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ABSTRACT : Soybean seeds contain high amounts of
isoflavones that display biological effects and isoflavone con-
tent of soybean seed can vary by year, environment, and
genotype. Objective of this study was to identify quantita-
tive trait loci that underlie isoflavone content in soybean
seeds. The study involved 85 F, populations derived from
Korean soybean cultivar ‘Kwangkyo’ and wild type soybean
‘IT182305’ for QTL analysis associated with isoflavone con-
tent. Isoflavone content of seeds was determined by HPL.C.
The genetic map of 33 linkage groups with 207 markers was
constructed. The linkage map spanned 2,607.5 cM across
all 33 linkage groups. The average linkage distance between
pair of markers among all linkage groups was 12.6 cM in
Kosambi map units. Isoflavone content in F, generations
varied in a fashion that suggested a continuous, polygenic
inheritance. Eleven markers (4 RAPD, 3 SSR, 4 AFLP)
were significantly associated with isoflavone content. Only
two markers, Satt419 and CTCGAG3 had F-tests that were
significant at P<9.01 in F; generation for isoflavone content.
Interval mapping using the F, data revealed only two puta-
tive QTLs for isoflavone content. The peak QTL region on
linkage group 3, which was near OPAGO03c, explained 14%
variation for isoflavone content. The peak QTL region on
linkage group 5, which was located near OPN14 accounted
for 35.3% variation for isoflavone content. Using both Map-
Maker-QTL (LLOD=2.0) and single-factor analysis (P<0.05),
one marker, CTCGAG3 in linkage group 3 was associated
with QTLs for isoflavone content. This information would
then be used in identification of QTLs for isoflavone content
with precision
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oybean 13 widely used as a protein source both for
humans and domesticated animals. Soybean contains
several biologically active components (e.g, 1soflavones,
saponins, phytic acids, phytosterols, phenolic acids,..). Isofla-
vones are found in soybeans in large amounts. The beneficial
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effects of isotlavones are reduction on risk of several types of
cancer (Barnes ef al., 1999), of cardiovascular disease (Tik-
kanen et al., 1998), of osteoporosis (Erdman & Potter, 1997),
and attenuation of menopause symptoms (Kurzer, 2000).

Isoflavone content and composition of soybean seéds is
very different according to the morphological part of the
seed (Kudou et al., 1991) and genotypes and the environ-
ment conditions during seed development. Wang & Murphy
(1994) observed the difference of 1soflavone content in vari-
ety (8 American and 3 Japanese varieties), crop year (1989-
1991), and location Eldridge & Kwolek (1983) reported
total 1soflavone of soybeans varied from 116 to 309 mg/g
within variety and varnied from 46 to 195 mg/g with the same
variety grown in different locations. Yang & Chung (2001)
reported effect of crop year and genotype on isoflavone con-
tent using sixty Korean local cultivars. Meksem et al. (2001)
observed that the heritability estimates were 79 % for daid-
zein, 22 % for genistein, and 88 % for glycitem. Lucimara et
al. (2004) reported that the broad sense heritabilities for the
contents of the various isoflavone forms were higher than
90 %. These results indicate that 1soflavone content of soy-
bean seeds 1s controlled as quantitative trait.

Traits of agronomic and economic importance are con-
trolled by polygenes or quantitative trait loci (QTLs). The
phenotype of a quantitative character is a consequence of
both genetic and environmental sources. Thus, in a poly-
genic system, an individual gene substitution may well con-
tribute a relatively small effect to the phenotype of the
character (Mather & Jinks, 1971). Molecular markers based
upon DNA polymorphism have greatly simplified the
genetic analysis of quantitative traits, providing a reliable
and extensive framework of qualitative markers to which
quantitative trait loct (QTLs) can be linked. Much effort has
been put nto the genetic and genomic analysis of soybeans.
DNA markers allowed the construction of genetic linkage
maps of soybean (Keim ef al.,, 1990, 1997; Shoemaker &
Specht, 1995; Cregan et al., 1999; Kim et al., 2000, 2003;
Yamanaka et al., 2002), QTL mapping (Diers et al., 1992a;
Mansur et al., 1993; Lee et al., 1996, 1999; Chung et al.,
2003). In isoflavone content of soybean seeds, four genomic
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regions were found to be significantly associated with QTLs
controlling isoflavone content using 150 polymorphic SSR
markers (Meksem et al., 2001). Information on the associa-
tion between genetic markers and 1soflavone content should
help breeders construct beneficial allelic combinations and
accelerate the development of high 1soflavone soybean culti-
vars. The purpose of this study was to identify various
genetic markers that are linked to loci conditioning variation
1n isoflavone production.

