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Embryogenic responses of Vitis spp.: Effects of genotype and polyvinylpyrrolidone
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Summary: Somatic embryos were obtained from leaf discs excised from cv. Seyve Villard 5276 (Vitis sp.) and from a Brazilian
interspecific hybrid derived from Madalena (¥itis sp.) and Magnolia (¥, rotundifolia). Experimental procedures were conducted according
to HARST (1995) except that phenylalanine was replaced by polyvinylpyrrolidone which improved the embryogenic response of cultivar
SV-5276. Standard somatic embryogenesis was confirmed by histological and ultrastructural analysis which also revealed teratological
embryonic development. Secondary embryos were observed and documented by scanning microscopy.
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Introduction

Grape is very heterozygous and exhibits pronounced
inbreeding depression. In its life cycle the juvenile period is
remarkably long, thus in vitro genetic manipulation of so-
matic and/or zygotic cells may contribute to shorten the
time for genetic improvement either by supplementing and
enhancing existing breeding techniques or by circumvent-
ing methods altogether (Gray and MerepitH 1992). Although
both embryogenic and organogenic pathways of regenera-
tion are well documented, morphogenesis is highly species
dependent and plant recovery from somatic embryos remains
limited to a few responsive genotypes in the genus Vitis
(Stamp and MEerEDITH 1988; FAURE 1990; GOEBEL-TOURAND
etal. 1993; FAURE et al. 1996 a, b). Several media have been
tested in order to enhance regeneration efficiency in grape:
Mauro et al. (1986) reported beneficial effects of hydrolyzed
casein in the induction stage of somatic embryogenesis and
higher percentages of anther-derived embryos and plantlets
after adding glutamine, phenylalanine and adenine; HaRrsT
(1995) observed superior embryogenic responses from leaf
discs, due to the influence of 2.5 mM DL-phenylalanine (PHE).
In addition, polyvinylpyrrolidone (PVP, MW 40,000) in pro-
toplast cultures was shown to avoid the accumulation of
phenolics thereby increasing microcalli formation (REUSTLE
and NATTER 1994).

The aim of this work was to verify the morphogenetic
responses of three genotypes: Vitis vinifera cv. ltalia, a
French hybrid (cv. Seyve Villard 5276) and a Brazilian hy-
brid. As cv. SV-5276 has been successfully used as a pro-
genitor to produce wine grapes in South Brazil we tested the
protocol described by HarsT (1995) to improve its ability to
morphogenesis. In addition the effects of PVP were evalu-
ated.

Material and Methods

Plant material: Dormant Vitis shoots were exposed
to a chilling treatment (2 °C) for 2 months to induce bud
burst. Shoot apices were collected and surface-sterilized by
immersion in 70 % ethanol for 5 min followed by immersion
in 1.2 % NaOCl for 20 min. Explants were rinsed 4 times for
10 min each in sterile water and in a citric acid solution
(25 mg'1"!, 10 min) and placed on a 0.5 x MS medium
(MurasHIGE and SkooG 1962) supplemented by 2.5 UM ben-
zyl aminopurine (BAP). Vigorous apices were selected and
monthly transferred to the same medium devoid of hormones.
Leaf discs (7 mm diameter) were excised from in vitro-grown
grapevine plants, cv. Italia, cv. SV-5276 and from a Brazilian
hybrid derived from Madalena (Seibel 11342 x Moscatel
Branco, a Vitis vinifera cultivar) and Magnolia (Vitis rotun-
difolia).

Leaf discs were placed with their adaxial side in contact
with the induction medium, denoted M-1, in Petri dishes
(90 mm x 20 mm, 10 explants per plate) containing 20 ml of
basal NN (Nitsca and NitscH 1969) supplemented with
naphthoxyacetic acid (NOA, 4.0 mg-1-"), thidiazuron (TDZ,
0.9 mg-1'"), according to HarsT (1995) and Phytagel solidi-
fied (Sigma, 1.8 g-I'"). PVP was added at 5 g:1"' to M-1 me-
dium. Cultures were maintained at 25 £ 3 °C in the dark.
Every 4 weeks explants were transferred to fresh NN basal
medium. The number of replicates (plates) varied due to dif-
ferences in the availability of plant material and were two
(Italia), 4 (Brazilian hybrid) and 5 (SV-5276).

