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Abstract A rye doubled haploid (DH) mapping population
(Amilo x Voima) segregating for pre-harvest sprouting (PHS)
was generated through anther culture of F; plants. A linkage
map was constructed using DHs, to our knowledge, for the
first time in rye. The map was composed of 289 loci:
amplified fragment length polymorphism (AFLP), micro-
satellite, random amplified polymorphic DNA (RAPD),
retrotransposon-microsatellite amplified polymorphism (RE-
MAP), inter-retrotransposon amplified polymorphism
(IRAP), inter-simple sequence repeat (ISSR) and sequence-
related amplified polymorphism (SRAP) markers, and
extended altogether 732 c¢cM (one locus in every 2.5 cM).
All of the seven rye chromosomes and four unplaced groups
were formed. Distorted segregation of markers (P<0.05) was
detected on all chromosomes. One major quantitative trait
locus (QTL) affecting o-amylase activity was found, which
explained 16.1% of phenotypic variation. The QTL was
localized on the long arm of chromosome SR. Microsatellites
SCM74, RMSI1115, and SCM77, nearest to the QTL, can be
used for marker-assisted selection as a part of a rye breeding
program to decrease sprouting damage.
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Pre-harvest sprouting (PHS) leads to significant economic
losses worldwide in cereal production, especially in wheat
and rye (e.g., wheat: Humphreys and Noll 2002). In areas
such as Finland, where crops must be harvested during
rainy seasons, PHS is especially common, because cool,
wet weather favors germination (Nyachiro et al. 2002;
Chono et al. 2006). The most widely used parameters for
PHS determination are Hagberg falling number and «-
amylase activity, which are inversely correlated (Hagberg
1960; Perten 1964). Several quantitative trait loci (QTLs)
for x-amylase activity as well as other QTLs involved in
controling sprouting resistance have been found in rye
(Masoj¢ et al. 1999; Masoj¢ and Milczarski 2005;
Twardowska et al. 2005; Masoj¢ et al. 2007; Masoj¢ and
Milczarski 2009; Masoj¢ et al. 2009).

Doubled haploid (DH) populations are excellent material
for genetic mapping and QTL studies (Forster and Thomas
2004), and they have been used especially in self-
pollinating species. The present study was carried out to
construct the first linkage map of out-crossing rye using
DHs, and to characterize QTL(s) affecting «-amylase
activity.

A rye DH population (89 individuals) derived from the
cross of two DH parents, the sprouting-resistant Polish cv.
Amilo and the susceptible Finnish cv. Voima, was used for
mapping studies. The population was developed from F,
plants through anther culture, as explained by Tenhola-
Roininen et al. (2000).

Several various marker types were used in the mapping
studies (Table 1). Amplified fragment length polymorphism
(AFLP) analyses were performed with minor modifications
according to the procedure developed by Vos et al. (1995).
Random amplified polymorphic DNA (RAPD) amplifica-
tions were carried out as described by Tenhola-Roininen
and Tanhuanpdi (2010). Sixty-nine microsatellites from rye
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Table 1 DNA markers used in

rye linkage mapping Marker type Name' Polymorphic markers

Analyzed (%) Located (%)
AFLP €XXX_IXxXx 175 (43.75) 127 (43.9)
ISSR ISSRX 2(0.5) 2(0.7)
Microsatellite:
Rye SCMX, REMSX, RMSX 66 (16.5) 57 (19.7)
Wheat WM410 1(0.25) 1(0.35)
Barley BMS64, HVM4 2(0.5) 1 (0.35)
RAPD AAX, ABX, ACX, ADX, AFX 28 (7.0) 21 (7.3)
IRAP IRX 16 (4.0) 12 (4.2)
REMAP IRXREX 32 (8.0) 20 (6.9)
SRAP meXemX 78 (19.5) 48 (16.6)
Total 400 (100.0) 289 (100.0)

