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Abstract Bacterial spot, one of the most damaging dis-
eases of pepper, is caused by Xanthomonas euvesicatoria.
This pathogen has worldwide distribution and it is particu-
larly devastating in tropical and sub-tropical regions where
high temperatures and frequent precipitation provide ideal
conditions for disease development. Three dominant resis-
tance genes have been deployed singly and in combination
in commercial cultivars, but have been rendered ineffectual
by the high mutation rate or deletion of the corresponding
cognate effector genes. These genes are missing in race P6,
and their absence makes this race virulent on all commer-
cial pepper cultivars. The breeding line ECW12346 is the
only source of resistance to race P6 in Capsicum annuum,
and displays a non-hypersensitive type of resistance. Char-
acterization of this resistance has identified two recessive
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genes: bs5 and bs6. Individual analysis of these genes
revealed that bs5 confers a greater level of resistance than
bs6 at 25°C, but in combination they confer full resistance
to P6 indicating at least additive gene action. Tests carried
out at 30°C showed that both resistances are compromised
to a significant extent, but in combination they provide
almost full resistance to race P6 indicating a positive epi-
static interaction at high temperatures. A scan of the pepper
genome with restriction fragment length polymorphism and
AFLP markers led to the identification of a set of AFLP
markers for bs5. Allele-specific primers for a PCR-based
bs5-marker have been developed to facilitate the genetic
manipulation of this gene.

Introduction

Xanthomonas euvesicatoria (X. campestris pv. vesicatoria,
Jones et al. 2004) is the causal agent of bacterial spot in
pepper. This disease can exert significant damages to pep-
per production in tropical and sub-tropical regions around
the world where high temperatures and frequent precipita-
tion provide ideal conditions for disease development. This
pathogen can be transmitted mechanically through farm
equipment or by seed, and can persist in the field from sea-
son to season on volunteer plants (Jones etal. 1986;
Pohronezny et al. 1990). Despite cultural practices, such as
the use of certified seed and weed control, the pathogen has
continued to spread. Chemical control of this pathogen has
also proven inadequate as natural populations have devel-
oped resistance to streptomycin (Stall and Thayer 1962;
Ritchie and Dittapongpitch 1991), and copper (Basim et al.
2005; Marco and Stall 1983). These problems have led to
the use of genetically controlled resistances as an alterna-
tive method of disease control.
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Three monogenic dominant resistances controlling spe-
cific hypersensitive reactions to pepper strains of X. euve-
sicatoria have been characterized: Bsl from Capsicum
annuum Pl 163192 (Cook and Stall 1963); Bs2 from C.
chacoense PI 260435 (Cook and Guevara 1984), and Bs3
from C. annuum PI 271322 (Kim and Hartmann 1985).
Another hypersensitive reaction (HR)-mediated resistance
has been identified in C. pubescens PI 235047 (Sahin and
Miller 1998). An analysis of the virulence spectrum of a
collection of X. euvesicatoria strains with each one of these
resistances has led to the identification of 11 (PO-P10) pep-
per races (Kousik and Ritchie 1999; Sahin and Miller
1998).

The resistance genes Bs/, Bs2 and Bs3 have been effec-
tively deployed, singly or in different combinations, in sev-
eral commercial pepper cultivars with satisfactory results
for a short period of time. Unfortunately, these resistances
have been rendered useless by the relatively high rate of
mutation in the cognate bacterial effectors avrBsl (Dahl-
beck and Stall 1979) and avrBs2 (Gassmann et al. 2000;
Swords et al. 1996), and the proclivity of the plasmid carry-
ing avrBs3 to be lost (Minsavage et al. 1990). These three
effectors are absent in P6, making this race virulent on all
commercial pepper cultivars (Sahin and Miller 1998).

Two sources of resistance to race P6 have been identified
in recent years. One of them is C. pubescens PI 235047
which carries HR-mediated resistance to P6, but efforts to
introgress this resistance into C. annuum have been hin-
dered by inter-specific hybridization barriers (Sahin and
Miller 1998). The other source is the breeding line
ECW12346 that was generated by backcrossing recessive
resistances from the breeding line Pep13 and the accession
PI 271322 to the breeding line Early Calwonder 123
(ECW123) (Jones et al. 2002). Segregation analysis of vari-
ous progenies obtained with F,-derived F; families, from
the cross [ECW 123 x ECW12346], revealed the presence
of two recessive resistance genes with additive gene action.
We have searched the Capsicum genome via restriction
fragment length polymorphism (RFLP) and AFLP analysis
to identify molecular markers for these resistance genes.

Materials and methods
Plant material

The following pepper genotypes were used to screen AFLP
markers for polymorphisms: Early Calwonder (ECW),
ECW123, ECW134 LF-1, Pepl3, ECW12346, 15-2 and
35-3. ECW is an old pepper cultivar which is susceptible to
all races of X. euvesicatoria. ECW123 is an ECW-derived
introgression line containing the Bs/, Bs2 and Bs3 resis-
tance genes. ECW134 LF-1 is a breeding line that carries
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Bsl, Bs3 and partial resistance from PI 271322. Pep13 is a
breeding line carrying partial resistance to bacterial spot
derived from P1163192 (McCarter 1992). ECW12346 is a
breeding line carrying Bsl, Bs2, Bs3 and two recessive
resistances derived from Pep13 and PI 271322. Lines 15-2
and 35-3 are partially resistant selections derived from F,
segregants of the cross [ECW123 x ECW12346], each car-
rying one of the recessive resistance genes in a homozy-
gous state. The segregation and linkage analyses of
resistance and molecular markers were performed in four
F, populations obtained from the following crosses: Popl
[ECW123 x 15-2], Pop2 [ECW12346 x 15-2], Pop3
[ECW123 x 35-3] and Pop4 [ECW x 15-2]. Lines 50R
and 60R were derived from an F, population from the cross
[ECW x ECW12346]. Approximately 2,700 seedlings
were screened for the presence of the dominant resistance
genes Bsl, Bs2, or Bs3 by inoculation with strains carrying
avrBsl, avrBs2 and avrBs3. Seedlings that displayed a
hypersensitive reaction were eliminated, and the remaining
seedlings were inoculated with race P4. The S0R and 60R
lines were obtained from single segregants that displayed
inoculation phenotypes similar to those of lines 15-2 and
35-3, respectively. The selected segregants were selfed for
2 additional generations, and 24 seedlings were screened
with race P4 in each generation to ensure homozygosity.

