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Abstract

Plants of two accessions of Arachis glabrata were regenerated
via somatic embryogenesis. Embryogenic calli were initiated
from leaflet explants on Murashige and Skoog medium supple-
mented with picloram alone or picloram in combination with
6-benzylaminopurine. Leaflets of accession A6138 induced
the highest percentage of somatic embryos in media composed
of 10 mg«dm'3 and 15 mg~dm'3 picloram. In contrast, 5
mg-dm picloram with 0.1 mg-dm'3 6-benzylaminopurine was
one of the most effective combinations in accession AF385.
MS medium supplemented with 2 g-dm'3 activated charcoal
(AC) used for 30 days was the most effective for embryo matu-
ration. After 20 days of culture on MS medium devoid of
growth regulators, 6 % of embryos converted into plantlets in
accession A6138.

List of abbreviations: AC, activated charcoal; BAP,
6-benzylaminopurine; 2,4-D, 2,4-dichlorophen-
oxyacetic acid; MS, Murashige and Skoog (1962)
medium; NAA, o-naphthaleneacetic acid; PIC,
picloram- (4-amino-3,5,6- trichloropicolinic acid).

Introduction

The genus Arachis consists of 69 species origi-
nated in South America. Arachis glabrata
(2n=4x=40 chromosomes) is a perennial and rhizo-
matous legume with high forage value (Krapo-
vickas and Gregory 1994), and has proved to be
persistent under defoliation or continuous grazing.
However, seed set is less frequent probably due to
an irregular meiosis (Smartt and Stalker 1982).
This species is resistant to multiple diseases, and
this resistance was transferred to A. hypogaea L.
through gene introgression (Mallikarjuna 2002).

Gene transformation enables the improvement of
plants in which traditional breeding methods are
limited due to sexual incompatibility and sterility
barriers (Baker and Wetsztein 1992). Nevertheless,
gene transfer systems require a reliable protocol for
transformed plant regeneration (Little et al. 2000).
Consequently, the development of these protocols
is the first step for utilizing this new technology
(Ventakachalam ef al. 1999). Recently, somatic
embryogenesis has become a practical tool not only
for incorporating useful genes but also for

ISR

59



M.L. VIDOZ, H.Y. REY, A M. GONZALEZ & L.A. MROGINSKI

micropropagation (Griga 1999). Although somatic
embryogenesis has been achieved in many legu-
mes, an efficient protocol for plant regeneration of
A. glabrata through somatic embryogenesis is still
lacking. The previous reports of this species de-
scribe plant regeneration via organogenesis in cul-
ture media supplemented with NAA and BA
(McKently et al. 1991), and pollen-embryos and
pollen-callus induction (Bajaj et al. 1980).

In this communication, we report the development
of a somatic embryogenic system for plant regener-
ation from A. glabrata leaflets.

Materials and methods

Plants of five Arachis glabrata Benth. (Table 1)ac-
cessions were used in this study. The source of
explants were immature but fully expanded leaflets
(approximately 80 % of the final size) from adult
plants. Leaflets from 1 year old plants growing in
greenhouse conditions were surface sterilized with
70 % ethanol for 30 s followed by 0.9 % NaOCl
plus one drop of Tween 20® for 12 min and then
rinsed three times in sterile distilled water. Explants
consisted of squares of approximately 4 mm? of the
median portion of the laminae, including the
midrib. Each explant was placed with the abaxial
side in contact with 3 cm?3 of the culture medium, in
an 11 cm? glass tube. The medium was composed
of Murashige and Skoog (1962) salts and vitamins,
with 3 % sucrose, 0.7 % agar and growth regulators
in several combinations (2 - 15 mg-dm'3 PIC;2-15
mg-dm32,4-D; 0.01 - 0.1 mg-dm™3 BAP). The me-
dium pH was adjusted to 5.8 with KOH or HCl prior
to adding the agar. The tubes were covered with alu-
minium foil and autoclaved at 1.46 kg-cm™2 for 20
min.

Ten to thirteen explants were used for each treat-
ment with three to five replicates. Means are given
with standard error (+ SE). Data were statistically
analysed using Duncan’s test and significant differ-
ence was accepted when P<0.05.

