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ABSTRACT

A protocol for the in vitro culture of Cucurbita pepo cv. Caserta
was studied, using a cotyledon segment with an attached hypocotyl
fragment as an explant. First, to determine the optimal seedling age,
explants were collected from 4 to 6-day-old in vitro germinated
seedlings and cultured in MS basal medium supplemented with
benzylaminopurine (BAP, 4.5 pM), under a 16-h photoperiod at
27°C. Based on the results obtained, the explants collected from
the 4-day-old seedlings were then cultured in MS basal medium
supplemented with different concentrations of BAP (0, 1.1,2.2, 3.3,
4.5, or 5.5 uM) and incubated under a 16-h photoperiod at 27°C. In
vitro organogenesis was most efficient with explants collected from
4-day-old seedlings cultured in medium supplemented with 4.5 uM
of BAP. After 4 weeks of incubation the development of adventitious
buds at the cotyledon/hypocotyl junction could be observed. These
buds were transferred to elongation and rooting medium and the
developed plants were acclimatized to greenhouse conditions. The
morphogenic process was characterized using light and scanning
electron microscopy analyses to confirm the organogenesis. The
results showed that this alternate explant is efficient for in vitro culture
of zucchini squash cv. Caserta. The protocol will be further examined
for future use in genetic transformation experiments in this species.

Keywords: adventitious buds, cotyledon attached to hypocotyl,
Cucurbita pepo, in vitro culture.

RESUMO
Organogeénese in vitro de abobrinha-de-moita cv. Caserta

O objetivo do trabalho foi estudar um protocolo para o cultivo
in vitro de Cucurbita pepo cv. Caserta utilizando como explante um
segmento de cotilédone associado a um fragmento do hipocétilo.
Explantes foram coletados de plantulas germinadas in vitro com4 a 6
dias de idade, cultivados em meio de cultura basal MS suplementado
com benzilaminopurina (BAP, 4,5 uM), e incubados sob fotoperiodo
de 16 h, a27°C. Com base nos resultados obtidos, explantes coletados
de plantulas germinadas in vitro com 4 dias de idade foram cultivados
em meio de cultura MS, suplementados com diferentes concentragoes
de BAP(0; 1,1;2,2; 3,3; 4,5 ou 5,5 pM), e incubados sob fotoperiodo
de 16 h, a 27°C. Apos 4 semanas de incubacgdo, foi possivel detectar
o desenvolvimento de gemas adventicias na jun¢ao do cotilédone e
hipocotilo. As gemas adventicias desenvolvidas foram transferidas
para meio de cultura de alongamento e enraizamento e as plantas
obtidas foram aclimatizadas para condi¢des de casa-de-vegetacao.
O processo morfogénico foi caracterizado por analises de micros-
copia otica e eletronica de varredura, confirmando a organogénese.
Os resultados obtidos mostram a eficiéncia do protocolo no cultivo
in vitro de abobrinha-de-moita cv. Caserta utilizando este explante
alternativo. O protocolo serd testado, no futuro, para experimentos
de transformac@o genética desta espécie.

Palavras-chave: Cucurbita pepo, cotilédone ligado ao hipocotilo,
cultivo in vitro, gema adventicia.
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he Cucurbitaceae are an important

plant family worldwide, comprising
more than 120 genera (Teppner, 2004).
In Brazil, four genera are cultivated:
Cucumis, Citrullus, Sechium, and
Cucurbita (Queiroz, 2004). The genus
Cucurbita includes three economically
important species: C. moschata, C.
maxima, and C. pepo (Paris, 2005).

The producers and consumers in
Brazil prefer Cucurbita pepo with a
commercial production of 19,690,000
tons in 2010 (Ceagesp, 2011). This
production is primarily of cv. Caserta
and is concentrated in the Southeast
region (Filgueira, 2003). The states of
Sdo Paulo and Minas Gerais are the
leading producers (Camargo Filho et
al., 2003).

