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Soybean [Glycine max (L.) Merr.] is an important crop, accounting for 48% of the world market in oil
crops. Improvement of the quality and quantity of soybean seed constituents is one of the most im-
portant objectives in soybean breeding. Protein content and seed size are important properties to de-
termine the quality of tofu and soy sprouts respectively. The objective of this study was to identify
quantitative trait loci (QTLs) that control sced weight, protein and oil content in soybean. The 117 Fyso
recombinant inbred lines (RIL) developed from a cross of 'Keunolkong' and “Shinpaldalkong’ were
used. Narrow-sense heritability estimates based on a plot mean on seed weight, protein and oil con-
tent were 0.8, 0.78 and 0.71, respectively. Four independent QTLs for seed weight were identitied from
linkage group (LG) F, T and K. Five QTL for protein content were located on LG D1b, E, H, 1 and
L. Oil content was related with six QTLs located on LG Dl1b, E, G, I, ] and N. Protein and oil content
have three common QTLs on LG D1b, E and 1. Thus, we identified major loci improving soybean seed

quality.
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Introduction

Soybean [Glycine max (L.) Merr.] is one of the most im-
portant crop plants in the world, accounting for 48% of the
world market in oil crops. It is also one of the more im-
dortant sources of protein for both human consumption
and as a fodder. Soy foods prepared from soybean include
‘extured soy protein, soymilk, tofu, natto, denjang, miso,
soy sprouts, and soy sauce. Sced traits such as protein con-
ient and seed weight have important roles in determining
the quality of these soy food items{4,8).

Hardiness, brittleness, and gumminess are important
physical properties, which determine the overall quality of
tofu. Seed protein content determines these properties in
tofu, whereas seed size determines the quality of soy
sprouts[14]. Small seeded soybeans are generally desired
tor high quality soy sprouts, denjang and natto production,
and combining higher protein with large seed size is de-
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sired for tofu production[20]. Genomic regions for seed
weight along with protein and oil quantitative trait loci
(QTLs) could be used in marker-assisted selection (MAS)
for desired soybean types for soy food application.

Despite moderately high heritabilities[2], it is difficult to
improve seed traits, particularly protein and oil content,
simultaneously. Also, numerous researchers[1,3,5,6,12,13,
16-18,21,22] have studied the inheritance of seed size, and
protein and oil content in soybean. QTLs for oil content
are located in many linkage group except linkage group
(LG) D1b, M and N. QTLs for protein content are also
spread among several linkage groups except LG D1b and
D2. Also, several seed size QTLs have been identified but
there are very few consistent QTLs across the populations.
Breeder’s use of such QTLs is more likely only after they
are confirmed in diverse populations grown in diverse
environments.

The primary objective of the present research was to im-
prove the breeding efficiency of seed quality in soybean.
This study was conducted to identify simple sequence re-
peats (SSR) markers associated with QTLs and marker-as-
sisted selection (MAS) for seed weight, protein and oil con-
tents in soybean.
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Materials and Methods

The well-characterized soybean cultivars, "Keunolkong’
and ‘Shinpaldalkong’ were used as mapping parents.
"Keunolkong' is the pure-line derived from a local variety
selected in Korea. It possesses early maturity, short stem
length, and large seed size. ‘Shinpaldalkong’ is the typical
cultivars released from systemic breeding programs through
the deliberate crossings, "Will'x('Elf'x $574185). "Shinpal-
dalkong’ showed the late maturity, long stem length, and
small seed size.

The RIL populations were obtained from the crosses of
"Keunolkong’ and ‘Shinpaldalkong’. The cross ‘Keunolkong’
x’Shinpaldalkong” (K/S) generated 117 Fi RILs derived
from individual F; plants by single seed descent (SSD). The
Fio seeds of each line were planted in a randomized com-
plete-block design with two replications at Yeongnam
Agricultural Research Institute, NICS, Milyang, Korea in
2001. Each entry was planted in a 1.5 m long paired-row
plot with two seeds per hill. Spacing was 60 cm between
rows and 10 cm between plants. Seed weight was de-
termined by weighting 100 seeds per plot.

