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Detection and verification of QTLs associated with heat-induced quality decline
of rice (Oryza sativa L.) using recombinant inbred lines and near-isogenic lines
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Decline in the apparent quality of rice (Oryza sativa L.) grain due to high temperatures during ripening re-
cently became a major concern in many areas in Japan. The occurrence of white-back kernels (WBK) is one
of the main problems of heat-induced quality decline. We identified QTLs associated with the occurrence of
WBK using recombinant inbred lines (RILs) and verified their effects using near-isogenic lines (NILs). The
QTL analysis used F; and Fg RILs derived from ‘Hana-echizen’ (HE), which is tolerant to high temperature,
x ‘Niigata-wase’ (NW), which is sensitive to high temperature. Four QTLs were identified on chromosomes
3,4,6,and 9 (gWB3, gWB4, gWB6 and gWBY). To verify the effects of gWB6 and gWBY, we developed two
NILs in which gWB6 or both were introduced from HE into the NW background. The HE allele at ¢giWB6
significantly decreased WBK under multiple environments. The combination of gWB6 and ¢WB9 in an F,
population derived from a cross between a NIL and NW showed that the NW allele at gWB9 significantly
decreased WBK if the gWB6 allele was HE. These results will be of value in marker-assisted selection for

the breeding of rice with tolerance to heat-induced quality decline.
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Introduction

High temperatures have seriously harmed rice (Oryza sativa
L.) production in many areas in Japan in recent years
(Kawatsu et al. 2007). Temperatures in August 2010 were
the hottest on record in Japan; the average daily temperature
was 1.8°C higher than usual years. The high temperatures
seriously harmed grain quality, mainly in central and west-
ern Japan (http://www.maff.go.jp/j/seisan/kankyo/ondanka/
index.html, Kondo et al. 2012, Nakagawa et al. 2012,
Yoshida et al. 2012). Therefore, improving tolerance to
heat-induced damage has become an important objective in
rice breeding in Japan.

Heat induces several kinds of damage, such as sterility
(Oh-e et al. 2007), decreased grain yield (Kawatsu et al.
2007), kernel cracks (Nagata et al. 2013), deterioration of
eating quality (Matsue et al. 2003, Oh-e et al. 2007, Yoshida
et al. 2012) and occurrence of chalky kernels (such as white-
back, basal-white and milky white: Hakata et al. 2012,
Morita 2000, Tabata et al. 2007, Terashima et al. 2001). All
of these effects reduce the market value. Milky white kernels
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are due to excess spikelets (Takata et al. 2010), deficiency of
sugar source (Nakagawa ef al. 2006), low insolation (Kodani
et al. 2006) and typhoon/foehn-induced dry wind (Wada et
al. 2012) in addition to high temperature. On the other hand,
white-back kernels (WBK) are mainly due to high tempera-
tures during the ripening period (Nagato and Ebata 1965)
and their occurrence is a measure of sensitivity (lida et al.
2002). Grains contain a few layers of starch cells distributed
along the vascular bundles on the dorsal side. WBK look
opaque owing to incomplete starch filling in those layers
(Taira 1995, Tsuyama and Tanaka 2012).

Previously we detected three QTLs associated with the
occurrence of WBK using F, and F; populations derived
from crosses between the tolerant ‘Hana-echizen’ (HE;
Fig. 1A) and the susceptible ‘Niigata-wase’ (NW; Fig. 1B)
(Kobayashi et al. 2007). One of the QTLs was detected on
the short arm of chromosome 6 in both populations and it
showed the largest LOD value and percentage of phenotypic
variance. The other two QTLs were detected on chromo-
somes 3 and 4 in one or the other population.

However, the reliability of QTL analysis using these F, or
F; populations is low, and the genetic map had a few gaps.
Thus, here we conducted a further QTL analysis using a
population of recombinant inbred lines (RILs) to confirm
these QTLs, and verified the effects of the QTLs using near-
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Fig.1. Apparent quality of (A) tolerant HE and (B) susceptible NW
grown in the paddy field at Fukui in 2012 and ripened under high tem-
perature (28.1°C). Bar; 1.0 cm.

isogenic lines (NILs). In addition, we combined two QTLs
in a segregating F, population. These results would directly
benefit breeding programs using marker-assisted selection
for heat tolerance.

