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ABSTRACT

Sodium azide (NaNj3) (2 mM) was used to induce mutation in black soybean variety CRWD for improvement of isofla-
vone content. The individual selections were made in M6, M7 and M8 generations, respectively. Both high levels of
isoflavones and medium seed size traits were used as selection criteria. Across three growth seasons, the selected five
NaN;-induced mutants accumulated more total isoflavones (average increases of 5% to 25%) than their wild type vari-
ety CRWD. Four mutants yielded more (average increases of 17% to 25%) than CRWD. Both mutants SA-M-03 (yel-
low cotyledon) and SA-M-05 (green cotyledon) are rich in isoflavones and may be useful in food and other applica-

tions.
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1. Introduction

Isoflavones are a subclass of flavonoids derived from the
phenylpropanoid pathway [1]. They are found predomi-
nantly in black soybean (Glycine max (L.) Merrill) coty-
ledons, and are reported to be protective against breast
and ovarian cancer, cardiovascular diseases and osteo-
porosis [2-4]. Isoflavones also show significant antioxi-
dant activities by inhibiting lipid peroxidation, scaveng-
ing free radicals and promoting anti-oxidative enzymes
[5]. Due to these beneficial health effects, breeding va-
rieties with high isoflavone content has been one of es-
sential goals in soybean improvement programs [6].
Traditional breeding methods, including parent lines
selection, crossing and segregation, have been used to
develop soybean lines with high isoflavone content in the
seeds [7,8]. However, because the isoflavone content of
soybean seeds is affected by environments, breeding
soybean cultivars with high levels of isoflavones in the
classical manner is difficult [9]. Alternatively, a desirable
soybean line with high isoflavone trait might be pro-
duced through mutation breeding. A large amount of
mutants have been identified as donors of desirable traits
in many crop breeding programs [10,11]. Mutation
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breeding of soybeans also yielded in identification of
many mutant lines with desirable traits, including resis-
tance to pod shattering habit, low linolenic content and
high oleic content [12,13].

Chemical mutation has been used to create and in-
crease genetic variability in crop species, and ultimately
change plant traits [10]. The main advantage of chemical
mutation is the possibility of improving one or two spe-
cific characteristics without altering the rest of acceptable
genotypes. Chemical mutation also has a number of in-
herent attractions, such as the ability to use different
mutagens, change mutagen doses and scale the size of
the mutagenesis procedures [14]. Sodium azide (NaNj3) is
an excellent chemical mutagen, with high solubility in
water and low toxicity to biological materials as com-
pared to alkylating compounds that are usually used for
mutation induction in plants. Sodium azide is known to
create point mutation in the genome of plants by produc-
ing organic metabolite of azide compound, and thus pro-
ducing protein in mutant plant with function different
from the normal plant [15]. Many mutant crops have
been produced by sodium azide treatment [16-19].

Black soybeans (Glycine max (L.) Merrill) have been
widely consumed as folk medicines for hundreds of years
in many Asian countries [20]. The seed coats of black
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soybean are rich in anthocyanins and proanthocyanidins,
and have a considerably higher degree of anti-oxidative
activity than yellow soybeans [19,21]. Black soybeans
also contain large amounts of isoflavones in their coty-
ledons [19]. However, no breeding researches have so far
focused on developing black soybeans for high content
of isoflavones in their seeds. In the present study, at-
tempts were made through the pedigree method of line
selections by using NaN;-induced mutagenesis to obtain
black soybean lines, which contained more isoflavones in
seeds than their wild type variety CRWD.

2. Materials and Method
2.1. Plant Materials and Mutagenesis

Preliminary tests indicated that soaking the seeds of
black soybean (Glycine max (L.) Merrill) variety CRWD
with 2 mM NaNj for 1 h showed no visible damages to
treated seeds. Therefore, 2 mM NaNj; solution was used
as the mutagen for mutation induction in CRWD. In the
autumn of 2005, 500 CRWD seeds (M0) were soaked in
2 mM NaNj solution for 1 h at room temperature, and
were washed with distilled water.