Protein and oil contents

The protein contents of soybean were determined by au-
tomated kjeldahl method. point two gram of ground seed
sample was digested by a B-435 digestion system and a
B-412 scrubber (Buchi) with 20 ml of sulfuric acid and 3
grams of catalyst (CuSOs : KoSO, =1 : 9). Percent nitrogen
was calculated by a B-339 auto-kjeldahl system (Buchi) and
then converted to percent protein by multiplication with
theconstant of 6.25.

The oil content was determined by an automated soxh-
let method with a B-811 extraction system (Buchi). Two
grams of ground sample was extracted by hexane for 2 h,
pre-heated for 10 min, and then dried 1 h at 105C. The
moisture contents were analyzed by an oven-dry method
with 105°C for 2 h, and then all data were converted to
dry matter basis.

DNA isolation and analysis

Genomic DNA was isolated from fresh leaves following
the procedure described by Keim et al. [11]. A total of 199
soybean SSR markers (http: //soybase.agron.iastate.edu/
ssr.htm) were used to screen for polymorphisms between

mapping parents. The primer pairs showing parental poly-

morphisms were used for SSR genotyping in RIL
progenies. The PCR reaction was performed in a total vol-
ume of 10 uf containing 25 ng of template DNA, 0.15 M
of each forward and reverse primers, 200 M of each dNTP,
2 mM MgCl,, 0.1% Triton X-100, 1x reaction buffer (10 mM
Tris-HCI pH 8.5, 100 mM KCl) and 0.5 U of Tag DNA pol-
ymerase (BioBasic Taq Polymerase, Applied Bio Basic,
Canada). Template DNA was initially denaturated at 94°C
for 2 min, followed by 40 cycles of PCR amplification us-
ing the following conditions; denaturation at 94C for 25
sec, annealing at 47°C for 25 sec and extension at 68 for
60 sec on a 96-Well GeneAmp PCR system 9700 (Applied
Biosystems, USA).

Map construction and statistical analysis

Means of traits, correlation, and analysis of variance were
determined by SAS program (SAS, 2002). Narrow- sense
heritability was calculated on a per-plot basis, using esti-
mates of the variance components [7]. Based on the segrega-
tion data subsets for SSRs and morphological markers, we
constructed a linkage map with MapManager QT version
2.8 software [15]. Recombination fractions were converted to
map distances by applying the Haldane map function [9].

The association between marker and QTL was tested ac-
cording to the interval mapping methods of Whittaker et
al. [27], using MapManager QT and single-factor ANOVA
{(SF-ANOVA). For each SSR and morphological marker, the
class means for seed weight, protein and oil concentration
were compared for significance (P < 0.05) using an F-test
from the Type I mean squares, as obtained from the
General Linear Model (GLM) procedure of SAS.

If SF-ANOVA identified two or more linked markers as-
sociated with the seed weight, protein and oil content,
multiple regression analysis was conducted by including
all the significant markers on that linkage group in the
model (SLG-Regr). All significant markers from the SLG-
Regr analysis were then combined into a multiple-linkage
group regression (MLG-Regr) at P < 0.05 to determine the
combination of independent markers those were explaining
the greatest amount of phenotypic variation in a given
trait. The probability level of 0.05 was selected to enhance
our ability to detect QTLs associated with seed weight,
protein and oil concentration. Finally, the coefficient of de-
termination (R%) obtained from MLG-Regr was used to
provide an estimate of the percentage phenotypic variation
explained by the markers.
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Seed weight, protein and oil contents

Variation of seed weight, protein and oil content in the
Fa10 RIL population is presented in Table 1 and Fig. 1.
‘Keounolkong’ shows large sced weight and high protein
content, while "Shinpaldalkong’ is characterized with small
seed weight and high oil content. There was significant
difference (p<0.05) among the RIL for each traits in the
population. Transgressive segregation for seed weight, pro-
tein and oil content, was found a few lines being sig-
nificantly greater or lower than high and low parents (Fig.
1). Seed weight ranged from 11.6 to 30.35 g (per 100 seeds
weight) and protein content ranged from 35.57 to 45.04%,
and oil content ranged 16.82 to 2456%. Narrow-sense her-
itability of seed weight, protein and oil content were 0.80,
.78 and 0.71, respectively (Table 1). There was a strongly
negative correlation between protein and oil content
{r=-0.57, p<0.001). On the other hand, protein content was
strongly positively correlated with seed weight (r=0.454,
p<0.001) (Table 2).

