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SUMMARY 
The Bolivian species S. alandiae is among the insufficiently researched representatives of 
Solanum series Tuberosa. Accessions of S. alandiae and its hybrids with potato varieties were 
screened with specific SCAR markers of genes for resistance to Phytophthora infestans 
(Rpi genes). SCAR amplicons derived from S. alandiae genome included the structural 
homologues of several Rpi genes of broad specificity, such as R2=Rpi-blb3 (94-98% identity), 
R8 (98% identity), R9/Rpi-vnt1 (95% identity) and Rpi-blb2 (99% identity). R9/Rpi-vnt1 
homologues in S. alandiae and other South American potato species merit special interest in the 
context of evolution in Solanum series Tuberosa. 
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INTRODUCTION  
To contain potato late blight (LB), the introgression breeding depends on continual search, 
identification, and deployment of new genes for resistance to Phytophthora infestans (Rpgenes). 
When these genes are of broad specificity to pathogen races and in particular, when they come 
from the sources that have not been as yet widely exploited by breeders, such genes are not 
rapidly overcome by the P. infestans strains currently dominating the commercial potato 
plantations and in this way promise durable LB resistance. Many wild relatives and landraces of 
potato from South America are a prospective lode to mine for these genes (Bethke et al., 2019; 
Gaiero et al., 2018; Li et al., 2018; Machida-Hirano, 2015; Vossen et al., 2014). Among them, 
the Bolivian species S. alandiae Cárdenas (EBN 2x), a member of S. brevicaule Bitter complex 
(Spooner et al., 2014), is among the insufficiently researched wild species of Solanum L. series 
Tuberosa Rydb. Wild. Some accessions of S. alandiae were reported to manifest considerable 
resistance to P. infestans (Bhardwaj et al., 2018; Perez et al., 1999/2000; Zoteyeva et al., 
2012); however, the Rpi genes of S. alandiae have been studied but sporadically (Srivastava 



 
 

218 
et al., 2018). Here we report on a pilot study of the Rpi genes in S. alandiae and its hybrids with 
cultivated potatoes from the VIR collection. Plant resistance to P. infestans was assessed in the 
laboratory and field experiments, and the resistant individuals have been maintained as the 
clonal collections. Plants were screened for structural homologues of the Rpi genes using PCR 
analysis of the plant genome with highly specific sequence characterized amplified region (SCAR) 
markers, and the identity of amplicons was recognized by comparative phylogenetic analysis of 
their sequences. 

MATERIALS AND METHODS 
 
Plant material and assessment of LB resistance 
Several accessions of S. alandiae and its hybrids with potato varieties together with wild species 
and potato varieties that served as positive and negative controls in PCR screening for Rpi gene 
homologues with SCAR markers of these genes come from the clonal collections maintained in 
VIR and the Institute of Phytopathology (Fadina et al., 2017). The accession of S. okadae  
K-25397 was introduced from the accession CGN 18279 (CGN Potato Collection, the 
Netherlands) kindly provided by Roel Hoekstra (Wageningen University, the Netherlands). 
Resistance of this accession to P. infestans was reported to depend on the Rpi-vnt1-2 gene 
(Foster et al., 2009). Resistance of wild species to P. infestans was assessed in the laboratory 
test with detached leaves according to the Eucablight protocol (www.euroblight.net/) using a 
highly virulent and aggressive isolate of P. infestans N161 (races 1.2.3.4.5.6.7.8.9.10.11, 
mating type A1) collected in the Moscow region (the collection of the Institute of 
Phytopathology) and var. Santé as a standard. LB resistance of potato hybrids and varieties was 
assessed in the field trials at the Institute of Phytopathology (Bol’shiye Vyazemy, Moscow region, 
Russia) under conditions of natural infestation by registering the area under the disease progress 
curve (AUDPC) against several varieties used as standards. The experimental data for LB 
resistance were transformed to 1-9-point scores. 
 
