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Introduction, Development, and Characterization of
Supernodulating Soybean Mutant.
1. Mutagenesis of Soybean and Selection of
Supernodulating Soybean Mutant

Hong Suk Lee*, Young Am Chae*, Eui Ho Park™, Yong Wook Kim™*,
Kwang Il Yun* and Suk Ha Lee™

ABSTRACT : Development of soybean cultivars with great nodulation and high nitrogen fix-
ation activity, derived mostly from mutagenesis, may decrease inputs of chemical fertilizer nitro-
gen into the soil-plant system. Soybean seeds(cv. Jangyupkong, Hwanggeumkong, and
Geomjungkong 1) were treated with three different levels of EMS (ethyl methanesulfonate) con-
centration(30, 50, and 70mM). Increasing the doses of EMS resulted in decreased field emerg-
ence rate of seeds, whereas it did not increase M; mutation frequencies. This indicated that the
most efficient concentration of EMS was 30mM for generating mutants, Extensive mutagenesis
of Sinpaldalkong 2 with 30mM EMS was undertaken to isolate soybean mutants with greater
nodulation, Approximately 8,200 M, families were screened for greater nodulation on 5 mM ni-
trate after inoculation with Bradyrhizobium japonicum strain YCK213-KFCC-10728. Mutant SS-2
nodulated more than the wild type. Comparison of supernodulation between SS-2 and two nts
mutants(nts 1007 and nts 1116) revealed that SS-2 showed the supernodulation character at an
earlier growth stage than the two nts mutants, Further studies should be needed to characterize
the difference in timing of nodulation between SS-2 and nts mutants,
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Nitrogen is generally the major limiting
factor in crop production. However, if run
off, abundant N fertilized in the field can re-
sult in ground water pollution and river

eutrophicaton(Lee and Hwang, 1993). In a
soybean crop, enhancing N, fixation by the
symbiotic interaction between the plant host
and Bradyrhizobium japonicum is an attract-
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ive approach to reducing the nitrogen fer-
tilizer requirements and protecting the
environments. As a result, much research in
legume crop breeding has focused on the cre-
ation of genetic variation in nodulation and
nitrogen fixation.

In soybean, nodulation mutants have been
isolated either from normal soybean popula-
tions or by chemical or physical mutagenesis
(Carroll et al., 1985a, 1985b, 1986; Gremaud
and Harper, 1989; Gresshoff and Delves,
1986; Vance et al., 1988). The isolated mu-
tants showed four major phenotypes, includ-
ing non-nodulation, ineffective nodulation,
hypernodulation, and supernodulation,

Recently, three groups of scientists have
independently isolated supernodulating soy-
bean mutants from ‘Bragg’ cultivar in
Australia(Carroll et al. 1985a, 1985b), ‘Will-
iams’ cultivar in USA (Gremaud and Harper,
1989), and ‘Enrei’ cultivar in Japan(Akao and
Kouchi, 1992; Kokubun and Akao, 1994) of
soybeans, Several supernodulating mutants
have been isolated in another legume crops,
including Pisum sativum(Jacobsen and Feen-
stra, 1984) and Phaseolus vulgaris(Park and
Buttery, 1988; Buttery and Park, 1989).
These supernodulating mutants may not only
be unique biological materials for study of
host plant factors which could be involved in
the process of nodulation, but also be an use-
ful germplasm for breeding program to im-
prove nodulation and nitrogen fixation abi-
lity.

The present study was performed to sur-
vey the variability of M, plants caused by
EMS mutagenesis on three soybean geno-
types. In addition, the isolation of supernod-
ulating soybean mutant, derived from Sinpal-
dalkong 2, was described here, and compari-
son of this mutant was made with with

supernodulating nts(nitrate tolerant sym-
biotic) mutants derived previously from Br-
agg by EMS mutagenesis.

