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Abstract - Rice blast, caused by a fungus Magnaporthe oryzae, is one of the most devastating diseases of rice worldwide.
Analyzing the valuable genetic resources is important in making progress towards blast resistance. Molecular screening of
major rice blast resistance (R) genes was determined in 2,509 accessions of rice germplasm from different geographic
regions of Asia and Europe using PCR based markers which showed linkage to twelve major blast R genes, Pik-p, Pi39, Pit,
Pik-m, Pi-d(t)2, Pii, Pib, Pik, Pita, Pita/Pita-2, Pi5, and Piz-t. Out of 2,509 accessions, only two accessions had maximum
nine blast resistance genes followed by eighteen accessions each with eight R genes. The polygenic combination of three
genes was possessed by maximum number of accessions (824), while among others 48 accessions possessed seven genes,
119 accessions had six genes, 267 accessions had five genes, 487 accessions had four genes, 646 accessions had two genes,
and 98 accessions had single R gene. The Pik-p gene appeared to be omnipresent and was detected in all germplasm.
Furthermore, principal component analysis (PCA) indicated that Pita, Pita/Pita-2, Pi-d(t)2, Pib and Pit were the major
genes responsible for resistance in the germplasm. The present investigation revealed that a set of 68 elite germplasm
accessions would have a competitive edge over the current resistance donors being utilized in the breeding programs.
Overall, these results might be useful to identify and incorporate the resistance genes from germplasm into elite cultivars
through marker assisted selection in rice breeding.
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Introduction different factors such as growth stage of the plant at the time

of infection, its resistance level and prevailing environmental

Rice (Oryza sativa L.) is one of the most important cereal conditions contribute towards the crop losses. Previously,

crops that feed half of the global population (Khush, 2004).

Due to different types of biotic and abiotic stresses, rice

different yield losses have been reported ranging from 5 to
10%, 8%, 14%, and 50 to 85% in India, Korea, China, and the

production is less (5 tons/ha) than its average yield potential Philippines, respectively (Padmanabhan, 1965). Therefore,

(10 tons/ha) (Khush and Jena, 2009). Among the biotic

stresses, blast caused by Magnaporthe oryzae has been

the most effective way to control blast is to use resistant
cultivars.

reported as a major contributor to the yield gap (Sharma et al., In the past two decades, many advances have been attained

2012) in the rice growing ecosystems. Manipulation of
disease resistance in rice has been a key objective in all rice
breeding programs to maintain the production because many
plant pathogens evolve quickly and may breakdown the
resistance developed by resistance (R) genes (Pink, 2002)

that will result in the form of disease spread. In this respect,
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by exploring the genetics of resistance to the blast disease.
Both conventional and molecular genetic techniques have
played their role to identify more than 100 genes for
resistance to blast from japonica (45%), indica (51%), and
other (4%) genotypes (Sharma et al., 2012). Generally,
differential physiological races of M. oryzae are being used to
identify R genes in landraces, cultivars, and wild rice
collections (Tanksley et al., 1997). Resistance to blast is

considered as a monogenic trait as some varieties are resistant
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to one race and susceptible to another. For example,
Piricularia (pi) genes confer complete resistance to those
strains which bear related avirulence (4vr) genes. This
strategy of using single genes is successful with known and
targeted strains but variable nature of M. oryzae pathogen
breaks this resistance (Han et al., 2001). Such resistance is
controlled by gene-for-gene hypothesis that leads towards
incompatibility due to interaction between R:Avr genes.
Thus, in the development of durable resistant varieties, both
major and minor genes can contribute collectively towards
persistent resistance (Wang et al., 1994).

The R genes are being widely used in crop breeding for
protection against various diseases. According to a previous
report, these R genes, except chromosome 3 showed presence
on all 12 chromosomes (Yang et al., 2008) and most of them
clustered on regions of chromosome 6, 11, and 12 (Ballini et
al., 2008). Twenty-two R genes have been cloned and many
have been mapped in different rice varieties of japonica,
indica, and wild species. Some of the R genes such as Pi39(7),
Pi5, Pik, Pik-p, Pita, Pita-2, and Piz-t have been reported for
broad-spectrum resistance (BSR) (Liu ef al., 2007; Yang et
al., 2008; Cho et al., 2007) and other genes such as Pib, Pii,
Pik-m, Pit, and Pi-d(t)2 confer race specific resistance (RSR)
(Chen et al., 2006; Ashikawa et al., 2008; Hayashi et al.,
2009; Yang et al., 2008). Molecular markers linked to these
genes are used in marker assisted selection (MAS) to provide
broad resistance in the field. Many R linked markers such as
RM3, RM247, T311, JJ113-T3, and YL155/87 have been
discovered in previous reports (Jia et al., 2002; Liu et al.,
2007; Chen et al., 2004; Hayashi et al. 2006) that could be
used in MAS programs. MAS has the advantage for the blast
control, functioning in accordance with the gene-for-gene
hypothesis, it contributes in selecting the traits of interest
along with linked molecular markers. With the progress in
knowledge about blast resistance, different strategies have
been used for breeding blast resistance that includes multilines,
mixtures, and pyramiding (Abe, 2004; Zhu et al., 2000).
MAS has been used in pyramiding to confirm the presence of
multiple genes and screening of populations to track the
introgression of genes (Kelly, 1995). However, the changing
nature of pathogen demands positive screening and identification

for more blast R genes in germplasm.

Crop germplasm collections including landraces and wild
relatives have been maintained in gene banks in different
countries. These collections provide a favorable gene pool for
specific traits such as resistance to blast. Previously, Pi9 from
Oryza minuta and Pupl locus from traditional cultivar
Kasalath have been reported for their contribution towards
resistance breeding (Qu et al., 2006; Gamuyao et al., 2012).
Thus, it is vital to explore the germplasm for its function and
potential use in future breeding and food security. Therefore,
the present study was carried out to assess the distribution of
blast R genes in recent collections of rice germplasm and
selection of resistant sources to develop high yielding rice

varieties.

