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ABSTRACT The soybean [Glycine max (L.) Merr.] cultivar ‘Hosim’ (registration number: 5989, registration date: April 8, 2016) was
developed at Kyungpook National University, Republic of Korea. Hosim was registered as a cultivar after a two-year (2014-2015)
analysis by the Korea Seed & Variety Service, Republic of Korea. It is an F4 plant selection composited in the F5 generation developed
from the 17D × S08-14788 cross. Hosim is a productive, mid-maturing (∼130 days) soybean cultivar with white flowers, tawny
pubescence, determinate growth, and yellow seed coat with gray hila. The yield of Hosim was 3.5 t/ha, which was similar to those of the
control cultivars, ‘Uram’ and ‘Taekwang’. Hosim soybean oil contained ∼79% oleic acid. Hosim could be highly useful in producing
high-quality soybean oil, and preparing soy-based foods with high oleic acid concentration.
Keywords Soybean, Fatty acid, High oleic acid

INTRODUCTION
Soybean [Glycine max (L.) Merr.] is an important source
of vegetable oil worldwide. Typically, oil from cultivated
soybean contains 12% palmitic, 4% stearic, 23% oleic,
53% linoleic, and 8% linolenic acids (Wilson 2004). The
composition and distribution of fatty acids are important
for determining the quality of soybean oil (Lee et al. 2007).
Oleic acid has been reported to have positive effects on
human health, such as reduction of total and low-density
lipoprotein cholesterol and triacylglycerol levels in
plasma, and prevention of atherosclerosis (Teres et al.
2008; Bahrami 2009). The dietary intake of functional
foods with high oleic acid concentrations can reduce the
risk of cardiovascular disease in humans (Williams 2001).
Diets rich in oleic acid may similarly have positive effects
on inflammatory diseases (Carrillo et al. 2012). It may
improve the related immune response, by interfering with

the roles of various components of the immune system,
such as macrophages, lymphocytes, and neutrophils,
resulting in the successful elimination of pathogens such as
bacteria and fungi (Sales-Campos et al. 2013). An increase
in oleic acid intake may be advantageous, as it limits
saturated fat consumption. Additionally, increasing the
oleic acid concentration in soybeans through genetic
modification could improve the oxidative stability of
soybean oil, thereby eliminating the requirement for
hydrogenation. Such approaches constitute an economical
and efficient method for improving oil quality (Ascherio
and Willett 1997; Lee et al. 2007).
Different genetic backgrounds and genetic resources
responsible for elevated oleic acid concentrations have
been developed by several researchers (Wilson et al. 1981;
Rahman et al. 1994; Burton et al. 2006; Monteros et al.
2008; Dierking and Bilyeu 2009; Hoshino et al. 2010;
Pham et al. 2010; Pham et al. 2011). Recently, two research
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groups independently reported that soybeans with ∼80%
oleic acid could be developed by combining mutant alleles
at the FAD2-1A locus (Glyma10g42470) with mutant
alleles at the FAD2-1B locus (Glyma20g24530) (Hoshino
et al. 2010; Pham et al. 2010; Pham et al. 2011). In the
recent past, several researchers have studied the effects of
high-oleic acid traits, developed by combining mutant
alleles at the FAD2-1A locus with mutant alleles at the
FAD2-1B locus, on seed yield, and reported that the
high-oleic acid phenotype has no negative effects on yield
(Hoshino et al. 2010; La et al. 2014; Kim et al. 2015).
These findings encourage breeders to employ measures for
substantially increasing the oleic acid concentration in
soybean varieties. To date, there is no report on the
development of high-oleic acid soybean cultivars achieved
by combining the two mutant allele sets. We developed a
soybean cultivar with high oleic acid concentration, and in
this study, we evaluated the agronomic traits of the
high-oleic acid cultivar Hosim to provide information
about this cultivar for commercial use.