The marker for bs5 was mapped in the AC99 F, popula-
tion which was generated from a cross between the C. ann-
uum cultivar ‘NuMex R Naky’ (Nakayama and Matta
1985) and the C. chinense accession PI 159234. F, seed
was collected from a single F,; plant. DNA was extracted
from 100 F, seedlings, as described by Prince et al. (1997),
which were genotyped with 424 RFLP and SSR markers
(Ben-Chaim etal. 2006; Livingstone etal. 1999). The
genetic map of this population comprises 15 linkage groups
and spans over 1,304.8 cM; this map can be found in the
Solanaceae Genomics Network at http://sgn.cornell.edu/
cview/map.pl?map_id=11. A subset of 75 individuals from
the AC99 population was used in the linkage analysis of
PepC2.

Bacterial inoculations and evaluation of disease resistance

The X. euvesicatoria pepper strain XV157 of race 6 (P6)
used in our screens was obtained from S. A. Miller (Ohio
State University, Wooster). The inoculum was prepared by
growing the bacterium cells overnight in nutrient broth
(BBL, Cockersville, MD) at 28°C, pelleting the cells by
centrifugation and resuspending them in sterile tap water at
a concentration of 10° cfu/ml.

Young seedlings of the segregating progenies, along
with those of parental genotypes, were transplanted into
Farfard mix (Farfard, Inc., Greely, CO) in 4" pots, and were
grown in the greenhouse for approximately 3 weeks prior to
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inoculation. The bacterial inoculum was infiltrated into the
intercellular spaces on the abaxial side of the first true
leaves with a syringe fitted with a 26-gauge hypodermic
needle. The inoculated plants were incubated under green-
house conditions for three weeks before evaluation. The
rating scale to evaluate the level of resistance among segre-
gants was as follows: 1 =no disease symptoms, 2 = slight
to moderate yellowing and slight necrosis, 3 = extensive
yellowing and moderate necrosis, and 4 = complete necro-
sis. A second evaluation was performed a week later to
confirm results from the first rating. F, individuals were
then grown to maturity to obtain seed. The F,-derived F;
families were also evaluated in the same manner as the pre-
vious generation to deduce the exact genotype of F, indi-
viduals at the resistance loci.

RFLP and AFLP analyses

DNA extractions were carried out essentially as described
by Vallejos et al. (1992), or by Vallejos (2007). Genomic
DNA samples were digested with restriction enzymes as
indicated by the manufacturer (Invitrogen Corporation,
Carlsbad, CA). Agarose gel electrophoresis, DNA blot
hybridizations and autoradiography were as previously
described (Vallejos et al. 1992). The high degree of synteny
and sequence similarity between tomato and pepper (Liv-
ingstone et al. 1999; Prince et al. 1993) permitted the use of
previously mapped markers from the former species as a
source of potential markers for the resistance genes. Thus,
genomic blots of pepper DNA were hybridized with tomato
RFLP probes generously provided by Dr. Steve Tanksley
from Cornell University (Tanksley et al. 1992; supplemen-
tary Table 1S). To allow for probe—target mismatches,
hybridizations and washes of DNA blots were carried out at
60°C. A total of 136 tomato markers were screened via
Southern hybridization of NILs DNAs digested with six
restriction enzymes (Bgll, Dral, EcoRl, EcoRV, HindIll
and Xbal). Twelve of these markers detected polymor-
phisms between ECW123 and ECW12346. However, only
ten of them detected allelic differences between ECW123
and lines 15-2 or 35-3.

AFLP analysis (Vos et al. 1995) was conducted with the
AFLP® Analysis System I as recommended by the manu-
facturer (Invitrogen Corporation, Carlsbad, CA). EcoRI
primers were labeled with [y-**P]dATP (3,000 Ci/mmol)
(MP Biomedicals, Solon, OH). The final 20-ul PCR reac-
tion was carried out in a Perkin—Elmer GeneAmp96 ther-
mocycler under the protocol recommended by the
manufacturer. Tag DNA polymerase was used in all AFLP
amplification reactions. The amplification products were
denatured by the addition of 12 pl of denaturation solution
(98% formamide, 5 mM EDTA, 0.025% bromophenol, and
0.025% xylene cyanole FF), followed by heating at 95°C

for 5 min, and immediate quenching on ice for 10 min; 3-pl
aliquots were resolved by urea—polyacrylamide gel electro-
phoresis in 0.4-mm thick gels prepared with 6% Long
Ranger® (BMA Bioproducts, Lowell, MA), 7 M urea, and
0.5x TBE. Samples were electrophoresed for 1.5h at a
constant power of 50 W. Gels were dried onto filter paper,
and labeled DNA sequences were visualized by autoradiog-
raphy on Kodak X-Omat film. A total of 64 primer-pair
combinations, from AFLP® Analysis System I, were
screened for informative polymorphisms. These primer
pairs generated between 100 and 140 AFLP fragments that
were represented by bands of varying intensities with
lengths between 100 and 600 nucleotides. Approximately, a
total of 7,680 AFLP fragments were detected in this survey.

Cloning of polymorphic amplicons

Selected AFLP fragments were cloned as described by Val-
lejos et al. (2000). Briefly, the target band was cut out of the
dried gel after aligning it with the X-ray film, eluted in TE
buffer after 10 min imbibition in 150 pl of TE buffer, and
boiled for 15 min. After eliminating the debris by centrifu-
gation, the eluted DNA was precipitated with three volumes
of ethanol in the presence of 500 pg/ml molecular biology
grade glycogen. The DNA was dissolved in 40 pl of water
and a 5-pl aliquot was used for PCR amplification with the
AFLP kit and Turbo Pful DNA polymerase (Stratagene, La
Jolla, CA). If the amplification resulted in a low yield, then
a second amplification was carried out using 1/10 of the
volume of the first reaction as a template. The amplification
product was cloned into EcoRV digested pBlueScript plas-
mid following standard procedures.