Construction of linkage map based on RIL

Based on the RIL Fyy generation, a genetic linkage map
with 108 SSR markers and two morphological markers
(total 110) was constructed. The map covered a distanced
1,890 cM of the soybean genome using the Haldane func-
tion, comprising 19 linkage groups. On average, this map
revealed a marker density of 1.0 perl7.2 cM. The order of
most of the markers was in agreement with the public soy-
sean molecular linkage map [23].

QTL analysis for seed traits

The SF-ANOVA analysis identified fifteen markers (data
not show) as potentially associated with seed weight.
MLG-Regr analysis showed that four QTL markers, satt146
on LG F, satt571 on LG I and satt137 and satt417 on LG
K were significantly associated with seed weight (Table 3).
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Fig. 1. Frequency distribution of seed weight (g/100 seeds), pro-
tein and oil contents (%) in 117 RILs of 'Keunolkong’ x
"Shinpaldalkong’.

Table 1. Descriptive statistics for seed weight, protein and oil contents in 117 RIL population of "Keunolkong’ x ‘Shinpaldalkong’

Parents RIL population
Trai - W
raits Keunolkong Shinpaldalkong Range Mean - SD
(mean + SD) (mean + SD)
Seed weight (g/100 seeds) 2470 +0.29 16.83 + 0.87 11.60~30.35 21.02+254 0.80
Protein (%) 4312 £ 0.56 40.10 = 0.70 35.57~45.04 39.45 + 1.86 0.78
Oil (%) 1732 037 20.10 + 0.80 16.82~24.56 20.60 +1.48 0.71

! Heritability on a per-plot basis
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Table 2. Correlation coefficients among seed weight, protein
and oil contents in 117 RilLs of "Keunolkong’ x

"Shinpaldalkong
Seed weight Protein
Protein 0454
oil -0.059™ 0.570"

*** Significant at 0.001 probability level.
ns, Not significant (P > 0.05)

Individual QTLs explained relatively low phenotypic varia-
tion (3.63~8.11%) though they accounted for total pheno
typic variations of 23.49% for seed weight.

The SF-ANOVA revealed that thirty-three markers (data
not show) were detected as potentially associated with
protein content. MLG-Regr analysis identified five QTLs
on LG Dib, E, H, I and L (Table 3). Two major QTLs,
satt151 on LG E and satt440 on LG 1, explained 29.85 and
13.83% of the phenotypic variation, respectively.

Based on the SF-FANOVA analysis in th RIL population,
twenty-six markers (data not show) were found sig-
nificantly (p<0.05) associated with oil content. Six QTLs
were identified on LG Dlb, E, G, I, J and N. In the
MLG-Regr analysis, those QTLs explained 52.04% of total
phenotypic variation of the oil content. The QTL located
near the marker satt216 on LG D1b and satt151 on LG E
were detected as major QTL contributing to R* = 19.03 and
11.53%, respectively (Table 3).

Discussion

Seed weight, protein and oil contents are main factors
determining seed quality in soybean. Smaller seed weight
is preferred in Asian markets for quality sprouts and natto,
whereas large seed weight with high protein content in
preferred for tofu and denjang (fermented soybean) pro-
duction[14,24].

Our population is a possibility of increasing the fre-
quency of desirable alleles for protein or oil and for smaller
and larger seed weight, since the narrow-sense heritabilities
for these traits are moderately high (Table 1). The nar-
row-sense heritabilities for seed weight, protein and oil con-
tents found in K/S population indicated that much (0.80,
0.78 and 0.71, respectively) of the variation was genetic. The
narrow-sense heritabilities for seed weight, protein and oil
contents are higher than that of Panthee et al. [20] reported
while Chang et al. [3] reported higher hertabilities for pro-
tein and oil (0.89 and 0.84, respectively). The heritability ob-
served in our population for indicated that selection re-
sponse would be reasonable for achieving genetic gain.

