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Abstract A population of 117 doubled haploid (DH)
lines derived from the cross of Zhaiyeqing 8 (indica) x
Jingxi 17 (japonica) was employed to map quantitative
trait loci (QTL) underlying four physiological traits
related to chlorophyll contents of the flag leaf. There were
significantly positive correlations among chlorophyll a,
chlorophyll b and chlorophyll a+b content. Chlorophyll
a/b ratio was significantly negatively correlated with
chlorophyll b content. These four traits were normally
distributed with transgressive segregation, suggesting that
they were controlled by multiple minor genes. A total of
11 QTLs were detected for the four traits and they lay on
six chromosomes. Each of them explained 9.2%-19.6% of
the phenotypic variations, respectively. Of these, two
QTLs controlling chlorophyll a content were mapped on
chromosomes 2 and 5; four QTLs underlying chlorophyll
b content were mapped on chromosomes 2, 3, 5 and 9;
three QTLs underlying chlorophyll a+b amount were
mapped on chromosomes 3, 5 and 9; two QTLs under-
lying chlorophyll a/b ratio were mapped on chromosomes
6 and 11. The intrinsic relationship among the four
traits and the practical implication in rice breeding are
discussed.

Keywords rice, chlorophyll, traits, quantitative trait loci
(QTL), correlation, breeding

1 Introduction

Modern rice breeding has undergone two stages: dwarfing
breeding and heterosis utilization. Increase of rice yield
percentage per unit area is attributed to the improvement
of population utilization rate of light energy (Tu et al.,
1995). Rice photosynthesis depends on the light capture
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capability and the efficiency of light energy transforma-
tion. To further increase the rice yield potential, we have
made efforts focusing on improving the coefficient of light
energy transformation. Translating the key gene of the C4
path plant to rice is one of the effective ways of improving
photosynthetic efficiency and enhancing rice yield
(Matsuoka et al., 1998; Ku et al., 1999; Dunwell, 2000).

Chlorophyll is a major pigment for absorbing, translat-
ing and transforming light energy. To a certain extent,
chlorophyll content of the leaf is positively related to the
photosynthetic velocity (Mae, 1997).

Previous researches show that both the chlorophyll
content and the value of chlorophyll a/b ratio of cultivated
rice are higher than in wild rice, and so is photosynthesis
in the saturated light magnitude (Kourill et al., 1999).
Various kinds of cultivated rice with different genotypes
demonstrate significant differences both in maximal pho-
tosynthesis efficiency and in chlorophyll content (Li et al.,
1984). The rice F; bred from different ecological types has
a pronounced improvement in overall photosynthetic cap-
ability (Tu et al., 1988). Chlorophylls are divided into
chlorophyll a and chlorophyll b according to their struc-
ture and characteristics of light energy transformation.
Chlorophyll a is in favor of absorption of short wave light,
while chlorophyll b is in favor of absorption of long wave
light. The value of chlorophyll a/b is related to both pho-
tosynthetic organ development and photosynthetic
activity (Tu, 1997). Thus, the content of both chlorophyll
a and chlorophyll b and the value of chlorophyll a/b are
important factors determining photosynthetic capacity.
Clarification of their genetic patterns is of significance
for improving rice photosynthetic capacity.

The combination of molecular marker techniques and
quantitative genetics provides an effective method to dis-
sect quantitative genetic law. There have been a few
reports on the mapping of the quantitative trait loci
(QTL) underlying the traits related to chlorophyll (Yang
et al., 2003; Wang et al., 2003; Hu et al., 2006). However,
those studies only investigated single traits of chlorophyll,
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while systematic analyses of the traits related to chloro-
phyll are lacking. In the present research, a population of
117 doubled haploid (DH) lines derived from the cross of
Zhaiyeqing 8 (indica) x Jingxi 17 (japonica) was employed
to map QTL underlying four physiological traits related
to chlorophyll content of the flag leaf. The results provide
a theoretical basis for rice breeding through high, effective
utilization of light energy.