Materials and Methods

Plant materials

For QTL analysis, we developed 178 RILs using the
single-seed descent method from HE x NW Fj lines used for
the previous QTL analysis (Kobayashi ef al. 2007). F; and Fy
lines were used to survey the occurrence of WBK in 2006
and 2008, respectively.

To confirm QTL effects, we developed two NILs, NIL1
and NIL2, in which the HE segment of the QTL region for
WBK was introduced into the NW genetic background by
backcrossing. Both had an HE segment for the QTL region
on chromosome 6. NIL2 also had an HE segment for a QTL
region on chromosome 9. The generations of NIL1 and
NIL2 were BCsF, and BC,F,, respectively, in 2011 and
BC;sFs and BC4Fs, respectively, in 2012.

In addition, we developed an F, population to identify the
combined effect of the QTLs. The population consisted of
416 F, plants derived from a cross between NIL2 and NW.
We selected plants homozygous for alleles at the QTL re-
gions on chromosomes 6 and 9.

Experimental design and conduct

For QTL analysis in 2006 and 2008, we grew the RILs
and the parents in paddy fields at Fukui Agricultural Exper-
iment Station (Fukui, Japan, 35°59'N). Plant materials were
sowed and transplanted on April 19 and May 11 in 2006 and
April 23 and May 15 in 2008. The fields received 7.5 g m2
of basal nitrogen in 2006 and 2.4 g m=2 in 2008. Ten plants
were raised per line with one replicate.

We grew the two NILs and the parents in paddy fields as
control plots in 2011 and 2012, and in a greenhouse built on
a paddy field as a high-temperature plot in 2012, at Fukui,
without nitrogen application. Plant materials were sowed
and transplanted on April 14 and May 6 in 2011 and April 20
and May 14 in 2012. The greenhouse was closed after head-

ing, and it was ventilated when the temperature exceeded
35°C. We grew them also in paddy fields at Kagoshima Pre-
fectural Institute for Agricultural Development (Kagoshima,
Japan, 31°48'N) in 2012, with 4.0 g m~2 of basal application
of nitrogen. Plant materials were sowed and transplanted on
April 23 and May 17. Five to ten plants were raised per line,
with three to six replicates in the fields and one replicate in
the greenhouse.

The F, population was sowed and transplanted on April
20 and May 14 in 2012 and grown in a paddy field at Fukui.

The temperature during the ripening period was mea-
sured by a thermometer (TR-77Ui, T&D Corporation,
Japan) placed in the center of the paddy field or the green-
house in Fukui, and by a weather station (Yokogawa
Denshikiki Co. Ltd., Japan) at Kagoshima Prefectural Insti-
tute for Agricultural Development. Days-to-heading (DTH)
was calculated as days from transplanting to heading.

Evaluation of heat-induced quality decline

For the QTL analysis, 500 seeds from self-pollination of
each RIL were harvested as a bulk at maturity, air-dried,
hulled and sieved at 1.6 mm. When the opaque portion of
the dorsal side of a kernel was clearly longer than half of the
kernel and was clearly recognized from directly perpendicu-
lar, the kernel was classified as white-back. The number of
WBK was counted by eyes. The percentage of WBK was
arc-sine transformed to normalize the variance and used for
QTL analysis. The 1,000 kernel weight (KW) was also mea-
sured after placed at room temperature for two weeks to
adjust the moisture content.

For the QTL verification, seeds from self-pollination in
the two largest panicles from each of three plants with mod-
erate growth from each NIL were harvested at maturity in
order to evaluate the QTL effects more accurately based on
the result of our previous study (Kobayashi et al. 2012). And
then the kernels were prepared and classified as above. The
average percentages of WBK were analyzed by the Tukey-
Kramer method.

DNA marker and statistical analysis

Total DNA was extracted from the leaves by the CTAB
method (Murray and Thompson 1980). PCR was performed
in a 5-puL reaction mixture containing 20 ng of genomic
DNA, 2.0 uM forward and reverse primers and 2.5 pL of
GoTaq Green Master Mix (Promega, USA). The amplifica-
tion profile was 5 min at 94°C; 35 cycles of 45 s at 94°C and
1.5 min at 55°C and 7 min at 55°C for the final extension.
We used an iCycler thermal cycler (Bio-Rad Laboratories,
USA). PCR products were fractionated in 2.5% agarose
TBE gel. When the predicted PCR product sizes of the
parental alleles differed by less than 5 bases, we used the
GoTaq Colorless Master Mix (Promega) and a QIAxcel cap-
illary electrophoresis system (Qiagen, USA).