Materials and Methods

Plant materials and DNA extraction

The experimental material was comprised of 2,509 accessions
of rice (Oryza sativa L.) collected from seven geographical
regions of the world (24 countries) (Table 1). All the
germplasm accessions used in this study were acquired from
National Agrobiodiversity Center (NAS, RDA, Republic of
Korea). The seeds were germinated and grown in the green
house. Young leaves from two week old plantlets were used
for DNA extraction. Genomic DNA was extracted according
to the Qiagen DNeasy Plant Mini Kit protocol (QIAGEN,
Germany). The concentrations of DNA were estimated using
Take3™ Micro-Volume Plate (BioTek Instruments, Inc.,

USA) and final adjustment was made at 100 ng/p L.

Gene specific markers

The whole germplasm collection of rice accessions was
screened for the presence of twelve major blast resistance
genes such as Pik-p, Pi39, Pit, pik-m, Pi-d(t)2, Pii, Pib, Pik,
Pita, Pita/Pita-2, Pi5, and Piz-t using a set of SNP, SSR, and
InDel markers (Table 2). All the markers were selected to
identify the blast resistance genes in the germplasm used in
this study.

Marker analysis
Gene specific markers were employed for genotyping by

examining the presence or absence of an amplified product.
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Table 1. Details of 2,509 accessions of rice (Oryza sativa L.) acquired from National Agrobiodiversity Center (NAS, RDA, Republic
of Korea)

Region Country Abbreviation I;I::z:;:);f Region Country Abbreviation I;I::z:;:);f
Eastern Asia Japan JPN 756 Central Asia Uzbekistan UZB 12
South Korea KOR 748 Azerbaijan AZE 05
China CHN 401 Kazakhstan KAZ 02
Taiwan TWN 100 Kyrgyzstan KGz 02
Hong Kong HKG 01 Northern Asia Russia RUS 12
Southeastern Asia  Philippines PHL 323 Western Asia Turkey TUR 04
Viet Nam VNM 17 Iran IRN 03
Myanmar MMR 02 Europe Italy ITA 20
Cambodia KHM 06 Hungary HUN 05
Southern Asia Afghanistan AFG 02 Spain ESP 04
Bangladesh BGD 09
India IND 35
Pakistan PAK 29
Nepal NPL 11

Table 2. List of blast resistance genes and specific primers used for the amplification of genes in 2509 accessions of rice

Linked Type of Expected ~ Chromos- Donor Type of

Gene marker marker Primer Sequences Specificity size (bp) ome locus varieties rice References
F-GGTGTTTGGGAACCTGAACCTGAACCCTA + Havashi ef al
Pik-p k39575 SNP  F-GGTGTTTGGGAACCTGAACCCTG - 158 11 K60 Japonica 4 2006 '
R-TTTCTGTTCGTCGGATGCTC
. F-TAGTGCCGATCGATGTAACG . .
Pi39 RM247 SSR R-CATATGG GAC GCG 155 12 QIs Japonica Liu et al. 2007
F-CGTGAACCCAATGCACCAGTATTA + Havashi ef al
Pit t311(k59) SNP  F-CGTGAACCCAAGGCACCAGTATTC - 287 1 K59 Indica 4 20 066 at
R-CATGTAGTTCTGGATGTTGTAGCTACTC
F-GCAGATGCATCAGCCAGTGAGTT + Havashi et af
Pik-m k4731 SNP  F-GCAGATGCATCAGCCAGTGAGTG - 171 11 Tsuyuake  Japonica 4 200 66 at
R-GTGCAGGACCGGCACGCAG
X F-ACACTGTAGCGGCCACTG . .
Pi-d()2 RM3 SSR R-CCTCCACTGCTCCACATCTT 120 6 Digu Indica Chen et al. 2004
F-GGATGATGTGATCTGCAGAG S . Yietal 2004,
ii _ +
Pii JI113-T3 SNP R-CTCTTGGTGATCTTTGTTAC 484 9 Ishikari shiroke Japonica Ise 1991
. . F-GAACAATGCCCAAACTTGAGA . . Fjellstrom et al.
+ -
Pib Pibdom SSR R-GGGTCCACATGTCAGTGAGC 365 2 Te-Qing Indica 2004
F-GCGACCCTGTCTTTGGACTGG + Hayashi ef al
Pik k6438 SNP  F-GCGACCCTGTCTTTGGACTGC - 226 11 Kanto 51  Japonica Y 2006 ’
R-GAATGATGAGGAGAGAAGGCTGTCG
F-AGCAGGTTATAAGCTAGGCC + .
Pita’ iﬁg;g F-AGCAGGTTATAAGCTAGCTAT - 1042 12 Katy Japonica ' E’ng)‘ 42002’
R-CTACCAACAAGTTCATCAAA
F-CAGCGAACTCCTTCGCATACGCA + Yashiromochi Havashi ef al
Pita/Pita-2 ta5 InDel F-CAGCGAACTCCTTCGCATACGCG - 515 12 (Pita), Pi No. 4 Japonica 4 20 066 at
R-CGAAAGGTGTATGCACTATAGTATCC (Pita-2)
F-GATATGGTTGAAAAGCTAATCTCA .
. n :
Pi5 11817 SNP RATCATTGTCCTTCATATTCAGAGT 1450 9 RIL260 Japonica Cho et al. 2007
F-TTGCTGAGCCATTGTTAAACA + Hayashi ef al
Pizt  #56591  SNP  F-TTGCTGAGCCATTGTTAAACG ; 257 6 Toride 1 Japonica Yoo ¢ ab

R-ATCTCTTCATATATATGAAGGCCAC

2006

“+: Resistant specific and -: susceptible specific primers, *dominant marker.
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The amplifications were carried out in 20 p L of reaction mixture
containing 40 ng of genomic DNA, 0.5 u L of each primer (10
picomoles), 10x buffer 2 u L, 1 U of Tag DNA polymerase
(Promega Co, USA), 1 p L of INTP (2.5 mM), and 14.85 p L
nuclease-free water. DNA amplifications were performed in
PTC-100 thermal controller (MJ Research Watertown, MA,
USA). Thermal cycling program involved an initial denaturation
at 94°C for 5 min, followed by 35 cycles of denaturation at
94°C for 40 sec, annealing at 50-55°C for 30 sec, primer
extension at 72°C for 30 Sec, followed by a final extension at
72°C for 10 min. The amplifications from SSR markers were
sized using high-resolution capillary electrophoresis on a
QI Axcel system (Qiagen, Germany), while all other amplifications
were performed using 2% agarose gel to visualize the
banding pattern at >20 bp product size between the alleles.
The amplified fragments using markers were scored as
presence (1) or absence (0) of amplicon linked to each gene
DNA fragment.

