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Abstract One of the most significant challenges con-
fronting orchid researchers is the lack of specific molecular
markers, mainly for species in the Neotropics. Here we
report the first set of specific chloroplast microsatellite
primers (cpSSR) developed for Neotropical orchids. In
total, nine polymorphic cpSSR loci were isolated and
characterized in four species occurring in the Brazilian
Atlantic Rainforest: Epidendrum cinnabarinum, E. denti-
culatum, E. fulgens and E. puniceoluteum. Levels of
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intraspecific polymorphism were characterized using two
populations for each species, with 13-20 individuals each.
Allele numbers varied from two to three per locus, while
the number of haplotypes ranged from three to six per
species. Extensive differentiation among the taxa was
detected. All markers were successfully cross-amplified in
eight other different genera. These cpSSRs markers will
enable novel insights into the evolution of this important
Neotropical genus.
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Noncoding chloroplast (cp) DNA markers are a valuable
resource in plant phylogenetics and evolution. The unipa-
rentally inherited nature of the cpDNA genome is partic-
ularly useful to detect historical demographic processes,
such as range contractions, expansions, and fragmentation
(Cozzolino et al. 2003; Hedrén et al. 2008). Of particular
interest for population level studies are chloroplast micro-
satellites or simple sequence repeats (cpSSR), also known
as chloroplast simple sequence repeats (Provan et al. 2001)
due to the high amounts of polymorphisms recovered.
When genus-specific cpSSR primers are not available, de
novo sequencing of noncoding chloroplast regions is the
most effective and efficient way to discover chloroplast
microsatellites in wild species (Ebert and Peakall 2009).
One of the most significant challenges confronting
orchid researchers is the lack of specific molecular markers
(Peakall 2007). Specific cpSSRs for orchid species
belonging mainly to temperate regions have been devel-
oped in the last few years (Fay and Cowan 2001; Hedrén
et al. 2008; Ebert et al. 2009). On the other hand, there is a
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Table 1 Description of chloroplast universal primers used to search for microsatellite regions in Epidendrum cinnabarinum, E. denticulatum, E. fulgens and E. puniceoluteum

Primer pairs (reference) T, (°C) E. cinnabarinum E. denticulatum E. fulgens E. puniceoluteum Genbank accession no.*
pb SSR pb SSR pb SSR pb SSR

trnHOYC (1)—psbA (2) 55 837 To 839 Ty 839 Ty, 839 Ty GQ890570-GQ890573
3'rpsl6 (3)-5'tmK""Y (3) 55 513 (C1y) (T1n) 512 (C1y) (T12) 512 (Cio) (T1y) 523 (C1y) (To) GQ890574-GQ890577
trmSYCA (4)-trmfMAY (4) 48 931 Tis 930 T, 929 Ty, 930 T, GQ890578-GQ890581
pS4R2 (5)-trnTYCUR (5) 50 476 Aqo 531 Ag 520 Ao 531 Ao GQ890582-GQ890585
trnTYCYA (6)-1rnLY*B (6) 48 549 T, 475 Ty 551 Tio 496 To GQ890586-GQ890589
ndhJ (3)—-trnLY*E (6) 60 589 To 603 To 516 Tio 618 To GQ890590-GQ890593
trnLY44C (6)-trnFCAF (6) 55 1017 (Ao) (Ar0) 1018 (Ao) (Ao) 1019 (Ag) (Ag) 1002 (Ag) (Ag) GQ890594-GQ890597
ndhF (3)-rpi32R (3) 48-58 mu

trnD®YCE (4)—trnT°Y (4) 48-58 mu

psal (3)-aceD (3) 58 516 - 728 - 727 - 728 - GQ890598-GQ890601
psbMF (5)-trnDCYCR (4) 48-58 mu

mpI32F (3)-trnLY4C (3) 58 805 - 801 - 791 - 801 - GQ890602-GQ890605
trnCEAF (4)-psbMR (5) 48-58 mu

rpLI6F71 (T)-rpL16R1516 (7) 48-58 mu

atpl (3)—-atpH (3) 48-58 na

Annealing temperature (7,), size of the amplified product (base pairs) and microsatellite motif (SSR) are included
References 1, Tate and Simpson (2003); 2, Sang et al. (1997); 3, Shaw et al. (2007); 4, Demesure et al. (1995); 5, Shaw et al. (2005); 6, Taberlet et al. (1991); 7, Small et al. (1998)
-, microsatellite region absent; mu, region not sequenced due to amplification with multiple bands; na, amplification failed
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Table 2 Characteristics of chloroplast microsatellite loci in Epidendrum cinnabarinum, E. denticulatum, E. fulgens and E. puniceoluteum, including locus name and region from which it was

isolated, primer sequences, repeat type (SSR), allele size range, no. of alleles (A) and expected heterozygosity (HE) for each population

