
ABSTRACT: Glycinin (11S) and β-conglycinin (7S) are impor-
tant seed storage proteins in soybean [Glycine max (L.) Merr.].
A major limitation of soybean seed storage proteins is their low
levels of the sulfur-containing amino acids, methionine and cys-
teine, which are important nutritional components of protein
meal. Glycinin contains significantly more S-containing amino
acids than does β-conglycinin. Thus, detection of quantitative
trait loci (QTL) that govern 11S may provide marker-assisted se-
lection (MAS) opportunities to improve soybean total S-contain-
ing amino acids. The objective of this study was to detect and
map QTL governing 7S and 11S fractions of soybean seed stor-
age proteins. To achieve this objective, 101 F6-derived recom-
binant inbred lines (RIL) developed from a cross of N87-984-16
× TN93-99 were used. Storage proteins were extracted from all
RIL and separated in 10–20% linear gradient polyacrylamide
gels. Dried gels were scanned for individual subunits of storage
protein with a densitometer equipped with a He-Ne laser light
source. Data were converted to concentration for each subunit
component and analyzed using SAS software. A significant (P <
0.05) difference among genotypes was found for glycinin and
β-conglycinin. A total of 94 polymorphic simple sequence re-
peat molecular genetic markers were used in screening all RIL.
Three QTL for glycinin (Satt461, Satt292, and Satt156) were dis-
tributed on linkage group (LG) D2, I, and L, respectively,
whereas two QTL for conglycinin (Satt461 and Satt249) were
distributed on LG D2 and J. Phenotypic variation explained by
individual QTL ranged from 9.5 to 22%. These QTL may pro-
vide useful MAS opportunities for improvement of nutritional
quality in soybean.
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Soybean is a major source of protein and amino acids for
human and animal feeds in the world (1). However, soy protein
is not perfect because of its low levels of the sulfur-containing
essential amino acids, methionine and cysteine. Enhancing

the concentration of nutritionally essential amino acids in
soybean would improve soy meal quality and boost its inclu-
sion in diets for humans and animals.

Soybean storage protein has two major fractions, β-con-
glycinin (7S) and glycinin (11S), accounting for more than 70%
of the total proteins (2). β-Conglycinin is a trimer with subunits
α, α′, and β, and a M.W. of about 180 kDa. Glycinin is a hexa-
mer with a M.W. of 360 kDa, consisting of acidic and basic sub-
units. Glycinin constitutes about 35% of the total seed storage
protein (3). Glycinin has three to four times more S-containing
amino acids (particularly methionine) than does β-conglycinin
(4). In addition, the β subunit of conglycinin is known to be void
of methionine and cysteine. Hence, the glycinin fraction may be
more desirable than the β-conglycinin fraction in developing
improved amino acid balance in soy meal. Both 7S and 11S are
components of total seed protein, and there is a typical inverse
relationship between 7S and 11S concentrations (5). Thus,
glycinin can be increased at the expense of β-conglycinin. Mu-
tants with increased glycinin concentration have been generated
using this concept by some plant breeders (e.g., 6,7).

Yaklich (8) studied the storage protein of high-protein
lines of soybean to determine how the two major storage pro-
teins contribute to the increased protein content. It was found
that high seed protein lines contain more β-conglycinin and
glycinin than normal protein lines. From these data, one can
infer that quantitative differences exist in protein bands of
major seed storage proteins, indicating that there should be
differences in the genome that are responsible for the synthe-
sis of different quantities of subunits of the storage protein. In
fact, Nielsen et al. (9) identified five genes regulating the pro-
duction of glycinin in soybean. Harada et al. (10) showed that
three genes control the production of β-conglycinin. How-
ever, the position of those genes on the soybean genetic link-
age map remains to be determined.

