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ABSTRACT

Days to flowering (DTF) in vegetable soybean is an important reproductive character of
agronomicinterest. Thistrait isuseful for devel oping vegetable soybean cultivarswith desirableflowering
date, and eventually harvesting date. The objective of this study wasto identify simple sequence repeat
(SSR) markers associating with quantitativetrait loci (QTL) for DTF in recombinant inbred lines (RILS)
derived from the cross between the vegetable soybean cultivar ‘ AGS292' and the grain soybean line
(G8891xG7945-31-3-5-5) or ‘K3’ grown in two environments. The SSR allele size profiling of the
parents were analyzed with 162 markers to identify their polymorphism. The analysis was assayed for
linkage relationships of DTF inasub-population of 92 RILs. Molecular marker analysisof 63 polymorphic
SSR markers revealed that at least two major and nineteen minor QTL were involved in controlling
DTF. The QTL near SSR markers (Satt132 and Satt431) in molecular linkage group (MLG) J had the
greatest effect on DTF. These results suggested that the putative QTL for DTF might be population-
specific as indicated by different genomic region that control the same trait in different mapping
populations. The QTL found in this study could facilitate vegetable soybean breeders in performing
marker-assisted selection (MAS) asearly asin the seedling stage to improve vegetabl e soybean cultivars
with desirable flowering date.
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INTRODUCTION

Vegetable soybean, Glycine max (L.)
Merr. is a large-seeded, slightly sweet type of
soybean harvested while pods are still green,
usually at the Rg growth stage. Japan, China,

Korea, and Taiwan have historically been major
producers and consumers of vegetable soybean
(Shanmugasundaram and Yan, 2004). Days to
flowering (DTF) isamajor trait to be considered
by the farmers growing vegetable soybean. The
cultivars with too short flowering date do not
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accumulate sufficient photosynthates to produce
high quality seed, especially in a large-seeded
cultivar. However, the cultivars with too long
flowering datesrequire more daysuntil harvesting
and thusthey are not suitable for farming systems
intropical countries. Flowering time (daysto R;)
and maturity (days to Rg) in soybean have been
reported to be highly correlated (Mansur et al.,
1996; Orf et al., 1999). Tasma et al. (2001)
reported that the numbers of daysto flowering and
maturity in field soybean were useful for
developing soybean cultivars with wider
geographical adaptation.

Several QTL associated with DTF have
been previously mapped on different molecular
linkage groups in soybean. The investigation of
QTL conducted in asingle environment may lead
to underestimating the number of QTL influencing
atrait. It is also possible to have environmentally
sensitive QTL, meaning that expression of these
QTL will occur only under certain environments.
Paterson et al. (1991) suggested that, in such a
case, the experiment conducted to identify QTL
should be done in the location where these
environmental conditions were satisfied. Lee et
al. (1996) suggested that the phenotypic data for
quantitative trait should be collected over arange
of locations from within the base population of
environments to identify putative QTL.

Since most vegetable soybean breeding
projects belong to private companies, no
publication on animportant reproductive character
study ispublicly available so far. The objective of
thisstudy wasto identify SSR markersassociating
with QTL for DTF of aRIL population derived
from the cross between 2 contrasting parents, viz.
vegetable soybean cultivar ‘ AGS292' andthegrain
soybean experimental line ‘K3'.

MATERIALSAND METHODS

Plant materials
A population of recombinant inbred lines

(RILS) was obtained from a cross between two
contrasting soybean lines ‘AGS292" and ‘K3'.
They were markedly different in terms of
nutritional content in the seed, aswell asflowering
date. ‘ AGS292' was a popular vegetable soybean
cultivar with large seed and high sugar content. It
wasapureline selected from the Japanese cultivar
‘Taishoshiroge’ by AVRDC - the World Vegetable
Center, Taiwan. The experimental line (G8891/
G7945-31-3-5-5) or ‘K3 wasasmall-seeded grain
soybean with high-protein content and had longer
flowering date than vegetable soybean cultivar
‘AGS292'. It was a pure line derived by pedigree
selection from the cross between ‘G8891" and
‘G7945’ (both are from collection of AVRDC) by
the soybean breeding project of Kasetsart
University, Thailand. Theresulting progeniesfrom
the AGS292xK 3 cross were advanced by asingle
seed descent method from F, plants until 190 F,.;
seeds were obtained. This population was
considered as a RIL population to be grown and
evaluated for DTF in the field in two seasons.