A wide range of pathogens hamper
the cultivation of C. pepo, with more
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than eight different viruses infecting
the crop (Kurozawa & Pavan, 1997).
Among these viruses, Papaya ringspot
virus (PRSV) and Zucchini yellow
mosaic virus (ZYMV) are the most
important due to their prevalence and
the degree of damage caused, which
reduces crop and fruit quality. The
control of these viruses is difficult
and conventional breeding has not
succeeded in producing new varieties
with resistance to more than one virus
species (Gaba ef al., 2004).

Recently, genetic engineering has
been presented as an alternative for
obtaining plants that are resistant to
viral diseases; this approach has been
widely applied in cucurbit breeding
(Tricoli et al., 1995; Compton et al.,
2000; Klas et al., 2006). However, the
use of this biotechnological tool requires

an efficient in vitro culture system that
allows plant regeneration.

An in vitro culture system for
C. pepo was first described using
hypocotyl segments as explants, with
plant regeneration occurring via somatic
embryogenesis (Jelaska et al., 1985).
Due to the difficulties in obtaining and
culturing somatic embryos, alternative
protocols for plant regeneration via
organogenesis have been studied.
These protocols used cotyledon or
hypocotyl segments collected from in
vitro germinated seedlings, explants of
high organogenic competence. Although
these protocols succeeded in plant
regeneration, the efficiency was low,
and the development of structures with
multi-fold leaves and no shoot apex was
common (Kim et al., 2000).

To improve adventitious bud
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formation and plant development
Ananthakrishnan et al. (2003) suggested
the use of a novel explant consisting of
a cotyledon segment with an attached
hypocotyl fragment. These explants
were collected from in vitro germinated
seedlings, and the shoot apices were
carefully removed.

The present work is intended to
examine the efficiency of the use of
an explant cotyledon with an attached
hypocotyl fragment in the in vitro
organogenesis of the Brazilian C. pepo
cv. Caserta (zucchini squash). The age
of the seedlings used for the explants
and the cytokinin culture medium
supplementation were evaluated. The
morphogenesis was characterized
through histological analyses.

MATERIAL AND METHODS

The mature seeds of C. pepo cv.
Caserta (CAC Melhorada; Sakata,
Brazil) were peeled and surface sterilized
in a hypochlorite solution (0.6%) for
15 minutes, followed by 3 rinses with
sterilized distilled water. The seeds
were germinated on MS basal medium
(Murashige & Skoog, 1962) incubated
under a 16-h photoperiod (63 pmol m3s™)
at 27°C. The explant preparation was
performed under a laminar flow hood
using a stereo microscope. Each explant
consisted of a cotyledon segment with
an attached hypocotyl fragment. The
explants were collected from seedlings
germinated for 4-6 days and cultured in
MS basal medium supplemented with
benzylaminopurine (BAP 4.5 uM).

Based on the results obtained by
experimentally varying the age of the
seedlings, explants collected from
4-day-old seedlings were cultivated in
Petri dishes (100 x 15 mm) containing
MS basal medium supplemented with
BAP(0,1.1,2.2,3.3,4.5,0r 5.5 uM). An
evaluation was performed after 4 weeks
of incubation and the mean number of
responsive explants per treatment was
determined. The experimental design
was completely randomized with 7
replicates. Each replicate consisted
of one Petri dish with 6 explants,
totaling 42 explants per treatment.
The material was incubated at 27°C
under a 16-h photoperiod (63 pmol
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m2s?). The experiments were repeated
twice, and the data were subjected to
regression analyses. The adventitious
buds developed were transferred to MS
basal medium supplemented with BAP
(0.44 uM) and gibberellic acid (GA,
2.88 uM) for shoot elongation. Shoots
grown to 1 cm in length were transferred
to MS basal medium supplemented
with indole-butyric acid (IBA-4.9 uM)
for rooting. Plantlets grown to 5 cm in
length were acclimatized to greenhouse
conditions.