Hayashi et al. (11) used amplified fragment length poly-
morphism markers to locate the cgdef locus in soybean. This
locus determines the β-conglycinin content in soybean, and a
single recessive gene reduces the β-conglycinin content. Such
reduction results in an increased level of glycinin. A mutant
line (Keburi) with reduced β-conglycinin was also identified
by Kitamura and Kaizuma (12).
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Among the efforts to increase the S-containing amino
acids in the soy protein fraction, genetic transformation was
accomplished by introducing a gene from Brazil nut (Berthol-
letia excelsa), but the project was abandoned because of al-
lergenicity issues resulting from the Brazil nut transgene (13).
Glycine soja, the wild ancestor of soybean, also has been
studied to increase glycinin; however, hybridizations between
soybean and G. soja have not yet led to the development of
an agriculturally acceptable cultivar (14,15).

In our experiment, the parental line N87-984-16 is one of
two essentially equivalent F8-derived sister lines that consti-
tute the high protein commercial soybean cultivar ‘Prolina’
(16). Prolina has high seed protein concentration and also ex-
hibits superior protein gelling properties, indicating that its
storage proteins may contain more disulfide bonds and in-
creased S-containing amino acids (17). The other parental
line utilized in our experiment, TN93-99, is a high-yielding
soybean line with typical protein concentration. TN93-99 is
the registered germplasm GP-280 (18). The objective of the
study was to detect and map quantitative trait loco (QTL)
governing 7S and 11S fractions of the storage proteins in a
soybean recombinant inbred line (RIL) population formed
from the cross of N87-984-16 × TN93-99. 

MATERIALS AND METHODS

Plant material. A total of 101 F6-derived RIL were developed
from a cross of N87-984-16 × TN93-99. The N87-984-16 line
is one of two sister lines, whose blend constitutes the high-
protein commercial cultivar ‘Prolina’ (16). The line TN93-99
is a high-yielding and well-adapted University of Tennessee
breeding line and is currently registered as a germplasm (18).
Crossing was made during summer of 1998. F1 seeds were
harvested in October 1998, and F2 single plants were grown
in Costa Rica during winter 1998. Generations were advanced
until F5 in Costa Rica and F5:6 seeds were obtained in May
2000. About 300 F5:6 single plants were grown at Knoxville
as a RIL population, and 101 random plants of similar Ten-
nessee-adapted maturity were selected as a source population
for this study. A total of 101 F6-derived RIL developed from
a cross of N87-984-16 × TN93-99 were planted in a random-
ized complete block design with three replications at the
Knoxville Experiment Station of the University of Tennessee
(Knoxville, TN) in May 2001 and 2003. Each line was
planted in plots of 6 m length with 75 cm between rows. In
2001, two-row plots were used, and four-row plots were used
in 2003. Seeds were harvested with a two-row combine and
stored below 10°C until analyzed.

Preparation of protein. Ten grams of soybean seeds were
ground in a water-cooled (20°C) Knifetec 1095 Sample Mill
(FOSS Tecator, Höganäs, Sweden) for 20 s. This setting pro-
duced soybean flour with a uniform particle size. Soluble pro-
tein was extracted for 1 h at room temperature with stirring
from 1 g of full-fat soybean flour in a 1:15 (wt/vol) ratio with
0.2 M Tris-HCl buffer, pH 8.0, that contained 0.1 M β-mer-
captoethanol. The mixture was centrifuged at 10,000 × g for

10 min at 4°C. After the fat layer was removed, an aliquot of
1 mL of crude protein extract or supernatant was taken from
each sample. The total protein concentration of each sample
was determined as described by Bradford (19). The modified
protein assay kit was obtained from Bio-Rad (Richmond, CA).
Storage proteins and their polypeptides were dissociated in the
crude extract by adding an equal volume of 5% SDS and of
0.1 M β-mercaptoethanol solution to each sample and boiling
in a water bath for 10 min for complete dissociation. Glycerol
and bromophenol blue were added to each sample to achieve
a final concentration of 10 and 0.025%, respectively. 