1 .
x nucleotide; X number

(mostly developed in BAZ, Germany, or in Lochow-Petkus
GmbH and Hybro GmbH & CoKG, Germany; Saal and
Wricke 1999; Hackauf and Wehling 2002b; Khlestkina et
al. 2004, 2005; Hackauf et al. 2009), wheat (Roder et al.
1998), and barley (Saghai Maroof et al. 1994; Ramsay et al.
2000), which were polymorphic in the DH parents, were
analyzed in the DH mapping population using various
polymerase chain reaction (PCR) programs (Tenhola-
Roininen and Tanhuanpdd 2010). Retrotransposon-
microsatellite amplified polymorphism (REMAP; Kalendar
et al. 1999; Kalendar and Schulman 2006), inter-
retrotransposon amplified polymorphism (IRAP), and
inter-simple sequence repeat (ISSR) markers were produced
using the PCR profile described by Schulman et al. (2004)
with minor modifications (primers available on request).
Sequence-related amplified polymorphism (SRAP) markers
were mainly amplified according to Li and Quiros (2001).
AFLPs, microsatellites, and SRAPs were detected with
DNA sequencers (GE Healthcare, Buckinghamshire, UK).
JoinMap® (Van Ooijen and Voorrips 2001) was used for
map construction (a logarithm of odds [LOD] value of 6 to
14) using the Kosambi mapping function (Kosambi 1944).
The map contained 17 linkage groups (= 3 markers, >
10 cM) with 289 loci. The map length was 732 c¢cM (one
locus in every 2.5 cM). Previously mapped rye micro-
satellites were used as anchor markers to identify all seven
rye chromosomes (Fig. 1), of which some were comprised
of several parts. The kinship of parents of the DH mapping
population (both have the same cultivar, Kungs II, in their
pedigree) explains the low polymorphism on certain areas
of chromosomes possibly causing this fragmentation.
Fifty-seven percent of the mapped markers showed
distorted segregation (P<0.05, analyzed in JoinMap,
Fig. 1) on all chromosomes mainly due to tissue culture,
self-incompatibility system, and inbreeding depression of
out-crossing rye. The most severely distorted region
(P<0.0001) was detected on chromosome 6R with alleles
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inherited from Amilo in excess. Also, chromosomes 2R
(Amilo in excess) and 3R (Voima in excess) were extremely
distorted. Highly inbred rye lines suffer from distortion too
(Hackauf et al. 2009).

The DH parents and the DH progeny (DHs from F,
plants) were crossed with the PHS-susceptible Finnish cv.
Riihi (several individuals and 1-3 pollinators per one DH)
to obtain grains for o-amylase activity measurements
(Tenhola-Roininen et al. 2006). Due to the low fertility
of DH plants and undeveloped grains (Tenhola-Roininen
et al. 2006), «-amylase activity could be measured only
from 68 DH plants (Tenhola-Roininen et al. 2006). In
addition, oc-amylase activity (Ceralpha U/g) was measured
from one grain only (except several grains from the DH
parents and Riihi) with adjusted volume by the «-amylase
assay procedure (Megazyme, Ireland), but repeated 2—4
times when possible (depending on the quality and
number of grains). The results from one grain correlate
with those from several grains (results not shown). «-
amylase activity in the DH progeny varied from 49 to 540
U/g (mean 214 U/g) after 4 days of germination (Fig. 2).
The mean «-amylase activity of the DH parents, Amilo

Fig. 1 The genetic linkage map of rye constructed using doubled p
haploids (DHs). The rulers show map distances in cM. The total
lengths (cM) of chromosomes or linkage groups are shown beneath.
Anchor markers are printed in bold. The marker names include the
size of the amplified DNA fragment if more than one fragment was
amplified with the primer(s) used. Asterisks inform the segregation
distortion (**P<0.05, *** P<0.01, **** P<(.005, ***** P<0.001,
wHRExERE P<L0.005, *FHFF*FE* P<(0.0001). The quantitative trait locus
(QTL) affecting x-amylase activity is shown as a vertical bar, with the
cross-line indicating the location of the QTL peak, with a confidence
interval with a logarithm of odds (LOD) fall-oft of 1.0. @ Bednarek et
al. (2003), b Hackauf and Wehling (2002a, 2003), ¢ Khlestkina et al.
(2004, 2005), d Korzun et al. (2001), e Kubaldkova et al. (2003), f
Masoj¢ et al. (2007), g Roder et al. (1998), # Saal and Wricke (1999,
2002), i information provided from Lochow Petkus GmbH and Hybro
GmbH & CoKG, Germany, j Bolibok et al. (2007), £ Masoj¢ and
Milczarski (2009), / Hackauf et al. (2009), m Masoj¢ et al. (2009)
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Fig. 1 (continued)

and Voima, was 216 U/g and 334 U/g, respectively, and of
the Riihi test cultivar, it was 348 U/g. QTL analysis was
performed with NQTL software (Tinker and Mather 1995)
with simple interval mapping. One thousand permutations
were performed to estimate the threshold (test statistics
12.4=LOD score 2.7) with a type I error rate below 5%.

