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Mannose and xylose cannot be used as selectable agents for Vitis vinifera L.
transfor mation
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Summary

Only afew selectablemarker systemsfor genetic en-
gineering of grapevinehavebeen studied in thepast and
only resistance to antibiotics has been used to recover
transgenic vines. Since the acceptance of antibiotic
resistancesissmall mannoseand xylosewer eevaluated as
selectableagentsfor thegenetictransfor mation of grape-
vine. Survival of suspension cellsand theability todevelop
embryosfrom embryogenic calli wereestimated inthepres-
enceof mannoseand xylose. Embryogenic calli obtained
from anther culturesof Vitisviniferacv. Chardonnay were
abletogrow and to produce embryoseven if mannoseor
xylosewer etheonly sour ce of car bohydr ates.

K ey words: mannose xylose, carbohydrate source,
sel ectable agent, somatic embryogenesis, Vitisvinifera.

I ntroduction

A number of selectable agents, other than antibiotics,
wererecently tested for positive selection following thetrans-
formation of various plant species (HALDRuP et al. 1998;
NEecrotTO €t al. 2000; Joerseo 2001). Different carbon sources
were used as selectable agents, like mannose and xylose
(HALDRuP et al. 1998, 2000; Obb and TAGUE 1998; JoERSBO
et al. 1999, 2000; NecrotTO €t al. 2000; ZHANG €t al. 2000;
Lucca et al. 2001; WriGHT et al. 2001; HEe et al. 2003). In-
deed, mannose inhibits germination and development of a
wide range of plants such as Arabidopsis and tomato
(Fercuson and StreeT 1958; HeroLD and LeEwis 1977; Peco
etal. 1999; Gisson 2000). Mannoseisanimportant carbohy-
dratein mannitol metabolizing plants (Sroor et al. 1996) with
mannose-6P being the biosynthetic precursor. In plant spe-
cies, such as celery, in which an important part of carbonis
translocated as mannitol, phosphomannoseisomerase (PMI)
activity is high (Rumpro et al. 1983). In species in which
mannitol is not translocated, PMI is often expressed at low
or undetectable levels. Application of exogenous mannose
is often lethal to these species. While mannose is readily
taken up and phosphorylated by hexokinase, in these plants
mannose-6-Pis not further converted to fructose-6-P dueto
the deficiency in PMI. The accumulation of mannose-6-P
resultsin the sequestration of cellular orthophosphate which
isrequired for ATP production. In addition, this accumula-
tion inhibits phosphoglucose isomerase, blocking glycoly-
sis. PMI activity converts mannose-6-P to fructose-6-P, an

intermediate of glycolysis that positively supports plant
growth and that does not sequestrate cellular phosphate.
The E. coli pmi gene encoding phosphomannose isomer-
ase has been used in the transformation of some plant spe-
cies(Opp and Tacue 1998; Joersso et al. 1999, 2000, 2001,
ZHANG et al. 2000; Lucca et al. 2001; WRiGHT et al. 2001; He
et al. 2003). Another plant selection system is based on
xyloseisomerase. Various plant species such as potato can-
not use D-xylose as acarbon source, but can use D-xylulose
(HALDRuUP €t al. 1998, 2000). The gene encoding the D-xy-
lose ketol-isomerase, from Thermoanaerobacterium
thermosulfur ogenes catalysestheisomerisation of D-xylose
to D-xylulose, which positively supportsthe growth of trans-
formed cells (HaLbruP €t al. 1998).