Polyacrylamide protein gel electrophoresis. Proteins and
their polypeptides were separated in a Bio-Rad Protean II ver-
tical slab gel apparatus according to Chua (20) with the fol-
lowing modifications. Each sample, containing approxi-
mately 80 to 100 µg protein (approximately 10 µL of protein
sample), was loaded onto the gel. Proteins and polypeptides
were separated using a linear gradient of 10 to 20% polyacryl-
amide gel. The dimensions of the separating gel are 14 × 16 ×
0.15 cm with 15 sample wells in the stacking gel. Blank sam-
ple wells were left between loaded samples to prevent protein
cross-contamination during electrophoresis and to facilitate
accurate quantification by scanning densitometry after elec-
trophoresis. Since more than one gel was required for these
protein samples, and since it was necessary to obtain the same
polyacrylamide composition throughout the entire experi-
ment, identical gradient gels were cast from the same poly-
acrylamide solution and from the same gradient-producing
condition. Electrophoresis of each protein sample was carried
out in duplicate at a constant current of 10 mA/gel at room
temperature until the bromophenol blue or tracking dye
reached the bottom of the gel.

Staining and destaining. Gels were fixed in 40% (vol/vol)
methanol and 10% (vol/vol) acetic acid for at least half an
hour prior to staining. They were stained in freshly prepared
dye containing 0.25% Coomassie Brilliant Blue (wt/vol),
40% (vol/vol) methanol, and 10% (vol/vol) acetic acid on an
orbit shaker with fixed speed. They were stained for at least 8
h. Gels were then destained in 40% (vol/vol) methanol and
10% (vol/vol) acetic acid on the same orbital shaker. The
destaining solution was changed every 2 h for a minimum of
four changes. The destaining was terminated when the back-
ground gels were almost visibly cleared of the dye. The resid-
ual dye on the gels did not interfere with the analysis of
polypeptide bands since local average background subtrac-
tion was used in the analyses. Destained gels were soaked in
deionized water for at least 5 min. Each gel was placed be-
tween two cellophane sheets and dried in a Bio-Rad GelAir
dryer.   

Scanning densitometry. Dried gels were scanned as de-
scribed by Kwanyuen and Wilson (21) with a Molecular Dy-
namics Personal Densitometer SI (Sunnyvale, CA) equipped
with a HeNe laser light source. ImageQuant (Molecular Dy-
namics, Sunnyvale, CA) software for volume integration was
used in data analysis to determine total absorbance of entire
protein bands (Fig. 1). The absorbance of protein on gels was
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adjusted to ensure that the most intense protein bands were
within the optimal and linear response range of the detector.
Apparent absorbance of each protein was obtained by sub-
tracting the background absorbance from the total absorbance
of the protein bands within the same gel volume. The relative
amount of each protein or polypeptide was expressed as a per-
centage of total protein in the same gel lane. 

DNA extraction and polymerase chain reaction (PCR).
DNA was extracted from the RIL and parental lines utilizing
Qiagen Plant Easy DNA Extraction Kit (Qiagen, Hiden, Ger-
many). PCR consisted of 7.4 µL of double-distilled H2O, 1 µL
of 10× PCR buffer, 1 µL of 2 mM dNTPs mixture (Pharmacia,
Piscataway, NJ), 0.5 µL of 20 µM forward and reverse primer,
0.1 µL of 5 units/µL Klentaq (Ab Peptides Inc., St. Louis, MO),
and 2 µL of 20 ng/µL template DNA. The PCR was performed
in a 96-well MBS Hybaid thermocycler (Hybaid, Franklin,
MA). PCR conditions were (i) 94°C for 5 min followed by 35
cycles at 94°C for denaturation for 25 s, (ii) 47°C for annealing
for 30 s, (iii) 72°C for 25 s for extension, and one last cycle at
72°C for final extension for 5 min. Parents were screened for a
total of 550 (ATT)n type of simple sequence repeat (SSR) ge-
netic markers developed by Cregan et al. (22). The sequence in-
formation for the markers is publicly available from the USDA
web site http://129.186.26.94/ssr.html, which was verified on
April 12, 2004. A total of 94 SSR markers that were found to be
polymorphic in the parents and among the RIL were screened
and used in QTL analyses.

