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Abstract Transgenic grape plants were regenerated from somatic embryos derived from leaves of in vitro-grown plants
of ‘Thompson Seedless’ grapeMitis vinifera L.) plants. Somatic embryos were either exposed directly to engineered
Agrobacterium tumefaciensr they were bombarded twice with 1Hm gold particles and then exposed tA. tumefaciens
Somatic embryos were transformed with either the lytic peptide Shiva-1 gene or the tomato ringspot virus (TomRSV) coat
protein (CP) gene. After cocultivation, secondary embryos proliferated on Emershad/Ramming proliferation (ERP)
medium for 6 weeks before selection on ERP medium containing gi9-mL-*kanamycin (kan). Transgenic embryos were
identified after 3 to 5 months under selection and allowed to germinate and develop into rooted plants on woody plant
medium containing 1pm 6-benzylaminopurine, 1.5% sucrose, 0.3% activated charcoal, and 0.75% agar. Integration of
the foreign genes into these grapevines was verified by growth in the presence of kanamycin (kan), posifive
glucuronidase (GUS) and polymerase chain-reaction (PCR) assays, and Southern analysis.

In the United States, seedless grapes represent about 80%rdaedrity would not be compromised by the transgene or the
98% of the total table and raisin grape production, respectivaigertion event. Such a change could also reduce pesticide use for
(California Table Grape Commission, 1995). Only a few seedl@ssignificant portion of grape production.
cultivars make up this production, of which ‘Thompson Seedless’Incorporating beneficial genes into established grape cultivars
is the most important. This cultivar accounts for the most prodisa goal of many research programs (Baribault et al., 1990; Clog
tion of any single grape variety in the United States. In 1992,al., 1990; Hébert et al., 1993; Mullins et al., 1990; Stamp et al.,
‘Thompson Seedless’ was grown on 263,621 acres in Califorh00). While several recent reports demonstrated successful re-
(California Agricultural Statistics Service, 1993). Thirty-five pergeneration of transgenic grapevines (Kikkertetal., 1995; Krastanova
cent of the table grape production in California in 1994 wasal., 1995) there are no documented reports of successful trans-
‘Thompson Seedless’ (23,244,683 boxes, 10 kg/box). In 198%mation of a majoVitis vinifera scion cultivar. We recently
97% of the grapes grown for raisin production was ‘Thompsoeported the transformation of grape somatic embryos derived
Seedless’ (Raisin Administrative Committee, 1994). from zygotic embryos (Scorza et al., 1995). In the current report we

While improving grape is possible by conventional breedingdéscribe the use of this method for transforming somatic embryos
is difficult and time consuming due to the 2- to 3-year generatiderived from ‘Thompson Seedless’ in vitro-grown leaves.
cycle, the long period of time required for reliable progeny testing
and selection, and inbreeding depression that prohibits selfing Materials and Methods
(Gray and Meredith, 1992). These characteristics make introgres-
sion of desirable traits into existing grape cultivars difficult if not Plant materials and culturéeaves from ‘Thompson Seedless’
impossible to achieve in an individual breeder’s lifetime. Thus, threvitro cultures were used to produce somatic embryos following
alternative, and potentially less time-consuming, approachtleé method of Stamp et al. (1990). Briefly, expanding leaves 0.5
using gene transfer to insert desirable genes is particularly prem-long excised from in vitro-grown shoots were cultured on a
ising for grape, even considering the time necessary for fiembdified Nitsch and Nitsch (1969) (NN) mediwvith 5um 2,4-D,
testing transgenic lines. The ability to improve the disease and/pm BA, 60 g-L-*sucrose, 2 g-Lactivated charcoal, and 7 gtagar
pest resistance of a major grape cultivar such as ‘Thompgoltrapure, USB, Cleveland), pH 5.7. After a 3- to 12-week culture
Seedless’ offers the possibility of improving a large portion of tiperiod, somatic embryos formed. These were transferred to a
grape production in a relatively short time, assuming that cultivaodified Murashige and Skoog (1962) (MS) medium with 120

