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Abstract 

Plum pox virus (PPV) is considered the most devastating viral pathogen of stone fruits causing 
serious yield losses. Although PPV is endemic in Romania, limited data about the occurrence of its 
strains in some plum regions like Muntenia are available. Considering this fact, fifty PPV isolates 
collected from five different commercial plum orchards from Muntenia were investigated. PPV detection 
was made by DAS-ELISA and by IC-RT-PCR. PPV strains were serologically determined by TAS-ELISA 
using PPV-D and PPV-M specific monoclonal antibodies. Molecular strain typing was done by IC/RT-
PCR targeting three genomic regions corresponding to (Cter)CP, (Cter)NIb/(Nter)CP and CI. RFLP 
analysis at the C-ter of CP cistron was used to distinguish the two major strains, D and M based on a RsaI 
polymorphism located in this genomic section. All PCR products targeting (Cter)CP and two PCR product 
spanning the (Cter)NIb/(Nter)CP were sequenced. All PPV isolates typed as PPV-M by serological 
analysis and by molecular differentiation in the genomic region corresponding to (C-ter)CP proved to be 
PPV recombinant (PPV-Rec) when the molecular analysis were performed in the region corresponding to 
NIb/CP. Sequencing results confirmed a high similarity with different sequences of PPV-Rec previously 
reported. Overall results provided that in Muntenia the prevalent strain is PPV-D. PPV-Rec is also 
present with a much lower frequency both in singular and mixed infections (PPV-D+PPV-Rec). 
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Introduction 

 
Plum pox virus (PPV), the causal agent of the Sharka disease, is the most dangerous 

quarantine viral pathogen of stone fruits. This disease is highly detrimental because reduce the 
fruit quality and causes premature dropping [1, 2]. Sharka disease was described for the first 
time around 1917 in Bulgaria [3]. Since then, the disease has progressively spread to a large 
part of the European continent, around the Mediterranean basin, in Asia (India, China, 
Pakistan, Kazakhstan and Iran) as well as in America (Chile, Argentina, USA and Canada) [4, 
5]. In Romania, Sharka occurs in all plum growing areas causing serious yield losses 
especially on sensitive cultivars [6, 7].  

To control the virus spreading it is important to know the distribution of the virus and 
the strains occurring [8]. Seven strains of PPV have been reported so far. Two major groups, 
PPV-D and PPV-M [9] can be distinguished by strain-specific monoclonal antibodies [10, 
11], and also by RsaI polymorphism in the 243 bp DNA fragment amplified by P1/P2 primer 
pairs located at the C-terminus of PPV CP gene [12] or by direct RT-PCR typing using PD 
and PM specific oligonucleotides [13].  

The third major group was identified and denoted PPV-Rec [14]. This natural 
recombinant between PPV-D and PPV-M was reported in Albania, Bulgaria, Czech Republic, 
Germany, Hungary, Slovakia [14, 15], Bosnia and Herzegovina [16], Pakistan [17], Romania 
[18, 19], Turkey [20] and Canada [21]. Three additional minor PPV groups are represented by 
geographically limited strains El Amar (PPV-EA) originally isolated from Egypt [22], Cherry 



Genetic diversity of Plum pox virus Isolates in Muntenia, Romania 
 

5304         Romanian Biotechnological Letters, Vol. 15, No. 3, 2010 

(PPV-C) isolated from sour cherry in Moldavia [23] and from sweet cherry in southern Italy 
[24] and Romania [25, 26], and Winnona (PPV-W) from Canada [27]. A new PPV strain was 
recently isolated from apricot in Turkey and called PPV-T [28].  

A recent study performed in Transylvania, Romania, revealed that PPV-D is the 
prevalent strain followed by PPV-Rec, and the mixed infections (PPV-D + PPV-Rec) are also 
frequent [19, 29]. The prevalence of PPV-D strain and the occurrence of PPV-Rec in singular 
and mixed infections were also showed in Moldavia region [30]. 

The objective of the present study was to provide new data about PPV strains 
occurring in the Muntenia plum growing area.  
 
