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Ozone effects on vegetation

Orchestration of plant responses
Ozone detoxification in planta

Selection for ozone resistance

Newcastle
University



Stomata
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Apoplast: O;, secondary products
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Cell wall Apoplast redox status ?
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Microarray data abstracted from Tuominen et al. 2004 Plant Journal 39: 59-69
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Arabidopsis thaliana WS ecotype exposed to 25% extra ozone using soyFACE system [www.soyFACE.uiuc.edu]
gene expression changes depicted in MapMan format Li et al. 2006 Plant Cell and Environment 29: 854-868



‘Costs’ associated with defence gene induction rekedl to SAR

BION® = benzothiadiazole; a synthetic mimic of SA-action
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Heil et al. (2000) Journal of Ecology 88: 645-654



Carbon utilization (i.e. metabolic costs) spiral
Carbon fixation down-regulated

Carbon allocation patterns altered

~——! | Soybean
Peanut
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Knowledge gaps: Quality shifts
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Knowledge gaps: ‘direct’ effects

Developmental stage Influence of ozone

» MATURE PLANT

Initial determination <4— Flower initiation

of reproductive <4— Sex expression
potential 4—— Abscission of floral sites

FLOWERS

<«4—— Pollen/ovary development
Pollen/ovule <4— Anther dehiscence
development and <4— Pollen germination
fertilization <—— Pollen tube growth

«4—— Fertilization
Seed and fruit set, “4—— Embryo development
confirmation of yield <4—— Abortion of individual seed sites
potential <4— Abscission of pods/fruits
Seed/fruit growth, <4—— Deposition of storage reserves in
realization of yield remaining seeds/pods/fruits
potential and quality

SEEDS/FRUITS

l <4— Seed germination

SEEDLING

Potential effects on
germination and

<4— Seedling vigour and reproductive
seedling vigour

potential

Fig. 1. Potential points of interaction between ozone and processes affecting sexual reproduction in higher
plants (after Wolters & Martens, 1987).
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Knowledge gaps: long-term effects on
perennial species
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Wellburn, Barnes et al (1996)



Knowledge gaps: management practices




Investment in field (realworld) fumigation facilities




Ozone detoxification In planta

Ascarbate O, = SOD —» HO, MNADPH
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sozl [later renamed vtcl]: semi-dominant single gene mutation
resulting in 30% of WT r-ascorbic acid (Vitamin C) content

sozl

+GAL

+ASC

400 ppb ozone 8 h Conklin et al. 1996 PNAS 93: 9970-9974



Pastori et al. (2003) Plant Cell 15: 939-951

Protein Synthesis

Unknown Function

Defence
Cell Rescue
7 o N .
g 2 ¢ Translocation

B-Glucanase
Chitinase

Metaldlism

e microarray analysis vtcl
leaf tissue

Mean Fold Change

e 171 genes differentially
expressed compared WT

Transcript
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Cell wall metabolism

N Signals

< Oxidation

Apoplast

Plasmalemma

Transporter

NAD(P) NAD(P)H

NADP NADPH GSSG NADPH
’ EMDHA
Cytosol H,0,
DHA NADP



Visible leaf injury

Ozone sensitivity consistent with [ASC],,,

Acute ozone exposure: 3 Wild SR1
300 nmol mol* O; 36 h B Antisense T2-7-1

[1Sense T1 P3-7-2
1Sense T1 P2-2-1

< Increasing leaf age

Smith H, Foyer CH, Barnes JD, unpublished



Cell wall-localised ASC constitutes a first line of defence against ozone

Svimplast Apoplast

_ . ASCORBATE
(Vitamin C)

Rate constant for ASC - O, reaction
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Barnes et al. (1996) Environmental Pollution and Plant Responses



Cell wall-localised ASC content/redox status controls aspects of defence-related gene expression

