
ORIGINAL ARTICLE

Cryptic diversity of Plasmopara viticola
(Oomycota, Peronosporaceae) in North America

Stephan Schröder & Sabine Telle & Peter Nick &

Marco Thines

Received: 7 July 2010 /Accepted: 9 November 2010 /Published online: 24 November 2010
# Gesellschaft für Biologische Systematik 2010

Abstract Plasmopara viticola is the causal agent of
grapevine downy mildew and is among the most important
diseases in viticulture. It originates from North America,
where it coevolved with wild Vitis species. Beginning in the
1870s it turned into a global epidemic that has been causing
severe yield losses. It is generally believed that a single
species is causing downy mildew on a large variety of
economically important cultivars. Here we report, based on
one nuclear and two mitochondrial markers, that isolates
from vineyards in the United States fall into three highly
distinct phylogenetic lineages. One of these contains
European strains and affects Vitis vinifera cultivars, while
the other two lineages affect also other species of Vitis. The
divergence between these lineages is high, and, judging
from the genetic variation in other Plasmopara lineages,
might reflect distinct species. Due to the potentially
significant implications for quarantine regulations and
resistance breeding, detailed studies will be necessary to
clarify whether these genetically distinct lineages occur
outside of North America or are still confined there.
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Introduction

Plasmopara viticola is one of the most important pathogens
of grapevine. It originates from North America, where it
infects wild and cultivated Vitis hosts. A comparative study
(Jürges et al. 2009) has revealed that these North American
host species are endowed with a high degree of resistance,
whereas cultivated grapevine are colonised extensively.
Plasmopara viticola was introduced into France in 1878
with contaminated rootstocks of wild American Vitis
species used for Phylloxera control, and rapidly spread to
other parts of Europe, e.g. to Germany by 1880 (Müller and
Sleumer 1934). From Europe it subsequently invaded
vineyards all over the world, and has become one of the
most important pathogens of grape.

Although some specialised forms of the species have
been described as parasites of Vitaceae (Golovina 1955;
Săvulescu 1941; Săvulescu and Săvulescu 1952), it was
generally assumed that P. viticola is the sole Plasmopara
species occurring on the genus Vitis and other genera in
the Vitaceae. This was based on the notion that morpho-
logical characteristics are too variable to allow species
delimitation (Rafailă et al. 1968). As a consequence, the
East Asian P. amurensis (Protsenko 1946) was not widely
recognised as a species but is usually treated as a synonym
of P. viticola. It should be noted, however, that Vitis
amurensis, a wild grape species sympatric with P.
amurensis, similarly to some North American Vitis
species, is able to arrest P. viticola at an early stage
(Jürges et al. 2009). This might be indicative of coevolu-
tion with a Plasmopara that was present before the more
recent introduction of P. viticola from North America, in
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which case P. amurensis might be valid after all as a
geographically separated species.

It has been reported that there is a significant degree
of genetic variability in Plasmopara isolated from
cultivated Vitis hosts (Gobbin et al. 2006). However, as
no study has yet investigated several strains of P. viticola
with molecular phylogenetic tools, it was the aim of the
present work to clarify, based on a limited but geograph-
ically diverse sampling, whether Plasmopara viticola
represents a single homogenous species, or whether there
might be cryptic speciation among Plasmopara lineages
on Vitis.

Material and methods

The collection details for the strains used in this study are
given in Table 1. DNA extraction was carried out using
UltraClean™ Soil DNA Kit (MO BIO Laboratories Inc.,
2746 Loker Ave West, Carlsbad, CA 92010, USA), accord-
ing to the manufacturer's instructions, for all Plasmopara
samples except the herbarium specimens, for which the best
protocol identified by Telle and Thines (2008) was used
instead. The mitochondrial cox2 region was amplified by
PCR according to the protocol of Hudspeth et al. (2000).
Partial nrLSU was amplified according to the protocol given

Table 1 Oomycete specimens sequenced in this study

GenBank accession numbers

Pathogen Host Strain number Year Country, state,
locality

cox2 ypt1 nrLSU

Plasmopara nivea Aegopodium
podagraria

HOH HUH 586 2004 Germany HM628761 n.a. n.a.

Plasmopara nivea Aegopodium
podagraria

HV 2233 2006 Austria HM628760 n.a. n.a.

Plasmopara pimpinellae Pimpinella sp. HV660 2000 Austria HM628740 n.a. n.a.

