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ABSTRACT : One thousand and seven hundreds and six soybean land reces and 103 wild soybeans of
Korea, and 167 cultivars and 71 wild soybeans of exotic were analyzed using polyacrylamide gel
electrophoresis to study the distribution of trypsin inhibitor phenotypes. The four ti/ti lines were observed
only in Korean native land races. The Ti*a allele of cultivar was found to be the highest in Chinese
soybean (0.9888) than in Korean soybean(0.8347) and Japanese soybean(0.5954) .

The heterozygosity of typsin inhibitor in Korean lines occured in relatively high ratio, The percentages of

heterozygosity of the Korean land race and wild soybean are 3.6% (N=61) and 9.7%(N=10), respectively .’

The trypsin inhibitor proteins(Ti) have been
proposed as one of the major antinutritional
factors present in raw mature soybean, Glycine
max(L.,) Merrill, These proteins, which may
make up to 6% of the total protein in soybean
seed, perhaps account for 30% to 50% of the
growth inhibition when raw soybeans are fed to
monogastric animals,

Rackis et al.'® reported that the molecular
weight of soybean trypsin inhibitor is 21,100
daitons. It is four alleles that the three alleles
(Ti-a. Ti-b and Ti-c) are located in a single
locus and codominant to the null allele ti %!
Hymowitz and Hadley® assigned symbol Ti'(Ti-a)
to the gene controlling the most commonly
occurring electrophoretic form of Ry 0.79/10%
(Ry=mobility relative to the dye front in a 10%
Ti?(Ti-b) to the
allele controlling the electrophoretic form found
at R; 0.75/10% and Ti*(Ti-c) to the allele
controlling the electrophoretic form found at R; 0.

83/10%.

polyacrylamide gel system),

Linkage test by Orf and Hymowitz®!%1113
revealed that neither the Ti and Amy3(Spl) loci
nor ti and Le loci are linked, Hildebrand et al ®
found that the acid phosphatase locus is linked to
the Kunitz trypsin inhibitor locus with a crossover
frequency of 16.2%. Kiang and Chiang® reported
that the leucine aminopeptidase locus is found to
be linked to the Kunitz trypsin inhibitor locus
with a recombination frequency of 15.3+0.9%.

Because the trypsin inhibitor may be one of the
reasons for the poor nutritional value of raw
soybean meal, the objet of this research was to
detect the absence of trypsin inhibitor lines in the
land races and wild soybeans of Korea. And the
gene frequencies of trypsin inhibitor of Korean
land races and wild soybean are examined to

comparé with those from China and Japan.
METERIALS AND METHODS

The cultivated (Glycine max) and wild soybeans
(Glycine soja) used in this study were obtained
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from Korea, Japan, China, Taiwan, Vietnam,
USSR and USA: 1,706 land races and 103 wild
soybeans of Korea, and 167 cultivars and 71 wild
soybeans of other countries, Korean land races
and wild soybean seeds used in this study were
provided by Department of Agronomy, Kyung-Hee
University, Korea and USDA Regional Soybean
Laboratory, University of Illinois, USA, respec-
tively.

The procedure for extracting soybean trypsin
inhibitor

banding patterns was as follows;

and determining the electrophoretic

100 mg of
soybean is filled with 1 ml deionizing water
during a day. The soybean seed was homogenized
and centrifuged at 3,000 rpm for 10 min,
Electrophoresis was performed in 7%, 1 mm thick
polyacrylamide gel. The electrophoresis was
carried out 1 mA/cm for 2 hours at 4°C with Tris
~-HCi(pH 8.8) buffer for gel and Boric acid-HaOH
buffer for electrode. After electrophoresis, the gel
plate was stained with Coomassie Brilliant Blue R

250.

RESULTS AND DISCUSSION

Soybean trypsin inhibitor phenotypes and the

allele frequencies of cultivars and wilds are

presented in table 1. The distribution Ti a/a is
the common phenotype in both the Glycine max
and Glycine soja. The frequency of the Ti*a allele
is found to be higher in wild soybean (0.9223)
than in Korean land races(0.8347). The Ti c/c
homozygote is observed only in the Korean land
races, but the freqnency of Ti*c was 0.0173 in
the land races and 0.0194 in wild soybeans. The
reason for the above observation is that Ti*c
allele revealed as heterozygote. Four ti/ti types
are observed only in Korean native soybean
collections, and the frequency of ti* is (.0023.
The lines lack trypsin inhibitor, which might
posses little or none of the nutritionally deleteri-
ous protein,

self-pollinated crop.
inhibitor

appeared in relatively high ratio, The percentages

Soybean is a  Thighly

however, heterozygosity of trypsin
of heterozygosity in Korean land races and wild
soybeans are 3.6% (N=61) and 9.7%(N=10),
respectively, This result indicates that the natural
outcrossing has happened more frequently in the
wild soybean than the in the cultivars.