Field observation

Thetrait dataof the parentsand their RIL
population were observed in 2 trials in the field
during the late rainy season (August - November
2004) and dry season (November 2004 - February
2005) at Kasetsart University, Kamphaeng Saen
Campus, Nakhon Pathom Province, Thailand. The
treatments were sown in single row plot each of
5.0 m long, with 0.60 m spacing between rows
and 0.30 m between plants. Three seedswere sown
in each hill and the seedlings were thinned down
to 1 plant/hill at 10-14 daysafter germination. Each
entry was replicated twice in a randomized
complete block design. Days to flowering was
observed asthe number of daysfrom planting until
a plant in the plot had an open first flower (R;
stage as described by Fehr et al., 1971).

Parental survey for marker polymorphism
SSR alele size profiling analysis of the
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parents was carried out at the Laboratory of Plant
Genetics and Evolution, Hokkaido University
using aDNA sequencer with 93 fluorescent-label
primers following the method used by Abe et al.
(2002). In addition, 69 none-label SSR primers
were screened for polymorphism between the
parentsin this study. A total of 162 SSR loci were
selected to survey the parents from an integrated
soybean linkage map (Cregan et al., 1999) in order
to roughly cover 20 MLGs. The marker loci were
considered for SSR analysis based on their alele
size profile. The allele sizes with at least 8 base
pair difference between the parents were chosen
for SSR analysis in high resolution agarose
(Cregan and Quigley, 1997). DNA was extracted
fromyoung leaves sampled from 20 parental plants
following the method described by Doyle and
Doyle(1990). The PCR reaction mixture contained
30 ng of total genomic DNA, 0.25uM of 5" and 3’
end primers, 200 uM of each dNTP, 0.5 units of
Taq polymerase (TaKaRa, Japan), and 1x PCR
buffer (10 mM Tris-HCI, pH 8.3; 50 mM KCI; 1.5
mM MqCl,) for atotal volume of 20 ul. The PCR
reactions were performed with a GeneAmp PCR
System 9700 (Perkin Elmer/Applied Biosystems,
Foster City, CA, USA) using the following
program: 32 cycles at 94°C for 30 sec, 48°C for
30 sec, and 68°C for 30 sec. Following the
amplifications, 1.5 ul of 6-FAM-labeled, 4.0 ul of
HEX-labeled, and 2.0 ul of NED-labeled PCR
products were combined and brought to a total
volume of 20 ul by adding distilled water. An
aliquot (1.5 ul) of the mixed PCR products
combined with aloading buffer (1.5 ul) containing
aROX-labeled internal size standard (GeneScan-
500) was denatured at 95°C for 5 min and then
|oaded and separated using an ABI 377 sequencer
(Perkin Elmer/Applied Biosystems, Foster City,
CA, USA). GeneScan software (version 3.1) was
used to visualize the SSR variants and to estimate
their sizes.

SSR analysisin RIL sub-population

Out of 190 individual RILs, the SSR
analysis was assayed in a sub-population by
randomizing 92 individual RILs. DNA was
extracted from young leavesfromindividual plant
of the subpopulation following the modified
method described by Rogers and Bendich (1994).
The PCR reactions were performed as described
in the parental survey, except for that none label
primers were used. PCR cycling was performed
in a MJ PTC-100 Programmable Thermal
Controller. All PCR productswere el ectrophoresed
in 3-4% agarose gel. Thegel wasrunin 0.5x TBE
buffer at 100 V for 45 minutes, stained with
ethidium bromide, visualized under UV source,
and photographed using Vilber Lourma TCX-20-
M Gel Doc 2000 (Vilber Lourma, Cedex 1,
France).

The RILs were scored based on marker
genotypes of the parents. The RIL sthat possessed
homozygous aleles derived from the vegetable
soybean cultivar * AGS292" were scored asA, the
onesthat possessed homozygousallelesfromgrain
soybean experimental line‘K3' were scored as B,
and the ones that possessed heterozygous alleles
derived from both parents were scored as H.

