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Summary. Two-day-old germinatingintact seed
embryos of Oryza sativa variety Basmati 370
were electroporated with a view to examine
suitability of this system for gene delivery. The
experiments were done with a plasmid having
gus gene under the control of CaMV 35§
promoter. Spectrofluorophotometric GUS assay
revealed high activity of the introduced gene
when embryos were given three electrical
pulses at 1600 V cm*and 100uF capacitance
with a pulse length of 75 ms. Additionally,
histochemical localization of GUS activity in
seedlings and various organs such as leaves,
coleoptiles and roots was also done. Expression
of GUS activity was studied up to 15 days and
found to be organ-specific, thereby showing
that embryos can indeed serve as efficient
recipient system. Use of cycloheximide revealed
that GUS activity appears as a result of early
protein synthesis after electroporation and is
substantially stable in vivo.

Key words: electroporation - germinating seed
embryo - GUS - Oryza sativa - transient gene
expression

Introduction

Recently, success has been achieved in
producing transgenic rice plants from protoplasts
which holds key to crop improvement and
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investigations related to gene regulation
(Shimamoto, 1992; Kyozuka and Shimamoto,
1993). But the tedium of regneration from
protoplasts and lack of a general and reliable
method of gene delivery has led to the
application and evaluation of several new.
transformation techniques (Potrykus, 1991;
Oard, 1991; Batty and Evans, 1992). Since
intact cells regenerate more easily, they have
been used for polyethylene glycol as well as
electroporation mediated gene delivery and
transformationinrice (Lee ef al.,1991; Lietal.,
1991). Attempts have also been made to
evaluate electroporation (Dekeyseret al., 1990)
as well as Agrobacterium (Li et al., 1992)
mediated gene delivery intointact cells of rice
by way of analysing transient gene expression,
although transgenic plantlets have not been
obtained. This requires more intensive attempts
in future. While this work was in progress,
transient expression of genes introduced by
electroporation into immature embryos of maize
(Songstad et al., 1993), wheat and rice (Kloti et
al.,1993) and mature embryos of Vigna (Akella
and Lurquin, 1993) as well as production of
transgenic maize plants (D’Halluin et al., 1992)
via electroporation of immature embryos has
been reported. In the present study, an
attempt has been made to evaluate expression
of gus in seedlings of an important indica
variety Basmati 370, after electroporation-
mediated gene delivery into germinating seed
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embryos as a prelude to develop anefficient,
simple and general transformation system in
rice.

Materials and Methods

Plasmid, electroporation of seed embryos and
culture. The plasmid pBI 221 (Clontech
Laboratories,Inc.USA) having the 8-
glucuronidase (gus) gene under the control of
CaMV 35S promoter and nopaline synthase
gene polyadenylation sequences was isolated
according to the alkaline lysis method of
Birnboim and Doly (1979) and purified by
cesium chloride buoyant density gradient
centrifugation. :

Seeds of indica rice variety Basmati 370
were obtained from Division of Genetics,
Indian Agricultural Research Institute, New
Delhi. The embryos were dissected out from
the dehusked seeds and were surface-sterilized
by immersing in 2.5% (w/v) sodium hypochlorite
for 10 min and subsequently rinsed three times
with sterilized distilled water. These were
cultured on MS medium (Murashige and
Skoog, 1962) for 48 h to initiate germination.
Lots of fifty embryos were rinsed, once in
filter-sterilized electroporation buffer (§ mM
HEPES, 272 mM glucose, 200 mM mannitol,
4 mM CaCl,and 1 mM MgCl,pH 7.4, Liet al,
1991) and then incubated in 2.7 ml of
electroporation buffer on ice for 15 min. The
electroporation cuvette, made of Plexiglass
and having stainless steel electrodes 3 mm
apart, was sterilized in 70% ethanol and dried
in a laminar flow hood prior to use. Sterilized
plasmid DNA and calf thymus DNA (20 and
30ug per ml, respectively) found to be optimal
by Chaudhury et al. (1993) were added to the
embryo suspension and after incubation on ice
for 15 min it was transferred to electroporation
cuvette. Three pulses at 100gF and 1600 Vem?
were applied, from a capacitor-discharge
apparatus, which decayed exponentially
(Chaudhuryeral., 1993). After electroporation,
embryos were incubated onice for 15 min and
theninoculated on MS medium in 90 mm Petri

dishes and cultured in 16 h light, provided by
fluorescent tubes (Philips TL W/54, or TL 65-
80 W/54) at a photon flux density of24 gmole
m?s? at25+2°C. Non-electroporated embryos
as also embryos electroporated in the absence
of DNA served as controls.

