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Abstract

Embryogenic suspension cultures of soybean (Glycine max L. cv. Iroquois) were subjected to mutagenesis using varying
concentrations (1, 3, 10, and 30 mM) of ethyl methanesulfonate (EMS). Depending on the concentration of EMS used,
the mean survival rate of embryogenic cultures decreased from 74 % (1 mM EMS) to 43 % after 30 mM EMS treatment.
Random amplified polymorphic DNA (RAPD) analysis was used to determine whether induction of genetic variability
in embryogenic cultures in response to the different EMS treatments may result in identification of polymorphic
markers. Two of 35 ‘core’ primers tested revealed polymorphisms. One of the primers, OPO-01/1150, revealed
polymorphism in tissue treated with 10 mM EMS, while the other primer, OPO-05/1200, revealed polymorphism in
tissue treated with either 1 or 30 mM EMS. These results suggest that RAPD markers are useful in detecting mutations
in embryogenic cultures of soybean.
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Introduction

Soybean is a major source of edible protein and oil, and it
is one of the most important agronomic crops in the
world (Smith and Huyser 1987). Tissue culture
techniques are valuable tools for conducting genetic
manipulation studies (Parrott et al. 1994). Molecular
marker techniques, such as random amplified
polymorphic DNA (RAPD) analysis, have been used to
assess somaclonal variability (Hashmi et al. 1997,
Al-Zahim et al. 1999, Rout and Das 2002, Zucchi et al.
2002) as well as evaluate effects of growth regulators
(Mangolin et al. 2002) and chemical mutagens
(Teparkum and Veilleux 1998) on in vitro-grown
cultures. The RAPD assay is efficient for screening for
nucleotide sequence polymorphism among individuals as
each primer (on average) will direct the amplification of
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several discrete loci within a genome (Samal et al. 2003).
As primers modified by even a single nucleotide produce
different banding profiles, the RAPD technique can
generate polymorphisms between very closely-related
genotypes (Deng et al. 1995).

Although ethyl methanesulfonate (EMS) has been
used to induce mutations in mature seed and cell
suspension cultures of soybean (Sung 1976, Wilcox et al.
1984, Fuji and Tano 1986), there are no reports on
inducing mutations in embryogenic cultures of soybean.
In this study, embryogenic cultures of soybean were
subjected to chemical mutagenesis, evaluated for
survival, and RAPD markers were used to detect DNA
polymophisms in these cultures.

Abbreviations: 2,4-D - 2,4-dichlorophenoxyacetic acid; EMS - ethyl methanesulfonate; MS - Murashige and Skoog (1962) medium;
PCR - polymerase chain reaction; RAPD - random amplified polymorphic fragment; TBE - Tris borate EDTA.
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Materials and methods

Immature soybean pods were harvested from greenhouse
grown plants of soybean (Glyine max L. cv. Iroquois).
Pods were surface-sterilized by immersion in 1.09 %
sodium hypochlorite solution (20 % Clorox® in
commercial bleach) containing 3 to 4 drops of Tween-20
for 25 min followed by three rinses in sterile double-
deionized water. Immature cotyledons of 3 to 6 mm in
length were excised, and the embryonic-axis removed.
Cotyledons were placed with the adaxial surface upward
on ca. 35 cm® of a solidified initiation medium in
15 x 120 mm Petri dishes. The initiation medium
consisted of MS (Murashige and Skoog 1962) salts, B5
vitamins (Gamborg et al. 1968), 40 mg dm™ 2 4-dichloro-
phenoxy-acetic acid (2,4-D), 3 % sucrose, and was
solidified with 0.2 % Gelrite. Prior to autoclaving, the pH
level was adjusted to 7.0 with 1 M NaOH. Cultures were
incubated for 4 weeks under a 23-h photoperiod
(irradiance of 30 pmol m?s™) at 25 + 1 °C in a controlled
environment.

Following initiation, somatic embryos were
transferred to a fresh solid medium as described above,
but containing 20 mg dm 2,4-D and the pH was adjusted
to 5.8 to proliferate somatic embryos for 4 - 12 weeks
with monthly subculture to fresh medium. Somatic
embryos were inoculated into 35 cm® of a liquid medium
containing MS salts, B5 vitamins, 6 % sucrose, 15 mM
glutamine, and 5 mg dm™ 2,4-D, and pH adjusted to 5.8.
Cultures were maintained in the liquid medium under
irradiance of 30 pmol m? s with continuous shaking
(1200 rpm) on a gyratory shaker (Lab-line Instruments,
Melrose Park, USA) and a temperature of 26 + 1 °C.
Embryogenic cultures were subcultured to fresh medium
once every two weeks.

