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Effects of abscisic acid on soybean somatic embryo maturation and

conversion to plants

Abstract

The effect of abscisic acid (ABA) on soybean somatic embryogenesis, embryo
development, histodifferentiation, germination and conversion was investigated.
Two soybean cultivars (IAS-5 and Conquista) were included in the study. ABA
at 50uM was applied at two different stages of culture; namely at embryo
globular stage in proliferation medium and at histodifferentiation stage in
maturation medium. Cultivar IAS-5 showed a higher embryogenic potential,
producing high number of histodifferentiated embryos and high germination and
conversion rates. For cultivar IAS-5 the presence of ABA in proliferation
medium improved embryo germination and conversion. The beneficial effect of
ABA on embryo development was not observed for cultivar Conquista. Thus,

the effects of ABA treatments were genotype-specific.

Key words — soybean, abscisic acid, somatic embryogenesis, germination,

conversion.
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Introduction

Soybean [Glycine max (L.) Merrill], one of the most important cultivated
species, is an important source of oil and protein for which in vitro technology
has considerable potential. However, this species has remained particularly
recalcitrant to highly-efficient transformation due to the low regeneration rates of
plants (Trick et al., 1997).

Embryogenic tissue was first identified a target for genetic transformation
of soybean by Parrott et al. (1989) using Agrobacterium tumefaciens —
mediated transformation. Further studies showed embryogenic tissue to be
amenable to transformation via particle bombardment (Finer & McMullen, 1991;
Sato et al.,, 1993; Simmonds & Donaldson, 2000; Droste et al., 2002). The
development of a system with high efficiency on conversion of plants from
soybean somatic embryos could increase the potential for production of large
numbers of independent transgenic lines.

The phytohormone abscisic acid (ABA) is a sesquiterpenoid synthesized
from xanthophylls. ABA regulates several important aspects of plant growth and
development (Gaspar et al., 1996). It accumulates at high levels when a plant is
subjected to certain abiotic stresses, such as hydric stress, and during seed
development. ABA provided by the mother plant and synthesized in the seed
itself contributes to the regulation of embryo development and maturation.
Furthermore, crucial physiological processes, such as germination, which is
inhibited by ABA, are regulated by ABA catabolism (Nambara & Marion-Poll,

2003). Seed maturation not only includes growth and development of the
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embryo (embryogenesis); but also involves accumulation of storage reserves
and preparation for desiccation - which occurs in the last stages of seed
maturation. ABA induces storage protein synthesis and affects the induction
and maintenance of some aspects of dormancy in seeds (Rock & Quatrano,
1995).

In tissue culture, manipulation of cultural conditions to prolong and
improve embryo maturation, and to prevent precocious germination, will
probably increase the similarity observed between zygotic and somatic
embryos. That is to say that somatic embryos produced will come to have the
vigor and germination associated with their zygotic counterparts (Merkle et al.,
1995). Studies have reported beneficial effects of ABA on somatic embryo
development. ABA, exogenously supplied, has effects on storage protein
expression. In embryos of hybrid larch (Gutmann et al., 1996), sugarcane
(Nieves et al., 2001) and geranium (Madakadze & Senaratna, 2000) cultured in
vitro, exogenous ABA induced an increased of storage proteins.

Exogenously supplied ABA could increase the frequency of somatic
embryo reaching maturity. This has been described for conifers that, in the
absence of ABA, maturation resulted in poorly developed somatic embryos
which often exhibited abnormal morphology asynchronous development and
precocious germination. Exogenously supplied ABA in the maturation medium
promoted the development of high quality somatic embryos in large quantities.
Under appropriate conditions, these embryos germinated and developed into

plants at a high frequency (Lelu et al., 1994; Gutmann et al., 1996).
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In soybean, initial reports on somatic embryogenesis have reported that
ABA may affect normal embryo induction and maturation (Ranch et al., 1985;
Lazzeri et al., 1987). These studies, however, contained no substantial data and
little analysis about the effects of ABA. Further study showed that ABA
promoted embryo growth, development, maturation, and improved embryo
germination when applied at the globular stage (Tian & Brown, 2000).