The explants cultivated in induction
medium containing 4.5 uM BAP were
sampled after 20 days in culture. For
light microscopy (LM), the samples
were fixed in paraformaldehyde
(4%) under refrigeration, for 5 days.
Dehydration was conducted at room
temperature in a series consisting
of 100% methylcellosolve, ethanol,
propanol, and butanol, followed by
infiltration in a butanol:infiltration
medium (1:1) mixture (Historesin,
Leica, Heidelberg, Germany) at
4°C overnight. The infiltration was
completed in 100% infiltration medium
for 48 h. Polymerization was conducted
at room temperature for 24-48 h. Serial
sections (5 um) were prepared using a
rotary microtome (Leica RM2155) with
a steel carbide knife. The sections were
floated on water droplets and dried on
a hot plate (40°C). The material was
stained with toluidine blue (0.05%)
and rinsed in distilled water for general
observation. For scanning electronic

microscopy (SEM), the samples were
fixed in a glutaraldehyde (2%) sodium
cacodylate buffer (0.1 M, pH 7.2). After
fixation, the samples were dehydrated in
an ethanol series and critical point-dried
using carbon dioxide. These samples
were mounted on aluminum stubs,
sputter coated with gold (30-40 nm), and
observed under a LEO 0P435 electronic
microscope (Carl Zeiss, Jena, Germany)
at 20 kV. For both light and scanning
microscopy five explants were sampled
and analyzed.

RESULTS AND DISCUSSION

The highest number of responsive
zucchini squash explants was obtained
with those collected from 4-day-old
seedlings (50%). The percentage of
responsive explants decreased to 27.8
and 11.1% with the use of 5 and 6-day-
old seedlings, respectively. The age of
the seedlings used for the explants is
an important factor in cucurbit in vitro
regeneration. The use of seedlings older
than 4-5 days for collecting the explants,
resulted in a decrease in the rate of shoot
induction for winter squash (C. maxima)
(Lee et al., 2003), watermelon (Citrullus
lanatus) (Compton, 2000), C. moschata
x C. maxima (Sarowar et al., 2003), and
Cucumis sativus (Kim et al., 2000). This
result was also confirmed by our data
using C. pepo cv. Caserta, showing that
the explant age has a profound effect on
in vitro organogenesis.
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Figure 1. Efficiency of in vitro organogenesis of Cucurbita pepo cv. Caserta considering
culture media supplementation with different concentrations of benzylaminopurine (BAP)
(eficiéncia da organogénese in vitro de Cucurbita pepo cv. Caserta considerando-se a suple-
menta¢do do meio de cultura com diferentes concentragdes de benzilaminopurina (BAP)).

Piracicaba, CENA-USP, 2009.
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Figure 2. Stages of in vitro organogenesis of Cucurbita pepo cv. Caserta (estagios da organogénese in vitro de C. pepo cv. Caserta); a-b) initial
explant consisted of cotyledon segment with a hypocotyl fragment attached (explante inicial, segmento de cotilédone associado a fragmento
do hipocétilo); c) callus development after 7-10 days in culture (desenvolvimento de calo apés 7-10 dias de cultura); d) adventitious bud
developed after four weeks in culture (desenvolvimento de gema adventicia apds 4 semanas de cultura); e) plantlet developed in elongation
and rooting culture medium (plantula desenvolvida em meio de cultura para alongamento e enraizamento); f) acclimatized plant (planta
aclimatizada); g-h) scanning electron micrographs showing adventitious bud development with tricomes (microscopia eletronica de varredura
mostrando o desenvolvimento de gemas adventicias com tricomas); i—1) histological sections of adventitious buds showing explants (¢) leaf
primordial (Ip), shoot apical meristem (sm), callus (ca) development (i-1) corte histologico de gemas adventicias mostrando explante (e),
primérdio foliar (Ip), meristema apical (sm) e desenvolvimento de calo (ca)). Bars (barras) =30 pm (h); 50 um (i-1); 100 pm (g); 200 um
(c); 1 mm (b, d). Piracicaba, CENA-USP, 2009.
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The supplementation of the culture
medium with cytokinin was essential
for adventitious bud development in this
work. In the absence of BAP, the explants
did not exhibit any shoot growth, and the
number of responsive explants increased
with BAP concentrations up to 4.5 pM
(Figure 1).

