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Abstract

To evaluate the gene action and interaction of quantitative trait loci (QTLs) as a single 
Mendelian factor, attempts were made in this study to isolate individual QTLs causing long 
grain in a large- grain rice cultivar ‘BG 1’, in other words, to establish a series of near-
isogenic lines which had long-grain alleles derived from BG 1 at only one QTL and the 
short0grain alleles at the other QTLs.  In the course of developing recombinant inbred lines 
from the cross between BG 1 and a short-grain cultivar Koshihikari, the lines were surveyed 
through backcrossing of the recombinant inbreds and by progeny test.  Until the BC2F2 
generation, a total of 8 lines, which obviously showed monogenic segregation within the 
respective progenies in which a single QTL was involved, were obtained.  All of the 
long-grain alleles at the isolated QTLs were recessive to the short-grain alleles.  The process 
of isolation of 2 different QTLs was described in detail as an example of the strategy adopted 
in this study.  These isolines for isolated QTLs should contribute significantly not only to the 
characterization of individual QTLs and their combinations but also breeding programs as 
gene sources to be used directly.
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Introduction 

Most of the agronomic traits exhibit continuous 
variations in populations consisting of different geno
types, like genetically segregating populations after 
crossing. These traits a re referred to as quantitative 
traits, and their genetic control is attributed to a 
number of loci which are designated as quantitative 
trait loci (QTLs), or polygenes. Generally, each of 
the QTLs is assumed to affect the trait cumulatively 
and less dominantly compared with non-genetic fac
tors. As a result, it is very difficult to evaluate 
QTLs individually for their locations along chromo
somes as well as their gene actions and interactions. 

Some efforts have been made to localize the in
dividual QTLs along chromosomes by detecting link
age relationships between QTLs and some suitable 
genetic markers 7 

• 1
1>. Recent advances in molecular 

biology have provided many kinds of molecular mar
kers which can cover all the chromosomes with a 
high density. Using these high-resolution molecular 
linkage maps with an adequate software, a large num
ber of QTLs controlling various complex agronomic 

characters have been located in limited chromosomal 
regions in many crops 1

·
10>. Several kinds of soft

ware for the QTL mapping can also estimate some 
of the gene effects for each QTL, the interaction 
of QTL with the environment, etc., from the same 
mapping population 6·12>. 

From a plant breeder's standpoint, on the other 
hand, it is very important to evaluate the gene ac
tions of individual QTLs as single Mendelian factors 
which can actually show monogenic segregation, and 
not as regions estimated on the linkage map by cal
culations under some assumptions. To achieve this 
kind of QTL evaluation, it is essential to isolate the 
individual QTLs through recombination and selec
tion . This QTL isolation so far has not been suffi. 
ciently carried out, because it is a time-consuming 
procedure. 

In this study special attention was paid to the 
grain length of rice as an example of quantitative 
trait, because this trait was generally considered to 
be controlled by a number of QTLs, as well as a 
single major gene, and had agronomic significance 
in determining the grain size and finally the grain 
yield in this crop. In the current study, then, 
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attempts were made to isolate the individual QTLs 
causing long grain length in a large-grain rice culti
var 'BG 1 '. The final objective is to establish a 
series of near-isogenic lines with long-grain alleles 
derived from BG I at only one QTL and short-grain 
a lleles at the other QTLs in relation t.o grain length . 
Although this objective has not been ftllly achieved 
yet, in this paper, the progress made and some of 
the results obtained are reported. 

Materials and methods 

A rice (Oryza saliva L.) cultivar BG 1 showing 
an extremely large (long) grain size8> was crossed 
as a fema le parent with a cultivar 'Koshihikari' show
ing a small (short) grain size (or a standard grain 
size in Japanese cuHivars). Fifty F2-derived Fs. 
progeny lines, which corresponded nearly to a set 
of recombinant inbred lines, were developed by the 
single-seed descem method from randomly selected 
F2 plants of this cross-combination. In the Fs popu
lation, several recombinant inbred lines showing 
different grain lengths were selected and crossed as 
a male parent with a cultivar 'Gimbozu' which 
showed a nearly equal or shorter grain length com
pared with Koshihikari. The crosses between recom
binant inbreds and Gimbozu aimed at estimating the 
number of QTLs related to grain length involved 
in these inbreds. In each F2 population of these 
crosses, F2-derived progeny lines were developed from 
several F2 plants with different grain lengths. Among 
these F2-derived lines, the candidates which seemed 
lo have only one QTL carrying the allele for long 
grain from BG 1 were crossed with Gimbozu recur
rently umil monogenic segregation in grain length 
was clearly confirmed within the respective progeny 
lines. Allelism test for long grain length was con
ducted when different lines of interest were obtained 
in the course of the study. 