MATERIALS AND METHODS

Soybean seeds of three varieties, ‘Geom-
jungkong 1’, ‘Hwanggeumkong’, and ‘Jangy-
upkong’, were mutagenized with 30, 50, 70
mM EMS(ethyl methanesulfonate) concent-
rations. Seeds of soybean were presoaked for
16hrs in water aerated vigorously with elec-
tric air pump, then treated with 30, 50, and
70mM EMS for 6 hrs. After postwashing for
10hrs in running tap water, seeds were
planted immediately in the greenhouse. Irri-
gation was made enough to reduce the
dry-back damage. On the basis of the seed
emergence and the frequency of morphologi-
cal variants, the most effective EMS concen-
iration was shown to be 30mM for generating
mutants. Extensive screening for soybean
mutants altered in nodulation was carried out
on 13,000 M, families derived from muta-
genesis of ‘Sinpaldal 2’ with 30 mM EMS(pH
7.0). Seeds of soybean were mutagenized as
described above, M, plants were harvested
individually to give M, families for screening
nodulation mutants,

For mutant selection altered in nodulation,
4 to 5 seeds from each family were planted in
a paper pot (approximately 7cm in diameter
and 7.5cm in height) filled with river sand,
and after emergence inoculated with Brady-
rhizobium japonicum strain YCK213-KFCC-1
0728 which was supplied by Wee-Keum Kang
(Yeongnam Agricultural Experiment Sta-
tion). Screening procedure was done in the
vinyl house during winter, and outside during
spring and summer. Plants were fed two
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times per week with modified Munn’s sol-
ution containing the high level of nitrate
(5mM). At the V4 to V5 growth stage, each
M, plant was screened for nodulation
characters. Two M, families segregated for
the greater nodulation phenotype were selec-
ted, and transplanted into the Wagner pot.
One of these two putative mutants was
again verified on greater nodulation in M;
generation, Growth and nodulation of this
soybean mutant derived from sinpaldal 2,
named as ‘SS-2’, were compared with its wild
type and previously 1solated supernodulating
mutant(nts 1007) and hypernodulating mu-
tant (nts 1116) by Carroll et al. (1985a, 1985b).
Two nodulating nts mutants were provided

by P. M. Gresshoff(Univ. of Tennessee).

RESULTS AND DISCUSSION

To assess plant injury caused by EMS
mutagenesis, emergence rate of M, seeds
was determined at 14 days after planting
(Table 1). Within the same EMS concen-
tration, field emergence of EMS-treated
seeds of Geomjungkong 1 was higher than
that of Jangyupkong and Hwanggeumkong.
Regardless of soybean genotypes, increasing
the doses of EMS resulted in decreased ger-
mination frequencies. The same result that
decreasing seed emergence rate is associated
with the increase in the concentration of
mutagens was also observed using MME
(methanesulfonic acid methyl ester) or so-
dium azide as a mutagen (data not shown).
This is consistent with most earlier studies
that examine the association of field germi-
nation with mutagen concentration(Carroll et
al., 1986: Ryan et al., 1983). Contrary to this,
our previous study revealed that field germi-
nation was not affected by EMS concen-

Table 1. Genotypic differences in seed
emergence rate as affected by EMS
concentration

Concentration (mM)
Genot
enotypes 30 50 70
ST D vaveernneeens

Jangyupkong 25.2 20.0 7.5

Hwanggeumkong 19.7 13.7 4.7

Geomjungkong 1 59.7 28.5 11.8

tration in the range of 30 to 50mM (Lee et
al.,, 1993; 1995). This inconsistency of the
sensitivity to mutagenic treatment may be
related to the difference in plant genotypes
as well as mutagenic procedure including
presoaking and postwashing conditions.

Of 1,144 families in M, generation, 66 fam-
ilies showed morphological mutants within
family(Table 2). Several types of mutant
1) chlorophyll-de-
ficient, 2) necrotic, 3) abnormal leaf, 4)
dwarf and stunted growth, 5) four to five
leaflets, and 6) other morphological variants,

could be distinguished :

Of the several mutation types, chlorophyll-
deficiency was the major type of mutation in
this study. Regardless of soybean genotypes,
increasing the EMS concentration did not
result in the increased mutation frequencies,
indicating that mutagenesis with 30mM
EMS was fairly effective in generating
mutants when compared to that 50 or 70mM
EMS.