Materials and Methods 
   

Fifty PPV isolates were collected from five different plum orchards in the Muntenia 
area. Sampling was initially based on typical PPV symptoms and virus infection was 
confirmed by serological and molecular testing. Serological diagnosis was made by DAS-
ELISA [31] using a commercial polyclonal antiserum (Bioreba, Switzerland) according to the 
manufacturer’s instructions. Molecular detection was made by IC-RT-PCR using the pair of 
primers P1/P2 and trapping with the above polyclonal antiserum. Qiagen one-step kit 
(Qiagen, Germany) was used for RT-PCR. Serological differentiation was made by TAS-
ELISA using the PPV-D and PPV-M specific monoclonal antibodies (Durviz, Spain) [32]. 
Aliquots of PCR products, corresponding to (Cter)CP, were subjected to RFLP analysis to 
distinguish D strains from M strains based on RsaI polymorphism located in this genomic area. 

Further molecular strain typing was done by IC/RT-PCR targeting three genomic 
regions corresponding to: (i) (Cter) CP, using P1/PD and P1/PM pair of primers that 
distinguish PPV-D and PPV-M, respectively; (ii) (Cter) NIb/(Nter)CP, using mD5/mM3 pair 
of primers [33] that detect natural recombinants between D and M (PPV-Rec); (iii) CI, using 
CIf/CID or CIf/CIM primer sets [14] to confirm the presence of PPV-Rec.  

To confirm the molecular variability of the sampled PPV isolates, amplified DNAs 
were first purified by Wizard SV Gel and PCR Clean-Up System (Promega, USA), then 
sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, 
USA). The samples were run on the ABI Prism 310 Genetic Analyzer (Applied Biosystems, 
USA). The alignment of nucleotides from all PCR products corresponding to (Cter)CP and 
two amplified fragment spanning (Cter) NIb/(Nter)CP region was done using the  BioEdit 
package version 5.0.9 [34]. Obtained sequences were then compared with those available in 
NCBI Data Base and GeneBank. A phylogenetic tree was constructed with the Mega 3.1 
programme using Minimum Evolution method Jukes-Cantor model (Bootstrap value 10 000) 
for sequences corresponding to (Cter)CP. 
 
Results and Discussion 

 
Some differences were obtained in the discrimination of PPV isolates by TAS-ELISA 

using D and M monoclonal antibodies and by IC/RT-PCR using PD and PM specific primers 
or RFLP using the RsaI on P1/P2 products (Table 1). All isolates reacted positively to at least 
one of the two monoclonal antibodies as well as PPV-D or/and PPV-M specific primers. Using 
TAS-ELISA, 45 (90%) of 50 isolates tested were identified as PPV-D and 5 (10%) as PPV-M. 
IC/RT-PCR analyses confirmed that 34 isolates were PPV-D type and 4 isolates PPV-M, and 
also revealed the presence of 12 mixed infection involving D and M strains. RFLP analysis 
confirmed these results based on the presence of the RsaI polymorphism in PPV-D strain.  
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Table 1. Serological and molecular detection and differentiation of 50 PPV isolates from five orchards in Muntenia, Romania 
RFLP DAS/TAS-ELISA IC/RT-PCR 

(P1/P2 and P1/PD or PM) RsaI 
Orchard 

No. 
PPV 
poly 

PPV-
D 

PPV
-M 

PPV 
D +M 

PPV 
poly 

PPV
-D 

PPV-
M 

PPV 
D+M 

PPV-
D 

PPV-
M 

PPV 
D+M 

1 10 10 0 0 10 10 0 0 10 0 0 
2 10 9 1 0 10 7 1 2 7 1 2 
3 10 8 2 0 10 8 1 1 8 1 1 
4 10 10 0 0 10 4 0 6 4 0 6 
5 10 8 2 0 10 5 2 3 5 2 3 

TOTAL 
(%) 

50 
(100) 

45 
(90) 

5 
(10) 

0 
(0) 

50 
(100) 

