
INTRODUCTION

Genetic diversity provides the material for natural selection
and ensures that species as a whole survives changing envi-
ronmental conditions (von Bothmer et al., 2003). In domes-
ticated crop plants genetic diversity provides material for
plant breeders to develop new varieties with novel uses or
better adaptation to local environment. Knowledge of ge-
netic diversity at a genome-wide level and at specific loci
responsible for the key traits is essential for crop improve-
ment.

Genetic diversity is significantly reduced in domesticated
crop plants compared to their wild relatives (Tanksley and
McCouch, 1997). Studies of barley have found significant
reduction of genetic diversity in modern cultivars compared
to wild barley accessions and landraces (Russell et al.,
2004) traditionally explained by a “founder” effect. Further
reduction of diversity may have occurred during the transi-
tion to modern breeding, when only a limited number of
genotypes was used for development of modern varieties,
although this may be in part compensated by introgression
of specific traits from wild relatives and landraces. For ex-
ample, even though most of the European cultivars bred in
the 20th century have a narrow germplasm basis due to a
small number of founder varieties (Fischbeck, 1992), there
appears to be little reduction in genetic diversity in the case
of Baltic and Nordic barleys or even an increase in allele di-
versity in modern varieties compared to those bred in the

middle of the 20th century (Kolodinska-Brantestam et al.,
2004; Kolodinska-Brantestam et al., 2007).

Genome-wide diversity studies allow to characterise the
overall diversity of germplasm, as well as to establish relat-
edness of certain genotypes. They can also be used to
roughly identify genome regions subjected to selective
sweeps during the domestication and breeding (Rostoks et

al., 2006). Genetic markers distributed across genomes are
used for linkage and quantitative trait loci (QTL) mapping.
Various high-throughput genotyping technologies are avail-
able for whole-genome analysis of crop plants. Recently a
high-throughput single nucleotide polymorphism (SNP)
genotyping platform based on Illumina GoldenGate tech-
nology was developed for barley that allowed to study ge-
netic diversity in ca. 100 European barley varieties using
over 1000 SNPs (Rostoks et al., 2006). Alternatively, there
are genotyping platforms that do not require prior knowl-
edge of gene sequences, such as DArT (Jaccoud et al.,
2001). DArT platform has been used extensively in barley
both for studies of genetic diversity and for linkage map-
ping (Wenzl et al., 2004). Most of the barley DArT markers
are mapped on a consensus map including RFLP and SSR
loci, making DArT platform useful for diversity studies
(Wenzl et al., 2006).

Powdery mildew is an economically important barley dis-
ease, caused by a fungal pathogen Blumeria (Erysiphe)
graminis f.sp. hordei. While the pathogen is relatively eas-
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ily controlled by fungicides, it may represent a serious
threat for barley produced in low input and organic agricul-
ture. Alternatively, disease can be controlled using resis-
tance genes that are either specific for certain fungal patho-
types or confer resistance to a broad range of pathotypes.
The complex, race specific powdery mildew resistance Mla

locus is located on the short arm of barley chromosome
5(1H) and consists of several NBS-LRR type disease resis-
tance genes providing resistance to different fungal patho-
types (Wei et al., 1999). The locus has been completely se-
quenced from the susceptible cultivar Morex and resistance
genes Mla1 (Zhou et al., 2001), Mla6 (Halterman et al.,
2001), Mla12 (Shen et al., 2003) and Mla13 (Halterman et

al., 2003) have been characterised (Mejlhede et al., 2006).
Because of the close sequence homology of different Mla

genes, it is complicated to design molecular markers for
specific Mla genes. However, because modern barley varie-
ties have originated from a limited germplasm pool rela-
tively recently (Fischbeck, 1992), it is reasonable to expect
that linkage disequilibrium across the Mla locus is main-
tained. Thus, sequence analysis of closely linked loci could
be used both to assess the sequence diversity at the Mla lo-
cus and to predict the disease resistance specificity of the
Mla locus. There are over 30 known Mla alleles, but only a
few of them are extensively used in European barley breed-
ing (Weibull et al., 2003). Transfer of novel Mla genes into
adapted germplasm necessitates development of efficient
tools for introgression, which is essential since the pathogen
evolves virulence against the currently used disease resis-
tance genes.

In this study we used genome-wide DArT genotyping to as-
sess genetic diversity in Latvian barley varieties and some
progenitors. Further, we characterised DNA sequence diver-
sity at the race-specific disease resistance locus Mla in lo-
cally adapted Latvian barley varieties.

