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Abstract To study hybrid speciation in wheatgrass Douglas-
deweya wangii and to investigate the evolutionary pattern of
nuclear ribosomal DNA (nrDNA) internal transcribed spacer
sequences (ITSs) in allotetraploids, DNA sequence variation
of ITSs and chloroplast trnL–F sequences from D. wangii
and its putative donors were analyzed. The ITSs revealed
that D. wangii had an StP genome composition. Most
accessions of D. wangii had one parental ITS copy in their
genome, one accession had two parental ITSs. The trnL–F

sequences revealed an especially close relationship of
Pseudoroegneria to all D. wangii individuals included, and
the two accessions of Pseudoroegneria tauri (PI401324 and
PI401331) were maternal candidates of the studied D. wangii
individuals. Both of ITS and trnL–F trees suggested multiple
origins and recurrent hybridization of D. wangii. Thus, the
results suggested that: (1) the St and P genome in
allotetraploid D. wangii were donated by Pseudoroegneria
and Agropyron, respectively;(2) Pseudoroegneria was the
maternal donor of D. wangii, and P. tauri 26 (accession
PI401324) and P. tauri 27 (accession PI401331) were most
likely the potential candidates of maternal donors; (3) D.
wangii individuals studied here showed multiple origins and
experienced recurrent hybridization; and (4) bidirectional
interlocus concerted evolution of ITSs had occurred in most
D. wangii accessions, while in one accession concerted
evolution among homeologous loci did not occur.

Keywords Douglasdeweya wangii . Internal transcribed
spacer (ITS) . Chloroplast trnL–F . Phylogeny .

Hybridization

Introduction

Hybridization and polyploidization are thought to play an
important role in angiosperm evolution. Many studies on
the evolution of polyploid complexes have shown that
recurrent formation and multiple origins of polyploids are
the rule rather than the exception (e.g., Soltis and Soltis
1999). The origin of polyploids and the mechanisms
underlying the establishment of newly evolved taxa and
populations are among the most challenging questions in
plant sciences (e.g., Soltis and Soltis 1999). Molecular tools
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have greatly improved our knowledge about hybrid
speciation, as reviewed by Soltis and Soltis (2009). DNA
analyses of the nuclear and plastid genomes have greatly
increased the possibility of detecting and distinguishing
evolution events of polyploids, such as parental donors,
hybridization, and introgression, following paternal and
maternal genome lineages. Through such analyses, several
polyploid species within the Triticeae have been character-
ized in significant detail, including those of the genera
Elymus (Mason-Gamer et al. 2002; Liu et al. 2006),
Douglasdeweya (Baum and Johnson 2008), etc. In most
of these studies, the chloroplast DNA (cpDNA) sequences,
particularly the noncoding regions such as the intron of
trnL (UAA) and the intergenic spacer of trnL (UAA)–trnF
(GAA) served as valuable source of markers for identifying
the maternal donors of polyploids; also nuclear ribosomal
DNA (nrDNA) internal transcribed spacer region sequences
(ITSs) had been used to investigate origins of polyploids. In
these and others’ studies, the phenomenon of concerted
evolution of ITSs has been demonstrated (e.g., Dover
1982). Concerted evolution describes the molecular process
of DNA sequence homogenization among different loci
within the Triticeae (e.g., Liu et al. 2006).

Douglasdeweya wangii C. Yen, J. L. Yang &B.R. Baum
is a newly established species of the newly erected genus
Douglasdeweya C. Yen, J.L. Yang & B.R. Baum. It was
originally included in Pseudoroegneria (Nevski) Á. Löve
until recently when a new treatment was made by Yen et al.
(2005). Cytological data and molecular analysis of 5S rDNA
sequences suggested that D. wangii has the StP genome
composition, suggesting that the St genome was donated by
the genus Pseudoroegneria and the P genome by the genus
Agropyron (Yen et al. 2005; Baum and Johnson 2008).
However, hybrid speciation of D. wangii is still unknown.
Knowledge of the molecular phylogeny of D. wangii and its
putative diploid donors will provide a better understanding
of its polyploid origin. To gain some insights into the ITSs
evolution of natural polyploid individuals, we selected here
the ITS region to study the change of parental ITS copies in
D. wangii. In addition, we used the chloroplast trnL–F
sequences to discern the possible maternal taxon of D.
wangii. Thus, the specific objectives of this study were to:
(1) to study hybrid speciation and the maternal donor of D.
wangii; (2) to investigate the evolutionary pattern of the ITS
region in D. wangii.