Because it is practically impossible to isolate a pure frag-
ment from the gel, it was necessary to screen multiple white
colonies via AFLP analysis to select the desired clone. Ten
single white colonies were grown overnight in 2 ml of LB
liquid medium. A 200 pl aliquot of each culture was pel-
leted and the cells were resuspended in 200 pl of sterile
water, subjected to a freeze/thaw cycle, and the cellular
debris was pelleted at 13,000 rpm for 15 min at 4°C. The
supernatants were used as templates for PCR amplification
with the appropriate >°P-labeled-EcoRI and Msel primer
pair. The PCR reactions from the bacterial colonies and
those from the plus and minus genomic DNA samples were
resolved side by side in urea—PAGE and visualized by auto-
radiography to identify the correct clone.

Segregation and linkage analysis
The linkage between the resistance loci and the DNA mark-
ers was examined in each of the F, progenies with MAP-

MAKER/EXP 3.0 (Lander et al. 1987; Lincoln et al. 1992).
Map distances were calculated using the Kosambi function.
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Results
Genetic characterization of the recessive resistance

Previous analysis of an F, family, from the cross [ECW123
(P6-susceptible) x ECW12346 (P6-resistant)], detected
four phenotypic classes after inoculation with race P6 of X.
euvesicatoria. These classes were found in a 9:3:3:1 ratio
corresponding to susceptibility (score =4), low intermedi-
ate resistance (score =3), high intermediate resistance
(score =2), and full resistance (score =1), respectively
(Jones et al. 2002). These results indicated the presence of
two recessive resistances with additive gene action. Several
steps were taken to further test both the mode of inheritance
and gene action of these resistance genes. First, F,-derived
F; families from the intermediate resistance classes were
screened by inoculation with race P6 to identify those that
were fixed at both putative resistance loci. Among these,
the F; families from F, plants #15 (score =2) and #35
(score = 3) were selected for crosses and further analysis.
F, individuals from the cross between members of these
two families were fully susceptible to race P6. These results
confirmed the recessive and additive nature of these two
resistance genes.

Four different F, populations were generated to evaluate
independently the segregation of the resistance genes, and
also to use them for linkage analysis with selected molecu-
lar markers. The strongest of the two resistances was desig-
nated bs5 (line 15-2 with a score = 2), and was analyzed in
the following two populations: Popl (ECW123 x Line 15-
2), and Pop4 (ECW x Line 15-2). F,-derived F; families
from Popl revealed 18 resistant, 51 heterozygous suscepti-
ble, and 19 homozygous susceptible [3> (1:2:1)=2.25,
P =0.32], while F, individuals from Pop4 yielded 44 sus-
ceptible and 16 resistant individuals 2 (3:1)=0.09,
P =0.76]. Thus, goodness-of-fit tests in these populations
clearly indicated that bs5 displayed monogenic segregation.

The second resistance, designated bs6, was analyzed with
Pop2 [ECW12346 (resistant, score = 1) x Line 15-2 (inter-
mediate, score=2)], and Pop3 [ECWI123 (susceptible,
score =4) x Line 35-3 (intermediate, score = 3)]. Pop2 prog-
eny tests with F)-derived F; families revealed 18 resistant, 54
heterozygous susceptible, and 20 homozygous susceptible
[* (1:2:1)=2.87, P=0.24]. In addition, progeny tests of
Pop3 revealed 22 resistant, 49 heterozygous susceptible, and
21 homozygous susceptible individuals [;* (1:2:1)=0.41,
P =0.81]. These segregation analyses clearly confirmed that
each one of these resistances is controlled by a single locus.

Detection of polymorphic candidate markers

A search for polymorphic informative markers can be con-
ducted globally using a segregating progeny to test the link-
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age relationships between the target locus and a set of
segregating markers distributed throughout the genome.
Alternatively, the search can focus on the target locus using
either bulked segregant analysis (Michelmore et al. 1991),
or near isogenic lines (NILs; Young et al. 1988). Because
bs5 and bs6 were introgressed into the P6-susceptible
ECW123 line via eight backcross cycles with continuous
selection to generate the P6-resistant ECW 12346 line, these
lines were considered to be NILs and suitable for searching
informative markers for these resistances. Also, since prog-
eny derived from lines 15-2 and 35-3 can also be consid-
ered NILs and specific for each of the genes, these lines
were included in the screening of AFLP markers and previ-
ously mapped RFLP markers from tomato.

Out of the 64 primer pairs, 35 detected potentially infor-
mative AFLP fragments: 24 detected 1 polymorphic frag-
ment, 9 detected 2 polymorphic fragments, and 2 detected 3
polymorphic fragments. These 48 informative amplicons
were selected for segregation and linkage analysis. On the
other hand, five polymorphic RFLP marker loci were
detected for line 15-2: TG14 (T2/P2*), TG194 (T11/P12),
TG221(T6/P6*), TG259 (T1/P1%¥), and TG267 (T1/P1%);
and seven for line 35-3: TG36 (T11/P11), TG123 (T4/P5),
TG153 (T6/PS), TG221 (T6/P6*), TG267 (T1/P1*), TG269
(T1/P1), and TG 332 (T2/P2*). ECW12346 alleles for
TG221 and TG267 were found in both lines. The alphanu-
merics in parenthesis indicate the chromosome association
of the marker in the tomato (T) and pepper (P) genomes.
The asterisks indicate that the chromosome assignment in
pepper was deduced from the established syntenic relation-
ships between the tomato and pepper genomes (Livingstone
et al. 1999; Prince et al. 1993; Tanksley et al. 1992).