MATERIALS AND METHODS

Plant material and DNA extractions

DNA from the 23 Latvian barley varieties (Table 1) was ex-
tracted from single barley plants using a modified procedure
(Edwards et al., 1991). Plant tissue was collected either
from a field-grown plant or a seedling germinated on Petri
dish in the laboratory. Seeds were obtained from the State
Priekuïi Plant Breeding Institute and the State Stende Cereal
Breeding Institute. Seeds of European barley varieties were
obtained from the IPK Gene Bank and the Nordic Gene
Bank.

DArT genotyping

DArT genotyping of the 23 Latvian varieties (Table 1) and
some other barley varieties (44 in total) was carried out by
Triticarte Pty Ltd (North Ryde, NSW, Australia). DArT
genotyping yielded 1180 markers in the set of 44 barley
lines which were analysed as described by Jaccoud et al.
(2001) and Wenzl et al. (2004).

PCR and sequence analysis of the Mla flanking loci

Primer sequences for 206i20_T7 locus are described (Wei
et al., 1999). Primer sequences for the ABC15612 and
538P8 loci flanking the Mla locus were obtained from Dr.
Luke Ramsay (SCRI, Dundee, Scotland, UK). PCR was
performed in 20 ml reactions consisting of ca. 50 ng DNA,
10 �M primers, 1 × reaction buffer (Fermentas, Vilnius,
Lithuania), 2.5 mM MgCl2, 0.2 mM dNTPs and 1 u of Hot
Start Taq polymerase (Fermentas, Vilnius, Lithuania). Se-
quencing was done with the same primers as PCR using
BigDye 3.1. terminator mix (Applied Biosystems, Foster
City, CA, USA) on an ABI3730 sequencer according to the
manufacturer’s recommendations.

Data analysis

Quality control of DArT genotype data identified 326 loci
with Q value over 80 and no missing genotype data in the
set of 44 varieties. Principal Coordinate Analysis (PCoA) of
the DArT genotype data was performed with DARwin5
software (http://darwin.cirad.fr/darwin) using the Manhattan
dissimilarity index. A UPGMA dendrogram of the DArT
genotype data was constructed using distances derived by
restdist software from the Phylip package using a modified

T a b l e 1

CLASSIFICATION OF LATVIAN BARLEY VARIETIES IN
HAPLOTYPES BASED ON SEQUENCE POLYMORPHISMS AT
2006i20_T7, ABC15612 and 538P8 loci.

Variety Sequence haplotype Mla resistance 1

Abava H1 Mla8

Imula H1 Mla8

Klinta H1 Mla6+Mla8

Kombainieris H1 Mla8

Priekuïu 60 H1 Mla8

Rûja H1 Mla8

Agra H2 Mla9

Ansis H3 mla

Balga H3 mla

Ilga H3 Mla8

Linga H3 mla

Druvis H4 Mla8+Mla12

Dzintars H5 Mla?

Gâte H6 Mla7

Idumeja H7 Mla9

Kristaps H8 Mla7

Rasa H8 Mla7

Latvijas vietçjie H9 Mla8

Malva H10 Mla8+Mla13

Sencis H10 Mla13

Priekuïu 1 H11 Mla8

Stendes H12 Mla8

Vairogs H13 Mla8

1 Mla resistance according to Dreiseitl and Rashal (2004); Tueryapina et

al. (1996).
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neighbour joining algorithm (Felsenstein, 1989). Extent of
linkage disequilibrium in the 23 Latvian barley varieties
was calculated from genotypes at 465 loci, selected based
on the following criteria: a) minor allele frequency
(MAF) > 0.1 in the set of 23 varieties; b) not more than two
missing genotypes per locus; c) known and unambiguous
map location on barley consensus map (Wenzl et al., 2006).
Tassel (Bradbury et al., 2007) was used to calculate
pairwise LD (R2) between all 465 loci.

Base calling and sequence assembly of the Mla flanking
loci was conducted using the Staden software package (Sta-
den, 1996). Sequence alignments were identified with Clus-
tal 1.83 software (Thompson et al., 1997) and then used to
calculate nucleotide diversity at each locus using DNASP
4.20 (Rozas et al., 2003). SNP information extracted from
sequence alignments was used to calculate haplotype
number and haplotype diversity at each locus using
DNASP. The sequence haplotype distance matrix based on
206i20_T7, ABC15612 and 538P8 loci and neighbour pro-
gramme from the Phylip package (Felsenstein, 1989) were
used to construct the UPGMA (Unweighted Pair Group
Method with Arithmetic Means) dendrogram. Extent of LD
(R2) across the three loci was calculated using Tassel (Brad-
bury et al., 2007) based on 17 SNPs with MAF > 0.1 from
23 Latvian barley varieties.

