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Abstract

Alpha prime (a') subunit of B-conglycinin and Gy4 subunit
of glycinin are two important subunits of soybean storage pro-
tein which have negative effects on food processing, total ami-
no acid content, and hypersensitivity reactions. It has been pos-
sible to reduce or remove some of these problems from soy-
bean by screening or developing mutant lines. The objective
of this study was to establish a simple, cheap DNA marker
for Gy4 and o' subunit for use in non-seed destructive, mark-
er-assisted selection (MAS) that can identify these two mutants
at the same time in a unique PCR reaction. To achieve this
objective, we identified eight of Gy4 mutants from diverse
soybean accessions from the USDA Soybean Germplasm
Collection and described a multiplex PCR based co-dominant
DNA marker for Gy4 subunit of glycinin. Then we crossed
one of these Gy4 mutants with Keburi (o mutant) for develop-
ment of double mutant variety and established a multiplex
PCR based, co-dominant DNA marker for screening Gy4 and
o' mutants. Thus, using this newly developed marker to identi-
fy Gy4 and o' mutants in breeding programs we could save
our time, labor, and resources.
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Introduction

Soy foods have received a lot of attention as potential beneficial
factors in the diet because their isoflavones are rich in calcium,
iron, zinc, phosphate, magnesium, and B vitamin (Shu et al.,
2001; Wu et al., 2002; Thanos et al., 2006; Wu et al., 2008;
Korde et al., 2009; Lee et al., 2009). Also, soybean proteins
have been reported for various health benefits, including low-
ering cholesterol (Fukui et al., 2002; Huang et al., 2005) and
blood pressure (Lo and Li-Chan, 2005; Ringseis et al., 2005),
reduction of plasma triglyceride levels (Iritani et al., 1996),
appetite suppressing effect (Nishi et al., 2003), anti-obesity ef-
fect (Aoyama et al., 2000), anti-atherosclerosis effect (Huff et
al., 1982), and anti-carcinogenesis effect (Tsuruki et al., 2005).
However, the recognition of one of the “big 8” food allergens
(Cordle, 2004) and the lower level of sulfur-containing amino
acids in soybean protein (Fukushima, 1991) are setbacks of
the benefits of soybean. Also, food processing like tofu gel
formation face difficulties due to inappropriate functional prop-
erties of soybean seed storage proteins (Poysa and Woodrow,
2002; Salleh et al., 2004; Poysa et al., 2006).

The quantity and quality of the protein in seeds is the major
biochemical component influencing soybean quality for soy
food production (Poysa and Woodrow, 2002). The predom-
inant soybean seed storage proteins are glycinin (11s) and B
-conglycinin (7s) (Poysa and Woodrow, 2002; Poysa et al.,
2006), accounting for 40 and 30% of the total seed proteins,
respectively (Utsumi, 1992; Utsumi et al., 1997; Krishnan,
2000). B-conglycinin is a trimetric protein composed of a (~67
kD), o> (~71 kD) and B (~50 kD) subunits (Thanh and
Shibasaki, 1978) and all three subunits of f-conglycinin have
potentials for food allergens (Krishnan et al., 2009). Since o’
subunit has a greater negative effect on tofu gel formation
than whole B-conglycinin (Salleh et al., 2004), molecular
markers were developed for identifying o’ subunit-lacking soy-
bean lines (Ishikawa et al., 2006; Kim et al., 2011).
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Six functional genes encoding glycinin subunits have been
identified (Gy1, Gy2, Gy3, Gy4, Gy5, and Gy7) (Beilinson et
al., 2002) and showed 45-49% of homology among the sub-
units (Prak et al., 2005). Each subunit consists of acidic (A)
and basic (B) polypeptide components (Staswick et al., 1984;
Nielsen et al., 1989). The acid and basic peptide chains are
connected by a conserved Asn-Gly peptide bond (Staswick et
al., 1984), except the A4 peptide in the Gy4 subunit (Mooney
and Thelen, 2004). Moreover, cleavage of Gy4 by asparaginyl
endopeptidase results in two acidic peptides (A4 and A5) and
one basic peptide (B3) (Nielsen, 1995). Gels of soymilk from
cultivars without the A4 peptide are harder and firmer than
those prepared from cultivars with the A4 peptide (Murphy
et al., 1997). Interestingly, soybean lines without the A4 glyci-
nin peptide are often practiced in soybean breeding programs
for the development of tofu (Saio et al., 1969) and hypoaller-
genic soybean cultivars (Rozenfeld et al., 2002).