SCAR markers for Rpi genes 
The sequences of primers for SCAR markers recognizing the Rpi genes were compiled from 
several publications (Table 1). Primers for R8 were further modified in our laboratory. The 
positions of the markers as related to gene sequences are presented at Figure 1. Primers were 
verified using potato genotypes reported to comprise the corresponding functional Rpi genes. 
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Table 1.  SCAR markers of Rpi genes  

Gene Prototype 
gene  

Marker and 
its size, bp 

Position 
on the 
prototype 
genes, bp

 Annealing 
temp., oC 

Reference 

R1  AF447489 R1-1205 5126-
6331 

F-cactcgtgacatatcctcacta 
R-gtagtacctatcttatttctgcaagaat 

61 Sokolova et al., 2011 

R2=Rpi-
blb3 

FJ536325 R2-686 4215-
5357 

F-gctcctgatacgatccatg 
R-acggcttcttgaatgaa 

54 Kim et al., 2012 

R3a AY849382 R3a-1380 1677-
3056 

F-gtagtacctatcttatttctgcaagaat 
R-agccacttcagcttcttacagtagg 

64 Sokolova et al., 2011 

Rpi-blb2 DQ122125 Rpi-blb2-976 3226-
4202 

F-ggactgggtaacgacaatcc 
R-atttatggctgcagaggacc 

55 Van der Vossen 
et al., 2005 

Rpi-
vnt1.3 

FJ423046 Rpi-vnt1.3-
612 

89-701 F-ccttcctcatcctcacatttag   
R-gcatgccaactattgaaacaac    

58 Foster et al., 2009; 
Pel., 2010  

R8 KU53015 R8-1276 73694-
74970 

F-aacaagagatgaattaagtcggtagc
R-gctgtaggtgcaatgttgaagga 

62.5 Modified after 
Vossen et al., 2016 

 
 

 

Figure 1.  SCAR markers of the Rpi genes  

 

RESULTS AND DISCUSSION 
We screened 29 potato genotypes: six clones of S. alandiae K-21240 (K-21240 D17-329,  
K-21240-1 - K-21240-5), five clones of S. alandiae K-18473 (K-18473-1-K-18473-5), 
S. alandiae K-20408, S. alandiae K-19443, three clones of S. okadae K-25397 (K-25397-1 -  
K-25397-3), three parental varieties Atzimba, Elizaveta, Svitanok kievskiy and ten clones of 
interspecific hybrids (Table 2).  
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The R1 and R3a genes was absent from S. alandiae, and the amplicons of both these genes in 
the hybrids are apparently derived from a S. demissum progenitor. We cloned and sequenced 
amplicons for the gene markers R2-686, Rpi-blb2-976, R8-1276 and Rpi-vnt1.3-612 derived 
from S. alandiae and S. okadae as a positive control (Table 2). Below we discuss only the 
sequences that are highly identical to the prototype genes and their orthologues with established 
Rpi function (Table 3).  
 
The marker for the R2 gene was found in S. okadae accession K-25397, in S. alandiae accession 
K-18473 (94% identical to the R2 prototype gene from S. demissum and 97% identical to Rpi-
blb3 from S. bulbocastanum, DQ122125) and in Atzimba x S. alandiae hybrid. The accession of 
S. alandiae K-21240, which was used in the latter cross, was not saved for analysis; 
nevertheless, we presume that in the hybrid 24-2 (Atzimba x S. alandiae), the marker R2-686 
arrived from S. alandiae. In the hybrid 24-2 x Svitanok kievskyi, both S. alandiae and 
S. demissum could be the sources of this marker. The R2 cluster in the Mexican Solanum species 
on chromosome IV has been described in detail (Destafanis et al., 2015; Lokossou et al., 2009). 
Our data on R2 structural homologues in S. alandiae and S. okadae complement previously 
reported evidence on R2=Rpi-blb3 homologues on chromosome IV in another South American 
species, S. microdontum (Lokossou, 2010; Lokossou et al., 2009).  
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Table 2.  SCAR markers of the Rpi genes in S. okadae, S. alandiae and its hybrids with cultivated 
potatoes (1/0 – presence/absence) 

