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Abstract In many dioecious plants, gender affects economic value, breeding schemes and opportunities for commercial harvests.
Hippophae rhamnoides L. is a dioecious plant species in which female genotypes are commercially preferred over male genotypes.
Its berries have rich medicinal, nutritional and pharmaceutical properties because of their large amounts of vitamins, essential oils,
proteins, fatty acids, free amino acids and flavanoids. Primary limitation for breeding H. rhamnoides L. is its dioecious nature, since
gender cannot be identified by traditional methods. Therefore, some reliable and quick methods need to be developed. This commu-
nication deals with the development of isozyme and RAPD markers for early sex identification in this dioecious tree. The isozyme
analysis was conducted with four enzyme systems, viz. peroxidase, esterase, malate dehydrogenase and catalase. The peroxidase
enzyme system produced a female specific sex marker, which successfully differentiated between the staminate and pistillate geno-
types of H. rhamnoides L. Thirty five random decamer primers were used in our study and one male sex linked marker was identified.
OPD-20 (5'-ACTTCGCCAC-3’) displayed a band at 911 bp that expressed polymorphism between male and female genotypes. The
staminate and pistillate genotypes could be distinguished using RAPD marker OPD-20q,;. These results revealed the immense poten-

tial of peroxidase isozyme patterns and RAPD as genetic markers for sex identification in H. rhamnoides L.
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1 Introduction

In the plant kingdom dioecism has arisen independ-
ently in different families and genera and several dis-
tinct genetic mechanisms regulating dioecy have been
found. Molecular studies are beginning to detail the
genetic control of dioecy in several plant species.
However, there is paucity of information on chromo-
somal and genetic bases of gender determination in
plants.

Seabuckthorn is a multipurpose tree belonging to
the family Elaeagnaceae, with six species and twelve
subspecies in the world (Ruan and Xie, 2001). Of the
global area of seabuckthorn resources 90 per cent, i.e.,
more than 1.5 million hectare, is found in China. Nat-
ural seabuckthorn stands are also widespread in Asia,
Europe and on riverbanks and coastal dunes along the
Baltic coast of Finland, Poland and Germany. In Asia,
seabuckthorn is distributed through the Himalayan
regions including India, Nepal, Bhutan and Northern
parts of Pakistan and Afghanistan. In Himachal Pra-
desh, Hippophae species are found in the valleys of
Laddakh, Lahaul & Spiti and Kinnaur districts.

Seabuckthorn viz. Hippophae rhamnoides L. has
received global attention owing to its rich medicinal
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properties, its role in environmental conservation, in
afforestation programs and for greening hill regions.
Recently, it has gained importance as a horticultural
tree for berry production because of its high nutri-
tional and medicinal properties. The berries are acidic
in nature and the most prominent feature of its juice is
its rich source of vitamins C, E and K. Nutritious
products from seabuckthorn include tea, juice, wine,
jams and snacks. Residues, after the juice and oil have
been extracted, are used as fodder and food additives.
The medicinal properties include prevention of car-
diovascular diseases, cancers, skin problems, burns
and digestive tract disorders and for anti-senilism,
anti-inflammation, anti-radiation damage and for im-
provement of the immune system (Buhatel et al., 1991;
Chen, 1991; Ruan and Li, 2000).

H. rhamnoides L. is a diploid species with a basic
chromosome number 2n =24, of which eleven pairs
are autosomes and one pair consists of sex chromo-
somes (Lebeda, 2003). A unique feature of seabuck-
thorn is its dioecious nature, i.e., the tree is either male
or female and the sex of saplings cannot be deter-
mined until flower buds appear, which may take 5-7
years (Synge, 1974). For economic reasons, the ratio
of male to female plants is important in fruit bearing
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plants, i.e., their pistillate trees should be optimum and
a proportion of 8—12% of staminate trees is considered
adequate for pollination (Walf and Wegart, 1993).
Singh (1998) has recommended a 9:1 ratio of female
to male trees for seabuckthorn. Thus, correct identifi-
cation of staminate and pistillate genotypes at its ju-
venile phase is important to maintain proper densities
of pistillate and staminate bushes/trees in a plantation.
Currently, there is no method to distinguish between
male and female prior to the reproductive phase of this
dioecious tree. Molecular markers can be utilized to
diagnose and select a genotype based on linked DNA
markers, long before its phenotype is apparent. Finan-
cial resources and valuable time and money can be
saved if unfavorable genotypes could be discarded at
an early stage of commercial plantations (Jeppsson,
1999).

