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A plant regeneration method via direct somatic em-
bryogenesis was achieved in cotyledon explants de-
rived from mature, dry seeds of Arachis hypogaea L.
According to histological observations, somatic em-
bryogenesis was induced directly without any inter-
vening callus on MS medium supplemented with
different concentrations of BAP along with 2.68 uM
NAA after 4 weeks of culture. The incidence of so-
matic embryogenesis was greater at the distal end of
the cotyledon than the remaining portion. The range
of embryogenesis frequency was 10.7 to 80.2%, de-
pending on the BAP concentration in combination
with NAA. The best response was observed on MS
medium containing 22.19 pM DBAP along with
2.68 UM NAA. The embryos matured and germinated
on fresh medium with or without growth regulators. A
large percentage of somatic embryos developed into
normal plants producing viable seeds. Some embryos
produced flower buds on the germination medium.

PLANT genetic transformation and gene cloning are be-
coming 1mportant tools in crop improvement. However,
development of an efficient and reproducible tissue
culture regeneration protocol is the first step in utilizing
the power and potential of this new technology. Al-
though excellent progress has been made in obtaining
transgenic plants from many species of the legu-
minaseae, groundnut has lagged behind most likely due
to unavailability of an efficient regeneration protocol'™.
Somatic embryogenesis has been obtained 1n many plant
species including groundnut. However, conversion of so-
matic embryos into plants remains inefficient and limits
the application of somatic embryogenesis in many sys-
tems. To date a variety of explants have been employed to
Initiate somatic embryogenesis, 1ncluding leaves®?, imma-
ture cotylcdonsﬁ'a. immature embryo axes”'°, mature em-
bryo axes'"'? and mature embryo-derived leaflets®!? of
groundnut, but plant recovery has been limited or low?.
Although the use of explants from immature embryo
explants for somatic embryogenesis and plantlet regen-
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eration has become routine, several inherent difficulties
are encountered in using such materials in peanut'’.
These include the need to maintain appropriately aged
parent material in the greenhouse or field and the need
to categorize embryos at specific developmental stages.
In addition, high contamination rates are associated with
the use of explants from a below-ground organ, the pea-
nut peg. Since immature embryo explants are not always
readily available, attempts have been made to regenerate
plants from other explants including hypocotyls'®.

The general application of somatic embryogenesis re-
quires the development of uniform, high efficiency re-
generation systems which can produce plants that
perform as seed-derived plants. The development of
protocols to establish embryogenic cultures using more
readily available material would alleviate many of the
problems associated with immature embryo explants. In
this report, we describe a simple and efficient protocol
that uses cotyledons from mature, dry, stored seeds from
which somatic embryos can be induced at a high fre-
quency.

Mature seeds of Arachis hypogaea L. cv. TMV-2
were obtained from Tamil Nadu Agricultural University,
Coimbatore, India. The seeds were surface sterilized
with 0.1% (W/V) aqueous mercuric chloride solution for
7 min and thoroughly washed with sterile distilled water
several times. Then, the seeds were divided into two
halves and embryogenic axes were removed from the
cotyledons. Deembryonated cotyledons (without any
pre-existing meristem) were placed on MS medium"
with growth regulators for induction of somatic embryo-
genesis.

The medium consisted of MS basal salts and vitamins
supplemented with NAA (2.68 uM), BAP (2.21, 4.43,
8.87, 22.19 and 44.39 uM) and sucrose (30 g/1) for so-
matic embryo initiation and proliferation. The pH of the
medium was adjusted to 5.8 using 0.1 N HCl or 0.1 N
NaOH and the medium was sterilized by autoclaving at
121°C with 1.06 kg cm™ pressure for 15 min. Routinely,
15 ml of liquid medium with 0.8% (W/V) agar was dis-
pensed into culture tubes (25 X 150 mm) and plugged
with non-absorbent cotton wrapped iIn one layer of
cheese-cloth. The cultures were incubated 1n a growth
room at 25 % 2°C under a 16 h photoperiod at a light
intensity of 60 pEm“zs". When somatic embryos were
obscrved using a sterco-micraoscope, embryogenic
masses with proliferating embryos were transferred on
to fresh embryo maturation medium which consisted of
MS salts and vitamins with BAP (2.21 uM). For germi-
nation, somatic embryos were transferred from embryo
maturation mcdium onto cmbryo germination medium,
which consisted of half-strength MS medium without
any growth regulators. In order to achieve turther shoot
elongation and full root development from germinated
somatic embryos, plantlets were transferred to MS
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medium containing BAP (0.44 puM) and incubated at
25 + 2°C under 16 h photoperiod at a light intensity of
40 uEm';"s'l (cool-white fluorescent tubes).

