 211 JHCMNELE  July Haleuz stem cM NE 4 14357533 20131506 35085 A 15 0.z4 0 401 D243 e 54636 064 03641 1575 D05 04505 04766 02767 07330 04000 452130
30 | 215 JHCMNELS  July Haleuz stem cM NE 5 15.466TI00 1TTTEN 35085 34 0568 017 2zt nee 024357 e 154636 06T 05643 24427 02431 02155 02912 04657 03463 04000 M
3 213 JHCANILL  July Haleuz stem A ] 1 06355125 24005285 32035 =3 0362 02z 248 a0z 0T3S 154 53605 055 02336 25462 04259 02231 02555 04851 07330 04000 M
32 | 220 JHCAMNILE  July Haleuz stem A ] 2 00707063 13363745 32035 =ev 0.5t 033 57E 4zs 0TSS4 53605 0515 04574 25634 01854 05345 05527 02468 0723 04000 45TMC
33 | 221 JHCAMNILE  July Haleuz stem N ] 3 165230107 15546154 32035 e 0565 .25 20 apz 0TSS4 53605 069 04851 13651 04957 0JT38  04764  OOTET  10TOS 04000 447670
34| 222 JHCANILA  July Haleuz stem oA 1] 4 43679256 14315764 32035 das 0613 .24 e 401 OATEE 154 53605 054 03395 13165 0454 04550 04913 02801 08850 22100 447100
35 | 223 JHCANIS  July Haleuz stem oA 1] 5 05051927 25475285 32035 am 0391 .20 wre ssz 0T3S 14 B.3603 0T 05571 18552 04250 04423 0.2074 03255 07535 04000 44.3720
36 | 224 JHCANSLL  July Haleuz stem A NS 1 13005725 2130536 520085 53 0362 02z 248 a0z 0T3S 154 £.3605 085 04615 25720 04730 02752 02507 02225 10332 04000 430460
37 225 JHCANSLZ  July Haleuz stem A NS 2 36441452 2TSTE46 32035 =T 0.5t 033 57E 4zs 0T3S 14 53603 0515 D64TE 15365 0.2004 04045 04SH 05345 12314 04000 440150
3% | 226 JHCANSLS  July Haleuz stem A NS 3 19217833 22205735 520085 me3 0565 .25 20 apz 0T3S 154 B.3605 063 04333 54215 04700 04633 05177 04652 05353 04000 M
33 | 221 JHCANSLE  July Haleuz stem A NS 4 6641523645 OSETTE 52035 s [ 0.z e 401 OATEE 154 £.3605 054 D233 15356 04054 00435 04651 02061 04464 01000 444130
40 | 22E  JHCANSLS  July Haleuz stem A NS 5 25373492 16232074 32035 am 0391 oz0 et ses OATS45 154 £.3605 0T 04550 22634 04635 04555 0.2055 05256 05304 OATTT MR
4 223 JHCANELL  July Haleuz stem A NE 1 55354044 15351133 32035 e 0362 02z 248 a0z 0T3S 6T 54636 055 04324 22106 02017 05422 04935 04337 03303 04000 440210
42 | 230 JHCANGLZ  July Haleuz stem ca NE 2 53300100 15TIITI4 32095 AT 0.5t 03 nTE 4zt OITHE 6T 15,4656 0515 07276 20023 02965 0.2262 03356 05168 16081 01000 434140
43 | 231 JHCANGLE  July Haleuz stem ca NE 3 I0E06I9TE 0172322 32095 e 0565 .25 zat 408 DATHE 6T 15,4656 05520 13503 0730 02080 02309 04513 09555 00000 451340
44 | 232 JHOANGLE  July Holeus stem ca NG 4 23679667 16634596 32035 A 0.5t .24 ThE 40 OITEE 6T 15,466 03821 15077 0036 02213 00426 02413 05335 0.23¢1 45678
45 | 233 JHCAMNGLS  July Holeus stem ca NG 5 4443TE5T 14358596 32085 am 0391 0.z wte 583 TS5 16T 15,466 05426 15348 00537 0434 02325 20454 05152 010000 BIENEE
46 | Z34 JHODMIR1 July Holews  Root D 1] 1 02316655 20253237 22323 das 0.415 0.zt 08 43 OITM3 154 15,3603 04172 0.6054 02414 0200 061 S5654 05335 01274 FRTTOC
47 235 JHDINIRZ  July Holews  Root D 1] 2 15456768 1TTGT346 22323 43 153 .25 54 407 OITM3F 154 15,3603 03133 05437 0437 00330 00550 45350 05037 02783 BIENEE
48 | 236 JHDINIRS  July Holews  Root D 1] 3 123549435 06335692 22323 48T 0.80% .25 515 na7  OATM3 154 15,3603 02516 0.5433 0574 ON03 00682 T5022 03553 01563 35063
43 | 237 JHDINRS July Heleuz  Raot D 1] 5 06364145 2ESMOTT 22323 =47 n.524 019 23t zee OITM3E 154 15,3603 03335 06T 01263 0033 0316 60353 05353 01270 BIENEE
50 | 23%  JHDINSR1  July Heleuz  Raot D T 1 10435023 15228531 22323 A 0.415 0.zt 208 43 OITM3 154 15,3603 02342 05812 051 0.0302 00336 T403 03556 01355 MR
2l 233 JHDINER2 July Holeuz  Raot D1 NS 2 4ESHI3ES 18216372 22323 43 153 025 24 407 OATME 54 15,3603 03657 06270 0431 0.0330 04005 TS5 05531 01532 mEmat
52 | 240 JHDINERS  July Holeuz  Raot D1 NS 3 0705810 11192433 22323 45 [ 025 545 na7  OATME 54 15,3603 03103 04741 01635 00354 00353 63237 04474 074 371290
53 241 JHDINSR4 July Holeuz:  Fiaoot ol NS 4

TEHEEFIT 05845561 22323 433 0907 033 (X =87 07143 15.4 15.360%

03606 06 04565 0431 04322 58653 04134 03127 36.835(
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Results and discussion

Statistical analysis
I T

1. PCA (multivariant ordenation)
1. To help visualize the existence of groups in a or sample set variables.

2. Reduce the number of variables without loss of information, thus
allowing the application regression methods (ratio sample / regressors).

2. Anova and lineal regression (univariant)
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« Differences between the two species

Holcus shoots Septembere Alo noots Septemb:
o [ s spoo sepember; Aoz s epemoer x and between the two seasons of
® Holcus roots September @ Alopecurus roots feﬁtember X Sampllng

% Holcus roots Jul @ Alopecurus roots Ju m } .
’w;‘,&# » Differences between shoots and roots at
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» Shoots and roots of both plant species responded to drought in opposite
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Conclusions

Conclusions
e

0 Shoots and roots have different metabolomes
and nutrient concentrations.

0 Shoot metabolome is much more variable than
the root

0 Roots and shoots respond to drought with
opposite metabolic changes
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