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Abstract

Soybean Kunitz trypsin inhibitor (SKTI) protein is a small, monomeric and non -glycosylated protein containing [81 amino acid
residues and is responsible for the inferior nutritional quality of unheated or incompletely heated soybean meal. The objective of this
research is to confirm SSR marker (Satt228) tightly linked to the 77 locus using several germplasm accessions with 7i77i or titi genotypes
for MAS in soybean breeding programs. TiTi genotypes (Jinpumkong2', 'Clark’, and 'William') had allele! and #iti genotypes
(P1196168, C242, W60, and P1157440) had allele2 in Satt228 marker analysis. 'Jinpumkong?2', 'Clark’, and 'William' (7iTi genotype)
had a Kunitz trypsin inhibitor protein of 21.5 kDa size, and PI196168, C242, W60, and P1157440 (siri genotype) did not have the
band in protein gel electrophoresis from the mature seed. Cosegregation between the SKTI protein (21.5 kDa size) and allele of
Satt228 marker was observed in seven germplasm accessions with different genetic backgrounds. Any recombination between the
SKTI protein and allele of the Satt228 marker was not observed. This result indicates that Satt228 marker may effectively utilized to

select the plants with the #iri genotype.
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Introduction

Soybean [Glycine max (L.) Merr.] is considered a high quality
source of oil and protein for food and feed. However, there are
several antinutritional factors present in raw, mature soybean
seeds. Soybean Kunitz trypsin inhibitor (SKTI} protein has been
proposed as one of the major antinutritional factors (Westfall
and Hauge 1948). SKTI protein is a small, monomeric, and non-
glycosylated protein containing 181 amino acid residues. This
21.5 kDa non-glycosylated protein was first isolated and crystallized
from soybean seeds by Kunitz (1945). Proper heat processing is
required to destroy protease inhibitors, However, excessive heat
treatments may lower amino acid availability. Soybean lines
with reduced protease inhibitor content could reduce or eliminate
the need for expensive heat treatments and lessen the chance of
lowering amino acid availability.

From the USDA germplasm collection, two soybean accessions
(PI157440 and PI196168) lacking the SKTI protein have been
identified (Orf and Hymowitz 1979). Based on the availability
of soybean null lines lacking the SKTI protein, it was suggested
that SKTI protein is not essential for soybean growth or devel-
opment (Jofuku and Goldberg 1989). Five electrophoretic forms
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of SKTI have been discovered. The genetic control of four
forms, 77 ¢, Ti ", Ti<, and Ti ¢, has been reported as a codominant
multiple allelic series at a single locus (Singh et al. 1969;
Hymowitz and Hadley 1972; Orf and Hymowitz 1979). Orf and
Hymowitz (1979) found that the fifth form does not exhibit a
soybean trypsin inhibitor-A2 band and is inherited as a recessive
allele designated ri. Studies of amino acid and nucleotide
sequences of polymorphic variants of SKTI have revealed that
there are large sequence differences in nine amino acid residues
between 7i “ and Ti * (Song et al. 1993; Wang et al. 2004). Each
Ti,Ti ¢, and Ti  differ by only one amino acid from 77 “ type,
and Ti / differs by one amino acid from 7i * type (Wang et al.
2004). The Ti locus has been located on linkage group 9 in the
classical linkage map of soybean (Hildebrand et al. 1980; Kiang
1987), which is integrated in linkage group A2 of the
USDA/Iowa State University soybean molecular linkage map
(Cregan et al. 1999).

DNA markers have become fundamental tools for research
involving soybean improvement programs. Microsatellites or
simple sequence repeat (SSR) markers are highly polymorphic,
abundant, and distributed throughout the genome (Cregan et al.
1999). With the development and public release of SSR primers,
SSR markers have become available for molecular mapping in
soybean (Cregan et al. 1999). Molecular markers tightly linked
to desired genes are a valuable tool to detect genotypes of interest,
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saving time and resources (Tanksley et al. 1989). Marker assisted
selection (MAS) using DNA markers instead of phenotypic
assays reduces cost and increases the precision and efficiency of
subsequent selection steps applied in breeding. Kim et al. (2004)
reported that two flanking RAPD markers (OPO12 and OPCO8)
were linked to the 7i locus at a distance of 16.0 cM. Recently,
Moraes et al. (2006) reported that specific DNA primers were
linked to the #i allele using a single population. One SSR marker
tightly linked to 7i locus (0 cM) has been identified in a single
F2 population (Kim et al. 2006). For markers to be most useful
in breeding programs, they should reveal polymorphism or linkage
in germplasm accessions with different genetic backgrounds.
The objective of this research is to confirm SSR marker tightly
linked to the 7i locus using several germplasm accessions with
TiTi or titi genotypes for MAS in soybean breeding programs.