Materials and methods

Plant materials

Seed materials of D. wangii are rare to find, only six
accessions were included in this study. They were analyzed

together with 23 Pseudoroegneria taxa (St), two Agropyron
taxa (P), and one accession of Hordeum bogdanii. H.
bogdanii was used as an outgroup selected based on the
previous phylogenetic studies of Triticeae (Hsiao et al.
1995). All seed materials were kindly provided by American
National Plant Germplasm System (Pullman, Washington,
USA). Information on the accessions used in this study is
presented in Electronic supplementary Table S1 (online).

Internal transcribed spacer amplification, cloning,
and sequencing

Total genomic DNAwas extracted from fresh leaves, following
the method as described by Liu et al. (2006). NrDNA ITS
region was amplified by the primers of ITS4 and ITS5 (Hsiao
et al. 1995). The polymerase chain reaction (PCR) amplifi-
cation of ITS was carried out in a total reaction volume of
25 μL containing 1× reaction buffer, 1.5 mM MgCl2, 0.5 μM
of each primer, 200 μM of each dNTP (TaKaRa Inc., Dalian,
Liaoning, China), 0.5 U of Ex Taq Polymerase (TaKaRa Inc.,
Dalian, Liaoning, China), with an addition of 8% dimethyl
sulfoxide (DMSO) and water to the final volume. The
thermocycling profile of an initial denaturation step at 94°C
for 3 min, followed by 30 cycles of 30 s at 94°C, 40 s at 55°
C, 1 min at 72°C and a final extension step of 10 min at 72°
C. PCR reactions from the D. wangii and Pseudoroegneria
accessions were run in triplicates in different thermocyclers
and the PCR products were combined in an attempt to offset
the potential effects of PCR drifts (Wagner et al. 1994). The
PCR products were purified and linked into a pMD-T vector.
Purified plasmid DNAs were digested with EcoRI and
HindIII. For each accession used in this study, sic to eight
cloned PCR products were sequenced to include all the
possible ITS sequences, and run on an ABI 3730 sequencer.

CpDNA amplification and sequencing

The chloroplast tRNA genes trnL–F were amplified using the
primers c and f of Taberlet et al. (1991). Amplification of the
cpDNA was performed in a total reaction volume of 25 μl
with the same components as described in the ITS
amplification, except that DMSO was not added. The PCRs
were performed as for the ITS, except that the annealing and
extension times were 90 s each. The PCR products were
cleaned as described in the previous section, the primers c
and f of Taberlet et al. (1991) were used to sequence both
strands of the PCR fragments to unambiguously identify all
sites. Sequencing was run on an ABI 3730 sequencer.

Data analysis

The ITS and trnL–F sequences were aligned with CLUS-
TAL X version 1.81 and refined manually. In the case of
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multiple identical sequences resulting from cloned PCR
products from one accession, only one sequence was
included in the data set. The boundaries of the ITSs
(ITS1-5.8S-ITS2) and trnL–F (trnL intron-trnL 3′exon-
intergenic spacer-trnF5′ exon) were determined according
to Hsiao et al. (1995) and Ogihara et al. (2002),
respectively. Gaps were coded as missing data. The basic
sequence statistics, including nucleotide frequencies and
variability in different regions of the sequences were
computed by MEGA 3. The haplotype analysis of each
data set was conducted by the software program DnaSP 4.0.

Phylogenetic analyses of the sequence data were
performed using the maximum parsimony and neighbor-
joining methods. Maximum parsimony analysis was con-
ducted in PAUP version 4.0b10 (Swofford 1998). Heuristic
research was performed with tree bisection-reconnection
branch swapping, MULPARS option, ACCTRAN optimi-
zation, and 100 random addition replicates. Statistical
support of the branches was tested with 500 repeats, using
the same parameters as above. Neighbor-Joining analysis
was performed using the neighbor-joining Program of the
PHYLIP package, and carried out with 1,000 bootstrap
replicates.

Results and discussion

Sequence variation

The length of ITSs including the 5.8S rDNA gene is highly
conserved among the taxa studied (ITS1/5.8S rDNA/ITS2
(length in bp): D. wangii: 263–267:164:271–272; Pseudor-
oegner ia , 266–268 :164 :271–273 ; Agropyron ,
263:164:272). Aligned ITSs are 706 bp (ITS1, 268 bp;
5.8S rDNA, 164 bp; ITS2, 274 bp), 74 sites were constant,
35 were parsimony-informative, and 97 occurred only once.
The number of gaps relative to the outgroup after alignment
were eight (five in ITS1 and three in ITS2). The average of
G+C content was 61.1% (ITS1, 60.7%; 5.8S rDNA,
60.2%; ITS2, 62.4%).