Genotype VIR 
accession, 
clone and 
pedigree* 

R1-
1250

R2-
686 

R3a- 
1380 

Rpi-
blb2-
976 

R8-
1259 

Rpi-
vnt1.3-

612 

Resistance to 
P. infestans, 

points 

S. alandiae K-21240 D17-
329 

0 0 0 1 1 0 5 

S. alandiae K-21240-1 0 0 0 1 1 0 n. d. 
S. alandiae K-21240-2 0 0 0 1 0 0 n. d. 
S. alandiae K-21240-3 0 0 0 1 1 0 n. d. 
S. alandiae K-21240-4 0 0 0 1 1 0 n. d. 
S. alandiae K-18473-1 0 1 0 1 1 1 n. d. 
S. alandiae K-18473-2 0 1 0 1 0 1 n. d. 
S. alandiae K-18473-3 0 1 0 1 1 1 n. d. 
S. alandiae K-18473-4 0 1 0 1 0 1 n. d. 
S. alandiae K-18473-5 0 1 0 1 1 1 n. d. 
S. alandiae K-19443 0 0 0 1 0 0 5 
S. alandiae K-20408 0 0 0 1 1 0 3 
S. okadae  K-25397-1 0 1 0 1 1 1 n. d. 
S. okadae K-25397-2 0 1 0 1 1 1 n. d. 
S. okadae K-25397-3 0 1 0 1 1 1 n. d. 
Atzimba P1 n. d. 0 0 0 1 1 0 5 
Elizaveta P2 acl, adg, dms, 

phu, sto, vrn 
1 0 1 0 0 0 4 

Svitanok kievskyi 
P2 

dms (Victoria 
Augusta, 
Adretta) 

0 1 1 0 1 0 5 

24-1  
 

Atzimba x  
S. alandiae 

0 0 0 1 1 1 6 
24-2 0 1 0 1 0 1 6 
117-1 0 0 0 1 0 0 5 
117-2 0 0 0 1 1 1 n. d. 

25-1-2007 24-1 x 
Elizaveta 

1 0 0 1 0 0 5 
25-2-2007 1 0 0 1 0 1 4 
134-6-2006  

24-2 x 
Svitanok 
kievskyi 

0 0 1 0 1 1 5 
134-2-2006 0 0 0 0 1 1 6 
135-1-2006 1 1 1 0 0 1 5 
135-2-2006 1 1 1 0 0 0 4 

*acl – S. acaule Bitter, adg – S. andigenum Juz. & Bukasov, aln – S. alandiae Cárdenas,  
dms – S. demissum Lindl., phu – S. phureja Juz. & Bukasov, sto – S. stoloniferum Schltdl.,  
vrn – S. vernei Bitter & Wittm. 

 
 
The marker of the R8 gene was found in all accessions of S. okadae and in most individuals of 
S. alandiae and Atzimba x S. alandiae hybrids. In S. alandiae, all cloned markers are 98-99% 
similar to the R8 prototype gene from S. demissum (KU530153). Four cloned sequences of R8-
1259 marker from potato hybrid 24-1 are 94% similar to the prototype gene and R8-1259 
marker from S. alandiae.  
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The marker Rpi-vnt1.3-612 was found in S. okadae and in S. alandiae K-18473; it was absent 
from Atzimba and three other accessions of S. alandiae and present in most Atzimba x 
S. alandiae hybrids. The sequences of the marker for Rpi-vnt1 gene from hybrids are 84-89% 
similar to the Rpi-vnt1-3 gene, whereas the markers from S. alandiae and S. okadae were  
92-93% identical to this gene. Mining for Rpi-vnt1 alleles across Solanum section Petota showed 
that the three functional alleles were confined within S. venturii, whereas only two accessions of 
the closely related species S. weberbaueri Bitter and S. mochiquense Ochoa carried Rpi-vnt1.1 
(Pel, 2010). Three orthologues of Rpi-vnt1 from S. venturii and S. alandiae are 87-89% identical 
to the 3307-5925-bp stretch in R9a sequence (Armstrong et al., 2019); whereas the region of 
Rpi-vnt1.3 in S. alandiae spanning 809-1374 bp in the sequence FJ423044 is 99% identical to 
the corresponding fragment of R9a. Comparison of the Rpi-vnt1 structural homologues from 
S. alandiae with the already reported Rpi homologues from other South American species (Pel, 
2010; van Weymers et al., 2016) showed 90-94% identity; in particular, the sequences of Rpi-
vnt1 from S. alandiae resemble those in S. okadae (GU338334) and S. raphanifolium 
(GU338338) with 94% identity. While the R9 gene is characteristic of the Mexican species 
S. demissum, no Rpi-vnt1 homologues have been reported to this day in the Central American 
species.  
 