Clultures were incubated at 27 + 2 °C, under a
photoperiod regime of 14 h (116 umol-m2-s-! pro-
vided by cool white fluorescent tubes). Observa-
tions on the development of somatic embryos were
recorded after 90 days of culture.

Table 1. List of plant material of Arachis glabrata employed in
this study.

Accession Collector  Place of collec-  Botanical variety

number* tion

A6138  M.M. Arbo Santa Rosa glabrata
(Mnes), Para-
guay

A6146  M.M. Arbo Santa Rosa glabrata
(Mnes), Para-
guay

AF385  A.Fernin- Caacupé, Para- Hagenbeckii

dez guay
L5 G.Lavia  Ituzaingé (Ctes), Hagenbeckii

Argentina

L6 G. Lavia Posadas (Mnes); glabrata

Argentina

*All the herbarium specimenes are deposited in CTES

Somatic embryos were transferred to conversion
media composed of 25, 50 or 100 % strength of MS
medium without growth regulators, with or without
AC (2 g-dm™3) for 30 days and then transferred to
hormone free MS medium.

Well-developed plantlets were rinsed under run-
ning tapwater and planted individually in pots con-
taining a mixture of soil, sand and peatmoss (1:1:1).
These plants were acclimatized at 27 £ 2 "C under a
light intensity of 336 pm-m2.s"! and then moved to

-the greenhouse.

Histology was performed according to Gonzalez
and Cristébal (1997). Samples of callus were fixed
in FAA (formaline, acetic acid, 70 % ethanol
5:5:90), dehydrated with “Deshidratante histol6-
gico Biopur®”, followed by paraffin embedding as
described by Johansen (1940). Embedded tissue
was cut with a rotatory microtome into 10-pm thick
sections, stained with Safranin-Astra blue (Luque
etal. 1996) and observed under alight microscope.

Results and discussion

The in vitro establishment of cultures was success-
ful. Leaflet explants began to enlarge within the
first week of culture with less than 2 % contamina-
tion. On longer incubation, calli induction was ob-
served in high frequencies (93 % of the cultured
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Fig. 1a-d. Somatic embryogenesis in A. glabrara. Bar: 0.5 cm. a: Friable callus. b: Mucilaginous callus with globular regions. c:
Callus with somatic embryos (SE). d: Morphological variation of regenerated somatic embryos. e Somatic embryo type 1. Bar:
Imm. f: Somatic embryo germinated. Bar: 0.5 cm. g: Plant regenerated from a somatic embryo. Bar: 0.5 cm. h: Plant growing in
soil. Bar: 2 ¢m.

Fig. 2. (rext page) Histological sections of somatic embryos derived from leaflets of Arachis glabrara. Bar: 0.1 mm, a-d:
Ontogenic development. a-c: Globular somatic embryos. d: Transversal section showing a callus with somatic embryos. & Bipolar
embryo type 1 exhibiting shoot and root apical meristems. f: Longitudinal section of differentiated shoot apical meristern, with leaf
primordia. g-h: Embryo like structure without shoot apical meristem (type 3). i: Longitudinal section of non functional shoot apical
meristem. j: Transversal section of an embryo similar to h showing the absence of shoot apical meristem,
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Table 2. Effect of induction media on the percentage of somatic embryogenesis from leaflets of two accessions of Arachis glabrata.