The present study was carried out to develop male
and female specific isozymes and RAPD markers so
that the gender of H. rhamnoides L. can be identified
at its juvenile stage and material can be raised as sta-
minate and pistillate populations. Sex-linked genetic
markers are also useful in breeding programs and al-
low understanding of dioecism in H. rhamnoides L.

2 Materials and methods
2.1 Plant material

The study material was taken from the village of Sun-
nam in the Kinnaur District, India, where natural se-
abuckthorn stands occur at an elevation of about 2250
m.s.l. It falls in the dry temperate zone of the north-
western Himalayas (Himachal Pradesh), where the
area is covered with snow from November to March.
Five male and five female H. rhamnoides L. trees
were marked at the time of fruiting, i.e., during Au-
gust and September, when it was possible to differen-
tiate between male and female trees. Fresh and young
green leaves were excised from each of five randomly
selected male and female trees in the month of April
and samples were stored in liquid nitrogen until fur-
ther analysis.

2.2 Isozyme studies

Four enzyme systems were investigated for gender
specific banding patterns: catalase (EC 1.11.1.4), per-
oxidase (EC 1.11.1.7), malate dehydrogenase (EC 1.1.
1.37) and esterase (EC 3.1.1.2). Enzyme extraction of
male and female samples was carried out using a Tris
citrate buffer, pH 8.3 (Trizma base 6.2 g'L™" and citric
acid 1.46 g¢'L™") along with 0.75 g¢'L™' of insoluble
polyvinyl pyrolidone. To achieve resolution of the
enzymes a single gel/tray buffer system of lithium
borate, comprising 0.04 mol'L™" lithium hydroxide

and 0.19 mol-L™" boric acid, pH 8.3, was used for all
four enzymes. Different staining recipes were used for
each enzyme, i.e., catalase was stained by the standard
method of Conkle (1983), peroxidase by Lee (1973),
esterase by Scandalios (1969) and the Shaw and
Prasad (1970) method was used for malate dehydro-
genase. Polyacrylamide gel electrophoresis was car-
ried out to separate isozymes, due to their high power
of resolution, transparency and chemical inertness. An
anionic system (Davies, 1964; Ornstein, 1964) was
used for all enzyme systems. Differences in isozyme
banding patterns (phenotypes) were recorded as dif-
ferences in relative mobility, the migration of each
band relative to the protein front.

2.3 RAPD studies
2.3.1 Genomic DNA isolation

Genomic DNA from fresh, young and green leaves of
the five male and five female sample trees was iso-
lated by the CTAB method (Doyle and Doyle, 1987).
The isolated DNA was purified by successive RNase
and proteinase K treatments followed by phenol:
chloroform: isoamyl alcohol (25:24:1, v/v) and chlo-
roform: isoamyl alcohol (24:1, v/v) solutions.

2.3.2 DNA quantification

The concentration and purity of DNA was checked by
taking absorption at 4,¢ and A,gp with dilution factor
10 using a spectrophotometer BIORAD Smarts-
pec™3000. In the end, the purified DNA was diluted
to a final concentration of 25 ng'L™" and subjected to
RAPD amplification.

2.3.3 RAPD amplification

DNA amplification of purified DNA for RAPD analy-
sis was conducted using 35 random primers (Operon
Technology, USA). PCR amplification reactions were
carried out as suggested by Williams et al. (1990) with
some modifications. The 25 L reaction mixtures con-
tained 50 ng genomic DNA, 10 mmol-L™" Tris-HCI,
1.5 mmol-L™"' MgCl, and 200 pmol-L™" each of dATP,
dGTP, dCTP, dTTP (Genie, Bangalore), 25 pmol-L™"
of random decamer primers (Operon Technologies,
USA) and 1U of Taqg DNA polymerase (Genie, Ban-
galore). The PCR tubes were placed in a Perkin Elmer
Thermal Cycler (Gene Amp PCR System 9700) and
programmed for the following cycling parameters: one
cycle of five min at 94°C followed by 45 cycles of one
min each at 94°C for denaturation, one min at 37°C
primer annealing and a two min extension at 72°C
followed by 10 min cycle at 72°C; at the end, the
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equipment was held at 4°C until the mixtures were
analyzed. Amplification products were analyzed by
gel electrophoresis on 1.6% agarose gel incorporated
with 0.01% ethidium bromide in a 0.5 x TBE buffer.
Gels were scanned in Fluors Multilmager (Bio-Rad)
gel documentation system.