Data analysis

Trait mean, normality index, and analysis
of variance of DTF was determined using
Statistical Analysis Systems version 6.12 (SAS
Institute, 1990). Narrow-sense heritability was
calculated from the variance component estimates
based on plot basisaccording to Fehr (1987). Since
the RILs were homozygous genetically, the
dominant genetic variation (02y) could be
neglected and the total genetic variance was
considered comprising only additive genetic
variation (0%,). Thus, the heritability estimated
from the RIL population was a narrow-sense one
and could be determined from the formula.

h2= 6%y [0%; + (0%yJ€) + (0?Jre)]

Where h? represents heritability, o, is
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the genotypic variance component, 62y is the
genotype X environment variation, o2 is the
experimental error variance, r is the number of
replications, and eisthe number of environments.
Observed frequencies at marker loci were used to
calculate %2 values to test for goodness-of-fit
against the expected Mendelianratio. Single-factor
analysis of variance (SF-ANOVA) was used to
associate polymorphic markers with DTF (SAS
Ingtitute, 1990). Significant marker loci associated
with DTF was identified when a marker at an
individual environment wassignificant at P < 0.05
across two environments. Significant marker loci
were combined in a multiple-locus regression
model (REG) to determine their combined effect.
Interval mapping was not used becauseindividual
linkage groups were not fully saturated and many
markers were unlinked (Lander and Botstein,
1989). Two-way analysis of variance was used to
test for digenic interactions between markers
significantly associated with DTF.

RESULTS

Variation of DTFin theRILS

Mean, standard deviation, range, and
parental values for DTF are presented in Table 1.
DTF of the vegetable soybean cultivar * AGS292
wasearlier than that of ‘K3’ in both environments,
with the averages of 25vs42 and 27 vs40 daysin
thelaterainy and dry seasons, respectively. While
inthe RIL population, DTF ranged from 26 to 38
days in the late rainy and from 26 to 40 days in

dry seasons. The experimental average of DTFin
both seasons were 31 and 33 days, respectively,
while that in the RIL population ranged from 26
to 39 days, with the mean falling between the two
parents. The average of DTF over two
environments were 26 daysfor ‘ AGS292' and 41
daysfor ‘K3 (Table 1).

The frequency distributions of DTF
among the 190 RILs, averaged over two seasons
were continuous (Figure 1), indicating that thetrait
was quantitatively inherited. Normality test of trait
frequency distribution based on W-test method
(Shapiro and Wilk, 1965) showed that the
observationswere normally distributed (P> 0.10).

Narrow-sense heritability estimates

Narrow-sense heritability was estimated
using variance components from the analysis of
the RIL population in each season as well as
combined analysis and presented in Table 1. The
heritable values for DTF in the late rainy and dry
seasons were 94.2 and 91.6% respectively. While
the combined estimate over both seasonswas |ow
(29.1%). Thiswas the case because of significant
interaction detected between genotypes and the
growing seasons (data not shown).

SSR analysisin RIL sub-population

The expected ratios of marker
phenotypeswere 1:1intheRIL populations. Most
of the marker loci mapped in the 92 RILs
corresponded with Medelian segregation of 1:1.
However, there were 11 marker loci in MLG A2

Table1l Rangeand Mean+SD of daysto flowering of 190 soybean RIL sand their parentsgrowninthe
laterainy and dry seasons of 2004, and combined over seasons. The narrow-sense heritabilities

were presented in the right column.

Season RIL Parents H2Y
Range Mean AGS292 K3 (%)

Laterainy 26-38 31+2.58 25 42 94.2
Dry season 26-40 33+3.04 27 40 91.6
Combined 26-39 32+2.61 26 41 29.1

Y Heritability in the narrow-sense
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Figurel Frequency distribution of days to flowering in 190 RILs averaged across seasons. Mean
parental values of ‘AGS292' and ‘K3’ areindicated by arrows.

(Satt341 and Satt589), ML G C2 (Satt277, Satt307,
and Satt316), MLG D1b+W (Sat_069), MLG F
(Sett425), MLG G (Satt394), MLG J (Satt132),
MLG L (Satt166) and MLG O (Satt477) that
showed significant deviation from their expected
ratios (data not shown).