Data analysis

The data was analyzed by principal component analysis
(PCA) in Microsoft excel by add-in “Multibase” package
(http://www.numericaldynamics.com). Rice blast resistance
genes and rice accessions were examined for identifying the
presence of principal components that may segregate germplasm
into different regional classes. There were 12 variables

(values of rice blast genes) in our data.

Results

Screening of rice blast resistance genes

The whole collection of rice germplasm was subjected to
PCR-based markers to get data for the amplification patterns
of resistance genes against rice blast using BSR (Pik-p, Pi39,
Pik, Pita, Pita/Pita-2, Pi5, Piz-f) and RSR (Pit, Pik-m, Pi-d(t)2,
Pii, Pib) genes. All the 2,509 accessions of different geographic
origins possessed one or more blast resistance genes on the
basis of positive bands for different markers (Fig. 1a). Among
these R genes, Pik-p was widely distributed in 2,509 (100 %)
accessions. The second most disseminated R gene was Pi39
in 1,680 accessions followed by Pit in 1,007, Pik-m in 836,

Pibin470, Pi-d(t)2 in 462, Pii in 456, Pita in 275, Pik in 254,
and Pita/Pita-2 in 259 accessions, whereas Pi5 and Piz-t were
comparatively less amplified in 90 and 59 accessions, respecti-
vely.

Most of the accessions in the entire collection contained
one to nine different R genes. Only two accessions had maximum
nine blast resistance genes, while 18 accessions possessed
eight blast resistance genes (Fig. 1b). Among other R genes,
forty-eight accessions had seven genes, 119 accessions had
six genes, 267 accessions had five genes, 487 accessions had
four genes, 824 accessions had three genes, 646 accessions
had two genes, and 98 accessions had only one gene. There
was not a single accession found without any R gene in the
present study. All the 98 monogenic accessions held Pik-p
gene to resist the rice blast. Two accessions which possessed
the highest number of R genes belong to Chinese germplasm,
while eighteen accessions, each of them with eight R genes
belong to different countries including the Philippines, South
Korea, China, Cambodia, and Viet Nam bearing six, five,
three (both for CHN and KHM) and one accession, respectively

(Fig. 2).

Blast resistance genes

(b) <00

824
646
600
487

3 267

98 119

I -
0 -

1 2 3 4 5 6 7 8

9

Number of accessions

8

Number of resistance genes

Fig. 1. Frequency distribution of blast resistance genes. (a)
Frequency of 12 R genes among 2,509 accessions of rice
(Oryza sativa L.), (b) frequency of rice accessions bearing
variable number of blast resistance genes.
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Fig. 2. Twenty rice accessions with highest number of
resistance genes along with country of origin. Blue, and
brown bars show 8, and 9 genes per accession, respectively.

Genetic diversity of BSR genes

The Pik multi-gene family comprised of three genes including
Pik-p, Pik-m, and Pik and located on chromosome 11. Among
them Pik-P was the most dominant gene, having been
detected in all germplasm accessions from Asia and Europe
(Table 3). Similarly, Pik gene was detected in 234, 13, and 4
accessions from Eastern, Southeastern, and Southern Asia,
respectively, whereas a single accession from each of the
Northern, and Western Asia and Europe expressed Pik gene.
As a whole, 836 (33.3%) accessions had a combination of
Pik-p, and Pik-m (RSR) genes. Furthermore, seventy-nine
accessions showed positive results for all the three Pik multi
genes. The Pi39 was the second most dominant gene with its
presence from minimum 5 accessions in Western Asia to
maximum 1,499 accessions in Eastern Asia. The Pita gene
was expressed in 155, 111, and 9 accessions, while Pita/Pita-2
was detected in 166, 85, and 8 accessions in Eastern,
Southeastern, and Southern Asian germplasm, respectively.

Moreover, a combination of Pita and Pita/Pita-2 genes was

observed in 199 accessions (7.9%). However, both Pita and
Pita/Pita-2 genes did not amplify in the rest of the germplasm
studied here (Table 3). The Pi5 gene was present in 51, 32,
and 5 accessions from Southeastern, Eastern, and Southern
Asia, respectively, including two accessions from Western
Asia. Similarly, Piz-t was detected in 30, and 28 accessions
from Eastern and Southeastern Asian germplasm, respectively.
There was also a single accession from Bangladesh in the

Southern Asia, which held Piz-¢ gene.

Genetic diversity of RSR genes

The Pit gene showed its presence in the whole set of
germplasm in various frequencies except Northern Asia.
Eastern Asia had highest number of accessions (747) with Pit
gene followed by Southeastern, and Southern Asia, and
Europe with 202, 49, and 6 accessions, respectively. Whereas,
two accessions from Western Asia and a single accession
from Central Asia expressed Pit gene. The Pik-m gene was
also expressed in the germplasm collected from all seven
regions showing lowest presence (4 accessions) in Northern
Asia and highest (618 accessions) in eastern Asia. The
Pi-d(t)2 gene was possessed in 283, 157, and 19 accessions
from Eastern, Southeastern, and Southern Asia, respectively.
Among other regions, each of the Central, and Western Asia,
and Europe demonstrated a single accession with Pi-d(?)2
gene. Similarly, the Pii gene was observed in Eastern,
Southeastern, and Southern Asian and European germplasm
with 349, 80, 12, and 8 accessions, respectively. Central
Asian germplasm depicted only one accession, while Northern
and Western Asia each possessed three accessions bearing
the Pii gene. The RSR genes Pit and Pi-d(t)2 were present in

the same single accession from Uzbekistan in Central Asia,

Table 3. Region-wise distribution of resistance genes in present collection of rice germplasm

Region Pik-p  Pi39 Pit Pik-m  Pi-d(t)2  Pii Pib Pik Pita  Pita, Pita-2 Pi5  Piz-t
Eastern Asia 2006 1499 747 618 283 349 321 234 155 166 32 30
Southeastern Asia 348 102 202 153 157 80 130 13 111 85 51 28
Southern Asia 86 28 49 33 19 12 13 4 9 8 5 1
Central Asia 21 14 1 12 1 1 0 0 0 0 0 0
Northern Asia 12 8 0 4 0 3 0 1 0 0 0 0
Western Asia 7 5 2 5 1 3 0 1 0 0 2 0
Europe 29 24 6 11 1 8 6 1 0 0 0 0
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while the Pii gene was detected in an another accession from
the same country. The Pib gene was amplified in 321, 130,
and 13 accessions from Eastern, Southeastern, and Southern
Asia, respectively, while it did not amplify in germplasm
from Central, Northern, and Western Asia. There were also

six accessions from Europe, which expressed Pib gene (Table 3).

