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Embryogenie 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 ( Vitis sp.) and Magnolia (V rotundifolia ). Experimental procedures were conducted according 
to HARST ( 1995) except that pheny1a1anine was replaced by polyvinylpyrrolidone which improved the embryogenic response of cultivar 
SV -5276. Standard somatic embryogenesiswas confirrned by histological and ultrastructural analysis which also revealed teratological 
embryonie 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 andlor 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 MEREDITH 1992). Although 
both embryogenic and organogenic pathways of regenera
tion are weil 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 MEREDITH 1988; FAURE 1990; GoEBEL-TouRAND 
et al. 1993; FA URE 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 ofhydrolyzed 
casein in the induction stage of somatic embryogenesis and 
higher percentages of anther-derived embryos and plantlets 
after adding glutamine, phenylalanine and adenine; HARST 
(1995) observed superior embryogenic responses from leaf 
discs, due to the influence of2.5 mM DL-phenylalanine (PHE). 
In addition, polyvinylpyrrolidone {PVP, MW 40,000) in pro
top last cultures was shown to avoid the accumulation of 
phenolics thereby increasing microcalli formation (REusTLE 
and NATTER 1994). 

The aim oftbis work was to verify the morphogenetic 
responses of three genotypes: Vitis vinifera cv. Italia, 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 

P 1 an t m a t e r i a I : Dormant Vitis shoots were exposed 
to a chilling treatment (2 oq for 2 months to induce bud 
hurst. 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 tim es for 
10 min each in sterile water and in a citric acid solution 
(25 mg·J- 1, 10 min) and placed on a 0.5 x MS medium 
(MuRASHJGE and SKOOG 1962) supplemented by 2.5 )lM ben
zyl aminopurine (BAP). Vigorous apices were selected and 
monthly transferred to the samemedium devoid ofhormones. 
Leaf discs (7 mm diameter) were excised from in vitro-grown 
grapevine plants, cv.ltalia, 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 (NITSCH and NrTscH 1969) supplemented with 
naphthoxyacetic acid {NOA, 4.0 mg·J- 1), thidiazuron (TDZ, 
0.9 mg·l-1), according to HARST (1995) and Phytagel solidi
fied (Sigma, 1.8 g·J- 1). PVP was added at 5 g·l-1 to M-1 me
dium. Cultures were maintained at 25 ± 3 oc 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 
(ltalia), 4 (Brazilian hybrid) and 5 (SV -5276). 

Two additional experiments were carried out with cv. 
SV-5276. In the first, PVP (10 g·l- 1) was added to the 
M-1 medium ofplates with 10 leafdiscs each. The trialwas 
replicated 12 times. Ten weeks later, the number ofsomatic 
embryos per explant and plate was determined. The devel-
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opmental stage of embryos was evaluated according to 
Faure's classification, i.e. globular, heart, torpedo and T+ 
(F AURE et al. 1996 a, b ). Embryos were induced to germinate 
in NN basal medium below fluorescent tubes (16 h.d- 1, 

30 j..lmol·m2·s·1 ). In the second experiment, 4 treatments were 
used, all with 5 replications and 10 leaf discs per plot: 
M-1 medium (control); M-1 + PHE (2.5 mM); M-1 + PVP 
(5 g·I- 1); M-1 + PHE (2.5 mM) + PVP (5 g·I-1). Embryos pro
duced in these cultures where transferred to half-strength 
MS medium, under light. 

For histological analysis, somatic embryos (typeT+ and 
giant ones) and callus samples from SV -5276 were collected 
after 10 weeks of culture, at the time oftransference to fresh 
medium. Sampies were fixed in Karnovsky solution 
(KARNOVSKY 1965), dehydrated in ethanol and glycol meth
acrylate (Reichert-Jung) was infiltrated. Once polymerized, 
sections of 5 j..lm thickness were obtained with a rotary mi
crotome (Leica) and stained in toluidine blue. For scanning 
electron microscopy, somatic embryos were dehydrated in 
ethanol, dried to a critical point (C02) and attached to alu
minium stubs. Specimen were coated with gold (30-40 nm 
layer) and examined in a SEM (Zeiss, DSM940A, 5 kV). 

Results 

On the 28th day of culture, the Brazilian hybrid showed 
conspicuous callus formation (1 00% frequency) at the sur
face ofleaf discs . This responsewas also observed for Italia 
but the calli were smaller and oxidation occurred in the me
dium. SV -5276 exhibited a tendency to develop small brown
ish callus from the wounded area that evolved for a typical 
embryogenic culture as described by STAMP and MEREDITH 
( 1988) after 8 weeks. Somatic embryos were observed 15 d 
later. Altematively, this response was not observed in the 
other two genotypes. 

