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for Rice Blast Disease Resistance using
Magnaporthe oryzae Field Isolates in the US
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ABSTRACT

Quantitative trait loci (QTL) play important roles
in controlling rice blast disease. In the present
study, 10 field isolates of the races IA1, I1B1, IB17,
and IC1 of US rice blast fungus Magnaporthe
oryzae collected in 1996 and 2009 were used
to identify blast resistance QTL with a recom-
binant inbred line (RIL) population consisting
of 227 F individuals derived from the cross of
rice (Oryza sativa L.) cultivars Lemont and Jas-
mine 85. Jasmine 85 is an indica cultivar that
is moderately resistant, and Lemont is a tropi-
cal japonica cultivar susceptible to rice blast
in greenhouse inoculation. Disease reactions
of the parents and RILs were evaluated under
greenhouse conditions. A total of six resistance
QTL, gBLR8, gBLR10-1, gBLR10-2, gBLR10-3,
gBLR12-1, and gBLR12-2, were identified on
chromosomes 8, 10, and 12, respectively. Phe-
notypic variation, conditioned by these six resis-
tance QTL, ranged from 5.37 to 39.18%. Among
them, gBLR12-1 and gBLR12-2 provided the
strongest resistance to the newest isolates of
the most virulent race IA1 of M. oryzae. Three
of these resistance QTL have been identified
using different blast isolates in a previous study.
gBLR10-1, gBLR10-2, and gBLR10-3 have not
been previously found in this cross. These con-
firmed and new resistance QTL will be useful for
the development of rice cultivars with improved
effective resistance to rice blast via a marker-
assisted selection (MAS) approach.
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ENETIC RESISTANCE in rice to rice blast, caused by the fungus

M. oryzae, includes qualitative (complete) resistance, which
is often governed by major genes and quantitative resistance
(incomplete) by minor genes. Both types of resistance (R) genes
have been identified in rice germplasm worldwide. Major R genes
are only effective to isolates (races) of M. oryzae that contain the
corresponding avirulence (AVVR) gene (Silué et al., 1992), and
their deployments have been productive in preventing blast dis-
ease in numerous rice production areas. However, the AIVR genes
in M. oryzae have been known to be highly plastic with frequent
deletions, insertions, and transposable elements (Zhou et al., 2007;
Lee et al., 2009; Dai et al., 2010). Consequently, more virulent
races of M. oryzae overcoming the deployed R genes have been
found in commercial rice fields (Xing et al., 2012). The efficacy of
major R genes has been limited by the corresponding AIVR genes.
In contrast, incomplete resistance, referred to as QTL, is generally
considered to be nonrace specific with few exceptions (Bonman,
1992; Wang et al., 1994). Historical observations indeed suggest
that resistance mediated by QTL is more durable. To date, more
than 350 QTL have been identified in rice germplasm worldwide
(Ballini et al., 2008); however, none of them were used for MAS.
The major problem was that QTL mapping relies on phenotypic
data collected from multiyear, replicated field-plot experiments,
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and these phenotypic data are often not reliable because
of complex, uncontrollable variables in the field. Conse-
quently, it has been difficult to validate and adapt QTL
markers identified from field experiments for breeding
using MAS approach.

Jasmine 85, an indica cultivar, was developed at the
International Rice Research Institute, the Philippines,
and was adapted to the southern United States. Jasmine 85
is moderately resistant to M. oryzae in the southern U.S.
(Marchetti et al., 1998). Lemont, a tropical japonica culti-
var, has partial resistance to M. oryzae under field condi-
tions but is susceptible in greenhouse inoculations (Bollich
et al., 1985; Jia and Liu, 2011). Infection types observed
under greenhouse conditions were predicted to be reli-
able for identifying the corresponding QTL. Under this
assumption, a mapping population derived from the cross
of Lemont with Jasmine 85 has been used to map blast
resistance QTL using numerical disease rating data instead
of visual determination of disease reactions (Jia and Liu,
2011). Six resistance QTL, ¢BLASTS.1, ¢BLASTS.2,
gBLASTY.2, qBLASTY.3, qBLAST12.1, and ¢BLAST12.2,
in Jasmine 85 and three resistance QTL, ¢gBLAST3,
gBLASTI.1, and ¢BLAST11, in Lemont have been identi-
fied with several blast races under greenhouse conditions
(Jia and Liu, 2011). These newly identified QTL will need
to be validated using different blast isolates under the same
environment before their application for MAS.