Table 2 presents the distribution of trypsin
inhibitor phenotypes in Glycine max collected from
several different countries. Four ti/ti lines are

nsbserved only in the Korean collections, The Ti

Table 1. Soybean trypsin inhibitor phenotypes and gene frequencies of Korean native soybean cultivar and

wild,

Cultivar N Tia/a Tib/b Tic/e

Tia/b Tib/c

Tic/a i Gene
frequencies

Land races 1,706 1399 226 16
(82.0%) (13.2%) (1.0%)

Wilds 103 90 3 0
(87.4%) (2.9%)

(2.0%)

(5.8%)

11 16 4
(0.6%) (1.0%) (0.2%)

Ti*a=
0.83470.00004
Ti*h=
0.1457+0.00004
Ti*c=
0.0173%0.00004
ti* =

0.0023+0.00004

0 4 0
(3.9%)

Ti*a=
0.9223+0.00225
Ti*b=
0.0583+0.00225
Ti*c=
0.0194+0.00225
ti* =
0.0000+0.00225
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Table 2. Soybean trypsin inhibitor phenotypes of Glycine max in Korea and several other countries.

Countries N Ti a/a Ti b/b Ti c/c Ti a/b Ti b/c Ti ¢/a ti
China 29 (86?3%) (13.3%) 0 ’ 0 0 0
Korea 1706 (8%?3‘2/)) (132.226%) (1.106%) (2.%4%> (0.161%) (1.106%> (0.;%)
Japan % (%) (29;%> 0 <4-11%> 0 0 0
Vietnam 14 (57?%) (42.2%) ’ 7 : O )
USSR B (%) (20%3%) 0 <4-74%) 0 0 0

Table 3. Soybean trypsin inhibitor phenotypes and gene frequencies of Glycine soja in Korea and several

other countries,

Countries N Ti a/a Ti a/b Tib/b Tic/a Tic/c Tib/e ti/ti c Gene
requencies
: 24 0 7 0 0 0 0 Ti*a=
China 31
(77.4%) (22.6%) 0.7742+0.1748
6 3 4 0 0 0 Ti*a=
Korea 103 0
(87.4%)  (5.8%) (2.9%) (3.9%) 0.9223+0.0023
20 2 2 0 0 0 0 Ti*a=
Japan 24
(83.4%) (8.3%) (8.3%) 0.8750+0.1094
12 2 0 0 0 0 0 Ti*a=
USSR 14
(85.7%)  (14.3%) 0.9286+0.0487
b/b lines showed that a much higher percentage in highest in Korea(0.9223) among the world
Japanese soybean than in Korean and Chinese collections (Japan ; 0.8750, China ; 0.774). None

soybean. Hymowitz and Kaizuma” also had
showed the same result.
Table 3 presents soybean trypsin inhibitor

phenotypes and gene frequencies in Glycine soja.

The frequency of Ti*a allele is found to be

of Ti c¢/c and ti/ti types are found in Glycine
soja.

inhibitor
East Asian lines are listed in
Ti*a(0.8347)

Frequencies of the trypsin allele

reported in the

Table 4. had a higher gene fre-

Table 4. The frequency of trypsin inhibitor of Asian origin soybean.

Countries N Ti*a Ti*b Ti*c ti* Authors
China
Northeast 803 0.9888 0.0112 - - Hymowitz et al., 1978
628 0.9108 0.0892 - - Hymowitz, 1973
South & Central 126 0.9206 0.0794 - - Hymowitz, 1973
153 1.0000 - - - Clark et al., 1970
Korea 1706 0.8347 0.1457 0.0173 0.0023 Presentstudy
417 0.8777 0.1151 0.0024 0.0048 Hymowitz et al , 1978
350 0.7029 0.2943 0.0029 - Hymowitz, 1973
57 0.8421 0.1579 - - Choi et al., 1987
22 0.9091 0.0909 - Clark et al., 1970
Japan 477 0.5954 0.3920 0.0126 - Hymowitz et al., 1978
459 0.6318 0.3660 0.0014 - Hymowitz, 1973
348 0.5747 0.4080 - - Hymowitz & Kaizuma, 1979
42 0.7143 0.2857 - - Clark et al., 1970
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Ti*b(0.1457) in Korean land
races. The frequency of the Ti*a allele is highest
in Northeast China (Ti*a=(.9888, N=803) and
(Ti*a=0.5954, N=477). The

genetic differences in frequencies of Ti alleles

quency than the

lowest in Japan
appear geographical cline. The Ti c¢/c type are
observed in the population collected in Korea and
Japan, and ti/ti type (N=4) observed only in the
Korean collections., These data may suggest that
Ti*c and ti alleles were originated from Korea.
Hymowitz et al.® also suggested that Ti*c allele
was introduced from Korea to Japan or probably
arisen as a spontaneous mutation in the Tohoku

District.
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