DNA gel electrophoresis. A 6% nondenaturing PAGE used
to separate the PCR product consisted of 6% bis-acrylamide,
0.5% Tris borate EDTA buffer, 0.07% ammonium persulfate,
and 0.035% tetramethylenediamine. Two microliters of load-
ing buffer (6×) were added to PCR products, and a 10 µL
sample was loaded on the gel. The running buffer was 0.5×
TBE. The gel was run at a constant 300 V for 3 h. Circulated
air was used to keep the glass plates cool during gel running.
Ethidium bromide (50 µL, 10 mg/mL) was added to the run-

ning buffer to visualize the bands under exposure to UV light.
Bands were scored using 1 to represent P1 (N87-984-16), 2 to
represent heterozygote, and 3 to represent P2 (TN93-99) alle-
les for each primer locus.

Data analysis. The storage proteins (phenotypic data) β-
conglycinin and glycinin, and their subunits α′, α, β, acidic
and basic subunits from 2001 and 2003 were analyzed sepa-
rately as well as combined using SAS software (23). Association
between molecular marker and phenotype was determined by
single-factor ANOVA utilizing PROC GLM of SAS using
least square means from 2001, 2003, and combined data. With
this analysis, molecular markers linked to QTL for storage
protein and its components were identified. We confirmed the
QTL by composite interval mapping (CIM) of QTL Cartogra-
pher version 2.0 using model 6 (standard model) with 10 cM
window size, 2 cM walking speed, and five control molecular
markers.

RESULTS AND DISCUSSION

The β-conglycinin (7S) content was derived by summation of
the original scanned value of Alpha prime (α′), Alpha (α),
and Beta (β), and the glycinin (11S) content was derived by
summation of the acidic and basic components (Fig. 1). The
values obtained from the densitometer scans were converted
to percentage of the total protein in the lane. When selecting
a genotype for higher glycinin content, it is conventional to
calculate the ratio of 11S:7S (glycinin to β-conglycinin). This
ratio was also compared across genotypes. Descriptive statis-
tics for these components are presented in Table 1.

With respect to 7S, in developing a line with high S-con-
taining essential amino acids, it is desirable to have the β sub-
unit as low as possible since that subunit does not contain me-
thionine or cysteine (24). The population in this study is
promising in that regard, because we identified about 5% of
the total lines with less than 6% β subunit (Table 1). The α′
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FIG. 1. Banding pattern of the components of 7S (α′, α, and β) and 11S (acidic and basic) fraction of soy protein in
SDS-PAGE obtained from soybean recombinant inbred lines (RIL) of N87-984-16 × TN93-99.



and α subunits of 7S do contain traces of methionine and cys-
teine. Breeders targeting increased S-containing amino acids
could select for those components, or develop a selection
index that includes their sum. The sum of α′ and α ranged
from 11 to 20% with a mean of 15%. This wide range gives
us an opportunity to select lines from the upper range. There-
fore, selection for a low level of the β subunit and high levels
of α′ subunits of 7S could help increase the total S-contain-
ing amino acids. 

Unlike 7S, it is not clear which subunit of 11S contains
more S-containing amino acids. Both acidic and basic sub-
units showed a wide variation among lines. A moderate posi-
tive correlation (r = 0.46; P < 0.01) was found between acidic
and basic subunits (Table 2). This indicates that both sub-
units increase in seeds simultaneously. Thus, selection for high
levels of both the acidic and the basic subunits may increase
the glycinin level. The level of variation in acidic and basic
subunits is reflected in the high level of variation found in
glycinin (Table 1). The overall distribution of 11S and 7S
among the RIL is presented in Figures 2 and 3, respectively.

