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Our research interests.....

How does biotic (microbe/fungus/herbivore -plant)
interactions change with changing climate?

Genotype

How can the resource
efficiency of plants be
impoved (use of H,0, N, P)?

. hat are the underlying

mechanisms of biogenic

p 4 . 0 0 ?
Phenotype VOC functioning:

GM plants Natural phenotypes
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Constitutive & stress induced emissions:

monoterpenes acetic acid

sesquiterpenes acetone

thiols
Mainly Mainly stress
constitutive induced
emissions: emissions:
methanol ethanol
isoprene acetaldehyde
phenols methyl salicylate

Green Leaf Volatiles

Jud et al, under revision
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Importance of VOCs in HelmholtzZentrum miinchen
plant-pathogen/pest-interaction

* involved in direct (e.g. ROS quenching) and indirect defense
(repellent/ attractant) against insect pests

messengers ot plant-plant communication

priming agents to activate plant defense responses

« variable profiles frc

The Plant Call, Vol, 29: 1440-1458, June 2017, www.plantcell.org © 2017 ASPB. "’) Check for updates A

Monoterpenes Support Systemic Acquired Resistance
. ; within and between Plants
Ideal non-invasive

Marlies Riedimeier,' Andrea Ghirardo,”! Marion Wenig,™' Claudia Knappe,® Kerstin Koch,” Elisabeth Georgii,”
Sanjukta Dey,” Jane E. Parker,® Jorg-Peter Schnitzler,” and A. Corina Viot®?

*  Online monitoring of perrrozerresrsroosceperomreyrresTSTaTTee - — ——
e |dentification of chemotypes

* Monitoring of priming effects
* Analysis of cross-talk between microbes, fungi, insect pest
* Determination of C-fluxes under pathogenesis (13C labelling)
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Applications of BVOCs in smart agriculture
o Monocultures Co-cultivation systems Bioenergy plantations
c
E Direct priming; Plant-to-plant signalling; | Removal/ downregulation of
s | Plant-to-plant signalling; attraction of beneficials; | constitutive BVOCs
o .
& | attraction of beneficials Kopréns
©
E
<
o
[=%
£
m
&
B | +VvOC elicitor spraying * Selection of emitter types * Phenotyping for low emitters (e.g.
9| (eg MesA,GLVs) (e.g. volatile terpenoids) isoprene)
D | *GM crops *GM plants
= | (eg SQTs over-expression) (e.g. isoprene knockouts)
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Comparison of various types
of plant disease detection
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Challenges

Characteristics

Molecular
techniques

Imaging and
spectroscopic
techniques

VOCs profiling-
based techniques

Accuracy of the

Presently the most

Accuracy is plant

Unknown accuracy

method accurate method and disease specific} | since actual under
development
Costs Moderately Expensive (i.e. Cost depends on the
expensive. hyperspectral desired accuracy for
imaging). VOC profiling.
Applicability for Not fast for a huge |Allows rapid Shows the potential
rapid detection amount of samples. |detection of disease| | for rapid plant
symptoms disease detection.
Applicability for Field kits are being | Moderately Moderately rugged,
field developed ruggedness depending on VOCs
work/Ruggedness detection

Speed of detection

o sl Loyt s Agricutiow [22 3000111

VIER journal bemepage: www. slisvier comilscata

Contents it svwiatie st Scoecelerect
Computers and Electronics in Agricultu

feompag

May require 24 - 48
h for reliable results

e

May require minutes|
for disease detectior

May require less

time, if proven as an
effective method for
a particular disease

Heview

A review of advanced technigues for detecting plant diseases

Sindhuja Sankaran®, Ashish Mishra®, Reza Ehsani®®, Cristina Davis®
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Concept of a VOC and gas exchange phenotyping platform

Cuvette systems Trace gas analyses

13¢c/12¢ Metabolome database

IRGA . . :
Non-invasive analysis of:
On line analyses v NO
high time resolution
v (O,
: I Online “;22012 discriminati
| | TOF-MS C/12C discrimination
: :
—— o - -
Trapping =" Fast GC - v’ Green leaf volatiles
v' Terpenes (Cs-Cys, C11/Cye)
VOC':dentlf/cat/on v Shikimic acid derivatives
off line by GC-MS v C,/C, (R-OH, R-HCO)
v' ethylene
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Challenge of cuvette design B gtk oo ot
Problems Solutions