Though genetic engineering is particularly promising
for the improvement of grapevine cultivars, only a few
selectable marker systems based on antibiotic or herbicide
resistance have been studied (ReustLE et al. 2002). Efficient
genetic engineering impliesthe devel opment of invitro sys-
temsfor genetic transformation and plant regeneration. The
regeneration of grape plants has been obtained by both
organogenesis and embryogenesis. Regeneration from so-
matic embryos has been used for genetic transformation of
major grape species including Vitis vinifera, V. riparia,
V. rupestrisand interspecific hybrids. Transgenic grapes can
be generated by the transformation of embryogenic calus
obtained from different tissues including zygotic embryos
(Scorza et al. 1995), leaves (Scorza et al. 1996; Das et al.
2002), unfertilized ovules (Y amamoro et al. 2000), ovaries
(Motoike et al. 2001) and anther filaments. Thelatter isthe
most widely used (LE GaLL et al. 1994; MaRTINELLI and
ManpoLINo 1994; NakaNo et al. 1994; Krastanova et al.
1995; PerL et al. 1996; Franks et al. 1998; MozsiRr et al.
1998; BaRrsIER €t al. 2000; GoLLEs et al. 2000; HarsT et al.
2000; SpiELMANN €t al. 2000; CouTos-THeEVENOT €t al. 2001;
loccoetal. 2001; Li et al. 2001; MARTINELLI €t al. 2002).

Grapevine cultivars have been successfully transformed
using Agrobacteriuminoculation, but microprojectile bom-
bardment has also led to the production of transgenic plants
(Kikkerr et al. 1996; TorrEGROSA €t al. 2002). Genesthat are
frequently used to select transformed plant tissues or cells
include nptll, hpt and bar encoding for neomycin
phosphotransferase, hygromycin phosphotransferase and
phosphinothricin acetyl transferase, respectively. They con-
fer resistanceto antibiotics (kanamycin and hygromycin re-
spectively) or herbicide (phosphinotricin). For grapevine
genetic engineering, kanamycin resistance was found to be
an efficient selection marker system but antibiotic or herbi-
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cide resistance markers are no longer acceptable in geneti-
cally engineered plants.

In this report, we evaluate the possibility of using
mannose and xylose as selectable agents for the genetic
transformation of grapevine. We estimate the effect of
mannose and xylose on growth and death of cell suspen-
sions of Mitis vinifera cv. Chardonnay; the ability to pro-
duce embryos from embryogenic callus of the same cultivar
is aso evaluated.

Material and M ethods

Embryogenic callus development: Anther-
derived embryogenic callus from Vitis vinifera cv.
Chardonnay (clone 96) was obtained as described by Mauro
et al. (1986). Some embryogenic callus appeared two months
after the dissection of anthers. For long-term maintenance,
subcultures were performed every three weeks on MPM
medium containing sucrose (20 g.I"1) (PerriN €t al. 2001).
Thecultureswere maintained at 25+0.5 °C under 16 hlight
per 24 h (50 pmol quantam2-s1, Osram Biolux).

Culture media for selection: Embryogenic
cali were transferred onto MPM medium containing the
various carbohydrate sources at different concentrations:
sucrose (20 g-"Y), mannose (10 or 20 g-'1), xylose (10 or
20 g-"Y), or nosugar at all. Agar (7 g1, MES(0.7 g-"!) and
distilled water were mixed in bottlesand autoclaved (115 °C
for 30 min). Filter-sterilised (0.22 um) sol utions of the con-
centrated media (MPM macronutrients, micronutrients, vi-
tamins, ferric citrate and hormones) containing sugar were
added and extensively homogenised with the agar solution
melted at 55-60 °C, before pouring (PerriIN et al. 2001).

In addition, for generation of embryos, embryogenic cdlli
were grown on MPM medium containing sugars supple-
mented with 2.5 g1 activated charcoal, added to the melted
agar solution before autoclaving (MA medium).

Cell suspension culture: Cell suspensions
from Chardonnay wereinitiated from embryogenic cali after
mechanical dissociation and cultured in MPM liquid me-
dium. Cultureswereshaken at 115 rpmand 25 °Cinthedark.
The cell suspensions (30 ml) were subcultured every 3 weeks
by adding 70 ml fresh MPM liquid mediumina250 ml flask.

