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Abstract Quantitative trait loci (QTLs) that control the
performance of tissue culture in rice were detected by
using 116 RFLP markers and 183 BC,Fj3 lines derived
from two varieties, Koshihikari and Kasalath. With
time, the seed callus of Koshihikari tends to turn brown
and stop growing, while that of Kasalath remains yel-
lowish-white and proliferates continuously. The perfor-
mance of tissue culture in the induction of calli from
seed, the subculture of induced calli, and shoot regen-
eration were evaluated by five indices: induced-callus
weight, induced-callus color, subcultured-callus volume,
subcultured-callus color, and regeneration rate. Through
callus induction and subculture, eight putative QTLs (P
< 0.001) were located on chromosomes 1, 4, and 9.
Among these QTLs, five Kasalath alleles and three
Koshihikari alleles improved tissue culture performance.
No QTL for regeneration was found. Among all the
QTLs, ¢Svi explained the largest phenotypic variance,
33%, in subcultured-callus volume. In induced-callus
color, two detected QTLs accounted for 36.4% of the
total phenotypic variance; this was the highest score
among the five indices used to evaluate the performance
of tissue culture. Three near-isogenic lines for QTLs,
located in two regions on chromosome 1, were developed
to evaluate their tissue culture performance. The Kasa-
lath alleles in ¢Svl and ¢Scl-I improved callus color
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through callus induction and subculture, and increased
the subcultured-callus volume and the fresh weight of
regenerated calli, including shoots, roots, and differen-
tiated structures. In ¢Sc/-2, the Kasalath allele improved
callus color through induction and subculture. These
results verified the presence of QTLs for the volume and
color of subcultured callus on chromosome 1, ¢Svi,
qScl-1, and ¢Scl-2.

Keywords Tissue culture - Seed callus - QTL - Rice -
Oryza sativa L

Abbreviations ICW: Induced-callus weight -
ICC: Induced-callus color - SCV: Subcultured-callus
volume - SCC: Subcultured-callus color

Introduction

Koshihikari has been a leading rice variety in Japan for
more than 20 years because of its appeal to the tastes of
Japanese consumers. Many varieties that appeal to the
Japanese palate have been produced by crosses of
Koshihikari. In the production of transgenic plants and
in anther cultures to produce doubled haploid lines, calli
induced from Koshihikari tend to turn brown and stop
growing, as is the case in many related varieties.
Changing the nitrogen source in the medium often im-
proves callus growth in Koshihikari. Tissue culture
media for Koshihikari have been developed (Daigen and
Abe 1993; Ogawa et al. 1999; Hashizume et al. 1999;
Daigen et al. 2000), all of which contain less ammonium
ion (NH, ) and/or nitrate ion (NO3) than N6 or R2
medium, which is often used in rice tissue culture.
However, even when these new media are used, tissue
cultures of Koshihikari cells are still unstable because of
the calli’s tendency to turn brown. If we were to modify
the genes that cause this browning and thus improve the
performance of tissue culture, culture work with
Koshihikari cells would be easier, and N6 or MS, the
usual media in plant tissue cultures, would be applicable



to the cultured cells of many varieties, including
Koshihikari and its relatives. Moreover, genes modified
to improve the performance of tissue culture could be
used as selection marker genes in the production of
transgenics when transformed Koshihikari cells are
cultured in media in which the Koshihikari callus be-
comes brown.