A linkage map was constructed using 175 SSR markers
distributed among the 12 chromosomes (IRGSP 2005,
McCouch et al. 2002, Temnykh et al. 2001) in the
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MAPMAKER/EXP 3.0 software (Lander et al. 1987). The
same 175 SSR markers were used to evaluate the isogenic
status of the NILs. We performed QTL analysis for WBK
and DTH by composite interval mapping in Windows QTL
Cartographer 2.5 (Wang et al. 2007) as described in
Kobayashi et al. (2007).

To confirm detection of the QTLs, we analyzed homozy-
gous plants from the 416 F, population, which was derived
from a cross between NIL2 and NW, for eight segregating
SSR markers (RM1369 and RM8125 on chromosome 6;
RM6971, RM2915, RM2482 and RM2255 on chromosome
9; and RM5352 and RM5494 on chromosome 10) as above.
In addition, we wused two-way analysis of variance
(ANOVA) of the occurrence of WBK in the F, population to
identify interactions between QTLs.

Results

Phenotypic variation in RILs

The occurrence of WBK, KW and DTH of the RILs
showed transgressive segregation relative to the parents in
both 2006 and 2008 (Table 1).

The apparent quality of brown rice begins to deteriorate

Table1. Phenotypic variations in RILs and the parents

when the average temperature after heading exceeds 27°C
(Morita 2008, Wakamatsu et al. 2008). In 2006, more than
half of the plants might have escaped high temperature stress
because the average temperature during ripening period was
below 27°C. In 2008, all lines and the parents ripened at
above 27°C. Although more than half of RILs ripened under
27°C in 2006, the correlation coefficient of the occurrence of
WBK between 2006 and 2008 was highly significant
(r=0.80, P <0.001). This finding supports the reliability of
the 2006 experiment. Thus, we provided all the data of these
two experiments for the following QTL analysis.

QOTL identification

QTL analysis revealed the presence of putative QTLs as-
sociated with WBK, KW and DTH (Table2 and Fig. 2).
Four QTLs for WBK were identified on chromosomes 3, 4,
6 and 9 (¢WB3, qWB4, gWB6 and gWB9). The HE allele de-
creased the occurrence of WBK at ¢WB3, gWB4 and gWB6,
but increased it at gWB9. gWB6 was detected in both years
and was mapped near marker RM8125 on the short arm of
chromosome 6. The percentages of total phenotypic vari-
ance explained by the QTL were 31.5% in 2006 and 36.8%
in 2008. In our previous study, gWB6 was detected in both

2006 2008
Traits RILs (F) RILs (Fy)
HE NW HE NW
Ave. Max. Min. Ave. Max. Min.
WBK (%) 44 20.2 16.8 56.6 0.0 21.7 45.1 31.0 79.5 0.0
KW (g) 22.4 21.1 21.3 233 19.5 22.1 21.2 21.4 23.5 19.6
DTH (days) 72 73 74 80 66 67 67 68 72 62
Temperature? (°C) 26.3 26.3 26.5 27.6 25.8 27.6 27.6 27.6 27.7 27.5
WBK, white-back kernels; KW, 1,000 kernel weight; DTH, days-to-heading.
@ Average temperature during the ripening period (20 days after heading).
Table2. Putative QTLs for WBK and DTH in RILs population
2006 (F 2008 (F
Traits QTL Chr Nearest (F7) (Fs)
marker LOD AE“ 2t Threshold¢ LOD AE 2 Threshold
WBK qWB3 3 RM4383 5.18 -3.11 10.6 3.26 3.34
qWB4 4 RM3288 4.30 -2.42 6.5
qWB6 6 RM8125 18.11 -5.40 31.5 21.70 -8.13 36.8
qWB9 9 RM2482 7.63 435 10.7
KW qKW3-1 3 RM7365 4.56 -0.26 8.9 3.54 3.82 -0.23 7.4 3.37
qKW3-2 3 RM3513 4.53 —-0.21 59
qKW6 6 RM5314 3.76 0.20 6.0
qKWw7 7 RMS505 3.53 0.21 6.6
gKW10 10 RM2371 5.09 0.23 7.9
DTH qDHI1 1 RM151 4.54 5.08 -0.22 19.1 3.76
qDH3 3 RM5172 4.98 —-0.53 11.7
qDH6 6 RM1369 5.30 0.68 8.4 8.22 0.54 12.1

WBK, white-back kernels; KW, 1,000 kernel weight; DTH, days-to-heading.