Unwanted properties of soybean could be overcome by de-
velopment of mutant lines (Samoto et al., 1997; Ogawa et al.,
2000). The most popular technique to identify Gy4-lacking mu-
tants is sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) analysis of total seed storage proteins
(Fontes et al., 1984). Since SDS-PAGE requires seeds for pro-
tein extraction and analysis, this technique is not good for
marker-assisted selection (MAS). In addition, Scallon et al.,
(1987) suggested that the absence of the A4 peptide is con-
ditioned by a recessive null allele. So, 50% of the heterozygous
F, generation could be discarded if selections were based on
SDS-PAGE analysis alone. Thus, SDS-PAGE analysis is nei-
ther an accurate method nor good for MAS identifying mutants.

As an alternative to SDS-PAGE, single nucleotide poly-
morphism (SNP) was used for identifying A4-lacking soybean
mutants (Yu et al., 2005). Recently, Ishikawa et al., (2006)
described the PCR-based dominant marker for f-conglycinin
o' subunit-lacking lines. However, it could not differentiate
homozygotes or heterozygotes and recessive homozygotes
could be detected as false negatives due to the inactive PCR
process (Winter and Kahl, 1995).

In this study, several diverse Gy4 nulls from the USDA
Soybean Germplasm Collection were identified and multiplex
PCR-based co-dominant marker for Gy4 nulls was established.
One of Gy4 null genotype was crossed with o’ subunit null
(Keburi) for developing double mutant variety and a multiplex
PCR-based co-dominant marker was established, for screening
Gy4 and o’ null soybean cultivars.. Here we describe a modified
allele-specific PCR procedure that is sufficiently robust to easily
discriminate between Gy4 nulls and wild-type at very low cost.

Materials and Methods

Plant materials and genomic DNA extraction
Soybean lines used in this experiment are listed in Supplemen-
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tary Table 1 and all lines were provided by the USDA Soybean
Germplasm Collection. Ninety-five soybean accessions with
high and low protein contents were included and their origins
were from Japan, China, and Korea. As wild-types for the gly-
cinin Gy4 subunit and the B-conglycinin o' subunit, Williams
82, Daewonkong, Taekwangkong, and Danbaekkong were
used. Keburi (PI 506876) genotype was used as o’ mutant
and PI 567395 (Kim et al, 2008) was used as a positive control
of glycinin Gy4 subunit. F; progenies derived from a cross
between PI 238928 (Gy4 mutant) and the Daewonkong (wild
genotype) were used for examining the heterozygosity of our
developed co-dominant marker for Gy4. Another F; progenies
derived from a cross between PI 238928 (Gy4 mutant) and
Keburi (o’ mutant) were also used for development of a multi-
plex PCR-based marker for Gy4 and B-conglycinin o’ subunit.

Young expanding leaves were collected in the greenhouse
and ground to a fine powder in liquid nitrogen using a grinder.
Genomic DNA was extracted using the procedure described by
Shure et al., (1983), using urea with slight modifications. DNA
was resuspended in 100 pl of TE Buffer (Tris-EDTA buffer,
pH 8.0) and incubated at 37 °C for 3 hr for RNase treatments.
DNA concentration was determined using a NanoDrop ND-1000
Spectrophotometer (NanoDrop Technologies, Wilmington, DE,
USA) and DNA was diluted in TE Buffer to a concentration
of 50 ng/ufl and stored at 20 °C until use.