Induction media

Percentage of calli with somatic embryos® Mean number of embryos per explant®

Growth regulators added to MS medium

A6138 AF385 A6138 AF385
2 mg-dm™ PIC 44bed - 2:+0P -
5 mg-dm™ PIC 15+5bcde - - 12+3b -
8 mg-dm™ PIC 16x40de - 12£5P -
10 mg-dm™3 PIC 20£6° - 17+5b¢ -
15 mg-dm™ PIC 19x1de - 34:424° -
2 mg-dm™ PIC + 0.01 mg-dm™ BAP 542bed 10P 220P 1x0b
5 mg-dm™ PIC + 0.01 mg-dm™> BAP 9z5bode - 16+6° -
8 mg-dm™ PIC + 0.01 mg-dm™ BAP 1560 - 7+1b -
10 mg-dm™ PIC + 0.01 mg-dm™ BAP 19+8% - 8+2b -
15 mg-dm3 PIC + 0.01 mg-dm™ BAP 9] bode - 11+6° -
2 mg-dm? PIC + 0.1 mg-dm™ BAP gsbede 1x0P 4x1b 7+1b
5 mg-dm™ PIC + 0.1 mg-dm™ BAP 3a2be 1+1b 7x2b 12:+0P
8 mg-dm™ PIC + 0.1 mg-dm™ BAP 9z3bede - 17£9b¢ -
10 mg-dm PIC + 0.1 mg-dm™ BAP 7a4bede 100 730 1840
15 mg-dm's PIC + 0.1 mg-dm™ BAP 5a5bede - 80P -
0.01 mg-dm™ BAP b - - -
0.1 mg-dm> BAP b - - -

4 Mean+SE; be.de different letters indicate significant difference according to Duncan’s test (P<0.05)

explants) in all the accessions and in all the media
tested.

After 50 days of culture in the same media, three
types of calli could be distinguished: type A: friable
nonembryogenic calli which were generally pale
yellow in colour (Fig. 1a); type B: mucilaginous
nonembryogenic calli with a smooth surface (Fig.
1b), most of which were brown coloured and had
transparent to white round growing areas similar to
those structures reported in A. hypogaea by Baker
and Wetsztein (1992) and Gill and Ozias-Akins
(1999); and type C: mucilaginous embryogenic
calli with embryos (Fig. 1¢,d). Similarly to A. Aypo-
gaea type C calli, these were smaller than non-
embryogenic ones (Baker and Wetsztein 1992). Af-
ter 90 days of culture, the number of embryogenic
calli and embryos per explant increased (in average
46 %, data not shown).

The effect of 17 combinations of PIC and BAP on
somatic embryos of 2 accessions of Arachis gla-
brata after 90 days of culture are presented in Table
2. Somatic embryos were induced from only these
two accessions, in different culture media. Even
though there were no significant differences among
most of the culture media employed in this work
concerning the percentage of explants giving rise to
somatic embryos, for accession A6138 the media
consisting of 10 mg-dm= PIC or 15 mg-dm™ PIC
produced a high percentage of calli with somatic
embryos and were significantly better than the rest
regarding the number of embryos per explant.

On the other hand, the best media for accession
A6138 were not the same as in accession AF385,
where the percentage of response was considerably
lower. Although explants giving embryos were ob-
tained in culture media containing 2, 5 or 10
mg-dm3 PIC with 0.1 mg-dm3 BAP, and 2
mg-dm3 PIC with 0.01 mg-dm™3 BAP, these media
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were not significantly different from the rest. The
highest mean number of embryos per explant was
obtained in culture medium consisting of MS media
supplemented with 10 mg-dm3 PIC and 0.1
mg-dm™3 BAP (Table 2). It was observed in both ac-
cessions that secondary somatic embryogenesis oc-
cured at least during two subcultures.

The protocol optimized in this work, based on
maintaining cultured explants in an induction me-
dium and then transferring embryogenic calli with
somatic embryos onto fresh maturation medium is
similar to the procedure developed for A. hypogaea
(Chengalrayan et al. 1994, Baker and Wetsztein
1995, Ventakachalam ez al. 1999). Our results are in

concurrence with A. paraguariensis (Sellars et al. -

1990) and A. pintoi, in which somatic embryos
were originated from cultures developed on media
containing PIC and BAP (Rey et al. 2000). How-
ever, the highest percentage of embryo induction in
A. pintoi was achieved on higher concentrations of
PIC and BAP. Moreover, these results were not in
agreement with those reported for A. hypogaea,
where the addition of a cytokinin to a culture media
containing an auxin resulted in either lowered num-
ber of embryos per explant (Eapen and George
1993) or was simply ineffective (Chengalrayan et
al. 1994).

Ontogenic studies showed that the regeneration
process is via somatic embryogenesis. A wide mor-
phological variety of somatic embryos was seen,
comprising globular- (Fig. 2a-c), torpedo- (Fig.
2d-e) and cotyledonary-shaped embryos (Fig. 2f).
Histological studies also showed many tubular or
horn shaped embryos without shoot meristem.