Principal component analysis (PCA)

The PCA has been reported useful to determine the
important variables and genetic variation among plant accessions
(Shankar et al., 2009). Therefore, the general pattern of
variation of rice blast resistance genes and rice germplasm
was observed by PCA, which revealed the contribution and
relation among 12 R genes (Fig. 3). The first two principal
components (PCs) accounted for 19.5 and 12.4% of total
variability, respectively. The PC1 was correlated with all R
genes except Pi39 and Pik, however these R genes showed
correlation in PC2. Among R genes Pi-d(t)2, Pib, Pita, and
Pita/Pita-2 were more important than other variables in
constructing PC1 (Fig. 3b). The overall analysis indicated
that North Asian germplasm clustered on the left part of the
PCA graph with a higher proportion of accessions holding
Pi39, Pik-p, Pik-m, and Pii genes, while Central and West
Asian, and European germplasm was located on the lower
right part with more accessions showing Pi39, Pik-m, Pii, and
Pit genes, including Pi-d(t)2 which was present in one
accession from each region (Fig. 3, Table 3). The majority of

accessions from Southern, Southeastern, and Eastern Asia

@)

NAsia S E Asia
E Asia

S Asia

WAsa

PC2(12.4%)

PC1 (195%)

were located on the upper right side of the graph. These three
regions were influenced by Pi-d(t)2, Pita, Pita/Pita-2, Pib,
and Pit genes in wider extent and Pi5, Pik-m, piz-t, Pii, Pi39,
and Pik genes from moderate to lesser extent. The Pik-p gene
remained with no influence on resistance holding its position

at zero scale in PCA analysis (Fig. 3).

Selection of elite sources for resistance breeding

Based on the findings from this study a set of 68 accessions
of elite germplasm expressing higher number of R genes was
identified from Eastern, Southeastern, and Southern Asia.
Among fourteen selected accessions from Chinese germplasm,
two accessions (K115566, IT114581) held highest number
(9) of R genes followed by three and nine accessions each
with eight and seven genes, respectively. The Piz-¢ gene was
absent in Chinese germplasm, whereas Pik gene was present
in a single accession (Table 4). Korean germplasm also
contributed with five and eleven accessions bearing eight and
seven genes (Pik-p, Pi39, Pii, Pik-m, Pi-d(t)2, Pib, Pita, and
Pita/Pita-2), respectively, whereas only single accession
(IT17707) from Japanese collection exhibited seven genes.
Among the selected germplasm, 23% are the landraces
collected from various parts of South Korea. The germplasm
from Southeastern Asia contributed 32 accessions that
include twenty-five from Philippines, five from Cambodia,
and two from Viet Nam bearing seven to eight genes. All the
germplasm from Philippines were obtained from International

Rice Research Institute (IRRI). Southern Asia was represented

Pi39 2543 Pita/Fita2
pik ° Pita
pikam
L]
L]
°
oM . 0427 Pidit2
- -
g . pib
£
it
g ° £
2 C
pis
.

PC1 (18.5% )

Fig. 3. Principal component analysis of randomly selected rice germplasm (653 accessions) based on twelve resistance genes. PC1
and PC2 are the first and second principal components, respectively. (a) PCA was done among germplasm collected from seven
different geographical regions of Asia and Europe. The colors were coded according to regions: Eastern Asia, red; Southern Asia,
green; Southeastern Asia, light blue; Europe, purple; Central Asia, yellow; Western Asia, blue-green; Northern Asia, slate-blue. (b)
The overall variance and 12 mostly contributing resistance genes in these two components.
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Table 4. Details of sixty-eight elite germplasm accessions bearing seven to nine rice blast resistance genes

Arfﬁrerfg;‘;“ Country Pikp P39  Pit Pik-m Pi-d®2 Pii  Pib Pk  Pita 1};:1/2 PiS  Pizt Total
K115566 CHN + - + + + + + - + + + - 9
IT114581 CHN + + + + + + - - + + + - 9
K115565 CHN + + - + - + + - + + + - 8
IT110068 CHN + - + + + + - - + + + - 8
1219967 CHN + - + - + + + - + + + - 8
K174878 CHN + + + + - - + - + + . . 7
1T275266 CHN + + - + - + + - + + - - 7
17275268 CHN + + - + - + + - + + - - 7
1T275307 CHN + + - + - + + - + + - - 7
K179078 CHN + + + + + - + + - - - _ 7
K115661 CHN + - + + + - + - + + R _ 7
IT219970 CHN + - + - + + - - + + + - 7
1T251604 CHN + + + - + - + - + + _ . 7
1T264912 CHN + + + - + + - - + + R _ 7
17212003 KOR + + - + + - + - + + - + 8
17259452 KOR + + + + - - + - + + _ 4 8
K115016 KOR + - + + + - + - + T + R 8
17283524 KOR + + + + + - + - + + - _ 8
K115407 KOR + + + + + - + - + + _ _ 8
1T192004 KOR + + - + + - + - T + - _ 7
1T212028 KOR + + + - + - + - + + _ . 7
K023073 KOR + + + + + - - - + + _ _ 7
1T251452 KOR + - + + + - + - + + R _ 7
1T268126 KOR + + + + + + - - + R R _ 7
K179257 KOR + + - + - - + + + + - - 7
K115021 KOR + - + + + - + - + + R R 7
K115413 KOR + - + + + - + - + + _ . 7
K115417 KOR + - + + + - + - + T R R 7
K115418 KOR + - + + + - + - + + R _ 7
K115419 KOR + + + + + - + - + - - - 7
IT17707 JPN + + + + - + + + - - - - 7
1T102255 PHL + + + + - - + - + + _ + 8
1T122817 PHL + + + + - - + - + + - + 8
1T122884 PHL + + + + - + + - R - + + 8
1T265437 PHL + + + + - - + - + + . + 8
1T284228 PHL + + + - - + - - + + + + 8
1T102017 PHL + - - + + + + - + + + - 8
1T9592 PHL + - + + + + + - - - + - 7
1T122675 PHL + - + + + - + - + + R . 7
1T122759 PHL + - + + + - + - + + R . 7
1T122772 PHL + + + + - - + - T + - _ 7
1T122848 PHL + + + + + + + - - - - - 7
1T228658 PHL + + + + + - + - + R _ . 7
1T268017 PHL + - - + + + + - - + + - 7
K115081 PHL + + + + + - - - + + R R 7
1T267996 PHL + + + + + - + - + R _ . 7
17267999 PHL + + + + - - + - - - + + 7
K115166 PHL + - + + - - + - + - + + 7
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Table 4. Details of sixty-eight elite germplasm accessions bearing seven to nine rice blast resistance genes (Continued)