Locus (region) Primer sequences” Species (population code) SSR Size A Hg
Epcp-01 (trnH-psbA) F: TTTTGAACATAGAAAGCAATCC E. cinnabarinum (PI) Te-Tio 150-154 2 0.282
R: GATTCGGATAGAGAAGCAAAA E. cinnabarinum (RR) Tio 154 1 0.000
E. denticulatum (AL) Tio-T11 154-155 2 0.458
E. denticulatum (PC) Ti1-Tis 155-157 2 0.439
E. fulgens (IT) T11-Ti2 155-156 2 0.133
E. fulgens (ST) Ty, 155 1 0.000
E. puniceoluteum (CO) Tio-T1y 154-155 2 0.198
E. puniceoluteum (GU) T, 155 1 0.000
Epcp-02 (rpsi16-trnK) F: TTCTTGCTTCTTTTTGTGGA E. cinnabarinum (PI) Cg—Cy; 267-270 3 0.666
R: ATTTGTTTGATACGCCATTG E. cinnabarinum (RR) Cg 267 1 0.000
E. denticulatum (AL) Ciq 270 1 0.000
E. denticulatum (PC) Cio 269 1 0.000
E. fulgens (IT) Cs—Cio 267-269 2 0.133
E. fulgens (ST) Cg 267 1 0.000
E. puniceoluteum (CO) Cs—Cyy 267-270 3 0.444
E. puniceoluteum (GU) Ci 270 1 0.000
Epcp-03 (rpsi16-trnK) F: GTGCTAATTCAACGCAAA E. cinnabarinum (PI) T 218 1 0.000
R: TTAAAAGCCGAGTACTCTACC E. cinnabarinum (RR) To 215 1 0.000
E. denticulatum (AL) T 218 1 0.000
E. denticulatum (PC) To 215 1 0.000
E. fulgens (IT) Ti0-T11 216-217 2 0.133
E. fulgens (ST) T 217 1 0.000
E. puniceoluteum (CO) To-T1, 215-217 2 0.105
E. puniceoluteum (GU) To 215 1 0.000
Epcp-04 (trnS—trnfM) F: TGCATCATGAAGGGATTTGA E. cinnabarinum (PI) T3 113 1 0.000
R: ACATGTCGACTCCATGTCCA E. cinnabarinum (RR) T3 113 1 0.000
E. denticulatum (AL) T 112 1 0.000
E. denticulatum (PC) Ti»-Ti3 112-113 2 0.439
E. fulgens (IT) T, 111 1 0.000
E. fulgens (ST) Ty 111 1 0.000
E. puniceoluteum (CO) T -T1> 111-112 2 0.280
E. puniceoluteum (GU) Tin 112 1 0.000
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Table 2 continued

Locus (region) Primer sequences” Species (population code) SSR Size A Hg
Epcp-05 (rpS4—trnT) F: TGTCGGGTCACCGATCTATT E. cinnabarinum (PI) Aqq 141 1 0.000
R: GGAACTTCAAGCGAAGTTTACG E. cinnabarinum (RR) Aio 140 1 0.000
E. denticulatum (AL) Ao 139 1 0.000
E. denticulatum (PC) Ao 139 1 0.000
E. fulgens (IT) Ag 139 1 0.000
E. fulgens (ST) Ag 139 1 0.000
E. puniceoluteum (CO) Ao 139 1 0.000
E. puniceoluteum (GU) Ag 139 1 0.000
Epcp-06 (trnL—trnF) F: CCTAGCCCCTGAATTTCTTAG E. cinnabarinum (PI) Aig 191 1 0.000
R: CTTCCAATCCAATCTCATTTG E. cinnabarinum (RR) Ag 190 1 0.000
E. denticulatum (AL) Ao 190 1 0.000
E. denticulatum (PC) Ao 190 1 0.000
E. fulgens (IT) Ag-Ajg 190-191 2 0.133
E. fulgens (ST) Agy 190 1 0.000
E. puniceoluteum (CO) Ag 190 1 0.000
E. puniceoluteum (GU) Ao 190 1 0.000
Epcp-07 (trnL—trnF) F: TGAGATTGGATTGGAAGAAGA E. cinnabarinum (PI) Ag 220 1 0.000
R: TGAGGGTTCAAGTCCCTCTA E. cinnabarinum (RR) Ag—Ajg 220-221 2 0.133
E. denticulatum (AL) Ao 220 1 0.000
E. denticulatum (PC) Ao 220 1 0.000
E. fulgens (IT) Ag 220 1 0.000
E. fulgens (ST) Agy 220 1 0.000
E. puniceoluteum (CO) Ag 220 1 0.000
E. puniceoluteum (GU) Ag 220 1 0.000
Epcp-08 (trnT-trnL) F: AGTGCATCTTTGAATAGTGGA E. cinnabarinum (PI) T, 90 1 0.000
R: TCAATGAAATGAGAATTCAAAA E. cinnabarinum (RR) Ty 87 1 0.000
E. denticulatum (AL) To 87 1 0.000
E. denticulatum (PC) Ty 87 1 0.000
E. fulgens (IT) To-Tio 87-88 2 0.133
E. fulgens (ST) Tio 88 1 0.000
E. puniceoluteum (CO) To-Tio 87-88 2 0.280
E. puniceoluteum (GU) Ty 87 1 0.000
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Table 2 continued