contains 35% oleic acid, was developed by ethyl
methanesulfonate (EMS) mutagenesis of Williams 82, and
contains a missense mutation in FAD2-1A (Dierking and
Bilyeu 2009). S08-14788, obtained from the Jake × PI
283327 cross, and contains a missense mutation in FAD2-1B
inherited from PI 283327 (Lee et al. 2012). F2 seeds from the
17D × S08-14788 cross were chipped for analysis of fatty
acid composition as described in previous reports (Scherder
et al. 2008) in late spring of 2009. F2 seeds with ∼75-80%
oleic acid were sown, and allowed to develop until the F4
generation in a greenhouse of Kyungpook National

MATERIALS AND METHODS
Parental lines and pedigree information
Hosim (breeding line JD11-0070) originated from the
17D × S08-14788 cross (Fig. 1). The line 17D, whose oil

Fig. 1. Pedigree of cultivar ‘Hosim’ and its ancestors.
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Fig. 2. Pedigree diagram of ‘Hosim’.

1

1

1

2

2

2

2

3

3

3

3

4

4

4

4

5

5

5

5

6

6

6

6

Line selection

Preliminary yield test (F6),
Regional yield test (F7), and
Variety test byKorea Seed and
Variety Service (F8-F9)

46 ∙ Plant Breed. Biotech. 2018 (March) 6(1):44~50

University, Republic of Korea during the winter of
2009-2010. The pedigree method was used to select and
evaluate soybean lines in the F4-F5 generations during the
2010 and 2011 growing seasons in Korea (Fig. 2).

Yield trials
Hosim, an F6 high-oleic acid line, and two commercial
soybean cultivars, Taekwang and Uram (Ko et al. 2016), were
tested in Gunwi, Republic of Korea in 2012. In the subsequent
year 2013, Hosim, ‘Daewon’, and Uram were cultivated at
three different locations [Chuncheon (37°52ʹ52.73ʹʹN,
127°43ʹ47.90ʹʹE), Gunwi (36°9ʹ24.63ʹʹN, 128°35ʹ7.47ʹʹE),
and Jeongup (35°30ʹ44.99ʹʹN, 126°50ʹ1.64ʹʹE)] in the
Republic of Korea. (Kim et al. 2015). In 2016, Hosim,
Taekwang, and Uram were evaluated at Gunwi.
The experiments were performed in a randomized
complete block design with three replicates at each
location. For each cultivar, seeds were planted in
4-or-3-m-long four-row plots with a spacing of 70 cm
between rows, and hills within the rows were spaced at
15-cm gaps with two seedlings per hill (Kim et al. 2015).
The dates of planting in Gunwi were May 27, 2012, June
13, 2013, and June 9, 2016. The dates of planting were May
26 in Chuncheon and June 10 in Jeongup in 2013. At
maturity, two central rows of each plot were harvested to
determine seed yield, fatty acid composition, and oil and
protein concentrations. Ten randomly selected plants per
plot were used to measure plant height, number of branches
per plant, number of nodes per plant, weight of 100 beans,
and number of pods per plant. Additionally, qualitative
traits such as growth habit, flower color, pubescence color,
seed coat color, and hilum color were evaluated during
yield trials.

Determination of protein, oil, and fatty acid
concentrations
The soybeans produced at the three locations in 2013

were used to determine protein, oil, and fatty acid
concentrations (Kim et al. 2015). The crude protein
concentration in the soybeans was determined using the
Kjeldahl method (AOAC 2011). Crude oil concentration
was determined using 2 g of soybean flour using an
automated Soxhlet extractor (Soxtherm, Gerhardt,
Germany) according to the AOAC method (AOAC 2011).
The solvent used for the crude oil extraction was n-hexane.
The fatty acid profile of total oils for soybeans of each
cultivar from each plot was analyzed using gas
chromatography. Five seeds from each plot were randomly
selected, and used for fatty acid analysis. Fatty acid
concentration was expressed as the relative percentage of
total oil content in each sample determined by gas
chromatography (Agilent 7890A, Agilent, Palo Alto, CA).

Data analysis
Mean differences were determined using Fisher’s Least
Significant Difference (LSD) test, and coefficients of
variation (CV) were analyzed to compare stability among
cultivars across different locations. All statistical analyses
involved in this study were conducted using SAS 9.2.