Aj&fﬁ;’“ Country Pikp Pi39  Pit Pik-m Pi-d®2 Pii  Pib Pk Pita p?i/z Pi5  Pizt Total
1T265427 PHL + X - - + + + - + + - + 7
IT101911 PHL + - - - + + + + + + - - 7
IT101970 PHL + - - + + + + - + + - R 7
IT102078 PHL + - + + + - - - - + + + 7
1T102183 PHL + - - - + + + - + + + - 7
IT102193 PHL + - - - + + + - + + + - 7
IT102256 PHL + - - + + + + - - + + R 7
IT102265 PHL + + - + + - - - + + + - 7
1T265931 VNM + - - + + + + - + + + - 8
1T265530 VNM + - + + + - + - T + - . 7
1T268279 KHM + - - + + + + - + + + - 8
1T268280 KHM + + + + + + + - + - - - 8
1T268278 KHM + + + + + + + - + - - - 8
1T227062 KHM + + + - + - + - + + - - 7
1T268289 KHM + - - + + + - - + + + - 7
IT219152 IND + + + + + - - - + + R - 7
IT219153 IND + + + + + - - - + + _ _ 7
K177612 IND + - + + + - + - + + - _ 7
1T275312 IND + - + + + - + - + + - R 7
17265398 IND + + + + + - + + - - - - 7

“Total number of genes per accession, *+: Presence of amplicon linked to R gene,

by only five Indian accessions bearing seven R genes such as
Pik-p, Pit, Pik-m, Pi-d(1)2, Pib, Pita, and Pita/Pita-2 (Table 4).

Discussion

Genetic analysis of blast resistance by several researchers
have pointed out the possible nature of resistance controlled
by single dominant or recessive gene, two dominant independent
or complementary genes, and/or parental resistance controlled
by minor genes (Rath and Padmanahan, 1972; Padmanabhan,
1965; Higashi et al., 1985). Moreover, genetic instability of
M. oryzae as well as host-specificity has made it difficult to
breed for blast resistance (Pink, 2002). Host resistance has
resulted in the form of short-life even in the improved
varieties due to changes in the pathogen’s race composition.
Therefore, employment of multiple genes should be the target
of breeding for stable resistance along with continuous search
of new gene resources for gene pyramiding. This notion
inspired us to undertake this large scale screening for the
selection of resistant sources for future breeding of rice.

In search of good genetic resources of rice, we employed

X

- Absence of amplicon linked to R gene.

gene specific markers to study blast resistance genes which
showed a frequency range of 2 (Piz-¢) to 100% (Pik-p) (Fig.
1). A similar outcome has been reported earlier by Kim ez al.
[(6 R genes) 2010], and Imam ef al. [(9 R genes) 2014] in the
different select set of germplasm with frequency ranges of 30
t0 99%, and 6 to 97%, respectively. As the breakdown of blast
resistance occurs due to the emergence of stronger strains of
fungus (Han et al., 2001), a higher frequency of R genes in the
plants might be helpful in combating with a range of virulent
strains.

The Pik multi genes including Pik-p, Pik-m, and Pik,
located on chromosome 11 were possessed by 100, 33, and
10% accessions, which were collected from different ecosystems
across the globe (Fig. 1a). The same set of Pik multi genes
showed higher presence in germplasm from Eastern Asia,
while lowest in Northern Asia (Table 3). According to Song
et al. (2014) in Korean landraces (Pik-m 36.2%) and Zhai et
al. (2011) in Chinese germplasm, Pik-m was responsible for
the stable resistance. Whereas Pik-p was more frequent in the
present study with the possibility of minimum influence

alone (Fig. 3). Though the Pik-m gene is composed of two or
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more genetic factors and has an RSR spectrum compared to
Pik (Ashikawa et al., 2008), probability of overlap between
Pik and Pik-m becomes higher and leads to a similar level of
response to blast isolates. Considering the race specificities of
these alleles, a “stair-type” resistance was observed among
Pik alleles in Japanese blast pathogen population and strength
of these alleles was ranked in order Pik-m > Pik > Pik-p
(Kiyosawa, 1987). In contrast, Wang et al. (2009) found a
variation of this pattern in Chinese isolates. These findings
indicated that the Pik alleles Pik-p, Pik-m, and Pik are
independent R genes which produce differential reactions
against various isolates. Hence, Pik-p in combination with
Pik-m, and Pik in rice growing areas could be effectively used
in selection of resistant germplasm.

The resistance pattern for Pi39 was observed in large
number of accessions, 1,499 (75%), and 102 (29%) from
Eastern and Southeastern Asia, respectively. Among Eastern
Asia, Japanese and Korean germplasm followed by Chinese
showed higher frequencies of Pi39 compared to Taiwan and
Southeastern countries such as the Philippines, Cambodia,
and Viet Nam (data not shown). Our results for Pi39 are
comparable with the findings of Liu ef al. (2007), who tested
475 isolates collected from different regions of China and
revealed that Pi39 is responsible for broad-spectrum
resistance in Chinese germplasm. However, Song ef al.
(2014) had reported <10% frequency distribution of Pi39 in
Korean landraces of rice that might be due to less number of
accessions used in their study. The Pi39 gene is part of a big
cluster with other R genes on Chromosome 12 against same
pathogen that indicates involvement of a common genetic
mechanism (Liu et al., 2007). Thus germplasm bearing Pi39,
a broad-spectrum resistance gene could be utilized for
resistance breeding.