 

Table 3. Structural homologoues of the Rpi genes from S. alandiae as compared to the prototype Rpi 
genes and their already identified orthologues/homologues, % identity  

Prototype R2=Rpi-blb3
S. 
bulbocasta-
num 
DQ122125 

R2=Rpi-blb3
S. demissum
FJ536325 
 

R2/Rpi-hjt1
S. hjertingii 
GU563971 

R2/Rpi-
edn1 
S. edinense 
GU563963 

R2/Rpi-blb3
S. okadae* 

R2-like 
S.bulbocasta
-num 
FJ536331 

R2/Rpi-snk1 
S. schenckii 
GU563975 

R2-like 
S. demissum 
FJ536331 

R2/Rpi-blb3 
from  
S. alandiae  

97 94 97 97 98-99 92 97 94 

Prototype Rpi-blb2 
S. bulbocasta-
num 
DQ122125 

Mi-1.2 
S. lycopersi-
cum 
AF091048 

      

Rpi-blb2 from 
S. alandiae 

91 86       

Prototype R9a 
(Armstrong 
et al., 2019) 

Rpi-vnt1.1 
S. venturii 
FJ423044 

Rpi-vnt1.2 
S. venturii 
FJ423045 

Rpi-vnt1.3 
S. venturii 
FJ423046 

Rpi-vnt1-like 
S. okadae 
GU338336 

Rpi-vnt1 
S. okadae 
K-25397 

Rpi-vnt1-like 
S. micro-
dontum 
GU338312 

 

Rpi-vnt1.3 
from 
S. alandiae 

86-89 92-93 92-93 92-93 88-89 97-98 90-91  

Prototype R8 
S. demissum 
KU530153 

R8 
S. okadae  
K-25397 

Sw5-b 
S. lycopersi-
cum 
AY007366 

     

R8 from 
S. alandiae  

99 94 85      

*S. okadae - Rpi-vnt1.3-612 cloned from the accession K-25397 in this study 
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Figure 2. The structural homologues of the Rpi-vnt1 gene from of S. alandiae and S. okadae as 
compared to already published sequences of Rpi-vnt1 genes from several South American species (Pel, 
2010) and R9a (Armstrong et al., 2019) 
S. alandiae – Rpi-vnt1.3-612 cloned from the accession K-18473 in this study, *S. okadae – Rpi-
vnt1.3-612 cloned from the S. okadae Hawkes & Hjert. accession K-25397 in this study, S. bukasovii 
Juz. GU338315, S. microdontum Bitter GU338312, S. stenotomum Juz. & Bukasov GU338323, 
S. sucrense Hawkes GU338339, S. raphanifolium Cárdenas & Hawkes GU338338, S. orophilum Correll 
GU338320, S. medians Bitter GU338344, S. neorossii Hawkes & Hjert. GU338331, S. oplocense Hawkes 
GU338317, S. okadae GU338334, S. tarijense Hawkes GU338326 

 

CONCLUSION 
Genomes of S. okadae, S. alandiae and interspecific hybrids comprising genetic material from 
S. alandiae contain the structural homologues of genes R2, Rpi-blb2, R8 and R9 well known to 
provide the broad specific resistance to P. infestans. The homologues of R2=Rpi-blb3 were  
94-99% identical to the prototype genes in S. bulbocastanum and S. demissum and their 
orthologues in several other Mexican species, such as S. edinense, S. schenckii and S. hjertjingii. 
Among South American potatoes, the closest homologies to these structures is the sequence 
from S. microdontum, which is evolutionarily and functionally different from S. demissum R2 
(Lokossou, 2010; Lokossou et al., 2009; Vossen et al., 2014). 
 
The Rpi-vnt1 gene is apparently restricted to the South American species of Solanum series 
Tuberosa. The structural homologues of this gene in S. alandiae are 92-97% identical to the 
already known sequences from several species from Argentina, Bolivia and Peru. The evaluation 
of the breeding potential of the reported structural homologues must wait until we will clone the 
full-size sequences of the presumed genes and assess their function as the Rpi genes. 