2.2. Field Planting and Mutantt Population
Development

One hundred and thirty NaN;-treated MO seeds with uni-
form seed weight (about 170 mg-seed ') were randomly
selected and planted in the experimental farm of Agri-
cultural Research Institute (Wufeng, Taichung City, Tai-
wan). The matured seeds (M1) from each individual
plant were harvested and bagged separately (130 pack-
ages in total). In the spring of 2006, five randomly se-
lected M1 seeds from each package were treated with 2
mM NaNj; again and were sown as M1 populations (650
individuals) in the field. The matured seeds (M2) from
M1 populations were harvested and bagged (650 pack-
ages) separately. In the autumn of 2006, three M2 seeds
randomly selected from each package were planted in the
field (1950 individuals). In the autumn of 2006, three M2
seeds from each package were randomly selected and
planted in the field for the M3 generation. One thousand
individual plants were randomly selected, and the ma-
tured M3 seeds harvested from these individuals were
packed (1000 packages) separately. Among those har-
vested 1000 seed packages, 200 packages of M3 seeds
that had showed higher seed yield per plant than wild
type variety CRWD were selected for isoflavone analysis.
These chosen seeds for isoflavone analysis were also
used for seed weight determination. In the spring of 2007,
top 40 progenies (50 seeds each) with high isoflavone
content were selected and planted in the field. The pro-
duced M4 seeds were harvested, weighed and packed
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(2000 packages) separately. One hundred and twenty M4
seed packages were selected for isoflavone analysis.
Among these, nine lines with high isoflavone content
were selected and planted (each with 50 plants) in the
autumn of 2007. Finally, five lines were selected and
planted (each with 50 plants) in spring and autumn of
2008 for seed yield and isoflavones content comparisons.

2.3. Isoflavones Determination

The content of isoflavones was determined using the
methods of Kim et al. [22] with some modifications.
Seed materials were extracted with 0.12 N HCI (in
methanol) for 24 h at 4°C under dark condition. The ex-
tract (5 ml) was acidified with 2.5 ml 2.4 N HCI at 100°C
for 40 min, filtered through a Whatman no. 42 filter pa-
per. The filtrate was dried in a vacuum rotary evaporator
at a temperature below 30°C and then re-dissolved in
high performance liquid chromatography (HPLC)-grade
methanol. The re-dissolved sample was filtered through a
0.45 pm filter unit (Cameo 13N syringe-filter, nylon).
The concentrated extract was analyzed using a HPLC
(Waters 2696, USA) with ODS column (Inertsil ODS-3
column, 4.6 x 250 mm, 5 pum, Japan). A linear HPLC
gradient was used with solvent A (0.5% phosphoric acid
in distilled water) and solvent B (acetonitrile). The sol-
vent flow rate was 1 ml'min . The wavelength of the
photodiode array detector was set at 256 nm. The linear
standard calibration curves were generated by injecting
0.05 to 1 pg of purified daidzein, genistein, glycitien,
genistin, daidzin, glycitin, acetylgenistein, acetyldaidzin,
acetylglycitin, malonylgenistin, malonyldaidzin, mal-
onlyglycitin (Wako, Japan) in 20 pl of diluted 0.12 N
HCI (in methanol).

2.4. Yield Trial

For yield comparisons, all the selected black soybean
lines were grown in the experiment farm of Agriculture
Research Institute of Taiwan (Wufeng, Taichung, Tai-
wan). The experimental design was a randomized com-
plete block design with three replicates. The experimen-
tal plots for yield trial consisted of two 7-m long rows.
The spacing was 0.6 m between rows and 0.15 m be-
tween plants within rows. Fertilization consisted of a
banded application of 16 kg N, 32 kg P,Os and 31 kg
K,O ha™'. The central 5 m area of each plot was har-
vested to estimate seed yield per plant and seed yield
components (number of pods per plant, number of seeds
per pod and 100-seed weight).

2.5. Statistical Analysis

All the agronomic traits data for selected NaN;-induced
mutants were expressed as mean + standard deviation (n
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= 3). The agronomic data were subjected to an analysis
of variance. When a significant (P < 0.05) F ratio oc-
curred for treatment effects, a least significant difference
(LSD) was calculated. Correlation analysis was used to
characterize the relationships between seed weight and
isoflavone content for selected M4 seeds population.

3. Results and Discussion
3.1. Selection of Mutants

Assessing the potential of progenies at early stages of
selection or screening is important in the improvement of
autogamous species, because it eliminates the progenies
with low potential for the traits of interest and focus on
the potentially best progenies. Therefore, in this study,
throughout the growth seasons, the M1 to M3 genera-
tions were repeatedly evaluated for phenotypes distinc-
tive from the wild type CRWD. Considerably phenotypic
changes, such as changes in leaf shape, delaying in ma-
turity, changes in canopy structure and the development
of leaf rust, were detectable among the M1 generation
(data not presented). Similar phenotypic changes were
also reported in rice [17] and common bean mutants [19]
induced by NaNj treatments. These results re-confirmed
that NaN; is a very powerful and efficient chemical
mutagen [15].