3 Results and discussion
3.1 Isozyme analysis

In the present investigation five male and five female
samples of H. rhamnoides L. were examined with four
enzyme systems, viz. peroxidase (PER), esterase
(EST), catalase (CAT) and malate dehydrogenase
(MDH). The peroxidase enzyme system produced
three anodal bands at RM values of 0.23, 0.32 and
0.47 (Fig. 1). The two slower moving bands at RM
values of 0.23 and 0.32 were found to be monomor-
phic, since they were observed in all the male and fe-
male genotypes, whereas the fastest moving band at
RM value of 0.47 was observed only in five female
genotypes (Fig. 1). Thus a female specific sex marker
was identified, which could successfully differentiate
between the staminate and pistillate genotypes of H.
rhamnoides L., whereas the esterase enzyme system
produced two bands at RM values 0.36 and 0.56. Both
bands were found to be monomorphic, since they were
observed in all staminate and pistillate genotypes, i.e.,
the esterase enzyme system could not be used for dis-
crimination of gender in H. rhamnoides L. Even in
repeated attempts, the catalase and malate dehydro-
genase enzyme systems showed no activity in any of
the staminate and pistillate genotypes.

3.2 RAPD analysis

Genetic differences among five staminate and five
pistillate genotypes were investigated using 35 RAPD
primers. Successful amplification of RAPD bands
from all genotypes were obtained from all primers.
One primer OPD-20 (5-ACTTCGCCAC-3") ex-
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Fig. 1 Peroxidase isozyme patterns in five male and five fe-
male genotypes of H. rhamnoides L. The arrow indicates the
female specific peroxidase activity.
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pressed polymorphism between male and female
genotypes and was found to be male specific at a 911
bp (Fig. 2). This DNA marker was found to be repro-
ducible. The experiment was repeated twice with both
male and female DNA samples in order to check the
reliability and stability of the marker. OPD-20q;; has
been found completely linked to the male sex and can
be used for screening seedlings with the objective of
sex determination in H. rhamnoides L.

Isozyme polymorphism is widespread in many
plants and has been used for cultivar and sex identifi-
cation in many horticultural plant and tree species.
Peroxidase has been reported to be useful in sex de-
termination of plants, because this enzyme system is
involved in the hormonal sex control of many dio-
ecious plants such as the kiwi fruit (Hirsch et al., 1997;
Shirkot, 2000). In organogenesis, the role of peroxi-
dase is suggested in auxin catabolism (Legrand and
Bouazza, 1991). Peroxidase induces auxin modulation
of morphogenesis and has an indirect role in sex de-
termining mechanisms in many monoceious and dio-
ecious plants and makes an important contribution to
sex expression. Our studies are consistent with the
studies carried out in Mercurialis genus by Kahlem
(1976), where peroxidase profiles were emphasized
for female and attenuated for male plants.

To obtain a marker linked to a gene or genomic re-
gion through RAPD analysis depends to a large extent
on chance, because random sequences are used as
PCR primers. In the present study, out of the 35 ran-
dom primers only one gender specific marker, i.e.,
OPD-204;; was identified which was able to differen-
tiate between staminate and pistillate genotypes of H.
rhamnoides L. RAPD-PCR technology had also been
successfully used by Persson and Nybom (1998) to
differentiate gender in H. rhamnoides. They screened
78 primers and only one male specific marker
OPD-15499 was identified. Hormaza et al. (1994)