Plasmopara halstedii Helianthus annuus Ph 110a Laboratory
strain

Germany HM628743 n.a. n.a.

Plasmopara halstedii Helianthus annuus Ph GGa Laboratory
strain

Germany HM628739 n.a. n.a.

Plasmopara
angustiterminalis

Xanthium
strumarium

HOH HUH 671 2004 Hungary HM628738 n.a. n.a.

Plasmopara
angustiterminalis

Xanthium
strumarium

HOH HUH 674 1982 Hungary HM628742 n.a. n.a.

Plasmopara
angustiterminalis

Xanthium
strumarium

HOH HUH 676 2002 Hungary HM628747 n.a. n.a.

Plasmopara
angustiterminalis

Xanthium
strumarium

X03a Laboratory
strain

Hungary HM628741 n.a. n.a.

Plasmopara viticola Vitis vinifera WBI 1a 2009 Germany, HM628745 HM628736 HM628765

Plasmopara viticola Vitis vinifera Syngentaa 2009 Switzerland HM628744 HM628737 HM628769

Plasmopara viticola Vitis vinifera JIa 2006 USA, NY, Seneca
County

HM628751 HM628732 HM628763

Plasmopara viticola Vitis vinifera KIa 2006 USA, MD,
Keedysville

HM628752 HM628729 HM628766

Plasmopara viticola Vitis vinifera TxIa 2007 USA, TX, Cat Spring HM628748 HM628734 HM628762

Plasmopara viticola Vitis vinifera TxIIa 2007 USA, TX, Cypress HM628746 HM628733 HM628767

Plasmopara viticola Vitis vinifera WBI 2a 2009 Germany HM628750 HM628730 HM628768

Plasmopara viticola Vitis vinifera PvIa 2006 USA, NY, Geneva HM628749 n.a. HM628764

Plasmopara viticola Vitis aestivalis U360 ex FH
No. 6389)

1937 USA, MA, Medford HM628753 n.a. n.a.

Plasmopara viticola s.l. Vitis vinifera TxIIIa 2007 USA, TX, Hill
County

HM628754 HM628728 HM628771

Plasmopara viticola s.l. Vitis hybrid TxIVa 2007 USA, TX, Hill
County

HM628756 HM628735 HM628770

Plasmopara viticola s.l. Vitis riparia MIa 2006 USA, NY, Marathon HM628757 HM628731 HM628772

Plasmopara viticola s.l. Vitis cf. cordifolia U366, ex Coll. Farlow in
FH)

1874 United Kingdom HM628758 n.a. n.a.

Plasmopara viticola s.l. Vitis riparia U375, ex Cryptogams.
Plants of Iowa
No 28 in FH)

1896 USA, IA, Boone HM628755 n.a. n.a.

Plasmopara majewskii Arctotis sp. DAR 69721 1993 Australia, NSW,
Glenorie

HM628759 n.a. n.a.

a DNA extracts only; requests for DNA should be addressed to the corresponding author
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in Riethmüller et al. (2002). For amplification of ypt1 the
primers Ypt1F (described in Chen and Roxby 1996) and
Ypt4R (Moorman et al. 2002) were used. PCR amplicons
were sequenced by a commercial provider (GATC biotech,
Germany). GenBank accession numbers for the sequences
obtained are listed in Table 1. Sequences were aligned using
mafft (Katoh et al. 2002), version 6, using the Q-INS-i

algorithm (Katoh and Toh 2008). To ensure reproducibility,
the alignments were used without manual editing. Phyloge-
netic reconstruction was performed with two methods: for
minimum-evolution inference with MEGA 4.0 (Tamura et al.
2007), with all parameters set to default values, except for
using the Tamura-Nei substitution model; and for maximum-
likelihood inference with RAxML (Stamatakis 2006) in the

Plasmopara viticola Syn
Plasmopara viticola WBI2
Plasmopara viticola TxII
Plasmopara viticola KI
Plasmopara viticola WBI1
Plasmopara viticola PvI
Plasmopara viticola JI
Plasmopara viticola TxI

Plasmopara viticola s.l. TxIII
Plasmopara viticola s.l. TxIV

Plasmopara viticola s.l. Mi
EF553467 Plasmopara euphrasiae
EF553468 Plasmopara euphrasiae
EF553465 Plasmopara euphrasiae
EF553466 Plasmopara euphrasiae