2 Materials and methods
2.1 Plant materials and field planting

A population of 117 DH lines, kindly provided by
Professor Qifa Zhang from the Huazhong Agricultural
University, Wuhan, was used in this study. The DH lines
were derived from the cross of Zhaiyeqing 8
(indica) x Jingxi 17 (japonica). The field trial was con-
ducted according to a randomized complete block design
with two replications at the Jiufeng Experimental Farm,
Wuhan. The germinated seeds were sown in a seedling bed
on April 29, 2004, and the seedlings were transferred to a
paddy field 22 days later, with a single plant per hill. Each
plot included two rows, and each row consisted of 10
plants, with a space of 16.7 cm between plants and
20 cm between rows. This planting density is lower than
that in normal agricultural production, in order to reduce
the competition between plants in the field. The fertiliza-
tion and cultivation regimes were consistent with
optimum rice production in the region.

2.2 Chlorophyll content measurement

On the seventh day after heading, four plants of each DH
line were sampled from the middle of each plot for mea-
surement of the chlorophyll content of the main stem flag
leaf scored. The middle regions of the flag leaves were
chosen, clipped into fragments and mixed together. The
solution that was used to extract chlorophyll from the
leaves was confected according to the alcohol: acetone:
water ratio of 5 : 4.5 : 1. The photo-density was detected
at 645 nm and 663 nm wavelengths on a spectropho-
tometer. The concentrations of chlorophyll a and chloro-
phyll b were calculated according to the following
formula:

ODyg3 = 82.04-Cepiorophylta +9.27-Cenlorophyli b;

OD645 = 16~75'Cchlorophyll a Tt 45~6'Cchlorophyll b

The chlorophyll content was measured three times for
each plot, and the mean of the trait value was used in
the data analysis. The means of the two replications were
used for QTL analysis.
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2.3 Molecular markers and linkage map construction

The molecular marker data included those for restriction
length polymorphism (RFLP), random amplified poly-
morphic DNA (RAPD), simple sequence repeat (SSR),
amplified fragment length polymorphism (AFLP), iso-
enzyme, and so on. The linkage map consisted of 234
markers and covered a total of 1990.14 cM, with an
average interval of about 8.5 cM between adjacent mar-
ker loci.

2.4 Data analyses

Basic statistics and Pearson phenotypic correlations
between the traits were calculated with SPSS 11.0 for
Windows. Single-locus QTLs were analyzed by composite
interval mapping (Zeng 1993; 1994), using the computer
program of the Mapmaker/QTL. The threshold for LOD
score was 2.0. A significance level of 0.05 was used to
declare QTL. Genetic parameters associated with signifi-
cant QTLs were estimated at the positions of respective
maximum LOD peaks in individual putative QTLs. The
proportion of the phenotypic variance explained by each
QTL was also calculated. QTL nomenclature followed
that of McChouch et al. (1997).

3 Results
3.1 Performance of the traits

The phenotypic values of chlorophyll a, chlorophyll b,
chlorophyll a+b and chlorophyll a/b are presented in
Table 1. For the contents of chlorophyll a, chlorophyll
b and chlorophyll a+b, the differences between their par-
ents were significant. But the values of chlorophyll a/b
were approximately equivalent. Within the population,
all the traits showed a continuous variation. The variation
coefficient of chlorophyll b was maximal, and that of
chlorophyll a/b was minimal. An obvious transgressive
segregation for both traits was observed in both direc-
tions. The mean value for each trait was close to the
mid-parent value (Fig. 1), suggesting that the traits were
controlled by multiple genes and the data for the traits
were suitable for QTL mapping.

3.2 Trait correlation analysis

The phenotypic relationships show a significant positive
correlation among chlorophyll a, chlorophyll b, and
chlorophyll a+b. Both chlorophyll b and chlorophyll
a+b were significantly negatively correlated with chloro-
phyll a/b, while chlorophyll a was not correlated signifi-
cantly with chlorophyll a/b (Table 2).
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Table 1 Phenotypic analysis of chlorophyll a, chlorophyll b, chlorophyll a+b and chlorophyll a/b

materials parameters chl. a/mg-g ~'FW chl. b/mg-g~' FW chl. (a+b)/mg-g”' FW chl. a/b

Zhaiyeqing 8 mean 3.550 1.240 4.790 2.863

Jingxi 17 mean 2.098 0.720 2.821 2.879
t value 3.218* 3.485% 3.288* 0.303

DH population mean 3.050 1.063 4.105 2.891
min 2.127 0.689 2.855 2411
max 4.154 1.808 5.916 3.434
SD 0.413 0.181 0.584 0.203
C.V.(%) 13.541 17.027 14.227 7.022

* indicate 5% significance level. chl. refers to chlorophyll. S D: standard deviation; C.V. : coefficient of variation.