For clarity, different sequences from the same accessions
was named as “accession name+A, or+B, or+C, etc.” We
analyzed all ITS types using the software program DnaSP
4.0. In total, we detected 49 different ITS types that were
distributed among the species as follows: D. wangii with
six, Pseudoroegneria taxa with 40, Agropyron taxa with
two, and H. bogdanii with 1 ITS type (Electronic
supplementary Fig. S1, online). It was notable that the
ITS type of D. wangii 6 was the same as the ITS type of
Pyramidula strigosa 19A. The distribution of the variable
nucleotides among these taxa is shown in Electronic
supplementary Fig. S1 (online). This analysis demonstrates
that D. wangii resamples the variation of the parental taxa

with the exception of sites 24, 595, 600, and 640
(Electronic supplementary Fig. S1, online).

The length of the sequenced chloroplast trnL–F varied
from 836 to 855 bp in all accessions (D. wangii, 843–847;
Pseudoroegneria, 844–855; Agropyron, 836). Aligned
trnL–F sequences were 866 bp, 824 sites were constant,
14 were parsimony-informative, and 28 occurred only once.
The number of gaps relative to the outgroup after alignment
were 65. The average of G+C content was 29.8%.

We analyzed all trnL–F types. In total, we detected 24
different trnL–F types, which were distributed among the
several species as follows: D. wangii with five, Pseudor-
oegneria taxa with 17, Agropyron taxa with one, and H.
bogdanii with one trnL–F type (Electronic supplementary
Fig. S2, online). The results showed that D. wangii 6 had
the same trnL–F type with that of P. tauri 26. In the
Pseudoroegneria parental taxa, some accessions had a
single trnL–F copy type; in the Agropyron parental taxa,
two Agropyron species had the same trnL–F type. The
distribution of the variable nucleotides among these taxa is
shown in Electronic supplementary Fig. S2 (online).

Phylogenetic analysis

Maximum parsimony analysis of ITSs resulted in 32
equally most parsimonious trees. Each of the trees was
303 steps with a consistency index (CI) of 0.4719 and a
retention index (RI) of 0.4754. In one of the most
parsimonious trees (Fig. 1), two major clades were
identified in the phylogenetic tree, which correspond to
the two genomic types (St and P). The first clade (with 87%
bootstrap support) consisted of Agropyron species and four
accessions of D. wangii (D. wangii 1, 2, 3, and 4A), named
P clade. The second clade (with 92% bootstrap support)
included Pseudoroegneria species and three accessions of
D. wangii (D. wangii 4B, 5, and 6), named as St clade.
Neighbor-Joining analysis generated a similar topology
with minor variation in bootstrap values.

Analysis of trnL–F sequences yielded 2 equally most
parsimonious trees, with a tree length of 51, a CI of 0.9608,
and a RI of 0.9524. One of the most parsimonious trnL–F
trees was randomly chosen for the phylogenetic analysis
(Fig. 2). As shown in the tree, all six accessions of D.
wangii and Pseudoroegneria species formed a large and
highly supported clade (92% bootstrap support), named as
St clade. Only Agropyron diploid species formed P clade.
Neighbor-joining analysis generated exactly the same
topology with minor variation in bootstrap values. The
trnL–F gene tree offers an opportunity to identify the
maternal donor of D. wangii, because the chloroplast
genome is maternally inherited in grasses (Mason-Gamer
et al. 2002). The topology of D. wangii suggests that
Pseudoroegneria species (St) served as the maternal donor
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during speciation of D. wangii. It should be notified that, in
the trnL–F tree, P. tauri 27 and D. wangii 4 grouped into
one subclade; whereas P. tauri 26 and the five accessions of
D. wangii (D. wangii 1, 2, 3, 5, and 6) formed another
subclade. These two subclades demonstrated that P. tauri 26
(accession PI401324) and P. tauri 27 (accession PI401331)
were the potential individuals as maternal donor of D. wangii.

Origins of wheatgrass D. wangii allotetraploids

Based on the genomic classification in the Triticeae, D.
wangii was treated separately from Pseudoroegneria and
grouped in the new genus Douglasdeweya (Yen et al.
2005). Only limited molecular studies addressing the
genomic constitution of D. wangii are reported (Baum and
Johnson 2008). Little is known about phylogeny of D.
wangii and its related genera at the molecular level. The
analyses of ITSs and trnL–F sequences will provide
opportunities for understanding their ancestral donors and
polyploidization events in the speciation processes.