Well-developed plantlets were transferred to haif-
strength MS basal medium devoid of growth regulators
and cultured for one week. Rooted plantlets from which
the agar-based medium had been removed under running
water, were individually transferred to 10 cm plastic
pots containing soil and manure in a 1:1 ratio. In order
to prevenmt fungal infection, plants were watered with
0.5 g/1 Bavistin solution, after which each pot was cov-
ercd with a polythene bag. Pots were maintained under
controlled environmental conditions (25 * 2°C under
16 h photoperiod at a light intensity of 40 nEm?s™") and
the polythene bags were progressively opened over a 2-
week period. Subsequently, well-established plants were
shifted to field.

A minimum of 25-30 explants were cultured for each
treatment combination and each experiment was re-
peated thrice. The data pertaining to percentage of em-
bryogenesis and mean number of embryos per culture
were calculated and statistically analysed by the Dun-
can’s New Multiple Range Test. Among the treatments,
the average figures followed by similar letter are not
significantly different at the 1% level.

For histological studies, the embryos at various stages
of embryogenesis were fixed in FAA for 24 h. Tissues
were dehydrated by transferring embryos through an
ethanol-xylol series and then were infiltrated and em-
bedded in paraffin. Tissues were sectioned to 6 pm with
a microtome, mounted on glass slides, and stained with
safranin. Photographs were taken under Nikon light mi-
croscope.

Direct somatic embryogenesis was observed from
mature cotyledon explants within 30 days of culture ini-
tiation. Cotyledons enlarged after 7 days of culture ini-
tiation on induction medium. Greenish rounded
structures appeared on the cut end of the explants within
2 weeks of culture on MS medium augmented with
varying concentrations of BAP in combination with
NAA (2.68 pM). These protuberances are referred to as
embryos (Figure 1a, b). The frequency of embryogene-
sis increased with the concentration of BAP from
2.21 yM up to 22.19 uM, then decreased with further
increase in the concentration. Among the various con-
centrations tested, BAP at 22.19 uM was the optimum
concentration for high frequency of embryogenesis
as well as the maximum number of somatic embryos
(Table 1). Cotyledon explants (control) cultured on ba-
sal medium in the absence of any exogenous growth
regulators never differentiated to produce somatic c¢m-
bryos, but occasionally formed roots.

Maximum embryogenesis obtained was 80.2% with
2.68 uM NAA and 22.19 uM BAP combination which
was statistically significant at 1% level. Using cotyle-
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Figure 1 a-c¢. Plantlet regeneration by somatic embryogenesis from
groundnut mature cotyledon explants. @, Mature cotyledon explant
exhibiting somatic embryogenesis on induction medium
(bar =40 mm); b, A general surface view of embryo masses
(bar = 100 mm); ¢, Group of somatic embryos at vartous develop-
mental stages (bar = 100 mm).

Table 1. Effect of various concentrations of BAP in combination
with 2.68 uM NAA on frequency and number of somatic embryos

per cultured cotyledon explants of groundnut
__._—_—W'#—_

BAP conc. Frequency of No. of embryos
(uM) embryo formation per explant
-
0.00 - -

2.21 10.7 £ 1.4° 6x1.5°

4.43 28.2 % 1.8¢ [2+2.1°

8.87 45.5 +£3.5° 27+27°

22.19 80.21+4.1° 521+33"

44.39 75.5 +3.9" 38 +2.4°

W
Mean values followed by different letters are statistically significant

at 1% level.