RESULTS

Genetic diversity and population structure in Latvian

barley based on DArT genotype data

Twenty-three Latvian barley varieties, as well as some pro-
genitors and several other European barley accessions were
genotyped using the barley DArT genotyping platform
(Wenzl et al., 2004). Of the 1180 loci, 326 were selected
with quality (Q) value over 80 and had no missing data
among the 44 barley accessions. The average polymorphism
information content (PIC) value of selected DArT markers
in this germplasm set was 0.36. Principal Coordinate Analy-
sis was used to study the partitioning of the germ-

plasm (Fig. 1). There was no obvious differentiation be-
tween Latvian varieties and the rest of European germ-
plasm; however, the germplasm was strongly partitioned
along the PCo1.

The UPGMA dendrogram constructed from the genotype
data to study the relationships among Latvian and other
European germplasm (Fig. 2) showed that the two North
American varieties, ‘Parkland’ and ‘Bowman’, clustered
separately, while the European and Latvian varieties formed
two distinct groups.

Fig. 1. Principal Coordinate Analysis (PCoA) of DArT
genotype data performed with DARwin5. PCoA is
based on data from 44 varieties and 326 loci. PCo1 and
PCo2 explain 30.9% and 12.9% variation in genotype
data, respectively.

Fig. 2. Unrooted UPGMA dendrogram of DArT genotypes based on data
from 44 varieties and 326 loci. The distance matrix was derived using frag-
ment option in the Restdist programme from the Phylip package using
modified Nei distances (Felsenstein, 1989). The dendrogram was con-
structed using the UPGMA option in the Neighbour programme.
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Genome-wide linkage disequilibrium in Latvian barley

Genome-wide linkage disequilibrium was studied in the set
of 23 Latvian barley varieties using a selection of DArT
genotype data. Since the location of the DArT loci on the
barley consensus map is known (Wenzl et al., 2006), the
pairwise LD between all loci could be plotted against the
genetic distance between the loci (Fig. 3). Extensive LD
could be observed for loci as far as 100 cM, suggesting
some population substructure in the germplasm. Extent of
LD between the markers along the barley chromosome 1H
carrying the Mla locus was also studied (Fig. 5A). Signifi-
cant LD could be observed for subtelomeric markers on the
short arm of chromosome 1H, where the Mla locus is lo-
cated, as well as in the centromeric regions.

Sequence, haplotype and linkage disequilibrium analysis

of the Mla locus in Latvian barley varieties

The three loci, 206i20_T7, ABC15612 and 538P8, flanking
the Mla region (Fig. 4A) on barley chromosome 5(1H) were
amplified and sequenced from 23 Latvian barley varieties.
Sequences have been submitted to the National Centre for
Biotechnology Information GenBank as population data
sets (Accessions EU934103–EU934223). Sequences were
used to identify 49 SNP and several indel polymorphisms
among Latvian barley varieties (data not shown). SNPs
were used to group sequences into thirteen haplotypes
across both loci and those, in turn, were used to construct a
UPGMA dendrogram (Figure 4B, Table 1). In order to as-
sess extent of LD across the Mla locus, SNP information
from the loci 206i20_T7, ABC15612 and 538P8 was used
(Fig. 5B). As expected significant LD was observed at all
three loci, but several SNPs exhibited high and statistically
significant LD across the Mla locus, indicating that allelic
states at the flanking loci might be associated with the Mla

resistance gene.

DISCUSSION

Based on DArT genotype data, the two North American va-
rieties, ‘Parkland’ and ‘Bowman’, clustered separately,
while the European germplasm including Latvian varieties
was partitioned into two clusters. Three varieties, ‘Emir’,
‘Kenia’ and ‘Proctor’, clustered together and the genotype
data of these varieties appeared to be identical. Similarly,
varieties ‘Mari’ and ‘Rasa’ differed only at three DArT loci.
Because these are well known as distinct varieties, it is pos-
sible that seed, tissue or DNA mix-up has occurred. Data
from these varieties were not used in subsequent analysis.