EF553464 Plasmopara densa
EF553463 Plasmopara densa

EF196868 Plasmopara constantinescui
EF196867 Plasmopara constantinescui

EF196869 Plasmopara obducens
EF553469 Plasmopara halstedii

DQ148397 Plasmopara geranii
EF553478 Bremia lactucae

EF553477 Novotelnova scorzonerae
EF553479 Protobremia sphaerosperma
EF553480 Protobremia sphaerosperma

EF553471 Plasmoverna anemones-ranunculoidis
EU054891 Hyaloperonospora lunariae
EF553470 Hyaloperonospora lunariae
EU054882 Hyaloperonospora lunariae
EU054880 Hyaloperonospora parasitica
EU054885 Hyaloperonospora parasitica

EU054889 Hyaloperonospora parasitica
EU054890 Hyaloperonospora thlaspeos-arvensis

EU054887 Hyaloperonospora arabidis-alpinae
EU054888 Hyaloperonospora parasitica

AY035497 Pseudoperonospora humuli

100 / 100

100 / 100
100 / 100

71 / -
100 / 100

100 / 100

95 / 96
100 / 100

100 / 100

65 / 98

74 / 91

100 / 100

70 / -
99 / 99

93 / -
92 / -

99 / 82

81 / -

98 / 96

100 / 100

98 / 100

0.01 substitutions per site

Plasmopara viticola TxI
Plasmopara viticola WBI2
Plasmopara viticola TxII
Plasmopara viticola WBI1
Plasmopara viticola Syn
Plasmopara viticola U360

Plasmopara viticola PvI
Plasmopara viticola JI
Plasmopara viticola KI

Plasmopara viticola s.l. Mi
Plasmopara viticola s.l. U375

Plasmopara viticola s.l. U366
Plasmopara viticola s.l. TxIV

Plasmopara viticola s.l. TxIII
Plasmopara nivea 2233HV

Plasmopara nivea 586
Plasmopara pimpinellae 660HV

Plasmopara halstedii 110
Plasmopara halstedii GG

Plasmopara majewskii D104
Plasmopara angustiterminalis 671
Plasmopara angustiterminales X03 A1
Plasmopara angustiterminalis 676
Plasmopara angustiterminalis 674

Peronospora belbahrii TYPE

100 / 100

100 / 100

100 / 100

89 / 71

99 / 100
- / 61

60 / -

100 / 100

- / 62

70 / 93

97 / 100 70 / 95

100 / 100
61 / -

70 / -

0,02 substitutions per site

Plasmopara viticola TxI
Plasmopara viticola TxII

Plasmopara viticola JI
Plasmopara viticola KI

Plasmopara viticola WBI2
Plasmopara viticola WBI1
Plasmopara viticola Syn

Plasmopara viticola s.l. TxIV
Plasmopara viticola s.l. TxIII

Plasmopara viticola s.l. Mi

100 / 100

98 / 100

70 / -
89 / 55

97 / 96

100 / 100

0.01 substitutions per site

A

B

C

1

1

1

2

3

2
3

2

3

- / 70

Fig. 1 Minimum-evolution
phylogenetic reconstruction
using partial nrLSU (a), cox2
(b), and ypt1 (c) sequences;
where bootstrap support values
in minimum-evolution or
maximum-likelihood analyses
were above 50%, these are
shown on the branches in that
order of analyses, while “–”
labels denote lack of such
support
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webserver version (Stamatakis et al. 2008), estimating the
proportion of invariable sites and with all parameters set to
default values. In both cases, 500 bootstrap replicates were
carried out to test tree robustness. Alignments and the trees
shown in Fig. 1 have been deposited in TreeBASE under
Accession number 10992.

Results

Tree topology for the Plasmopara strains infecting Vitis
was similar among phylogenetic reconstructions based on
partial nrLSU (nuclear; Fig. 1a), cox2 (mitochondrial;
Fig. 1b), and ypt1 (mitochondrial; Fig. 1c) sequences. In
the different analyses for each gene, no conflicts between
nodes, each of which displays a high support value for
conflicting topologies, were observed in any of the
analyses. All three genes revealed three distinct phyloge-
netic lineages within Plasmopara from Vitis, in both
minimum-evolution and maximum-likelihood inference.
One of these clades (clade 1) contained samples from both
North America and Europe, while the other two lineages
(clades 2 and 3) contained only American isolates. In ypt1,
which offers the highest phylogenetic resolution of the
genes investigated, clade 1 was divided in two subclades,
one containing the European isolates, which were all
identical in sequence, and one containing the North
American isolates, which showed some genetic variation
between the samples from Texas and those from the North-
East. Clade 1 contained the samples from Vitis vinifera and
cultivated hybrids; clade 2 contained samples from Vitis
vinifera (TxIII from the grapevine variety ‘Barbera’) and a
cultivated hybrid (TxIV from variety ‘C1613’ (Vitis solonis
x V. vinifera var. ‘Othello 1613’)); clade 3 contained two
samples from Vitis riparia, and one from a specimen
labelled as V. cordifolia.