A high level of variation for 7S and 11S exists in this pop-
ulation. The scatter plot of 11S vs. 7S shows that glycinin
content was high in the present population irrespective of β-
conglycinin content (Fig. 4). This indicates that selection for
lines with increased 11S could occur among a broad range of
7S levels, thereby providing an opportunity to ensure high-
protein meal development. Indeed, Prolina appears to con-
tribute to breaking the typical negative correlation between

7S and 11S, because such a correlation was not evident in our
population (Fig. 4). 

Since 11S contains significantly more S-containing amino
acids per unit protein than does 7S, an increase in the 11S:7S
ratio should lead to improvement in S-containing amino acids
(15). Generally, the 11S:7S ratio is less than 1.5 in cultivated
soybean, but it may be as high as 3.8 in wild G. soja ances-
tors of soybean (14,15). The existence of lines with a 11S:7S
ratio of 1.8 in the present population (Table 1) clearly indi-
cated that we developed RIL having more than typical 11S
content. This is likely due to the N87-984-16 (Prolina parent),
because Prolina was reported to have higher S-containing
peptides than normal cultivars (25). 

Yagasaki et al. (3) used soybean breeding lines having dif-
ferent glycinin subunit composition to determine 11S:7S ra-
tios. The ratio varied from 0.04 to 1.48 among mutant geno-
types lacking all three conglycinin subgroups. In a similar
study So et al. (26) studied 58 cultivars of soybean according
to their groupings (e.g., vegetable, sprout, sauce) and ana-
lyzed for different subunits of storage proteins. They deter-
mined the 11S:7S ratio in all cultivars and found that it ranged
from 1.4 to 1.7. The cultivars with the highest 11S:7S ratio
were in the vegetable type of cultivars. The ratio found in our
study was greater than the highest value found by both these
groups (3,26). This indicates that our population has more po-
tential to develop a cultivar with high S-containing amino
acids. Fehr et al. (27) analyzed 14 soybean cultivars for vari-
ous storage proteins for 3 yr at eight locations using different
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TABLE 1 
Descriptive Statistics of Soy Protein Fraction from a Population of 101 F6-Derived RIL of N87-984-16 × TN93-99
(average of 2001 and 2003)

Traits Minimum Maximum Mean SD P1 P2 Heritability (%)

α′ 4.1 7.2 5.6 0.6 6.0 4.9 15.0
α 7.4 11.9 9.5 0.9 10.5 8.1 21.4
β 5.6 11.6 8.6 1.1 9.3 6.9 37.9
Conglycinina (7S) 18.8 28.8 23.7 2.2 25.9 19.9 29.8
Acidic 16.8 23.3 19.6 1.2 21.0 16.8 29.3
Basic 12.5 17.9 15.5 1.0 16.4 13.2 0.0
Glycinina (11S) 30.0 39.9 35.1 1.9 37.5 30.0 0.0
Ratio (11S:7S) 1.1 1.8 1.5 0.1 1.5 1.5 46.9
Sum (11S + 7S) 49.8 67.0 58.8 3.5 63.3 49.8 2.1
aProtein components reported are percent of total protein. RIL, recombinant inbred lines; P1 = N87-984-16; P2 = TN93-99.

TABLE 2 
Correlation Coefficients Between Conglycinin, Glycinin, and Their Ratio and Individual CComponents on the Basis of
Combined Least Square Means from 2001 and 2003

α′ α β Acidic Basic Conglycinin Glycinin 11S:7S

α 0.63***
β 0.56*** 0.42***
Acidic 0.61*** 0.55*** 0.33***
Basic 0.01NS 0.14NS 0.06NS 0.46***
Conglycinin 0.83*** 0.80*** 0.85*** 0.56*** 0.09NS

Glycinin 0.40*** 0.43*** 0.24** 0.88*** 0.82*** 0.41***
11S:7S –0.64*** –0.59*** –0.76*** –0.04NS 0.41*** –0.81*** 0.19NS

11S + 7S 0.74*** 0.74*** 0.67*** 0.85*** 0.52*** 0.86*** 0.82*** –0.41***

aNS = Nonsignificant, * = significant at 0.05 probability, ** = significant at 0.01 probability, and *** = significant at 0.001
probability.



groups of cultivars, including three with high-protein concen-
tration. They found an 11S:7S ratio of 2.04 only in one high-
protein cultivar; all others had a lower ratio. This suggests that
high protein cultivars per se may not have high glycinin, and
a need exists to utilize molecular markers (such as the ones we
report in this paper) to identify the gene combinations that may
enable improvements in S-containing amino acids.