The objectives of this study were to (i) validate these
identified resistance QTL using new isolates of M. oryzae
under greenhouse conditions and (ii) identify new QTL
and new genetic stocks for resistance to rice blast.

MATERIALS AND METHODS
Mapping Population and Plant Growth

A total of 227 F, RILs developed from a cross between Lemont
and Jasmine 85 (LJRIL) by the single-seed descent method in a
greenhouse at Dale Bumpers National Rice Research Center,
Stuttgart, AR, US, was used for QTL mapping (Jia et al., 2015).
The soil was provided by Hoskyn Enterprises Inc., Stuttgart,
AR. The soil was from nonfarming areas and was free of
agricultural chemicals (e.g., fertilizer, pesticide). The soil was
sterilized by a high temperature steam generator that runs off
of natural gas for 8 h. Eight to ten seeds yielding three to six
plants per pot, one pot per replication, and two to three replica-
tions per RIL per blast isolate treatment were grown in a 4- by
4-cm pot in a 26- by 52-cm plastic container with sterilized soil
under greenhouse conditions at 24 to 30°C and 16:8 h light/
day. Similar seeding was done for the two parents, Lemont and
Jasmine 85. After germination, 0.02 g of controlled-release
fertilizer (Osmocote Plus, 15-9-12 [N-P-K]; Hummert Inter-
national) was applied in each pot. The RILs were grown for 2
to 3 wk until they reached the three- to four-leaf stage and then
were inoculated with blast fungus.

Fungal Isolate (race) of Magnaporthe oryzae,
Growth, Experiment Design, and Inoculation

Ten isolates (races) of M. oryzae from different rice growing
areas of the southern United States, ARBS82 (IA1), ARB4 (IA1),
ARBY (IA1), ARB132 (IAl), ARBY4 (IB1), ARB157 (IB1),
ARBI151 (IB1), ARB154 (IB17), ARB86 (IC1), and ARBS8
(IC1) (Xing et al., 2012), were used to inoculate all the LJRILs
and parents, Lemont and Jasmine 85, in which race TA1 was
recently found, IB1 was the most commonly found, and IC1
was one of the virulent races that infects the Pita-containing
rice cultivar Katy. It has been observed that different isolates
of the same race may be genetically different (Jia, unpublished
data, 2015). Therefore, the isolate was used to represent respec-
tive blast race in this study.

The pots of RILs and parental lines were rearranged into
multiple randomized replications per isolate treatment and
placed in trays in a greenhouse. Desiccated filter paper pieces
containing mycelia and spores were removed from a —20°C
freezer and placed on oatmeal agar plates under black—white
fluorescent light for 7 to 10 d at 23 to 25°C. Fungal spores were
gently scrapped from the agar with 0.25% gelatin solution and
were filtered through four layers of cheesecloth. Spore concen-
tration was determined with a hemocytometer following the
method described by Sambrook and Russell (2001). Ten to fif-
teen milliliters of spore suspensions (1-5 X 10° spores mL™)
were used to inoculate 200 to 300 LJRIL seedlings using the
following procedure. First, spores were evenly sprayed onto
seedlings in a plastic bag using a Bager-250 artist airbrush,
and then the inoculated seedlings were sealed in the same bags
overnight in a laboratory at 23 to 25°C to maintain at least
70% humidity. After 24 h, inoculated seedlings were removed
from the bags and moved to a greenhouse with 24 to 30°C and
16-h light/day for an additional 6 d to develop disease symp-
toms. Disease reactions were determined when parents of the
mapping population exhibited expected phenotypes. Disease
reactions were rated using a scale of 0 to 5 where 0 to 2 is resis-
tant and 3 to 5 is susceptible, as described by RoyChowdhury
et al. (2011). Disease reaction scores were determined for each
of the three to six plants per pot. For most of the RILs, the
same disease reaction was obtained for all plants per RIL. Two
replications were performed for all isolates except for ARBS2,
ARBY4, and ARB86, for which three replications were per-
formed. The RIL disease ratings used for QTL mapping per
blast race were averaged and calculated across all plants of that
RIL in all replications treated with that race.

