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Soybean oil and protein contents are very important as a nutritional component of food. The seed
composition as oil and protein are polygenic traits. In this study, the Keunolkongxlksan10 populations
were evaluated with SSR markers to identify QTLs related to oil and protein contents. Three related
independent QTLs near the marker satt100 on LG C2, satt546 on LG D1b+W and satt418 on LG L
were identified oil contents, The three independent QTLs near the marker satt556 on LG B2, sattd414
on LG J and satt238 on LG L were identified of protein contents. In the results of this study, common
QTLs on LG L was associated with seed oil and protein contents. In the result of this study, it is believed
that the seed composition material as oil and protein contents were mainly controlled by environmental

stresses and they are seed size on genotypes.
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Soybean is legume crop and an excellent food and feed
source all over the world. Grain legumes are rich and
low-cost sources of dietary proteins and nutrients for a
large part of the world’s populations. The total world
production of soybean is about 130 million tons. Soybean
seed composition are affected by genotype, location and
year effects however, the relative contribution of each of
these factors varies with seed component evaluated, soy-
bean type and geographical area [1, 16].

Recent developments in the use of the molecular mark-
ers can make plant breeding more efficient [15]. Marker
assisted selection can serve as a tool to substantially
increase the efficiency of selecting appropriate genotype.
The advance in molecular genetics have made possible the
genetic dissection and characterization of many quantita-
tively inherited seed quality traits in soybean.

Since soybean seed is a major source of vegetable
protein and oil, numerous researchers have studied the
inheritance of protein and oil soybean. Meanwhile, a large
number of reports shown on the molecular mapping of
characters such as seed oil and protein contents [2,5,8,9,11,
12,17]. The more recently, several researches were con-
ducted using molecular markers to identify genomic regions
significantly associated with QTLs controlling sucrose con-
tents [13], seed isoflavone [14].
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The objective of this study was to use molecular markers
identify and characterize QTLs for controlling seed oil and
protein contents in F, derived Fiy RIL populations.

Material and methods

Plant materials and Field Evaluation

Two well-characterized soybean cultivars, Keunolkong
and Tksan10 were used as mapping parents. Keunolkong is
the pure-line derived from a local variety selected in Korea.
Meanwhile, lksanl0 is the typical cultivar released from
systemic breeding programs through the deliberate cros-
sings of KW552 X Pangsakong.

The cross Keunolkong x lksanl0 generated 115 Fyq RILs
that were derived from individual F, plants by single seed
descent. This was referred to as the K/I population. The
Fio seeds of each line were planted in a randomized
complete block design with two replications at Yeongnam
Agricultural Research Institute, NICS, Milyang, Korea in
2001. Oil and protein contents were measured for the
QTLs study.

Measuring oil and protein contents

The protein contents of soybean were determined by
auto-kjeldahl system. 0.2 g of ground sample was digested
by Buchi B-435 digestion system and Buchi B-412 scrubber
with 20 ml of sulfuric acid and 3 g of catalyst (CuSO; :
KoS0;=1:9). The percent of nitrogen was calculated by
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Buchi B-339 auto-kjeldahl system and then converted to
percent protein by multiplication by 6.25. The oil contents
were determined by auto-soxhlet method with Buchi B-811
extracted system. The ground samples of 2 g was extracted
by hexane for 2 hours, pre-heated for ten minutes, and
then dried 1 hour at 105°C. This condition was confirmed
in preconditioning experiment (data not shown). The
moisture contents were analyzed by oven-dry method with
105C for 2 hours, and then all protein contents were
converted to dry matter base.

DNA isolation and analysis

Genomic DNA was isolated from healthy leaves follow-
ing the procedure described by Keim et al. [7]. The DNA
solution was diluted to a working concentration with TE
buffer (pH 8.0), and quality and intaciness of DNA were
checked using an agarose gel electrophoresis, and stored at
-20C until use. A total of 199 soybean SSR markers were
used to screen polymorphisms between mapping parents
[4]. The primer pairs showing parental polymorphisms
against K/I population was used for SSR genotyping in
RIL progeny. The PCR reaction was performed in a total
volume of 10 pl containing 25 ng of template DNA, 0.15 M
of each forward and reverse primer sets, 200 pM of each
dNTP, 2 mM MgCl,, 0.1% Triton X-100, 1 Xreaction buffer
(10 mM Tris-HCl pH 8.5, 100 mM KCl) and 0.5 U of Tag
DNA polymerase. Template DNA was initially denaturated
at 94C for 2 min, followed by 40 cycles for PCR ampli-
fication using the following conditions; denaturation at 94
C for 25 sec, annealing at 47C for 25 sec and extension
at 68C for 60 sec on a 96-Well GeneAmp PCR system 9700
(Applied Biosystem, Forster city, CA, USA). The segre-
gation patterns for each SSR marker in both populations
were determined by electrophoresis on polyacrylamide or
agarose gels. Following electrophoresis, the gel was stained
with the silver sequencing kit (Promega, Madison, WI,
USA) or ethidiun bromide and scored for map construction.
Pigmentation colors of flower and hilium were also scored
as morphological markers.