The rice seed callus, which is derived from the scu-
tellum of the mature embryo, is an excellent material for
making transgenics because it regenerates efficiently, and
more transgenics can be obtained than other tissues
using the Agrobacterium-mediated transformation
method (Shimamoto et al. 1989; Hiei et al. 1994). In
several species, tissue culture performance is quantita-
tively controlled. Also in several species, genes associ-
ated with regeneration from mature or immature
embryos, in the process of somatic embryogenesis, have
been reported. Many QTLs have been identified for
somatic embryogenesis in maize (Armstrong et al. 1992),
alfalfa (Yu and Pauls 1993), rice (Taguchi-Shiobara
et al. 1997b), barley (Mano et al. 1996; Mano and
Komatsuda 2002), and wheat (Ben Amer et al. 1997). In
rice, QTLs that affect the regeneration ability of seed
callus were identified using BCF5 lines derived from a
cross between a japonica variety, Nipponbare, and an
indica variety, Kasalath (Taguchi-Shiobara et al. 1997b).
Since that study focused on regeneration from the callus,
both parental varieties were chosen because of their
performance in callus growth and regeneration on N6
and MS media. In those media, cultured cells of Nip-
ponbare and Kasalath proliferate well and severe
browning seldom occurs, but regeneration of Kasalath is
more efficient than that of Nipponbare.

Here we tried to detect QTLs that affect tissue culture
performance using BC,F; lines derived from a cross
between Koshihikari and Kasalath. The tissue culture
system, including the media, was the same as that used
to identify QTLs involved in regeneration ability using a
population derived from a cross between Nipponbare
and Kasalath (Taguchi-Shiobara et al. 1997b). In the
media used, cultured Koshihikari cells turn brown. To
evaluate tissue culture performance more precisely, the
procedures were divided into three steps: callus induc-
tion from seed, subculture of induced calli, and regen-
eration from subcultured calli. At each step, the
detection of QTLs was attempted. Near-isogenic lines
for QTLs on chromosome 1—¢Svi, ¢Sci-1, and ¢Scl-
2—were developed to demonstrate the existence of the
QTLs. The QTLs detected here, using a Koshihikari/
Kasalath population, were compared with those identi-
fied using a Nipponbare/Kasalath population.

Materials and methods
Plant materials and linkage map construction

The BC,F; population used in this study was developed
from a cross between Koshihikari and Kasalath as
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described in Yamamoto et al. (2001). One BC,F; indi-
vidual from each line was used to construct the linkage
map using 116 RFLP markers distributed over all 12 rice
chromosomes. The RFLP markers were selected from a
high-density linkage map (Kurata et al. 1994).

Culture procedures

To construct the linkage map, mature Koshihikari,
Kasalath, and selfed seeds derived from 183 of 187
BC,F; individuals were cultured. The procedures from
callus induction to regeneration of the shoots have been
described previously in detail (Taguchi-Shiobara et al.
1997a, b). About 30 BC,F, seeds per experimental group
were incubated on callus-inducing solid medium for
4 weeks. The calli derived from each seed were weighed,
and the mean fresh weight was used as ‘induced-callus
weight (mg)’ to represent each BC,F; individual and its
parents. The color of the induced calli, or ‘induced-cal-
lus color’, was also observed and categorized into four
levels: brown, brownish-yellow, yellow, and yellowish-
white. About 80 mg of calli per seed from five inde-
pendent seeds were selected to initiate suspension cul-
tures. After subculture for 1 week, the volume of calli
derived from each seed was separately measured using a
volumetric pipette, the digital balance of which was
accurately adjusted, and the mean volume was used as
‘subcultured-callus volume (ml)’. The color of the callus,
or the ‘subcultured-callus color’, was observed in the
same way as was done previously. Ten calli, each 1 mm
in diameter and originating from one seed, were incu-
bated on a shoot-inducing medium. Five dishes, each
with ten calli, were cultured for each experimental
group. After incubation for 4 weeks, the percentage of
calli that had more than one regenerated shoot was
calculated for each dish, and the mean for each of the
five dishes was used as the ‘regeneration rate (%)’ to
represent each of the 183 BC;F; individuals and its
parents.

