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Abstract In this paper, we report a large-scale survey
for the incidence of Peach latent mosaic viroid
(PLMVd) and Hop stunt viroid (HSVd) in stone fruit
collections and commercial orchards in the Czech
Republic. From the 645 samples analysed, PLMVd
was detected in 80 (26.6%) of peaches and the HSVd
in 3 (1.3%) of apricot and 1 (0.33%) of peach trees.
Sixty-seven accession of peach (44.6%) from the
Czech Clonal GeneBank were infected by PLMVd.
In addition, we used naturally infected trees to
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standardise the simultaneous detection of PLMVd and
HSVd plus host mRNA as the control by means of
one-step multiplex RTC-PCR. Eleven PLMVd and two
HSVd isolates were sequenced and analysed. All the
PLMVd variants were highly homologous (97-100%)
to previously reported PLMVd variants from Tunisian
peach and almond trees, and clustered together in the
previously reported phylogenetic group III. The HSVd
variants obtained from apricot and peach trees were
included in the previously proposed recombinant group
PH/cit3.

Keywords Prunus-PLMVd-HSVd-
Multiplex RT-PCR - Stone fruit viroids

Viroids are small, single-stranded, circular, pathogen-
ic RNAs that do not code for proteins. They induce
diseases in plants by direct interaction with host
factors through a mechanism yet unidentified (Tabler
and Tsagris 2004). Viroids should be considered as
highly gifted, modern RNA parasites that have
eliminated all the dispensable ‘extravagance’ of viral
pathogens to make use of the host in the most
sophisticated manner (Tabler and Tsagris 2004). The
impact of viroids infecting woody perennial fruit trees
is conditioned by the long life of the fruit trees which
favours continuous infection events. Moreover, in this
type of crop two sources of contamination are
possible, the rootstocks and the varieties, which also
increase the frequency of multiple infections. Two
viroids are so far known infecting stone fruit trees,
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Peach latent mosaic viroid (PLMVd) and Hop stunt
viroid (HSVd). PLMVd is a serious peach pathogen
(Flores et al. 2003) listed as a quarantine pathogenic
agent by the European Plant Protection Organization.
HSVd was found to be associated with disorders of
serious economic importance e.g. dapple fruit in plum
and peach (Shikata 1990). Recently, a new important
apricot disease, known as ‘degeneration’, has been
associated with HSVd in Spain (Amari et al. 2007).

Once fruit trees become infected with viroids there
is no cure system yet available. Most of procedures
that can be used effectively involve measures
designed to reduce sources of infection inside and
outside the crop. Development of strategies to control
and/or eliminate diseases caused by viroids, requires
knowledge on variation and evolution of viroid
populations coupled with early detection, followed
by eradication of infected sources.

Early detection by means of sensitive diagnostic
methods is the main way to control viroid diseases.
Molecular techniques (polymerase chain reaction
(PCR) and nucleic acid hybridisation) are considered
reliable, fast and sensitive detection techniques
compared with biological methods, and could be
applied to the large-scale and multiple detection of
plant pathogens. Procedures that allow the simulta-
neous detection and/or identification of different plant
pathogens are desirable for routine diagnosis because
they require less time, labour and cost. In this context,
the simultaneous detection by reverse transcriptase-
PCR (RT-PCR) has been used successfully for routine
diagnosis of plant pathogens (Bertolini et al. 2001;
James et al. 2006). In addition, to ensure the safe
interpretation of negative results, specific primers to
host mRNA were included as internal controls in the
RT-PCR reaction to detect simultaneously pome and
stone fruit viruses (Menzel et al. 2002; Sanchez-
Navarro et al. 2005; Hassan et al. 2006).

Here, we report a large-scale survey for the
incidence of PLMVd and HSVd in several stone fruit
collections and commercial orchards in the Czech
Republic and use naturally infected trees to standard-
ise the simultaneous detection of both viroids by
means of one-step RT-PCR. In addition, we character-
ise the sequence variants of HSVd and PLMVd
isolated from the infected cultivars. A total of 645
samples were collected from different cultivar collec-
tions and orchards of stone fruit trees in the Czech
Republic. Except for some apricot and peach trees
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with wilting and leaf roll (symptoms characteristic for
phytoplasma infection), no visible symptoms were
observed during the collection of the samples to be
evaluated. Samples were mainly from peach and
apricot from the Czech Clonal Genebank and nuclear
stocks (pre-basic) located in Lednice (South Moravia
region). The Prunus spp. accessions are from Czech
origin and others were imported from the United
States and Italy (Table 1).