Evaluation of the effects of mannose
and xylose on embryogenic calli: Inafirst
series of experiments we estimated the effects of mannose
and xylose on callus growth. Embryogenic callus pieces,
4-6 mmindiameter, weretransferred onto MPM medium con-
taining the different carbohydrate sources at various con-
centrations. Embryogenic calli were subcultured every three
weeksand were maintained at 25+0.5 °C under 16 hlight per
24 h (50 umol quantasm2-st, Osram Biolux). Devel opment of
the calli wasvisually estimated after 3, 6 and 9 weeks.

In asecond series of experiments, we evaluated the ef-
fects of mannose and xylose on the ability of embryogenic
callusto produce embryos. After removal of all the embryos
visible on the calli, embryogenic callus pieces, 4-6 mm in
diameter, were transferred onto MA media with different
concentration of mannose, xylose and sucrose and main-

tained at 25+ 0.5 °Cinthedark. Differentiation of embryos
was observed after 3, 6 and 9 weeks. Each experiment of the
two series was repeated at least three times.

Evaluation of the effectsof mannose
and xylose on cells in suspension: Inathird
series of experiments, we quantitatively estimated the effect
of mannose and xylose on growth and death of cellsin cell
suspensions. Theinitial cell suspension grownin MPM lig-
uid medium contai ning sucrose was washed threetimeswith
MPM liquid medium without any carbohydrate source. Then,
an aliquot of 0.50or 1 ml cell suspension was added to 6 ml
MPM liquid medium containing sucrose (20 g-"1) or mannose
(20 g™ or xylose (20 g1) or no carbohydrate source. These
cultureswere grown under shaking (115 rpm) inthe dark, at
25 °C and were not subcultured during 30 d. After 18 and
30 d, packed cell volume was measured after 20 minfor each
cell suspension in a5 ml pipette. This experiment was re-
peated twice, with onereplicate per treatment.

Quantification of cell death: Forcomparison
between the different suspension cells, avolume of the cell
suspension which gave the smallest volume of settled cells
(C,) was used. For the other cell suspensions (e.g. C,), the
volume used was 1/N, where N istheratio of the volume of
settled cells of C, to the volume of settled cellsof C,. After
sedimentation the cells were resuspended in the same vol-
ume of PBS (phosphate buffered saline). Onevolume of aque-
0us 0.025 % Trypan blue sol ution was added to one volume
cell suspension for each sample. Immediately after homog-
enisation, the cellswere sedimented and washed with 0.5 ml
PBSand with 0.5 ml 1% agqueous SDSin order to rel easethe
Trypan blue not entered into dead cells. To extract the
Trypan blue, 1 ml of a50 % methanol : 1 % SDS solutionwas
added to an equal volume of cellsand incubated for 30 min
at 50 °C. Then, cellswere centrifuged at 11,000 g for 2 min.
The optical density of the supernatant was measured spec-
trophotometrically at 595 nm. Datawere compared using a
Student’s test.

Results

Effects of mannose and xylose on the
growth of embryogenic calli: Embryogeniccali
obtained from Chardonnay anthers were white or pale yel-
low, friable and soft (Fig. 1 A). When subcultured on MPM
medium containing sucrose (20 g-l-1), embryogenic calli were
growing and only 10-15 % of them turned brown. On MPM
medium containing mannoseat 10 g+t or 20 g%, no brown-
ing of the calli was observed even after 9 weeks and growth
was comparable to that of the calli grown on sucrose
(Fig. 1 C). Similarly, calli grew at asimilar rateon MPM me-
dium containing xylose at the two concentrations (10 and 20
g'%; Fig. 1 D). Onthe other hand, calli subcultured on MPM
medium without any carbohydrate source did not grow and
progressively turned brown after 3weeks(Fig. 1 B).