RESULTS
The Hosim exhibited determinate growth, habit with
white ﬂowers and tawny pubescence at maturity. Seeds
were yellow with gray hila (Table 1).
The agronomic characteristics and yield of Hosim and
the two control cultivars, Taekwang and Uram, evaluated
in 2012 are shown in Supplementary Table S1. Hosim (99
cm) was significantly taller than Taekwang and Uram (76
and 82 cm, respectively). The average number of branches
of Hosim was 3.3, which was significantly lower than that
of Taekwang and Uram (5.7 and 6.1, respectively). The
average number of nodes of Hosim was 18.4, which was

Table 1. Qualitative traits of cultivar Hosim and Uram (check cultivar).
Cultivar

Growth habit

Flower color

Pubescence color

Seed coat color

Hilum color

Hosim
Uram

Determinate
Determinate

White
White

Tawny
Gray

Yellow
Yellow

Gray
Yellow
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significantly higher than that of Uram (15.7), although not
significantly different from that of Taekwang (17.7). The
weight of 100-seed of Hosim (16.9 g) was significantly
lower than that of Taekwang (25.5 g) and Uram (24.1 g).
However, there was no significant difference in yield,
whose range was 2.84-3.20 t/ha, among the three soybean
cultivars.
In 2013, the yield, yield-related traits, and protein, oil,
and fatty acid concentrations of Hosim, Daewon, and Uram
cultivated in Chuncheon, Gunwi, and Jeongup were
evaluated (Supplementary Tables S2 and S3). No significant
difference was observed in the yield of the cultivars grown
in any of the three locations. The cultivars in all the
locations combined were highly similar in average yield,
i.e. 3.27, 3.18, and 3.16 t/ha for Hosim, Daewon, and Uram,
respectively (Supplementary Table S2). Similar results
were obtained by Carver et al. (1986) and La et al. (2014),
who reported that increased oleic acid concentration in
soybeans did not affect yield. Furthermore, there were no
significant differences in plant height and numbers of
branches, nodes, and pods among the three cultivars across
the analyzed locations (Supplementary Tables S2).
However, the mean weight of 100 seeds, 15.5, 21.8, and
23.8 g/100 seeds for Hosim, Daewon, and Uram, respectively, was observed to be significantly different.
In 2016, Hosim, along with Taekwang and Uram as
controls, were cultivated in Gunwi, Korea to evaluate their
agronomic traits. No significant differences were observed
in plant height, number of branches per plant, maturity, and
yield of Hosim, Taekwang, and Uram. The numbers of
nodes and pods per plant and weight of 100 beans of Hosim
were observed to be significantly different from those of
Taekwang, although not from those of Uram (Table 2).
The average protein concentration in Hosim (40.3%)

was not significantly different from that in Daewon
(39.2%) and Uram (39.3%), cultivated in the three Korean
locations in 2013 (Supplementary Table S3). Contrastingly,
the average oil content in Hosim (15.4%) was significantly
lower than that in Daewon (17.2%) and Uram (17.0%).
Hosim had significantly lower concentrations of palmitic
and stearic acids (7.5% and 3.1%, respectively) than the
two control cultivars, Daewon and Uram, with average
palmitic acid concentrations of 10.3% and 10.9%,
respectively, and average stearic acid concentrations of
3.4% and 3.6%, respectively. Regarding unsaturated fatty
acids, Hosim had a significantly higher oleic acid
concentration (79%) than Daewon and Uram (22.7% and
27.4%, respectively). The linoleic acid concentration in
Hosim (4.2%) was significantly lower than that in Daewon
(55.2%) and Uram (49.8%). Similarly, the linolenic acid
concentration in Hosim was 6.2%, which was significantly
lower than that in Daewon and Uram (8.5% and 8.3%,
respectively).
Moreover, the fatty acid profiling of Hosim, Taekwang,
and Uram cultivated in 2016 in Gunwi, Korea was
performed. The palmitic acid concentration in Hosim was
observed to be 7.6%, which was significantly different
from that in Taekwang (9.2%) and Uram (10.4%).
However, the stearic acid concentration in Hosim (2.9%)
was similar to that in Taekwang (2.9%); however, it was
significantly different from that in Uram (3.3%) (Table 3).
Concerning unsaturated fatty acids, the oleic acid concentration in Hosim was 78.9%, which was significantly
different from that of the two control cultivars, Taekwang
(43.5%) and Uram (34.8%). As expected, the increase in
oleic acid concentration was observed to occur at the
expense of linoleic acid concentration, which was
determined to be 4.5% in Hosim, relative to 38.5% in