As shown in Figure 1(a), great variation for total
isoflavone content existed in the produced M4 mutants
(Figure 1(a)). The frequency distribution of the selected
mutants for total isoflavone content, on the basis of M4
seeds analysis, departed from normality. The highest
frequency of mutants was in the category of 2.0 to 2.5
mg total isoflavone content per g seed dry weight, with
the peak skewed toward left (Figure 1(a)). The isofla-
vone content in wild type variety CRWD was also in this
category. Nevertheless, several mutants did have the total
isoflavone content in the category of 3.0 to 4.0 mg per
seed dry weight. These results were higher than the value
of the isoflavone content (0.85 mg per seed dry weight)
reported by Seguin et al. [23].

The seed weight distribution of selected 200 M4 mu-
tants was recorded and presented in Figure 1(b). The
frequency distribution of the seed weight also departed
from normality. The highest frequency of mutants was
found in the seed weight category of 195 to 210 mg, and
the peak was also skewed toward the right. It appeared
that the NaN;-induced mutation also tends to increase
seed mass among the tested mutant lines.

As shown in Figure 2, total isoflavone content in the
tested M3 seeds was negatively correlated with seed dry
weight (r = —0.33, P < 0.01). This result differs from the
report of Seguin et al. [23] in that a weak but significant
positive correlation between total isoflavone content and
seed weight (r = 0.17, P < 0.01) was found in seeds of

Copyright © 2013 SciRes.
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Figure 1. Distribution of total isoflavone content (a) and
seed weight (b) in M3 seeds of 200 black soybean entries.
Arrows indicate the total isoflavone and seed weight of wild
type variety CRWD.

4000 T T T T T

3000

(ug/g seed)
]
8
T

1000

Total isoflavonoid content

Seed weight (g)

Figure 2. Regression analysis between total isoflavone con-
tent and seed weight for the M4 seeds of 200 black soybean
entries.
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soybean cultivars grown in eastern Canada. The negative
correlation between seed total isoflavone content and
seed dry weight suggests that the seed weight (relatively
lower seed weight) might be useful as an indirect mor-
phological marker for selecting isoflavone-rich mutants.
In this regard, both seed weight and total isoflavone con-
tent were determined and utilized for selecting high seed-
isoflavone mutants in M5 generation. Seed dry weight is
an important factor involved in soybean yield determina-
tion [24]. Therefore, the cut-offs for selected seed weight
was established in the range of 200 and 220 mg per seed.
Only the mutants with seed weight within this range were
selected to make sure that the selected mutated lines
would have a desirable seed yield.

Growing environment has been reported to have a
greater effect on total isoflavone content [25]. Thus,
breeders selecting genotypes with high levels of isofla-
vones will have to grow their breeding materials across
multiple years. In this study, the isoflavone-rich seed
selections in M5 generations were continued using the
similar approach applied to the M4 generation. In the M4
generation, several mutant lines with total isoflavone
content in the range of 3.30 to 3.80 mg per g seed dry
weight were encountered (Figure 3). However, the total
isoflavone content in the M5 generation were decreased
considerably. This was possibly due to the relatively
higher air temperature during seed-fill stages in the 2007
spring crop season than that in 2007 autumn crop season
(data not presented). The report of Tsukamoto et al. [25]
also confirmed that isoflavone content was significant
lower in the soybean seeds that were grown under high-
temperature conditions.

3.2. Yield Comparison

The combined analyses of variance for seed dry weight,
isoflavones content and yield per plant of selected mu-
tants and wild type variety CRWD grown in 2007 autu-
man (M5), 2008 spring (M6) and 2008 autumn (M7)
were shown in Table 1. Crop season, variety and crop
season x variety were found to have significant effects on
seed dry weight (Table 1). Marked change in cotyledon
color was also found for selected mutants SA-M-01,
SA-M-02 and SA-M-03, in that a yellow cotyledon color
was detect in these mutants compared with green cotyle-
don color of wild type CRWD (Table 2). Nevertheless,
the green cotyledon was found for SA-M-04 and SA-
M-05. These results are not unexpected because chemical
mutagenesis is known to generate a large number of
variants in any genotypes [11,19].

Significant crop season, variety and crop season x va-
riety effects on isoflavones content (Table 1). In general,
the mutants grown under 2008 spring having lower total
isoflavones content than the mutants grown in 2007 au-
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tumn and 2008 autumn (Table 2). Despite the crop sea-
son influences, across all crop seasons, the selected mu-
tants generally expressed higher total isoflavones than
wild type CRWD. The lowest increase (average across
three generations) was found for mutants SA-M-04 (with
green cotyledon).