g-L* sucrose, 2 gtactivated charcoal, and 7 g*bgar, pH 5.7.
- - fter 3 years of continual culture on the modified MS medium with
?c?siec;\flzﬂ{)%;E?nbg;l?ﬁtslo;aise:\‘ v?/\elx'sl(?egf?éﬁgg ?r? fﬁf%ﬁi";iﬂ%lﬁ?;epbaglf ?:?1;;2 1sfers each 4 to 6 weeks, somatic embryos were transferred to
Under postal regulations, this paper therefore must be hereby naatkedise- Emershad and Ramming proliferation (ERP) medium (Emershad
mentsolely to indicate this fact. and Ramming, 1994) for several transfers and then exposed to
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resuspended in a medium consisting of MS
salts, 20 g-t* sucrose, 10fim acetosyringone,
and 1.0 nv betaine phosphate and shaken for
LB about 6 h at 20C before use. After bombard-
nos |—p ment, or in the nonbombarded treatment, so-
matic embryos were immersed in the resus-
pBPRS1 pendedA. tumefaciensulture. After 15 to 20
min, theA. tumefaciensulture was removed
and the somatic embryos were placed onto
cocultivation medium (ERP medium contain-
ing 100 um acetosyringone). Somatic em-
bryos were cocultivated for 2 days and then
washed with liquid ERP medium (without
charcoal) containing 30@y-mL* cefotaxime
and 200ug-mL* carbenicillin. Somatic em-
bryos were plated on agar-solidified ERP
medium (0.75% ultrapure agar) with the anti-
- Y biotics as above. All somatic embryo cultures
nos T wpT i [ rios [ camv =p [nos . AL were allowed to proliferate for two passages
. i | [Camy [TomRsv.ce ] Catay J ous [ nos |, (3weeks each) before being placed onto selec-
tion medium. Selection was carried out on
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Fig. 1. Partial maps of the T-DNA regions of pGA482GG/cpTomRSV and pBPRS1. 40pug-mLkan.

Transformation confirmatiaTransforma-
transformation treatments. After cocultivation and selection tan of somatic embryos and shoots produced after somatic embryo
ERP medium, putatively transformed embryos were inducedgermination was assayed by growth on kan-containing medium
germinate and root on woody plant medium (LIoyd and McCowand through a histological GUS assay (Jefferson 1987). Leaves
1981) with 15 g-t* sucrose, lum BA, 3 g-Lt activated charcoal, sampled from plants growing in vitro were cultured for 1 week in
and 7.5 g-t*agar, pH 6.0, following the protocol of Emershad arifjuid LB medium to assay for the presence of contaminating
Ramming (1994). tumefaciensAfter rooting and transfer to the greenhouse, plants