Screening of soybean Gy4 mutants

A segment of the Gy4 gene was amplified from genomic DNA
of all 95 soybean accessions as a template. Forward and reverse
primers were designed to amplify 307 bp of the N-terminal
region of the Gy4 gene, including 47 bp of untranslated 5" up-
stream sequences of the gene (Kim et al., 2008) (Table 1). PCR
reactions were carried out in a final volume of 20 pl consisted
of 50 ng of genomic DNA, 10x PCR buffer (75 mM Tris-HCl
(pH 8.5), 20 mM (NH4)2SO4, 2.5 mM MgCl,), 0.2 nM dNTPs,
1.0 uM each of the forward and reverse primers and 1.6 U
Tag DNA polymerase (Vivagen, Sungnam, Korea). The PCR
reaction was conducted in a PTC-225 Peltier Thermal Cycler
(MJ Research Inc., Watertown, MA, USA) with an initial dena-
turation step at 94 °C for 5 min, followed by 30 cycles at 94
°C for 30 sec, 60 °C for 30 sec, and 72 °C for 30 sec, and
the final extension step at 72 °C for 10 min. PCR products were
resolved by electrophoresis on 1% ethidium bromide-stained gel.
Highly qualified DNA sequences generated by ABI3730 se-
quencer (Applied Biosystems, Forest City, CA, USA) were com-
pared with sequences of Williams 82 and analyzed using
Seqscape (Applied Biosystems, Forest City, CA, USA).

Extraction of seed protein and SDS-PAGE

Soybean seeds of PI 238928 were ground to a fine powder
using a mortar and pestle. A 10 mg aliquot was extracted with
1 ml of extraction solution containing 125 mM Tris-HCI (pH
6.8), 4% sodium dodecyl sulfate (w/v), 20% glycerol (v/v),
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50 pl of 2-mercaptoethanol, and 0.03 mM bromophenol blue.
After the sludge was heated in an incubator at 100 °C for
3 min and centrifuged at 12,000 rpm for 20 min, the super-
natant was transferred into a new tube. Aliquots (10 uf) of
the supernatant were utilized for 15% SDS-polyacrylamide gel
electrophoresis (PAGE) analysis (Laemmli, 1970).

Uniplex and multiplex PCR for Gy4 specific allele

The SNAPER program (http://ausubellab.mgh.harvard.edu/)
was used for designing G allele-specific primers. The primers
specific for A allele was also designed and three nucleotides
from the 3' end were added (Table 1). Two different PCR re-
actions were performed for ‘G’ and ‘A’ specific alleles under
different reaction conditions. PCR was performed in a 20 pt
reaction mixture containing 10x PCR buffer (the same as de-
scribed above), 0.5, 1, and 2 mM dNTPs, 0.1, 0.3, and 1.0
UM each of the forward and reverse primers, 1.6 U Tag DNA
polymerase and 10, 30, and 50 ng of genomic DNA of PI
238928 and Williams 82. The PCR reaction started with an
initial denaturation step at 94 °C for 5 min, followed by 28
or 38 cycles using the following conditions, denaturation at 94
°C for 30 sec, and annealing and extension at 60, 62, 64 °C
for 1 min, and then final extension at 72 °C for 20, 30, and
40 min. For multiplex PCR, reactions were performed according
to optimal reaction mixture determined in uniplex assays and
four primers of both allele were used .The products amplified
by PCR were analyzed by 1.5% agarose gel electrophoresis.

Multiplex PCR for Gy4 and o’ subunit

For multiplexing PCR for Gy4 and o’ subunit of soybean stor-
age protein, we used seven primers. For Gy4, both ‘G’ and
‘A’ allele-specific primer sets were used. Also, three primers
designed based on the genomic sequences of Williams 82 and
Keburi were used for B-conglycinin o’ subunit, corresponding
to each allele of the Cgy-I locus (Kim et al., 2011). To opti-
mize multiplex PCR conditions, various ratios of the primer
concentrations (data not shown) and genomic DNA concen-
trations (30, 50, and 70 ng) were tested. Performance of PCR
was the same as uniplex assays except dNTPs 1.5 mM and
1.7 U of Tag DNA polymerase.