Materials and Methods

Plant genotypes

Only two genotypes (PI 157440 and PI 196168) and two near
isogenic lines (C242, W60) have been known as soybean genotypes
lacking Kunitz trypsin inhibitor protein (fiti genotype). C242 is a
near isogenic line derived from the cultivar 'Clark' and W60 is a
near isogenic line derived from the cultivar 'William'. C242 and
W60 strains were a generous gift from J. Specht, Professor of
Agronomy, University of Nebraska-Lincoln, NE, USA. The ori-
gin, seed coat color, SKTI protein, and 7 locus of these four
strains are shown in Table 1. Cultivars Jinpumkong?2', 'Clark’, and
'William' as wild type genotype with Kunitz trypsin inhibitor pro-
tein (7iTi genotype) were used. The seeds of all genotypes were
planted in the greenhouse in May 2006.

Genomic DNA extraction and SSR marker analysis

Young leaves were collected from the seven genotypes planted
in the greenhouse. Genomic DNA was extracted from finely-ground,
young leaf tissue by means of a modified CTAB procedure
(Saghai Maroof et al. 1984). Approximately 0.75 g of freeze-dried
soybean leaf tissue was powdered with a paint shaker. Following
the addition of 5 m{ extraction buffer [SO mM tris, pH 8.0, 0.7 M
NaCl, 10 mM EDTA, 1% (w/v) hexadecyltrimethylammonium
bromide, 0.1% (v/v) 2-mercaptoethanol], the slurry was incubated
for 60 min at 60 °C with occasional swirling. After incubation, 5
m@ of chloroform-octanol (24:1, v/v) was added, and the solution
was mixed by inversion and centrifuged at 5200 rpm for 10 min
at 4 °C. The aqueous phase was removed and the DNA was pre-
cipitated by adding 2/3 volume of isopropanol. Precipitated
DNA was spooled on a micropipet, transferred to a tube and
washed in 5 mQ of a 76% (v/v) ethanol/ 10 mM ammonium
acetate solution. The DNA was then dissolved in 1.5 m§ of 10
mM ammonium acetate/0.25 mM EDTA. SSR marker Satt228
tightly linked to 7i locus with 0 cM (Kim et al. 2006) was used.
The sequence of Satt228 marker was 5-TCATAACGTAAGA-
GATGGTAAAACT-3 (forward) and was 5'-CATTATAA-
GAAAACGTGCTAAAGAG-3' (reverse). A 10y{ PCR reaction

contained, 210 genomic template DNA (20 ng/uf), 2ul SSR
primer (10 mM/u@), 5 unit taq polymerase, dNTP [25 mM
MgClz, 25 mM dATP, dTTP, dGTP, dCTP], 5X reaction buffer
[250 mM Tris (pH 8.5), 5 mM MgClz, 100 mM KCl, 2.5 ng/md
BSA, 12.5% ficoll, 1% xylene cyanol], samples were covered
with 1040 of light mineral oil. The PCR reaction was performed
in a MJ research PTC-200 Thermocycler. The thermal profile
consisted of 94 °C for 2 min, 94 °C for 45 s, 47 °C for 45 s, 68
°C for 45 s, go to step 2, 38 times, 75 °C for 10 min, 10 °C for
10 min and end. Amplification products were electrophoresed in
2.5% 0.5X TBE agarose gels and were stained with EtBr to
reveal DNA segments of varying sizes. Gels were photographed
under transmitted UV light.

Determination of Kunitz trypsin inhibitor protein

Ten random, mature seeds from seven genotypes harvested in
the greenhouse were selected to extract crude protein for determining
the presence or absence of Kunitz trypsin inhibitor proteins. The
samples were incubated for 30 min (at room temperature) in 1 m{
Tris-HCI, pH 8.0, containing 1.56% v/v B -mercaptocthanol.
After centrifugation, 504 of the supernatant was added to an
equivalent amount of 5X sample buffer [10% w/v sodium dodecyl
sulfate (SDS), 50% v/v glycerol, 1.96% v/v B -mercaptoethanol,
LM Tris-HCl, pH 6.8]. The samples were boiled at 97 °C for 5
min and then centrifuged. Two microliters of the supernatant
were loaded on 12% acrylamide SDS polyacrylamide gel elec-
trophoresis (SDS-PAGE) medium gels in Owl Separation
Systems Inc. (Model : P9DS, Portsmouth, NH, USA).
Electrophoresis was performed at 120 V for 7 hrs. Gels were
stained overnight in an aqueous solution of 0.25 g Coomassie
brilliant blue R250, 10% acetic acid, 45% methanol, and
destained with destaining solution (5% acetic acid, 14%
methanol) for several hours. A Wide-Range SDS-PAGE molecular
mass standard (Sigma Marker™, Product Code: M4038) containing
the 21.5 kDa soybean trypsin inhibitor protein was used to aid
recognition of samples lacking the Kunitz trypsin inhibitor protein.

