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Abstract Quantitative disease resistance conferred by quantitative trait loci (QTLs) is presumably
of wider spectrum and durable. Forty-four cDNA clones, representing 44 defense-responsive
genes, were fine mapped to 56 loci distributed on 9 of the 12 rice chromosomes. The locations of
32 loci detected by 27 cDNA clones were associated with previously identified resistance QTLs for
different rice diseases, including blast, bacterial blight, sheath blight and yellow mottle virus. The
loci detected by the same multiple-copy cDNA clones were frequently located on similar locations
of different chromosomes. Some of the multiple loci detected by the same clones were all associ-
ated with resistance QTLs. These results suggest that some of the genes may be important com-
ponents in regulation of defense responses against pathogen invasion and they may be the can-
didates for studying the mechanism of quantitative disease resistance in rice.
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Disease is one of the major restrictions for crop production. Developing resistant cultivars is
considered to be the most effective way to control plant diseases. Complete or qualitative disease
resistance conferred by the interaction between a disease resistance (R) gene and an avirulence
gene is specific to a pathogen race and lifetime limited in a particular cultivar due to the rapid
evolution of the pathogen. This characteristic of R genes has limited their value in breeding pro-
grams. Partial or quantitative resistance modulated by a group of genes is considered to be
race-nonspeciﬁc[l]. These genes, when properly characterized, may provide the sources for im-
proving the level of resistance of plants against pathogen infection.

Many quantitative trait loci (QTLs) for partial resistance to blast, bacterial blight, sheath

731D However, the nature of these

blight and virus have been identified in different rice cultivars
genes underlying the resistance QTLs is poorly characterized because of the complexity of the
quantitative effects, which has limited the application of these genes in breeding programs.

In a previous study, we identified a group of genes that showed either enhanced expression or

repressed expression after pathogen invasion in rice by cDNA array analysis[é]. Most of the de-

1) Chen, H., Population structure of Pyricularia grisea from central and southern China and comparative mapping of QTL
for blast- and bacterial blight-resistance in rice and barley (in Chinese), Ph. D. Thesis, Wuhan, China: Huazhong Agriculture
University, 2001.
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fense-responsive genes appeared to be involved in resistant responses against both blast and bac-
terial blight, the two most devastating rice diseases worldwide. The objectives of this study were
to determine the chromosomal locations for a number of defense-responsive genes and to examine
their relationship with disease resistance QTLs in rice. It is believed that location correspondence
between defense-responsive genes and resistance QTLs will provide the starting point for charac-

terizing these genes.
1 Materials and methods

1.1 Experimental materials

Forty-four defense-responsive cDNA clones were studied, including 38 clones that showed
enhanced expression and 6 clones that showed repressed expression after pathogen inoculation as
revealed by cDNA array analysis'® (table 1). Two segregation populations were used for mapping
the cDNA clones. One population consisted of 235 individuals developed from a three-way cross,
Balilla (Oryza sativa ssp. japonica) /Dular (O. sativa ssp. indica) // Nanjing 11 (indica). A mo-
lecular linkage map containing 158 RFLP (restriction fragment length polymorphism) markers
and centromere loci was developed with this population”*!. Another population included 241 re-
combinant inbred lines developed by single seed descendent from a cross between Zhenshan 97
(indica) and Minghui 63 (indica). A molecular linkage map containing 221 RFLP and SSR (single

sequence repeat) markers was constructed with this population™.

1.2 Mapping

Several cDNA clones were assigned to the rice molecular linkage map by RFLP analysis of
the mapping populations. The DNA hybridization was conducted according to the procedure de-
scribed previously!'”. After hybridization, filters were washed in 1x SSC and 0.1% SDS once for
15 min at room temperature and once for 15 min at 65°C. The chromosomal locations of the
cDNA that detected polymorphisms between the parents of the mapping populations were deter-
mined using Mapmaker/Exp 3.0 at a LOD threshold 3.0,

Other cDNA clones were mapped onto the rice chromosomes by homology search of the
c¢DNA sequences against rice genomic sequences with known chromosomal locations (http://rgp.

dna.affrc.go.jp and http://www.genome.clemson.edu) using BLAST analysism].

2 Results

2.1 Distribution of defense-responsive genes in rice genome

The 44 genes, represented by the 44 cDNA clones, were assigned to 56 loci distributed on 9
of the 12 rice chromosomes (fig. 1). Of the 44 clones, five were mapped on the chromosomes by
RFLP analysis (table 1). Another 39 clones were mapped on the molecular linkage map by ho-
mologous sequence analysis (fig. 1). Six clones, BI75E3, EI3H3, EI23E13, EI38M12, EI31M6
and EI22F22, were all single copy sequences based on Southern hybridization (data not shown).
Three clones, EI39C8, EI3117 and EI36H4, detected 2 to 3 bands after hybridization with rice to-
tal DNA digested using different restriction enzymes (data not shown). Additionally, eight clones,
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EI39P24, EI28N12, EI11K3, EI24B14, B176G3, BI37F17, EI6G21 and EI35K24, detected 2 to 6
copies and the remaining 26 clones detected only one copy each in the rice genome according to
the presently available data of rice genomic sequences in the public databases (table 1). The E
values, which estimated the similarity between cDNA sequences under comparison and the corre-
sponding rice genomic sequences with known chromosome locations, used in mapping ranged
from 0.0 to 3e-10. The cDNA clone EI28N12 had the least sequence homology (E value = 3e-10)
with one (EI28N12b) of the two copies of homologous rice genomic sequences among all the
c¢DNA and genomic DNA sequence pairs in mapping (table 1). The cDNA sequence EI28N12 and
the genomic sequence at locus EI28N12b had 2 overlapped regions (49 bp and 125 bp) with 93%
and 80% sequence identify, respectively.