SSR marker analysis

SSR markers, Satt144, Satt146, Satt206, Satt510, Sattll14,
Satt160, Satt252, Satt269, Satt374, and Satt425, were used to
confirm F; progeny generated from two populations. For SSR
marker analysis, the PCR mixture contained 10 ng of template
DNA, 0.5 uM of each forward and reverse primer, 0.25 nM
dNTPs, 1x reaction buffer (75 mM Tris-HCI (pH 8.5), 20 mM
(NH4)2S04, 2.5 mM MgCl), and 0.8 U Taqg DNA polymerase
(Vivagen) in 10 pl of total volume. The SSR amplification
was conducted with the following cycling conditions: an initial
denaturation at 94°C for 5 min followed by 30 cycles of 94°C
for 25 sec, 58°C for 25 sec and 72°C for 25 sec, and final
extension at 72°C for 10 min. The PCR products were resolved
with 3.5% NuSieve” GTG" agarose (Lonza Group Ltd.,
Rockland, ME, USA) involving a 1.0% standard agarose gel
stained with ethidium bromide.

Results

Screening of Gy4 soybean mutants

We designed primers, which could amplify a 307 bp of the
N-terminal region of the Gy4 gene including 47-bp untranslated
sequences of 5° upstream of Gy4 gene because the previous
Gy4 mutants showed polymorphism in this region (Scallon et
al., 1987; Kim et al., 2008). After the part of the Gy4 gene
was directly sequenced from all 95 soybean accessions, se-
quences were compared with the same region of Williams 82,
whose sequence is publically available at Phytozome
(http://www.phytozome.net/soybean.php). Like other pre-
viously identified Gy4 mutants (Kim et al., 2008), the same
single point mutation, which changed to ‘A’ from ‘G’ at third
nucleotide of the translation initiation codon of the Gy4 gene
on chromosome (chr.) 10, was also observed among our
screened soybean accessions (Fig. 1). Further confirmation for
the lack of the A4 glycinin peptide in one of these newly identi-
fied Gy4 mutants was obtained by SDS-PAGE. The A4 peptide
was clearly seen in protein extracts from Williams 82 but was
missing from PI 238928, one of the eight Gy4 mutant lines
identified in this study (Fig. 1B).

Table 1. List of multiplex PCR Primer sequences used in this study for Gy4.

Allele

Primer sequence (5° 2> 3°)

PCR product size (bp)

F: TTCACCAACTCCTTCAAACTTAATT

The N-terminal region of Gy4 R: GGTGAGTAAGATGGCAAGTGGAG 307
G-specific F: AAGAGGATAGACTTTGAGACGCGGAGAATCT 324

R": GAGAGAGTGAAGGGCTTCCGC
A-specific F ACTTAATTATTAACACTTCCTTAGTTCAATACA 771

R: TTCTGGTGACTGTCCTGTAGCTGCTGCT

*Specific to G allele
bSpeciﬁc to A allele
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After 95 soybean accessions were screened by direct se-
quencing of a part of Gy4 gene (Supplementary Table 1), eight
soybean lines, five mutants from Japan and three mutants from
China, were identified (Table 2). Among newly identified mu-
tants, four mutants were in IV maturity group, and three and
one mutants belonged to maturity groups V and VII,
respectively. Most Gy4 mutants had yellow colored seed coat
and others showed brown or buff. Three mutants, PI 567614A,
PI 567580A, and PI 594217C, were considered as high protein
content soybean with average of above 51 g/kg protein, whereas
five mutants had only 35 g/kg in protein. Oil content of our
identified mutants ranged from 15.3 to 25.6 g/kg (Table 2).

Development of a co-dominant marker for Gy4 mutants
Based on a SNP between wild-type (Williams 82) and Gy4
null (PI 238928) at the initiation codon, a multiplex

(A)

Mutant (PI1238928)

taacacttccttagttcaatATR

PCR-based marker for MAS was developed. After several pri-
mers suggested by SNAPER program were tested (data not
shown), we optimized allele specific single nucleotide ampli-
fied polymorphism (SNAP)-PCR by using several extension
time, DNA concentration, PCR amplification cycle, primer
concentrations, and dNTPs concentrations (see Materials and
Methods). In terms of the PCR amplification cycle, we tested
28 or 38 cycles. Specific amplicons were not produced with
38 cycles, but the specific PCR bands for each allele were
generated if we used 28 cycles (data not shown). One pair
of primer set for each allele (‘G’- and ‘A’-specific) was se-
lected for SNAP marker development (Table 1). And, specific
amplicons were produced with 30 ng of genomic DNA, 0.3
uM of primer, 1 mM of dNTPs, and 30 min as extension time.
With these optimization and the allele-specific primers, four
wild-type soybean and nine Gy4 mutants including eight newly