34 
(68) 

4 
(8) 

12 
(24) 

34 
(68) 

4 
(8) 

12 
(24) 

 

The phylogenetic grouping of PPV isolates based on nucleotide sequences 
corresponding to PPV (C-ter)CP confirmed the differentiation of the two major groups D and 
M in this genomic section (Figure 1). Sequences from Muntenia PPV isolates were 98-100 % 
identical to different sequences from the NCBI Data Base (accessions AF354268.1, 
AF354269.1, AF360579.1, AF401295.1, AF401296.1, AF440741.1, AF440743.1, 
AJ566345.1, AM260934.1, AM260937.1, AY591253.1, AY591254.1, AY750961.1, 
AY795603.1, AY912056.1, AY953261.1, AY953263.1, AY953264.1, AY953265.1, 
AY953266.1, DQ299538.1, DQ465242.1, EF569214.1, EF611241.1, EF611242.1, 
EF611243.1, EF611244.1, EF640933.1, EF640934.1, EF640935.1, EF640936.1, EF640937.1, 
EF640938.1, EF640939.1, EU117116.1, EU818840.1, FN179152.1, GQ411056.1, S57404.1, 
X16415.1, X57975.1, X57976.1, X81077.1, X81079.1, X81080.1, X81081.1, X81082.1) 

 
Figure 1. The phylogenetic grouping of PPV isolates based on nucleotide sequences corresponding to C-terminus of 
PPV coat protein.  
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Using the primer pair (mD5/mM3) targeting (Cter)NIb/(Nter)CP region, was observed 
that all PPV isolates typed as PPV-M were in fact PPV-Rec. Using specific primers to 
distinguish the two strains D and M in CI region were detected only fragments belonging to 
PPV-D. That confirmed the presence of PPV-Rec (Table 2).  
Table 2. Results of serological and molecular typing based on different targeted regions of the genome of PPV 
isolates selected from 5 orchards from Muntenia, Romania 

PPV strain identified by 
IC/RT-PCR 

Pl
ot

s n
o.

 

Isolate TAS-ELISA (C-ter) CP 
P1-PD/PM 

(C-ter) NIb 
/(N-ter) CP(a) 

mD5/mM3 

CI 
CIf –

CID/CIM 

RFLP 
(C-ter) CP 

Arges 1 D D - D D 
Arges 2 D D - D D 
Arges 3 D D - D D 
Arges 4  D D - D D 
Arges 5 D D - D D 
Arges 6 D D - D D 
Arges 7 D D - D D 
Arges 8 D D - D D 
Arges 9 D D - D D 

1 

Arges 10 D D - D D 
Valcea 1 D D+M Rec D D+M 
Valcea 2 D D - D D 
Valcea 3 D D - D D 
Valcea 4 D D+M Rec D D+M 
Valcea 5 D D - D D 
Valcea 6 D D - D D 
Valcea 7 D D - D D 
Valcea 8 D D - D D 
Valcea 9 D D - D D 

2 

Valcea 10 M M Rec D M 
Gorj 1 D D - D D 
Gorj 2 D D - D D 
Gorj 3 D D - D D 
Gorj 4 M M Rec D M 
Gorj 5 D D - D D 
Gorj 6 D D - D D 
Gorj 7 D D - D D 
Gorj 8 D D - D D 
Gorj 9 D D - D D 

3 

Gorj 10 M D+M Rec D D+M 
Mehedinti 1 D D - D D 
Mehedinti 2 D D - D D 
Mehedinti 3 D D+M Rec D D+M 
Mehedinti 4 D D - D D 
Mehedinti 5 D D - D D 
Mehedinti 6 D D+M Rec D D+M 
Mehedinti 7 D D+M Rec D D+M 
Mehedinti 8 D D+M Rec D D+M 
Mehedinti 9 D D+M Rec D D+M 