To complete the survey, mother trees from the
main commercial nursery at Valtice and private
commercial orchards, which now prevail in the trade
and services, were sampled in this study. The
collections were made from European plum (P
domestica), peach (P, persica), apricot (P. armeniaca),
sweet cherry (P. avium), sour cherry (P. cerasus),
myrobalan (P. cerasifera), blackthorn (P. spinosa),
and wild peach (Persica vulgaris). Leaves from
different parts of the canopy were taken during
spring and summer. The samples were stored in —
80°C until processed and subsequently analysed for
the presence of HSVd and PLMVd using dot-blot
hybridisation as previously described (Mas and
Pallas 1995). The nucleic acid extraction was
performed from leaf tissue (0.2 g) as previously
described (Astruc et al. 1996) and resuspended in
50 pl of sterile water. Aliquots (5 pl) were spotted
on a nylon membrane, hybridised over night at 70°C
with full-length digoxigenin-labelled PLMVd and
HSVd riboprobe, and detected as recommended by
the supplier (Roche, DIG Luminescent Detection Kit
for Nucleic Acid).

From the 645 samples analysed (300 peach, 50 plum,
220 apricot, 50 cherry, and 25 wild Prunus spp.), 80
peaches were positive for PLMVd and three apricots
for HSVd (Table 2). No apricots, cherries, plum or wild
Prunus spp. trees were infected by PLMVd. Sixty-
seven accessions of peach (44.6%) from the Czech
Clonal GeneBank were infected by PLMVd. In nuclear
stocks, four peach samples of pre-basic materials were
found to be infected by PLMVd; it was interesting to
observe that all infected plants in this collection
belonged to cv. Frederica imported from Italy. Table 3
shows that the PLMVd incidence in peach was 26.6%
of the total, confirming that peach is the favourite host
of PLMVd (Flores et al. 2003). This result fits well with
data reported from other countries (Badenes and Llacer
1998; Michelutti et al. 2004). However, HSVd was
detected in three out of a total of 220 apricot trees, plus
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Table 1 List of sequence PLMVd and HSVd isolates

Viroid Host Cultivars Variants Length (nt) Location Origin

PLMVd Peach F. Morettini FM1 339 Prague Italy
FM2 339

PLMVd Peach Federica Frl 338 Lednice Italy
Fri2 338
Fr2 337 Lednice Italy
Fr21 337
Fr3 337 Lednice Italy
Fr31 338

PLMVd Peach Envoy Ev34 339 Lednice USA
Ev35 337

PLMVd Peach Daniela Dn27 339 Lednice Italy
Dn28 339

PLMVd Peach hybrid Barier Br3 339 Lednice Italy
Br5 339

PLMVd Peach Fairhaven Fhi2 338 Valtice USA
Fh13 339

PLMVd Peach Dixired Dx1 339 Valtice USA
Dx2 340

PLMVd Peach Cresthaven Cr6 338 Tufany USA
Cr7 338

PLMVd Peach Redwin Rd22 338 Turany USA
Rd23 339

HSVd Apricot M-Le-1 M-Le-1 297 Lednice Czech

HSVd Peach B-VA-2 B-VA-2 297 Lednice Czech

one accession of peach rootstocks, B-VA-2 (Table 2).
Generally, the incidence of HSVd in the tested samples
seemed to be low and consistent with results reported
previously (Mandic et al. 2008).