Regardless of the hormone concentration, most of
the embryos obtained could be classified according
to Wetsztein and Baker (1993) as type 1 embryos
(single embryos, torpedo-shaped, well defined
axis) (Fig. 1d, Fig. 2e), type 2 (single embryos, tor-
pedo-shaped, well defined axis with distinct hypo-
cotyl and epicotyl, epicotyl with multiple foliar
structures and clearly differentiated apex) (Fig. 1d,
Fig. 2f), type 3 (single embryos, tubular or horn
shaped, with no visible apex) (Fig. 1d, Fig. 2g-j)
and type 5 embryos (multiple fused embryos, with
individual embryo axis defined, fasciated with
broadened and distorted hypocotyl bases) (Fig. 1c).

Type 1 and 2 embryos regenerated plants when
transferred to maturation media (Fig. le-h),
whereas type 3 and 5 embryos did not convert into
plants. The type of embryos obtained was not influ-
enced by the composition of the culture medium.

- The percentage of explants giving rise to embryos

was only 20 % compared to peanut, where the per-
centage of somatic embryogenesis was higher than
80 % (Baker et al. 1995). However, the embryo-
genic response was similar to that reported for A.
pintoi (Rey et al. 2000).

All efforts to obtain somatic embryos in accessions
L5, L6 and A6146 have so far remained unsuccess-
ful. In some legumes, the inability to induce so-
matic embryogenesis in many important cultivars
constitutes a limitation to the application of
embryogenic culture for commercial propagation
(Lakshmanan and Taji 2000). In peanut, although
the frequency of somatic embryo induction as well
as the mean number of embryos per culture are
highly dependent on genotype, all the genotypes
tested induced somatic embryos in various degrees
(George and Eapen 1993, Baker et al. 1995, Chen-
galrayan et al. 1998).

Explants cultured on medium containing BAP
alone failed to induce somatic embryos in all the ac-
cessions tested, and most explants did not respond
orinduced friable nonembryogenic calli. Neverthe-
less, some buds (11 %) were differentiated in leaf-
let-explants of accession AF385 cultured on MS +
0.01 mg-dm'3 BAP. However, these buds did not
show further elongation.

In order to achieve maturation and conversion, so-
matic embryos were transferred to culture media
with 100, 50 or 25 % strength of MS medium with
or without the addition of AC. Some of these media
were employed for A. hypogaea by Chengalrayan
et al. (1994). In accession A6138, 6 % of the em-
bryos converted into plants (54 plants) upon trans-
ferring to medium containing 2 g-dm™3 AC (for 30
days) and followed by transfer onto MS medium
devoid of AC for 20 days (Fig. le-h). These
plantlets were transplanted to pots containing soil
mixture and maintained in a controlled environ-
ment. The establishment rate was 76 % (41 plants)
in that accession. On the other hand, in accession
AF385, the conversion rate was lower than 1 %.
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Unfortunately, many embryos failed to convert
into plants. Histological studies have shown that
this was due to a poorly-developed apical meri-
stem. Similar results were also observed in peanut
(Wetsztein and Baker 1993), resulting in a lack of
further germination/development (Griga 1999).
Chengalrayan et al. (1998) indicated that failure of
somatic embryos to undergo conversion into
plantlets could be genotype-dependent, even
though it has often been attributed to malformed
plumules or to immature embryos.

In all the accessions tested neither somatic embryo-

genesis nor organogenesis were observed when -

culture media contained 2,4-D instead of PIC (data
not shown). These results partially agree with those
reported for A. pintoi, where the addition of 2,4-D
to the culture media produced only shoots but not
somatic embryos. In contrast, somatic embryos
were obtained in peanut when 2,4-D was added to
the medium (Baker and Wetsztein 1995, Chengal-
rayan et al. 1998, Griga 1999, Little et al. 2000,
Lakshmanan and Taji 2000).

In conclusion, our results indicate that it is possible
to regenerate plants of certain accessions of Arachis
glabrata through leaf culture.
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