-

Conceming SV-5276, the mean numberofsomatic em
bryos produced per leaf disc placed on M-1 containing PVP 
at 10 g·J· 1 was 95.5 ± 13.4. Five percent ofthese embryos 
were characterized as T + and giants. Most of them presented 
teratological morphology and failed to germinate. Twenty 
percent ofthe embryostransferred to the light regime devel
oped into entire plants after 80 d. 

In the control treatments, PVP (5 g·I- 1) andPHE (2.5 mM) 
+ PVP (5 g·I-1) the first somatic embryos wereobserved after 
8 weeks. Approximately 6 % of the embryos produced in 
media containing PVP, developed into entire plants. Embryo 
formation was stimulated by PVP and occurred at high fre
quency (82 %) compared to control (40 %). PHE inhibited 
the embryogenic response even in the presence of PVP 
(16 %). 

Longitudinal sections of the white embryo-like struc
tures visible at the surface of cultures were similar to globu
lar and heart stage of grape zygotic embryos, those at an 
advanced stage presenting suspensors. 

The process of embryo formationwas not synchronous. 
Some were bipolar showing a small and flattened shoot apex 
while some presented hypocotyledonary apex and expanded 
cotyledons exhibiting a dome-like meristematic region. Most 
of the T + developing embryos had more than two cotyle
dons (Fig. 1 A, B). The !arge size ofT+ was due to an in
crease in the number of cell layers of the fundamental 
meristem (Fig. I B). These embryos had a poorly defined 
protodermis since some sectorsstill presented dividing cells 
(Fig. I C, arrow). Arrows in Fig. 1 C and D indicate surface 
accumulation of phenolic substances and tracheary element 
differentiation in the hypocotyledonary axis, respectively. 
T + embryos continued to germinate showing development 
ofroots and hypocotyls, assuming a giant shape (Fig. 2 A). 
These embryos presented a multicotyl-edonary crown and 
shoot meristemwas absent. Several secondary embryos were 
formed from the joined portion between hypocotyl and root 
(Fig. 2 B, arrow, C and D). 

Fig. I: Two longitudinal serial sections ofthe same T + somatic embryo (Seyve Villard 5276). A. Presence 
of more than two cotyledonary leaves and the absence of shoot meristem (bar= 540 iJ.m). B. Hypocotyl 
expansion, partial protodermic layer disorganization and precocious differentiation ( arrow) ofthe tracheary 
elements (bar= 540 iJ.m). C. Detail of the protodermis exhibiting cell divisions (arrow, bar= 52 iJ.m); 

D. Differentiation ofthe tracheary elements (arrow, bar= 100 iJ.m). 



Embryogenie responses of Vitis spp. 49 

Fig. 2: A. Scanning electron micrograph of a giant somatic em
bryo ( cv. Seyve Villard 5276) exhibiting a multicotyledonary crown 
and secondary embryos ernerging 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 J.tm). C and D. Scanning electron micrograph 
(bar= 1 mm) and longitudinal section (bar= 200 J.tm) of globular 

secondary embryos. 

Discussion 

A common problern 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 ofSV -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 
ofPVP, PHE was not able to stimulate explants to respond, 
probably due to the increased phenollevels 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 ofbipolarity of embryo-like structures which 
have no vascular connection with matemal tissues. It is sup
posed that embryogenesis proceeded from single cells since 
embryoids were attached by a narrow suspensor-like organ. 
In cu1ture, somatic embryos passed through g1obu1ar, heart
shaped, torpedo, T + and some acquired giant shapes as 
proposed by F AURE 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 F AURE et al. 
(1996a,b). 

During the passage from torpedo to giant stage some 
alterations were noted, especially those typical of zygotic 
precocious germination (FTNKELSTEIN 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 ofthe shoot meristem. 

Moreover, heterogeneity ofform 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 oftracheary elements and 
the absence of a well-defined protodennie layer were also 
observed. This study describes the formation of secondary 
and tertiary embryos over long periods, directly from the 
epidermis ofthe hypocotyl region. Similar results were ob
tained by PAssos (1991) using different genotypes and cul
ture conditions. It appears that direct embryogenesis ofuni
cellular origin is a valuable prerequisite for grapevine ge
netic transformation. 
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