Linkage analysis

Linkage relationships between informative marker loci
(AFLP and RFLP) and bs5 and bs6 were analyzed with
Mapmaker 3.0 (Lander et al. 1987; Lincoln et al. 1992).
Linkage between the strongest of the two resistances, bs3,
and a group of AFLP marker loci was detected in Pop1 (87
individuals) using the Kosambi function. The linear order
and map distances between the AFLP marker loci and bs5
are depicted in Fig. 1. No linkage was detected between bs5
and any of the segregating RFLP markers. Unfortunately,
analysis of Pop2 and Pop3 did not detect linkage between
bs6 and any of the segregating AFLP fragments or the
RFLP markers.

Development of PCR-based marker for bs5
AFLP fragments that were the most closely linked to bs5

were eluted out of the gel, PCR amplified, cloned,
sequenced, and the sequences were submitted to GenBank
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Fig. 1 Linkage maps. a Relative map position of bs5 and the linked
AFLP marker loci. b Relative position of the PepC2 on chromosome 6
in the AC99 pepper map. C Relative position of PepC2 on chromo-
some 6 of the COSII map

(Table 1). A similarity search of the non-redundant nucleo-
tide collection from GenBank with the BLAST search
engine (Altschul et al. 1997) detected significant similari-
ties between the DNA sequences of PepC2 and tomato
BAC sequences from chromosomes 6 and 8 (E
values = 4e >"—4e~**). Furthermore, a search of the protein
database revealed multiple hits with significant similarity to
the gag-domain of retrotranposons.

Based on the sequence length of these markers, PepC2
was targeted for the development of PCR-based allele-spe-
cific markers for bs5. In the first step, Primer 3 (Rozen and
Skaletsky 2000) was used to design primers from the
PepC2 sequence to amplify allelic sequences from genomic
DNA of ECW123 and line 15-2. The primers PepC2.F
(5'-TTGAAAAGGTTATCAATCATGGAA-3") and
PepC2.R (5'-TCATCCCACAATCTTTTGAGC-3") ampli-
fied a 357-bp fragment from the two genotypes. The allelic
sequences were cloned and sequenced in both directions.
Alignment of these sequences with ClustalX (Thompson
et al. 1997) was used to identify possible base substitutions
that could be exploited in the development of allele-specific

Table 1 Characterization of bs5-linked AFLP markers

primers. As expected, the sequence for the 15-2 allele had a
perfect alignment with the sequence obtained from the
AFLP fragments (FJ465512). In contrast, alignment of the
15-2 and the ECW123 (FJ589719) alleles revealed 7 base
substitutions, two of which were contiguous and were
included at the 3’ end of the following primers: PepC2-
ECW.R1 (5'-CTTTGGCAATCCTGGAATATT-3') and
PepC2-15-2.R1  (5'-CTTTGGCAATCCTGGAATAGA-
3"). Each of these primers in conjunction with C2.F ampli-
fied a 215 bp amplicon. Surprisingly, however, these
primers showed quantitative differences in their ability to
amplify each of the two alleles. When the PepC2-ECW.R
primer was used, it yielded a robust amplification with the
ECW123 template, and amplified the 15-2 template to a
yield that was approximately 10-20% of that obtained
with the ECW123 template. The opposite was observed
with the PepC2-15-2.R primer. To overcome this problem
and eliminate any ambiguities in the differential amplifi-
cation of the alleles, new allele-specific primers were
designed by introducing mismatches near the 3’ end. Cer-
tain mismatches near the 3’ end of a primer have been
found to be more effective in reducing the yield of a PCR
amplification reaction (Kwok et al. 1990). Accordingly,
an A:A mismatch was introduced in the fourth base from
the 3’ end of PepC2-ECW.R2 and a G:A mismatch at the
same position in PepC2-15-2.R2 (Fig. 2). These mis-
matches imparted allele specificity to the primers because
they did not significantly reduce the yield of the cognate
sequences, and virtually eliminated the amplification of
the alternative allele.

To test the reliability of these primer pairs, and evaluate
their effectiveness as markers, they were used to amplify
the ECW and 15-2 alleles of Popl (n=96) and Pop4
(n = 60) segregants, and estimate the distance between the
PepC2 marker locus and bs5. The results from the differen-
tial amplifications are shown in Fig.3. A distance of
13.9cM (LOD =12.47) for Popl, and 13.8 cM (LOD =
6.42) for Pop4 were detected with the new primers (Fig. 1).
These results were congruent with those observed previ-
ously with the AFLP markers. The difference was related to
the fact that the AFLP marker behaved as dominant and the
derived PCR markers were able to detect all three geno-
types. At this distance, a total of four plants with the PepC2

AFLP marker EcoRI/Msel extensions Sequence length (bp) GenBank ID BLAST search results

PepA2 AAC/CAC 73 FJ589718 None

PepC2 AAG/CAC 358 FJ465512 Retrotransposon gag-domain®
PepF4 ACT/CAT 179 FI589717 None

4 BLASTn (Altschul et al. 1997) detected similarities to BAC sequences from chromosomes 6 and 8 of tomato (E = 4¢™"—4e™*D and tBLASTx
detected similarities to dbjIBAD99219.1, a polypeptide with a gag-domain from Petunia x hybrida (E = 5¢~3%)
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Fig. 2 Polymorphic sites in a ECW123 and b line 15-2 used to design the allele-specific primers are shown in bold letters, primer sequences in

italics and mismatches in lowercase bold letters

ECW123

i 152

100

Fig. 3 Differential amplification of PCR marker for bs5. a Amplifica-
tion of the ECW123 Pep(C2 allele in trans with bs5. b Amplification
of the 15-2 PepC2 allele in cis with bs5. Individual F, segregants that
amplify with a single primer pair are homozygotes and those that am-
plify with both primer pairs are considered heterozygotes

marker allele from line 15-2 are required to have a 99.9%
probability of co-selecting bs5 in a backcross population.

The map position of PepC2 was obtained by analyzing the
linkage relationships between this marker and those of previ-
ously mapped markers in a C. annuum x C. chinense F, pop-
ulation (AC99). The linkage map for this population can be
found at the SOL Genomics Network website (SGN; http://
sgn.cornell.edu; Mueller etal. 2005). The parental lines
showed a plus/minus polymorphism after amplification with
the primer pair PepC2.F/PepC2-15-2.R2. Only the C. ann-
uum line yielded an amplicon that was of the same size as
that produced by line 15-2. Linkage analysis with this prog-
eny placed this marker on the centromeric region of chromo-
some 6 as shown in Fig. 1. This finding is in agreement with
the observation that the BLAST search of GenBank with the
PepC2 sequence detected a similarity with a segment of a
tomato BAC sequence assigned to chromosome 6 of tomato,
a chromosome that is syntenic with chromosome 6 of pepper
(Livingstone et al. 1999; Wu et al. 2009).