Map construction and statistical analysis

Based on the segregation data subsets of SSR and
morphological markers, linkage maps were individually
constructed using the MapManager QT program [10].
Recombination fractions were converted to map distances
by applying the Haldane map function [6]. Where possible,
linkage groups were named according to the designations
of the consensus USDA map [4].

Map positions for QTLs were determined by analysis of
variance with Statistical Analysis System (SAS) version
8.03 [18]. Analysis of marker QTL associations was inves-
tigated by single factor analysis of variance (SF-ANOVA)
in which marker-genotype groups were used as class
variance. The means for each marker allelic group were
compared using an F-test from the type-Ill mean squares
obtained from the GLM procedure of SAS. When two
more markers showing significant association with
morphological characters linked to the same chromosome,
multiple regression analysis (SLG-Regr) was conducted.
Forward and stepwise selection procedures were applied
in the regression analysis. All significant markers from
SLG-Regr and unlinked single marker identified from
SF-ANOVA were combined in a multiple linkage group
regression model (MLG-Regr) at P<0.05 to determine the
proportion of phenotypic variance explained by each QTLs.
Phenotypic correlations were calculated with SAS.

Results

Phenotypic evaluation

Variation of seed oil and protein contents of K/I RIL
populations are shown in Table 1 and Fig. 1. In the
contents of oil and protein, Keunolkong showed the higher
protein contents (431.2 mg) and lower oil contents (173.2
mg) than Tksan10 having protein contents (389.0 mg) and
oil contents (209.1 mg). The frequency distribution of oil
and protein contents among the F, derived Fiy RIL of K/I
showed a continuous distribution (Fig. 1). The between
seed 0il and protein contents showed the highest negative

correlation.

Table 1. Variation of oil and protein contents in K/I populations

Trait Parents K/ population

raits

: Keunolkong Tksan10 Mean=£SD Range
Oil (mg/g) 173.2 2091 190.7+124 159.9~2319
Protein (mg/g) 4312 380.9 404.6113.0 367.3~433.9
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Fig. 1. The frequency distribution of oil and protein
contents in K/I population.

Seed oil contents

The seed oil contents of Keunolkong was average 35.9
mg/g smaller than that of Tksan10. There were F,-derived
F1o lines with up to 13.3 mg oil contents than Keunolkong,
and 22.8 mg larger oil contents than Iksanl0 (Table 1).
Based on the SF-ANOVA in K/I population, seven markers
were detected as potentially linked to oil contents (Table
). Individually, these markers accounted from 4.02% to
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6.67% of the phenotypic variation. The three markers alleles
of Tksan10 on linkage groups (LG) J and L increased the oil
contents while the others were controlled by the Keunol-
kong allele. The SLG-Regr analysis identified markers
sattl00 on LG C2 and satt418 on LG L related to oil
contents. When the markers on each linkage group were
subjected to MLG-Regr analysis, three independent QTLs
near the marker satt100 on LG C2, satt546 on LG D1b+W
and satt418 on LG L were identified with accounting of
497%, 610% and 747% of phenotypic variation, respec-
tively. Moreover, their individual QTLs showed a relatively
low phenotypic explanation though they accounted total
phenotypic variation of 18.51% for oil contents.

Seed protein contents

Keunolkong and Tksanl0 differed by 50.3 mg/g in seed
protein contents. Wide variation (367.3~433.9 mg) occurred
in protein contents among progenies (Table 1). The SF-
ANOVA analysis identified twelve markers as potentially
associated with protein contents (Table 3). Individually,
these markers accounted for 3.93% to 11.12% of the protein
contents variation. The positive allele of the LG A2, ], L
and M were derived from Keunolkong, whereas the other
LGs (B2 and O) were derived from lksanl10. In the SLG-
Regr model, the marker interval of satt414 on LG ] was
identified to be associated with protein contents. However,
three putative QTLs associated with protein contents were
detected by MLG-Regr analysis, three independent QTLs
near the marker satt556 on LG B2, satt414 on LG J and
satt238 on LG L were identified with accounting of 4.27%,
409% and 7.80% of phenotypic variation, respectively.

Table 2. Marker linked to QTLs associated with oil contents in F, derived Fio RILs of Keunolkong x Iksnal0

SE-ANOVA? Allelic means SLG-Regra MLG-Regra

Markers LG

P R (%) K/K* /1 P R? (%) P R® (%)
satt460 C2 0.0318 420 193.3 188.2 - - - -
satt100 2 0.0156 5.59 193.7 187.7 0.0069 7.13 0.0210 494
satt546 Dib+W 0.0070 6.67 193.9 1875 NA® - 0.0125 6.10
satt183 ] 0.0165 516 188.5 194.2 NA - - -
satt523 L 0.0413 402 1899 1901 - - - -
satt418 L 0.0093 6.27 189.2 197.1 0.0202 549 0.0074 7.47
satt152 N 0.0331 410 194.1 189.0 NA - - -
Total 1851

*SE-ANOVA: single factor analysis of variance.

SLG-Regr : multiple regression with markers on each linkage group.
MLG-Regr: multiple regression with all significant markers from the SLG-Regr model.