QTLsassociated with daysto flowering

Based on SF-ANOVA, ten marker loci
were identified as being associated with DTF in
the combined analysis (Table 2). They were
|ocated on fiveindependent MLGs (A2, D1b+W,
J,L,and O). Fivemarkerswereassignedon MLG
D1b+W, two markers on MLG J, while the rest
three markers on MLG A2, L and O were not
linked with the other markers. However, eleven
marker loci on MLG D1a+Q, D1b+W, D2, E, G,
H and | were not identified in the combined
analysis. Seven (Sat_135, Satt189, Satt350,
Satt132, Satt431, Satt229, and Satt262) of twenty-
one marker loci were significant in two
environments. Fourteen marker loci, viz. Satt187
Satt184, Sattl4l, Satt412, Satt506, Satt604,

Satt458, Satt486, Satt230, Satt288, Satt568,
Sat_105, Satt049 and Satt354 were each detected
in only one environment. The marker loci
individually explained 4.5 to 26.6% of the
phenotypic variation for DTF combined over
seasons. Multiple-locus regression identified six
markers that were significantly associated with
DTF inthelate rainy season 2004 (Table 3). Four
of the seven marker loci contributed 4.4 to 26.0 %
of the variation after accounting for the other
marker loci in the model and together explained
51.6% of the total variation for DTF combined
across seasons. The grain soybean experimental
line ‘K3’ contributed alleles for longer flowering
date at ten marker loci (Satt187, Sat_135, Satt141,
Satt189, Satt350, Satt412, Satt132, Satt431,
Satt229, and Satt262) (Table 2), while the
vegetable soybean cultivar ‘ AGS292' contributed
alelesfor shorter flowering date at the same loci.

DISCUSSION

In this experiment, DTF in a single
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season was highly heritable. The heritability
reduced slightly when the combined data across 2
experimental seasons were used. Thisisthe case
inthetropical countries where vegetable soybean
can be grown two seasons per year. The
environmental difference between two seasonsin
the tropic is normally higher than that in the
temperate countries where the crop isgrownin a
relatively fixed date of planting and environmental
regimes each year. From the results of this study,
it isrecommended that vegetable soybean grown
in the tropic be selected particularly for the
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intended growing season. A superior selection
method is a single seed descent across wet and
dry seasons. Selection for disease resistance and
some qualitative characters can be done from
earlier generations to reduce the number of RILs
for more intensive selection in the later
generations. Then, vegetable soybean lines with
desirable flowering date in each season can be
identified later.

Daysto flowering of vegetable soybean
isanimportant trait that affectsdirectly to the other
agronomic traits, including grain quality. There

Table2 Marker loci significantly associated with days to flowering (DTF) of 92 soybean RILs from
the cross between ‘AGS292' and ‘K3’ grown in late rainy and dry seasons 2004/2005, and

combined over seasons.

Locus MLGY Environment Combined
Rainy 04 Dry 04/05 P R2(%) Allelic mean (DTF) Z
P RY(%) P R2 (%) AGS292 K3

Satt187 A2 NS¥ 0.0463 4.2 0.0401 45 311 324
Sait184 Dlat+tQ 0.0279 5.2 NS NS
Sat_135 D1b+W 0.0135 6.5 0.0414 4.5 0.0175 6.1 312 32.7
Satt141 D1b+W  0.0238 5.9 NS 0.0291 55 31.0 325
Satt189 D1b+W 0.0267 55 0.0413 4.6 0.0242 5.6 312 32.0
Satt350 D1b+W  0.0200 6.5 0.0404 48 0.0200 6.3 311 32.6
Satt412 D1b+W  0.0084 7.6 NS 0.0173 6.3 310 325
Satt506 D1b+W 0.0290 5.2 NS NS
Satt604 D1b+W 0.0476 4.2 NS NS
Satt458 D2 0.0361 4.8 NS NS
Satt486 D2 0.0115 6.8 NS NS
Satt230 E 0.0122 6.7 NS NS
Satt288 G 0.0320 55 NS NS
Satt568 H 0.0215 57 NS NS
Sat_105 I 0.0317 51 NS NS
Satt049 I 0.0193 6.1 NS NS
Sait354 | 0.0241 5.8 NS NS
Satt132 J 0.0004 12.8 0.0001 13.9 0.0001 151 30.4 32.8
Satt431 J <.0001 18.8 <.0001 27.4 <.0001 26.6 30.4 334
Satt229 L 0.0033 9.31 0.0041 8.9 0.0021 10.2 30.8 327
Satt262 0] 0.0167 6.3 0.0317 51 0.0163 6.4 312 32.7