Data Analysis and Quantitative

Trait Loci Mapping

A total of 199 polymorphic simple-sequence repeat markers
were used for the construction of a linkage map (Jia and Liu,
2011). The QTL Cartographer 2.5 tool was used for QTL map-
ping with composite-interval mapping method (Wang et al.,
2007; Jia and Liu, 2011; Yang et al., 2013). The logarithm of
the odds threshold of >2.5 was used to declare the presence of
a putative QTL to compare with the previously identified resis-
tance QTL on rice chromosomes. The permutation was 1000
times, the other factors were default by the software. Additive
effect and percentage of phenotypical variation were estimated.
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RESULTS

Disease Reactions and New Blast Resistant
Genetic Stocks

Lemont was susceptible and was rated as 4 to 5, and the
disease reactions of Jasmine 85 varied from 0 to 4 indicat-
ing the presence of partial resistance to M. oryzae. Based
on the disease reactions of 10 isolates (disease score < 3
for each isolate), 17 RILs were identified for blast resis-
tance breeding (Table 1). Transgressive segregation of dis-
ease reactions of all RILs to all isolates, except to ARB
151, was observed. Frequencies and distributions of dis-
ease reactions of all individuals to each isolate of M. oryzae
verified phenotypic effects of QTL resistance (Fig. 1).

Quantitative Trait Loci Mapping

In the present study, a total of six resistance QTL,
gBLRS, ¢gBLR10-1, ¢gBLR10-2, ¢BLR10-3, gBLR12-1, and
gBLR12-2, were mapped on chromosomes 8, 10, and 12,
respectively, with 10 isolates of M. oryzae. Among them,
gBLR10-2 and ¢BLR10-3 are new QTL from Lemont; the
others were mapped at the same region in previous studies
(Jia and Liu, 2011; Loan et al., 2003), and their chromo-
somal location and function were validated.

The resistance QTL gBLRS8, gBLR12-1, and ¢BLR12-2
were from Jasmine 85 and ¢BLR10-1, ¢BLR10-2, and
gBLR10-3 were from Lemont (Table 2). The resistance
QTL ¢BLRS, identified with the isolates (races), ARB86
(IC1), ARB132 (IA1), and ARBS8 (IC1) of M. oryzae, was

Table 1. Summary of blast disease reactions, quantitative trait loci (QTL), and closest-linked DNA markers of recommended
recombinant inbred lines (RILs) for blast resistant donors, and parents.