Table 2. Agronomic characteristics and seed yields of a high oleic acid cultivar Hosim and commercial cultivars
Taekwang and Uram at Gunwi, Korea, in 2016.
Genotype
Hosim
Taekwang
Uram
LSD (5%)

Plant height Number of
(cm)
branches/plant
62.6
55.3
63.1
13.4

4.2
4.7
4.7
1.4

Number of
nodes/plant

Number of
pods/plant

100-seed
weight (g)

Maturity
(days)

Yield
(t/ha)

14.5
12.2
14.6
1.8

61.4
38.8
51.0
17.0

13.3
24.7
22.5
2.2

126
129
131

3.48
3.55
3.42
0.77
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Table 3. The fatty acid composition of the high oleic acid cultivar Hosim compared with commercial cultivars Taekwang
and Uram at Gunwi, Korea, in 2016.
Genotype
Hosim
Taekwang
Uram
LSD (5%)

Fatty acids concentration (%)
Palmitic acid
7.6
9.2
10.4
0.5

Stearic acid
2.9
2.9
3.3
0.1

Taekwang and 43.8% in Uram (Table 3). Similar to stearic
acid concentration, the linolenic acid concentration in
Hosim (6.2%) was similar to that in Taekwang (6.2%), yet
significantly different from that in Uram (7.7%).
The fatty acid profiling results suggested that Hosim had
a high oleic acid concentration across locations, and the
concentration was highly stable (Lee et al. 2012). Since oil
from Hosim soybeans was high in oleic acid and low in
linoleic acid, its inclusion in daily diets could provide
greater benefits to human health than oil from Daewon and
Uram soybeans.

DISCUSSION
High oleic acid concentration is a desirable characteristic in soybean breeding, because of the health benefits
of oleic acid. In this study, we evaluated the performance of
agronomic traits of the high-oleic acid cultivar, Hosim,
developed by combining mutant alleles with single-base
pair variation at the FAD2 locus (Kim et al. 2015). The
contents of oil, as well as those of palmitic, linoleic, and
linolenic acids were low in Hosim. The increases in oleic
acid concentration were observed to be largely at the
expense of linoleic and linolenic acid concentrations.
Significant negative correlations between oleic acid
concentrations and polyunsaturated fatty acid concentrations have been reported in a few previous studies
(Bachlava et al. 2008; La et al. 2014; Kulkarni et al. 2017).
While modifying the fatty acid profile, it is necessary to
consider possible changes in agronomic traits, especially
negative effects on seed yield. Many studies have shown
that temperature fluctuations, seasonal variations, and
different geographical locations might influence the fatty

Oleic acid

Linoleic acid

78.9
43.5
34.8
3.2

4.5
38.5
43.8
2.5

Linolenic acid
6.2
6.2
7.7
0.2

acid composition in soybean plants (Scherder and Fehr
2008; Primomo et al. 2002; Bachlava et al. 2008; La et al.
2014). The yield of Hosim was observed to be stable across
locations, and was not affected by increases in oleic acid
concentrations. Moreover, the field performance of other
important related agronomic traits of Hosim was similar
across the evaluated locations. Hence, Hosim could be an
important genetic resource in crop improvement programs
aimed at increasing oleic acid concentration without
negatively affecting yield. Furthermore, soy-based foods,
such as chungkookjang, natto, soybean paste, soy sauce,
tofu, and soybean sprouts, prepared using Hosim soybeans
may provide benefits to human health. In addition to
applications in the food industry, oil from Hosim soybeans
has wide industrial applications.
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