Effects of mannose and xylose on the
ability of embryogenic calli to produce
embryos: To test the ability of embryogenic cali to
develop somatic embryos in the presence of mannose or
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Fig. 1: Embryogenic callus growth on MPM medium in the pres-
ence of sucrose (20 g-1%; A), no sugar (B), mannose (20 g1'%; C) or
xylose (20 gI'%; D). The picture was taken 6 weeks after transfer
onto the different media (bars denote 2 mm).

xylose, we subcultured them on MA medium containing
charcoal. After 2 or 3 weeks on MA containing sucrose
(20 gI'), somatic embryosgrew onthecalli (Fig. 2A). The
same results were obtained on calli grown on MA contain-
ingmannose (10 or 20g-"%; Fig. 2 C) or xylose(100r 20g-%;
Fig. 2 D). On the contrary when embryogenic calli were
subcultured on MA medium without sugar, we never ob-

Fig. 2: Development of embryos from callus grown on MA me-
diumin the presence of sucrose (20 g-"1; A), no sugar (B), mannose
(20 g% C) or xylose (20 g-l'; D). The picture was taken 3 weeks
after transfer onto the different media. E: Embryos (bars denote
2mm).

served any production of somatic embryos, and the calli
progressively turned brown (Fig. 2 B).

Effects of mannose and xylose on
growth and death of cells in suspension:
When cultured in liquid MPM medium with sucrose (20g1),
the volume of cells settled after 30 d was 2.8 times higher
compared to the volume of settled cells at the onset of the
experiments (Fig. 3). When cultured in MPM medium with
mannose (20 g") or xylose (20 g-") the increase in cell
volume was more than twofold after 30 d. On the contrary,
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Fig. 3: Growth of Chardonnay cell suspension in MPM medium
containing sucrose (20 g-1"* ——) mannose (20 g-"\—\—), xylose
(20 g-I"*—<=) or no sugar (---0---). The experiment was repeated
twice, with one replicate per treatment. One of the experimentsis
presented.

for cellsculturedin MPM medium without sugar the volume
of settled cellswas constant from the onset to the end of the
experiment (Fig. 3).

After 30 d of culture, cell death evaluated by Trypan
blue col oration was maximum when the cellswere cultured
without carbohydrate source. In the presence of sucrose,
cell death wasnot significantly different from that observed
in the absence of sugar. However, when cells were cultured
in the presence of either mannose or xylose cell death was
significantly reduced (Table).

Table

Cell death of Chardonnay cell suspensions after 30 d of culturein

the presence of the different sugars (concentration: 20 g-1"1). Trypan

blue coloration was used to estimate cell death by evaluation of the
optical density measured spectrophotometrically at 595 nm

Nno sugar sucrose mannose xyI ose
Absorbance
at 595 mm 0409 0.388 0.331* 0.314*
Standard
deviation 001 003 001 002
*p <0.05
Discussion

Likexylose mannoseisacarbohydrate which many plant
speciesare unableto metabolize. The synthesis of mannose-
6-P and xylose-6-P results in the sequestration of cellular
phosphate required for a large number of critical cellular
functions. This phosphate sequestration serves as a basis
for the use of mannose or xylose in non-antibiotic-based
selections for the production of transgenic plants: for
mannose, sugar beet (Beta vulgaris) (Joersso et al. 2000),
maize (Zea mays) and wheat (Triticum aestivum) (WRIGHT
et al. 2001), cassava (Manihot esculenta)(ZHANG et al. 2000)
andrice (Oryzasativa) (Lucca et al. 2001; He et al. 2003); for
xylose, potato (Solanum tuberosum), tobacco (Nicotiana
tabacum) and tomato (Lycoper sicon esculentum) (HALDRuP
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et al. 1998). For all these plant species, selection with
mannose or xyloseis possible because plant growth, growth
of embryogenic calli, germination, or shoot formation is se-
verely inhibited in the presence of mannose and xylose
(NecrotTO €t al. 2000; HaLbruP et al. 1998; Obp and TAGUE
1998; Lucca et al. 2001). Our results show that embryogenic
cali of Vitisviniferacv. Chardonnay are ableto grow andto
produce embryos even if mannose or xyloseistheonly car-
bohydrate source.