The effect of inhibition of protein
synthesis on gene expression was studied by
inoculating seed embryos on MS medium
containing 2 mM cycloheximide (Sigma
Chemical Co., USA) at 0, 1and 4 days after
electroporation and growing for various
durations. Total seedlings and different parts
(excised shoot, root and endosperm) were
frozen in liquid nitrogen before GUS assay.

GUS assay. Fluorometric assay for GUS was
performed according to Jefferson ef al. (1987)
and the relative fluorescence was measured by
using a Shimadzu spectrofluorophotometer
Model RF 540 after 15 h of incubation. GUS
specificactivity values in the figures represents
average of at least two independent
experiments from which any activity (the
maximum ever obtained being 330 pmoles 4-
MU per mg protein per h) obtainedin controls,
i.e. embryos electroporated without DNA, has
been deducted. Bars represent the extent of
absolute variation observed in two experiments.

Histochemical localization of GUS activity
in seedlings and various organs was done
according to Jeffersoner al. (1987), after 4 days
of electroporation and incubation of tissues in
GUS staining solution having 1 mM 5-bromo-
4-chloro-3 indolyl-8 glucuronide (X-gluc),
obtained from Clontech Laboratories, USA,
and 0.1% Triton X-100at37°Cfor 15h. Green
tissues were cleared of chlorophyll by suspending
in acetone and ethanol 1:3 (v/v) for 2-3 h prior
to GUS assay.

Results and Discussion

Suitability of embryos for electroporation-mediated
gene delivery and kinetics of gus expression

The suitability of electroporation as a gene
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Fig. 1. Time-dependent and organ-specific expression of GUS activity after electroporation-
mediated delivery of pBI 221 in germinating seed embryos of rice variety Basmati 370.

delivery method can be evaluated by studying
transient expression of the introduced gene.
Electroporated seed embryos of rice were,
therefore, cultured for various periods in order
to do time-dependent qualitative and
quantitative analysis of gus expression. GUS
activity in seedlings could be detected as early
as 1 day after electroporation and as late as 15
days after electroporation but the maximum
activity was found 4 days after electroporation
and there was a gradual decline subsequently
(Fig. 1). It should be noted that incubation of
embryos with DNA without electroporation also
results in enhanced GUS activity (e.g. on day 4
shoots of rice showed 830 pmoles 4-MU per mg
protein per h as compared to 250 pmoles 4-MU
per mg protein per h in controls). The increase
is, however, much lower as compared to
electroporation-mediated gene delivery. These
observations substantiate the results of Akella

and Lurquin (1993) in cowpea. Our results are
also in agreement with the observations in
electroporated immature embryos of maize as
these workers also find maximum activity of
the introduced gene 4 days after electroporation
(Songstad et al,  1993). Similarly,
electroporation of immature embryo of maize
(D’Halluin et al., 1992), wheat/rice (KIoti et
al., 1993), mature embryo of cowpea (Akella
and Lurquin, 1993) and rice leaf-base (Dekeyser
et al. ,1990) has resulted in maximum expression
of npt IT and gus gene between 2 and 7 days.

Differential expression of gus in various organs

Three days after electroporation, it was
possible to separate shoots and roots from the
seedlings. GUS activity was, therefore, measured
in shoot, root aswell as part of the endosperm
attached to seedling, separately (Fig. 1). A
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differential expression pattern of gus gene was
observed as the shoot expressed a higher GUS
specific activity than root; shoots showed a 2-6
folds higher activity than roots depending on
period of growth. The endosperm also showed
GUS activity which could also be contributed
by the adhering portion of shoot and root bases
in  close proximity to the endosperm.
Interestingly, the pattern of organ-specific
transient gene expression under the control of
CaMV 35S promoter is similar to that in
transgenic rice (Battraw and Hall, 1990).