Representative infected trees were used to optimise
the simultaneous detection of HSVd and PLMVd by
one-step RT-PCR. Total RNA was extracted from
100 mg of plant tissues using the Qiagen RNeasy total
RNA kit (QIAGEN, mbH, Hilden, Germany) and
eluted in 80 pl of sterile water. The Qiagen®One-step

Table 2 PLMVd infection distributed by peach sample type
and incidence level

RT-PCR kit (QIAGEN) was selected for single and
multiplex RT-PCR. For simultaneous RT-PCR detec-
tion, we used a cocktail of primers previously
described for the specific amplification of PLMVd
(Loreti et al. 1999) and HSVd (Astruc et al. 1996). A
primer pair specific to mRNA of the mitochondrial
nad5 gene was used as the amplification internal
control (Menzel et al. 2002).

Table 3 Results of molecular hybridisation for PLMVd and
HSVd

Type Tested Infected Infection
trees (n°) trees (n°) rate (%)
Orchard 80 7 8.7
Nursery 20 2 10
Nuclear stock 50 4 8
Germplasm 150 67 44.6
Total 300 80 26.6

Species No. of trees Viroid infection  Infection
te (%

Tesied Infected PLMVd Hsvd ¢

Peach 300 81 80 1 27

Apricot 220 3 - 3 1.3

Plum 50 - - - -

Cherry 50 - - - -

Other Prunus 25 - - - -

spp.
Total 645 84 80 4 13
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Fig. 1 Simultaneous detection of PLMVd and HSVd by one-
step multiplex RT-PCR primed by viroid-specific and nad5
primers. RNA sources were two field peach trees with a single
and double viroid infection. Lanes 1 and 2: PLMVd-infected
samples; 5 and 6: HSVd-infected; lanes 3 and 4: double-
infected; H: healthy GF-305

The most efficient amplification of all targets under
the same RT-PCR conditions was obtained using a
cocktail containing 0.7 pM of the PLMVd-specific
primers and 0.5 uM of the HSVd-specific primers,
plus 0.25 uM of the nad5 primers as the amplification
control. The cycling conditions were RT (30 min at
50°C), activation of the HotStart Taq polymerase
(15 min at 95°C) followed by 35 cycles of 30 s at
94°C, 45 s at 60°C, 60 s at 72°C), and the final
extension step (7 min at 72°C). Fig. 1 shows the
viroid-specific amplification products plus the host
mRNA either in peach trees naturally infected by
PLMVd and/or HSVd. Three amplified products of
expected sizes were observed, 339 bp for PLMVd;
300 bp for HSVd and 181 bp for host mRNA. No
amplification was observed in healthy and negative
controls. These results reinforce previous reports
indicating that the simultaneous RT-PCR assay is a
highly applicable diagnostic technique for stone fruit
viroids. In addition, the co-amplification of host
mRNA as in internal control increases the potential
of the technique to avoid false negative results
(Menzel et al. 2002; Navarro et al. 2004; Sanchez-
Navarro et al. 2005; Hassan et al. 2006).

Amplified products were cloned in the pGEM-T
vector (Promega, Madison, WI, USA) and sequenced.
Multiple alignments of nucleotide were obtained using
the default options of Clustal X 1.8. Phylogenetic
analysis was done using the minimum evolution method
of phylogenetic inference (Rzhetsky and Nei 1993) with
1000 bootstrap replicates. The version 2.1 of the
Molecular Evolutionary Genetics Analysis software
MEGA version 2.1 was utilised (Kumar et al. 2001).

In this study we analysed HSVd variants isolated
from two Czech-native Prunus spp. Apricot (M-Le-1)
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and Peach (B-VA-2) (Table 1). The HSVd.B-VA-2
variant sequence (297 nt long) was 100% homolo-
gous to the previously described isolate aprl8, a
variant sequence identified in apricot plants (cv.
Boccuccia spinosa) from Cyprus (Amari et al.
2001). The isolate HSVd.M-Le-1 (297 nt long) was
found to be very similar to apr/8 (‘U’ 265 change to
‘A’) and Apricot Ring Pox (U 257 change to G)
isolates (Ragozzino et al. 2004), suggesting that this
new variant is composed of a mosaic of informative