Our results suggest that phosphorylation of mannose
and xylose by hexokinasesis not lethal for grape cells. The
non-toxicity of mannose can be explained by the three fol-
lowing hypotheses. First, grape cellsmay expresshigh PMI
activity. ViTrac et al. (2000) recently suggested the pres-
enceof aPMI activity in Vitisviniferacv. Gamay Fréaux. No
toxicity was observed for cells of this cultivar in the pres-
ence of 18 g-"t mannose. Furthermore, PM| expression in
“non-mannitol plants” is quite variable. While mannose is
quite toxic to the growth of plants such as maize and wheat
(WRiGHT et al. 2001), feeding mannoseto leaves of Nicotiana
tabacum caused minimal metabolicimpairment (Ebwarbsand
WaLKER 1983). Thisindicates that N. tabacum must be ca-
pablefor at least limited mannose metabolism; further it can
be suggested that tobacco cell suspension cultures are able
to grow, even if slowly, on mannose as the sole carbohy-
drate source (Ebwarps and WaLKER 1983). The second hy-
pothesis is that we selected by mannose toxicity mutant
cells with increased PMI activity, as was reported for
N. tabacum (BArs et al. 2003). A third possibility isthat the
decrease in available phosphate resulting from the seques-
tration of the cellular phosphate could be compensated by
the phosphate present in the medium we used to grow our
grapevinecalli and cdlls.

The non-toxicity of xylose suggeststhat grape cellsalso
possess a xylose isomerase activity as described for barley
and potato (HALbrup €t al. 1998). But in the case of potato,
the endogenous xylose isomerase activity was not high
enough to support the growth of potato stem segments;
xylose asthe sole carbon source appeared to betoo toxic for
the devel opment of plants (HaLbrup et al. 1998, 2000). The
selection of amutant cell which can metabolise xylose and
the compensation of the cellular phosphate by phosphate
present in the medium might also be possible.

Under our conditions, mannose and xylose were not
toxic for Mtis vinifera cv Chardonnay. This result is con-
firmed by the fact that the presence of each sugar does not
increase death in cell suspensions; cell death was even re-
duced in the presence of mannose or xylose.

In conclusion, mannose and xylose can’t be used as
selectable agents for the transformation of Chardonnay
embryogenic calli or cell suspensions. These resultsarein
agreement with those reported by ReustLE et al. (2002), who
investigated mannose as a selectable marker system to re-
generate genetically modified Seyval blanc grapevines. They
observed that none of the regenerated embryos was
transgenic and concluded that the selecting action of
mannose (10-15 g-"1) was not strong enough to be efficiently
used for grapevinetransformation. We are now testing other
selection systems for genetic engineering of grapevine.

References

Bars, W. B.; MasoN PHAR, D.; WiLLiamson, J. D.; 2003: A Nicotiana
tabacum cell culture selected for accelerated growth on mannose
has increased expression of phosphomannose isomerase. Plant
Sci. 165, 639-648.

BARBIER, P; PerRIN, M.; CoBaNov, P; WALTER, B.; 2000: Probing patho-
gen-derived resistance against the fanleaf virus in grapevine.
Acta Hortic. 528, 385-388.

CouTos-THEVENOT, P; PoinssoT, B.; BoNomELLI, A.; YEAN, H.; Brepa, C,;
Burrarp, D.; EsnaulT, R.; Hain, R.; BouLay, M.; 2001: In vitro
tolerance to Botrytis cinerea of grapevine 41B roostock in
transgenic plants expressing the stilbene synthase Vstl gene
under the control of a pathogen-inducible PR10 promoter. J.
Exp. Bot. 52, 901-910.