Discussion

Several varieties of P. viticola and the rare East Asian
species P. amurensis have been described from members of
the genus Vitis (Golovina 1955; Săvulescu 1941; Săvulescu
and Săvulescu 1952), but the investigations of Rafailă et al.
(1968) did not reveal clear-cut morphological differences
for Plasmopara accessions from the Vitaceae. Thus it
seems possible that the minor differences observed by
Săvulescu (1941), Săvulescu and Săvulescu (1952), and
Golovina (1955) are the result of modifications caused
either by environmental conditions (Dudka et al. 2007) or
by the host matrix, which can have a major impact on
downy mildew morphology (Runge and Thines 2010).
However, the lack of morphological divergence does not

necessarily indicate species identity—as the present study
corroborates.

The three distinct lineages found show significant
genetic divergence (1.0–1.4%). This is lower than the
divergence between the genera Novotelnova and Proto-
bremia (1.9%), comparable to that known from some other
species of Plasmopara, e.g. between P. obducens and P.
constantinescui (1.5%, Voglmayr and Thines 2007), and
significantly higher than between closely related species
such as Plasmopara densa and P. euphrasiae (0.4–0.5%,
Voglmayr and Constantinescu 2008). The cryptic, unde-
scribed species found as parasites of species in the genus
Vitis are morphologically similar. Thus, thorough morpho-
logical and physiological investigations will be necessary to
determine whether statistically significant differences exist
that could be used for morphological species delimitation.
The host ranges of the three lineages remains unclear, but
Jürges et al. (2009) have shown that European isolates of P.
viticola do not readily infect Vitis spp. from North America
and East Asia. In the former case, strong defence reactions
were observed; in the latter, surface mycelium without
successful entry was produced; both results suggest a high
degree of specialisation. Based on the limited sampling
available for the present study, two of the three lineages
might be absent from Europe, but it cannot be ruled out that
they were introduced to Europe together with cultivated
hybrids of Vitis vinifera and the corresponding native hosts.

It will be important to determine in future studies, how
widespread the cryptic species parasitic to Vitis are, and
whether they pose a potential threat to cultivated grape. The
latter might be the case especially for the cryptic species
constituting clade 2, which was found on a cultivated
species hybrid as well as on Vitis vinifera var. Barbera. If
detailed phylogeographic studies indicate absence from
Europe, strict quarantine regulations might be needed to
confine the two new cryptic species to their native range.

Acknowledgements F. Delmotte and coworkers are acknowledged for
coordination of work, W. Wilcox is gratefully acknowledged for
providing assistance in sampling in the United States. We are grateful
to the curator of BPI for sending specimens of Plasmopara on Vitaceae
for investigation. The present study was financially supported by the
research funding programme “LOEWE—Landes-Offensive zur
Entwicklung Wissenschaftlich-ökonomischer Exzellenz” of Hessen's
Ministry of Higher Education, Research, and the Arts and by a grant
from the German Science Foundation (DFG) awarded to MT.

References

Chen, Y., & Roxby, R. (1996). Characterization of Phytophthora
infestans gene involved in the vesicle transport. Gene, 181, 89–94.

Dudka, I. O., Anishchenko, I. M., & Terent’eva, N. G. (2007).
The variability of Peronospora alta Fuckel conidia in
dependence on the ecological conditions. In A. Lebeda & P.
T. N. Spencer-Phillips (Eds.), Advances in downy mildew

6 S. Schröder et al.



research, vol. 3 (pp. 39–46). Kostelec na Hané, Czech
Republic: Palacký University in Olomouc and JOLA.

Gobbin, D., Rumbou, A., Linde, C. C., & Gessler, C. (2006).
Population genetic structure of Plasmopara viticola after
125 years of colonization in European vineyards. Molecular
Plant Pathology, 7, 519–531.