Embryogenic suspension cultures that had been
maintained in liquid culture for at least 6 months were
treated with the chemical mutagen EMS (Sigma,
St. Louis, USA) by inoculating 35 cm® of a liquid culture
medium in a 250 cm® flask (as described above)
containing 12 embryogenic clumps with 0, 1, 3, 10, or
30 mM concentrations of EMS. A total of three flasks
(12 embryogenic clumps/flask) per EMS treatment was
used. Cultures were incubated with EMS for 4 h on a
gyratory shaker at 120 rpm at 28 + 1 °C. Following
incubation, explants were rinsed three times with the
liquid culture medium. Three to four days post-treatment,
embryogenic clumps were placed individually into
12-well microplates, and were subcultured biweekly.
Each 12-well microplate represented one replication per
EMS treatment, and a total of three replications per EMS
treatment were used in a randomized complete block
design. This experiment was repeated twice over time.
Data on survival of embryogenic cultures, based on
presence of yellowish-coloured friable and proliferating
cultures, were recorded after 60 d, and these were
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subjected to regression analysis (P < 0.05) using the SAS
statistical analysis package.

DNA was isolated from 16-month old somatic
embryogenic tissue grown in suspension cultures
subjected to each of the five EMS treatments described
above. A 0.3 cm® sample of sedimented embryogenic
tissue was collected, vacuum dried for 2 h, and stored at
-20 °C until DNA isolation. Tissue was ground into a fine
powder in liquid nitrogen in a 1.5 cm® Eppendorf tube
using an ice pick. Immediately following grinding,
0.7 cm® of 2X CTAB [1.4 M NaCl, 100 mM Tris base,
pH 8.0, 2 % cetyldimethyl ethylammonium bromide
(CTAB), 20 mM ethylenediaminetetraacetic acid
(EDTA), 0.5 % sodium bisulfite, 1 % 2-mercaptoethanol]
was added into each tube. Tubes were incubated at 65 °C
for 2-h with occasional swirling. The mixture was
emulsified with 0.6 cm?® chloroform:isoamyl alcohol
(24:1) by shaking on an orbital shaker for 30 min, and
then centrifuged at 5000 g for 10 min. The aqueous
phase was removed, treated with 10 pg RNAase A
(R 5503, Sigma) in a 37 °C water bath for 1-h, and then
emulsified as above. The aqueous phase was removed,
and DNA was precipitated in 0.8 vol. of isopropanol
chilled at -20 °C. DNA was pelleted at 5000 g in a
microcentrifuge for 5 min. The supernatant solution was
discarded, the pellet was washed three times in 70 %
ethanol, and any residual ethanol was removed by
pipetting. The pellet was air-dried overnight, resuspended
in 0.05 cm® of 0.1X TE (1.0 M Tris, 0.1 M EDTA,
pH 8.0), and stored at -20 °C. The DNA concentration
was determined using a UV-VIS spectrophotometer
(Shimadzu, Tokyo, Japan), diluted to 10 ng cm™ in
sterile-deionized water, and used for PCR analysis.

Thirty-five decamer primers previously identified as
‘core’ primers for soybean (Thompson and Nelson 1998)
were used for RAPD analysis. This ‘core’ set of primers
has been selected based on their high reproducibility and
their high polymorphism information content (PIC)
scores of 30 or above. The PCR amplification reaction
contained the following: 20 mM Tris-HCI (pH 8.4),
50 mM KCI, 2 mM MgClI, (Gibco BRL, Bethesda, USA),
0.2 mM of dNTP mix (Sigma), 0.65 U of Tag DNA
polymerase (Gibco BRL), 50 ng of template DNA, and
10 uM of primer. The reaction mixture was overlaid with
a drop of mineral oil (Sigma) to avoid evaporation, and
placed in a Hybaid thermocycler (Hybaid, Hampton Hill,
UK). Amplification was conducted using the following
cycles: 94 °C for 3 min, 40 cycles of 94 °C for 1 min,
36 °C for 1 min, 72 °C for 2 min, with a ramp of 3 s °C*
between annealing and extension steps. Reactions were
maintained at 72 °C for 4 min and then at 25 °C for at
least 5 min. A 0.005 cm® solution (50 % glycerol, 5X
TBE, 0.02 M EDTA, 0.2 % SDS, 0.05 % bromophenol)
was added to each tube, and stored at 4 °C until



electrophoresis. PCR amplification reactions were done
in duplicates to check for reproducibility. Amplified
products were electrophoretically resolved on 1.5 %
agarose gels immersed in a 1X Tris borate EDTA (TBE)
buffer, stained with ethidium bromide, visualized under

Results and discussion
A decrease in survival of embryogenic cultures was

observed as the concentration of EMS in the medium
increased (Fig. 1). Significant differences were observed
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Fig. 1. Linear regression analysis (P < 0.05) of different EMS
concentrations on survival of somatic embryogenic suspension
cultures of soybean cv. Iroquois.

in the survival rate of embryogenic cultures subjected to
30 mM EMS compared to all other concentrations of
EMS (1, 3, and 10 mM) used as well as control treatment
(0 EMS). Previously, Sung (1976) reported a decrease in
survival of soybean cell suspension cultures with
increasing concentrations of EMS. Carroll et al. (1986)
subjected soybean seeds to three mutagens including
y-rays, sodium azide, and EMS, and found all mutagens
resulted in reduced germination frequency in
mutagenized rather than in non-mutagenized seed. The
results obtained with embryogenic cultures of soybean in
this study were similar to those previously reported for
both cell suspension cultures and seeds of soybean (Sung
1976, Carroll et al. 1986).