In order to further analyze the effect of ABA on soybean somatic
embryogenesis, this plant growth regulator was added to proliferation and
maturation medium and the embryos were monitored for their ability to continue

development and to convert into plants.
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Material and Methods

Two soybean cultivars (IAS-5 and Conquista) were used in this study.
Young pods with immature seeds were harvested from field-grown plants and
surface sterilizes during 1 min in 70% ethanol and 10 min in diluted commercial
bleach (4% sodium hypoclorite) containing a trace amount of Tween-20.
Following four rinses in sterile distilled water, immature seeds (3-6 mm) were
aseptically excised; the cotyledons were removed and used as explants for
culture. Cotyledon halves were placed with the abaxial side facing the D40
induction medium, which contains MS salts (Murashige & Skoog, 1962), B5
vitamins (Gamborg et al., 1968), 40 mg/l 2,4-D, 6% sucrose, 0,3% Phytagel™,
pH 7.0 (Bailey et al., 1993). Twenty cotyledon halves (explants) were cultured in
10cm petri dishes containing 30 ml of medium and incubated at 25°+1°C under
fluorescent light at an intensity of 22.5pEm™s™" and a 16h light photoperiod.

After 4 weeks on induction medium, explants were transferred to D20
proliferation medium (D40 medium containing 20 mg/l 2,4-D, 3% sucrose, pH
5.8) (Wright et al., 1991). The proliferative tissue was subcultured every 15 days
on the same medium and incubation conditions described above during 150
days.

To induce maturation clumps (~3mm) of globular embryos were placed
on MSM6 maturation medium (Finer & McMullen, 1991), containing MS salts,
B5 vitamins, 6% maltose, 0,3% Phytagel™, pH 5.8. After 4 weeks, the embryos
were separated and subcultured on fresh MSM6 medium for further 4 weeks.

Histodifferentiated embryos were counted and classified in 7 morphological
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types, adapted from Buchheim (1989) and Santos (1997). A sample of 100
histodifferentiated embryos per treatment per cultivar were placed on empty
sterile dishes without medium for 48 h to promote partial desiccation.
Subsequently, the embryos were placed on MSO conversion medium,
containing MS salts, B5 vitamins, 3% sucrose, 0,3% Phytagel™, pH 5.8.
Germinated embryos were transferred individually to 110ml vessels with the
same medium. After 60 days, embryos were evaluated for conversion.
Germination refers to root and/or shoot development, while conversion was
recorded as the development of the primary root and formation of at least one a
trifoliolate leaf.

ABA was applied at two different stages of embryo development: in the
proliferation stage and maturation stage. ABA was added to the D20 and/or
MSM6 media at concentration of 50uM before autoclaving. ABA (Sigma
Chemical Co., 99+% purity) was dissolved in diluted NaOH solution, filter-
sterilized and added to the autoclaved medium. Duration of treatments was 30
days. In proliferation stage, ABA was applied at the last month before transfer of
embryo clumps to MSM6 medium. In maturation stage, ABA was applied in the
first month after transfer of embryo clumps onto MSM6 medium. The
experiment was delineated as shown in Figure 1.

A 4x2 factorial analysis of variance was used to evaluate the effect of the
four treatments on the number of histodifferentiated embryos obtained in the
two cultivars, as well as on the percentage of embryo germination and of
embryo conversion. In order to compare the treatments in relation to the

frequency of different embryo morphologies, a classical x” test of association



124 was used. The residuals (observed value minus expected value) for each cell of
125 the table were individually analyzed, to identify punctual associations between

126 treatment and morphological class.
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Results and Discussion

After 2 months on maturation medium, somatic embryos were counted
and classified in to 7 morphological types following Buchheim’s classification
(1989), with minor modifications. The number of histodifferentiated embryos as
well as the frequencies of each class in each treatment were recorded and are
presented in TABLES 1 and 2.

The total numbers of histodifferentiated embryos obtained for cultivars
IAS-5 and Conquista were 2275 and 1187, respectively. The analysis of
variance showed significant differences between cultivars (F = 49.2; df = 1, 24;
p < 0.001) and among treatments (F = 14.4; df = 3, 24; p < 0.001). No
interaction was observed between these two factors (F = 1.09; df: 3, 24; p <
0.374). The number of histodifferentiated embryos per Petry dish observed in
the IAS-5 cultivar (averagetSE: 142 + 44) was significantly higher than that
obtained for Conquista (74 + 33). On the other hand, treatments that used ABA
in the proliferation medium yielded significantly less embryos (average+SE: T4:
74 + 34; T3: 79 £ 43) than those without ABA in this medium (T2: 140 + 54; T1:
140 = 47) independently of the presence/absence ABA in the maturation
medium.