Homogeneous air flow v' Circular gas inlet
Gas tightness v' VOC-free sealing
Rapid gas turnover v" High air flow (20L/min)
No H,0 condensation v" Line heating
Inertness of materials v’ Stainless steel / teflon
High light permeability v’ Glass
Minimizing VOC v’ Steel / PEEK tubings
absorption
VOC-free inlet air v’ Catalyst
No overheating v’ Cooling of chamber
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Modular system of cuvette blocks e o G Ut

Y
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Construction of a 24 cuvette platform

Jud et al, under revision



Characterization of cuvette dynamics
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Jud et al, under revision
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Mean of cuvettes containing barley plants o5
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Non-targeted volatilomics
by online Proton Transfer Reaction Mass
Spectrometry (PTR-TOF MS)

HelmholtzZentrum miinchen
Deutsches Forschungszentrum fiir Gesundheit und Umwelt

1) allows for online measurement of VOCs
at concentrations as low as a
no need for pre-concentration |

2) soft ionization (little fragmentation) of
virtually all VOCs via proton transfer
from H;0" ions:

2N

s :
Proton Transfer Reaction

\H30+ + VOC -> VOCH+ + Hzoj

“.nc.”
s ' y = ‘ﬂ *
— —p - g‘ B s ; _ 3 ; \}\,%-;‘ ; — lﬂl'ﬂl
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Grow plants

«

Take plant images for leaf area determination

«

(
(
(

Plant installation & acclimatisation

)
)
)

«

Measurements: VOC, CO,, H,0,
soil humidity, air and soil temperature

In-between: automated irrigation, data back-up,
instrument calibrations, take plant images,
check flows, temperature, humidities,...

¥

)

Take plant images for leaf area determination

¥

Evaluate all data measured with instruments

L installed downstreams cuvettes (PTR-ToF-MS, etc.) )

¥

Calculate leaf area, VOC emission rates,
assimilation & evapotranspiration rates

¥

Statistics
—-Phenotypic patterns

Raw data evaluation

¥

Background correction

“

Apply calibration factors (if available)

3

N N N Y

Plant-wise separate data

)
)
)
)
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15t Proof of principle experiment with Tansy
terpenoid chemotypes

Chemotype: camphor (78%) chemotype: dihydrocarvone  Chemotype: trans piperitol Chemotype: mixed Chemotype: mixed (eucalyptol 37%) |
acetate (62%) {42%)

Testing the VOC profiles of 5 chemotypes fam 1 * ;‘
following subsequent treatments by ST : [

Aphids: Metopeurum fuscoviride
&
Herbivore: Spodoptora littoralis

Clancy, Jud et al, in preparation

DF Deutsche _
Forschungsgemeinschaft Page 16 .I.I.r" W. Weisser; S Zytynska



Profiling of VOC emissions in tansy following herbivory

100

\
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Addition of aphids

Clancy, Jud et al, in preparation
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1100
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rofiling of volatilomes in tansy following herbivory

Stored terpenoids

GC-MS liquid extraction samples: concentrations [pmol/ul]

camphene
camphene2
delta3carene
isolimonene,trans
limonene
mentha-1,4,8-triene
ocimene
ara cymene
phellandrene,alpha
pinene,alpha
sabinene
terpinene,alpha
terpinene,gamma
terpinolene
thujene,alpha
thujene,beta
trans pinane
tricyclene
1,8 cineole
borneol
camphor
carvone
dihydrocarvone,cis
dihydrocarvone,trans
Dipentene diepoxide
isopinocarveol
myrtenol
Neodihydrocarveol
pinocarvone
sabinene hydrate,(trans?)
sabinine hydrate,(cis?)
terpinen-4-ol
trans-p-Mentha-2,8-dienol
bornyl acetate
chrysanthenyl acetate
dihydrocarvyl acetate
rn?/neny\ acetate
terpinyl acetate,alpha
trans carvyl acetate
trans carvyl acetate2
alﬁha amorphene
alpha amorphene2
cadinene,gamma/delta
caryophyllene,cis
ubebene,beta
cubebene,beta2
amma cadinene
gamma cadinene/alpha copaene
germacrene D1
germacrene D2
germacrene D3
germacrene D4
Longifolene
unknownl
unknown2
unknown4
unknown6
zingiberene
5?,7?H,10?-Eudesm-11-en-1?-ol
cadinol,alpha
epiglobulol
epiglobulol2
farnesol/junipene
parthenolide
tomentosin

w/o_cat.
w/_cat.