Disease reaction to isolates and races of Magnaporthe oryzaet

LJRIL* QTL Closest Size ARB82 ARB4 ARB9 ARB132 ARB157 ARB94 ARB151 ARB86 ARB8 ARB154
no. GSORS identified markers (bases) (1A1) (1A1) (1A1) (1A1) (1B1) (1B1) (1B1) (1C1) (1C1) (1B17)
14 101614 qBLR8 RM72 1562-198 1.3 1 1 3 1 0.7 0 2.7 3 1.5
gBLR12-1 RM6998 210-230
qBLR12-2 OSM89  290-300
15 10615 qBLR8 RM72 152-198 1.7 0 1 1 2 1.3 1 1 3 1
qBLR10-3 RM258 139-147
21 101621 qBLR8 RM72 152-198 1.3 1 0 1 0.5 0.3 1 2.7 0 1
gBLR12-1  RM6998 210-230
qBLR12-2 OSM89  290-300
28 101628 qBLR8 RM72 152-198 1.3 1 2 1 1 1.3 1 1 1 0
qBLR10-1 RM228 103-155
qBLR10-2 RM147 92-97
qBLR10-3 RM258 139-147
38 101638 gBLR10-1 RM228 103-155 0.7 0 0 0 0.5 1.3 0 2.3 0 0.5
qBLR10-3 RM258 139-147
gBLR12-1  RM6998 210-230
qBLR12-2 OSM89  290-300
45 101645 qBLR8 RM72 152-198 1 1 2 nd" 1 1.7 1 1.7 3 1
gBLR12-1  RM6998 210-230
gBLR12-2 OSM89  290-300
62 101662 gBLR12-2 OSM89  290-300 0.7 0 0 1 2 0.7 0 27 3 0.5
76 101676  gBLR10-1 RM228 103-155 1 1 2 nd 0.5 0.7 1 1.7 3 0.5
gBLR10-2 RM147 92-97
gBLR12-1  RM6998 210-230
qBLR12-2 OSM89  290-300
78 101678 gBLR12-1  RM6998  210-230 0.7 0 4 0 0.5 1.7 3 1.3 2 0
qBLR12-2 OSM89  290-300
89 101689 @gBLR12-1  RM6998 210-230 1.7 1 1 nd 1.5 0.7 1 2 0 2
gBLR12-2 OSM89  290-300
110 101710*  gBLR710-1 RM228 103-155 1.3 3 2 1 3 1 1 2.3 1 2
gBLR10-2 RM147 92-97
gBLR12-1  RM6998  210-230
127 101727 qBLR8 RM72 152-198 1.3 2 2 0 0 1.3 1 1.3 2 0
qBLR10-1 RM228 103-155
gBLR10-2 RM147 92-97
gBLR12-2 OSM89  290-300
(contd.)
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Table 1. Continued.

Disease reaction to isolates and races of Magnaporthe oryzae®

LJRIL* QTL  Closest Size ARB82 ARB4 ARB9 ARB132 ARB157 ARB94 ARB151 ARB86 ARB8 ARB154
no. GSORS identified markers (bases) (IA1) (IA1) (IA1) (IA1) (B1) (B1) (IB1) (C1) (C1) (IB17)
193 101793 gBLR10-1 RM228  103-155 2 1 1 1 05 1 1 13 3 05

gBLR10-2 RM147 92-97
gBLR12-2  OSM89  290-300
215 101815 gBLR8 RM72 1562198 17 1 0 0 1 1 1 1.3 1 0.5
gBLR12-1  RM6998  210-230
gBLR12-2  OSM89  290-300

227 101827 gBLR12-1  RM6998  210-230 17 1 1 0 1.5 1 1 1.3 3 3
gBLR12-2 ~ OSM89  290-300
238 101838 gBLR10-1 RM228  103-155 1 3 3 0 1 2.3 1 1.3 3 2.5

gBLR10-2 RM147 92-97
gBLR12-1  RM6998  210-230
gBLR12-2 ~ OSM89  290-300

245 101845 qgBLR12-1  RM6998  210-230 17 1 3 1 0.5 1.3 1 2.7 0 1.5
gBLR12-2 ~ OSM89  290-300
Lemont 102173 gBLR10-1 RM228  103-155 4.7 5 5 4 4 4 5 4.7 5 5

gBLR10-2  RM147  92-97
gBLR10-3 RM258  139-147
Jasmine 102174  gBLRS RM72  152-198 17 1 1 1 2 0.7 0 2.3 4 1
85 gBLR12-1  RMG998  210-230
gBLR12-2  OSM89  290-300

tThe average of disease reaction was shown where 0 to 2 indicates resistance and 3 to 5 indicates susceptibility (RoyChowdhury et al., 2011).

*LJRIL, ‘Lemont’ x ‘Jasmine 85’ recombinant inbred lines

$GSOR, genetic stock Oryza collection number (for seed request and information on agronomic traits, http:/www.ars.usda.gov/Main/Docs.htm?docid=24954).
nd, no data.

*#Indicates seed for this line is currently unavailable.
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Figure 1. Frequencies and distributions of disease reactions of all individuals to each isolate of Magnaporthe oryzae. Disease reaction
was determined using the indicated 0-to-5 scale. The triangle and circle indicate the disease score of Jasmine85 and Lemont to each
isolate, respectively.
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Table 2. Summary of quantitative trait loci (QTL) responsible for blast resistance, chromosomal and physical locations, and

phenotypic variation percentage.