4 

Mehedinti 10 D D+M Rec D D+M 
Dambovita 1 D D - D D 
Dambovita 2 D D - D D 
Dambovita 3 D D - D D 
Dambovita 4 D D - D D 
Dambovita 5 M M Rec D M 
Dambovita 6 M M Rec D M 
Dambovita 7 D D+M Rec D D+M 
Dambovita 8 D D+M Rec D D+M 
Dambovita 9 D D+M Rec D D+M 

5 

Dambovita 10 D D - D D 
 (a)Only the isolates identified as PPV-M in the region corresponding to (C-ter)CP were tested. 
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To check if the recombination breakpoint position suspected to occur in the (Cter)NIb/ 
(Nter)CP region corresponds with those PPV-Rec previously reported [14, 15], two PCR 
product spanning this genomic section were sequenced (Figure 2). Multiple sequence 
alignment showed that the recombination breakpoint is located in the region corresponding to 
(Cter)NIb at the nucleotide position 8450. The DAG motif that is considered as essential for 
aphid transmission was also present. As expected, this site was located downstream the 
recombination breakpoint. Based on comparative alignment, the sequencing results revealed a 
high similarity (98%) with different sequences of PPV-Rec available in GeneBank. All these 
recombinant isolates shared the same recombination breakpoint.  

 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Multiple alignment of recombinant sequences (NIb/CP) of two Romanian PPV isolate (Dambovita 3 
and Dambovita 6) and three isolates [BNE-10 (accession number AF450311), LOZ-3 (accession number 
AF450312), BOR–3 (accession number AY028309)] previously reported. 

 
The synthesis of serological and molecular typing of the 50 PPV isolates from Muntenia 

showed a relative frequency of 68% in the case of PPV-D and of 8% in the case of PPV-Rec 
(Figure 3). The mixed infections (PPV-D+PPV-Rec) had a rate of 24%.  

 
Figure 3. Relative frequency of PPV strains in Muntenia. 
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Conclusions 

 
Overall results provided that in Muntenia the prevalent strain is PPV-D. PPV-Rec is 

also present with a much lower frequency both in singular and mixed infections (PPV-
D+PPV-Rec). 

 
 

Acknowledgments 
 
This work was supported mainly by Romanian Research Ministry under the CEEX-
BIOTECH program, contract no. 102/2006, and also by European Community’s Seven 
Framework Program under Grant Agreement no 204429. 

 
References 
 

1. DUNEZ, J., SUTIC, D. Plum pox virus. In: European handbook of plant disease, pp. 44-46. Eds. 
I.M.Smith, J. Dunez, R.A.Eliot, D.H.Phillips, S.A.Arches. Blackwell, London, UK (1988). 

2. NEMETH, M., History and importance of plum pox in stone-fruit production. EPPO Bull. 24: 525-536 (1994). 
3. ATANASOFF  D. Plum pox. A new virus disease. Yearbook University of Sofia, Faculty of Agriculture 

and Silviculture 11: 49- 69. (1932). 
4. CAPOTE, N., CAMBRA, M., LLÁCER, G., PETTER, F., PLATTS, L.G., ROY, A.S.,  SMITH, I.M.  A 

review of Plum pox virus/Une revue du Plum pox virus. Bulletin OEPP/EPPO Bull. 36(2): 201-349 (2006). 
5. GARCÍA, J.A., CAMBRA, M. Plum pox virus and sharka disease. Plant Viruses 1: 69-79 (2007). 
6. MINOIU, N., Plum diseases and pests. In: The Plum, pp343-374. Cociu, I., Botu, I., Minoiu, N.,I., 

Modoran, I.,  Editure Conphys, Pitesti, Romania, (1997). 
7. ZAGRAI, I., ARDELEAN, M., MAXIM, A., ZAGRAI, L. Researchers regarding the influence of Plum 

pox virus on production at different plum cultivars, clone and hybrids. Jubilee session of Horticulture 
Faculty from Iasi. Seria Horticulturae, 44: 150-151(2001).  

8. PASQUINI, G., BARBA, M. Serological characterization of Italian isolates of plum pox potyvirus. 
Bull. OEPP/EPPO, 24: 615-624 (1994). 