The relative frequencies of morphological classes varied among

treatments for cultivar IAS-5 (x*= 236,933; df = 18; p < 0,001) and Conquista

(x*= 77,836; df = 18; p < 0.001). A subsequent analysis of adjusted residuals
showed essentially the same results for both cultivars (TABLE 2).

Monocotyledonous were more frequent that expected in treatments that used
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ABA in the proliferation medium (T3 and T4). Dicotyledonous were more
frequent in treatments with ABA in both media, proliferation and maturation
(T4). In contrast, dicotyledonous were less frequent than expected in treatment
without ABA (T1).

One hundred randomly chosen histodifferentiated embryo per treatment
per cultivar were submitted to desiccation treatment and then transferred to
conversion medium. Germinated embryos were transferred individually to
vessels with the same medium. The effects of treatments on embryo
germination and conversion are presented in TABLE 3. Both cultivar and
treatment showed highly significant effect (p < 0.001), but the most conspicuous
feature of the data is an interaction between cultivar and treatment. This
interaction was significant for percentage of germinated embryos (F = 4.31; df =
3, 24; p = 0.014) and for converted embryos (F = 3.56; df = 3, 24; p = 0.029).
Cultivar IAS-5 showed a higher percentage of embryo germination (54.3 + 6.2)
and conversion (25.0 £ 3.9) when compared with Conquista (27.5 + 4.9; 6.7 +
3.2, respectively). However, the percentage of germinated and converted
embryos of IAS-5 were significantly higher when ABA was added to proliferation
medium, (T3 and T4) independently of the presence/absence ABA in the
maturation medium. At the same way, for cultivar Conquista, differences on
germination and conversion frequencies were detected among treatments. The
percentage of germinated embryos was significantly higher in T3 which used
ABA only in proliferation medium. Although the results suggest a higher
frequency of conversion in the same treatment (T3), the statistical analysis did

not show significant differences among treatments.
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In soybean, differences among cultivars as to ability to produce somatic
embryos from immature cotyledons have been documented in several reports
(Parrott et al., 1989; Bailey et al. 1993; Santos et al., 1997; Droste et al., 2001,
Meurer et al., 2001). In the present study, cultivar IAS-5 presented a higher
number of histodifferentiated embryos as well as higher frequencies of embryo
germination and conversion. This finding indicated a higher potential of IAS-5
for embryogenic response when compared with Conquista.

Histodifferentiated embryos were of diverse morphologies and included
the types described by Buchheim et al. (1989) and Santos et al. (1997). The
high percentage of abnormal somatic embryos found in the present study is in
agreement with previous reports and appears to be the rule, rather than an
exception (Buchheim et al., 1989; Bailey et al., 1993; Santos et al., 1997;
Droste et al., 2001).

We observed that, for cultivar IAS-5 in all treatments, the frequencies of
germination and conversion were higher than the frequency of morphological
normal embryos (compared the frequencies of normal dicotyledonous embryos
in TABLE 2 with the frequencies of germination and conversion in TABLE 3).
Thus, as with Buchheim et al. (1989), Bailey et al. (1993) and Santos et al.
(1997), our data indicated that a large number of IAS-5 abnormal embryos were
capable of germinate and convert into plants.

This study clearly demonstrated that exogenously supplied ABA can
effect histodifferentiation, germination and conversion stages of the soybean

somatic embryos. Only embryos at the globular stage (proliferation stage)

10
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showed a response to ABA. The same observation was also reported by Tian &
Brown (2000).

The presence of ABA in proliferation medium resulted in decreased
histodifferentiated embryo number in both cultivars (TABLE 1). On the other
hand, ABA treated-globular-embryos (T3 and T4) of IAS-5 exhibited an
increased germination and conversion capability (TABLE 3). For Conquista, the
results are not consistent. Although the presence of ABA in proliferation
medium (T3) increased germination rate, the effect was not confirmed in T4.