We performed single-factor analysis to identify the candi-
date QTL for various components of storage protein. Then we
performed CIM to confirm the QTL underlying storage pro-
tein and its subunits. We used CIM standard model (model 6)
with a 10 cM window, 2 cM walking speed, and five control
markers for the detection of QTL. The QTL for various com-
ponents and their likelihood of odds (LOD) score are pre-
sented in Table 3. 

QTL were detected that showed association between stor-
age protein fractions and their subunits. Other QTL were de-
tected that are associated with only one component. The QTL
Satt461, located on linkage group (LG) D2, was associated
with the α sub-unit of conglycinin in 2001 crop year samples.
However, it was not detectable for the α subunit in 2003 sam-

ples as in the combined analysis. Therefore, it was environ-
mentally specific and not a stable QTL (28). However, the
same QTL (Satt461) was associated with the β subunit in
2003 samples and for total conglycinin of storage protein in
the combined analysis (Table 3). Since α, α′, and β are the
subunits of conglycinin, it is evident that the QTL Satt461 lo-
cated on LG D2 is associated with the conglycinin gene fam-
ily. Another QTL (Satt249) located on LG J was detected dur-
ing the second year of the study and was associated with con-
glycinin and its β subunit (Table 3). In the combined analysis,
Satt177, located on LG A2, was associated with the α′ sub-
unit of conglycinin and Satt255, located on LG N, was asso-
ciated with the β subunit. Therefore, it appears that more than
one chromosomal region may govern the biosynthesis of con-
glycinin and its components.

The glycinin of the storage protein is composed of two
subunits: acidic and basic. There were four QTL associated
with the acidic and two QTL associated with the basic sub-
unit of the glycinin fraction of storage protein in the com-
bined data. QTL associated with the acidic subunit were
Satt461, Satt518, Satt196, and Satt076, located on LG D2, K,
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FIG. 2. Frequency distribution of glycinin in a population of F6-derived RIL of N87-984-16 ×
TN93-99, where P1 is N87-984-16 and P2 is TN93-99. For other abbreviations see Figure 1. 

FIG. 3. Frequency distribution of β-conglycinin in a population of F6- derived RIL of N87-984-
16 × TN93-99. For other abbreviations see Figure 1. 



K, and L, respectively. Since Satt461 was significant over
years and in the combined data, it is a stable QTL associated
with the acidic subunit of glycinin. The other QTL should be
regarded as environmentally sensitive in their control of the

acidic subunit. QTL associated with the basic subunit of
glycinin were Satt292 and Satt156, located on LG I and L, re-
spectively. Both of these QTL were environmentally stable in
determining the concentration of the basic subunit of
glycinin. 

Six QTL were associated with the glycinin fraction of stor-
age protein (Table 3). The most noteworthy were Satt461 (LG
D2), which was significant for glycinin in the 2-yr combined
analysis and Satt292 (LG I), which was significant for the
basic subunit of the glycinin in the 2-yr combined analysis.
Satt156 appeared to be environmentally sensitive because it
was detected only during the second year for both the basic
sub-unit and for glycinin. Two environmentally sensitive
QTL (Satt191 and Satt564), both located on LG G, were de-
tected only in the first year. The LOD score plot suggests that
it may be useful to identify more polymorphic markers be-
tween the genomic regions of Satt564 and Satt191 to map the
QTL and the positions controlling glycinin concentration
more finely (Fig. 5). 
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FIG. 4. Scatter plot of glycinin vs. β-conglycinin in RIL population devel-
oped from N87-984-16 × TN93-99. A high level of glycinin is present ir-
respective of β-conglycinin content. For other abbreviations see Figure 1.