Wild Type ~ AO Sense  AD Antisense f
— 31 KDa ﬂqp ﬁ

& 0% »
— 21 KDa
' -~
— 14 KDa
200 4
150 1
100 1
30 4
n -
Wild Type AD Sense AQ Antisense Figure 6. Relative abundance of transcripts encoding a selection of
Figure 3. Comparison of MAPK activity of leaves from untransformed anticidant enzymes and the ion channel NTPCTE. Transcript abun-
controls [wild typel, AQ sense, and AQ antisense plant MAPK activity dance was measured by semiquantitative RT-PCR in leaves from
was determined by the relative phosphorylation {top) of MBP in vitro urtransformed controls (wild type), AQsense, and AC antisense lines:

Pignocchi , Barnes et al (2006) Plant Physiol. 141: 423-449



SODA: Modelled diffusion-reaction network

air

laminar boundary

cuticle
epidermis
f////
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Plchl, Barnes et al. (2000) Simulating ozone detoxification ... Planta 210: 454-467



Apoplast ASC [mM]

Apoplast ascorbate [mM]
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Winter wheat flux-response

(for sensitive genotypes)

120

100 A

80 1

RY
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With computed cell wall detox
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y = -7.5887x+100.0001
r2=0.8486
P<0.0001
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Knowledge gaps

o Greater understanding internal diffusion-reaction
network/wall biochemistry

e Additional experimental data to
test/improve/validate detox modelling approaches

e Quantification and dissection of carbon costs



Selection for ozone resistance

NFA

Total yield for 2 best ears [g]

NFA+50 nmol mol -1 O,

Total yield for 2 best ears [g]

O;-induced s hift in yield

Shift in yield for 2 best ears (NFA %)

DHLs

CS X SQ]_ yleld (2005) Kaminska, Barnes & Quarrie, unpublished
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Effect of 2050 upland ozone climate on a mesotrophic grassland
community [MG3b] - mesocosm study (ongoing)

2006 Biomass

Present-day UK upland
© ozone climate

2050 UK Upland ozone
climate

4 _-.mm»»)ZIZZRR{{Bi

L. corniculatusl

Briza medial

*

B Agr cap
| Alo pra
O Bri. med
O Ger.syl
Lol. per
B Lot. cor
& Phl.ber
O Poa triv
O Ran.acr
O Ran.rep
B Rhi.min

@ (misc.)

Agr cap
M Alo pra
O Bri. med
O Ger.syl
Lol. per
@ Lot. cor
& Phl.ber
O Poa triv
O Ran.acr
O Ran.rep
B Rhi.min
@ (misc.)



Selection for ozone resistance

Crops/ornamentals:
inadvertent selection

High yields/best appearance
regardless of causality




In the wild:;
Natural selection

Causality relationships ?

Source: Davison & Barnes (1998) New Phytol 139: 135-151




Directed selection

Initially resistant
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Source: Whitfield et al. (199 New Phytol. 137: 645-655
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Knowledge gaps

« Key QTLs/genes governing yield in O-
enriched environments

* No studies ongoing using commercial
germplasm

* Facilities limitations to undertake required
screening on mapping populations and
exposure of field-scale plots



ozone flux — spring wheat
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Cumulative O 5 uptake
(mmol m '2)
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gmax (mmol H20 m-2 s-1)
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variation in stomatal conductance

Knowledge gaps
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e illustration of how

reactive absorption with
apoplast components

(e.g. ASC) can reduce
mesophyll resistance
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OTC 24hr O, exposure

Based on BAU — upland (270m) site
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O, concentration, ppb
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Ozone Concentrations and Altitude

Centre for
C Ecology & Hydrology
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0zone concentration, ppb

Centre for
C Ecology & Hydrology
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Centre for
C Ecology & Hydrology

Ozone Concentrations: Trends in the Annual Mean
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® Mace Head, W. Ireland
— ann. mean = 0.24yr -448,
R* = 0.42, P = 0.01
@ Great Dun Fell, Cumbria
~ann. mean = 0.22yr -398,
R* = 0.6, P = 0.01
A Rochester, SE England
— ann. mean = 0.29yr -548,
R> = 0.57, P = 0.03
v Bush, central Scotland
———— ann. mean = 0.19yr -359,
R* = 0.34, P = 0.01
® Dunslair Heights, The Borders
— ann. mean = 0.31yr -580,
R* = 0.42, P = 0.04
A Strath Vaich, The Highlands
O+ — ann. mean = 0.17yr -298,
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