Isolate (race) of

Nearest Magnaporthe Phenotypic

QTL Chrt Marker interval R source¥ marker locus oryzae$ LOD" value variation AE*
%

qBLR8 8 RM310-RM404 J RM72 ARB86 (IC1) 8.0 13.01 0.35
ARB132 (IA1) 6.3 9.83 0.48
ARBS (IC1) 4.9 8.76 0.39
qBLR10-1 10 RM228-RM484 L RM228 ARB86 (IC1) 4.2 6.93 -0.28
qBLR10-2 10 RM147-RM590 L RM147 ARB86 (IC1) 4.6 8.11 -0.30
qBLR10-3 10 RM271-RM228 L RM258 ARB154 (IB17) 4.3 5.37 -0.35
qBLR12-1 12 RM247-RM6998 J RM6998 ARB94 (IB1) 9.4 17.97 0.71
ARB151 (I1B1) 9.8 18.29 0.71
ARB157 (IB1) 7.0 13.04 0.48
qBLR12-2 12 OSM89-RM277 J OSM89 ARB82 (I1A1) 22.9 39.18 0.78
ARB132 (IA1) 9.8 20.89 0.73
ARB94 (IB1) 16.0 28.19 0.71
ARB151 (IB1) 1.4 21.05 0.75
ARB157 (IB1) 13.5 22.89 0.64
ARB154 (IB17) 19.2 34.19 0.87

T Chr, name of chromosome.

*R source, source of resistance where J indicates Jasmine 85 and L indicates Lemont, respectively.

§ The reference for these blast races (isolates) is in Xing et al. (2012).
TLOD, logarithm of the odds.

# AE, additive effect; a positive AE indicates the Jasmine 85 allele decreases the disease score (confers enhanced resistance) and a negative AE indicates the Lemont allele

decreases the disease score.

located between the markers RM310 and RM404 on
chromosome 8. The QTL gBLRS& is located between 5.38
and 16.5 Mb, explaining 13.01, 9.83, and 8.76% of pheno-
typic variation to these three isolates, respectively.

The resistance QTL ¢BLR10-1 and ¢BLR10-2 on
chromosome 10 were identified with the isolate ARB86
(IC1). The ¢BLR10-1 was located between mark-
ers RM228 and RM484, explaining 6.93% phenotypic
variation. The ¢BLR10-2 was identified between the
markers RM147 and RM590, explaining 8.11% pheno-
typic variation. The QTL ¢BLR10-3 identified with the
isolate ARB154 (IB17) was mapped between the mark-
ers RM271 and RM228 on chromosome 10, explaining
5.37% phenotypic variation.

The resistance QTL ¢BLR12-1 and gBLR12-2 were
mapped on chromosome 12 with the isolates ARB94 (IB1),
ARDB151 (IB1), and ARB157 (IB1) of M. oryzae. The QTL
gBLR12-1 was located between the markers RM247 and
RM6998, explaining 17.97, 18.29, and 13.04% of pheno-
typic variation to isolates ARB94, ARB151, and ARB157,
respectively. The major resistance QTL ¢BLR12-2 was
mapped between the markers OSM89 and RM277 with
six blast isolates, ARB82 (IA1), ARB132 (IA1), ARB9Y4
(IB1), ARB151 (IB1), ARB157 (IB1), and ARB154 (IB17),
explaining 39.18, 20.89, 28.19, 21.05, 22.89, and 34.19% of
phenotypic variation, respectively (Table 2; Fig. 2).

DISCUSSION

In the present study, we used newly characterized isolates
from the commonly found races [A1, IB1, IB17, and IC1
of M. oryzae to validate three previously identified QTL,
gBLRS, gBLR12-1, and ¢BLR12-2 on chromosomes 8 and
12, respectively, and to identify three new resistance QTL,
gBLR10-1, ¢BLR10-2, and ¢BLR10-3 on chromosome 10
in LJRILs under greenhouse conditions. All disease assays
were performed in a greenhouse to eliminate confound-
ing environmental factors. These resistance QTL and
resistance RILs are reliable sources for introducing new
blast resistance using MAS.