Statistical analysis

Prior to analysis, the regeneration rate was transformed
to normalize variances: y=arcsine +/X. Scores were
assigned to the four levels of callus color: four for yel-
lowish-white, three for yellow, two for brownish-yellow,
and one for brown. Analysis of variance (ANOVA) was
used to detect markers linked to loci for the performance
of tissue culture. We employed a 0.001 probability level
as the threshold for the detection of putative QTLs for
the five indices: induced-callus weight, induced-callus
color, subcultured-callus volume, subcultured-callus
color, and regeneration rate. To determine associations
between markers and regeneration ability, the general
linear model (GLM) procedure in the SAS program
(SAS Institute 1989) was used to detect significant dif-
ferences between the mean values of Koshihikari and
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Kasalath homozygotes at each marker locus. The mar-
ker locus showing the highest F-value around the region
of significance was considered to be the nearest marker.
The MAPMAKER/QTL program (Lincoln et al. 1992)
was also used to estimate each detected QTL gene effects
and to calculate the multigenic variance of all detected
QTLs.

Development and tissue culture of near-isogenic lines
for QTLs on chromosome 1

Of the 183 BC,F; individuals used for QTL analysis,
two were selected to develop near-isogenic lines for
QTLs on chromosome 1. These two BC;F3 individuals
were backcrossed to Koshihikari twice to obtain 20
BC;F; individuals. After they were selfed, these BC3F,
individuals were screened using 38 RFLP markers, so
that the genome of each contained a Kasalath fragment
in the region of the QTL in the Koshihikari background.
The culture procedure was the same as that described
earlier. After the 4-week regeneration step, the fresh
weight of calli, including the shoots, roots, and differ-
entiated structures, was calculated for each dish, and the
mean for each of the five dishes was used to represent
each near-isogenic line and its parents.

Results

Phenotypic variation among the two parents and 183
BC,F; lines

The tissue culture performance of Koshihikari was much
lower than that of Kasalath. Figure 1 shows shoot
regeneration from seed calli derived from Koshihikari
and Kasalath. Most Koshihikari calli turned brown,
while the Kasalath calli grew well. The frequency dis-
tribution for each trait in both parents and in the 183
BCF; lines is shown in Fig. 2. The Koshihikari callus
started to turn brown (score =2.6 £ (.5) after the callus
induction step (4 weeks). During the following

Fig. 1 Regeneration from seed
calli derived from two parents,
Koshihikari and Kasalath

Koshihikari

subculture (1 week), the color of the Koshihikari callus
did not become worse (score=2.7 £+ 0.5), but the callus
turned brown and stopped growing by the end of
regeneration step (4 week) (Fig. 1). On the other hand,
the Kasalath callus did not turn brown after the callus
induction and subculture steps (scores=4.0 £ 0.0). The
subcultured-callus color of the BC;F; lines became
worse than their induced-callus color (Fig. 2a, b).
Transgressive segregation was observed in induced-cal-
lus weight and in subcultured-callus volume (Fig. 2a, b).

Correlations between indices used to evaluate
performance of tissue culture

Table 1 shows the correlation coefficients (r) among the
five indices used to detect the QTLs’ tissue culture per-
formance. The induced-callus color and subcultured-
callus color were highly correlated with each other, and
these two indices in the subculture step were also highly
correlated with the index in the following regeneration
step. The induced-callus color was correlated with
regeneration rate but not with subcultured-callus vol-
ume, even though the subculture step followed the
induction step. Induced-callus weight was not correlated
with the indices in subculture or in regeneration.

QTLs for performance of tissue culture

In total, eight QTLs were detected for four indices. Each
QTL’s gene effect was estimated (Table 2), and each
QTL was located on the linkage map (Fig. 3).