357
30
25
20
15
10

number of DH lines

2 225 25 275 3 325 35 375 4
content/mg-g 'FW

number of DH lines

2.7 3.09 3.48 3.87 4.26 4.65 5.04 543 5.82
total chl. content/mg-g 'FW

Fig. 1

3.3 QTL mapping

The chromosomal regions and estimated genetic effects of
QTLs affecting the traits related to the chlorophyll con-
tent are presented in Table 3 and Figure 2. A total of 11
chromosome regions showed significant QTLs for chloro-
phyll a, chlorophyll b, chlorophyll a+b and chlorophyll

Table 2 Correlation analysis of chlorophyll a, chlorophyll b,
chlorophyll a+b, and chlorophyll a/b

chl. a chl. b chl. (a+Db)
chl. b 0.903%*
chl. (a+b) 0.946%* 0.881%*
chl. a/b —0.188 —0.577** —0.236%

* indicates 5% significance level, ** indicates 1% significance level. chl.
refers to chlorophyll.

number of DH lines

0.67 0.88 0.95 1.09 1.23 137 1.51

chl.b content/mg-g 'FW

1.65 1.79

401

number of DH lines

0
2.45 2.57 2.69 2.81 2.93 3.053.17 3.29 3.41
chl.a/b

Frequency distribution of chlorophyll a, chlorophyll b, chlorophyll a+b and chlorophyll a/b

a/b. These regions were mapped on six out of 12 rice
chromosomes.

Two QTLs underlying chlorophyll a content were
detected, respectively explaining 9.2% and 12.6% of the
total phenotypic variations. These QTLs were mapped in
the interval C132-G1327 on chromosome 2 and in the
interval RG13-RG573 on chromosome 5. Jingxi 17
(japonica) alleles at two of the QTLs, ¢Chla-2 and
qChla-5, were in the direction of increasing chlorophyll
a content.

Four QTLs underlying chlorophyll b were detected.
These QTLs were mapped on chromosomes 2, 3, 5 and
9, respectively. Each QTL alone explained 10.0%—-19.0%
of phenotypic variations. The additive effects of half of
these QTLs were negative, suggesting that the alleles came
from Zhaiyeqing 8 (indica); while the other half had
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Table 3 QTLs for chlorophyll content of flag leaf in rice

Guohua YANG, et al.

traits loci chromosome marker interval LOD score variance/% additive effect/mg-g~'
chlorophyll a qChla-2 2 C132-G1327 2.15 9.2 —0.25
qChla-5 5 RGI13-RG573 2.94 12.6 —0.31
chlorophyll b qChib-2 2 G1327-CT16 3.45 14.4 -0.14
qChib-3 3 RG450-RG266 3.16 12.8 0.13
qChlb-5 5 RG776B-RM 164 3.36 19.0 —0.16
qChlb-9 9 G103-G93F 2.13 10.0 0.11
total chlorophyll qTotalchl-3 3 RG450-RG266 2.35 9.8 0.37
qTotalchl-5 5 RG13-RG573 2.66 114 —0.41
qTotalchl-9 9 CT410-CT6 2.61 10.8 0.39
chlorophyll a/b qChlalb-6 6 RG433-G342 4.07 19.6 0.18
qChlalb-11 11 CT553-G320 2.61 11.9 —0.14

Positive values indicate Zhaiyeqing 8 alleles increase trait values.

positive additive effects, suggesting that the alleles came
from Jingxi 17 (japonica).

Three QTLs controlling chlorophyll a+b were detected.
They were distributed on chromosome 3 (¢7otalchl-3),
chromosome 5 (gTotalchl-5), and chromosome 9
(qTotalchl-9). Each QTL explained 9.8%—11.4% of the
phenotypic variations. Among these, gTotalchl-5 showed
a negative additive effect (—0.41 mg/g), and gTotalchl-5
and qTotalchl-5 showed a positive additive effect
(0.37 mg/g and 0.39 mg/g). It is noted that there are two
co-located QTLs (interval RG13-RG573 on chromosome
5 and interval RG450-RG266 on chromosome 3) showing
the overlap region between gTotalchl-5 and gChla-5 and
the overlap region between gTotalchl-3 and qChlb-3.