As shown in Table 1, only crop season and crop sea-
son x variety were found to have significant effects on
seed yield plant”' (Table 1). The highest yield increase
was obtained from mutant SA-M-05 (with an average of
25% increase across three growing seasons), and then
followed by mutants SA-M-04 (24% increase), SA-M-02
(17% increase), SA-M-03 (16% increase) and SA-M-01
(4% increase), in comparison with wild type variety
CRWD (Table 2). Based on the isoflavone content and
yield data, it was concluded that mutants SA-M-03 and
SA-M-05 are useful in food and other applications.

4. Conclusion

Our results indicate that, after a chemical treatment with
the mutagen sodium azide (NaNj;) (2 mM), it is possible
to generate genetic variability in the isoflavone content in
black soybean seeds. From the progeny of the mutated
black soybean variety CRWD seeds, two mutants
(SA-M-03 and SA-M-05) with high isoflavone content
and relatively high yield potential are selected. It ap-
pears that these two mutants, SA-M-03 with yellow
cotyledon and SA-M-05 with green cotyledon, are en-
riched with isoflavones, and may be useful in black soy-

80 T T T T T T

|ﬂ
il

N 2006 Autumn
1 2007 Spring

i- 1
| |

Number of line
N
=
[

o WL I_

N Q N N N N
N ’\n)Q ’\ooQ N n:a)Q N :)%Q N :Bn)Q N :’DOOQ
B\ \n)Q \OOQ (I:\DQ 'fOQ ,bn)Q
Total isoflavonoid (pg/g seed)

Figure 3. Distribution of total isoflavone content in M3
(autumn of 2006) and M4 (spring of 2007) seeds of black
soybean entries.
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Table 1. Analysis of variance for seed dry weight, isoflavones content and yield per plant of selected NaNz-induced black soy-
bean mutants.

Source of variation DF MSE Seed dry weight MSE Isoflavones content MSE Yield plant™
Season 2 1504™ 11482047 0.00727857"
Block 6 59" 33925 0.00006502
Variety 5 114™ 446271" 0.00032385
Season x Variety 10 113™ 205271° 0.00036862"
Error 30 20 91392 0.00016280

“significant at P < 0.01, “significant at P < 0.05.

Table 2. Several agronomic traits of selected NaNz-induced black soybean mutants.

SA-M-01

SA-M-02 Yellow SA-M-03 Yellow SA-M-04 Green SA-M-05 Green CRWD Yellow

Yellow cotyledon cotyledon cotyledon cotyledon cotyledon cotyledon LSDoos
Seed dry weight (g)

2007 autumn (M5) 0.21£0.01 0.21 £0.01 0.22 £0.01 0.22£0.01 0.18£0.01 0.22+0.01 0.03
2008 spring (M6) 0.20£0.01 0.18 £0.01 0.18 £0.01 0.19+0.01 0.21£0.02 0.21+0.01 0.02
2008 autumn (M7) 0.19+0.01 0.19+0.01 0.17+0.01 0.18 £0.02 0.17+0.01 0.19+0.01 0.02

Mean 0.20 0.19 0.19 0.20 0.19 0.21

Isoflavones content (mg/g seed dry weight)
2007 autumn (M5) 3.51+£0.86 3.30+£0.87 3.63+£0.23 3.08 £0.54 3.32+£0.48 291+£0.27 0.71
2008 spring (M6) 1.63 +0.40 2.09 +0.51 1.99 +0.50 1.68 +0.37 1.96 + 0.40 1.68 £ 0.36 0.41
2008 autumn (M7) 3.39+0.43 3.15+£0.45 3.31+£0.42 2.73£0.32 3.69+0.51 2.57+0.23 0.48
Mean (% increase) 2.84 (19) 2.85(19) 2.98 (25) 2.50 (5) 2.99 (25) 2.39
Yield/plant (g)

2007 autumn (M5) 43.49 +6.85 41.15+8.00 43.04 +2.55 3728+ 1446 46.56+11.23  36.43+5.40 4.52
2008 spring (M6) 37.02 +5.47 57.91+12.55 50.93 £ 6.49 70.41 +3.37 62.33+£9.24 48.02 +3.44 13.43
2008 autumn (M7) 41.34+2.73 38.45+£4.02 37.32£1.73 37.72£5.70 37.59+£2.94 33.16 +£2.45 3.41
Mean (% increase) 29.29 (-25) 45.96 (17) 43.76 (16) 48.47 (24) 48.83 (25) 39.20

bean breeding programs and other functional food appli-
cations.
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