Results and Discussion

Satt228 marker very tightly linked to 7i locus at distance of O
cM was used to screen germplasm accessions with titi genotype
(Kunitz trypsin inhibitor protein absent) for marker confirmation
and testing the possibility of marker-assisted selection (MAS).
Amplification patterns obtained from Satt228 marker using
genomic DNA of four soybean strains (P1157440, P1196168,
W60, and C242) with #iti genotype (Kunitz trypsin inhibitor protein
absent) and three cultivars ('Jinpumkong?2', 'Clark’, and
‘William") with 7iTi genotype (Kunitz trypsin inhibitor protein
present) are shown in Figure 1A. Also, polyacrylamide gel
banding patterns of protein extracted from 10 randomly selected
seeds of these seven germplasm accessions used are shown in
Figure 1B. TiTi genotypes ('Jinpumkong?2', 'Clark’, and
"William') had allelel, however, fiti genotypes (P1196168, C242,
W60, and PI1157440) had allele2 as shown by the analysis of the
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PCR profiles obtained with Satt228 marker (Figure 1A). TiTi
genotypes (Jinpumkong?2', ‘Clark’, and 'William') had 21.5 kDa
band that indicates Kunitz trypsin inhibitor protein, however #iri
genotypes (P1196168, C242, W60, and P1157440) did not have
the band in protein gel electrophoresis from the mature seed
(Figure 1B). From the comparison of gel electrophoresis for
Kunitz trypsin inhibitor protein (Fig. {B) and banding pattern
amplified by Satt228 marker from the genomic DNA (Fig. 1A),
there was a strong agreement between protein band (21.5 kDa)
for Kunitz trypsin inhibitor protein and banding pattern by
Satt228 marker. All TiTi genotypes (Jinpumkong?2', 'Clark’, and
‘William') which showed 21.5 kDa protein band in protein elec-
trophoresis of mature seed had the allelel amplified by Satt228
marker from the genomic DNA. However, all #iti genotypes
(P1196168, C242, W60, and PI157440) which showed no 21.5
kDa protein band in electrophoresis of mature seed had allele2
amplified by Satt228 marker from the genomic DNA. Any
recombination between the SKTI protein and allele of Satt228
marker was not observed.

At present, protein electrophoresis of mature seed is the
method used to select lines lacking the Kunitz trypsin inhibitor
protein. Indirect selection based on DNA marker tightly linked
to Ti locus is an easier and more efficient method than protein
electrophoresis for selecting lines lacking Kunitz trypsin
inhibitor protein. However, so far few researchers have identified
DNA markers linked to Ti locus. Kim et al. (2004) reported that
two RAPD markers (OPO12 and OPCO8) were linked to the Ti
locus at a distance of 16.0 and 16.6 cM, respectively. Recently,
one SSR marker tightly linked to the Ti locus with 0 ¢cM was
reported (Kim et al. 2006). Moraes et al. (2000) reported a specific
DNA marker designed to detect the absence of SKTI protein.
For markers to be most useful in breeding programs, they should
reveal polymorphism in different genetic backgrounds, which is
referred to as marker validation (Sharp et al. 2001), Specific
DNA markers designed to detect the absence of the SKTI protein
reported by Moraes et al. (2006) was not valid between
germplasm accessions of TiTi (SKTI protein present) and the titi
{SKTI protein absent) genotype used in this study. No polymor-
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Fig. 1. Pattern of genomic DNA amplification by Satt228 marker using leaf tissue of
germplasm accessions (1A) and pattern of polyacrylamide protein gel electrpophore-
sis extracted from 10 random seeds harvested (1B). M: molecular marker, S: Kunitz
trypsin inhibitor protein (Sigma, product number:T6522). 1:'finpumkong2' (TiT,
2:'Clark' (7iTh, 3:P1196168 {tit), 4:'William' {FiTi, 5:C242 (titi), 6:W60 (tit),
7:P1157440 (tit). +: presence of SKT! protein and - absence of SKTi protein.