Two QTLs (¢Chlalb-6, qChlalb-11) controlling chloro-
phyll a/b were also mapped on chromosome 6 (RG433-
G342) and chromosome 11 (CT553-G320), and they
accounted for 19.6% and 11.9% of the phenotypic varia-
tions, respectively. The QTL ¢Chla/b-6 showed a positive

additive effect (0.18 mg/g), whereas the QTL ¢Chlalb-11
showed a negative additive effect (—0.14 mg/g).

4 Discussion

Rice is considered as a C; plant, which has powerful light
respiration and a low photosynthetic rate. Chlorophyll is
the basic material for photosynthesis. Therefore, increas-
ing chlorophyll content of the leaves can enhance the rice
yield and quality. Recently, research on chlorophyll has
drawn more and more attention. Yang et al. (2003) have
detected 5 QTLs controlling the total chlorophyll content
on chromosomes 1, 2 and 3 using a backcross inbred lines
population. Wang et al. (2003) have mapped 6 QTLs for
chlorophyll a and 6 QTLs for chlorophyll b at four differ-
ent developmental stages. Of these, 5 pairs of QTLs are in
overlap regions. Hu et al. (2006) have detected 6 QTLs
controlling the total chlorophyll content in drought
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handling situations and 7 QTLs in the control. In our
study, a population of 117 DH lines derived from the
cross of Zhaiyeqing 8 (indica) x Jingxi 17 (japonica)
was used to map QTL underlying four physiological
traits related to chlorophyll content of the flag leaf. A
total of 11 QTLs were detected for the four traits and
they lay on six chromosomes, explaining 9.2%-19.6% of
the phenotypic variations, respectively. Two QTLs
underlying chlorophyll a were mapped on chromosomes
2 and 5; four QTLs underlying chlorophyll b were
mapped on chromosomes 2, 3, 5 and 9; three QTLs
underlying chlorophyll a+b were mapped on chromo-
somes 3, 5 and 9, and two QTLs underlying chlorophyll
a/b were mapped on chromosomes 6 and 11. Compared
with previous research results, there is no common QTL,
suggesting a complex molecular genetic mechanism.
Using different populations to dissect the genetic mech-
anism of chlorophyll will provide more insight and pos-
sible ways for rice breeding.

Among our DH population, chlorophyll a, chlorophyll
b and chlorophyll a+b contents showed significant corre-
lations with each other. The QTL mapping result revealed
that ¢gChla-5 and gTotalchl-5 are co-located at the interval
RG13-RG573 on chromosome 5, with the same negative
additive effect. On the other hand, ¢Chlb-3 and gTotalchl-
3 are co-located at the interval RG450-RG266 on chro-
mosome 3, with the same positive additive effect.
Moreover, ¢Chla-2 and ¢gChlb-2 are closely linked
together, with the same negative additive effect. Each of
these chromosomal regions could be assumed as one
putative QTL controlling both traits. These map locations
should be a single locus with pleiotropic effects on mul-
tiple traits or a group of tightly linked loci, which might be
one genetic explanation for the correlations between the
traits.

Chlorophyll a is a main component of the reactive cen-
ter complex. The function of chlorophyll a is energy trans-
formation. Chlorophyll b is a key component of the
pigment protein complex capturing light. It functions in
capturing and transporting light energy. Both chlorophyll
a and chlorophyll b are the components of the photosyn-
thetic membrane. Generally the value of the chlorophyll a/
b ratio is about 3 (Lichtenthaler, 1987). In the present
study, the chlorophyll a/b ratio had no significant differ-
ence between parents, and its variation coefficient in the
population was minimal; the value for each line was close
to 2.9. This result is in accordance with previous conclu-
sions. The value of chlorophyll a/b was negatively signifi-
cantly correlated with both chlorophyll b and chlorophyll
a+Db content, but not with chlorophyll a. In addition, the
variation coefficient of chlorophyll b was greatest in
the population, which suggests that the factor affecting
the chlorophyll a/b value was neither the chlorophyll a
content, nor the chlorophyll a +b content, but the chloro-
phyll b content.
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In summary, our research reveals that, firstly, the co-
location in the interval RG13-RG573 on chromosome 5
shows the same direction for both chlorophyll a and
chlorophyll a+b, and the co-location in the interval
RG450-RG266 on chromosome 3 shows the same dir-
ection for both chlorophyll b and chlorophyll a+b. This
suggests that a genotype increasing the three trait values
simultaneously could be obtained by pyramiding the pos-
itive alleles in the two loci via marker-assisted selection
(MAS). Consequently, the capability of capturing and
transporting light energy is enhanced. Secondly, chloro-
phyll a/b value is related to the developmental status of
photosynthetic organs and photosynthetic activity (Tu,
1997). The high chlorophyll a/b value indicates a low
chlorophyll b content, which could help avoid light inhibi-
tion caused by absorbing excessive light. We detected
QTL ¢Chla/b-11 in the interval CT553-G320 on chro-
mosome 11, which controlled the value of chlorophyll a/
b. Marker CT553 is so closely adjacent to marker G320
that it is easy for MAS manipulation. Pyramiding this
QTL will improve the makeup structure rationally,
thereby increasing the photosynthetic efficiency of rice.