ACKNOWLEDGMENTS  
The authors thank the Center for Collective Use of Equipment “Biotechnology” at the Institute of 
Agricultural Biotechnology for sequencing Solanum genome fragments. The study was supported 
by the Russian Foundation for Basic Research (project 18-016-00138a) and the State Tasks 
0574-2019-0001 (Institute of Agricultural Biotechnology), 0662-2019-0004 (N.I. Vavilov 
Institute of Plant Genetic Resources).  



 
 

224 
REFERENCES 
Armstrong, M.R., J. Vossen, T.Y. Lim, R.C. Hutten, J. Xu, S.M. Strachan, B. Harrower, 

N. Champouret, E.M. Gilroy and I. Hein (2019). Tracking disease resistance deployment in 
potato breeding by enrichment sequencing. Plant Biotechnology Journal 17(2), 540-549. 
doi: 10.1111/pbi.12997 

Bethke, P., D. Halterman and S. Jansky (2019). Potato germplasm enhancement enters the 
genomics era. https://www.preprints.org/manuscript/201907.0312/v1  

Bhardwaj, V.D., A.K. Srivastava, S. Sharma, V. Kumar, S.K. Kaushik. R. Singh, R.K. Singh and 
S.K. Chakrabarti (2018). Late blight resistance status in wild potato species against Indian 
population of Phytophthora infestans. The Horticultural Society of India (Regd.) 75,  
99-104. doi: 10.5958/0974-0112.2018.00017.8 

Destefanis, M., I. Nagy, B. Rigney, G.J. Bryan, K. McLean, I. Hein, D. Griffin and D. Milbourne 
(2015). A disease resistance locus on potato and tomato chromosome 4 exhibits a 
conserved multipartite structure displaying different rates of evolution in different lineages. 
BMC Plant Biology 15:255. https://doi. org/10.1186/s12870-015-0645-8 

Foster, S.J., T.H. Park, M. Pel, G. Brigneti, J. Śliwka, L. Jagger, E. van der Vossen and J.D. Jones 
(2009). Rpi-vnt1. 1, a Tm-22 homolog from Solanum venturii, confers resistance to potato 
late blight. Molecular Plant-Microbe Interactions 22, 589-600. doi: 10.1094/MPMI-22-5-
0589 

Gaiero, P., P. Speranzan and H. de Jong (2018). Introgressive hybridization in potato revealed 
by novel cytogenetic and genomic technologies. American Journal of Potato Research 95, 
607-621. https://doi.org/10.1007/s12230-018-9669-6 

Haesaert, G., J.H. Vossen, R. Custers, M. De Loose, A. Haverkort, B, Heremans, R. Hutten, 
G. Kessel, S. Landschoot, B. Van Droogenbroeck, R.G.F. Visser and G. Gheysen (2015). 
Transformation of the potato variety Desiree with single or multiple resistance genes 
increases resistance to late blight under field conditions. Crop Protection 77, 163-175. 
https://doi.org/10.1016/j.cropro.2015.07.018 

Kim, H.-J., H.-R. Lee, K.-R. Jo, S.M.M. Mortazavian, D.J. Huigen, B. Evenhuis, G. Kessel, 
R.G.F. Visser, E. Jacobsen and J.H. Vossen (2012). Broad-spectrum late blight resistance in 
potato differential set plants MaR8 and MaR9 is conferred by multiple stacked R genes. 
Theoretical and Applied Genetics 124, 923–935. doi: 10.1007/s00122-011-1757-7 

Li, Y., C. Colleoni, J. Zhang, Q. Liang, Y. Hu, H. Ruess, R. Simon, Y. Liu, H. Liu, G. Yu, 
E. Schmitt, C. Ponitzki, G. Liu, H. Huang, F. Zhan, L. Chen, Y. Huang, D. Spooner and 
B. Huang (2018). Genomic analyses yield markers for identifying agronomically important 
genes in potato. Molecular Plant 11, 473-484. doi: 10.1016/j.molp.2018.01.009 

Lokossou, A.A. (2010). Dissection of the major late blight resistance cluster on potato linkage 
group IV. PhD thesis, Wageningen University, 142 p. 
https://library.wur.nl/WebQuery/wurpubs/392509  