Subjecting embryogenic cultures to EMS provides an
alternative strategy for inducing soybean mutants with
useful genetic traits as these cultures can be more readily
regenerated into whole plants than soybean cell
suspension cultures. In this study, embryogenic cultures
from various EMS treatments have been readily grown
into whole plants (20 - 25 % frequency of regeneration)
following standard protocols of maturation, desiccation,
and germination for soybean (Ko et al. 2003). To our
knowledge, this is the first study whereby embryogenic
cultures of soybean have been subjected to mutagenesis,
and then grown into whole plantlets.

Thirty-five primers assayed revealed a total of
124 PCR fragments over all embryogenic culture tissues
used. Among those, 122 fragments were monomorphic
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ultraviolet light, and documented using an Eagle Eye Il
Gel Documentation System (Stratagene, La Jolla, USA).
DNA isolation and PCR amplification from samples from
the five different EMS treatments was replicated once
over time.
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Fig. 2. Amplification of genomic DNA from somatic embryos of
soybean cv. Iroquois treated with various concentrations of EMS
using various RAPD primers. For each of the three panels, lanes
M correspond to a | kb DNA ladder; lanes 1 through 10
correspond to DNA from embryogenic cultures treated with
either 0, 1, 3, 10, or 30 mM EMS (two consecutive lanes per
EMS concentration). A - Amplification profiles of the different
samples using one of the core primers, OPH-13; arrows depict
markers that were consistently both reproducible and scorable;
note all bands were monomorphic. B - Amplification profiles of
samples using primer OPO-1/1150; solid arrows point to
markers that were reproducible and scorable, while the blank
arrow points to the polymorphic marker. C - Amplification
profiles of samples using OPO-5/1200; solid arrows depict
markers that were reproducible and scorable, while the blank
arrow points to the polymorphic marker.
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across all five treatments (including control), and
generated electrophoretic profiles (Fig. 2A). However,
primers OPO-01 and OPO-05 generated polymorphic
fragments which were also confirmed in a repeated
experiment. The polymorphism generated by OPO-01
revealed a fragment ~1150 bp in size (Fig. 2B). Soybean
cultures subjected to EMS concentrations of either 0, 3,
or 10 mM (Fig. 2B) showed a band that was absent in
cultures subjected to EMS concentrations of either 1 mM
or 30 mM. Similarly, the primer OPO-05 generated a
fragment ~1200 bp in size which was polymorphic
(Fig. 2C). Soybean embryogenic cultures subjected to
EMS concentration of 10 mM showed a band not
observed in cultures subjected to concentrations of either
0, 1, 3, or 30 MM EMS.

Changes in DNA caused by mutagens result in
genetic variation detected by RAPD analysis (Rani et al.
1995, Teparkum and Veilleux 1998). However, it has to
be noted that direct-acting alkylating agents such as EMS
primarily cause point mutations which are the result of a
single base pair deletion, addition, or substitution (Schy
and Plewa 1989). Polymorphic amplification products
which represent one allele per locus can result from
changes in either the sequence of the primer binding site,
such as point mutations, or from changes altering the size
or preventing successful amplification of a target DNA
such as insertions, deletions, and inversions (Rani et al.
1995). Since RAPD markers are resolved on low-

Table 1. Primers that produced RAPD polymorphisms (pm) in
somatic embryogenic tissues of soybean cv. lroquois treated
with five concentrations of EMS. Other primers that generated
only monomorphic (mm) bands included OPA-20, OPE-01,
OPF-04, OPG-06, OPH-02, OPH-12, OPH-13, OPH-15,
OPK-01, OPK-03, OPK-10, OPK-16, OPL-09, OPL-18, OPN-
03, OPN-08, OPN-09, OPN-18, OPO-04, OPO-14, OPO-19,
OPP-07, OPP-09, OPP-11, OPR-07, OPR-10, OPR-12,
OPR-13, OPS-01, OPS-03, OPS-05, OPS-11, and OPS-14.

Primer Sequence Number of bands

total mm pm
OPO-01 GGCACGTAAG 5 4 1
OPO-05 CCCAGTCACT 6 5 1
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