dons of dried seed, an unlimited number of casily dis-
cernible embryos were available (Figure 1c¢). Somatic
embryos were produced from the embryo axes of ma-
ture, dry seeds of peanut"". Otherwise, all previous
studies have used immature axes or axes from freshly
harvested seed as explants®>'%, Our results showed that
mature seed cotyledons were highly responsive in cul-
ture for somatic embryogenesis. If the embryos were not
subcultured at the earliest stage they usually developed
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Figure 1 d-i. Plantlet regencration by somatic embryogenesis from
groundnut mature cotyledon explants. d~f, Different stages of em-
bryos (heart, torpedo and cotyledonary bar = 100 mm); g, A mature

embryo with well-formed radicle, long hypocotyl and two short
cotyledons (bar = 100 mm); A, Germination of somatic embryo with

defined cotyledons and root (bar =120 mm); {, Somatic embryo-
derived plantlet established in soil (bar = 40 mm).

into shoots only. This has been reported in other trce
legumes ~ rosewood'®, George and Eapen7 reported that
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mature cotyledons did not produce somatic embryos.
This 1s 1n contrast to the present results.

Somatic embryos which developed within 4 weeks
from 80% of the embryogenic masses were transferred
to maturation medium. Embryos of various shapes and
stages (Figure 1 d—g) were visible in the clusters, indi-
cating that the process of embryogenesis was asynchro-
nous. Cotyledonary embryos were also noticed after 4
weeks of culture on the same maturation medium. Most
such embryos were morphologically normal, and green
in appearance with a distinct hypocotyl region and nor-
mal cotyledons (Figure 1f). Many embryos underwent
further development by elongation of the hypocotyl and
cotyledon expansion producing later stage embryos
(Figure 1 g). These embryos frequently exhibited secon-
dary embryogenesis, unless transferred to embryo ger-
mination medium, with early stage embryos being
produced from the hypocotyl and cotyledons. During
somatic embryogenesis from immature leaflets of pea-
nut, globular, heart and torpedo stages were not clearly
delimited’”.

The present findings on NAA/BAP-stimulated embryo
induction are in contrast to all previous results in pea-
nut>>%*!1%13 and also differ from previous experience
with legumes in general, in which somatic embryos were
obtained with 2,4-D and NAA alone or in combination.
The auxin 2,4-D was found to be effective in inducing
somatic embryos In peanutz's'ﬁ'”, while NAA in the in-
duction medium was also effective. Cytokinin-
stimulated direct somatic embryo induction from non-
embryogenic tissue has also been well documented 1In
other legumes like Phaseolus'’ and winged bean'®".
Thus, it 1s difficult to formulate a generalized protocol
for somatic embryogenesis in grain legumes, as the
growth regulator requirements appear to be species- and
tissue-specific.

Germination of somatic embryos was observed on
half-strength MS basal medium without growth regula-
tors after 2 weeks of culture. Though the somatic em-
bryos showed both root and shoot meristems,
simultaneous development of root and shoot was only
infrequently observed. More often, shoots emerged from
the embryos, which subsequently produced roots on the
same medium when cultured for 4—-6 weeks (Figure 1 A).
Further root and shoot devclopment was achieved when
somatic embryo-derived plantlets were transferred to
MS basal medium containing low concentration of BAP
(0.44 pnM). Adventitious roots developed in some cul-
turcs. Similar results were also reported 1n winged
bean'’ and peanulz'”. The plantlcts were subsequently
transferred to pots containing soil mixture (soil:manure
in the I:1 ratio) and maintained in the controlled envi-
ronment for a week (Figure 1¢). Subsequently, they
were shifted to ficld conditions and 90-95% of them
survived, grew normally and set viable seeds. In the pre-
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Figure 2 a~d. Histology of somatic embryogenesis of groundnut. a, Longitudinal section of globular embryo development on the surface of
the explant (bar = 50 um); b, Longitudinal section of ¢arly heart-shaped embryo (bar = 50 um); ¢, Longitudinal section of late heart-shaped
embryo (bar = 50 um); 4, Longitudinal section of somatic ¢mbryo (cotyledonary stage) showing two distinct cotyledons with root mernstem

(bar = 50 ym).