Citrus

cTla ity

P-C/Cit3

Fig. 2 Phylogenetic tree of HSVd sequence variants. The five
phylogenetic groups are delineated. The HSVd-Czech variants
sequenced in this work M-L-1 and B-VA-2 are in bold letters.
An arrow indicates the position of PSTVd, included in the
analysis as an out-group. Dots near nodes indicate the statistical
value of the node as determined by bootstrap analysis (1000
replicates). ®@®, Node detected in 100% of replicates; ®e®, node
detected in 80—100% of replicates; ®, node detected in > 50%
of replicates
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changes from both representative variants. Phyloge-
netic analysis (Fig. 2) shows that the HSVd.B-VA-2
and HSVd.M-Le-1 could be included in the previous-
ly identified recombinant group PH/cit 3 (Amari et al.
2001). It is worth noting that the changes detected in
HSVd-Czech isolates were located at variable resi-
dues among HSVd sequences, in loops on the left of
the rod-like molecule that included the pathogenicity
(P) domain, reinforcing the hypothesis that HSVd
variability is restricted to certain polymorphic posi-
tions (Amari et al. 2001)

PLMVd variants were isolated from eleven asymp-
tomatic peach sources from the Czech Republic
(Table 1). For each isolate two full-length cDNA
clones were sequenced. All the PLMVd variants
ranged in size from 336-340 nt being similar in size
to previously described isolates (Ambros et al. 1998;
Pelchat et al. 2000; Malfitano et al. 2003).

The PLMVd variants described in this work
were highly homologous (97-100%) to the previ-
ously reported PLMVd, isolated from Tunisian
peach, pear and almond trees clustered in group II
(subgroups ITA and IIB) by Hassen et al. (2007).
These variant sequences are characterised by seven
informative polymorphisms (U17, A24, A/U 42,
A178, U 185, U/A 299 and A321), maintained in
Czech PLMVd isolates, except for two variations
(C17 and G24) in the DX2 isolate. Future studies
will be performed to determine if the similarities in
this informative polymorphism between Czech and

Fig. 3 Phylogenetic tree of
the PLMVd variants. The
analysis was based on the
distance calculated between
representative eight se-
quence variants described in
this work and 15 PLMVd
sequences previously de-
scribed. Three phylogenetic
groups described by
Ambros et al. (1998) are
shown. Dots indicate the
statistical value of the node
as determined by bootstrap
analysis (1000 replicates).
ee: node detected in > 75%
of replicates; ®: node
detected in > 50% replicates

Tunisian isolates have some biological and/or epide-
miological significance.

PLMVd isolates have historically been classified in
three main phylogenetic groups, named I, II and III
(Ambros et al. 1998). The comparison between the
sequence of the isolates described here and those
previously characterised, revealed that all obtained
sequence variants could be included together in group
II (Fig. 3). However, it is worthy to note that a high
intra-group variability was observed in relation to the
variant sequences previously clustered in this group,
suggesting the possibility that this phylogenetic
classification should be revised in futures studies.

In short, we have detected and identified new
HSVd and PLMVd variants in stone fruit orchards
in the Czech Republic. Further improvements for
RT-PCR were achieved by optimisation of one-step
multiplex RT-PCR enabling simultaneously the de-
tection of PLMVd, HSVd and host mRNA as the
internal control in one assay. Coupling the fast and
simple RNA extraction method with one-step multi-
plex RT-PCR for the detection and identification of
stone fruit viroids can help to minimise the time and
labour required for the diagnosis of these viroids. This
method is efficient, specific, and reduces the possibility
of false-positives, since all steps are performed in the
same tube avoiding cross-contamination. In addition,
the use of the internal control minimises the risk of
obtaining false-negative results, which is highly
desirable for routine testing.

@ Springer



368

Eur J Plant Pathol (2009) 124:363-368

Acknowledgements We thank Mr. P. Thomas for checking
the English grammar. This work was supported by grants
BI102005-07331 and BIO-2008-03528 from the Spanish Min-
istry of Science and Innovation. G. Gomez is the recipient of a
contract from the CSIC.

References

Amari, K., Gomez, G., Myrta, A., Di Terlizzi, B., & Pallas, V.
(2001). The molecular characterization of 16 new se-
quence variants of Hop stunt viroid reveals the existence
of invariable regions and a conserved hammerhead-like
structure on the viroid molecule. The Journal of General
Virology, 82, 953-962.