Callus induction

Two QTLs on chromosomes 4 and 9, gIw4 and gIw9,
were detected for induced-callus weight. In g/w4, the
Koshihikari allele increased induced-callus weight, as
did the Kasalath allele in g/w9. A multilocus model
involving gIw4 and gIw9 accounted for 13.3% of the

Kasalath




Fig. 2 Frequency distributions

971

Induced callus

for BCF; lines of; (a) fresh e
weight and color of induced- £ -
callus, (b) volume and color of I Regenerated callus
subcultured-callus, and (c) g 50 v 9
regeneration rate. Scores for m v
colors in (a) and (b) are 1: ° 50{ —Y
brown, 2: brownish-yellow, 3: 2
yellow, and 4: yellowish-white. g
Phenotypic values with z &
standard deviations of 0 y y £ |
Koshihikari and Kasalath are Weighzto(omglseed‘)mo 0 10503 4 w
denoted by black and white a Q
triangles, respectively “ v
)
Subcultured callus 5
@ — — Qo
£ £
) =
L
Q 50 Y
o v
5 L Y 0 , [ 1
5 || 50 100
5 ] Regeneration rate (%)
5 C
Z
0 1.0 01234
b Volume (ml) Color

total phenotypic variance in the BC;F; lines. As for
callus color, two QTLs on chromosomes 4 and 9, glc4
and g¢lc9, were detected, and a multilocus model
involving them accounted for 36.4% of the total phe-
notypic variance. In the callus induction step, ¢g/c4 had
the highest score of total phenotypic variance explained:
29% by single-point analysis.

Subculture

Only one QTL on chromosome 1, ¢Sv/, was mapped for
subcultured-callus volume, which the Kasalath allele
increased. This ¢Sv/l explained 33% of the total phe-
notypic variance, which was the highest score in the
single-point analysis. Three significant QTLs on chro-
mosomes 1 and 4, ¢Scl-1, ¢Scl-2, and ¢Sc4, were de-
tected for subcultured-callus color. A multilocus model
involving these three QTLs accounted for 30.5% of the
total phenotypic variance. The Kasalath alleles in gSc/-1
and ¢Scl-2, and the Koshihikari allele in ¢Sc4,
improved subcultured-callus color.

Regeneration

No QTL was detected for regeneration rate.

Near-isogenic lines for QTLs on chromosome 1

Of the BCsF, individuals, three near-isogenic lines, #1,
#2, and #3, were selected to have the Kasalath alleles
in the regions of QTLs on chromosome 1 (Fig. 4).
Line #1, which had a Kasalath fragment in two RFLP
markers, R210 and C178, was selected as a near-iso-
genic line for ¢Svl and ¢Scl-1. Line #2, with a
Kasalath fragment on CI122, was also selected as a
near-isogenic line for ¢Sc/-2. To understand the effects
of the Kasalath alleles in both these regions, one
BCsF, line that had a Kasalath fragment covering
both regions was chosen and named #3. Most of the
genomes of these three near-isogenic lines were derived
from Koshihikari and did not contain Kasalath frag-
ments in other QTL regions.

Table 1 Correlation coefficients () between indices in the 183 BC,F; lines derived from the cross between Koshihikari and Kasalath

Index used to detect QTL ICW ICC SCV SCC
Induced-callus weight ICW

Induced-callus color ICC 0.198**

Subcultured-callus volume SCV —0.124 0.007

Subcultured-callus color SCC 0.116 0.410%** 0.305%**

Regeneration rate RS 0.034 0.254%*%* 0.272%*%* 0.365%**

™ "Indicate significant differences at 0.01 and 0.001 probability levels, respectively
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Table 2 QTLs for tissue culture traits detected in a Koshihikari/Kasalath BC,F; population, based on a single-point analysis of variance
and MAPMAKER/QTL

QTL Chromosome  Nearest marker SAS/GLM MAPMAKER/QTL
Probability R*® LOD  Percent variation AEP DPE*
Induced callus
Weight
qIw4 4 C513 0.0007 0.08 3.0 7.2 —20.2 Koshihikari
qIw9 9 R2638 0.0009 0.07 3.0 7.4 16.3 Kasalath
Total 13.3
Color
qlc4 4 R2373 <0.0001 0.29 8.0 18.5 —0.272  Koshihikari
qlc9 9 R2638 <0.0001 0.14 5.4 13.2 0.184  Kasalath
Total 36.4
Subcultured callus
Volume
qSvl 1 C178 <0.0001 0.33 16.0 33.2 0.099  Kasalath
Color
qScl-1 1 C178 <0.0001 0.25 9.3 21.7 0.280  Kasalath
qScl-2 1 C122 0.0006 0.07 2.8 6.9 0.149  Kasalath
qSc4 4 R2373 0.0006 0.07 2.2 5.5 —0.128  Koshihikari
Total 30.5