The Pit, a major resistance gene on chromosome 1 has
been reported for resistance in indica rice varieties ‘Tjahaja’
in Indonesia (Hayashi and Yoshida, 2009) and ‘K59’ in
Northern China (Song et al. 2009). The Pit gene was present
in the whole germplasm collection (40%) except Northern
Asia in the present study and it was in higher percentage than
the outcome of Song et al. [(13.6%) 2014], while less than
that reported by Li ef al. [(100% from 35 accessions) 2013].

All the Eastern Asian germplasm studied here, including

Korean, Japanese, and Chinese germplasm possessed Pit
gene in the range of 30 to 54% (data not shown). However,
Cho et al. (2007) couldn’t identify Pit gene in any major
Korean rice variety. The Pit gene is also a single copy gene in
rice genome and functions in a gene for gene manner against
pathogen. Thus germplasm bearing the Pit gene alone or in
combination with other R genes could be a better parental
source for breeding.

The Pi-d(t)2, also known as Pi-d2 has been reported in
Chinese indica rice variety ‘Digu’ for conferring resistance
against a blast strain ZB15. Previously, Chen et al. (2006)
employed transgenic plants carrying Pi-d(z)2 and found
strong resistance against the pathogen. All the germplasm
used in the present study showed presence of Pi-d(z)2 in multi
gene manner except Northern Asia, where this gene was
absent (Table 3). Our results regarding Pi-d(2)2 in combination
with other R genes support the outcome of Chen ef al. (2006).
These authors identified three blast R genes Pi-d!, Pi-d2, and
Pi-d3 in ‘Digu’ and found that these genes confer race specific
disease resistance, instead Digu showed broad spectrum
resistance (Chen et al., 2006) that indicates the involvement
of two or more genes to confer resistance against M. oryzae
strains.

The Pii and Pib genes were moderately distributed in the
present study with least representation of Pii in Centeral Asia
and non in case of Pib in the Central, Northern, and Western
Asia. Previously, Pii has been reported among the weaker
effect R genes carried by native Japanese cultivar Fujisaka 5
(Kiyosawa, 1974) and Pib couldn’t exhibit resistance in the
bearer germplasm and near isogenic lines evaluated by Variar
et al. (2009). Therefore, gene pyramiding with other weaker
or stronger R genes might be a good strategy to assemble
better combinations that possess durable resistance without
damaging other agronomic traits.

The pita, and Pita/Pita-2 genes were diverse in the germplasm
from Eastern, Southeastern, and Southern Asia (Table 3).
Furthermore, within the respective regions Korean, Philippines,
and Indian rice germplasm showed diverse nature and potential
source for resistance breeding against blast (data not shown).
Similar findings were reported earlier that Pita-2 was more
effective in thwarting infection (Imam et al., (2014), while

Pita was validated against rice blast in the Indian rice (Shikari
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et al., 2013). Jia (2009) also tried to estimate the resistance
spectra of Pita by using recombinant inbred lines. However,
spectrum of Pita mediated resistance is not clear due to
linkage drag. The Pita genes have been originated from
several cultivars of indica such as Tetep and japonica such as
Katy, and Yashiromochi (Cho et al., 2008; Jia et al., 2002;
Hayashi et al., 2006). These genes can be assessed in the
selected germplasm for further introgression by MAS at an
early stage of selection with accuracy.

The Pi5 and Piz-t were less frequently detected by marker
amplifications in the geographical regions studied here.
There was no monogenic accession found with either of the
two genes in the present collection of germplasm. The Pi5 has
been reported to confer resistance to many isolates of M.
oryzae collected from Philippines and Korea, however Pi5
needs two gene products (Pi5-1, Pi5-2) to mediate resistance
(Lee et al., 2009). Similar to many other R genes, both Pi5
and Piz-t work in a combination of other R genes as
emphasized by Hayashi et al. (2004) and evidenced from a
previous study of Imam et al. (2014), where Piz-t and Piz
have been used to show resistance in Japanese cultivars.
Therefore, understanding the diversity of the specific gene is
essential for integration of genes into rice breeding using
MAS.

Furthermore, the PCA of cultivated rice accessions explained
region wise variation of R genes. The resistance against blast
was incurred by Pi-d(t)2, Pib, Pita, Pita/Pita-2, Pit, and
Pik-m genes in Southern, Southeastern, and Eastern Asian
regions including Western Asia. Similarly, in Northern and
Central Asia including Europe the resistance was due to Pi39,
Pik, Pii, and Pi5 genes. Interestingly the accessions from
Eastern and Southeastern Asia were relatively rich with
major R genes such as Pi-d(%)2, Pita, Pita/Pita-2 and Pik-m. It
means that genetic diversity of rice accessions originated
from Eastern and Southeastern Asia is much richer than
Europe and rest of Asian regions that needs to be exploited.

Genotyping with gene specific markers helped us to identify
12 major blast resistance genes in germplasm collected from
Asia and Europe. Monogenic lines are best to determine
resistance spectra of individual R genes (Tsunematsu et al.,
2000) but polygenic lines are necessary to study the epistatic

interactions among different combinations of R genes such as

Pik-p, Pik-m, Pita, and Pi39, Pita/Pita-2 or Pii and Pi5.
Several germplasm studied here had multiple resistance gene
grouping that require virulence analyses using specific
isolates to unravel the response of these genes. Previously,
Cho et al. (2007) screened the major R genes such as Pi5 and
Pik-m in only two Korean rice varieties Taebaeg and Seogan,
respectively. Similarly, Piz-t was present in three varieties
such as Baegunchal, Hangangchal, Samgang. The elite material
is necessary to recover a competitive and resistant progeny
against pathogen. Hence, the presence of all the major R
genes in the proposed list of germplasm (Table 4) could be
used as donor parents to fulfil the gap of missing R genes,
while developing new cultivars with multiple genes integrated
and resistance enhanced to rice blast fungus in Korean rice.
Furthermore, gene pyramiding of Pik-m [or Pik], Pita [or
Pita-2], Pii [or Pi5], Pi-d(t)2 and Pi39 can possibly be

effective to gain broad-spectrum blast resistance.

Acknowledgement

This study was supported by a grant (Code no. PJO10871
042016) from the National Institute of Agricultural Sciences,
RDA, Republic of Korea.

References

Abe, S. 2004. Breeding of a blast resistant multiline variety of
rice, Sasanishiki BL. Jpn. Agr. Res. Q. 38:149-154.