\l/ Amilo DH parent
18

16
14

12 4
\LVoima DH parent

Number of individuals

11111
400 500

200

24
0 T
100

0 300 600

Ceralpha U/g
Fig. 2 «-amylase activity (Ceralpha U/g flour) in the rye mapping

population after four days of germination. The grains were derived
from the testcrosses with cv. Riihi
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One major QTL (test statistics 15.6=LOD score 3.4)
controllig «-amylase activity was found on the long arm
of 5R (Fig. 3), and it explained 16.1% of phenotypic
variation. The QTL peak was located at the microsatellite
loci SCM74, RMSI1115, and SCM77 (Figs. 1 and 3).

Previously, three QTLs affecting oc-amylase activity and
three QTLs affecting sprouting have been found both on the
short and on the long arm of 5R (Masoj¢ et al. 1999;
Masojé¢ and Milczarski 2005; Masojé et al. 2007; Masojé
and Milczarski 2009). From comparison with the existing
rye QTL map (based on microsatellite SCM77), it can be
concluded that our QTL is located near the PHS-enhancing
locus (PHSE) on 5RL (Masoj¢ et al. 2009). This locus
probably represents a regulatory gene involved in the
gibberellic acids (GA) signaling system (Masoj¢ et al.
2009). As a consequence, the QTL found in the present
study might be the same QTL as the one reported by
Masojé et al. (2009) or is a nearby located modifying or
regulatory gene.

Even though several QTLs affecting PHS have been
reported, only one major QTL was found in the present
study. Reasons for this include the mainly small sample
sizes (Melchinger et al. 1998) in x-amylase analyses and
the kinship of mapping parents leading to gaps in the map.
Further, the use of heterogenous pollinator (cv. Riihi) with
high «-amylase activity in testcrosses decreased the power
of QTL mapping.



J Appl Genetics (2011) 52:299-304

303

Fig. 3 The profile of the QTL 18

affecting «-amylase activity on 17 +
chromosome 5R in the DH 16 -
mapping population derived 15 1
from the Amilo DH x Voima 14

DH cross

13 + 5% significance threshold line

Test statistics

0 T

o
6]

me5em3_695

When considering producing DHs in an out-crossing rye
species, one should bear in mind that the development of
DHs by anther culture is more problematic and time-
consuming than in a self-pollinating species. Due to the low
survival rate and the low fertility, 10-30% of regenerated
plants at the most are suitable for further use (Tenhola-
Roininen et al. 2006). In conclusion, DHs of out-crossing
rye can be recommended to be used on a small-scale for
special research and breeding purposes (for example, in
purifying breeding material from undesirable recessive
genes), but the benefits and costs need to be considered
twice before DH production.

PHS resistance is a sum of many factors, and several QTLs
associated with PHS (o-amylase activity, visible sprouting, or
seed dormancy) have been found in cereals (Tenhola-
Roininen 2009). It has been suggested that epistatic
interactions mainly affect PHS resistance in rye (Masoj¢ et
al. 2009). An efficient way to develop a sprouting-resistant
rye cultivar is via the pyramiding of several genes affecting
«-amylase activity and PHS (especially directional and
resistance loci, Masoj¢ et al. 2009) using marker-assisted
selection (MAS), as Twardowska et al. (2005) and Masoj¢
and Milczarski (2009) have reported. In conclusion, in the
present study, the first DH rye map was developed and one
major QTL affecting o-amylase activity on SRL was found.
Three different robust microsatellite markers, SCM74,
RMSI1115, and SCM77, linked to the QTL can be used for
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[e'e) o S~ %) o~
z SEE B 5
= 800 3 o
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MAS to decrease PHS as a part of the rye breeding strategy
in Finland.

Acknowledgments Boreal Plant Breeding Ltd. financed the devel-
opment of rye microsatellites and kindly provided material for the
anther culture studies. This study was supported by the Finnish
Ministry of Agriculture and Forestry, Heikki and Hilma Honkanen
Foundation, Academy of Finland (project number 112053), and the
Finnish Cultural Foundation.