Effect of cycloheximide on expression of GUS

To determine the time of active expression
of the introduced gene, an investigation was
conducted by transferring electroporated
embryos onto a medium containing 2 mM
cycloheximide, an inhibitor of protein synthesis,
at various times (0, 1 and 4 days) after
electroporation and the GUS activity in
shoots was then measured subsquently (Fig. 2).
It was observed that the embryos transferred
onto  cycloheximide immediately after
electroporation (0-day) exhibited 40-, 20- and
13-fold lower activity on the 4th, 8th and
15th days, respectively, in comparison to the
positive controls. When the embryos were
transferred 1 day after electroporation, the
GUS activity was higher but still several folds
lower than controls. A much higher level of
activity (50-80%) was found if embryos were
transferred to cycloheximide 4 days after
electroporation. These results indicate that the
active period of GUS expression occurs fairly
early in electroporated embryos which could
be arrested by cycloheximide. A delayed
exposure to cycloheximide causes a much
lower inhibition in GUS activity which could
be observed even after 15 days of electroporation,
possibly due to the stable nature of the
enzyme in vivo. The view about expression of
GUS early after electroporation is further
strengthened as a release from inhibition by
cycloheximide on the 8th day did not result in
any increase of GUS activity on 15th day (data
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Fig. 2. Effect of transfer of seed embryos to
medium containing cycloheximide, at 0, 1and
4 days after electroporation-mediated delivery
of pBI 221, on GUS activity in shoots of rice
variety Basmati 370. The activity was measured
on 4th, 8th and 15th days of culture after
electroporation.

not shown). Other investigators have also
reported early expression of cat gene in tobacco
(Prols et al., 1988) and gus gene in sunflower
(Kirches et al, 1991) protoplasts by using
cycloheximide (~2 mM). It is, therefore,

-~ likely that most of the template or transcript

is no more available for expression after longer
periods of gene delivery unless the gene is
integrated in the genome (Higgs and Colbert,
1993).

Histochemical localization of GUS

The delivery of gus gene by electroporation in
mature seed embryos was further confirmed by
histochemical localization of GUS activity.
Typical blue color appeared in whole seedlings
and various organs when seedlings and explants/
organs like the shoot-tip, first leaf and coleoptile
were incubated in the presence of X-gluc. In
four experiments, each with 50 embryos, as
many as 61+ 5% embryos expressed GUS activity
which is marginally less than the value reported
by Akella and Lurquin (1993). Extensive as
well as localized areas showing GUS activity
were observed (Fig. 3B-E). The controls
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Fig. 3. Histochemical localization of GUS activity in intact seedling and various explants after
electroporation-mediated gene (gus) deliveryin germinating seed embryos of rice variety Basmati
370. Seedlings from seed embryos electroporated in the absence (A) and presence (B) of
plasmid DNA and cultured for 4 days. Various explants i.e. Shoot (C), First leaf (D), and Coleoptile
(E) from seedlings electroporated in the presence of plasmid DNA. For C, embryos were cultured
for 2 days and for D and E, embryos were cultured for 4 days.
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exihibited no color (Fig. 3A). In the present
study histochemical localization showed patterns
similar to those reported for transgenic rice
since both shoot and root cells show GUS activity
(Battraw and Hall, 1990; Terada and Shimamoto,
1990).

In conclusion, the present study reveals
the potentiality of electroporation-mediated gene
delivery in mature seed embryos of rice for
transient expression which could be subsequently
used for transformation as well as gene regulation
studies. It is hoped that this method could
complement newly emerging techniques of gene
delivery into intact cell/tissue (Tépfer et al.,
1989; Dekeyser ef al., 1990; Christou et al.,
1991; Leeetal., 1991; Li et al., 1991; D’Halluin
et al., 1992; Kaeppler ef al., 1992; Akella and
Lurquin, 1993; Kléti et al., 1993; Songstad ef al.,
1993), some of which have already been used
successfully for plant transformation.
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