+1
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Wikd type (Williams 82) taacacttecttagtt caatF\.GG.I'\AGCCCTTCACTCTCTCTC‘TTTCTT
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Figure 1. Comparison of Gy4 between wild-type and mutant. (A) Nucleotide and deduced amino acid sequence comparison of a portion
of the Gy4 gene from wild-type and mutant line. The protein translation start position is marked as +1. Initiation codon “ATG”’ in wild-type
is changed to “ATA”’ in mutant (indicated by red box). (B) Comparison of the storage proteins of wild-type and mutant by SDS-PAGE.
Seed proteins were extracted in SDS sample buffer and resolved via 15% SDS-PAGE. * indicates the A4 glycinin peptides and the
sizes of protein markers in kilodaltons are shown at the left of the figure.

Table 2. Identified Gy4 mutants in this study and their relevant characteristics*.

PI number Origin Maturity group Seed coat color  100-seed weight (g)* Protein Oil (g/kg)*
PI 235347 Japan v Yellow 12.4 34.7 25.6
PI 567614A China v Buff 10.8 522 15.3
PI 567580A China v Yellow 16.7 529 21.2
PI 594217C Japan VII Yellow 13.8 50.5 15.8
PI 417486 Japan A% Yellow 152 35.8 21.0
PI 238928 Japan v Yellow 15.6 35.8 24.4
PI 181546 Japan \% Yellow 14.3 359 234
PI 407747 China \ Brown 23.5 36.4 21.6

*Data were compiled from USDA Germplasm Resources Information Network (http://www.ars-grin.gov/npgs/ngo.html).
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Figure 2. Optimization and evaluation of co-dominant marker for Gy4. (A) Optimization of specific band for specific allele of Gy4.
G, G-specific; A, A-specific; M marker. (B) Genotyping using multiplex PCR-based co-dominant marker with other germplasm for Gy4
gene under optimum conditions. PI 567395 was used as a positive control (Kim et al., 2008). (C) Genotyping of F, individuals heterozygous
to Gy4. The F, individuals were derived from the cross between Daewonkong and P1238928.

identified mutants were tested (Fig. 2A). Wild-type soybean
showed PCR amplicons only with ‘G’ allele specific primers
and ‘A’ allele specific primers only amplified the genomic
DNA from the soybean accessions, which had the mutated se-
quence of Gy4.

Since ‘G’ and ‘A’ allele specific primers amplified different
lengths of DNA fragments (324 vs. 771 bp), we were able to
perform multiplex PCR with a co-dominant marker for Gy4. We
confirmed with four wild-type soybean genotypes including three
cultivars and eight newly identified mutants (Fig. 2B). Three
cultivars, Daewonkong, Tackwangkong, and Danbaekkong, rep-
resented the 324-bp amplicons in size the same as wild-type,
Williams 82. The Gy4 mutant, PI 567395, identified by Kim
et al. (2008) produced the same size of 771 bp as shown in
our eight identified Gy4 mutants in this study. All soybean lines
successfully produced the right size of PCR amplicons and the
size differences were easily recognized (Fig. 2B).

The heterozygosity of co-dominant marker for Gy4 devel-
oped in this study was also assessed using F; progeny from
the cross of Gy4 mutant (PI 238928) and wild-type (Daewon-
kong). After a total of 10 SSR markers were tested for screen-
ing polymorphisms between parents (data not shown), Satt269
exhibiting parental polymorphism was chosen for testing the
heterozygosity of the F; plants. Using our multiplex, co-domi-
nant marker for the Gy4 subunit, the F, plants had two distinct
DNA bands, indicating inheritance from each of the parental
genotypes (Fig. 2C). These results revealed that the co-domi-
nant marker for the Gy4 gene allowed us to select hetero-
zygous genotype due to the size difference.

Multiplex PCR-based marker for both Gy4 and B-conglycinin
o’ subunit

For multiplex PCR, seven primers were used. Two pairs of pri-
mers (‘G’ and ‘A’ allele specific) were used to amplify the
genomic region of Gy4 mutant (Table 1) and three other primers
were also included for amplifying the genomic region between
5’ upstream and 3’ downstream of the deletion region of Cgy-/
in Keburi and full Cgy-/ gene in wild-type (Kim et al., 2011).