@ Additive effect of the HE allele.
b Percentage of total phenotypic variance explained by the QTL.

¢ Significant threshold LOD value (P < 0.05) determined from 1000 permutations.
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Fig.2. HE x NW linkage map and putative QTLs for occurrence of WBK, KW and DTH detected in RIL population. Blocks represent chromo-
somes. Black, dark gray and light gray blocks represent marker intervals where LOD peaks were detected for WBK, KW and DTH, respectively.

SSR markers mapped to the same position are omitted.

F, and F; populations (Kobayashi ez al. 2007). We detected
qWB6 again in RILs in both F; and Fg populations. gWB3
and gWB4 were detected only in 2006 and gWB9 only in
2008. In the previous study, gWB3 and gWB4 were detected
in either the F, or the F; population but not both and ¢ WB9
was not detected because of the lack of a genetic map for
chromosome 9. We also identified five QTLs for KW on
chromosomes 3 (two QTLs), 6, 7 and 10, and three QTLs for
DTH on chromosomes 1, 3 and 6 (Table 2 and Fig. 2).

Verification of allelic differences in gWB6 and gWB9
qWB6 was detected in all four generations (F,, F;, F; and
Fg), and the HE allele decreased the occurrence of WBK.
qWBY9 was detected only in the Fg RILs, and the NW allele
decreased the occurrence. We developed two NILs in which
the HE segments of either gWB6 (NIL1) or of both QTLs
(NIL2) were introduced into the NW genetic background
(Fig. 3). NIL2 had a longer HE segment than NIL1 in the
qWB6 region, and also included a segment of HE on chro-
mosome 10. The average temperature during the ripening
period in every plot was above 27°C (Table 3). All differ-
ences in the occurrence of WBK between HE and NW were
significant (P < 0.05). The occurrences of WBK did not dif-
fer significantly between NIL1 and HE in any plot. This

result clearly shows that the effect of giWB6 on the occur-
rence of WBK was reproducible. In contrast, the occurrence
of WBK in NIL2 (with HE segments of both gWB6 and
gWBY) differed by plot. In the greenhouse, the occurrence of
WBK was not significantly different between NIL2 and HE.
In contrast, in the Fukui paddy field in 2011, it was not sig-
nificantly different between NIL2 and NW. In the paddy
fields at Fukui and Kagoshima in 2012, the occurrence of
WBK in NIL2 was intermediate between HE and NW.

Occurrence of WBK in F; population from a cross between
NIL2 and NW

qWB6 and g WB9 were detected again in the F, population
(Table 4), but no QTL was detected on chromosome 10.
Two-way ANOVA showed that the alleles at ¢ WB6 contrib-
uted most to the occurrence of WBK and there was a signif-
icant (P =0.00054) interaction effect between ¢WB6 and
qWB9. Plants with NW allele at gWB6 had a significantly
higher occurrence of WBK than those with HE allele
(Fig. 4). This result confirms that the occurrence of WBK in
the F, population was determined mainly by different alleles
at gWB6. In addition, in the presence of the HE allele at
qWB6 in the NW background, the NW allele at g WB9 signif-
icantly decreased WBK and the HE allele significantly
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Fig.3. Graphical genotypes of NILs and QTL regions for WBK. Blocks represent chromosomes. Horizontal lines show the position of SSR

markers. Recombination points were arbitrarily determined as the midpoint between markers of different genotypes. White and gray blocks de-
note the homozygous HE allele and NW allele, respectively. Bars next to chromosomes denote putative QTLs for WBK.