Agrobacterium strain and plasmid descriptiolmfeAgrobac- were subjected to PCR and Southern analyses.
terium tumefacienstrains used were EHA101 and EHA105 PCR amplification was conducted on DNA isolated from
(supplied by E. Hood) (Hood et al., 1986) containing plasmiglaves of putatively transformed grape plants. Specific oligonucle-
pPGA482GGcpTomRSYV (Slightom, 1991; Slightom et al., 199b}ide primers for TomRSV-CP and Shiva-1 gene sequences were
or pBPRS1 (supplied by J. Norelli and H. Aldwinkle, Cornelised to identify the presence of these genes in DNA from the
Univ.), respectively. Both plasmids contained chimeric gysA [
glucuronidase (GUS)] and kanamycin (kan) [neomycin phospho-
transferase Il (NPTII)] genes. Plasmid pGA482GG/cpTomRSV TomRSV Shiva
contained the tomato ringspot virus coat protein (TomRSV-CP)
gene and pBPRS1 contained the Shiva-1 lytic peptide gene
(Destefano-Beltran et al., 1990; Jaynes, 1993) (supplied by Helix
Phytonetix, Inc., Baton Rouge, La.) (Fig. 1).
TransformationSomatic embryos were either bombarded with
gold microprojectiles and then exposedAo tumefaciensas
described previously (Scorza et al., 1995) or they were exposed to
A. tumefacienwithout prior bombardment. Microprojectile bom-
bardment used the Biolistic PDS-1000/He device (Bio-Rad Labo-
ratories). A total of 700 somatic embryos was separated into  Kp
groups of 100. Each group was placed onto a 25-mm polycarbon-
ate membrane in the center of a 100-mm petri plate containing ERP
medium 24 h before bombardment. Somatic embryos were shot
with 1.0q4um-diameter gold particles following the general proce-
dures of Sanford et al. (1991) with parameters as previously
described (Scorza et al., 1995). All plates were bombarded twice. 123456 78 9
Within 2 h of bombardment, embryos were cocultivated with
tumefaC|en_SAn ‘?dd'tlonal 700 somatic embryos were eXposedIEB. 2. PCR amplified TomRSV-CP or Shiva-1 fragments from transgenic
A. tumefacienwvithout prior bombardment. ‘“Thompson Seedless’ grape plants. TomRSV-CP primers; lane 1, pGA482GG
Cocultivation and selectionPutative transformants were transformant (without the TomRSV-CP gene); lane 2, transformant 3-2; lane 3,
Cocultivated and Se'ected as previous'y described (Scorza et él-S,, lane 4, 38-2;Iane’5,3S-3;Iane 6,3SB-X. Shiva-1 primers; Iane?untransformgd
1995). Briefly A. tumefacieneultures were grown overnightat 28 | WS Se2l e, RO 0 derCee e etaciomocton -
°C in LB medium containing selective antibiotics for each plas

- g ) alone. Plants 3S-2, 3S-3, 3SB-X, and 4S-2 were obtainedArdomefaciens
mid. These cultures were centrifuged (50Qf) 10 min) and infection after microprojectile bombardment.
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ern analyses using the NPTIl gene as a probe (Fig. 3) demonstrated
kb incorporation of the foreign genes into the grape genome. While
the Southern analysis directly shows only the incorporation of the
NPTII gene into the genomes of the assayed grape plants, the close
18.0  linkage ofthe TomRSV-CP or the Shiva-1 genestothe NPTl gene
g4 (Fig. 1) coupled with the positive PCR assays for the presence of
these genes leads to the conclusion that these plants also contain
the TomRSV or Shiva-1 gene. Southern analyses indicated that
most TomRSV-CP transformants contained multiple copies of the
gene insert. Both Shiva-1 transformants appeared to contain a
single insert. Plasmid pGA482GG was used for transferring the
TomRSV-CP gene. Our previous work using plasmid pGA482GG
for transforming grape and other species suggested that multiple
copy transformants are common (Scorza et al., 1994, 1995).
Fig. 3. Southern analysis of transgenic ‘Thompson Seedless’ grape plants. Lanes®ince the embryogenic line used for this work was several years
through 9, TomRSV-CP transformants. DNA digested with EcoR1, probed wishd, precise phenotypic evaluation will be necessary to eliminate
NOS/NPTII fragment. Lane 1, pGA482GG transformant (control without tr@ﬁ_type plants that may have resulted from somatic mutation in

TomRSV-CP gene); lane 2, transformant 3-2; lane 3, transformant 3-3 from i . LY .. . .
culture; lane 4, transformant 3-3 from greenhouse leaves (DNA runs slowe ﬁo' In this respect, it is promising to note that, at this point, all

gel); lane 5, transformant 3S-2; lane 6, 3S-3; lane 7, 3SB-X; lane 8 untransforff@sgenic plan'gs appear to be phenotypically normal (Fig. 4).
control ‘Thompson Seedless’; lane 9, pGA482GG/cpTomRSV plasmid. Lanes aln our previous report (Scorza et al., 1995) we used

through ¢ Shiva-1 transformants. DNA digested with BamH1, probed with Nqéﬁ'icroprojectile bombardment witA. tumefaciendo produce
NPTII fragment. Lane a, transformant 4-3; lane b, transformant 4S-2; lan :
untransformed control ‘Thompson Seedless’. Transgenic plants 3-2, 3-3, ar?J%pSgemC grape plants. In the work presented here we used both