*NJA: Not applicable. Not linked to other markers.
‘K/K : Keunolkong, 1/1 : Tksan10.
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Table 3. Marker linked to QTLs associated with protein contents in F, derived Fy RILs of Keunolkong X Iksnal(

SF-ANOVA® Allelic means SLG-Regra MLG-Regra
Markers LG ; - " 3 5

P R” (%) K/K I/1 P R" (%) P R" (%)
satt187 A2 0.0154 526 407.5 401.6 NA® - - -
satt556 B2 0.0050 7.08 400.0 407.0 NA - 0.0324 427
satt596 ] 0.0143 591 4084 4021 - - - -
satt529 J 0.0341 4.02 407.2 402.0 - - - -
satt414 J 0.0164 5.08 4072 401.4 0.0014 1057 0.0328 4.09
satt380 ] 0.0203 476 407.2 401.6 - - - -
satt183 ] 0.015 53 407.0 401.0 - - - -
sct 001 ] 0.0053 6.86 407.0 399.8 - - - -
sattd47 ] 0.0398 3.93 4011 406.2 - - - -
satt238 L 0.0003 11.12 4075 3981 NA - 0.0049 7.80
satt590 M 0.0034 7.73 407.6 400.3 NA - - -
satt243 0 0.0215 4.84 401.8 407.5 NA - - -
Total 1617

*SF-ANOVA, SLG-Regr, MLG-Regr, "NA, K/K and 1/I are represented as shown in Table 1.

Moreover, their individual QTLs showed a relatively
low phenotypic explanation though they accounted total
phenotypic variation of 16.17% for protein contents.

To identify the interaction between each marker, two-
way ANOVA was conducted with all possible two-way
combinations (Table 4). Four combinations (satt556/satt596,
satt529/sct001, satt380/sct001 and satt547/sati238) showed
significant interactions. The interaction effects between
ssattSh6/satt596 resulted in higher protein contents for
lines with Tksan10/Keunolkong alleleic configurations. For
combinations between sait529 and sct001, and satt380 and
sct001; the allele combination of Keunolkong/Iksan10 re-
sulted in higher protein contents. Otherwide, the interaction
with satth47/satt238 a line with Keunolkong allele at

satt547, and Tksan10 allele at satt547 resulted lower protein
contents.

Discussion

Soybean seed protein and oil concentrations were more
polygenic traits [2], and are highly influenced by envi-
ronmental factors [17]. Molecular markers can be used to
characterize QTLs conditioning these traits. However, only
limited information is available on association of DNA
markers and soybean seed component traits [5,8,9,11,12,17]
data showed that different marker combinations could have
different efficiencies in marker assisted selection (MAS). In
theory, the more markers used the more reliable MAS

Table 4. Epistatic interactions between two markers associated with the protein contents in Keunolkong X Iksan10

Allele/locus

SSR locus Allele P RY(%)
Keunolkong Iksan10
satt556 / satt596 satt556 0.0277 1895
Keunolkong 4003 4132
satt>96 Tksan10 4004 4024
satt529 / sct001 satt529 0.0156 12.08
Keunolkong 406.6 408.4
scth0t Tksan10 4205 398.6
satt380 / sct001 satt380 0.0056 1345
Keunolkong 406.5 408.5
scto0 Tksan10 4236 398.4
satt547 / satt238 satt547 0.0327 20.66
Keunolkong 405.0 408.7
satt238 Tksan10 3883 4028




would be useful because various markers could simul-
taneously select desirable soybean genotypes based on all
these different markers. This may eliminate the selection of
false positive based on only one marker. In breeding
practices, consideration has to be given to the number of
markers employed and the efficiency of different marker
combinations may provide valuable information on choos-
ing desirable marker combination of optimizing MAS in
soybean breeding program.

In the results of this study, using the MLG-Regr analysis,
three independent QTLs near the marker sattl00 on LG
122, satt546 on LG DIb+W and sat418 on LG L were
identified with oil contents. In the protein contents, three
independent QTLs near the marker satt556 on LG B2,
satt414 on LG J and satt238 on LG L were identified. LG
L was QTLs that appeared commonly in oil and protein
contents. Mansur et al. [12] reported that oil and protein
contents identified with common marker on LG U7 and L
formerly described as LG Ul4).

On the other hand, Diers et al. [5] reported that oil
ontents identified nine marker loci (LG E and F), and
orotein contents identified eight marker loci (LG E, F and
) in an interspecific G. maxXG. soja cross as having
significant effects. Lee et al. [9] reported that the two
populations were various common markers on LG Cl, G,
i. K and L identified for seed oil contents, and the common
markers on LG C1, E, ], K, and N identified for seed
protein contents. In this way, some investigators reported
same result and a little different from result of this study.

These a litter of common markers for seed oil and
protein contents in the Keunolkong X Tksan10 would explain
the lack of association between seed oil and protein
contents in this population, but does not preclude the
possibility that existing markers associated with both traits
were not uncovered in this study. If colligated result of
this study, it is believed that the seed composition material
& oil and protein contents were mainly controlled by

environmental stresses and seed size on genotypes.
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