Two additional experiments were carried out with cv.
SV-5276. In the first, PVP (10 g1'') was added to the
M-1 medium of plates with 10 leaf discs each. The trial was
replicated 12 times. Ten weeks later, the number of somatic
embryos per explant and plate was determined. The devel-
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Fig. 2: A. Scanning electron micrograph of a giant somatic em-
bryo (cv. Seyve Villard 5276) exhibiting a multicotyledonary crown
and secondary embryos emerging from the region between
hypocotyl and root (bar = 2mm). B. Longitudinal section of the
giant embryo showing several cotyledons, absence of shoot
meristem and two globular secondary embryos (arrow,
bar = 540 pm). C and D. Scanning electron micrograph
(bar = 1 mm) and longitudinal section (bar = 200 um) of globular
secondary embryos.

Discussion

A common problem in inducing grapevine somatic em-
bryogenesis and conversion into plants is the strong de-
pendence on genotype (Stamp and MEreDITH 1988). Accord-
ing to HarsT (1995) Seyval blanc shows a high frequency of
embryogenic explants (75 %) while this frequency can de-
crease to 15 % for Chancellor and to 25 % for other species,
e.g. Vitis thumbergii.

The favorable effect of PVP on the embryogenic re-
sponse of SV-5276 was firstly demonstrated in this work.

No favorable effects of PHE (a precursor of phenols)
were detected on the embryogenic response. In the absence
of PVP, PHE was not able to stimulate explants to respond,
probably due to the increased phenol levels caused by PHE.
Our results differ from those of Harst (1995) who used cv.
Seyval blanc, supporting the idea of a strong genotype ef-
fect on grapevine morphogenic responses.

Histological studies confirmed that the in vitro re-
sponses correspond to somatic embryogenesis due to an
establishment of bipolarity of embryo-like structures which
have no vascular connection with maternal tissues. It is sup-
posed that embryogenesis proceeded from single cells since
embryoids were attached by a narrow suspensor-like organ.
In culture, somatic embryos passed through globular, heart-
shaped, torpedo, T+ and some acquired giant shapes as
proposed by FAURE et al. (1996 a, b).

In addition, torpedo somatic embryos had less differen-
tiated structures and small and flattened shoot apical
meristem. Subsequently, the apical meristem showed a dome
shape and cotyledons were expanded. These two forms were
concomitant. Shoot apex differentiation was noted after the
torpedo state and a multicotyledonary crown was recog-
nized in advanced stages. Besides regular embryoids, oth-
ers showed teratological features as reported by FAURE ef al.
(1996 a,b).

During the passage from torpedo to giant stage some
alterations were noted, especially those typical of zygotic
precocious germination (FINKELSTEIN and CroucH 1984): an-
ticipated root development and interruption in meristematic
activity at the shoot apex. The block of somatic embryo
conversion could be due to precocious germination leading
to abnormal structure and activity of the shoot meristem.

Moreover, heterogeneity of form and growth of SV-5276
somatic embryos were observed in cultures developed from
young leaves of clone CH76 of V. vinifera cv. Chardonnay,
as reported by GoEBEL-TOURAND et al. (1993). Some terato-
logical aspects previously described in grapevine cultures,
such as precocious differentiation of tracheary elements and
the absence of a well-defined protodermic layer were also
observed. This study describes the formation of secondary
and tertiary embryos over long periods, directly from the
epidermis of the hypocotyl region. Similar results were ob-
tained by Passos (1991) using different genotypes and cul-
ture conditions. It appears that direct embryogenesis of uni-
cellular origin is a valuable prerequisite for grapevine ge-
netic transformation.
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