MATERIALS AND METHODS
Plant materials and DNA marker analysis

Mapping population was derived from a mating between
soybean cultivar ‘Kwangkyo’ (female parent) and wild type
soybean ‘IT182305° (male parent). F) hybrids were made in
the greenhouse and F, seeds were planted in the field on
May, 2001. Young leaves were collected from the 85 indi-
vidual F, plants and parent plants. Genomic DNA was
extracted from finely ground leaf tissue by means of a modi-
fied CTAB procedure (Saghat Maroof et al., 1984) At matu-
rity, individual F, plants were individually harvested and the
harvested seeds were air-dried to a constant seed moisture.
The procedures of RAPD, SSR, and AFLP marker analysis
have been described elsewhere (Kim et al., 2003)

Isoflavone analysis

The ground soybean seeds (2 g) mcluding seed coat from
both parents and 85 individual F, harvested seeds were mixed
with 2 mL of 0.1 N HCI and 10 mL of acetonitrile, stirred for
2 hrs at room temperature, and filtered through Whatman No.
42 filter paper. The filtrate was taken to dryness under vacuum
a temperature below 30°C. The dned material was redis-
solved mn 10 mL of 80 % HPLC grade MeOH in distilled
water. A aliquot of sample was filtered through a 0.45 m filter
unit and analyzed by HPLC Authentic standards of daidzin,
daidzein, genstin, and genstein were obtained from commer-
cial source (Aldrich Chemical Co.). The glycitein was also
obtamned with some modifications by the method of Wang &
Murphy (1994). The instrumentations for HPLC analysis
were apphied by the method of Wang & Murphy (1994). A
Iinear HPLC gradient was employed: solvent A was 0.1 %
glacial acetic acid in distilled H,O, and solvent B was 0.1 %
glacial acetic acid in acetonitrile. Following myection of 20 L
of sample, solvent B was mncreased from 15 % to 35 % over
50 min and then held at 35 % for 10 min. The solvent flow
rate was | mL/min. The HPLC system used Yon-Lin com-
pany and the column employed YMC-AM 303 (ODS
4.52 x 50 mm). The UV detector wavelength was 254 nm.

Standard compounds were chromatographed alone and as
mixture. HPLC standard chromatogram which was mixed
five 1soflavones standard was gained. Relative retention
times for the major peaks i the extracts were determined for
each gradient by dividing the compound's retention time by
the retention tume of an internal reference.

Linkage map and QTL mapping

All molecular marker data were subjected to Chi-square
analysis to test the goodness of fit for observed to expected
ratios (1 : 2 : 1 for codomnant or 3 : 1 for dominant markers).
Only these loci fitting (P = 0.05) the Chi-square test were used
i mapping procedures. The software program Mapmaker/
Exp 3.0b was used to detect probable linkages at a LOD value
of 40 and maximum distance 50 ¢M. After markers were
assigned to a linkage group, compare and nipple commands
were used to develop linkage groups and established most
likely gene order. Genetic distance was described by centi-
morgan (cM) using Kosambi (1944) mapping function.

Single-factor analysis of variance (ANOVA) was per-
formed for each marker locus to discern the effect of 1ts alle-
les on isoflavone content (PROC GLM, SAS). For the
codominant markers (SSRs and several RAPDs), three phe-
notypic classes were distinguishable (i.e., homozygous A or
B and heterozygous H), whereas for the dominant markers
(most RAPDs), only two phenotypic classes were distin-
guishable (1.e., D vs B when allele B was a recessive null, or
C vs A when allele A was the recessive null) A simple F-
test was used to determine if the least square, isoflavone
content means for the marker types distinguished at a given
locus were statistically different. An F-test significance level
of P<0.01 was chosen for declanng that a marker was linked
to a1soflavone content QTL. An mterval mapping technique
{Lander & Botsten, 1989) was also performed using the
computer program MAPMAKER-QTL v. 1.1 (Lincoln &
Lander, 1992). This QTL analysis was performed on the
mean values. A LOD score of 2.0 was chosen as the thresh-
old to be used to declare the presence of a QTL in any given
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Fig. 1. Frequency distribution of 85 F, for 1soflavone content 1n

soybean seed Mean 1soflavone content of the parent s
4,755 pg/g for Kwangkyo and 3,935 pg/g for IT182305.



QTL ASSOCIATED WITH ISOFLAVONE CONTENT IN SOYBEAN SEED

the interval between two adjacent markers.

RESULTS AND DISCUSSION

The frequency distributions for isoflavone content in the
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85 F, plants are shown m Fig. 1. Isoflavone content ranged

from 3,927 to 4,827 ug/g in the F, generation.