The loci detected by the same clone were frequently located on different chromosomes (fig.
1). An interesting observation was that sequences homologous to the same clone were frequently
located in similar locations on different chromosomes, if the chromosomal arms were not consid-
ered. For example, clone EI6G21 detected two loci distributed on chromosomes 1 and 10, and
both of the loci were mapped to the near terminal regions of the chromosomes. Four of the 6 loci
detected by EI35K24 were located in the regions next to the peri-terminal regions of chromo-
somes 2, 3, 4 and 8. The loci detected by EI11K3, EI24B14, BI76G3 and BI73F17 that identified
two loci each were also mapped to similar locations of different chromosomes (fig. 1).

Another striking feature of the distribution of the multiple-copy sequences was the simulta-
neous occurrence of loci detected by different clones across different chromosomes. For example,
loci detected by EI39P24 and EI11K3 occurred simultaneously on one arm of chromosomes 3 and
7 (fig. 1). Similar concurrence was also observed between loci detected by BI73F17 and EI6G21
on chromosomes 1 and 10, and loci detected by BI76G3 and EI35K24 on chromosomes 3 and 10,
as well as loci detected by EI24B14 and EI35K24 on chromosomes 3 and 8.

2.2 Comparing the locations of defense-responsive gene loci and QTLs for disease resistance
The locations of 32 loci detected by 27 cDNA clones corresponded with previously identified
QTLs against rice blast, sheath blight, yellow mottle virus or bacterial blight’® V. Twenty-three
of the 32 loci corresponded with blast or/and bacterial blight resistance QTLs. According to the
expression patterns of the defense-responsive genes after inoculation with different pathogens!®,
the genes located on 19 loci, EI38J4, BI73F17b, EI44L.19, B174J19, EI39CS, EI22F22, E113D12,
EI35K24a, EI24B14b, BI77K23, BI75E3, EI11C3, EI28P15, EI30011, EI36C19, EI35K24d,
BI76G3a, EI28N12a and EI6G21a, had the same pathogen specificity as the corresponding blast
or/and bacterial blight resistance QTLs[z’Sm. In several cases, two or four of the multiple loci iden-
tified by the same cDNA clone had chromosomal locations corresponding to QTLs against rice
diseases. For example, the locations of two loci detected by BI76G3 and EI6G21, respectively,
and 4 of the 6 loci detected by EI35K24 corresponded well with the QTLs for resistance to blast,

bacterial blight, sheath blight or/and virus® " (fig. 1).

1) See the footnote on page 518.
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3 Discussion

The major accomplishment of this study is the fine mapping of 44 cDNA sequences repre-
senting 44 defense-responsive genes on rice molecular linkage map, which facilitated examination
of the relationship between these genes and previously identified QTLs for rice disease resistance.
The disease resistance QTLs may be valuable sources for wider spectrum and durable resistance
in rice breeding programs!'). However, the roles of these QTLs in defense responses are unknown
because the genes underlying these QTLs are largely uncharacterized. The lack of the knowledge
related to resistance QTLs may be the main reason that none of the previously identified QTLs has
been used for improving resistance against pathogens in rice so far. Wang et al.l"*) reported that the
locations of several defense-responsive gene-like sequences were mapped on 3 regions containing
previously identified disease resistance QTLs in rice. In this study, the locations of 32 loci de-
tected by 27 cDNA clones were associated with about half (26) of the previously identified QTLs

271D The genes with

against rice blast, sheath blight, yellow mottle virus and bacterial blight!
chromosomal locations similar to resistance QTLs may be good candidates for studying the
mechanism of quantitative disease resistance in rice.

Quantitative disease resistance conferred by some QTLs appears race-nonspecific, although
race-specific resistance QTLs for bacterial blight and blast have been identified in rice™>'*".
Some previously identified rice resistance QTLs for different diseases are located in the same
chromosomal regions (fig. 1). Similar situation also occurred in barley[lsl. This may explain that
some cDNA clones identified in defense against blast and bacterial blight[é] were located in the
similar locations to previously identified resistance QTLs for sheath blight or yellow mottle vi-
rusP¥ in this study.

Several defense-related genes, oxalate oxidase, peroxidase, superoxidase, chitinase and
thaumatin, were mapped to previously identified resistance QTLs in barley''®. Wang et al.l'*) also
reported that some of the sequences associated with previously identified QTLs for disease resis-
tance were defense-like genes, such as NPR1-like protein and pathogenesis-related protein. Al-
though the roles of the genes associated with QTLs in this study have not been experimentally
examined, the concurrence of these genes with resistance QTLs suggests the likelihood that they
may be important components in regulation of defense responses against pathogen invasion in
rice.

Another feature of the present results is the occurrence of the loci detected by the same mul-
tiple-copy defense-responsive sequences in similar locations of different chromosomes. Some of
the conserved loci, such as BI76G3a and BI76G3b, EI6G21a and EI6G21b, and EI35K24a,
EI35K24d and EI35K24e, were all associated with previously identified QTLs for rice disease
resistance. The distribution of similar DNA sequences in similar locations of different rice chro-
mosomes was also observed when using retrotransposons as well as multiple-copy cDNA and ge-

nomic DNA markers as probes!'” '*!. These findings lead to the proposition that chromosome du-

1) See the footnote on page 518.
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plication followed by diversification may be a mechanism for the origin and evolution of the

[

chromosomes in the rice genome!'®'”). The present results further support the chromosomal du-

plication-diversification hypothesis. These results also indicate that duplication followed by diver-
sification of the chromosomes or chromosomal segments in the rice genome resulted in the diver-
sity of the defense-responsive genes, which may be one of the causes for the complexity of quan-
titative disease resistance.
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