Amari, K., Ruiz, D., Gomez, G., Sanchez-Pina, M. A., Pallas,
V., & Egea, J. (2007). An important new apricot disease in
Spain is associated with Hop stunt viroid infection.
European Journal of Plant Pathology, 118, 173-181.
doi:10.1007/s10658-007-9127-7.

Ambros, S., Hernandez, C., Desvignes, J. C., & Flores, R.
(1998). Genomic structure of three phenotypically differ-
ent isolates of Peach latent mosaic viroid: implications of
the existence of constraints limiting the heterogeneity of
viroid quasi-species. Journal of Virology, 72, 7397-7406.

Astruc, N., Marcos, J. F., Macquaire, G., Candresse, T., &
Pallas, V. (1996). Studies on the diagnosis of Hop stunt
viroid in fruit trees: Identification of new hosts and
application of a nucleic acid extraction procedure based
on non-organic solvents. European Journal of Plant
Pathology, 102, 837-846. doi:10.1007/BF01877053.

Badenes, M. L., & Llacer, G. (1998). Occurrence of Peach
latent mosaic viroid in American peach and nectarine
cultivars in Valencia, Spain. Acta Horticulturae, 472, 565—
570.

Bertolini, E., Olmos, A., Martinez, M. C., Gorris, M. T., &
Cambra, M. (2001). Single-step multiplex RT-PCR for
simultaneous and colourimetric detection of six RNA
viruses in olive trees. Journal of Virological Methods, 96,
33-41. doi:10.1016/S0166-0934(01)00313-5.

Flores, R., Hernandez, C., Llacer, G., Shamloul, A. M., Giunchedi,
L., & Hadidi, A. (2003). Peach latent mosaic viroid in
peach. In A. Hadidi, R. Flores, J. W. Randles, & J. S.
Semancik (Eds.), Viroids (pp. 156-160). Collingwood:
CSIRO Publish.

Hassan, M., Myrta, A., & Polak, J. (2006). Simultaneous
detection and identification of four pome fruit viruses by
one-tube pentaplex RT-PCR. Journal of Virological Meth-
ods, 133, 124-129. doi:10.1016/j.jviromet.2005.11.002.

Hassen, 1. F., Massart, S., Motard, J., Roussel, S., Parisi, O.,
Kummert, J., et al. (2007). Molecular features of new
Peach latent mosaic viroid variants suggest that recombi-
nation may have contributed to the evolution of this
infectious RNA. Virology, 360, 50-57. doi:10.1016/j.
virol.2006.10.021.

James, D., Varga, A., Pallas, V., & Candresse, T. (2006).
Strategies for simultaneous detection of multiple plant
viruses. Canadian Journal of Plant Pathology, 28, 16-29.

Kumar, S., Tamura, K., Jakobsen, I. B., & Nei, M. (2001).
MEGAZ2: molecular evolutionary genetics analysis soft-

@ Springer

ware. Bioinformatics (Oxford, England), 17, 1244—1245.
doi:10.1093/bioinformatics/17.12.1244.

Loreti, S., Faggioli, F., Cardoni, M., Mordenti, G., Babini, A.
R., Poggi Pollini, C., et al. (1999). Comparison of different
diagnostic methods for detection of Peach latent mosaic
viroid. EPPO Bulletin, 29, 433-438. doi:10.1111/j.1365-
2338.1999.tb01414 x.

Mandic, B., Al Rwahnih, M., Myrta, A., Gomez, G., & Pallas,
V. (2008). Incidence and genetic diversity of Peach latent
mosaic viroid and Hop stunt viroid in stone fruits in
Serbia. European Journal of Plant Pathology, 120, 167—
176. doi:10.1007/s10658-007-9205-x.

Malfitano, M., Di Serio, F., Covelli, L., Ragozzino, A.,
Hernandez, C., & Flores, R. (2003). Peach latent mosaic
viroid variants inducing peach calico (extreme chlorosis)
contain a characteristic insertion that is responsible for this
symptomatology. Virology, 313, 492-501. doi:10.1016/
S0042-6822(03)00315-5.