References

Bednarek PT, Masoj¢ P, Lewandowska R, Myskow B (2003)
Saturating rye genetic map with amplified fragment length
polymorphism (AFLP) and random amplified polymorphic
DNA (RAPD) markers. J Appl Genet 44:21-33

Bolibok H, Gruszczynska A, Hromada-Judycka A, Rakoczy-
Trojanowska M (2007) The identification of QTLs associated
with the in vitro response of rye (Secale cereale L.). Cell Mol
Biol Lett 12:523-535

Chono M, Honda I, Shinoda S, Kushiro T, Kamiya Y, Nambara E,
Kawakami N, Kaneko S, Watanabe Y (2006) Field studies on the
regulation of abscisic acid content and germinability during grain
development of barley: molecular and chemical analysis of pre-
harvest sprouting. J Exp Bot 57:2421-2434

Forster BP, Thomas WTB (2004) Doubled haploids in genetics and
plant breeding. Plant Breed Rev 25:57-88

Hackauf B, Wehling P (2002a) Development of microsatellite markers
in rye: map construction. In: Osinski R (ed) Proceedings of the

@ Springer



304

J Appl Genetics (2011) 52:299-304

EUCARPIA Rye Meeting, Plant Breeding and Acclimatization
Institute, Radzikow, Poland, 4-7 July 2001, pp 333-340

Hackauf B, Wehling P (2002b) Identification of microsatellite poly-
morphisms in an expressed portion of the rye genome. Plant
Breed 121:17-25

Hackauf B, Wehling P (2003) Development of microsatellite markers
in rye: map construction. Plant Breed Seed Sci 48:143-151

Hackauf B, Rudd S, van der Voort JR, Miedaner T, Wehling P (2009)
Comparative mapping of DNA sequences in rye (Secale cereale L.)
in relation to the rice genome. Theor Appl Genet 118:371-384

Hagberg S (1960) A rapid method for determining alpha-amylase
activity. Cereal Chem 37:218-222

Humphreys DG, Noll J (2002) Methods for characterization of
preharvest sprouting resistance in a wheat breeding program.
Euphytica 126:61-65

Kalendar R, Schulman AH (2006) IRAP and REMAP for
retrotransposon-based genotyping and fingerprinting. Nat Protoc
1:2478-2484

Kalendar R, Grob T, Regina M, Suoniemi A, Schulman A (1999)
IRAP and REMAP: two new retrotransposon-based DNA
fingerprinting techniques. Theor Appl Genet 98:704—711

Khlestkina EK, Than MHM, Pestsova EG, Roder MS, Malyshev SV,
Korzun V, Bomer A (2004) Mapping of 99 new microsatellite-
derived loci in rye (Secale cereale L.) including 39 expressed
sequence tags. Theor Appl Genet 109:725-732

Khlestkina EK, Than MHM, Pestsova EG, Roder MS, Malyshev SV,
Korzun V, Borner A (2005) Erratum. Mapping of 99 new
microsatellite-derived loci in rye (Secale cereale L.) including 39
expressed sequence tags. Theor Appl Genet 110:990-991

Korzun V, Malyshev S, Voylokov AV, Borner A (2001) A genetic map
of rye (Secale cereale L.) combining RFLP, isozyme, protein,
microsatellite and gene loci. Theor Appl Genet 102:709-717

Kosambi DD (1944) The estimation of map distance from recombi-
nation values. Ann Eugen 12:172-175

Kubaldkova M, Valarik M, Barto$ J, Vrana J, Cihalikova J, Molnar-
Lang M, Dolezel J (2003) Analysis and sorting of rye (Secale
cereale L.) chromosomes using flow cytometry. Genome
46:893-905

Li G, Quiros CF (2001) Sequence-related amplified polymorphism
(SRAP), a new marker system based on a simple PCR reaction:
its application to mapping and gene tagging in Brassica. Theor
Appl Genet 103:455-461

Masoj¢ P, Milczarski P (2005) Mapping QTLs for x-amylase activity
in rye grain. J Appl Genet 46:115-123

Masoj¢ P, Milczarski P (2009) Relationship between QTLs for
preharvest sprouting and alpha-amylase activity in rye grain.
Mol Breed 23:75-84