sent study, some somatic embryos produced flower buds
in culture. The flowering behaviour of groundnut cul-
tures suggests that some of the less developed meris-
tematic buds, possibly were influenced by higher
concentration of cytokinin in the medium. This resulted
in modulating the buds to change from vegetative to
reproductive phase. This observation is In concurrence
with that of earlier researchers®®, suggesting that cytok-
inin triggers flowering. More than 58 plantlets were
produced out of 100 embryos cultured on germination
medium. The average plant conversion was 355% (data
not shown). Interestingly, in our findings cotyledonary
embryos appeared to be normal and were similar to
class-2 embryos described in peanut by Wetzstein and
Baker®!. Most of the literature on the conversion of pea-
nut somatic embryos and survival of somatic embryo-
raised plantlets in soil described low frequencies of

conversnon’"‘”

Histology of somatic embryo-producing regions of
cotyledons confirmed that the induction of the develop-
ment process was embryogenic and not organogenic in
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nature. Light microscopic observations of embryogenic
mass revealed the presence of nodular structures con-
taining cytoplasmic cells at the central region. Devel-
opment of somatic embryos appeared to progress
through typical globular-, heart-, torpedo-shaped and
cotyledonary stage embryo development. The first sign
of embryogenesis was marked by the appearance of
globular structures that were attached to the surface of
the explant by a distinct stalk (Figure 2 a). The heart-
stage embryo (Figure 2 b), which was bilaterally sym-
metrical also showed a broad suspensor-like stalk. Some
of the structures also had vascular tissue with unipolar
meristems which ultimately developed into roots. The
densely stained meristematic area was often completely
surrounded by parenchymatous tissue. At this stage, de-
velopment of clear bipolar embryos with orgamzed
shoot and root portion was observed (Figure 2c¢). The
cotyledonary-stage embryos showed the presence of two
prominent cotyledons (Figure 2 d).

In the present study, cotyledons were used to obtain a
high frequency of somatic embryogenesis, and cotyle-
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dons from mature seeds are a convenient, accessible and
efficient explant for somatic embryogenesis in ground-
nut. We have used only one medium containing BAP in
combination with low concentration of NAA for embryo
initiation and proliferation. To overcome the limitation
or low percentage of plant conversion, half-strength MS
basal medium without any growth regulators was used
for embryo germination. The protocol described here
could be useful 1n experiments on genetic transforma-
tion.
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A new type II restriction endonuclease, StrI has been
identified from Streptomyces thermodiastaticus. The
enzyme has been purified using three column chroma-
tography steps. The enzyme recognizes hexanucleotide
sequence and cleaves DNA 5-CITCGAG-3 as indi-
cated. The optimum temperature, pH, and cation re-
quirements for the enzyme activity were determined.

RESTRICTION-modification (R-M) systems serve as pri-
mary defense mechanisms of bacteria against intruding
DNA molecules'?, They have been classified into three
main groups according to their cofactor require-
ments and the type of DNA cleavage’. The type II re-
striction enzymes require only Mg®* as a cofactor and
are also the simplest ones with respect to other proper-
ties such as subunit structure and cleavage characteris-
tics. They are composed of two separate enzymatic
activities. One is a restriction endonuclease (Enase) that
cleaves DNA at a specific recognition sequence. The
second 1s a DNA methyltransferase (Mtase), which is
able to methylate the same sequence and render it re-
fractive to cleavage by the corresponding Enase®. Most
of the enzymes of this group recognize palindromic se-
quences which generally vary between four and eight base
pairs in length. These enzymes are the most intensively
searched group of enzymes due to their wide usage in ge-
netic manipulations. Moreover they also serve as useful
model systems for studying protein~-DNA interactions.
Because of their application potential and exquisite
specificity, there have been constant efforts to isolate
new type II Enases. As a result, more than 2800 Enases
have been isolated mostly from bacterial sources’.
While no Enase activity has been dcetected so far in
some bacterial strains, multiple ecnzyme activities have
been characterized in many others. Bacteria exhibiting
up to two diffcrent Enases are of common occurrence.
Strains exhibiting even four® and five specificities’ have
also been 1dentified. Here, we report the identification
and characterization of a new Enase, Strl from a Strep-
tomyces thermodiastaticus.
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