The in vitro organogenesis of
cucurbits has been performed using
cotyledon segments as explants.
Although shoot development occurs
quite frequently, shoot elongation and
rooting are difficult (Stipp et al., 2001;
Yalcin-Mendi et al., 2003; Krug ef al.,
2005). Ananthakrishnan et al. (2003)
reported the successful use of a new type
of explant for the in vitro organogenesis
of C. pepo. The data presented in our
work confirm the efficacy of this new
explant (cotyledon segment with an
attached hypocotyl fragment) in the
organogenesis of C. pepo cv. Caserta, the
most commercially important zucchini
squash cultivar in Brazil. Figures 2a-b
illustrate the use of a cotyledon segment
with an attached hypocotyl fragment as
an explant in these experiments. After
3-4 days in culture, the explants had
become enlarged and turned green.
After 7-10 days, callus formation could
be detected at the junction between the
hypocotyl and cotyledon (Figure 2c¢).
Adventitious bud development could be
detected after 4 weeks in culture at the
cotyledon/hypocotyl junction (Figure
2d). The efficacy of this new cucurbit
explant could also be associated with
the presence of the proximal part of the
cotyledon. This region has shown a high
competence for shoot bud development
in C. maxima (Lee et al.,2003), C. pepo
(Ananthakrishnan et al., 2003), and
Citrullus lanatus (Compton & Gray,
1993).

The efficiency of explants
regeneration also depends on the
genotype, as not all cultivars of a genus
or species respond equally well to a
specific procedure. Kathiravan et al.
(2006) conducted experiments with
15 C. pepo cultivars and reported an
explant responsiveness ranging from 22-
94%, with a rate of shoot regeneration
per responding explant of 1.2-3.9. Our
data with cv. Caserta showed that an
explant responsiveness of 57% is a
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good proportion considering that most
of the developed shoots elongated and
generated complete plants with a mean
of 3.6 plants per responsive explants.
The plants obtained after transferring
the shoots to elongation and rooting
media (Figure 2e) were acclimatized
with success (Figure 2f).

The characterization of the process
using microscopical analyses confirmed
the de novo regeneration through the
organization of meristematic regions and
further adventitious bud development,
with an apical meristem, leaf primordia
and vascular connections in the explant
tissue (Figures 2i-1). The analyses using
scanning electron microscopy showed
bud development through the callus
phase from the junction between the
hypocotyl and cotyledon with numerous
trichomes (Figures 2g-h).

The histological analyses revealed
the development of monopolar structures
with vascular connections in the original
explant tissue, which is characteristic
of the organogenic process. Notably,
the development of protuberances and
multi-fold leaves with no development
of the shoot apex was not observed, as
has been reported for cucurbit species in
previous studies (Kim et al., 2000; Stipp
etal.,2001; Yalcin-Mendi et al., 2003).
The search for explants that are more
adequate for in vitro organogenesis was
also reported for passion fruit (Fernando
et al., 2007). In this crop, the low
frequency of in vitro bud elongation was
likely a consequence of the regeneration
of leaf structures on the surfaces of
explants, which can be erroneously
interpreted as buds that do not elongate
(Fernando et al., 2007).

The in vitro organogenesis of zucchini
squash cv. Caserta was obtained using
anovel explant comprising a cotyledon
segment with an attached hypocotyl
fragment. The in vitro regeneration
protocol presented in this work for
zucchini squash cv. Caserta is potentially
useful for the genetic transformation of
this species, to obtain transgenic plants
resistant to viral diseases.
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