These results could be explained by genotype variation on response to
ABA. The cultivar IAS-5 could be more responsive while Conquista would be
less sensitive to this growth regulator. Genotype-specific responses to ABA
have been reported in previous studies. Sloger & Caldwell (1970) showed that
only 14 of 34 soybean cultivars responded to ABA application as indicated by
leaf senescence, abscission and reduced stem growth. In tissue culture, ABA
treatments at concentrations of 50 and 500uM resulted in increased embryo
sizes for cultivar X52, while for cultivar Jack, a high level of ABA (500uM)
completely stopped embryo development (Tian & Brown, 2000). The authors
assumed that high level of ABA was detrimental for embryogenesis and
proliferation of embryogenic cultures of cultivar Jack.

Increased germination and conversion frequencies suggested that IAS-5
embryos treated with ABA are physiologically more mature. Maturation of
somatic embryos is a process during which a large amount of nutrients

accumulate (Buchheim et al., 1989; Merkle et al., 1995). ABA has been

i
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reported to stimulate protein accumulation of soybean zygotic embryos cultured

in vitro during the early phase of embryogenesis (Ackerson, 1984).
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TABLE 1 — Effect of treatments on the average number of histodifferentiated embryos per Petry dish
obtained after maturation in two soybean cultivars

ABA Cultivars
: 1
Treatment Proliferation medium Maturation medium IAS-5 Conquista Overall

Average + SE Average + SE
I no no 170 £ 24 109+ 10 140+ 24 a
T2 no yes 186 £ 13 94 + 12 140 + 27 a
T3 yes no 117 £ 10 42+ 7 7921 b
T4 yes yes 96 + 19 9245 7417 b

Overall 142 + 22 74 £ 17

L Comparison among treatments: F = 14.4; df = 3, 24; p < 0.001. Means indicated by the same letter do not differ significantly
(Student-Newman-Keuls test; 0.05 level).
& Comparison between cultivars: F = 49.2; df =1, 24; p < 0.001.

TABLE 2 — Effect of treatments on the percentage of morphological classes after maturation, in two
soybean cultivars

Cultivars
Esitn IAS-5 Conquista

T1 T2 T3 T4 T T2 T3 T4
Monocotyledonous 5.0 (-) 9.0 15.0 (+) 18.5 (+) 5.0 42 (-) 108 (+) 10.2 (+)
Dicotyledonous 1.3 (-) 4.3 5.1 11.0 (+) 4.3 (-) 8.2 10.2 17.5 (+)
Polycotyledonous 04 (- 1.7 2.7 3.9 (+) 0.9 1.8 3.0 1.9
Fused cotyledons 55.7 (+) 46.3 45.2 39.0(-)| 65.2(+) 54.8 56.6 456 (-)
Trumpet 289 (+) 27.0(+) 16.0 (-) 88 ()| 17.6 19.8 (+) 7.2(-) 140
Fused embryos 6.5 7.8 8.0 7.8 3.9 4.5 3.6 3.4
Forms not-classified 2.2 (-) 4.0 8.3 (+) 9.4 (+) 3.0 6.6 8.4 7.3

+/- Indicate significant increased (+) or decreased (-) frequencies in relation to the expected under the no association
hypothesis.

TABLE 3 — Effectof treatments on average percentage of germination and conversion of somatic embryos
of soybean cultivars IAS-5 and Conquista

Cultivars
IAS-5 Conquista
average + SE' average + SE'

Treatment Number of dishes germinated converted germinated converted

T1 4 36.0£13.0 b 14.0°£ 70~ b 2110257 b 20+ 20a

T2 4 340+ 93 b 19.0.£45:3 b 22074 b 1.0+ 10a

T3 4 750+ 3.0a 29.0+ 3.4 ab 540+7.4a 21.0+£10.0 a

T4 4 720+ 43 a 42.0+6.0a 13.0+4.1 b 30+ 19a
Overall® 54.3+ 6.2 25.0+ 3.9 27.5+4.9 O

' Means indicated by the same letter do not differ significantly (Student-Newman-Keuls test; 0.05 level).

£ Comparison between cultivars: F = 25.9; df = 1. 24; p< 0.001 for % of germinated embryos; F = 23.5; df = 1. 24; p< 0.001 for %
of converted embryos.
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