Fig. 2 RAPD profile generated by primer OPD-20 for five
male and five female genotypes of H. rhamnoides L. M: A size
marker. The arrow indicates the unique male specific band.
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tested 1000 decamer primers in Pistachio vera for sex
determination and only one female specific marker
OPO-08y45 was obtained. Banerjee et al. (1999) ob-
tained OPA-10903 and OPC-12757 male specific mark-
ers in Piper longum. Alstrom-Rapaport et al. (1998)
reported RAPD band UBC-35454 linked to sex de-
termination locus in Salix viminalis. Similarly, a fe-
male specific DNA marker was identified in nutmeg
by Ganeshaiah et al. (2000) after screening 60 RAPD
primers. Singh et al. (2002) identified a female sex
associated marker OPC-07s¢7 in Trichosanthes dioica
after screening 100 decamer primers. Shirkot et al.
(2002) identified eight sex linked markers in Actinidia
deliciosa using 34 random primers. Aggarwal et al.
(2007) ascertained sex of Simmondsias chinensis (jo-
joba) by testing 72 primers and only one male specific
marker OPG-051490 was obtained. OPA-06¢y,, was
found to be a male specific marker in Borassus fla-
bellifer L. after testing 108 random decamer primers
by George et al. (2007).

DNA based markers provide a useful tool to indi-
cate dimorphism of the genome corresponding to its
dimorphic gender. Random Amplified Polymorphic
DNA (RAPD) is an inexpensive and rapid method not
requiring any information regarding the genome of
plants. Instead, it is based on the use of small arbitrary
sequences, which are employed to amplify the ge-
nomic DNA of a plant. Whereas isozyme markers
suffer from certain disadvantages and are usually af-
fected by environmental conditions, their expression
varies from tissue to tissue, plant phenological stages
and post transcriptional modification. Hence the re-
sults from the different laboratories may not be com-
pared. Because of these disadvantages, the use of pro-
tein profiles as marker systems to study phylogeny or
diversity is limited. On the other hand, DNA molecu-
lar markers are not subject to these limitations and
appear to be the best option for genetic analysis.

In this study we have reported the finding of per-
oxidase isozyme markers associated with females and
one RAPD marker linked with males of H. rham-
noides L. The importance of this finding is the early
assessment of gender in H. rhamnoides L. before the
reproductive stage, as well as understanding the mo-
lecular basis of sex determination in this dioecious
species. Additional markers will need to be identified
and we are continuing to identify additional markers
in an effort that the availability of markers, linked to
sex determination genes, would allow to clone gene(s)
involved in the process to generate SCAR markers.

Acknowledgement

The first author gratefully acknowledges the help ren-
dered by Dr. S. K. Pandey, Director CPRI, Shimla
(HP) for providing space and technical guidance.

References

Aggarwal V, Sharma K, Gupta S, Kumar R, Parsed M. 2007.
Identification of sex chromosome in Simmondsia chinensis
(Jojoba) using RAPD markers. Plant Biotechnol Rep, 1:
207-210

Alstrom R C, Lascoux M, Wang Y C, Roberts G, Tiskan G A.
1998. Identification of a RAPD marker linked to sex deter-
mination in the basket willow (Salix viminalis L.). J Hered,
89: 44-49

Banerjee N S, Manoj P, Das M R. 1999. Male sex associated
marker in Piper longum L. Curr Sci, 77: 692695

Buhatel T, Vesa S, Morar R. 1991. Data on the action of se-
abuckthorn oil extract in cicatrization of wounds in animals.
Buletinulinstituhii Agronomic Chij Napoea Seria Zootohnic
Si Medicina Veterinaria, 45: 129-133

Chen J H. 1991. Effect of the immuno modulating agents (BCG)
and the juice of HRL in the activity of splenic NK cells and
LAK cells from tumour bearing mice. Chin J Microbiol Im-
munol, 11: 105-108

Conkle M T. 1981. Isozyme variation and linkage in some con-
ifer species. In: Conkle M T (ed). Proceeding Symposium of
Isozymes: North America Forest Trees and Forest Insects.
Berkly. California: Gen Tech Rep, PSW-48

Davies J. 1964. Disc electrophoresis II. Methods and applica-
tion of human serum proteins. Ann New York Acad Sci, 121:
404427

Doyle J J, Doyle J. 1987. A rapid DNA isolation procedure
from small quantities of fresh leaf tissue. Phytochem Bull, 19:
11-15

Ganeshaiah K N, Ravishankar K V, Anand L, Shibhu M P,
Shaanker U. 2002. Identification of sex specific DNA mark-
ers in the dioecious tree, nutmeg (Myristica fragrans Houtt.).
PGR News Letter, 121: 59-61