An attempt was made to determine the map position of
bs5 in reference to COSII marker loci on chromosome 6
(Wu et al. 2009). The following markers covering a span of
21 cM in the centromeric region of chromosome 6 were
used: C2At2g30100 (41.2), C2At2g29630 (47.6),
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Pd3g56130 (48.5), C2At3g56040 (49.5), C2Atlg06110
(55.9), and C2At1g44760 (62.2). Primer pairs listed by Wu
etal. (2009) for these markers were used to amplify
ECW123 and line 15-2 alleles from genomic DNA sam-
ples. No size polymorphisms were detected between the
allelic amplicons. Allelic amplicons for C2At1g44760 were
cloned and sequenced, but no polymorphisms were
detected either. Next, we used the Arabidopsis sequences of
the first three COSII markers to search the EST database of
GenBank to identify C. annuum sequences with a high
degree of similarity. The goal of this effort was to obtain
pepper sequences that lead to the design of primers that
would amplify longer sequences than those obtained with
the primers listed by Wu etal. (2009). The following
matches were detected: gblCA517016.1 with At2g30100,
gblGD054092.1 with At2g29630, and gblGD125562 with
Pd3g56130. The pepper EST sequences were aligned with
the genomic Arabidopsis sequences to deduce the potential
location of introns in genomic DNA. Primer sequences
from intron-flanking regions were selected and genomic
DNA from ECW123 and line 15-2 were amplified. The
amplicons were of approximately 2,550, 1,100, and
1,400 bp, respectively. Allelic amplicons were completely
sequenced and no polymorphisms were detected. The
search for polymorphisms was discontinued at this point.

Functional analysis of the two recessive resistances

To determine the in planta effect of each resistance gene on
bacterial growth and the extent to which visual scores cor-
relate with bacterial population levels, each resistance gene
was transferred to the ‘Early Calwonder’ susceptible back-
ground—ECWS50R (bs5) and ECW60R (bs6). The growth
of bacterial populations of race P6 was monitored for
8 days after inoculation and incubation at 25 and 30°C.
ECW123 and ECW12346 were used as negative and posi-
tive controls, respectively. Bacterial growth curves in
planta (Fig. 4) showed that bacterial populations increased
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Fig. 4 Bacterial population growth in inoculated leaves of different
genotypes at 25 and 30°C. ECW123: a parental line fully susceptible
to race P6. ECW12346: a breeding line carrying bs5 and bs6.
ECWS50R: a breeding line carrying bs5. ECW60R: breeding line carry-
ing bs6. Population means with the same letter are not significantly
different from each other (Holm-Sidak method)

approximately 4-5 log units in 4 days before leveling off in
the susceptible genotype ECW123, and that temperature
had no significant effect on final population levels. In con-
trast, ECW12346, which carries both resistance genes,
restricted bacterial growth at both temperatures. At 25°C,
the population only rose by <1 log unit and at 30°C, the
increase was <2 log units. Although the susceptible
ECW 123 showed advanced necrosis in the inoculated area,
ECW 12346 had hardly any noticeable symptoms (Fig. 5).
bs5 and bs6 had different temperature responses. At
25°C, the bacterial population grew by approximately 2.3
log units in ECWS50R (bs5) and by 2.9 log units in
ECWG6O0R (bs6). These results indicate that the visual scores
obtained at 25°C correlated well with the extent of bacterial
growth in the inoculated area. ECW50R barely shows some
discoloration in the inoculated area 8 days after inoculation;
in contrast, ECW60R shows more noticeable yellowing

(Fig. 5). At 30°C, both resistance genes had limited capac-
ity to restrict the bacterial growth. Although individually
these resistances perform poorly at high temperatures,
results obtained at 30°C with ECW 12346, the positive con-
trol, clearly indicate that these resistances have a synergis-
tic effect that is very noticeable at high temperatures. An
analysis of variance and pairwise multiple comparisons
(Holm-Sidak method; Supplemental Table 2) of population
levels detected no significant differences between ECW123
and ECW60R on day 8 at 30°C, but significant differences
between these two and ECW50R. ECW 12346 had a signifi-
cantly lower population level than any of the other three
genotypes (Fig. 4). A recently produced line carrying both
bs5 and bs6 in the absence of the dominant resistances has
shown the same post-inoculation phenotype as ECW12356
at elevated temperatures. The effect of temperature on each
genotype can be examined in supplementary Fig. 1S.

Discussion

The results presented here confirm a previous report (Jones
et al. 2002) that the ECW 12346 resistance to race P6 of X.
euvesicatoria is controlled by two recessive genes. The
original two recessive genes hypothesis was initially sup-
ported by the 9 (susceptible):3 (resistant intermediate-
high):3 (resistant intermediate-low):1 (resistant) ratio, and
the fact that lines 15-2 and 35.3 with intermediate resis-
tance produced completely susceptible progeny. In this
work, we have analyzed the segregation ratios of various F,
progenies obtained between these two lines and the suscep-
tible genotypes ECW and ECW123. In all cases, Mendelian
phenotypic ratios of 3 susceptible:1 resistant were detected.