Table 1. Origin, seed coat color, Kunitz trypsin inhibitor {SKT) protein, and Ti locus
of soybean germplasm accessions used in this study.

Germplasm Origin Seed coat SKT‘. Ti locus
color protein
P 157440 Korea Yellow absent titi
Pl 196168 Korea Yellow absent titf
242 USA Yellow absent titi
We0 USA Yellow absent titi

phism was observed among the tested germplasm accessions.
However, cosegregation between the allele of the Satt228 marker
and the presence or absence of the SKTI protein in several soybean
accessions of TiTi and titi genotyes was observed (Figs. 1A,
IB). These results indicate that the selection of germplasm
accessions or lines lacking the Kunitz trypsin inhibitor protein is
possible by using Satt228 marker analysis.

Acknowledgment

This work was supported by a grant (CG3-1) from the
Functional Genomics Center (CFGC), 21C Frontier R & D
Project, Ministry of Science & Technology.

References

Cregan PB, Jarvik T, Bush AL, Shoemaker RC, Lark KG,
Kahler AL, Kaya N, VanToai TT, Lohnes DG, Chung J,
Specht JE. 1999. An integrated genetic linkage map of the
soybean genome. Crop Sci. 39: 1464-1490

Hildebrand DF, Orf JH, Hymowitz T. 1980. Inheritance of an
acid phosphatase and its linkage with the Kunitz trypsin
inhibitor in seed protein of soybeans. Crop Sci. 20: 83-85

Hymowitz T, Hadley HH. 1972. Inheritance of a trypsin
inhibitor variant in seed protein of soybeans. Crop Sci. 12: 197-198

Jofuku KD, Goldberg RB. 1989. Kunitz trypsin inhibitor genes
are differentially expressed during the soybean life cycle and
in transformed tobacco plants. Plant Cell 1: 1079-1093

Kiang YT. 1987. Mapping three protein loci on a soybean chro
mosome. Crop Sci. 27: 44-46

Kim MS, Park MJ, Hwang JG, Jo SH, Ko MS, Chung JIL
2004. Identification of molecular markers linked to Ti locus
in soybean. Korean J. Crop Sci. 49: 419-422

Kim MS, Park MJ, Jeong WH, Nam KC, Chung JI. 2006.
SSR marker tightly linked to the 77 locus in soybean [Glycine
max (L.) Merr.]. Euphytica 152: 361-366

Kunitz M. 1945. Crystallization of a soybean trypsin inhibitor
from soybean. Science 101: 668-669

Moraes RMAT, Seares CB, Colomboe LR, Salla MFS Barros
JGA , Piovesan ND, Barros EG, Moreira MA. 2006.
Assisted selection by specific DNA markers for genetic elim
ination of the kunitz trypsin inhibitor and lectin in soybean
seeds. Buphytica 149: 221-226

Orf JH, Hymowitz T. 1979. Inheritance of the absence of the

Journal of Crop Science and Biotechnology



Myung Sik Kim et al.

Kunitz trypsin inhibitor in seed protein of soybeans. Crop
Sci. 19: 107-109

Saghai Maroof MA, Soliman KM, Jorgensen RA, Allard
RW. 1984. Ribosomal DNA spacer-length polymorphisms
in barley: Mendelian inheritance, chromosomal location and
population dynamics. Proc. Natl. Acad. Sci. USA 81: 8014-8018

Sharp PJ, Johnston S, Brown G, McIntosh RA, Pallotta M,
Carter M, Bariana HS, Khartkar S, Lagudah ES, Singh
RP, Khairallah M, Potter R, Jones MGK. 2001. Validation
of molecular markers for wheat breeding. Aust. J. Agric. Res.
52: 1357-1366

Singh LC. Wilson M, Hadley HH. 1969. Genetic differences in
soybean trypsin inhibitors separated by disc electrophoresis.
Crop Sci. 9: 489-491

Song SI, Kim CH, Baek SJ, Choi YD. 1993. Nucleotide
sequences of cDNAs encoding the precursors for soybean
(Glycine max) trypsin inhibitors (Kunitz type). Plant Physiol.
101: 1401-1402

Tanksley SD. 1989. RFLP mapping in plant breeding: New
tools for an old science. Biotechnology 7: 257-264

Wang KJ, Yamashita T, Watanabe M, Takahata Y. 2004. A
Tib-derived variant of Kunitz trypsin inhibitor in wild soy
bean (Glycine soja). Genome 47: 9-14

Westfall RL, Hauge SM. 1948. The nutritive quality and the
trypsin inhibitor content of soybean flour heated at various
temperatures. J. Nutr. 35: 379-389

162 www.cropbio.org