Grain length of a plam was determined as the 
average length of 5 unhulled grains collected from 
the basal parts of tbe 3rd, 4th, and 5th primary 
branches from the top of a typical panicle of this 
plant. The length of an unhulled grain was meas
ured as the distance between the top of the apiculus 
except for awn and the bottom of the glume up to 
the Fs generation after the crossing of BG 1/ 
Koshihikari. From the Ft generation of the crosses 
between recombinant inbreds and Gimbozu, the 
distance between the base of the apiculus and the 
bottom of 1hc palea was defined as grain length . 
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Fig. I . Frequency distribution of grain length in F2 , F3, 
F.. and Fs populations from the cross of 
BO I / Koshihikari , developed by the single-seed 
deseen1 method 

*Means and ranges of Koshihikari and BO I. 

Results and discussion 

Fig. I shows the changes in the frequency distri
bution for grain length with generation advancement 
after the crossing of BG 1/Koshihikari. In the F2 

and FJ generations, typical continuous distributions 
were observed for this trait, indicating that the genetic 
difference in grain length between these 2 parents 
was due to a number of QTLs and not to a single 
locus. In the F4 and Fs generations, on the other 
hand, several peaks emerged in the distribution, 
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resuhing in a multimodal disiribution. 1n addition, 
several F2-derived lines appeared to show within
family segregation in a monogenic manner in the 
FJ and F4 generations (data not shown). This 
monogenic-like segregation within a derived line had 
already been observed by Taki ta 9> in his materials. 
In all the generations, no plant exhibited extreme 
transgressive segregation beyond the range between 
the 2 parents. 

T hese results suggest that every QTI.; for grain 
length converged into either of the parental geno
types, a large-grain homozygote (BG I type) or a 
short-grain homozygote (Koshihikari type). The 
population thus consisted of several and not numer
ous kinds of recombinant homozygotes showing 
different grain lengths by f4 and Fs generations. 
Among these homozygotes, there were genotypes 
where o nly one or a few QTLs carried the alleles 
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for long grain derived from BG 1. Several recom
binant inbred lines with different grain lengths were 
selected and crossed with a cultivar Gimbozu to esti
mate the number of QTLs carrying the long-grain 
allele in their genotypes a nd to init iate backcrossing. 
T he use of Gimbozu instead of Koshihikari as a recur
rent parent aimed at comparing other kinds of near
isogenic lines involving major genes for long grain 
under the same background as that of Gimbozu 4>. 
As an example of the following processes, the proge

nies of the cross between Gimbozu and a recom
binant inbred T34 are described hereafter. 

A part of Fig. 2 shows the distribution of grain 
length in the F2 populat io n of Gimbozu/ T34. Ap
parently, a bimodal-like distribution was observed 
in this population, in contrast with the distribution 
in the F2 population of BG 1/Koshihikari (Fig. l). 
A tota l of 20 F2 p lants with different grain lengths 
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Fig. 2. Frequency distribution of grain length in the F2 population and F2-clerivcd 
F3 lines from the cross of Gimbozu/ T34 (a rccombina111 inbred from 
BG 1/Koshihikari) 

*Means and ranges of Gimbozu, T34, and their F1 . 
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was selected and F2-derived FJ progeny lines were 
developed for the progeny test of grain length. The 
other part of Fig. 2 shows the distributions in 7 F 3 

lines out of 20, as examples. In this figure, several 
types of F3 lines could be distinguished: non
segregating lines whose single modes of grain length 
were similar LO that of either of the parents, Gim
bozu (line a jn Fig. 2) or T34 (g); non-segregating 
lines whose single modes showed either of the 2 in
termediates between the 2 parents ( c and e); and 
segregating lines which showed discontinuous distri
butions with 2 modes or more (b, d, and /). In 
the segregating F3 lines, each of the modes in the 
distribution roughly corresponded to one of the 
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Fig. 3. Frequency distribution of grain length in 
the BC,Fi popula1ions (Gimbozu/ T34// 
Gimboz.u) 

The donor parents of 1he populations in 
Fig. 3-a and - b are 1he progenies of 
line c and line e in Fig. 2, respectively. 
Open, hatched, and closed segments refer 
to 1he BC,F2 plants generating the short
grain, segregat ing, and long-grain BC, F.1 
families, respectively. 
*Mean and range of Gimbozu. 
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modes of the parents and intermediates. 
These results imply that a recombinant inbred line 

T34 received the alleles for long grain from BG I 
at 2 different QTLs, and the alleles for short grain 
from Koshihikari at the other QTLs. Each of the 
F2-derived F 3 lines showing an intermediate grain 
length, i.e. line c and Line e in Fig. 2, should have 
either of the 2 QTLs as above where t he long-grain 
allele from BG I occurred under a homozygous con
dition, whereas the segregating lines, lines b, d, and 
/, had these QTLs under heterozygous conditions. 
These lines of intermediate grain lengths, therefore, 
might indeed be the fina l objectives in this study. 
After checking homozygosity for grain length in the 
F4 generation, each f4 progeny of these lines was 
crossed as a female donor parent with Gimbozu. 