Rice varieties with Pi-ta have been effective for blast
control for over two decades. The presence of multiple
blast R genes including Pi-fa and resistance QTL sur-
rounding the centromere of chromosome 12 in rice cul-
tivars may explain the durability and effectiveness of blast
resistance of these resistant cultivars (Jia, 2009; Jia et al.,
2012). gBLR12-1 was mapped at regions harboring Pi-6(t),
Pi-4(t), and Pi-ta (Yu,1991; Mackill and Bonman, 1992;
Bryan et al., 2000). ¢gBLR12-2 was mapped at regions har-
boring Pi-ta and near Pi-31(t), Pi-12(t), Pi-tq6, and gqRBr-
12.1 (Zheng et al., 1996; Tabien et al., 2000; Sallaud et
al., 2003; Ashkani et al., 2013). It was demonstrated that
there is a large linkage block among elite rice cultivars
carrying Pi-ta (Jia, 2009). It is possible that ¢BLR12-2
may have been bred into blast-resistant cultivars carry-
ing Pi-ta because of the linkage block at the Pi-fa locus
(Jia, 2009). Examining the effects of ¢BLR12-2 in rice
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Figure 2. Chromosomal position of rice blast resistance quantitative trait loci (QTL) identified in this study from ‘Lemont’ x ‘Jasmine 85’
recombinant inbred lines and marked with a rectangle; previously identified resistance QTL or genes in the same regions were marked

beside related QTL and marked with a diamond.

cultivars carrying Pi-ta under field conditions would pro-
vide more insight of this prediction.

Jasmine 85, carrying ¢BLRS, ¢BLR12-1, and ¢BLR12-
2, has shown considerable resistance to M. oryzae in the
southern United States. (Jia and Liu, 2011). ¢gBLRS colocal-
ized with QTL identified by different labs using different
mapping populations under different environmental condi-
tions (Zhu et al., 1993; Wang et al., 1994; Chen et al., 2003;
Kongprakhon et al., 2010; Jia and Liu, 2011), suggesting
that ¢BLR & may harbor a large gene family. Fine mapping
and cloning of this QTL may reveal the genetic basis of this
QTL. Lemont did not exhibit resistance to most races of M.
oryzae under greenhouse conditions in this study (Table 1);
however, Lemont did express partial resistance under field
conditions and in a previous greenhouse study (Bollich et

al., 1985; Jiaand Liu, 2011, Loan et al., 2003). Previous stud-
ies identified blast resistance QTL ¢BLAST11, gBLAST3,
qBLASTY.1, and ¢qBLASTads-4 from Lemont (Tabien et al.,
2002; Jia and Liu, 2011), and Loan et al. (2003) found an
association with blast resistance from Lemont using Chi-
square analysis. The R gene Pi-Im2 has been reported at
similar region on chromosome 11 from Lemont (Tabien
et al., 2000). Lemont did not exhibit resistance to all 10
races; differential rating results for each RIL allowed us to
identity three new resistance QTL, ¢BLR10-1, gBLR10-2
and ¢BLR10-3, from Lemont. It is possible to identity QTL
from lines that perform poorly for a particular trait that can
greatly enhance the trait in a different background. Imai
et al. (2013) validated that QTL from a low-yielding O.
rufipogon Grift. that greatly enhance grain yield in O. sativa.
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Numerous studies have identified blast QTL from suscep-
tible lines under greenhouse conditions (Xu et al., 2004;
Lopez-Gerena, 2006). The resistance QTL ¢BLR10-1 and
gBLR10-2 colocalized with ¢BL10.1 (Rahim et al., 2012)
and OsMPK6 (Hu et al., 2008), suggesting that they may
be involved in similar blast-resistant responses. It is also
possible that differences in resistance QTL detected in
the greenhouse was a result of confounding environmen-
tal effects, including the presence of different blast races
in the field. Further analysis of these resistance QTL and
candidate genes will clarify this prediction. Additionally,
qBLR10-2 was mapped near Pi28(t) (Sallaud et al., 2003).
Both ¢BLR10-1 and ¢BLR10-2 were identified using the
race IC1 (ARB86), while the race IB17 (ARB154) identi-
fied gBLR10-3.