Seasonal variation in the resistance phenotypes of differ-
ent lines and progenies prompted an investigation about the
temperature stability of these resistance genes. This was
accomplished through a comparative analysis of bacterial
population growth in inoculated leaves of the different
genotypes. These studies demonstrated first that the symp-
toms observed in line 15-2 carrying bs5 and line 35-3 carry-
ing bs6 correlate with the bacterial populations observed at
25°C—bs5 being the strongest of the resistances. However,
both resistance genes allowed similar bacterial population
growth at 30°C, but in either case they were marginally
lower than that of the susceptible control. Of the two genes,
bs5 was the most dramatically affected by high temperature.
The most interesting aspect of these results was, however,
the epistatic interaction between bs5 and bs6 which can be
observed at two levels: in symptom expression and temper-
ature response. Bacterial growth was very similar in both
ECW12346 (bs5, bs6) and ECW50R (bs5), yet the symp-
toms in the former were not noticeable at all, whereas the
latter consistently displayed mild symptoms. Of greater
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Fig. S Symptoms of bacterial
spot 8 days after inoculation
with race P6 in ECW 123
(Bs5Bs5Bs6Bs6), ECW60R
(Bs5Bs5bs6bs6), ECW50R
(bs5bs5Bs6Bs6), and
ECW12346 (bs5bs5bs6bs6).
Adaxial (a, c, e, g) and abaxial
(b, d, g, h) views

ECW123

ECWGE0OR

ECWS0R

ECW12346

interest, and practical application, however, is the high tem-
perature response of ECW12346. The presence of both
genes kept the bacterial populations three log units below
those observed in the susceptible control, while in the lines
carrying one of those genes the population levels were kept
only close to one log unit below the control. The observa-
tion that each gene alone has an effect on resistance sup-
ports the idea of additive action, but their combined effect
on symptom development and performance at high temper-
ature indicates that the epistatic effect on resistance is
greater than the additive effect. Further evidence of epistatic
interaction between these genes comes from the observa-
tion that only in combination these genes confer resistance
to some new Brazilian strains of X. gardneri, as evidenced
by a visible reduction in disease symptoms (Jones and Stall,
unpublished results).

Previous experience with the relatively short-lived effec-
tiveness of the dominant resistances (BsI, Bs2 and Bs3) due
to mutation or plasmid loss (Dahlbeck and Stall 1979; Min-
savage et al. 1990; Swords et al. 1996) raises the question
about the potential durability of bs5 and bs6. However, sev-
eral lines of evidence suggest the bs5 and bs6 will have
greater durability than the one displayed by the dominant

@ Springer

resistances. First, there are examples of recessive resis-
tances with durability; these include several virus resis-
tances (Diaz-Pendon et al. 2004), mlo-controlled resistance
to powdery mildew in barley (Jgrgensen 1992), and resis-
tance to leaf bacterial blight in rice (Iyer-Pascuzzi and
McCouch 2007). Resistance controlled by bs5 and bs6 is
not associated with a hypersensitive reaction, and for this
reason, no specific effector or avirulence factor appears to
be involved in interactions with a host gene product to pro-
duce a resistance phenotype. In fact, examination of
recently isolated recessive resistance genes suggests that it
is the lack of interaction that confers resistance. At least
three of these resistances are encoded by genes with well
established normal cell functions and are not involved in
defense. For instance, resistance to potyviruses in lettuce
and pepper is mediated by elF4E, a translation initiation
factor (Kang et al. 2005; Nicaise et al. 2003; Ruffel et al.
2002), and in rice two recessive genes, xa5 and xal3, con-
trol resistance to different strains of X. oryzae pv. oryzae
and encode TFIIAY, a transcription factor II A gamma sub-
unit (Iyer and McCouch 2004), and a nodulin-like protein
essential for pollen development (Chu et al. 2006), respec-
tively. The model that is emerging from these recessive
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resistances is one that invokes a passive role. Pathogens
like X. euvesicatoria deliver a set of effector proteins into
the host cytoplasm to subvert defenses and alter host
metabolism to facilitate colonization of the extracellular
space (Grant et al. 2006). Because the recessive resistance
genes are expressed and the corresponding proteins carry
out their normal functions, then it appears that the variation
that leads to resistance involves lack of recognition by the
pathogen-encoded cognate protein as appears to be the case
for xa5 (Iyer and McCouch 2004), or that the level of
expression is not high enough to support the demand of the
pathogen as observed in xal3 (Chu et al. 2006). The pepper
genes bs5 or bs6 may represent these types of variants.

Furthermore, a successful strategy used by bacterial
pathogens is the functional redundancy of some sequence
unrelated effectors (Jones and Dangl 2006). Then, one pos-
sible explanation for the epistatic interactions between bs5
and bs6 is a case in which the encoded gene products inter-
fere with a single aspect of the bacterial mechanisms which
is essential for growth, especially at elevated temperatures.
In general, deployment of the two resistance genes can
lower the probability for the pathogen to overcome the
resistance provided by these two genes and lengthen their
effectiveness. In fact, attempts to generate race P6 mutants
that can overcome bs5- or bs6-controlled resistance have
not been successful so far (Minsavage et al. unpublished
results).

It was disappointing not being able to detect an informa-
tive marker for bs6, especially after examining 7,500 AFLP
fragments and 135 RFLP markers, or additional markers
from the COSII pepper map. However, these results are
what should be expected based on previous assessments of
polymorphisms in Capsicum. For instance, Prince et al.
(1993) estimated that most of the RFLPs detected between
C. annuum and C. chinense were probably due to DNA
rearrangements rather than base substitutions. More
recently, Min et al. (2008) have reported that only 19% of
850 SSR markers detected polymorphisms between these
two species, but <4.5% within C. annuum. In this work,
comparisons of partial genomic sequences from four COSII
markers which included a substantial proportion of intronic
sequences and covered over 5.5 kb revealed no polymor-
phisms. The fact that the PepC2 marker was derived from a
low copy retroelement suggests that future informative
markers from this region of the pepper genome are likely to
emerge from low copy intergenic sequences. Nevertheless,
the PCR marker developed in this project for bs5, the stron-
ger of the two resistances, can expedite the transfer of this
recessive gene to new pepper cultivars using a backcross
program. Given the epistatic interactions between bs5 and
bs6, particularly at high temperature, deploying this gene
combination appears to be the best strategy against bacte-
rial spot in tropical and subtropical environments.

Acknowledgments This work was supported in part by the Florida
Agricultural Experiment Station, and USDA Grant 99072917. The au-
thors thank Dr. José Chaparro and Dr. Eileen Kabelka for reviewing
this manuscript and offering valuable suggestions, and also like to ex-
press their gratitude to the anonymous reviewers for their insightful
suggestions.