Fig. 3 shows the segregation of grain length in 
the BC1 F2 populations (Gimbozu/T34/ /Gimbozu). 
The donor parents of the populations depicted in 
Fig. 3-a and - b were the progenies of line c and 
line e shown in Fig. 2, respectively. Obviously, a 
bimodal distribution in grain length was observed 
in each population. In Fig. 3 the results of the proge
ny test using BC1F3 families derived from individual 
BC1F2 plants were superimposed. The ratio of the 
short-grain, segregating, and long-grain families fit
ted well 10 the expected ratio of I: 2: I (x2 = 1.51 
and 0.08 in Fig. 3 - a and -b, respectively). The 
range of grain length of the short-grain group con
siderably overlapped with the range of Gimbozu in 
each population. These results strongly suggest that 
in both populations only one QTL should be in
volved in the segregation of grain length, and the 
short-grain allele at this QTL was dominant over 
the long-grain allele. Consequently, it is concluded 
that, in the long-grain segregants of each BC1F2 popu
lation, a single QTL should be isolated as a mono
genically segregating factor from a number of QTLs 
causing Jong grain in BG I. In each population, 
one of these segregants was subjected to successive 
recurrent backcrossings with Gimbozu , and also to 
allelism tests between these 2 QTLs. 

Fig. 4 shows the segregation of grain length in 
the BC2F2 populations. Apparently, typical mono
genie segregation with a ratio of 3 short- to l long
grain group was observed (x1. = 1.63 and 0.01 in 
Fig. 4 - a and - b, respectively), confirming that only 
one QTL carried the recessive allele for long grain 
in the long-grain segregants in each population. The 
average grain length of the long-grain group in 
Fig. 4 - a was obviously shorter than that of the 
long-grain group in Fig. 4-b . Also, as observed 
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Fig. 4. Frequency distribution of grain length in the 
BC2F2 populations (Gimbozu/ T34/ /2•Gimbozu) 

The donor parents of the populations in 
Fig. 4-a and - b are the progenies of line c 
and line e in Fig. 2, respectively. 
•Mean and range of Gimbozu. 

in Fig. 2, the average grain length of line c, was 
shorter than that of line e. These results suggest 
that in the 2 isolated QTLs gene expression showed 
different magnitudes. 

Fig. 5 shows the results of the allelism test be
tween the 2 isolated QTLs as indicated above, where 
a continuous distribution with a wide range was ob
served in this F2 population, although no transgres
sive segregant in the direction of shorter grain length 
was recorded. The results of the allelism test con
firmed that the 2 isolated QTLs for long grain were 
different from each other. The isolated QTLs in 
the populations shown in Fig. 4- a and - b were, 
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Fig. 5. Frequency distribution of grain length in the P2 
population from the cross bet ween a long-grain 
segregant of BC,F2 shown in Fig. 3-a and that 
in Fig. 3-b 

*Mean and range of Gimbozu. 

thus, tentatively designated as 'QTL-A' and 'QTL
B', respectively. As shown in Fig. 5, there were many 
transgressive segregants beyond the grain length of 
the parent with longer grain (a long-grain segregant 
shown in Fig. 3-b) which should include the QTL-
8. This fact indicates that QTL-A and QTL-8 in
duced long grain in an additive manner. Hence, the 
genetic variation of grain length depicted in Fig. 5, 
and also in Fig. 2, might be attributed mainly to 

the segregation in QTL-B and partly to that in 
QTL-A. 

Until the BC2F2 generation, 6 QTLs for long grain 
were isolated besides the QTL-A and QTL-B via other 
recombinant inbreds than T34, although a llelism test 
among them has not been completed. In all of the 
isolated QTLs, Lhe short-grain alleles were dominanL 
over the corresponding long-grain alle.les. Kato3> con
ducted a diallel analysis of rice grain length using 
6 cultivars including BG I and Koshihikari , the 
parents of the progenies used in this study. In this 
analysis, the genes conferring long grain were con
sidered to be recessive, and BG I and Koshihikari 
were assigned to a completely recessive parent and 
a completely dominant parent, respectively. These 
results from the diallel analysis agreed well with the 
prescn t results. 

A series of isolines involving every single QTL, 
the final objective of the attempt as described 
above, corresponded to the "substitution lines" for 
chromosomal regions which arc expected to be a very 
suitable t0ol for analyzing QTL action and 
location 5 • 

13>. In rice, several QT Ls related to head
ing date 13> and one QTL related to grain width2> 
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had already been isolated as a form of near-isogenic 
lines through backcrossing by moni toring the graphi
cal genotypes of the progenies. The actions and in
teractions were evaluated also for the QTLs of 
heading date using these isolines 14>. The present al
tempt will be continued unti l every QTL causing long 
grain, at least with sufficient gene action to be 
detected, is isolated. The tagging of individual QTLs 
with molecular markers should certainly facilitate the 
enumeration and handling of the QTLs in this study, 
whereas the detection of suitable markers has not 
fully progressed because of insufficient polymor
phisms among the present materials. In any case, 
these isolines for individual QTLs may raise various 
issues about the nature of a quantitative trait. In 
addition, plant breeders could directly utilize these 
materials themselves as gene sources in their breed
ing programs. A larger number of QTLs should be 
isolated as a monogenic Mendelian factor in various 
agronomic traits for achieving these purposes. 
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