=

Size

SSR

Species (population code)

Primer sequences®

Locus (region)

0.384
0.505
0.000
0.439

241-242
241-242

241

T9_Tl 0
TQ_TIO

Ty

F: TAGGATGATGCACGGGAAA E. cinnabarinum (PI)

R: GGGGGTTTTTATCATTGAGGA

Epcp-09 (ndhJ—-trnL)

E. cinnabarinum (RR)
E. denticulatum (AL)
E. denticulatum (PC)

E. fulgens (IT)

241-242

243

TQ_TIO
Tll

0.000
0.400

242-243
241-242

241

TIO_TII

E. fulgens (ST)

0.280

To-To

E. puniceoluteum (CO)

0.000

Ty

E. puniceoluteum (GU)

Locus Epcp-05 and Epcp-07 were monomorphic for all populations tested. Genbank accession n°s GQ890606-GQ890614

complete lack of specific cpSSRs for species-rich Neo-
tropical orchid groups, limiting the options for population
level research on those taxa.

The target group for the present study is the genus
Epidendrum, the largest (1500 species) and most wide-
spread (South United States to North Argentina) Neo-
tropical orchid genus (Hagsater and Soto Arenas 2005).
Epidendrum is famous for its taxonomic uncertainties
regarding taxa delimitation in many species complexes, as
many of those taxa show an impressive morphological
diversification. Studies in Epidendrum are mainly limited
to the description of new species, and the evolutionary
processes involved in species radiation of this genus are
poorly understood.

Here, we report on the development of a set of poly-
morphic chloroplast microsatellite markers for Epiden-
drum cinnabarinum, E. denticulatum, E. fulgens and
E. puniceoluteum that will be useful in addressing ques-
tions on evolutionary processes shaping the phylogeo-
graphic and genetic structure of these species, thus serving
evolutionary and conservation purposes.

Total genomic DNA was extracted from silica gel-
exsiccated leaves from four Epidendrum target species
following the protocol of Pinheiro et al. (2008). cpSSR
regions were isolated from E. cinnabarinum, E. denticula-
tum, E. fulgens and E. puniceoluteum by sequencing 15
noncoding regions of chloroplast DNA, based on poly-
morphism levels described in Shaw et al. (2005, 2007).
Briefly, the chloroplast DNA fragments of each species
were amplified by polymerase chain reaction (PCR) using
universal chloroplast primer pairs described in Table 1. All
PCR were carried out in a total volume of 20 pl containing:
10 ng template, 1x Bioline PCR buffer, 2 mM Bioline
MgCl,, 100 uM dNTPs, 20 pmol forward primer, 20 pmol
reverse primer, and 2U Taq polymerase (Bioline, London,
UK). Reactions were performed in a PE Applied Biosys-
tems 9700 thermocycler by using a standard cycling pro-
gram: 95°C for 3 min, 38 cycles of 94°C for 30s, T,
(annealing temperature—Table 1) for 30 s, 72°C for 30 s
and a final elongation step at 72°C for 10 min. Products
were purified (QIAquick, West Sussex, UK) and sequenced
using the BigDye terminator V3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) and a 3730
DNA Analyzer (Applied Biosystems). Forward and reverse
sequences were edited in SeqMan 5.01 software (Lasergene
7.0, DNASTAR Inc.) and multiple sequence alignments
were generated with MegAlign software (Lasergene 7.0,
DNASTAR Inc.) using the ClustalW option. Based on
sequence alignments, specific primers were designed to
match regions conserved across the four Epidendrum spe-
cies, flanking cpSSRs with nine or more uninterrupted
mononucleotide repeats using Primer 3 software (http:/
frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).
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To analyze the polymorphisms of the isolated cpSSR
loci, a total of 130 samples were collected from eight
natural populations (two for each species) distributed along
the Brazilian Atlantic Rainforest (Table 2). Genomic DNA
was extracted as described before. For each SSR, the for-
ward primers were synthesized with a 19-bp long SM13 tail
(5'-CACGACGTTGTAAAACGAC-3') following Schu-
elke (2000). PCR amplifications, genotyping and allele
scoring were performed according to Pinheiro et al. (2008).
To ascertain the basis of the observed polymorphism, we
sequenced a large proportion of the different length vari-
ants for each locus. This allowed us to separately analyze
mononucleotide repeat variation from insertion-deletion
(indel) variation.