For optimization of PCR conditions, three different con-
ditions of annealing temperatures, primer working concen-
trations, and DNA amounts were tested to increase the specif-
icity and fidelity of multiplex PCR (data not shown). These
tests revealed that the annealing temperature had more influ-
ence on PCR specificity than the ratios of primer and DNA
concentrations. No PCR amplicons were produced for either
wild-type (Williams 82) or B-conglycinin o’ subunit mutant
(Keburi) at 60 °C annealing temperature. Also, B-conglycinin
o’ subunit mutant (Keburi) did not generate PCR products,
if we used 64 °C as an annealing temperature. Therefore, 62
°C was the optimum annealing temperature and 50 ng of DNA
gave the clear and specific bands with reduced concentrations
of ‘G’ and ‘A’ allele specific primers and increased concen-
trations of Cgy-1_1F and Cgy-1_R primers. The optimum con-
centrations of Cgy-1_1F: Cgy-1 2F: Cgy-1 R: G specific F:
G specific R: A specific F: A specific R were determined to
be 2:1:2:0.3:0.3:2.5:2.5 respectively (Fig. 3).

Using the determined PCR conditions, four specific DNA
fragments of 913, 649, 324, and 771 bp corresponding to o’
wild-type, o’ mutant, Gy4 wild-type, and Gy4 mutant, re-
spectively, were successfully obtained. Also, four soybean
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F, progenies between

Keburi and P1238928

913 bp (o’ wild type)
771 bp (Gy4 A allele specific)
649 bp (o’ mutant)

324 bp (Gy4 G allele specific)

Figure 3. Genotyping using multiplex PCR-based co-dominant marker for Gy4 and o’ subunit with other germplasm and the F; progeny
under optimum conditions. The F; individuals were derived from the cross between Keburi and PI 238928.

wild-type and mutants for Gy4 and B-conglycinin o’ subunits
were used as controls for multiplexing two different co-dominant
markers. To confirm co-dominant markers for both Gy4 and
-conglycinin o’ subunit, we generated double mutants crossed
with PI 238928 (Gy4 mutant) and Keburi (B-conglycinin o’ sub-
unit). After parental polymorphism was confirmed with the
crossed samples (data not shown), all primers with the optimized
PCR conditions were applied. Our established multiplex co-dom-
inant markers for Gy4 and B-conglycinin o’ subunit enabled al-
lelic discrimination according to the sizes of the PCR products
in the same PCR reaction (Fig. 3).

Discussion

Since 7S (B-conglycinin) and 11S (glycinin) globulins are the
principal storage protein in soybean and accounted for about
70% of the total seed protein (Poysa et al., 2006), screening
of naturally produced mutants of B-conglycinin and Gy4 sub-
unit is the best way to improve soybean protein for human
and animal health.

SDS-PAGE is the standard analysis for identifying Gy4 mu-
tants in breeding programs. Due to the need for seeds for pro-
tein extraction and the time required for the seeds to mature,
this SDS-PAGE analysis is not practical. By the development
of PAGE technique, many soybean glycinin subunits were re-
producibly separated. But, the rapid screening method for iden-
tifying mutants is needed instead of SDS-PAGE. Since a point
mutation in the initiation codon is responsible for no accumu-
lation of Gy4 protein (Yu et al., 2005; Kim et al., 2008), SNP
analysis of Gy4 initiation codon became the common method
for identifying Gy4 mutants.

We used 95 soybean accessions from USDA Soybean
Germplasm Collection to survey Gy4 mutants and our newly
identified Gy4 soybean lines also had the same point mutation
(G/A) as the previous studies (Fig. 1A) and as a consequence,
transcripts of this gene do not accumulate, A4 peptides in one
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of our identified mutants PI 238928-like first observed in Enrei
(Yu et al., 2005). Seed sizes of all identified mutants were
the largest, which is preferable for tofu production (Liu, 1997).
Up until now, few Gy4 mutants have been utilized in breeding
programs for developing cultivars suited for tofu production.
The Gy4 mutants we identified from the USDA Soybean
Germplasm Collection will provide an opportunity to expand
the genetic diversity of tofu as well as hypoallergenic cultivars.