w/_cat
w/_cat.
w/o_cat.
w/_cat.
w/_cat
w/_cat.
w/_cat.
w/_cat
w/_cat
w/_cat.

w/o_cat.
w/o_cat
w/o_cat.
w/o_cat
w/o_cat.
w/o_cat

w/o_cat

5
8
2
H

ph_)
ph_)

ph
ph
ph
ph
ph
ph
ph
ph_\
ph
ph_\
ph_
ph_)
ph
ph_
ph_\
ph_)
C32_wl/o_a

ph
C7_wlo_ay

ph.
C15_w/o_ay

C20_w/_ay

C7_wlo_aj
C32_w/_a

C20_w/o_aj

C32_wl/o_aj

C15_w/_a
C185_w/_ay
C20_w/_a

C32_w/_ay

C15_w/_a
C185_w/_a|

C15_w/o_aj

C185_w/o_ay
C185_w/o_aj

C7_w/_a
C7_w/_aj
C20_w/o_ay

Clancy, Jud et al, in preparati

x10*
4

on

N
m/z 135.116 (C, H, ,-H")

.
m/z 137.133 (C, H, -H")

.
m/z 161.112 (C, H, ,O-H)

N
m/z 151.149 (C, H, -H")

.
m/z 153128 (C, H, O-H")

'
m/z 155.144 (C, H, O-H')

N
m/z 205.196 (C, H,,-H")

.
m/z 99.081 (CH, O-H")
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_w/o_aph_w/o_cat.

C15_w/o_a
C15_w/_ay

Normalized counts (no concentrations!)

e.g. p-cymene

e.g. camphor

e.g. eycalyptol

w/_cat
w/_cat
w/_cat
w/_cat

w/_cat.

ph_\

wl/o_cat.
_w/_cat.
_w/_cat.
w/o_cat.
w/o_cat.
_w/_cat.
_w/_cat.
w/o_cat.
w/o_cat.
_w/_cat.
w/o_cat.
_w/o_cat.
w/o_cat.
w/o_cat.

ph
ph
ph_
ph_)
ph
ph
ph
ph_)
ph

C7_w/o_a|

ph
ph

ph
ph.

ph.
C32_w/o_a|

ph
ph_\
C20_w/o_a|

C15_w/o_a|
ph

C185_w/o_a|

C32_w/_a

C7_wlo_ay

C20_w/o_a|

C20_w/_a

C32_w/o_aj

C15_w/_a

C185_w/o_ay

C185_w/_a|

C185_w/_a
C7_w/_ay

C20_w/_ay

C32_w/_aj

C7_w/_ay

Offline GC-MS
VOC analysis

_w/_aph_)

5

" Online VOC analysis
" by PTR-TOF MS

GC-MS Tenax samples: concentrations [pmol/ul]

Camphene

Sabinene
Transisolimonene
Phellandrene,alpha
Isocineole

Terpinene, alpha
Phellandrene, Beta
Pinene,alpha
Pinene,beta

trans beta ocimene
Cis Sabinene Hydrate
Terpinene,gamma
Terpinolen

p-cymene

Limonene
Thujene,alpha?
Eucaliptol
s-p-mentha-2,8-dienol
Cis Limonene Oxide
Isopinocarveol
Pinocarvone
L-Camphor
terpinene-4-ol

Cis Dihydrocarvone
Trans Dihydrocarvone
Myrtenal

L-Carvone

Terpinolen, alpha
Bornyl Acetate

Chrysanthenyl acetate (take w/ pinch of
Trans Isolimonene
Myrtenyl Acetate
Dihydrocarvone Acetate
Trans Carvyl Acetate
Cis Carvyl Acetate
Citronellal
Campherenone
Delta Cadenine
Elemene, gamma

— 1400

1200

— 1000

~ 800

200

Junipene
I . . 0
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Cuvette design and platform construction require indepth
experience in gas exchange analysis ansd analytics

Platform software for automatisation and analysis tools must
be developed in your own

Physical properties (air mixing, tightness, exchange time, line
effects, etc...) of the cuvettes must be characterized precisely
Data analysis of online mass spectrometry (also offline GC-MS)
requires automatisation including quality checks

High maintenance of the system is regiured

BUT finally it works nicely for low emitting crops©

24-cuvette system is operational (for interest please contact)
https://www.helmholtz-muenchen.de/eus/index.html
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