Mas, P, & Pallas, V. (1995). Non-isotopic tissue printing
hybridization: a new technique to study long-distance
plant virus movement. Journal of Virological Methods, 52,
317-326. doi:10.1016/0166-0934(94)00167-F.

Menzel, W., Jelkmann, W., & Maiss, E. (2002). Detection of
four apple viruses by multiplex RT-PCR assays with
coamplification of plant mRNA as internal control.
Journal of Virological Methods, 99, 81-92. doi:10.1016/
S0166-0934(01)00381-0.

Michelutti, R., Al Rwahnih, M., Torres, H., Gomez, G.,
Luffman, M., Myrta, A., et al. (2004). First record of
Hop stunt viroid in Canada. Plant Disease, 88, 1162—
1162. doi:10.1094/PDIS.2004.88.10.1162A.

Navarro, J. A., Botella, F., Marhuenda, A., Sastre, P., Sanchez-
Pina, M. A., & Pallas, V. (2004). Comparative infection
progress analysis of Lettuce big-vein virus and Mirafiori
lettuce virus in lettuce crops by developed molecular
diagnosis techniques. Phytopathology, 94, 470-477.
doi:10.1094/PHYTO0.2004.94.5.470.

Pelchat, M., Levesque, D., Ouellet, J., Laurendeau, S.,
Levesque, S., Lehoux, J., et al. (2000). Sequencing of
Peach latent mosaic viroid variants from nine North
American peach cultivars shows that this RNA folds into
a complex secondary structure. Virology, 271, 37-45.
doi:10.1006/viro.2000.0288.

Ragozzino, E., Faggioli, F., Barba, M., & Malfitano, M. (2004).
Molecular characterization of Hop stunt viroid (hsvd)
sequence variants from Prunus species. Acta Horticul-
turae, 657, 385-389.

Rzhetsky, A., & Nei, M. (1993). Theoretical foundation of the
minimum-evolution method of phylogenetic inference.
Molecular Biology and Evolution, 10, 1073—1095.

Sanchez-Navarro, J. A., Aparicio, F., Herranz, M. C., Minafra,
A., Myrta, A., & Pallas, V. (2005). Simultaneous detection
and identification of eight stone fruit viruses by one-step
RT-PCR. European Journal of Plant Pathology, 111, 77—
84. doi:10.1007/s10658-004-1422-y.

Shikata, E. (1990). New viroids from Japan. Seminars in
Virology, 1, 107-115.

Tabler, M., & Tsagris, M. (2004). Viroids: petite RNA
pathogens with distinguished talents. Trends in Plant
Science, 9, 339-348. doi:10.1016/j.tplants.2004.05.007.


http://dx.doi.org/10.1007/s10658-007-9127-7
http://dx.doi.org/10.1007/BF01877053
http://dx.doi.org/10.1016/S0166-0934(01)00313-5
http://dx.doi.org/10.1016/j.jviromet.2005.11.002
http://dx.doi.org/10.1016/j.virol.2006.10.021
http://dx.doi.org/10.1016/j.virol.2006.10.021
http://dx.doi.org/10.1093/bioinformatics/17.12.1244
http://dx.doi.org/10.1111/j.1365-2338.1999.tb01414.x
http://dx.doi.org/10.1111/j.1365-2338.1999.tb01414.x
http://dx.doi.org/10.1007/s10658-007-9205-x
http://dx.doi.org/10.1016/S0042-6822(03)00315-5
http://dx.doi.org/10.1016/S0042-6822(03)00315-5
http://dx.doi.org/10.1016/0166-0934(94)00167-F
http://dx.doi.org/10.1016/S0166-0934(01)00381-0
http://dx.doi.org/10.1016/S0166-0934(01)00381-0
http://dx.doi.org/10.1094/PDIS.2004.88.10.1162A
http://dx.doi.org/10.1094/PHYTO.2004.94.5.470
http://dx.doi.org/10.1006/viro.2000.0288
http://dx.doi.org/10.1007/s10658-004-1422-y
http://dx.doi.org/10.1016/j.tplants.2004.05.007

	Simultaneous detection and genetic variability of stone fruit viroids in the Czech Republic
	Abstract
	References




<<
  /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