Each locus was characterized for levels of diversity
using the number of alleles detected and the gene diversity
(Hg) according to Nei (1978). CpSSR length variation was
combined to define the haplotype of each individual, and
levels of diversity of each population were characterized
using the number of haplotypes and the analysis of
molecular variance (AMOVA), using the software
ARLEQUIN 3.01 (Excoffier et al. 2005). Furthermore, cross-
genera amplification tests were performed with these loci
on eight related genera from subtribe Laeliinae (Table S2),
using the same amplification conditions described above.

Seven regions out of the 15 universal chloroplast regions
tested contained microsatellite loci (Table 1). The rpsi6/
trnKYYY and  trnLY*/trnF**  regions contained two
microsatellite loci each. In total, primers were designed for
nine loci (Table 2), and all of them were polymorphic
within and/or among species. Between one and three alleles
were detected per polymorphic locus, and genetic diversity
ranged between O and 0.66 (Table 2). The sequencing of
polymorphic alleles revealed that the polymorphisms were,
indeed, restricted to length variation occurring in the
mononucleotide repeats. The number of haplotypes ranged
from three to six per species. Unique haplotypes were
found for different species and populations (Fig. S1). The
analysis of molecular variance (AMOVA) across all pop-
ulations and species revealed extensive and significant
(P < 0.001) differentiation among the four species
(32.5%), among populations within species (51.6%) and
within populations (15.9%). All loci were successfully
amplified in the related genera tested for their cross-
amplification potential, showing PCR products with the
expected allele sizes across all tested species (Table S2).

The results showed that these loci provide cpSSR
markers with polymorphisms at different levels, useful in
species delimitation, inter and intraspecific phylogeo-
graphic studies and for characterization of historical
demographic processes. The extensive difference in chro-
mosome numbers and hybridization events reported for
many Epidendrum species (Hagsater and Soto Arenas
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2005) imposes many challenges for molecular marker-
based research on this genus. In such groups, results
obtained with nuclear markers alone are often difficult to
interpret due to independent events of polyploidization and
hybridization (Hedrén et al. 2008). Differences in ploidy
levels and chromosome numbers do not affect results
obtained with organellar markers. Furthermore, when
results from nuclear marker loci are combined with results
from chloroplast markers, the direction and extension of
introgression can be measured (Lexer et al. 2005), facili-
tating the depiction of complex scenarios of hybridization
and species radiation. Chloroplast markers are tools that
can overcome these challenging characteristics of Epi-
dendrum, and the loci described and characterized here
should be useful for population studies both in Epidendrum
species and in related genera, thus contributing to the
knowledge on diversification processes and conservation
strategies in South American orchids.

Acknowledgments We thank Felipe N. M. de Assis for help during
field work, Robyn S. Cowan, Dion Devey and Edith Kapinos for helping
in the laboratory. This research was funded by grants from the Prance
Fellowship in Neotropical Botany under the Kew Latin American
Research Fellowship Programme (KLARF) to FP, Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgico (CNPqg—471929/2006-
9) and Fundagdo de Amparo a Pesquisa do Estado de Sdo Paulo
(FAPESP—06/54189-3) to FB. FP received fellowship from CNPq.