Regenerated callus
Regeneration rate

“Phenotypic variance explained by each QTL
bAdditive effects (1/2 weight) of Kasalath allele
“Direction of phenotypic effect

Fig. 3 Locations of the QTLs 1 9
for tissue culture performance.
The RFLP markers significant _ _
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Tissue culture performance of the three near-isogenic
lines for QTLs on chromosome 1

All three of the near-isogenic lines showed improved
callus color during callus induction and subculture
(Fig. 5a). The induced-callus weight of line #1 was lower
than that of Koshihikari, while those in lines #2 and #3
were the same as in Koshihikari (Fig. 5b). In subculture,
lines #1 and #3 had a higher subcultured-callus volume
than Koshihikari, while #2 produced the same volume
as Koshihikari (Fig. 5¢). In regeneration, the regenera-
tion rates of the three near-isogenic lines were higher
than that of Koshihikari but much lower than Kasalath
(Fig. 5d). As for the fresh weight of the regenerated
callus including shoots, roots, and other differentiated
structures, lines #1 and #3 were as high as Kasalath,
while #2 was as low as Koshihikari (Fig. 5¢). Lines #1
and #3 also produced many shoot primordia on the
surface of the regenerated callus, although these pri-
mordia did not contribute to the regeneration rate.
Koshihikari and line #2 did not produce shoot primor-
dia.

Discussion

We detected eight QTLs for four indices: induced-callus
weight, induced-callus color, subcultured-callus volume,
and subcultured-callus color; we detected no QTL for
the fifth index, regeneration rate (Fig. 3, Table 2). When
two QTLs share the same location on a linkage map and
their positive alleles have the same parents, and when

Fig. 4 Graphical genotypes of
chromosome 1 of Koshihikari
and three near-isogenic lines
(NILs): #1, #2, and #3.
Locations of QTLs are shown u
on the right side of Koshihikari

Koshihikari

M qSv1
I l qSc1-1
)
7R
R210 - ; s
AN
c178 H ;Q
AN
AS
c122 H 4
H gsc1-2
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there is at least one significant correlation between
indices used, those two QTLs might actually be one
QTL with pleiotropic effects. For example, glc4 and
qSc4 were located on the same region on chromosome 4
(Fig. 3), and both of them shared the same direction of
phenotypic variance; thus, the Koshihikari allele had a
positive effect (Table 2). Also, the indices used to detect
these QTLs, induced-callus color and subcultured-callus
color, were correlated with each other (Table 1). So glc4
and ¢Sc4 might be the same QTL. The same goes for
qSvI and ¢Scl-1 and also for gIw9 and glc9.

We mapped the QTLs that control the performance
of tissue culture at callus induction from mature seeds
and in the subculture of induced calli. Because of the low
total phenotypic variance (13.3%) explained by the
QTLs for induced-callus weight (Table 2), there likely
exist QTLs that went undetected here. Since the quality
of mature seeds tends to affect callus induction from
them, the variance tends to be larger in the measurement
of tissue culture performance. Some BC;F; lines pro-
duced more than 300 mg of calli per seed (Fig. 2a), but
often such calli were not embryogenic. That is, they
contained more water and less cytoplasm than
embryogenic calli, and seldom produced regenerated
shoots. This is consistent with the fact that induced-
callus weight did not correlate with the indices in sub-
culture and regeneration (Table 1). These results showed
that induced-callus weight is not a proper index of callus
growth, particularly when the calli are extremely watery.