Lokossou, A.A., T.H. Park, G. van Arkel, M. Arens, C. Ruyter-Spira, J. Morales, S.C. Whisson, 
P.R. Birch, R.G. Visser, E. Jacobsen and E. van der Vossen (2009). Exploiting knowledge of 
R/Avr genes to rapidly clone a new LZ-NBS-LRR family of late blight resistance genes from 
potato linkage group IV. Molecular plant-microbe interactions, 22(6), 630-641. doi: 
10.1094/MPMI-22-6-0630 

Machida-Hirano, R. (2015). Diversity of potato genetic resources. Breeding Science 65, 26–40. 
doi:10.1270/jsbbs.65.26 

Pel, M.A. (2010). Mapping, isolation and characterization of genes responsible for late blight 
resistance in potato. PhD Thesis, Wageningen University, The Netherlands, 209 p. 
https://library.wur.nl/WebQuery/wurpubs/392076  



 
 
 225 

 

Pérez, W.A.S., R. Raymundo, Z. Huamán, R. Nelson and M. Bonierbale (1999/2000). Evaluation 
of wild potato species for resistance to late blight. CIP Program Report 1999 – 2000,  
49-62. http://cipotato.org/wp-content/uploads/2014/06/060818.pdf  

Sokolova, E., A. Pankin, M. Beketova, M. Kuznetsova, S. Spiglazova, E. Rogozina, I. Yashina and 
E. Khavkin (2011). SCAR markers of the R-genes and germplasm of wild Solanum species 
for breeding late blight-resistant potato cultivars. Plant Genetic Resources 9, 309–312. doi: 
10.1017/S1479262111000347 

Spooner, D.M.M., M. Ghislain, R. Simon, S.H. Jansky and T. Gavrilenko (2014). Systematics, 
diversity, genetics, and evolution of wild and cultivated potatoes. Botanical Review 80:283-
383. https://doi.org/10.1007/s12229-014-9146-y 

Srivastava, A.K., B.P. Singh, S.K. Kaushik, V. Bhardwaj, J.K. Tiwari, and S. Sharma (2018). 
Identification of late blight resistance gene homologues in wild Solanum species. 
Proceedings of the National Academy of Sciences, India Section B: Biological Sciences 88, 
789-796. doi 10.1007/s40011-016-0811-2 

Van der Vossen, E.A.G., J. Gros, A. Sikkema, M. Muskens, D. Wouters, P. Wolters, A. Pereira and 
S. Allefs (2005). The Rpi-blb2 gene from Solanum bulbocastanum is an Mi-1 gene homolog 
conferring broad-spectrum late blight resistance in potato. Plant Journal 44, 208–222. doi: 
10.1111/j.1365-313X.2005.02527.x 

Van Weymers, P.S., K. Baker, X. Chen, B. Harrower, D.E. Cooke, E.M. Gilroy, P.R. Birch, 
G.J. Thilliez, A.K. Lees, J.S. Lynott, M.R. Armstrong, G. McKenzie, G.J. Bryan and I. Hein 
(2016). Utilizing “Omic” technologies to identify and prioritize novel sources of resistance 
to the oomycete pathogen Phytophthora infestans in potato germplasm 
collections. Frontiers in Plant Science 7, 672. doi: 10.3389/fpls.2016.00672 

Vossen, J.H., K.-R. Jo and B. Vosman (2014). Mining the genus Solanum for increasing disease 
resistance. In: Tuberosa, R, (ed.) Genomics of plant genetic resources. Springer, 
Dordrecht, pp 27–46. doi: 10.1007/978-94-007-7575-6_2 

Vossen, J.H., G. van Arkel, M. Bergervoet, K.-R. Jo, E. Jacobsen and R.G. Visser (2016). The 
Solanum demissum R8 late blight resistance gene is an Sw-5 homologue that has been 
deployed worldwide in late blight resistant varieties. Theoretical and Applied Genetics 129, 
1785-1796. doi: 10.1007/s00122-016-2740-0 

Zoteyeva, N., M. Chrzanowska, B. Flis, E. and Zimnoch-Guzowska (2012). Resistance to 
pathogens of the potato accessions from the collection of N.I. Vavilov Institute of Plant 
Industry (VIR). American Journal of Potato Research 89, 277-293. 
https://doi.org/10.1007/s12230-012-9252-5  

 
 
  



 
 

226 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /NewsGothicStd
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Subsample
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /NLD ([Gebaseerd op drukker])
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