Three resistance QTL were newly identified from
Lemont in this study. The fact that they were not identi-
fied in previous study, which used different field isolates
(races) of blast (Jia and Liu, 2011), suggests the measured
effectiveness of resistance QTL may depend on which blast
isolates are used. Even though Lemont was susceptible to
all test isolates in the greenhouse individually, Lemont
showed partial resistance in a field plot study (Tabien
et al., 2000). This suggested that weak resistance QTL
may function in nature. These three newly identified
QTL can be validated with different blast isolates (races)
from the southern United States to verify their reliability
before their application in MAS. However, the four resis-
tance QTL validated in Lemont, gBLAST11, gBLAST3,
qBLASTY.1, and ¢qBLASTads-4, can be used as a source of
partial resistance in combination with major blast R genes
to effectively manage rice blast disease.

Pi-ta has been effective, in the southern United State at
managing blast disease since its release in the 1990s. Itis known
that IA1 infects all eight international differentials (Atkins et
al., 1967). The LJRIL carrying ¢BLR12-2 was resistant to
IA1 (ARB82 and ARBI132), IB1 (ARBY4, ARB151, and
ARB157), IB17 (ARB154), IB49 (ZN61), and ID (ZN42)
of M. oryzae (this study, Jia and Liu, 2011). Furthermore, Jas-
mine 85 does not contain Pi-fa (Wang et al., 2010); there-
fore, gBLR12-2 from Jasmine 85 would be another useful
blast R gene to use in the southern United States. Another
QTL, ¢BLRS, was identified using IA1 (ARB132), IC1
(ARBS8 and ARB86), and IC17 (ZN60) of M. oryzae, and
most of isolates in IC1 were virulent to the resistant cultivar
Katy carrying Pi-fa. Marker-assisted selection can be used to
combine ¢BLRS with Pi-ta, and RILs found here that carry
gBLRS (LJRIL 14, 15, 21, 28, 45, 127, and 215) could be
useful donors of the ¢gBLRS resistance allele.

Several studies suggest that resistance QTL were 1solate
(race) specific (Sallaud et al., 2003; Talukder et al., 2004;
Lopez-Gerena, 2006). However, in this study, ¢BLR12-2
was effective in preventing infections by at least six blast iso-
lates, that is, gBLRS for at least three isolates. The resistance

QTL ¢Pi93-3 from the rice cultivar 93-11 was responsible
for preventing infections by the isolates CHE86, AR B52,
and AR B94 of M. oryzae (Yang et al., 2013). Moreover, the
race identity has been traditionally determined with eight
international differentials (Ling and Ou, 1969). Before the
present study, a total of 26 isolates belonging to eight groups
was determined to be the race IB1 (Xing et al., 2012). The
three genetically different isolates of IB1, ARB94, AR B151,
and ARB157, identified gBLR12-1 and qBLR12-1 with
different percentages of contribution to the resistant phe-
notypes. In contrast, major blast R genes, such as Pi-fa and
Pi-9, confer resistance to multiple isolates (races) that con-
tain corresponding avirulence genes, respectively (Qu et
al., 2006; Jia, 2009). It would be of significant importance
to identify the corresponding pathogenicity factors of race-
specific QTL to understand the molecular basis of QTL-
mediated blast resistance.

In conclusion, we validated three previously identi-
fied resistance QTL to M. oryzae, three new resistance
QTL, and 17 improved genetic stocks with user-friendly
molecular markers possessing considerable resistance to M.
oryzae (Table 1). Agronomic traits of these 17 rice genetic
stocks are also available at http://www.ars.usda.gov/
Main/Docs.htm?docid=24954. These findings are useful
for fine mapping of these QTL and improving resistance
to M. oryzae using MAS.
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