References

Altschul SF, Madden TL, Schiffer AA, Zhang J, Zhang Z, Miller W,
Lipman DJ (1997) Gapped BLAST and PSI-BLAST: a new gen-
eration of protein database search programs. Nucleic Acids Res
25:3389-3402

Basim H, Minsavage GV, Stall RE, Wang J-F, Shanker S, Jones JB
(2005) Characterization of a unique chromosomal copper resis-
tance gene cluster from Xanthomonas campestris pv. vesicatoria.
Appl Environ Microbiol 71:8284-8291

Ben-Chaim A, Borovsky Y, Falise M, Mazourek M, Kang BC, Paran
I, Jahn M (2006) QTL analysis for capsaicinoid content in Capsi-
cum. Theor Appl Genet 113:1481-1490

Chu Z, Yuan M, Yao J, Ge X, Yuan B, Xu C, Li X, Fu B, Li Z, Ben-
netzen JL, Zhang Q, Wang S (2006) Promoter mutations of an
essential gene for pollen development result in disease resistance
in rice. Gene Dev 20:1250-1255

Cook AA, Guevara YG (1984) Hypersensitivity in Capsicum chaco-
ense to race 1 of the bacterial spot pathogen of pepper. Plant Dis
68:329-330

Cook AA, Stall RE (1963) Inheritance of resistance in pepper to bac-
terial spot. Phytopathology 53:1060-1062

Dahlbeck D, Stall RE (1979) Mutations for change of race in cultures
of Xanthomonas vesicatoria. Phytopathology 69:634-636

Diaz-Pendon JA, Truniger V, Nieto C, Garcia-Mas J, Bendahmane A,
Aranda MA (2004) Advances in understanding recessive resis-
tance to plant viruses. Mol Plant Pathol 5:223-233

Gassmann W, Dahlbeck D, Chesnokova O, Minsavage GV, Jones JB,
Staskawicz BJ (2000) Molecular evolution of virulence in natural
field strains of Xanthomonas campestris pv. vesicatoria. J Bacte-
riol 182:7053-7059

Grant SR, Fisher EJ, Chang JH, Mole BM, Dangl JL (2006) Subterfuge
and manipulation: type III effector proteins of phytopathogenic
bacteria. Annu Rev Microbiol 60:425-449

Iyer AS, McCouch SR (2004) The rice bacterial blight resistance gene
xa5 encodes a novel form of disease resistance. Mol Plant Mi-
crobe Interact 17:1348-1354

Iyer-Pascuzzi AS, McCouch SR (2007) Recessive resistance genes and
the Oryza sativa—Xanthomonas oryzae pv. oryzae pathosystem.
Mol Plant Microbe Interact 20:731-739

Jones JDG, Dangl JL (2006) The plant immune system. Nature
444:323-329

Jones JB, Pohronezny K, Stall RE, Jones JP (1986) Survival of Xan-
thomonas campestris pv. vesicatoria in Florida on crop residue,
weeds, and volunteer tomato plants. Phytopathology 76:430—434

Jones JB, Minsavage GV, Roberts PD, Johnson RR, Kousik CS, Subr-
amanian S, Stall RE (2002) A non-hypersensitive resistance in
pepper to the bacterial spot pathogen is associated with two reces-
sive genes. Phytopathology 92:273-277

Jones JB, Lacy GH, Bouzar H, Stall RE, Schaad NW (2004) Reclassi-
fication of the xanthomonads associated with bacterial spot dis-
ease of tomato and pepper. Syst Appl Microbiol 27:755-762

Jgrgensen JH (1992) Discovery, characterization and exploitation of
MIlo powdery mildew resistance in barley. Euphytica 63:141-152

Kang B-C, Yeam I, Frantz JD, Murphy JF, Jahn MM (2005) The pvr!
locus in pepper encodes a translation initiation factor eIF4E that
interacts with Tobacco etch virus VPg. Plant J 42:392-405

@ Springer



46

Theor Appl Genet (2010) 121:37-46

Kim BS, Hartmann RW (1985) Inheritance of a gene (Bs3) conferring
hypersensitive resistance to Xanthomonas campestris pv. vesica-
toria in pepper (Capsicum annuum). Plant Dis 69:233-235

Kousik CS, Ritchie DE (1999) Development of bacterial spot on near-
isogenic lines of bell pepper carrying gene pyramids composed of
defeated major resistance genes. Phytopathology 89:1066-1072

Kwok S, Kellogg DE, McKinney N, Spasic D, Godal L, Levenson C,
Sninsky JJ (1990) Effects of primer - template mismatches on the
polymerase chain reaction: human immunodeficiency virus type
1 model studies. Nucleic Acids Res 18:999-1005

Lander ES, Green P, Abrahamson J, Barlow A, Daly MJ, Lincoln SE,
Newburg L (1987) MAPMAKER: an interactive computer pack-
age for constructing primary genetic linkage maps of experimen-
tal and natural populations. Genomics 1:174-181

Lincoln SE, Daly M, Lander ES (1992) Constructing genetic maps
with MAPMAKER/EXP 3.0. Whitehead Institute Technical Re-
port, 3rd edn. Whitehead Technical Institute, Cambridge

Livingstone KD, Lackney VK, Blauth JR, van Wijk R, Jahn MK
(1999) Genome mapping in Capsicum and the evolution of ge-
nome structure in the Solanaceae. Genetics 152:1183-1202

Marco GM, Stall RE (1983) Control of bacterial spot of pepper initi-
ated by strains of Xanthomonas campestris pv. vesicatoria that
differ in sensitivity to copper. Plant Dis 67:779-781

McCarter SM (1992) Effects of bactericide treatments on bacterial spot
severity and yield of different genotypes and on populations of
certain insects. Plant Dis 76:1042-1045

Michelmore RW, Paran I, Kesseli RV (1991) Identification of markers
linked to disease resistance genes by bulked segregant analysis: A
rapid method to detect markers in specific genomic regions by using
segregating populations. Proc Natl Acad Sci USA 88:9828-9832