In the ITS tree, two genomes presented in D. wangii
formed two distinct clades. For example, D. wangii 4 was
included in the St and P clades; D. wangii 5 and 6 were
grouped within the St clade; D. wangii 1, 2 and 3 were
included in the P clade. These topologies indicated that ITSs
in different D. wangii accessions showed a clear linkage with
their related diploid ancestors, which further support the
allotetraploid origin of D. wangii (Yen et al. 2005; Baum and
Johnson 2008). In addition, the ITS tree in this study also
suggested a multiple origin of D. wangii resulting from
recurrent hybridization, which can be shown by different
accessions of the same species, will appear at different clades
of a phylogenetic tree (Soltis and Soltis 1999). For example,
D. wangii 4, 5, and 6 were grouped in different subclades of
the St clade. Similarly, the trnL–F tree also indicated the
multiple origin of D. wangii. For example, D. wangii 4 and
P. tauri 27 were grouped together with 62% bootstrap
support; while other accessions of D. wangii and P. tauri 26
were grouped together with 86% bootstrap support.

Internal transcribed spacer type evolution

Recent research suggested that hybridization and poly-
ploidization can lead to genome complicated change
within hybrids (e.g., Soltis and Soltis 1999; Soltis and
Soltis 2009). On the other hand, empirical studies of the
fate of nrDNA loci after polyploidy indicated the
evolution of nrDNA loci exhibit a range of pattern, from
the maintenance of both homeologous loci to the rapid
loss of a locus or interlocus homogenization between
homeologous loci (e.g., Rauscher et al. 2004). All these
studies indicated the complexity of the nrDNA sequence
evolution.
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Fig. 1 One of 32 most parsimonious (MP) trees inferred from ITS
sequences of Douglasdeweya wangii and its putative donors in this
study (tree length=303, consistency index=0.4719, retention index=
0.4754). Numbers above and below the branches indicate bootstrap
values >50% by MP and NJ analyses, respectively. Branch lengths are
proportional to the number of nucleotide substitutions; the scale bar at
the upper-left corner indicates one substitution. Numbers following
species names correspond to the numbers in the first column in the
Electronic supplementary Table S1. Names in bold font indicate
individuals of D. wangii. The genome type (St or P) of a
monophyletic group is given to the right
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A previous study in which ITSs amplified from
polyploid Elymus species and its related diploids were
used to investigate putative diploid donors of polyploids
(Liu et al., 2006). This study showed that the ITS primers
and experiment procedure were effective to obtain the
related diploid copies of polyploids. However, when
using the same primers and experimental procedure in
this study, the ITSs of D. wangii exhibited high
heterogeneity. For example, three D. wangii individuals

(D. wangii 1, 2, and 3) only had the P genomic ITSs; D.
wangii 5 and 6 only had the St genomic ITSs; and D.
wangii 4 had two genomic (P and St) ITSs. There are
three possible explanations for this phenomenon. Firstly,
the bidirectional concerted evolution of ITSs had
occurred between the St and P genomes in some
allotetraploid D. wangii individuals, i.e. ITS of some D.
wangii accessions has concerted to a St genome repeat
type, whereas ITS from other accessions has become
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Fig. 2 One of 2 most
parsimonious (MP) trees inferred
from trnL–F sequences of
Douglasdeweya wangii and its
putative donors used in this study
(tree length=51, consistency
index=0.9608, retention
index=0.9524). Numbers above
and below the branches indicate
bootstrap values >50% by MP
and NJ analyses, respectively.
Branch lengths are proportional
to the number of nucleotide
substitutions; the scale bar at the
upper-left corner indicates one
substitution. Numbers following
species names correspond to the
numbers in the first column in
Electronic supplementary
Table S1. Names in bold font
indicate individuals of D. wangii.
The genome type (St or P) of a
monophyletic group is given to
the right
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homogenized to a P genome repeat type. Secondly, the
concerted evolution of ITSs among homeologous loci did
not occur in some accessions. For example, D. wangii 4
had both homeologous loci. These two explanations were
supported by others’ studies (e.g., Rauscher et al. 2004).
In glycine, different homeologues of ITS sequences have
been favored among different accessions of the same
polyploid species (Rauscher et al., 2004). The third
explanation is that PCR selection and PCR drift had
occurred during the process of PCR amplification. PCR
selection is unlikely since the same primer favored
different repeats in different accessions. PCR drift is also
unlikely to account for most of this variation. In addition,
to avoid PCR drift, the PCR product was designed as a
mixture of three PCR products amplified from three
different thermocyclers. A same experimental approach
to avoid PCR drift was successfully used by others
(Mason-Gamer 2001; Liu et al. 2006). Therefore, we
prefer the first and second explanations. However, the
chloroplast experiment did not reveal a similar heteroge-
neity. Unlike the biparentaly inherited ITSs, the trnL–F
sequence is maternally inherited (e.g., Mason-Gamer et
al. 2002; Liu et al. 2006). In addition, the low
differentiation of the chloroplast trnL–F sequences
further supported the close genetic similarity of Pseudor-
oegneria species suggested by previous cytological
investigation (Jensen et al. 1995).