3, were obtained frorgrobacterium tumefaciensfection alone. Plants 3s-2, Methods. Although with onk. tumefacier/plasmid combination

3S-3, 3SB-X, and 4S-2 were obtained frém tumefaciensnfection after microprojectile bombardment before tumefaciendnfection

microprojectile bombardment. improved the yield of transformants, the numbers of transformants

obtained in this study were too low to compare methodologies. It

different clones. For TOomRSV-CP, these sequences were this Zpparent, however, that both microprojectile bombardment
primer5-GGTTCAGGGCGGGTCCTGGCAAG-3'and 3' primefollowed by exposure tA. tumefacienandA. tumefacienalone
5'-GTAAAAGCTAATTAAGAGGCCACC-3'; for Shiva-1, the
sequenceswerethe 5'primer 5'-ATCAAACAGGGTATCCTGCG-
3" and 3' primer 5'-TTCCCACCAACGCTGATC-3'. PCR reac-
tions were run using the GeneAmp kit components (Perkin-Elmer,
Norwalk, Conn.) with the following cycle parameters: 1 min at 94
°C, 1.5 min at 63C, and 2 min at 72C. The first cycle used an
additional 3 min melt at 95C and the last five cycles had 4-min
extension times at 7Z. After 35 amplification cycles, the PCR
products were analyzed by agarose gel electrophoresis and stained
with ethidium bromide.

Southern analysis was carried out using a PCR-generated 1.1-
kb NOS/NPTII probe. Digestion with EcoR1 was used to test for
unigue insertion events that would include segments of grape DNA
in pGA482GGcpTomRSV transformants. BamH1 was used for
the pBPRS1 transformants. DNA extraction followed the proce-
dures of Callahan et al. (1992). Conditions for Southern analysis
were as described by Scorza et al. (1990). The NOS/NPTII probe
was radioactively labeled using random primers according to the
instructions with the BioRad Random Primer DNA Labeling Kit
(BioRad, Hercules, Calif.).

1234567 8 9

4.3

Results and Discussion

Transgenic grape somatic embryos were produced with and
without microprojectile bombardment before cocultivation with
A. tumefaciensLeaf samples of the plants that survived kan
selection produced the characteristic blue GUS positive reaction
indicating the presence and activity of the GUS gene in these
plants. Leaves from untransformed control plants showed no blue
staining. Excised leaves from putative transformants cultured in
liquid LB medium were negative for the presence of contaminating
A. tumefaciensPCR analysis using TomRSV-CP and Shiva-1
primers suggested that the 13 plants that survived kan selection
after being exposed to Shiva-1 or TomRSV-CP transformatigg. 4. transgenic Thompson Seedless’ grape plant 4 months after transfer to the
treatments contained the predicted gene sequences (Fig. 2). SogtbBenhouse.
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Table 1. Production of transgenic ‘Thompson Seedless’ grape lines.

Putative
Somatic embryos transformants Transformation

Treatment (no. treated) (no.) (%)
Agrobacterium tumefaciersone

Control plasmid 100 1 1.00

TomRSV-CP 300 2 0.67

Shiva-1 300 2 0.67
Particle bombardment plus tumefaciens

Control plasmidl 100 1 1.00

TomRSV-CP 300 7 2.30

Shiva-1 300 2 0.67

ZControl plasmid was pGA482GG containing the NPTII and gusA genes but without Shiva-1 or TomRSV-CP genes.

are effective for transforming grape somatic embryos. In this arhd R.E. Litz (eds.). Biotechnology of perennial fruit crops. C.A.B Intl., Walling-
our previous report (Scorza et al., 1995) the overall transformatiderd. UK.

rate in terms of tranSgeniC plants prOduced per somatic emb biolirst'tith.rYa‘rJ{s?(.)r;iI;It(iﬁﬁlo'f:éDn-ﬁbSr;T)i;Zningr:pt (:Re?IiSs(l:Jhs.péggi?).nS p;ilgzagigl?Rogt
treated was about 1% (Table 1). ' '

) . . 12:585-589.