References

Cozzolino S, Noce ME, Musacchio A, Widmer A (2003) Variation at
a chloroplast minisatellite locus reveals the signature of habitat
fragmentation and genetic bottlenecks in the rare orchid
Anacamptis palustris (Orchidaceae). Am J Bot 90:1681-1687

Demesure B, Sodzi N, Petit RJ (1995) A set of universal primers for
amplification of polymorphic non-coding regions of mitochon-
drial and chloroplast DNA in plants. Mol Ecol 4:129-131

Ebert D, Peakall R (2009) Chloroplast simple sequence repeats
(cpSSRs): technical resources and recommendations for expand-
ing cpSSR discovery and applications to a wide array of plant
species. Mol Ecol Resour 9:673-690

Ebert D, Hayes C, Peakall R (2009) Chloroplast simple sequence
repeat markers for evolutionary studies in the sexually deceptive
orchid genus Chiloglottis. Mol Ecol Resour 9:784-789

Excoffier L, Laval LG, Schneider S (2005) ARLEQUIN version 3.0:
an integrated software package for population genetics data
analysis. Evol Bioinform Online 1:47-50

Fay M, Cowan RS (2001) Plastid microsatellites in Cypripedium
calceolus (Orchidaceae): genetic fingerprints from herbarium
specimens. Lindleyana 16:151-156

Hagsater E, Soto Arenas MA (2005) Epidendrum L. In: Pridgeon AM,
Cribb PJ, Chase MW, Rasmussen FN (eds) Genera Orchidacea-
rum 4. Oxford University Press, Oxford, pp 236-251

Hedrén M, Nordstrom S, Stahlberg D (2008) Polyploid evolution and
plastid DNA variation in the Dactylorhiza incarnatalmaculata
complex (Orchidaceae) in Scandinavia. Mol Ecol 17:5075-5091

Lexer C, Fay MF, Joseph JA, Nica MS, Heinze B (2005) Barrier to
gene flow between two ecologically divergent Populus species,



Conservation Genet Resour (2009) 1:505-511 AUthOI" S persona] Copy 511

P. alba (white poplar) and P. tremula (European aspen): the role
of ecology and life history in gene introgression. Mol Ecol
14:1045-1057

Nei M (1978) Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics §9:583-590

Peakall R (2007) Speciation in the Orchidaceae: confronting the
challenges. Mol Ecol 16:2834-2837

Pinheiro F, Santos MO, Barros F, Meyer D, Salatino A, Souza AP,
Cozzolino S (2008) Isolation and characterization of microsat-
ellite loci in the Brazilian orchid Epidendrum fulgens. Conserv
Genet 9:1661-1663

Provan J, Powell W, Hollingsworth PM (2001) Chloroplast micro-
satellites: new tools for studies in plant ecology and evolution.
Trends Ecol Evol 16:142-147

Sang T, Crawford DJ, Stuessy TF (1997) Chloroplast DNA phylog-
eny, reticulate evolution, and biogeography of Paeonia (Pacon-
iaceae). Am J Bot 84:1120-1136

Schuelke M (2000) An economic method for the fluorescent labeling
of PCR fragments. Nat Biotechnol 18:233-234

Shaw J, Lickey EB, Beck JT, Farmer SB, Liu W, Miller J, Siripun
KC, Winder CT, Schilling EE, Small RL (2005) The tortoise and
the hare II: relative utility of 21 noncoding chloroplast DNA
sequences for phylogenetic analysis. Am J Bot 92:142-166

Shaw J, Lickey EB, Schilling EE, Small RL (2007) Comparison of
whole chloroplast genome sequences to choose noncoding
regions for phylogenetic studies in angiosperms: the tortoise
and the hare III. Am J Bot 94:275-288

Small RL, Ryburn JA, Cronn RC, Seelanan T, Wendel JF (1998) The
tortoise and the hare: choosing between noncoding plastome and
nuclear Adh sequences for phylogenetic reconstruction in a
recently diverged plant group. Am J Bot 85:1301-1315

Taberlet P, Gielly L, Pautou G, Bouvet J (1991) Universal primers for
amplification of three non-coding regions of chloroplast DNA.
Plant Mol Biol 17:1105-1109

Tate JA, Simpson BB (2003) Paraphyly of Tarasa (Malvaceae) and
diverse origins of the polyploid species. Syst Bot 28:723-737

@ Springer



	Chloroplast microsatellite markers for the Neotropical orchid genus Epidendrum, and cross-amplification in other Laeliinae species (Orchidaceae)
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