Georg J, Karun A, Manimekali R, Rajesh M K, Remya P. 2007.
Identification of RAPD marker linked to sex determination
in palmyrah (Borassus flabellifer L.). Curr Sci, 93:
1075-1077

Hirsch A M, Fortune D, Chalak L, Lagave J M, Chat J, Monet
R. 1997. Peroxidase test: A test for sex screening in kiwifruit
seedlings. Acta Horticult, 444: 89-95

Hormaza J L, Dollo, Polito V S. 1994. Identification of RAPD
marker linked to sex determination on Pistachoio vera using
bulk segregant analysis. Theor App Genet, 89: 9—13

Jeppsson N. 1999. Genetic variation and fruit quality in Se-
abuckthorn and black chokeberry. Doctoral Thesis. Kristian-
stad, Sweden: Swedish University of Agricultural Sciences

Kahlem G. 1976. Isolation and localization of histoimmunol-
ogy of isoperoxidase specific for male flowers of dioecious
species Mercurialis annua. Dev Biol, 50: 58-67

Lbeda A. 2003. Danube Seabuckthorn populations, valuable for
selections. In: Singh V, Khosla P K (eds). Proceedings of
International Workshop on Seabuckthorn. New Delhi, 8-21

Lee T T. 1973. Extraction and quantification of plant peroxi-
dase isoenzymes. Physiol Plants, 29: 198-203

Legrnand B, Bouazza A. 1991. Changes in peroxidase and
[AA-oxidase activities during adventitious bud formation
from small root explants of Cichorium intybus L.: Influence



66

of glucose. J Plant Phys, 138: 102-106

Ornstein L. 1964. Disc electrophoresis 1. background and the-
ory. Ann New York Acad Sci, 121: 321-349

Persson H A, Nybom H. 1998. Genetic sex determination and
RAPD marker segregation in the dioecious species, se-
abuckthorn (Hippophae rhamnoides L.). Hered Land, 129:
45-51

Ruan C J, Li D Q. 2000. Function and benefits of seabuckthorn
improving eco environment of loess plateaus. Environ Prot,
5:30-31

Ruan C J, Xie Q L. 2001. Preliminary report on seabuckthorn
variety introduction at beach in Vancheng City. Hippophae,
14: 15-19

Scandalios J G. 1969. Genetic control of multiple molecular
forms of enzymes in plants: a review. Biochem Genet, 3:
37-79

Shaw C R, Prasad R. 1970. Starch gel electrophoresis of en-
zymes: a compilation of recipes. Biochem Genet, 4: 297-320

Shirkot P. 2000. Studies on sex and cultivar identification of
Actinidia deliciosa through molecular markers. Doctoral
Thesis. Solan, H. P., India: Dr. Y.S. Parmar University of
Horticulture and Forestry

Forestry Studies in China, Vol.12, No.2, 2010

Shirkot P, Sharma D R, Mohapatra T. 2002. Molecular identi-
fication of sex in Actinidia deliciosa var. deliciosa by RAPD
markers. Sci Hort, 94: 33-39

Singh M, Kumar S, Singh A K, Kalloo G. 2002. Female sex
associated marker in pointed ground (Trichosanthes dioica
Roxb.). Curr Sci, 82: 131-132

Singh V. 1998. Seabuckthorn: a wonder plant of dry temperate
Himalayas. Indian Horticult, 6-9

Synge P M. 1974. Dictionary of Gardening: A Practical and
Scientific Encyclopaepedia of Horticulture. 2nd ed. Oxford:
Clarendon Press

Walf D, Wegart F. 1993. Experience gained in the harvesting
and utilization of seabuckthorn. In: Cultivation and Utiliza-
tion of Wild Fruit Crops. Germany: Ernhard Thalacker ve-
riage Gmbh & Co., 22-29

Williams J G K, Kubelik A R, Livak K J, Rafalski J A, Tingsey
S V. 1990. DNA polymorphism amplified by arbitrary prim-
ers are useful as genetic markers. Nucl Acid Res, 18:
6531-6535

(Received November 18,2009 Accepted February 10, 2010)




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 0.76
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