In view of the field emergence rate(Table
1) as well as the frequency of the morpho-
logical variants(Table 2), the optimum EMS
concentration was thought to be 30mM for
generating mutants and maintaining the
field emergence rate of M, seeds. To isolate
appro-
ximately 18,000 seeds of Sinpaldalkong 2
were treated with 30 mM EMS. About 46 %
of M, seeds were germinated in the field, Of

supernodulating soybean mutant,
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Table 2. Frequency of morphological variants

in M, soybean plants mutagenized with EMS

Morphological variants

Dose Abnormal
Genotypes (mM) C}éffrizli)ékl nytll— Necrotic Abiz);;nal Dwarf leaﬂbet Others Tatal
. number
Jangyupkong 30 3 1 0 10 1 6
50 4 1 0 1 0 1 7
70 4 1 0 1 2 1 9
Hwanggeumkong 30 3 0 3 1 0 0 7
50 1 0 2 2 .0 0 5
70 4 0 1 3 0 1 9
Geomjungkong 1 30 5 0 2 0 0 0 7
50 6 0 2 0 0 1 9
70 4 1 1 1 0 0 7
Total 34 4 11 10 2 5 66

Table 3. Comparison of nodulation and growth characters of nodulating mutants and wild-type

soybean plant

Days after seeding

Genotypes 30 72
Plant height Nodule dry weight Nodule number Nodule number
cm mg /plant number /plant number /plant
Sinpaldal 2 27.4 3% 37.5° 359° 20.7 ¢
SS-2 13.4 ¢ 76.2 % 141.8% 169.3 ¢
nts 1007 19.5° 22.9° 28.7° 113.3°
nts 1116 18.5° 25.4° 25.2° 73.3%

+ Within trait, means not followed by the same letter are significantly different at P < 0.05 based on LSD.

8,238 M, families, some of individual plants in
132 families were chlorophyll-deficient. Sev-
eral types of mutant were also observed in
M, generation, including abnormal leaf(12
families), dwarf(4
leaflets(8 families), and other mutants (21
families).

families), abnormal

Two mutants with greater nodulation were
in M,
exogeneous nitrate supply(10 mM). Greater

selected generation on the high
nodulation character in M; generation was
again found in one of two mutants, and this
was named as SS-2. Mutant SS-2 plants were
characterized with smaller plant height,
greater nodule dry weight, and nodule num-

ber when compared to the wild type Sinpald-

alkong 2(Table 3), which is consistent with
the previous experiment by Carroll et al.
(1985b) that supernodulating nts mutant
showed smaller growth than parent cultivar
Bragg. This is probably due to the greater
demand of leaf photoassimilates for nodule
growth and maintenance of supernodulating
mutants when compared to the wild type. Of
specific interest was the earlier nodulation of
supernodulating SS-2 mutant than two nts
mutants (Table 3). Greater nodulation was
shown in SS-2 mutant at 30 days after plant-
ing, whereas two nts mutants were not dif-
ferent from normal soybean cultivar Sinpald-
alkong 2. However, greater nodulation was
also observed in nts mutants at 72 days after
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Sinpaldal 2

Fig. 1. Nodulation of Sinpaldalkong 2 and M,
soybean mutant (SS-2) selected from
segregating EMS-derived M, families.
Plants were grown for 72 days in the
greenhouse,

planting,.

As shown in Fig. 1, nodulation of wild
type Sinpaldal 2 were clustered near the root
crown, This might be due to the autore-
gulatory response of nodulation(Bhuvanes-
1980; Pierce and Bauer, 1983),
which was caused by suppressive nodulation

warl et al.,

in the younger regions of the root caused by
prior inoculation of more matured regions of
the root. However, this autoregulation of
nodulation was not present in nts mutants
1989; Olsson et al., 1989). Also,
our mutant SS-2 shows good nodulation in

(Day et al,,

the younger regions of the root in the pres-
ence of his nitrate sappcy (Fig. 1).

The nodulation mutant isolated in this
study should be an useful biological material
to characterize the host plant role in the
regulation of nodulation. Also, this super-
nodulating characters could be of highly
agronomic value in improving nodulation and
nitrogen - fixation, Further genetic crosses
and grafting studies among SS-2 mutant, nts
mutants, and their wild types will be made
to confirm precisely the mode of the inherit-

ance of supernodulating characters.
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