Ashikawa, 1., N. Hayashi, H. Yamane, H. Kanamori, J. Wu, T.
Matsumoto, K. Ono and M. Yano. 2008. Two adjacent
nucleotide binding site-leucine-rich repeat class genes are
required to confer Pikm-specific rice blast resistance.
Genetics 180(4):2267-2276.

Ballini, E., J.B. Morel, G. Droc, A. Price, B. Courtois, J.L.
Notteghem and D. Tharreau. 2008. A genome-wide
meta-analysis of rice blast resistance genes and quantitative
trait loci provides new insights into partial and complete
resistance. Mol. Plant Microbe In. 21:859-868.

Chen, X.W., J.J. Shang, D.X. Chen, C. Lei, Y. Zou, W. Zhai, G.
Liu, J. Xu, Z. Ling, G. Cao, B. Ma, Y. Wang, X. Zhao, S. Li
and L. Zhu. 2006. A B-lectin receptor kinase gene conferring
rice blast resistance. Plant J. 46:794-804.

Chen, X.W., S.G. Li, J.C. Xu, W.X. Zhai, Z.Z. Ling, B.T. Ma,

- 667 -



Korean J. Plant Res. 29(6) : 658 ~669 (2016)

Y.P. Wang, W.M. Wang, G. Cao, Y.Q. Ma, J.J. Shang, X.F.
Zhao, K.D. Zhou and L.H. Zhu. 2004. Identification of two
blast resistance genes in a rice variety, Digu. J. Phytopathol.
152:77-85.

Cho, Y.C., J.U. Jeung, H.J. Park, C.I. Yang, Y.H. Choi, [.B.
Choi, Y.J. Won, S.J. Yang and Y.G. Kim. 2008. Haplotype
diversity and durability of resistance genes to blast in Korean
Japonica rice varieties. J. Crop Sci. Biotechnol. 11:205-214.

Cho, Y.C., S.W. Kwon, I.S. Choi, S.K. Lee, J.S. Jeon, M.K. Oh,
J.H. Roh, H.G. Hwang, S.J. Yang and Y.G. Kim. 2007.
Identification of major blast resistance genes in Korean rice
varieties (Oryza sativa L.) using molecular markers. J. Crop
Sci. Biotechnol. 10(4):265-276.

Gamuyao, R., J.H. Chin, J. Pariasca-Tanaka, P. Pesaresi, S.
Catausan, C. Dalid, I. Slamet-Loedin, E.M. Tecson-Mendoza,
M. Wissuwa and S. Heuer. 2012. The protein kinase Pstol 1
from traditional rice confers tolerance of phosphorus
deficiency. Nature 488:535-541.

Han, S.S., J.D. Ryu, H. S. Shim, S.W. Lee, Y.K. Hong and K.H.
Cha. 2001. Breakdown of resistant cultivars by new race
KI-1117a and race distribution of rice blast fungus during
1999-2000 in Korea. Res. Plant Dis. 7:86-92.

Hayashi, K. and H. Yoshida. 2009. Refunctionalization of the
ancient rice blast disease resistance gene Pit by the recruitment
of a retrotransposon as a promoter. Plant J. 57(3):413-425.
doi:10.1111/j.1365-313X.2008.03694.

Hayashi, K., H. Yoshida and I. Ashikawa. 2006. Development
of PCR-based allele-specific and InDel marker sets for
nine rice blast resistance genes. Theor. Appl. Genet.
113:251-260.

Hayashi, K., N. Hashimoto, M. Daigen and I. Ashikawa.
2004. Development of PCR-based SNP markers for rice
blast resistance genes at the Piz locus. Theor. Appl. Genet.
108(7):1212-1220.

Higashi, T. and S. Saito. 1985. Linkage of field resistance
genes of upland rice variety ‘Sensho’ to leaf blast caused
by Pyricularia oryzae Cav. Jpn. J. Breed. 35: 438-448.

Imam, J., S. Alam, N.P. Mandal, M. Variar and P. Shukla.
2014. Molecular screening for identification of blast
resistance genes in North East and Eastern Indian rice
germplasm (Oryza sativa L.) with PCR based makers.
Euphytica 196:199-211.

Jeung, J.U., B.R. Kim, Y.C. Cho, S.S. Han, H.P. Moon, Y.T.
Lee and K.K. Jena. 2007. A novel gene, Pi40(t), linked to
the DNA markers derived from NBS-LRR motifs confers

broad spectrum of blast resistance in rice. Theor. Appl.
Genet. 115(8):1163-1177. doi:10.1007/s00122-007-0642-x.

Jia, Y. 2009. A user-friendly method to isolate and single
spore the fungi Magnaporthe oryzae and Magnaporthe
grisea obtained from diseased field samples Plant Health
Prog. http://dx.doi.org/10.1094/PHP-2009-1215-01-BR

Jia, Y., Z. Wang and P. Singh. 2002. Development of
dominant rice blast Pi-ta resistance gene markers. Crop
Sci. 42:2145-2149.

Kelly, J.D. 1995. Use of RAPD markers in breeding for major
gene resistance to plant pathogens. Hortic. Sci. 30:461-465.

Khush, G.S. 2004. Harnessing science and technology for
sustainable rice-based production systems. Proceedings of
FAO Rice Conference “Rice is life”. Int. Rice Comm.
Newsl. 53: 17-23.

Khush, G.S. and K. Jena. 2009. Current status and future
prospects for research on blast resistance in rice (Oryza
sativa L.): In Wang, X. and B. Valent (eds.), Advances in
Genetics, Genomics and Control of Rice Blast Disease,
Springer, Dordrecht, The Netherlands. pp. 1-10.

Kim, J.S., S.G. Ahn, C.K. Kim and C.K. Shim. 2010.
Screening of rice blast resistance genes from aromatic rice
germplasms with SNP markers. Plant Pathol. J. 26:70-79.

Kiyosawa, S. 1974. Studies on genetics and breeding of blast
resistance in rice. Misc. Publ. Natl. Inst. Agric. Sci. 1:1-58
(in Japanese).

Kiyosawa, S. 1987. With genetic view on the mechanism of
resistance and virulence. Jpn. J. Iden. 41:89-92 (in
Japanese).