Acknowledgements This research was supported by the National
Natural Science Foundation of China (30600033 and 30871531) and
the State Key Laboratory of Crop Biology (Grant no. 2010KF12) at
Shandong Agricultural University, China.

References

Baum BR, Johnson DA (2008) Molecular confirmation of the
genomic constitution of Douglasdeweya (Triticeae: Poaceae):

demonstration of the utility of the 5S rDNA sequences as a tool
for haplome identification. Mol Genet Genomics 279:621–628

Dover G (1982) Molecular drive: cohesive mode of species evolution.
Nature 9:111–116

Hsiao C, Chatterton NJ, Asay KH, Jensen KB (1995) Phylogenetic
relationships of the monogenomic species of the wheat tribe,
Triticeae (Poaceae), inferred from nuclear rDNA (internal
transcribed spacer) sequences. Genome 38:221–223

Jensen KB, Curto M, Asay K (1995) Cytogenetics of Eurasian
bluebunch wheatgrass and their relationship to North American
bluebunch and thickspike wheatgrasses. Crop Sci 35:1157–1162

Liu QL, Ge S, Tang HB, Zhang XL, Zhu GF, Lu BR (2006)
Phylogenetic relationships in Elymus (Poaceae: Triticeae) based
on the nuclear ribosomal internal transcribed spacer and
chloroplast trnL–F sequences. New Phytol 170:411–420

Mason-Gamer RJ (2001) Origin of North American Elymus (Poaceae:
Triticeae) allotetraploids based on granule-bound starch synthase
gene sequences. Syst Bot 26:757–768

Mason-Gamer RJ, Orme NL, Anderson CM (2002) Phylogenetic
analysis of North American Elymus and the monogenomic
Triticeae (Poaceae) using three chloroplast DNA data sets.
Genome 45:991–1002

Ogihara Y, Isono K, Kojima T, Endo A, Hanaoka M, Shiina T, Terachi
T, Utsugi S et al (2002) Structural features of a wheat plastome as
revealed by complete sequencing of chloroplast DNA. Mol Genet
Genomics 266:740–746

Rauscher JT, Doyle JJ, Brown AHD (2004) Multiple origins and
nrDNA internal transcribed spacer homeologue evolution in the
Glycine tomentella (Leguminosae) allopolyploid complex. Ge-
netics 166:987–998

Soltis DE, Soltis PS (1999) Polyploidy: recurrent formation and
genome evolution. Trends Ecol Evol 14:348–352

Soltis PS, Soltis DE (2009) The role of hybridization in plant
speciation. Ann Rev Plant Biol 60:561–588

Swofford DL (1998) PAUP. Phylogenetic analysis using parsimony
(and other methods). Sinauer Associates, USA

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

Wagner A, Blackstone N, Cartwright P, Dick M, Misof B, Snow P,
Wanger GP, Bartels J, Murtha M, Pendleton J (1994) Surveys of
gene families using polymerase chain reaction: PCR selection
and PCR drift. Syst Biol 43:250–261

Yen C, Yang JL, Baum BR (2005) Douglasdeweya: a new genus, with
a new species and a new combination (Triticeae: Poaceae). Can J
Bot 83:413–419

178 Dev Genes Evol (2010) 220:173–178


	Polyploidy...
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Internal transcribed spacer amplification, cloning, and sequencing
	CpDNA amplification and sequencing
	Data analysis

	Results and discussion
	Sequence variation
	Phylogenetic analysis
	Origins of wheatgrass D. wangii allotetraploids
	Internal transcribed spacer type evolution

	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