Das, D. K.; Reppby, M. K.; UrabHvaya, K. C.; Srory, S. K.; 2002: An
efficient leaf-disc culture method for the regeneration via so-
matic embryogenesis and transformation of grape (Mtis vinifera
L.). Plant Cell Rep. 20, 999-1005.

Epwarps, G; WALKER, D. A.; 1983: C3, C4 mechanisms, and cellular
and environmental regulation, of photosynthesis, the regulation
of photosynthetic carbon assimilation, 247-274. University of
California Press, Berkeley and Los Angeles.

Fereuson, J. D.; Street, H. E.; 1958: The carbohydrate nutrition of
tomato roots. Ann. Bot. 22, 525-538.

Franks, T.; HE, D. G; THomas, M.; 1998: Regeneration of trangenic
\itis vinifera L. Sultana plants: Genotypic and phenotypic analy-
sis. Mol. Breed. 4, 312-333.

Gison, S. |.; 2000: Plant sugar-response pathways. Part of a complex
regulatory web. Plant Physiol. 124, 1532-1539.

GOLLES, R.; MosER, R.; PUHRINGER, H.; KATINGER, H.; bA CAMARA MACHADO,
M. L.; MINAFRA, A.; SAVINO, V.; SALDARELLI, P; MARTELLI, G. P; DA
CamARA MacHADO, A.; 2000: Transgenic grapevines expressing
coat protein gene sequences of grapevine fanleaf virus, arabis
mosaic virus, grapevine virus A and grapevine virus B. Acta Hortic.
528, 305-311.

HALDRUP, A.; PETERSEN, S. G,; OKkELS, F. T.; 1998: The xylose isomerase
gene from Thermoanaerobacterium thermosulfurogenes allows
effective selection of transgenic plant cells using D-xylose as
the selection agent. Plant Mol. Biol. 37, 287-296.

HaLbrup, A.; PeTERSEN, S. G.; OkkELS, F. T.; 2000: Positive selection: A
plant selection principle based on xylose isomerase, an enzyme
used in the food industry. Plant Cell Rep. 19, 798-803.

HaRrst, M.; BorNHOFF, B. A.; ZyrriAN, E.; ToPFER, R.; 2000: Influence of
culture technique and genotype on the efficiency of Agrobacte-
rium-mediated transformation of somatic embryos (Vitis vinifera)
and their conversion to transgenic plants. Vitis 39, 99-102.

He, Z.; Fu, Y.; Si, H.; Hu, G, ZHAaNG, S.; Yu, Y.; Sun, Z.; 2003:
Phosphomannose-isomerase (pmi) gene as a selectable marker
for rice transformation via Agrobacterium. Plant Sci. 166,
17-22.

HeroLp, A.; Lewis, D. H.; 1977: Mannose and green plants: Occurence,
physiology and metabolism, and use as a tool to study the role of
orthophosphate. New Phytol. 79, 1-40.

locco, P; Franks, T.; THomas, M. R.; 2001: Genetic transformation of
major wine grape cultivars of Vitis vinifera L.. Transgenic Res.
10, 105-112.

Joerseo, M.; 2001: Advances in the selection of transgenic plants
using non-antibiotic marker genes. Physiol. Plant. 111, 269-272.

JoersBO, M.; MikkeLseN, J. D.; BrunsTeDT, J.; 2000: Relationship be-
tween promoter strength and transformation frequencies using
mannose selection for the production of transgenic sugar beet.
Mol. Breed. 6, 207-213.

JoErsBO, M.; PeTERSEN, S. G; OKKELS, T.; 1999: Parameters interacting
with mannose selection employed for the production of transgenic
sugar beet. Physiol. Plant. 105, 109-115.

KIkKERT, J. R.; HERBERT-SOULE, D.; WALLACE, P. G; STRIEM, M. J.; REISCH,
B. |.; 1996: Transgenic plantlets of ‘Chancellor’ grapevine (Mitis
sp.) from biolistic transformation of embryogenic cell suspen-
sions. Plant Cell Rep. 15, 311-316.