The current report _d'ffers from our prewo_us work in that _V\ﬁ’ood, E.E.,W.S. Chilton, M.D. Chilton, and R.T. Fraley. 1986. The hypervirulence
now report tran$f0rm|ng grape from somatic em_bryos derlve_degrobacteriumtumefacier}PsQSl is encoded in a region of pTiBo542 outside
from leaves, while previously we reported producing transgenief T-DNA. J. Bacteriol. 168:1283-1290.
plants from somatic embryos derived from zygotic embryos. T¥aynes, J.M. 1993. Use of genes encoding novel lytic peptides and proteins that
genes transferred include a viral coat protein gene and a | tgahance microbial disease'resist_ance_ in plants_. Acta Hc.th. 336:33-39. _
peptide gene. To date there have been few reports of transgiﬁ‘é{i?ﬁﬁt 1M9§7BQTSS3S{'95%’g;ﬂj&ge”es in plants: The GUS gene fusion
grapevine production. Mullins et al. (1990) produced a_tfansgeiaﬁien, J.R., D. Hebért-Soulé, P.G. Wallace, M.J. Striem, and B.I. Reisch. 1995.
V. rupestrl§cheele plant after_ cocultivating 240 somatic embryGrransgenic plantlets of ‘Chancellor’ grapeviNti sp.) from biolistic transfor-
hypoPOtyls with A. tumefaciensbut transgenic ‘Cabernet mation of embryogenic cell suspensions. Plant Cell Rpt. 15:311-316.
Sauvignon’ and ‘Chardonnay’ (240 explants each) were not pk@astanova, S., M. Perrin, P. Barbier, G. Demangeat, P. Cornuet, N. Bardonnet, L.
duced. Other workers have successfully produced transgenic sho@tsn, L. Pinck, and B. Walter. 1995. Transformation of grapevine rootstocks
(Baribault et al., 1990; Nakano et al., 1994)_ Recently, Kikkert e¥ith the coat protein gene of grapevine fanleaf nepovirus. Plant Cell Rpt. 1:550—
al. (1995) produced transgenic plants of ‘Chancellor’, a complq ' . . . .

S e . | oyd, G. and B.H. McCown. 1981. Commercially feasible micropropagation of

, . : : . . nountain laurelKalmia latifolia, by use of shoot tip culture. Proc. Intl. Plant

Vitisinterspecific hybrid. Krastanova et al (1995‘) produced trar%gn laurelKalmia latifolia. b f sh | L Pl
genic plants of two important grape rootstocks, ‘Vitis rupestris dl#;rop_ Soc. 30:421-427.
Lot’ and 110 Richter\(. berlandierix V. rupestri3, expressing the Mmullins, M.G., F.C.A. Tang, and D. Facciotti. 1998grobacteriuramediated
coat protein of grapevine fanleaf virus. There has been, howeve@gnetic transformation of grapevines: Transgenic plamitisfupestrisScheele
little information concerning the transformation \f vinifera  and buds oWitis viniferaL. Bio/Technology 8:1041-1045. _
scion cultivars. We demonstrate the transformation of ‘Thompgdgfashige, T. and G. Skoog. 1962. A revised medium for rapid growth and

Seedless’, a majoY. viniferascion cultivar. Disease resistanc?\lb'Oassays with tobacco tissue cultures. Physiol. Plant. 15:473-497.
. . akano, M., Y. Hoshino, and M. Mii. 1994. Regeneration of transgenic plants of
and trueness-to-type testing is underway.

grapevine Yitis viniferaL.) via Agrobacterium rhizogenawsediated transfor-
mation of embryogenic calli. J. Expt. Bot. 45:649—656.
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