9. KERLAN, C., DUNEZ, J. Some properties of plum pox virus and its nucleic acid protein components. 
Acta Hort. 67: 185-192 (1976). 

10. BOSCIA, D., ZERAMDINI, H., CAMBRA, M., POTERE, O., GORRIS, M.T., MYRTA, A., 
DITERLIZZI, B.,  SAVINO, V.  Production and characterization of a monoclonal antibody specific to 
the M serotype of plum pox potyvirus. European J. Plant Pathology 103: 477-480 (1997). 

11. CAMBRA, M., ASENSIO, M., GORRIS, M.T.,  PEREZ, E., CAMAROSA, E., GARCIA, J.A., MOYA, 
J.J., LOPEZ-ABELLA, D.,  VELA, C.,  SANZ, A. Detection of plum pox potyvirus using monoclonal 
antibodies to structural and non-structural proteins. Bulletin OEPP/EPPO Bulletin 24: 569-577 (1994). 

12. WETZEL, T., CANDRESSE, T., RAVELONANDRO, M., DUNEZ, J. A polymerase chain reaction 
assay adapted to plum pox potyvirus detection. J. of Virological Methods 33: 355-365 (1991a). 

13. OLMOS, A., CAMBRA, M., DASI, M.A., CANDRESSE, T., ESTEBAN, O., GORRIS, M.T.,  
ASENIO, M. Simultaneous detection and typing of plum pox potyvirus (PPV) isolates by heminested-
PCR and PCR-ELISA. J. of Virol. Methods, 68: 127-137 (1997). 

14. GLASA, M., VERONIQUE, M.J., LABONE, G., SUBR, Z., KUDELA, O., QUIOT, J.B. A natural 
population of recombinant Plum pox virus is viable and competitive under field conditions. European J. 
Plant Pathology, 108/9: 843-853 (2002). 

15. GLASA, M., PALKOVICS, L., KOMINEK, P., LABONE, G., PITTNEROVA, S., KUDELA, O., 
CANDRESSE, T., SUBR, Z. Geographically and temporally distant natural recombinant isolates of 
Plum pox virus (PPV) are genetically very similar and form a unique PPV subgroup. Journal of Gen. 
Virol., 85: 2671-2681(2004).  

16. MATIC, S., AL-RWAHNIH, M., MYRTA, A. Diversity of Plum pox virus isolates in Bosnia and 
Herzegovina. Plant Pathology 55(1): 11-17 (2006). 

17. KOLLEROVA, E., NOVAKOVA, S., SUBR, Z., GLASA, M. Plum pox virus mixed infection detected 
on apricot in Pakistan. Plant Disease 90(8):1108 (2006). 

18. ZAGRAI I., GABOREANU, I., FERENCZ, B., ZAGRAI, L., PAMFIL, D., POPESCU, O., 
RAVELONANDRO, M., CAPOTE, N., KOVACS, K. First detection and molecular characterization of 



IOAN ZAGRAI, LUMINITA ZAGRAI, SILVIA PREDA, BEATRICE KELEMEN, 
IOANA PETRICELE, OCTAVIAN POPESCU, DORU PAMFIL,  MARIA ISAC 

 

Romanian Biotechnological Letters, Vol. 15, No. 3, 2010 5309

Plum pox virus recombinant strain in Romania. Bulletin of University of Agricultural Sciences and 
Veterinary Medicine, Animal Husbandry and Biotechnologies, 62: 291-298 (2006). 

19. ZAGRAI L., ZAGRAI, I., FERENCZ, B., GABOREANU, I., KOVACS, K., PETRICELE, I., 
POPESCU, O., PAMFIL, D., CAPOTE, N. Serological and molecular typing of Plum pox virus isolates 
in North of Romania. Journal of Plant Pathology, 90(1): 41-46 (2008). 

20. CANDRESSE, T., SVANELLA-DUMAS, L., GENTIT, P., CAGLAYAN, K., CEVIK, B. First report 
of the presence of Plum pox virus rec strain in Turkey. Plant Disease 91(3): 331 (2007). 