KRrasTaNovA, S.; PerrIN, M.; BARBIER, P; DeEMANGEAT, G.; CorNUET, P;
BarponNET, N.; OTTEN, L.; Pinck, L.; WALTER, B.; 1995: Transfor-
mation of grapevine rootstocks with the coat protein gene of
grapevine fanleaf nepovirus. Plant Cell Rep. 14, 550-554.



Mannose and xylose cannot be used as selectable agents 39

LE GALL, O.; TorRREGROSA, L.; DANGLOT, Y.; CANDRESSE, T.; BOUQUET, A .;
1994: Agrobacterium-mediated genetic transformation of grape-
vine somatic embryos and regeneration of transgenic plants ex-
pressing the coat protein of grapevine chrome mosaic nepovirus
(GCMV). Plant Sci. 102, 161-170.

Li, Z.; SuBrRaMANIAN, |.; GRraY, D. J.; 2001 : Expression of a bifunctional
green fluorescent protein (GFP) fusion marker under the control
of three constitutive promoters and enhanced derivates in
transgenic grape (Vitis vinifera). Plant Sci. 160, 877-319.

Lucca, P; YE, X.; Potrrkus, |.; 2001: Effective selection and regen-
eration of transgenic rice plants with mannose as selective agent.
Mol. Breed. 7, 43-49.

MARTINELLI, L.; CanDIOLI, E.; CosTa, D.; MINAFRA, A.; 2002: Stable inser-
tion and expression of the movement protein gene of Grapevine
virus A (GVA) in grape (Vitis rupestris). Vitis 41, 189-193.

MARTINELLI, L.; MANDoOLINO, G.; 1994 : Genetic transformation and re-
generation of transgenic plants in grapevine (Vitis rupestris S.).
Theoretical and Appl. Genet. 88, 621-628.

Mauro, M. C.; Ner, C.; FaLLor, J.; 1986: Stimulation of somatic em-
bryogenesis and plant regeneration from anther culture of Vitis
vinifera cv Cabernet-Sauvignon. Plant Cell Rep. 5, 377-380.

Mortoikg, S. Y.; SKIRvIN, R. M.; NorToN, M. A.; OTTERBACHER, A. G.; 2001:
Somatic embryogenesis and long term maintenance of embryo-
genic lines from fox grapes. Plant Cell Tiss. Org. Cult. 66,
121-131.

MozsaR, J.;; Viczian, O.; SULE, S.; 1998: Agrobacterium-mediated ge-
netic transformation of an interspecific grapevine. Vitis 37,
127-130.

NakANo, M.; HosHino, Y.; MiL, M.; 1994: Regeneration of transgenic
plants of grapevine (Vitis vinifera L.) via Agrobacterium
rhizogenes-mediated transformation of embryogenic calli. J. Exp.
Bot. 45, 649-656.

NecroTTO, D.; JoLLEY, M.; BEER, S.; WENCK, A. R.; 2000: The use of
phosphomannose-isomerase as a selectable marker to recover
transgenic maize plants (Zea mays L.) via Agrobacterium trans-
formation. Plant Cell Rep. 19, 798-803.

Opp, T. R;; Tacug, W.; 1998: Phosphomannose isomerase: A versatile
selectable marker for Arabidopsis thaliana germ-line transfor-
mation. Plant Mol. Biol. Reptr. 37, 287-296.

Peco, J. V.; WeisBeek, P. J.; Sueekens, C. M.; 1999; Mannose inhibits
Arabidopsis germination via a hexokinase-mediated step. Plant
Physiol. 119, 1017-1023.

PerL, A.; Lotan, O.; ABu-ABiep, M.; HoLLanD, D.; 1996: Establisment of
an Agrobacterium-mediated transformation system for grape
(Vitis vinifera L.): The role of antioxidants during grape-
Agrobacterium interactions. Nat. Biotechnol. 14, 624-628.