TABLE 3 
QTL Detected for Soybean Storage Protein Fractions by Composite Interval Mapping Analysis in F6-Derived Population of N87-984-16 × TN93-99

QTL position LODa Additive
Trait Location LGa Marker (cM) score effectb R2

α 2001 D2 Satt461 93.4 2.1 –0.4 13.4
α′ 2001 K Satt196 50.3 4.3 3.2 16.7

2001 K Satt102 57.3 4.7 4.1 27.0
2001 L Satt076 8.0 2.9 –3.3 15.5
2001 M Satt540 35.8 3.1 –3.7 19.9
Combined A2 Satt177 113.5 2.0 –2.5 14.9

β 2003 D2 Satt461 99.4 2.7 –0.6 12.4
2003 J Satt249 64.5 2.2 0.6 10.1
Combined N Satt255 0.0 2.3 –0.4 9.1

Conglycinin 2003 J Satt249 64.5 2.3 1.0 10.3
Combined D2 Satt461 99.4 2.1 –0.7 11.6

Acidic 2001 D2 Satt461 71.4 2.8 –0.9 36.6
2003 D2 Satt461 99.4 2.3 –0.6 11.2
Combined D2 Satt461 99.4 3.3 –0.5 14.0
Combined K Satt518 28.0 2.1 0.4 8.1
Combined K Satt196 32.3 2.2 0.4 10.6
Combined L Satt076 10.0 2.5 –0.4 11.7

Basic 2001 A2 Satt133 76.6 2.3 0.6 12.7
2001 I Satt292 0.0 3.0 0.6 13.7
2003 A2 Satt177 117.5 2.6 –0.5 15.9
2003 L Satt156 100.5 3.3 0.6 17.6
Combined I Satt292 0.0 2.6 0.4 11.9
Combined L Satt156 104.5 2.1 0.3 10.3

Glycinin 2001 A2 Satt437 65.3 2.6 1.0 12.8
2001 G Satt564 14.0 3.7 –1.3 21.8
2001 G Satt191 23.2 3.3 –1.2 18.6
2001 I Satt292 0.0 2.0 0.8 9.5
2003 D2 Satt461 99.4 2.3 –1.0 11.2
2003 L Satt156 100.5 2.5 1.2 16.0
Combined D2 Satt461 87.4 2.3 –0.8 19.5

aLG, linkage group; LOD, likelihood of odds.
bAdditive quantitative trait loci (QTL) effect is with respect to P1 (N87-984-16).



Detection of QTL with individual components of con-
glycinin and glycinin but nonsignificant association with
glycinin and conglycinin suggests an interaction of genes
governing folding and unfolding of the individual subunit of
the fractions of the storage protein. The present experiment
identified major QTL for conglycinin, glycinin, and their
components. These QTL may be useful in conducting marker-
assisted selection in soybean breeding programs.

It is believed that 11S is rich in S-containing amino acid;
hence, it is desirable to have greater concentrations of 11S. In
this experiment, we found one common QTL (Satt461) for 11S
and 7S. From an MAS point of view, a negative correlation
among protein fractions is not a favorable condition because
we want to select only for 11S, not for 7S. Therefore, the com-
mon QTL (Satt461) cannot be very useful to serve as a unique
marker for this purpose. However, there are other QTL
(Satt292 and Satt156) associated with 11S but not with 7S.
These two QTL can be used as unique QTL in MAS to im-
prove the nutritional quality of soybean. It should be noted
that we attempted to be conservative, reporting only QTL that
were significant based both on single-factor analysis and CIM
(Table 3). The environmentally sensitive QTL reported here
could be considered stable based on results from single-factor
ANOVA. Indeed, Stuber et al. (29) have shown that single-fac-
tor analysis is as effective as interval mapping, and most soy-
bean protein QTL reported to date have been detected using
single-factor analysis (SOYBASE, http://www.soybase.org).
We anticipate that the QTL reported in this paper will enhance
opportunities to improve protein quality in soybean. 

