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ResultsIntroduction ResultsIntroduction
Coumaric acid, caffeic acid and ferulic acid have been found in leaf samplesChanging environmental conditions such as depletion of ozone create
of Vitis vinifera only in concentrations below the limit of detection (ca. 1 µg/gstressing conditions for plants [1] including damaging effects of UVB
leaf each) or limit of quanitification (LOQ, 5, 4, 4 µg/g leaf, respectively),radiation, previously reported [2, 3].
both limits were determined in leaf matrix. Median concentrations of theThe aim of the presented study is to investigate the interaction between
remaining compounds are shown in Fig. 1. Based on statistical differencesUVB impact, physiological and chemical parameters in Vitis vinifera
between applied treatments kaempferol-3-O-glucoside, quercetin-3-O-gluco-resulting in biomarkers which are qualified to serve as indicators for UVB
pyranoside and quercetin-3-O-glucuronide have been used for applying astressed leaves.
principal component analysis (PCA) with subsequent cluster analysis. Fig. 2
ill t t th it bilit f th th d t di ti i h b tMaterials and Methods illustrates the suitability of these three compounds to distinguish between
UVB d UVB/ UVB t t d l W t f bi kMaterials and Methods

Viti i if Pi t i l t d i th h i t
-UVB and +UVB/++UVB treated leaves. We propose a set of biomarkers

th th i di id l k Ti fil f l h lVitis vinifera cv. Pinot noir plants were used in the greenhouse experiment
f S t b t O t b 2008 i i t l i d f 15

rather than individual markers. Time course profiles of polyphenol
t ti lifi d th d (Fi 3)from September to October 2008, covering an experimental period of 15

d d UVB f t d Th t t t f d th
concentrations are exemplified three compounds (Fig. 3).

days and UVB exposure for ten days. Three treatments were performed: the
+UVB and the ++UVB treatments (filters absorbed radiation belo 280 nm)+UVB and the ++UVB treatments (filters absorbed radiation below 280 nm)
and the UVB treatment (filters absorbed radiation below 315 nm) Fig. 2. Cluster Chart ofand the –UVB treatment (filters absorbed radiation below 315 nm).
Photosynthetic active radiation (PAR) was supplied from 0600 h until 2000 h

Fig. 2. Cluster Chart of  
rotated PCA factor valuesPhotosynthetic active radiation (PAR) was supplied from 0600 h until 2000 h

resulting in 7263 mmol m-2 per day UV radiation was programmed to be
rotated PCA factor values 
using three polyphenolicresulting in 7263 mmol m 2 per day. UV radiation was programmed to be

supplied in the middle of the PAR period UVB dosages were calculated
using three polyphenolic 
compounds after 10 days supplied in the middle of the PAR period. UVB dosages were calculated

using a UV simulation tool [4] Daily doses of UVB were corrected based on
p y

of radiation treatment. using a UV simulation tool [4]. Daily doses of UVB were corrected based on
the generalized plant action spectrum [5] normalized to 300 nm and 1: -UVB samplesthe generalized plant action spectrum [5], normalized to 300 nm and
calculated using a model [6 7]

p
2: +UVB samplescalculated using a model [6, 7].

Thirteen different candidate chemical biomarkers for UVB stress in leaves
p

3: ++UVB samplesThirteen different candidate chemical biomarkers for UVB stress in leaves
were searched within a set of polyphenolic compounds consisting of three

p
were searched within a set of polyphenolic compounds consisting of three
phenolic acids (caffeic acid coumaric acid ferulic acid) one phenolic acidphenolic acids (caffeic acid, coumaric acid, ferulic acid), one phenolic acid
ester (caftaric acid methylester) two flavonols (quercetin kaempferol) andester (caftaric acid methylester), two flavonols (quercetin, kaempferol) and
their glucosides and glucuronides, respectively, three flavan-3-ols (catechin,their glucosides and glucuronides, respectively, three flavan 3 ols (catechin,
epicatechin and epicatechin gallate), one stilbene (trans-resveratrol) andepicatechin and epicatechin gallate), one stilbene (trans resveratrol) and
one anthocyanin (cyanidin-3-glucoside) using a LC-MS/MS method [8].one anthocyanin (cyanidin 3 glucoside) using a LC MS/MS method [8].
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Fig. 1. Median compound concentrations in µg/g leaf (N: 24-35). 0 1 2 3 4 5
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Bars indicate the first and third quartile of values. Different letters
i di t i ifi t diff b t t t t ( 0 05)
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Fig 3 Time course profile of polyphenolindicate significant differences between treatments (p < 0.05) Fig. 3. Time course  profile of polyphenol 
concentrations in ++UVB samplesconcentrations in ++UVB samples

AcknowledgementReferences Acknowledgement
The project is supported by the Federal Ministry of Agriculture, Forestry, Environment and Water[1] Schultz, H. R., Australian Journal of Grape and Wine Research 2000, 6, (1), 2-12.

[2] Jansen, M. A. K.; Gaba, V.; Greenberg, B. M., Trends in Plant Science 1998, 3, (4), 131-135. p j pp y y g , y,
Management of Austria, the ‘Niederösterreichischer Weinbauverband’, the ‘Raiffeisen Lagerhaus

Ö

[ ] g ( )
[3] Albert, K. R.; Mikkelsen, T. N.; Ro-Poulsen, H., Physiol Plant 2008, 133, (2), 199-210.
[4] Engelsen, O., http://nadir.nilu.no/~olaeng/fastrt/fastrt.html (15 July 2009)

AG’ and the ‘Österreichischer Rebveredlerverband’. The presented work contributes in part to
th PhD th i f K th i S h dl h i l i l fi i t

[5] Caldwell, M., In Photophysiology, Giese, A., Ed. Academic Press: New York, 1971; Vol. 6, pp 131-177.
[6] Green, A. E. S.; Sawada, T.; Shettle, E. P.,Photochemistry and Photobiology 1974, 19, (4), 251-259.

the PhD-thesis of Katharina Schoedl. www.physiological –fingerprint.com[7] Björn, L.; Teramura, A., In Environmental UV Photobiology, Young, A.; Björn, L.; Moan, J.; Nultsch, W., Eds. Plenum Press: New York, 1993; pp 2-71.
[8] Schoedl et al. 2010, in prep.