Min W-K, Han J-H, Kang W-H, Lee H-R, Kim B-D (2008) Reverse
random amplified microsatellite polymorphism reveals enhanced
polymorphisms in the 3’ end of simple sequence repeats in the
pepper genome. Mol Cells 26:250-257

Minsavage GV, Dahlbeck D, Whalen MC, Kearney B, Bonas U, Sta-
skawicz BJ, Stall RE (1990) Gene-for-gene relationships specify-
ing disease resistance in Xanthomonas campestris pv. vesicatoria-
pepper interactions. Mol Plant Microbe Interact 3:41-47

Mueller LA, Solow TH, Skwarecki B, Taylor N, Buels R, Binns J, Lin
C, Wright MH, Ahrens R, Wang Y, Herbst EV, Keyder ER, Men-
da N, Zamir D, Tanksley SD (2005) The SOL Genomics Net-
work: a comparative resource for Solanaceae biology and beyond.
Plant Physiol 138:1310-1317

Nakayama RM, Matta FB (1985) “NuMex R Naky” chile pepper.
HortSci 20:961-962

Nicaise V, German-Retana S, Sanjuan R, Dubrana MP, Mazier M, Mai-
sonneuve B, Candresse T, Caranta C, LeGall O (2003) The eukary-
otic translation initiation factor 4E controls lettuce susceptibility to
the potyvirus Lettuce mosaic virus. Plant Physiol 132:1272-1282

Pohronezny K, Moss MA, Dankers W, Schenk J (1990) Dispersal and
management of Xanthomonas-campestris pv. vesicatoria during
thinning of direct-seeded tomato. Plant Dis 74:800-805

Prince JP, Pochard E, Tanksley SD (1993) Construction of a molecular
linkage map of pepper and a comparison of synteny with tomato.
Genome 36:404-417

@ Springer

Prince JP, Zhang Y, Radwanski ER, Kyle MM (1997) A high-yielding
and versatile DNA extraction protocol for capsicum. HortSci
32:937-939

Ritchie DF, Dittapongpitch V (1991) Copper- and streptomycin-resis-
tant strains and host differentiated races of Xanthomonas campes-
tris pv. vesicatoriai in North Carolina. Plant Dis 75:733-736

Rozen S, Skaletsky HJ (2000) Primer3 on the WWW for general users
and for biologist programmers. In: Krawetz S, Misener S (eds)
Bioinformatics methods and protocols: methods in molecular
biology. Humana Press, Totowa, pp 365-386

Ruffel S, Dussault MH, Palloix A, Moury B, Bendahmane A, Robaglia
C, Caranta C (2002) A natural recessive resistance gene against
Potato virus Y in pepper corresponds to the eukaryotic initiation
factor 4E (eIF4E). Plant J 32:1067-1075

Sahin F, Miller SA (1998) Resistance in Capsicum pubescens to Xan-
thomonas campestris pv. vesicatoria pepper race 6. Plant Dis
82:794-799

Stall RE, Thayer PL (1962) Streptomycin resistance of the bacterial
spot pathogen and control with streptomycin. Plant Dis Rep
46:389-392

Swords KMM, Dahlbeck D, Kearney B, Roy M, Staskawicz BJ (1996)
Spontaneous and induced mutations in a single open reading
frame to both virulence and avirulence in Xanthomonas campes-
tris pv. vesicatoria avrBs2. ] Bacteriol 178:4661-4669

Tanksley SD, Ganal MW, Prince JP, de-Vicente MC, Bonierbale MW,
Broun P, Fulton TM, Giovannoni JJ, Grandillo S, Martin GB,
Messeguer R, Miller JC, Miller L, Paterson AH, Pineda O, Roder
MS, Wing RA, Wu W, Young ND (1992) High density molecular
linkage maps of the tomato and potato genomes. Genetics
132:1141-1160

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG
(1997) The ClustalX windows interface: flexible strategies for
multiple sequence alignment aided by quality analysis tools. Nu-
cleic Acids Res 25:4876-4882

Vallejos CE (2007) An expedient and versatile protocol for extracting
high-quality plant DNA. Cold Spring Harbor Protocols.
doi:10.1101/pdb.prot4765. http://www.cshprotocols.org/

Vallejos CE, Sakiyama NS, Chase CD (1992) A molecular marker-
based linkage map of Phaseolus vulgaris L. Genetics 131:733—
740

Vallejos CE, Malandro JJ, Sheehy K, Zimmermann MJ (2000) Detec-
tion and cloning of expressed sequences linked to a target gene.
Theor Appl Genet 101:1109-1113

Vos P, Hogers R, Bleeker M, Reijans M, Vandelee T, Hornes M, Frij-
ters A, Pot J, Peleman J, Kuiper M, Zabeau M (1995) AFLP - A
new technique for DNA-fingerprinting. Nucleic Acids Res
23:4407-4414

Wu F, Eannetta NT, Xu Y, Durrett R, Mazourek M, Jahn MM, Tanks-
ley SD (2009) A COSII genetic map of the pepper genome pro-
vides a detailed picture of synteny with tomato and new insights
into recent chromosome evolution in the genus Capsicum. Theor
Appl Genet 118:1279-1293

Young ND, Zamir D, Ganal MW, Tanksley SD (1988) Use of isogenic
lines and simultaneous probing to identifty DNA markers tightly
linked to the Tm-2a gene in tomato. Genetics 120:579-585


http://dx.doi.org/10.1101/pdb.prot4765
http://www.cshprotocols.org/

	Characterization of two recessive genes controlling resistance to all races of bacterial spot in peppers
	Abstract
	Introduction
	Materials and methods
	Plant material
	Bacterial inoculations and evaluation of disease resistance
	RFLP and AFLP analyses
	Cloning of polymorphic amplicons
	Segregation and linkage analysis

	Results
	Genetic characterization of the recessive resistance
	Detection of polymorphic candidate markers
	Linkage analysis
	Development of PCR-based marker for bs5
	Functional analysis of the two recessive resistances

	Discussion
	Acknowledgments
	References




<<
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