Among the four indices by which at least one QTL
was detected in this study, all but induced-callus weight
explained 30.5-36.4% of total phenotypic variance

Near-isogenic lines
#1 #2 #3

I : Kasalath homozygous
[l: Kasalath/Koshihikari heterozygous
[J: Koshihikari homozygous
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(Table 2), indicating that those three indices—induced-
callus color, subcultured-callus volume, and subcul-
tured-callus color—are suitable for evaluating the per-
formance of tissue culture. However, the performance of
subcultured cells was more stable than that in primary
culture, as with callus induction from seed. We consid-
ered that a smaller experimental error can be expected
when subcultured cells are used to evaluate the perfor-
mance of tissue culture.

A callus’s color reflects its nature. A yellowish-white
callus, like that of Kasalath, tends to be embryogenic
and produces more regenerated shoots, while a browner
callus, like that of Koshihikari, is less embryogenic and
stops growing when the culture period becomes longer.
In our experiment, glc4 and ¢Sc4, in both of which the
Koshihikari allele has a positive effect, were also de-
tected (Table 2). However, there were few lines in which
the callus color was better than that of Kasalath
(Fig. 2a, b). This is because the highest score in callus
color was limited to 4, and the Kasalath score was also
4.0 £0.0 in callus induction and subculture.

To isolate QTLs by map-based cloning, it is best to
choose the QTLs that have the largest effect on an index
for certain traits. In our results, these QTLs were ¢Sv1,
qScl-1, and glc4 (Table 2). ¢Svi explained the largest
phenotypic variance in subcultured-callus volume: 33%
in single-point analysis and 33.2% in MAPMAKER/
QTL. As for the subcultured-callus color, gSci-1 ac-
counted for 25% of the phenotypic variance in single-
point analysis and 21.7% for color in MAPMAKER/
QTL. ¢SvI and ¢gScl-1 might be the same QTL, since

they are at the same location on the linkage map, spe-
cifically the region that includes RFLP markers R210
and C178 (Fig. 3). Near-isogenic line #1, which covered
this region of about 9.7 Mb (Fig. 4), showed improved
performance of tissue culture in both the color and
volume of subcultured callus (Fig. 5a, c¢), thus confirm-
ing the existence of ¢Sv/ and ¢Scl-I. In regeneration,
line #1 had a higher fresh weight of regenerated callus
including shoots, roots, and differentiated structures,
and its regenerated callus produced many shoot pri-
mordia, which were not observed in the callus of
Koshihikari. Line #1 also improved the induced-callus
color (Fig. 5a), although there was no QTL in callus
induction. This region may contain a gene that causes
browning of the Koshihikari callus. g/c4 had the largest
phenotypic variance of induced-callus color: 29% in
single-point analysis and 18.5% in MAPMAKER/QTL
(Table 2). In the same region, the QTL for subcultured-
callus color, ¢Sc4, was also detected (Fig. 3). Since the
Koshihikari allele had positive effects on both gl/c4 and
qSc4 (Table 2), they also might be the same gene related
to callus browning in this region.

The existence of QTLs with smaller effects, such as
qScl-2, was also confirmed, since near-isogenic line #2
improved the subcultured-callus color (Fig. 4 and
Fig. 5a). It is considered to be more difficult to isolate a
QTL that has a smaller effect than that having a larger
effect, such as ¢Sv/ and ¢Sci-1. No QTL for induced-
callus color was detected here, but line #2 showed im-
proved induced-callus color. The ¢Sc/-2 region also may
have a gene associated with the browning of the callus.



To figure out what happens if both of the regions
covered by lines #1 and #2 contain the Kasalath allele
(Fig. 4), line #3 was evaluated for its tissue culture
performance. That ability was better than line #2’s and
almost the same as line #1’°s in subcultured-callus vol-
ume and also in the fresh weight of regenerated callus
(Fig. 5c, e). No additive effect was observed.