Table3. WBK, DTH and average temperature during the ripeing period of NILs and parents

Fukui paddy field

Cultivars 2011 2012
or Lines DTH Temp® WBK? DTH Temp WBK

days °C % days °C %
HE 66 27.3 141+ 54a 66 28.1 37.2£16.1 ac
NwW 67 27.3 50.8+£21.6b 68 28.1 82.5+18.3 bd
NIL1¢ 68 27.3 129+ 94a 69 28.2 151+ 2.6a
NIL24 68 27.3 51.3+£209b 70 28.2 57.0+£13.1 cd

Fukui greenhouse Kagoshima

Cultivars 2012 2012
or Lines DTH Temp WBK DTH Temp WBK

days °C % days °C %
HE 62 31.1 469+ 40a 63 279 35+ 33a
NwW 64 31.0 89.2+169b 63 279 554+145b
NIL1 65 31.1 570+ 94a 63 27.9 134+ 75a
NIL2 65 31.1 62.1£104a 64 27.9 345+ 6.7¢

WBK, white-back kernels; DTH, days-to-heading.

@ Average temperature during the ripening period (20 days after heading).

b All values are means + SD. Means with the same letter do not differ among NILs and the parents (P < 0.05).
¢ Contains the gWB6 allele from HE in the NW genetic background.

4 Contains the gWB6 and gWB9 alleles from HE in the NW genetic background.

increased it. But in the presence of the NW allele at g/#/B6in  Discussion

the NW background, the occurrence of WBK was high

regardless of the gWB9 allele. The difference in DTH affected the occurrence of WBK by
causing changes in temperatures during the ripening period
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Table4. QTLs for WBK detected in F, population

QTL Chr  Nearest marker ~ LOD AE“® 2t
qWB6 6 RM1369 15.92 -20.06 56.5
qWB9 9 RM6971 4.39 8.50 9.6

F, population was derived from a cross between NIL2 and NW.
4 Additive effect of the HE allele.
b Percentage of total phenotypic variance explained by the QTL.
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qWB9 allele HE NW HE NwW

Number 17 16 21 20

Fig.4. Occurrence of WBK in plants that had homozygous alleles at
both gWB6 and gWB9 in the F, population derived from a cross between
NIL2 and NW.  Number of plants. * Mean values with the same letter
do not differ significantly (P < 0.05) by the Tukey-Kramer method.

(Hori et al. 2012). However, we could exclude the effect
of heading date on WBK based on three reasons: the
correlation between the occurrence of WBK and DTH in the
RILs was not significant (»=0.03 in 2006, »=0.15 in 2008,
P <0.05); QTLs for DTH were detected in different regions
from QTLs for WBK (Fig. 2) and DTH of NILs and the par-
ents had no influence on the temperature during the ripening
period (Table 3).

The occurrence of WBK and KW was positively correlat-
ed in the previous study (Kobayashi et al. 2007). In this
study, the occurrence of WBK and KW in the RILs was pos-
itively and significantly correlated (»=0.22, P<0.01) in F;
population, but there was not significant correlation
(r=0.05, P<0.05) in Fg population. In addition, QTLs for
KW were detected in different regions from QTLs for WBK
(Fig. 2). Tabata et al. (2005) also showed that there was no
correlation between the ratio of WBK and that of KW using
F, and F; populations derived from a cross between
‘Chiyonishiki’ and ‘Koshijiwase’. Thus we conclude that
the effect of KW on occurrence of WBK was limited.

We identified four QTLs associated with the occurrence
of WBK. We had already identified gWB3, gWB4 and ¢WB6
in our previous study using F, and F; populations derived
from a cross between the same parents (Kobayashi et al.
2007). In the previous study, we could not construct a com-
plete genetic map. In particular, we succeeded in mapping

only one SSR marker on chromosome 9 and two on chromo-
some 12, for which we could not construct genetic map cov-
ering chromosomes 9 and 12. Here, however, we construct-
ed a complete genetic map using 175 SSR markers, and
could therefore map gWB3, gWB4 and gWB6 with more ac-
curacy. The gWB6 was detected in both F, and F3 popula-
tions and also detected in both F; and Fg populations in this
study. These results show that a gene with a major effect on
the short arm of chromosome 6 controls the occurrence of
WBK and plays an important role in the suppression of heat-
induced quality decline.

We developed a NIL for ¢gWB6 to verify its effects. We
changed the surveyed seeds for the QTL verification to eval-
uate the QTL effects more accurately based on the results of
previous studies. We have reported that the apparent quality
of brown rice differed with spikelet positions on a panicle
(Kobayashi et al. 2012). Dong et al. (2011) and Yoshino et
al. (2006) also reported that the occurrence of immature or
chalky kernels differed among spikelet positions. The occur-
rence of WBK in the QTL analysis was determined using
bulked seeds, and did not represent the exact occurrence of
WBK, because they were randomly composed of seeds at
various spikelet positions. In the verification analysis using
all the self-pollinated seeds of two panicles from each NIL,
the occurrence of WBK did not differ significantly between
NIL1 and HE in any plot (Table 3). This result shows that
qWB6 could decrease WBK and increase tolerance to heat-
induced quality decline to the same level as in HE.