Lee, S.K., M.Y. Song, Y.S. Seo, H.K. Kim, S. Ko, P.J. Cao,
J.P. Suh, G. Yi, J.H. Roh, S. Lee, G. An, T.R. Hahn, G.L.
Wang, P. Ronald and J.S. Jeon. 2009. Rice Pi5-mediated
resistance to Magnaporthe oryzae requires the presence of
two coiled-coil-nucleotide-binding-leucine-rich repeat
genes. Genetics 181(4):1627-1638.

Li, Y.B.,C.J. Wu, G.H. Jiang, L.Q. Wang and Y.Q. He. 2007.
Dynamic analyses of rice blast resistance for the
assessment of genetic and environmental effects. Plant
Breed. 126:541-547.

Li,J., Y. Sun, H. Liu, Y. Wang, Y. Jiaand M. Xu. 2013. Genetic
variation and evolution of the Pit blast resistance locus in
rice. Genet. Resour. Crop Evol. doi:10.1007/s10722-013-0051-8.

Liu, G., G. Lu, L. Zeng and G.L. Wang. 2002. Two broad-
spectrum blast resistance genes, Pi9(z) and Pi2(1), are physically
linked on rice chromosome 6. Mol. Genet. Genomics

- 668 -



Screening of Rice Germplasm for the Distribution of Rice Blast Resistance Genes and Identification of Resistant Sources

267(4):472-480. doi:10.1007/s00438-002-0677-2.

Liu, X., Q. Yang, F. Lin, L. Hua, C. Wang, L. Wang and Q.
Pan. 2007. Identification and fine mapping of Pi39(7), a
major gene conferring the broad-spectrum resistance to
Magnaporthe oryzae. Mol. Genet. Genomics 278(4):403-410.
doi:10.1007/s00438-007-0258-5.

Padmanabhan, S.Y. 1965. Estimating losses from rice blast in
India. Pages 203-221 in the rice blast disease. Proceeding
of symposium at IRRI July 1963. The Johns hopkin press,
Baltimore, Maryland.

Pink, D.A.C. 2002. Strategies using genes for non-durable
resistance. Euphytica 1:227-236.

Qu, S., G. Liu, B. Zhou, M. Bellizzi, L. Zeng, L. Dai, B. Han
and G.L. Wang. 2006. The broad-spectrum blast resistance
gene Pi9 encodes a nucleotide-binding site-leucine-rich
repeat protein and is a member of a multigene family in
rice. Genetics 172:1901-1914.

Rath, G. and S.Y. Padmanabhan. 1972. Cytoplasmic effect on
the leaf blast reaction in rice. Curr. Sci. 41:338-339.

Shankar, R., B.G. Bagle and T.A. More. 2009. Diversity
analysis of bitter gourd (Momordica charantia L.)
germination from tribal belts of India. Asian & Australian
J. Plant Sci. Biotech. pp. 21-25.

Sharma, T.R., A.K. Rai, S.K. Gupta, J. Vijayan, B.N.
Devanna and S. Ray. 2012. Rice blast management through
host-plant resistance: retrospect and prospects. Agric. Res.
1:37-52.

Shikari, A.B., A. Khanna, S.G. Krishnan, U.D. Singh, R.
Rathour, V. Tonapi, T.R. Sharma, M. Nagarajan, K.V.
Prabhu and A.K. Singh. 2013. Molecular analysis and
phenotypic validation of blast resistance genes Pifa and
Pita2 in landraces of rice (Oryza sativa L.). Indian J.
Genet. 73:131-141.

Song, C., G. Wang, N. Liu and X. Zhou. 2009. The classification
of some species of rice in Heilongjiang province based on
its resistance to the blast. Chin. Agric. Sci. Bull. 25:201-205.

Song, J.Y., G.A. Lee, Y.M. Choi, S. Lee, K.B. Lee, C.H. Bae,

Y. Jung, D.Y. Hyun, H.J. Park and M.C. Lee. 2014. Blast
resistant genes distribution and resistance reaction to blast
in Korean landraces of rice (Oryza sativa L.). Korean J.
Plant Res. 27(6):687-700.

Tanksley, S.D. and S.R. Mc-Couch. 1997. Seeds banks and
molecular maps: unlocking genetic potential from the
wild. Science 277:1063-1066.

Tsunematsu, H., M.J.T. Yanoria, L.A. Ebron, N. Hayashi, I.
Ando, H. Kato, T. Imbe and G. S. Khush. 2000. Development
of monogenic lines of rice for blast resistance. Breed. Sci.
50:229-234.

Variar, M., C.M. Vera Cruz, M.G. Carrillo, J.C. Bhatt and
R.B.S. Sangar. 2009. Rice blast in India and strategies to
develop durably resistant cultivars: /n Xiaofan, W. and B.
Valent (eds.), Advances in Genetics, Genomics and
Control of Rice Blast Disease. Springer, New York, USA.
pp. 359-374.

Wang, G.L., D.J. Mackill, J.M. Bonman, S.R. McCouch,
M.C. Champoux and R.J. Nelson. 1994. RFLP mapping of
genes conferring complete and partial resistance to blast in
a durably resistant rice cultivar. Genetics 136:1421-1434.

Wang, L., X.K. Xu, F. Lin and Q.H. Pan. 2009. Characteri-
zation of rice blast resistance genes in the Pik cluster and
‘Wne mapping of the Pik-p locus. Phytopathology 99:900-905.

Yang, J.Y.,S. Chen, L.X. Zeng, Y.L. Li, Z. Chen, C.Y. Liand
X.Y. Zhu. 2008. Race specificity of major rice blast
resistance genes to Magnaporthe grisea isolates collected
from indica rice in Guangdong, China. Rice Sci. 15:311-318.

Zhai, C., F. Lin, Z. Dong, X. He, B. Yuan, X. Zeng, L. Wang
and Q. Pan. 2011. The isolation and characterization of
Pik, a rice blast resistance gene which emerged after rice
domestication. New Phytol. 189:321-334.

Zhu, Y., H. Chen, J. Fan, Y. Wang, Y. Li, J. Chen, J. Fan, S.
Yang, L. Hu, H. Leung, T.W. Mew, P.S. Teng, Z. Wang
and C.C. Mundt. 2000. Genetic diversity and disease
control in rice. Nature 406:718-722.

(Received 12 October 2016 ; Revised 3 November 2016 ; Accepted 9 November 2016)

- 669 -




<<
  /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