While presently there is no obvious explanation for the par-
titioning of the germplasm (excluding North American va-
rieties) into two groups, there are several apparent agree-

Fig. 3. Extent of linkage disequilibrium in Latvian barley varieties based
on whole-genome DArT marker data. Linkage disequilibrium (R2) values
are plotted against genetic distance (cM) between marker pairs. Pairwise
LD was calculated between 465 marker loci using Tassel (Bradbury et al.,
2007) as described in Materials and Methods. Only statistically significant
(P < 0.01) associations are shown. LD values between loci on different
chromosomes are plotted at a fixed distance of 200 cM.
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Fig. 4. Structure and sequence analyses of the Mla locus in Latvian barley varieties. A. Structure of the Mla locus on chromosome 1H with molecular marker
loci, 2006i20_T7, ABC15612 and 538P8 is indicated (Wei et al., 1999). Sequence haplotype number, haplotype diversity and nucleotide diversity at each lo-
cus are indicated below. Cen – direction towards centromere; Tel – direction towards telomere. B. UPGMA dendrogram of the sequence haplotypes formed
by combination of all three loci. For varieties in haplotypes see Table 1. Branch length indicates nucleotide substitutions per site.
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ments with known pedigrees, e.g., ‘Otra’ and ‘Agra’ are
clustered together (‘Agra’ is ‘Priekuïu 1’ x ‘Otra’) and
‘Abava’ and ‘Domen’ are grouped together (‘Abava’ is
from a cross involving ‘Mari’, ‘Elsa’ and ‘Domen’). All

the varieties included in the analysis had a spring growth
habit and most of them were two-row, with the exception
of ‘Agra’, ‘Druvis’, ‘Priekuïu 1’, ‘Vairogs’, ‘Dzintars’,
‘Parkland’ and ‘Otra’. These major phenotypic traits often
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Fig. 5. Linkage disequilibrium in the Latvian barley genome. A. Linkage disequilibrium along the barley chromosome 1H based on DArT marker data.
B. Linkage disequilibrium of the SNP loci flanking the barley Mla locus. Upper triangle depicts LD between individual DArT or SNPs markers measured as
R2. Lower triangle depicts P values of the LD. Correspondence of R2 and P values and colours is shown on the right. Only the DArT and SNP markers with
minor allele frequency (MAF) over 0.1 were analysed. LD and the corresponding P values were calculated in TASSEL (Bradbury et al., 2007). Location of
the Mla locus on the chromosome 1H (Wenzl et al., 2006) and between flanking SNP loci is shown on the left. DArT loci names in panel A include position
on linkage map in centimorgans. SNP names in panel B include position in alignment as in population data sets in GenBank.
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differentiate the germplasm because of breeding traditions
(Fischbeck, 1992). Rostoks et al. (2006) observed strong
population structure based on spring or winter growth habit
in European barley germplasm using genome-wide SNP
genotyping. PCo analysis of DArT genotypes revealed
strong partitioning along the PCo1 axis, which may be par-
tially explained by the presence of several six-row varieties
in the germplasm set. Further studies involving comparison
of agronomic qualities and pedigrees will be needed to ex-
plain the partitioning observed in the DArT dendrogram
(Fig. 2).

DArT genotype data was used to analyse the extent of LD
in the genome of Latvian barley varieties. In outbreeding
plant species, such as maize, the LD usually breaks down
within several hundreds of base pairs (Flint-Garcia et al.,
2003), while in inbreeding crops, such as barley and wheat,
the LD is expected to be more extensive. The extent of LD
in cultivated European barley was reported to be at least
200 kbp based on sequence analysis of four loci spanning
barley hardness locus, while it decayed much more rapidly
in wild barley and landraces (Caldwell et al., 2006).
Genome-wide analysis of barley SNPs indicated that pair-
wise LD can extend up to 10 cM (Rostoks et al., 2006).
Population structure can significantly affect the extent of
observed LD and, as a result, can confound association
mapping studies, if subpopulations differ both in SNP allele
frequency and trait prevalence (Wang et al., 2005). The cur-
rent study showed LD extending between markers located
as far as 100 cM apart, indicating population stratification,
although the small sample size (23 varieties) might also af-
fect the results.

The Mla locus has been completely sequenced from the sus-
ceptible variety ‘Morex’ (Wei et al., 2002), and several Mla

genes that provide race-specific mildew resistance have
been isolated. Complexity of the locus, high homology be-
tween Mla genes and putative paralogues elsewhere in the
barley genome (Mejlhede et al., 2006) so far have prevented
design of molecular markers for different Mla resistance
genes. Linkage disequilibrium (non-random association of
alleles) in cultivated spring barley was recently reported to
extend to centimorgan distances (Caldwell et al., 2006;
Rostoks et al., 2006). Therefore, the allelic state of the loci
flanking Mla genes could be used to predict the resistance
specificity at the Mla locus, if no recombination between
the flanking loci and Mla locus had occurred. European cul-
tivated barley germplasm on average exhibited relatively
low nucleotide and haplotypes diversity per locus (Rostoks
et al., 2005; 2006). In contrast, a high number of sequence
haplotypes was observed at the Mla flanking loci among the
23 Latvian varieties perhaps indicating that wider
germplasm was used for breeding Latvian barley. Neverthe-
less, several SNPs flanking the Mla locus were in strong LD
(Fig. 5B) indicating that little recombination has occurred
within the region. Sequence haplotypes were compared to
published mildew resistance specificities of Latvian barley
varieties (Tueryapina et al., 1996; Dreiseitl and Rashal,
2004) (Table 1). ‘Latvijas Vietçjie’, a Latvian landrace, ap-