PerrIN, M.; MARTIN, D.; JoLy, D.; DEMANGEAT, G,; THIS, P; Masson, J. E.;
2001: Medium-dependent response of grapevine somatic em-
bryogenic cells. Plant Sci. 161, 107-116.

ReustLE, G. M.; WALLBRAUN, M.; ZwiegeL, M.; WoLF, R.; MANTHEY, T.;
BurkHARDT, C.; LERM, T.; VIVIER, M.; KrczaL, G.; 2002: Experience
with different selectable marker systems for the genetic engi-
neering of grapevine. Proceeding of the VIlIth International
conference on grape genetics and breeding Conf. Acta Hortic.
603, 485-490, Kecskemet, Hungary.

RumpHo, M. E.; Epwarps, G E.; LoEscHER, W. H.; 1983: A pathway for
photosynthetic carbon flow to mannitol in celery leaves. Activ-
ity and localization of key enzymes. Plant Physiol. 73, 869-873.

Scorza, R.; CorpTs, J. M.; Ramming, D. W.; EMERsHAD, R. L.; 1995:
Transformation of grape (Vitis vinifera L.) zygotic-derived so-
matic embryos and regeneration of transgenic plants. Plant Cell
Rep. 14, 550-554.

Scorza, R.; CorpTs, J. M.; Gray, D. J.; GonsaLVEs, D.; EMERsHAD, R. L.;
RamminG, D. W.; 1996: Producing transgenic “ Thompson Seed-
less’ grape (Mtis vinifera L.) plants. J. Am. Soc. Hortic. Sci. 121,
616-619.

SAELMANN, A.; KRASTANOVA, S.; DOUET-ORHANT, V.; GUGERLI, P; 2000: Analysis
of transgenic grapevine (Vitis rupestris) and Nicotiana
benthamiana plants expressing an Arabis mosaic virus coat pro-
tein gene. Plant Sci. 156, 235-244.

Sroop, J. M. H.; WiLLiamson, J. D.; MasoN PHAR, D.; 1996: Mannitol
metabolism in plants: A method for coping with stress. Trends
Plant Sci. 1, 139-144.

ToRREGROSA, L.; locco, P.; THomas, M. R.; 2002: Influence of
Agrobacterium strain, culture medium, and cultivar on the trans-
formation efficiency of Mitis vinifera L. Am. J. Oenol. Vitic. 53,
183-190.

VITrAC, X.; LARRONDE, F.; KRisa, S.; DecenpiT, A.; DEFFiEUX, G.; MERILLON,
J. M.; 2000: Sugar sensing and Ca?*-calmodulin requirement in
\itis vinifera cells producing anthocyanins. Phytochemistry 53,
659-665.

WRIGHT, M.; Dawson, J.; DUuNDER, E.; SutTig, J.; Reep, J.; KRAMER, C.;
CHANG, Y.; NoviTzky, R.; WaNG, H.; ArRTiIM-MooRE, L.; 2001: Effi-
cient biolistic transformation of maize (Zea mays L.) and wheat
(Triticum aestivum L.) using the phosphomannose isomerase
gene, pmi, as the selectable marker. Genet. Transform. Hybrid.
20, 429-436.

Y amamoro, T.; IFetant, H.; lexi, H.; NisHizawa, Y.; Notsuka, K.; Hisi, T.;
HavasHi, T.; MaTtsutA, N.; 2000: Transgenic grapevine plants ex-
pressing a rice chitinase with enhanced resistance to fungal patho-
gens. Plant Cell Rep. 19, 639-646.

ZHANG, P; PoTrvkus, |.; PuonTi-KAERLAS, J.; 2000: Efficient production
of transgenic cassava using negative and positive selection. Trans.
Res. 9, 405-415.

Received December 3, 2003