Y Molecular linkage group
2 Daysto flowering
3 Non-significant
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was a trend for the parent with the greater trait
valueto contribute more QTL alleleswith positive
effects. Theaverage of DTF for vegetable soybean
cultivar ‘AGS292" was shorter than that of the
experimental line ‘K3’ in both environments
(Table1). A QTL for daysto floweringon MLG J
wasamajor QTL at which the parental * AGS292'
alleles contributed to shorter flowering date.

The narrow-sense heritability of DTF
was less consistent across the seasons. The
estimate in each season was considered rather high
(94.2% for late rainy and 91.6% for dry seasons),
while the estimate from combined data was only
29.1% (Table 1). The phenotypic variation of DTF
could be explained by six marker loci fromwhich
‘AGS292' alleles contributed to shorter DTF at
al loci (Table2). Thus* AGS292’' could potentialy
contribute a shorter DTF to its progenies. Tests
for digenic epistatic interaction among significant
marker loci for DTF content were all non-
significant.

Major QTL for DTF showed consistent
effectsin both environments. Minor QTL onMLG
D1b+W, J, L and O also showed consistent effects
across environments , However, the effects of the
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QTL on MLGs A2, D1a+Q, D2, E, G, H and |
differed between environments. Some QTLswere
easily influenced by environment. The MLG J
location of the major QTL detected in this study
was not detected by Tasmaet al. (2001); Zhang et
al. (2004) and Yamanakaet al. (2001). They found
major QTL onMLG C2and L. Several other QTL
were aso detected in difference populations and
located on different MLGs (Keim et al., 1990;
Shoemaker and Specht, 1995; Mansur et al., 1996;
Cregan et al.,1999; Lee et al.,1996).

Two marker loci Satt458 and Satt486
were placed on MLG D2, while Satt132 and
Satt431 were placed on ML G J. Seven marker loci
Sat_135, Satt141, Satt189, Satt350, Satt412,
Satt506, and Satt604 were placed on MLG D1b+W
and linked to each other in this study. Three
markersSat_105, Satt049 and Satt354 were placed
on MLG I. These markers may also linked to the
same QTL for DTF (Table 2).

CONCLUSION

Molecular marker analysisin this study
revealed that at least 21 genetic factors were

Table3 Marker loci significantly associated with daysto flowering of 92 soybean RIL sfrom the cross
between ‘AGS292' and ‘K3 grown in late rainy and dry season 2004/2005, and combined
over seasons using multiple-locus regression.

Locus MLGY Environment
Rainy 04 Dry 04/05 Combined
P Partial P Partial P Partial
R2 (%) R2 (%) R2 (%)

Satt350 D1b+W 0.0170 4.7 NS NSZ
Satt412 D1b+W NS NS 0.0079 6.2
Satt568 H 0.0022 10.0 NS NS
Sat_105 I 0.0024 11.6 NS NS
Satt132 J 0.0155 5.4 0.0240 4.6 0.0205 4.4
Satt431 J 0.0011 16.2 <.0001 26.5 <.0001 26.0
Satt229 L 0.0019 17.7 0.0040 8.1 0.0001 15.0
Total variation explained 65.6 39.2 51.6

Y Molecular linkage group
2 Non-significant
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involved in the variation in DTF, two were major
QTL in MLG J, while the other nineteen werethe
minor oneslocatedin MLG A2, D1a+Q, D1b+W,
D2, E, G, H, I, L and O. Some QTL associated
with DTF have been previously reported in
different populationsto locate on different ML Gs.
Similar results were detected in this study,
suggesting that the putative QTL for days to
flowering might be population-specific as
indicated by different genomic regions that
controled the same trait in different mapping
populations.
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