21. THOMPSON, D., VARGA, A., DE COSTA, H., BIRCH, C. First report of Plum pox virus 
recombinant strain on Prunus spp. in Canada. Plant Disease 93 (6): 674 (2009). 

22. WETZEL, T., CANDRESSE, T., RAVELONANDRO, M., DELBOS, R.P., MAZYAD, H., ABOUL-
ATA, A.E., DUNEZ, J. Nucleotide sequence of the 3’-terminal region of the RNA of the El Amar strain 
of the plum pox potyvirus. J. of Gen. Virology, 72:1741-1746 (1991b). 

23. KALASHYAN, J.A., BILKEY, N.D., VERDEREVSKAYA, T.D., RUBINA, E.V. Plum pox virus on 
sour cherry in Moldova. Bull. OEPP/EPPO, 24: 645-649 (1994). 

24. CRESCENZI, A., D’AQUINO, L., COMES, S., NUZZACI, M., PIAZZOLLA, P., HADIDI, A. Further 
characterization of sweet cherry isolate of plum pox potyvirus. In: Kolber M. (ed.). Proceeding of the 
Middle European. Meeting ’96 Plum pox, Budapesta, pp. 99-103 (1997). 

25. MAXIM, A., ZAGRAI, I., ISAC, M. Detection of Plum Pox with Sweet Cherry in Romania. Middle 
European Meeting On Plum Pox, Piteşti-Mărăcineni, Plant’s Health Magazine, 6: 48-51 (2002a).  

26. MAXIM, A., RAVELONANDRO, M., ISAC, M., ZAGRAI, I. Plum Pox Virus in Cherry Trees. VIIIth 
International Plant Virus Epidemiology Symposium, Aschersleben, Germany, 2002, Book of Abstracts, 
pp. 101 (2002b). 

27. JAMES, D., VARGA, A. Preliminary Molecular Characterization of Plum pox potyvirus Isolate 
W3174: Evidence of a new strain. Acta Hort. 657: 177-182 (2004). 

28. SERCE, C., CANDRESSE, T., SVANELLA-DUMAS, L., KRIZBAI, L., GAZEL, M., CAGLAYAN, 
K. Further characterization of a new recombinant group of Plum pox virus isolates, PPV-T, found in 
orchards in the Ankara province of Turkey. Virus Research. 142: 121-126 (2009). 

29. ZAGRAI I., ZAGRAI, L., FERENCZ, B., PETRICELE, I., PAMFIL, D., POPESCU, O., BRICIU, A. 
FESTILA, A. Serological and molecular typing of Plum pox virus isolates in the Transylvania, 
Romania. Not. Bot. Hort. Agrobot. Cluj, 37 (1): 265-272 (2009). 

30. ZAGRAI, L., ZAGRAI, I., PETRICELE, I., KELEMEN, B., PAMFIL, D., POPESCU, O., BRICIU, A. 
FESTILA, A. Serological and Molecular Typing of Plum Pox Virus Isolates in Moldavia-Romania. 
Bulletin USAMV, Horticulture, 66(1-2) (2009). 

31. CLARK, M., ADAMS, A.N. Characteristic of the microplate method of enzyme linked immunosorbent 
assay (ELISA) for detection of plant viruses. J. Gen. Virology 34: 475-483 (1977). 

32. CAMBRA, M., OLMOS, A., GORRIS, M.T. European protocol for detection and characterization of Plum 
pox virus. European Meeting '04 on Plum Pox, Skierniewice, Poland, Book of Abstracts pp. 11 (2004). 

33. SUBR, Z., PITTNEROVA, S., GLASA, M. A simplified RT-PCR - based detection of recombinant 
plum pox virus isolates. Acta Virologica 48: 173-176 (2004). 

34. HALL, T.A., BioEdit: a user-friendly biological sequence alignment editor and analysis program for 
Windows 95/98/NT. Nucl. Acids. Symp. Ser., 41:95-98 (1999). 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