Melchinger AE, Utz HF, Schon CC (1998) Quantitative trait locus
(QTL) mapping using different testers and independent popula-
tion samples in maize reveals low power of QTL detection and
large bias in estimates of QTL effects. Genetics 149:383—403

Masoj¢ P, Milczarski P, Myskow B (1999) Identification of genes
underlying sprouting resistance in rye. In: Weipert D (ed) Eighth
International Symposium on Pre-Harvest Sprouting in Cereals
1998, poster presentation. Association of Cereal Research,
Federal Centre for Cereal, Potato and Lipid Research, Detmold,
Germany, pp 131-136

@ Springer

Masoj¢ P, Banek-Tabor A, Milczarski P, Twardowska M (2007) QTLs
for resistance to preharvest sprouting in rye (Secale cereale L.). J
Appl Genet 48:211-217

Masoj¢ P, Lebiecka K, Milczarski P, Wisniewska M, Lan A,
Owsianicki R (2009) Three classes of loci controlling preharvest
sprouting in rye (Secale cereale L.) discerned by means of
bidirectional selective genotyping (BSG). Euphytica 170:
123-129

Nyachiro JM, Clarke FR, DePauw RM, Knox RE, Armstrong KC
(2002) Temperature effects on seed germination and expression
of seed dormancy in wheat. Euphytica 126:123-127

Perten H (1964) Application of the falling number method for
evaluating alpha-amylase activity. Cereal Chem 41:127-140

Ramsay L, Macaulay M, degli Ivanissevich S, MacLean K, Cardle L,
Fuller J, Edwards KJ, Tuvesson S, Morgante M, Massari A,
Maestri E, Marmiroli N, Sjakste T, Ganal M, Powell W, Waugh R
(2000) A simple sequence repeat-based linkage map of barley.
Genetics 156:1997-2005

Roder MS, Korzun V, Wendehake K, Plaschke J, Tixier M-H, Leroy P,
Ganal MW (1998) A microsatellite map of wheat. Genetics
149:2007-2023

Saal B, Wricke G (1999) Development of simple sequence repeat
markers in rye (Secale cereale L.). Genome 42:964-972

Saal B, Wricke G (2002) Clustering of amplified fragment length
polymorphism markers in a linkage map of rye. Plant Breed
121:117-123

Saghai Maroof MA, Biyashev RM, Yang GP, Zhang Q, Allard RW
(1994) Extraordinarily polymorphic microsatellite DNA in
barley: Species diversity, chromosomal locations, and population
dynamics. Proc Natl Acad Sci USA 91:5466-5470

Schulman AH, Flavell AJ, Ellis THN (2004) The application of LTR
retrotransposons as molecular markers in plants. In: Miller WJ,
Capy P (eds) Mobile genetic elements and their application in
genomics. Humana Press, Totawa, NJ, pp 145-173

Tenhola-Roininen T (2009) Rye doubled haploids—production and
use in mapping studies. Dissertation, Studies in Biological and
Environmental Science, no. 198, University of Jyviaskyld,
Finland

Tenhola-Roininen T, Tanhuanpéaé P (2010) Tagging the dwarfing gene
Ddwl in a rye population derived from doubled haploid parents.
Euphytica 172:303-312

Tenhola-Roininen T, Immonen S, Tanhuanpdd P (2006) Rye doubled
haploids as a research and breeding tool—a practical point of
view. Plant Breed 125:584-590

Tinker NA, Mather DE (1995) MQTL: software for simplified
composite interval mapping of QTL in multiple environments. J
Agric Genomics 1:2

Twardowska M, Masoj¢ P, Milczarski P (2005) Pyramiding genes
affecting sprouting resistance in rye by means of marker assisted
selection. Euphytica 143:257-260

Van Ooijen JW, Voorrips RE (2001) JoinMap® version 3.0: Software
for the calculation of genetic linkage maps. Plant Research
International, Wageningen, the Netherlands

Vos P, Hogers R, Bleeker M, Reijans M, van de Lee T, Hormes M,
Frijters A, Pot J, Peleman J, Kuiper M, Zabeau M (1995) AFLP:
a new technique for DNA fingerprinting. Nucleic Acids Res
23:4407-4414



	A doubled haploid rye linkage map with a QTL affecting α-amylase activity
	Abstract
	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