The means of the F, generations were 4,536 ug/g. There
was transgressive segregation for 1soflavone content. Isofla-
vone content in F, generation varied in a fashion that sug-
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Fig. 2. Soybean linkage map with 207 markers constructed from a segregating F, population derived from the mating of Kwangkyo and
IT182305 The linkage group names are listed at the top of each group, with map distances shown on the left and marker posttions

on the night.
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gested a continuous, polygenic mheritance. This observation
1s consistent with an additive gene model of many loci
whose alleles have small effects. This result 1s consistent
with previous reports (Meksem et al., 2001).

Of the 1,000 RAPD primers tested on the two parents,
only 242 markers produced amplicons that were scorable as
either codommant 1:2:1 segregations or dominant 3 : 1
segregations. Of the 100 SSR primers tested, only 54 mark-
ers produced a scorable codominant 1 : 2 : 1 segregation pat-
tern. 83 AFLP markers among 49 combiantions of selective
primers tested produced. Total 379 markers (242 RAPD, 54
SSR, and 83 AFLP) were obtained 1n 85 F, mapping popula-
tion. Total 342 markers (219 RAPD, 50 SSR , and 73 AFLP)
were subjected to Chi-square analysis to test the goodness of
fit for the observed to expected ratio (1:2: 1 for codomi-
nant or 3 : 1 for dominant markers in F, population). These
markers were used in construction for genetic map. Of the
342 markers, 207 markers were found to be genetically
linked. These markers coalesced nto 33 linkage groups
(Fig. 2). The linkage map spanned 2,607.5 ¢cM across all 33
linkage groups. The average linkage distance between pair
of markers among all linkage groups was 12.6 cM in
Kosambi map units. By SSR marker homology, A1, B2, C2,
D2, E K, and O was matched with MLLG (Cregan et al.,
1999). Another linkage groups have been designated LG1-
LG26. Compared to previous map (Kim ez al., 2003), 31
markers were added and were advanced.
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Fig 3. Two linkage groups 1dentified as having putative 1soflavone
content QTLs 1n a population denved from a Kwangkyo x
IT182305 mating. Map distance (cM) 1s shown on the left
and markers are shown on the right of each linkage group.
A solid bar on the nght denotes a QTL region exceeding
LOD 2.0 as detected by interval mapping.

The results of single-factor analysis between marker and
isoflavone content are presented in Table 1.

Eleven markers (4 RAPD, 3 SSR, 4 AFLP) were signifi-
cantly associated with isoflavone content. Only two mark-
ers, Sattd19 and CTCGAG3 had F-tests that were significant
at P<0.01 in F, generation for isoflavone content. Interval
mapping using the F, data revealed only two putative QTLs
for isoflavone content (Fig. 3). The peak QTL region on

Table 1. RAPD, SSR, and AFLP loc1 putatively associated with isoflavone content 1n the F, generation as detected by a single-factor

analysis of variance.

Marker LG F-value Pr>F Means R?
A B H

Satt419 I 652 0.0024 46103 44533 44506 0.139
Satt077 Dla+Q 328 00427 45107 46287 45215 0.075
Satt167 K 388 00245 4490.1 44875 45784 0087
OPMO02 3 436 0.0399 4476.0 45557 0051
OPAB16a 3 6.18 00150 487.0 4568.9 0070
CAAAGTS 3 413 0.0454 4499.5 4566 1 0.048
CTCGAG3 3 11.58 0.0010 4457.4 45724 0124
CTCGAAG 6.63 00118 4498.3 458122 0075
CTCGAAS 5 461 0048 44419 4549.6 0053
OPAEO1b 13 532 0.0236 45097 4588 1 0061
OPAI13a 526 00243 4578.6 45038 0.060

Table 2. Location and magnitude of QTLs related to 1soflavone content m soybean seeds, as determined by interval mapping analysis

Trait Group Marker mterval QTL position LOD peak Variation explained
LG3 CTCGAG3-OPAGO3c 38.0 2.56 14.0 %
Isoflavone
LG5 CTCGGC2-OPN14 15.7 296 353 %
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linkage group 3, which was near OPAGO3c, explained 14%
variation for isoflavone content.

The peak QTL region on linkage group 5, which was
located near OPN14 accounted for 35.3 % variation for
1soflavone content (Table 2).

Using both MapMaker-QTL (LOD 2.0) and single-factor
analysis (P 0.05), one marker, CTCGAG3 in linkage group 3
was assoctated with QTLs for isoflavone content. Meksem
et al. (2001) reported that molecular hinkage group B1 (for
glycitein content), N (for glycitein and daidzein), and Al
(for daidzein) contamed a major QTLs for each isoflavone
content. These QTLs were not detected 1n our population.
This information would then be used in identification of
QTLs for isoflavone content with precision
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