In addition, g WB9 was newly detected on chromosome 9,
where the NW allele decreased WBK even though NW itself
is susceptible. If gWBY has any effect on WBK, it would be
possible to improve the grain quality of HE by introducing
the NW allele at gWB9. Thus, we developed a NIL that had
HE segments in both regions to confirm their genetic effects.
The occurrence of WBK in NIL2 (HE segments at both
qWB6 and gWBY9) was significantly higher than that in HE
(Table 3). It was also significantly higher than in NIL1 ex-
cept in the greenhouse. Further, two-way ANOVA showed
that allelic variation at gWB9 influenced the effect of gWB6
on WBK in the F, population. In the presence of the HE
allele at gWB6 in the NW background, the HE allele at
qgWB9 significantly increased WBK (Fig. 4). These results
indicate that the HE allele at ¢g/WB9 weakened the ability of
qWB6 to decrease the occurrence of WBK. Although the
tolerant HE also has the HE alleles at ¢WB6 and gWB9
regions, the NW alleles at g/WB3 and gWB4 in NIL2 might
interact with gWB9. To clarify the interactions among
qWB3, gWB4 and ¢WB9, NILs with HE segments in those
regions should be developed. In addition, a NIL with an NW
segment at gWB9 and its neighboring region in the HE back-
ground might improve the tolerance of HE.

qWB3 was detected only in F, population that grown
under lower temperature (23.9°C) and ¢gWB4 was detected
only in F; population that grown under higher temperature
(28.2°C) in the previous study (Kobayashi et al. 2007).
However in this study, gWB3 and ¢ WB4 were detected in F
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population (26.5°C), but they were not detected in Fg popu-
lation (27.6°C). In addition, giWB9 was detected only in Fg
population (27.6°C). These results indicated that gWB3
would not be effective at higher temperature than 27°C. In
contrast, response to temperature of gWB4 and gWB9 was
not clear from these results. Further research using NILs for
these QTLs is needed to confirm their responses to tempera-
ture because different responses to temperature among
QTLs may be an important factor for QTL stacking.

The effect of the HE allele at gWB6 was not enough to
confer complete tolerance: the NILs and HE showed a high
occurrence of WBK under very high temperature (31°C) in
the greenhouse (Table 3). Mizunaga ef al. (2011) suggested
that gWB6 was not effective at 32°C. Thus, the QTLs identi-
fied here might not express the tolerance against tempera-
tures above 31°C.

Rice breeders have to prepare for the predicted global
warming by developing cultivars with stronger tolerance to
heat. To this end, other tolerant cultivars, landraces, indica
rice and wild relatives should be screened. Hori ef al. (2012)
identified QTLs for chalkiness on chromosomes 3, 6, 8 and
11 using ‘Nipponbare’/‘Koshihikari’ backcross inbred lines.
The QTL they detected for white-belly kernel ratio on the
short arm of chromosome 3 might be the same as gWB3.
They also detected a QTL for WBK on the short arm of chro-
mosome 6, very close to gWB6. It is not possible to deter-
mine the allelism of these QTLs, owing to the lack of shared
markers between the two studies. Tabata et al. (2007) detect-
ed four QTLs associated with WBK on chromosomes 1 (two
QTLs), 2 and 8 in a population derived from japonica
‘Chiyonishiki’ x ‘Koshijiwase’. Ebitani ef al. (2008) detect-
ed three QTLs for white-back and basal-white kernels on
chromosomes 2, 9 and 11 in an indica ‘Kasalath’ x japonica
‘Koshihikari’ cross. Hao et al. (2009) detected QTL for
chalky grain on chromosome 8, at which the indica ‘Nona
Bokra’ allele increased chalky grains in the ‘Koshihikari’
background. Sonoda ef al. (2011) evaluated the heat-induced
quality decline in Japanese rice landraces collected by Ebana
et al. (2008) and found several tolerant landraces. These
intensive studies will contribute to the breeding of ‘ultra-
tolerant’ rice by stacking those alleles.
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