The negative phenotypic correlation (r=-0.57, P<0.001)
between protein and oil content and the positive pheno-
typic correlation (r=0.454, P<0.001) between protein and
seed weight are agreed with previous report [3,17,20].
According to our result and previous reports, selection for
the three characteristics is somehow difficult to improve a

Table 3. Marker distributions and QTLs associated with seed weight, protein and oil contents in 117 RIL of "Keunolkong’ x

"Shinpaldalkong’
. SE-ANOVA' Alleic means MLG-Regra
Traits LG Markers 3 P F p
P R (%) K/K S/S P R (%)
F satt146 0.024 484 21.60 20.46 0.006 811
Seed weight I satt571 0.009 579 20.43 21.64 0.018 571
(g/100 seeds) K satt137 0.029 410 21.50 2048 0.014 5.84
K satt417 0.003 7.60 21.63 2031 0.041 3.83
Di1b satt157 0.001 11.66 40.13 38.81 0.015 6.06
Protein E satt151 <0.0001 1314 40.30 3892 <0.0001 29.85
%) H satt442 0.026 435 39.82 39.05 0.017 525
I satt440 0.002 8.22 38.95 40.03 0.001 13.83
L satt238 <0.0001 1649 40.22 38.75 0.025 429
Dib satt216 <0.0001 1891 20.05 21.05 <0.0001 19.03
E satt151 <0.0001 15.09 19.89 21.07 0.001 11.53
Qil G satt324 <0.0001 14.69 2011 21.27 0.007 6.32
(%) I satt571 0.016 5.04 20.27 20.93 0.010 4.66
J satt285 0.003 7.70 20.20 21.02 0.009 542
N satt521 0.004 7.27 20.23 21.02 0.014 449

" SF-ANOVA: single-factor analysis of variance, MLG-Regr: multiple regression with all significant markers from the SLG-Regr model

K/K: Keunolkong, S/S: Shinpaldalkong.



trait without affect other traits.

Seed weight, measured as mass per seed, is an im-
portant yield component of soybean and is generally pos-
itively correlated with seed yield|2]. Seed size of soybean
is one of the most important traits for the criteria of soy-
bean usage, soy sprouts, tofu, denjang, natto and so on.
Although the heritability is high, seed weight is very casily
affected by environmental conditions. Previous reports
showed that polygenic influence results in a large numbers
of QTLs[1,13,26]. There was four molecular markers asso-
ciated with seed weight QTLs in K/S population located
on three LG F, I and K. Compared with the previous
study, LG F, I and K might be almost identical with QTLs
previously reportedj10,17,19].

Results of this study using the MLG-Regr analysis, six
independent QTLs on LG Dib, E, G, I, T and N were sig-
nificantly related with oil content. In the protein contents,
five independent QTLs on LG Dib, E, H, I and L were
identified. .G E appeared to be the major QTL control of
these two compounds. However, oil and protein contents
were controlled by satt216-sat{l57 on LG Dib and
satt212-satt263 on LG E. QTLs for oil content were re-
portedly located in many linkage groups except LG D1b,
M, and N . QTLs of protein contents were reported in all
LG except in LG D1b and D2[1,56,13,16-18,21,22,25].

For both protein and oil content, we observed that dif-
ferent allele effects depended on the chromosomal
background. For example, the ‘Keunolkong'- derived mark-
er allele on LG D1b and I increased the contents of
protein. On the other side, reverse effect was seen with the
oil contents. This result is exactly agreed with the result
that the protein and oil contents are negatively correlated
with each other. The both those contents are controlled in
the same direction under the same genes. Nevertheless, we
detected no tentative QTLs in LG D1b that were related to
protein and oil contents. Therefore, further study is needed
to confirm whether those QTLs are real or that, instead,
environmental factors affected those results. Finally, we
hope that the QTLs identified from this study and recent
germplasm line that we have relased will benefit breeders
in accumulation favorable alleles for improvement in soy-

beaqn seed quality.
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