Golovina, N. P. (1955). Sravnitelnaya karakteristika obrazov Plasmo-
para viticola Berl. et de Toni iz raznih stran. Botanicheskie
materialy otdela sporovih rastenii, Botanicheskovo instituta im.
V.L. Komarova, izd. A.N. SSSR, 10, 138–144.

Hudspeth, D. S. S., Nadler, S. A., & Hudspeth, M. E. S. (2000). A cox2
molecular phylogeny of the Peronosporomycetes. Mycologia, 92,
674–684.

Jürges, G., Kassemeyer, H. H., Dürrenberger, M., Düggelin, M., &
Nick, P. (2009). The mode of interaction between Vitis and
Plasmopara viticola Berk. & Curt. Ex de Bary depends on the
host species. Plant Biology, 11, 886–898.

Katoh, K., & Toh, H. (2008). Improved accuracy of multiple ncRNA
alignment by incorporating structural information into a MAFFT-
based framework. BMC Bioinformatics, 9, 212.

Katoh, K., Misawa, M., Kuma, K., & Miyata, T. (2002). MAFFT: a
novel method for rapid multiple sequence alignment based on
fast Fourier transform. Nucleic Acids Research, 30, 3059–3066.

Moorman, G. W., Kang, S., Geiser, D. M., & Kim, S. H. (2002).
Identification and characterization of Pythium species associated
with greenhouse floral crops in Pennsylvania. Plant Disease, 86,
1227–1231.

Müller, K., & Sleumer, H. (1934). Biologische Untersuchungen über
die Peronosporakrankheit des Weinstocks. Landwirtschaftliche
Jahrbücher, 4, 509–576.

Protsenko, A. (1946). Novy vozbuditel’ mildiu na Amurskom
vinograde. Vinodelie i Vinogradarstvo SSSR, 7, 30–32.

Rafailă, C., Shevchenco, V., & David, Z. (1968). Contributions to the
biology of Plasmopara viticola. Journal of Phytopathology, 63,
328–336.

Riethmüller, A., Voglmayr, H., Göker, M., Weiß, M., &
Oberwinkler, F. (2002). Phylogenetic relationships of the
downy mildews (Peronosporales) and related groups based
on nuclear large subunit ribosomal DNA sequences. Myco-
logia, 94, 834–849.

Runge, F., & Thines, M. (2010). Host matrix has major impact on the
morphology of Pseudoperonospora cubensis. European Journal
of Plant Pathology. doi:10.1007/s10658-010-9650-9.

Săvulescu, T. (1941). Mana vitei de vie. Studii şi cercetări / Academia
Româna, 52, 55–61.

Săvulescu, T., & Săvulescu, O. (1952). Studiul morphologic, biologic
şi sistematic al genurilor Sclerospora, Basidiophora, Plasmo-
para şi Peronoplasmopara. Bucharest, Romania: Editura Acad.
RPR.

Stamatakis, A. (2006). RAxML-VI-HPC: maximum likelihood-based
phylogenetic analyses with thousands of taxa and mixed models.
Bioinformatics, 22, 2688–2690.

Stamatakis, A., Hoover, P., & Rougemont, J. (2008). A rapid bootstrap
algorithm for the RAxML web-servers. Systematic Biology, 57,
758–771.

Tamura, K., Dudley, J., Nei, M., & Kumar, S. (2007). MEGA4:
Molecular Evolutionary Genetics Analysis (MEGA) software
version 4.0. Molecular Biology and Evolution, 24, 1596–
1599.

Telle, S., & Thines, M. (2008). Amplification of cox2 ( 620 bp)
from 2 mg of up to 129 years old herbarium specimens,
comparing 19 extraction methods and 15 polymerases. PLoS
ONE, 3, e3584.

Voglmayr, H., & Constantinescu, O. (2008). Revision and reclassifi-
cation of three Plasmopara species based on morphological and
molecular phylogenetic data. Mycological Research, 112, 487–
501.

Voglmayr, H., & Thines, M. (2007). Phylogenetic relationships and
nomenclature of Bremiella sphaerosperma (Chromista, Perono-
sporales). Mycotaxon, 100, 11–20.

Cryptic diversity of Plasmopara viticola (Oomycota... 7

http://dx.doi.org/10.1007/s10658-010-9650-9

	Cryptic diversity of Plasmopara viticola (Oomycota, Peronosporaceae) in North America
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