Taguchi-Shiobara et al. (1997b) reported five
QTLs—qRgl, qRg2, qRg4a, qRg4b, and gqRg4c—asso-
ciated with the rice seed calli’s regeneration ability, using
98 BC,Fs lines derived from another japonica variety,
Nipponbare, and an indica variety, Kasalath, which was
also used in this study. They considered neither callus
color nor callus volume. In our experiment, no QTL for
regeneration rate was found (Table 2). However, three
near-isogenic lines, which covered the ¢Sv/ and ¢Sci-1
region and/or the ¢Scl-2 region, showed higher regen-
eration rates than Koshihikari (Fig. 5d). Lines #1 and
#3, which covered the ¢Sv/ and ¢Sci-1 region, produced
many shoot primordia in regeneration even if no QTL
for regeneration rate was detected in the region. And
three indices—induced-callus color, subcultured-callus
volume, and subcultured-callus color—were highly cor-
related with regeneration rate (Table 1). Considering
these findings, the QTLs for these three indices could be
genes affecting regeneration. They were not detected
since QTLs for regeneration rate may be because the
recurrent parent was Koshihikari the callus of which
tended to turn brown and stop growing. g Rg4c might be
the same gene as the two QTLs, glc4 and ¢Sc4, that we
detected here (Fig. 3; Table 2), since they were located
on the same region in the linkage map and the japonica
parent had the positive allele. gRg! also might be the
same gene as g¢Scl-1.

The browning of the Koshihikari callus is reportedly
related to nitrogen metabolism in the cells. To avoid
browning of the Koshihikari callus, the use of media
containing smaller amounts of ammonium and/or ni-
trate ions was found to be effective. Ogawa et al. (1999)
reported that the Koshihikari seed callus showed im-
proved growth when alanine replaced ammonium sul-
fate [(NH4)>SOy4] as the source of reduced nitrogen and
when sucrose concentration was decreased. Hashizume
et al. (1999) used modified N6 basal media containing
one-fourth of potassium nitrate (KNQOs3), aspartic acid,
and no ammonium nitrate. Daigen et al. (2000) devel-
oped DKN (a designation for diluted KNO3) medium, a
modified R2 medium containing one-fifth of potassium
nitrate and ammonium sulfate. Ogawa et al. (1999)
clarified that Koshihikari and related varieties having
low tissue culture performance had low levels of nitrite
reductase activity, and that toxic nitrite ion (NO3),
which was not reduced, accumulated in cultured cells
and caused browning of the callus followed by restrained
cell growth. They also showed that decreased nitrite
reductase activity also prevented the accumulation of
nitrite ion in cultured cells, which improved cell growth.

Genes involved in nitrate metabolism might be
QTLs associated with callus color—¢Sci-1, ¢Scl-2,
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qSc4, qlc4, and qlc9. These QTLs are likely to be re-
lated to genes involved in nitrate metabolism and thus
cause browning of the Koshihikari callus. Since nitrite
reductase genes and nitrate reductase genes might be
candidate genes for these QTLs, we tried to search for
them in the rice genome using DDBJ. It is worth
mentioning that a putative ferredoxin-nitrite reductase
gene (P0025H06.19) is predicted near C178 in the
9.7 Mb region of ¢gScl-I. No nitrate reductase genes
were found in the regions where QTLs for callus color
were located.

Isolation and modification of the QTLs that control
the performance of tissue culture will make it easier to
produce Koshihikari transgenics. Such QTLs can be
used to enhance the tissue culture performance of vari-
eties with lower performance, and thus can be used as
selection markers in the production of transgenics.
When such a QTL is transformed to plants of a specific
variety, the transformants can be selected using the
media on which the callus of that variety cannot grow. It
is not clear whether there are any common genes that
control the performance of tissue culture between dif-
ferent cereal species, such as maize and wheat, whose
transgenics are still difficult to obtain. The development
of comparative mapping will clarify whether or not there
are homologous genes that cause differences in tissue
culture performance between varieties.
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