References

Dunwell ] M (2000). Transgenic approaches to crop improvement. J
Exp Bot, 51: 487-496

HuSP,MeiHW,ZouGH,LiuHY,LiuGL,CaiR,LiM S, Luo L
J (2006). Analysis of quantitative trait loci for chlorophyll content
in rice leaves under drought stress. Acta Phytoecologica Sinica,
30(3): 479486 (in Chinese)

Kouril R, Ilik P, Naus J, Schoefs B (1999). On the limits of applic-
ability of spectrophotometric and spectrofluorime tricmethods
for the determination of chlorophyll a /b ratio. Photosynth Res,
62(1): 107-116

KuM S B, Agarie S, Nomura M, Fukayama H, Tsuchida H, Ono K,
Hirose S, Toki S, Miyao M, Matsuoka M (1999). High-level
expression of maize phosphoenolpyruvate carboxylase in trans-
genic rice plants. Nature Biotechnol, 17(1): 76-81

LiM Q, Lv Z R, Deng X Q (1984). A comparative study of pho-
tosynthesis and chlorophyll content of wild and cultivated rice.
Acta Phytoephysiologica Sinica, 10(4): 333-338 (in Chinese)

Lichtenthaler H K (1987). Chlorophylls and carotenoids: pigments
of photosynthetic biomembranes. Methods Enzymol, 148: 351—
383

Mae T (1997). Physiological nitrogen efficiency in rice: nitrogen
utilization, photosynthesis and yield potential. Plant Soil, 196:
201-210

Matsuoka M, Nomura M, Agarie S, Miyao-Tokutomi M, Ku M S B
(1998). Evolution of C4 photosynthetic genes and over-expression
of maize C,4 genes in rice. J Plant Res, 111: 333-337

McCouch SR, Cho Y G, Yano M, Paul E, Blinstrub M, Morishima
H, Kinoshita T (1997). Report on QTL nomenclature. Rice
Genetics Newsletter, 14: 1113

Tu Z P (1997). Studies on the photosynthetic characteristics of rice
and breeding for high use efficiency of solar energy. Scientia
Agricutura Sinica, 30(3): 28-35 (in Chinese)

Tu Z P, Cai W J, Huang Q M (1988). Photoinhibition in rice and
their difference between rice varieties. Chinese J Rice Sci, 2(1): 8-
16 (in Chinese)



448

Tu Z P, Lin X Z, Cai W J, Yu Z Y(1995). Reprobing into rice
breeding for high photosynthetic efficiency. Acta Botanica
Sinica, 37(8): 641-651 (in Chinese)

Wang B, Lan T, Wu W R, Li W M (2003). Mapping of QTLs
controlling chlorophyll content in rice. Acta Botanica Sinica,
30(12): 1127-1132 (in Chinese)

Yang Q H, Lu W, Hu M L, Wang C M, Zhang R X, Yano M,
Wan J M (2003). QTL and epistatic interaction underlying leaf

Guohua YANG, et al.

chlorophyll and H,O, content variation in rice (Oryza
sativa L.). Acta Genetica Sinica, 30(3): 245-250 (in
Chinese)

Zeng Z B (1993). Theoretical basis of separation of multiple linked
gene effects on mapping quantitative trait loci. Proc Natl Acad
Sci, 90: 10972-10976

Zeng Z B (1994). Precision mapping of quantitative trait loci.
Genetics, 136: 1457-1468




<<
  /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