peared to be very distant to other Latvian varieties, how-
ever, this was centered by high polymorphism at the
ABC15612 locus, while at the 538P8 locus it was identical
to ‘Abava’, ‘Imula’, ‘Klinta’, ‘Kombainieris’, ‘Rûja’ and
‘Priekuïu 60’. In general, good agreement was found be-
tween sequence haplotype data and experimentally deter-
mined Mla resistance genes in Latvian barley varieties
(Tueryapina et al., 1996; Dreiseitl and Rashal, 2004) (Table
1), while the existing discrepancies could be explained by
differences in methodology. We sequenced marker loci
from a single plant for each variety, but mildew resistance
tests were carried out on pools of plants (Dreiseitl and
Rashal, 2004). The same study identified the majority of
Latvian barley cultivars as heterogeneous with respect to
Mla resistance genes. Similar heterogeneity has also been
observed with molecular markers (Kolodinska-Brantestam,
personal communication). For example, the variety ‘Malva’
which was identified as carrying Mla8 and Mla13 resistance
genes, in sequence analysis clustered together with ‘Sencis’
(Mla13) probably indicating that the individual plant under
study was Mla13 resistant. In addition, the Mla8 allele has
been reported as very difficult to phenotype, because only a
few pathogen isolates have a compatible avirulence gene
(Jensen 1995). Thus, the varieties identified as Mla8 may in
fact possess a different sequence allele. Overall, the agree-
ment was good and we are currently working on extending
sequence analysis to some mildew resistance donors with a
goal to establish molecular markers that can be used to pyr-
amid mildew resistance genes.
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LATVIJAS MIEÞU ÐÍIRÒU GENOMA UN Mla LOKUSA RAKSTUROJUMS

Ìençtiskâ daudzveidîba lokâli adaptçtâ lauksaimniecîbas augu materiâlâ veido pamatu selekcijai un jaunu ðíiròu veidoðanai. Ìençtiskâs
daudzveidîbas pçtîjumos bieþi lieto atseviðíu genoma lokusu vai gçnu sekvences analîzi, taèu aizvien plaðâku pielietojumu iegûst arî
augstas caurlaidspçjas genotipçðanas platformas, kas ïauj novçrtçt ìençtisko daudzveidîbu lauksaimniecîbas augos visa genoma mçrogâ.
Pçtîjumâ mçs novçrtçjâm ìençtisko daudzveidîbu Latvijas mieþu ðíirnçs un tâm radniecîgâs lînijâs, izmantojot DArT maríierus, kâ arî
pçtîjâm nelîdzsvarotâs saistîbas izplatîbu Latvijas mieþu genomâ. Tika novçrtçta ìençtiskâ daudzveidîba trijos ìençtiskos lokusos,
206i20_T7, ABC15612 and 538P8, kas atrodas mieþu miltrasas izturîbas lokusa Mla tuvumâ. Mla lokuss satur vairâkus radniecîgus slimîbu
izturîbas gçnu homologus, kuri nodroðina izturîbu pret noteiktâm miltrasas rasçm, taèu lokusa sareþìîtâ evolucionârâ vçsture un gçnu augstâ
homoloìijas pakâpe apgrûtina molekulâro maríieru izveidi specifiskiem Mla gçniem. Novçrojâm statistiski nozîmîgu nelîdzsvaroto saistîbu
starp punktveida mutâcijâm trijos sekvencçtajos lokusos, kas atrodas abâs pusçs Mla lokusam. Punktveida mutâciju veidotie haplotipi
pârsvarâ saskançja ar publicçto Latvijas mieþu ðíiròu miltrasas izturîbas fenotipu, tâdçjâdi ðie haplotipi ir uzskatâmi par diagnostiskiem
miltrasas izturîbas gçniem un nâkotnç var noderçt specifisku molekulâro maríieru izveidei.

Received 30 July 2008

109Proc. Latvian Acad. Sci., Section B, Vol. 62 (2008), No. 3.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