A high ratio of 11S:7S may increase the S-containing essen-
tial amino acids, hence, identification of markers associated
with QTL governing 11S and 7S is important to geneticists to
identify individuals that are likely to enable genetic gains for
protein quality. Parental allelic contributions for a trait were
expressed with respect to P1 (N87-984-16) as an additive ef-
fect (Table 3). Two markers (Satt156 on LG L and Satt292 on
LG I) associated with QTL for glycinin were associated with
a positive contribution from P1, whereas Satt461 (LG D2)
was contributed from P2 (TN93-99). This indicates that desir-
able allele frequencies can be increased at those loci to aug-

ment genetic gains for glycinin. Therefore, the desirable alleles
would need to be selected from both the parents, and selected
individuals could be identified that inherit the best combina-
tion of alleles, leading to glycinin levels that exceed that of the
higher parent (Fig. 2). The increase of desirable allele frequen-
cies from both parents in individual RIL is a major goal of
modern molecular breeding programs. For example, Qiu et al.
(30) conducted an experiment and found alleles from both the
parents were beneficial for increasing the protein content in a
population derived from ‘Peking’ × ‘Essex’ soybean. 

An interesting aspect of our experiment was that Satt461
was significantly associated with conglycinin as well as
glycinin fractions of seed storage protein. This is not a partic-
ularly desirable condition for an MAS program, because we
may want to have reduced 7S and increased 11S content for
developing a high S-containing amino acid genotype. If the
same marker is associated with both traits, presumably there
is pleiotropy or tight genetic linkage. Alternatively, marker
Satt292 and Satt156 (located on LG I and L) were found to
have a positive contribution for glycinin, and they mapped to
a linkage group with no other markers associated with con-
glycinin. Brummer et al. (28) found two QTL, located on LG
I and L, for protein concentration in soybean but they did not
analyze for glycinin. Utilization of our glycinin markers for
an MAS in developing a line with increased 11S:7S ratio may
be possible. 

Nielsen et al. (9) identified five genes (Gy1 through Gy5)
regulating the production of glycinin in soybean. They
grouped the five genes into two groups: three genes in group
I and two genes in group II. Nielsen et al. (9) and Cho et al.
(31) reported that all five genes assort independently, indicat-
ing five different chromosomes. In our experiment, we found
molecular markers distributed on three different LG (D2, I,
and L) conferring glycinin concentration (Table 3). Moreover,
Beilinson et al. (32) found two additional genes (Gy6 and
Gy7) that mapped on LG N and L, respectively. This indicates
that we may not have mapped all QTL in this population; thus
further research is warranted. To detect more protein-quality
QTL, development of additional diverse populations would
be useful.

Harada et al. (10) identified three genes that control the
production of β-conglycinin. Furthermore, Nielsen (33) re-
ported that genes encoding for α and β are linked, whereas α′
and α assort independently, indicating that there should be at
least two linkage groups containing the genes encoding β-
conglycinin. We found two QTL located on two different LG
(D2 and J) governing β-conglycinin (Table 3).

Increased glycinin content in soybean protein is an impor-
tant trait for increasing the concentration of the S-containing
amino acids. The population developed for this study has
been used successfully with a molecular breeding approach,
resulting in the recent release of soybean germplasm TN04-
5363 by the Tennessee Agricultural Experiment Station. This
germplasm expresses significantly higher levels of cysteine,
and total sulfur-containing amino acid, than P1 and P2. It is
being made available to breeders to improve soybean protein
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FIG. 5. Likelihood of odds (LOD) score plot for glycinin on linkage
group (LG) G. A major quantitative trace locus (QTL) appears located
between Satt564 and Satt191, and another major QTL appears located
downstream of Satt191.



quality. The QTL reported in this paper provide new informa-
tion for soybean geneticists for targeting the development of
soybean lines with enhanced protein quality.
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