To detect the specific point mutation of the Gy4 gene in
soybean, the gene-specific SNP marker for MAS was
developed. After several trials of optimizations with allele spe-
cific primers suggested by SNAPER, we were able to de-
termine four allele-specific primers (Fig. 2A). Different con-
centrations of dNTPs, such as 0.5, 1, and 2 mM, were tested
and finally selected the lower concentration (1 mM) than usual
because lower dNTPs concentration minimizes mispriming at
nontarget sites (Innis et al., 1988). In addition, it is very im-
portant to use accurate extension time and concentration of
genomic DNA and primer. Fig. 2B showed that a 324-bp am-
plicon was detected in wild-type soybean genotypes, whereas
mutants produced a 771 bp amplicon. Analysis of F; plants
from a cross between Gy4 normal and Gy4 null plants showed
both bands specific to both alleles (Fig. 2C). It is suggest that
heterozygosity of the F; plants to the Gy4 gene was ascertained
using the co-dominant marker.

Multiplex PCR is a variant of PCR, in which more than
one locus was simultaneously amplified in the same reaction
with their matching pairs of primers. This technique is con-
ceptually simple, highly specific, sensitive, and amenable to
full automation (Winn-Deen, 1996; Klapper et al., 1998). This
method has been successfully applied in many areas of nucleic
acid diagnostics, including gene deletion analysis (Henegariu
et al., 1994), mutation and polymorphism analysis (Shuber et
al., 1993; Rithidech et al., 1997), quantitative analysis
(Zimmermann et al., 1996; Sherlock et al., 1998;), RNA de-
tection (Jin et al., 1996; Zou et al., 1998), and reverse tran-
scription PCR (Crisan, 1994). The screening of soybean lines
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by MAS could be efficient using multiplex PCR. In this study,
the developed co-dominant marker for B-conglycinin o' subunit
(Kim et al., 2011) was used for multiplex PCR along with
our primers for Gy4 SNAP marker.

For developing multiplex PCR-based markers for both Gy4
and B-conglycinin o’, we used F; progenies derived from a
cross between PI 238928 (Gy4 mutant) and Keburi (o’ mu-
tant). Comparing this double mutant with wild-type (Williams
82), seven primers were used in one PCR reaction. For opti-
mizing the multiplex PCR conditions, we started with testing
three different annealing temperatures, 60, 62, and 64 °C (data
not shown). Wild-type generated false positive bands for Gy4
and o’ at 60 °C and no bands were detected for o’ mutant
(Keburi) in both wild and double mutants at 64 °C. But, the
specific bands for each allele were amplified at62 °C.
Genomic DNA concentrations and the ratios of primer concen-
trations were also tested for optimizing multiplex PCR. After
clear and different sizes of amplicons were generated by the
proper optimization of several factors, wild-type and mutant
for Gy4 and B-conglycinin o’ subunits were successfully dis-
tinguished by multiplex PCR (Fig. 3). Four PCR bands were
produced in our developed double mutant; 913 bp for o’ full
gene, 649 bp for deleted o’ gene, 324 bp for Gy4 wild, and
771 bp for null allele of Gy4 (Fig. 3), but wild-type showed
only two bands for o’ full gene and Gy4 wild-type.

MAS is indirect selection process where a trait of interest
is selected based on not only the trait itself but also a marker
linked to it (Rosyara, 2006). MAS can be useful for traits that
are difficult to measure, exhibit low heritability, and express
late in development. Instead of difficulty in phenotyping, our
developed co-dominant marker for Gy4 and the multiplex sys-
tem for Gy4 and B-conglycinin o’ subunit could easily be ana-
lyzed through simple PCR and agarose gel electrophoresis.
Also, using normal PCR buffer and Tag DNA polymerase is
one of the advantages for fast screening of MAS in soybean
breeding programs. Therefore, this marker and multiplex PCR
protocol are highly suitable for mutant detection and MAS
for developing soybean lines and more reproducible than other
genotyping methods.
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