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ABSTRACT

Soybean agglutinin, peanut agglutinia, and concanavalin A were cova-
lently bound by condensation reaction to gangliosides and ceramides
incorporated within the bilayer of multilameliar and unilameilar liposomes.
These modMied Uiposomes had a much higher affinity for carrot and tobacco
protoplasts except when concanavalin A was used.

In addition, soybean aggutinin and concanavalin A were attached by
ligand-specific binding to Uposomes containig cholesterol molecules de-
rivatized with each lectin-specific sugar. This procedure allowed efficient
crosslinking of Uposomes to protoplasts. The same effect was achieved
with soybean agglutinin and peanut agglutinin when derivatized cholesterol
was replaced by gangliosides. The implications of these findings for the
Uposome-mediated nucleic acid transfer into protoplasts are discussed.

Liposomes, artificial lipid vesicles, can be produced from a
variety of phospholipids with different electric charges in con-
junction with other molecules such as glycolipids (natural or
artificial) and ceramides. Other molecules such as proteins in
general and lectins in particular can then be associated with the
lipid bilayer, giving an enormous range of liposome types (for
review, see Ref. 18).

It has been shown recently that both RNA and DNA can be
encapsulated into large liposomes without damage and subse-
quently transferred to the intracellular compartments of higher
plant protoplasts (3-5, 9-12, 14-16, 20, 21, 25, 26). Moreover, it
has been demonstrated that tobacco mosaic virus RNA (4, 5, 16,
26), turnip rosette virus RNA (21), and cowpea chlorotic mottle
virus RNA (A. A. Christen and P. F. Lurquin, unpublished)
encapsulated in negatively charged large unilamellar liposomes
could very efficiently infect susceptible plant protoplasts. Simi-
larly, turnip rosette virus sequestered in positively charged large
multilamellar vesicles was also able to infect turnip protoplasts
(21).
The fate of DNA after liposome-mediated transfer to proto-

plasts has been investigated largely by biochemical and micro-
scopic techniques (9-12, 14, 15, 20, 25). However, there are
preliminary indications that the Agrobacterium tumefaciens Ti
plasmid can be transferred from liposomes into tobacco proto-
plasts, thereby effecting crown gall transformation of some of the
treated cells (3).

Since Ti plasmid and some plant viruses are difficult to produce
in large amounts, it is necessary to maximize protoplast-liposome
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interactions to optimize nucleic acid delivery and possible expres-
sion of the donor genomes. Parameters influencing liposome
binding and nucleic acid delivery such as pH, composition of the
osmoticum, Ca2+ ions, and polyethylene glycol have been studied
(4, 9, 12, 14-16, 20).
Another possible way of enhancing liposomes binding to plant

protoplasts is to target the lipid vesicles with lectin molecules.
Indeed, lectins are able to bind specific carbohydrates or groups
of carbohydrates and were shown to interact with liposomes
containing natural or artificial glycolipids (1, 17, 22, 24, 27).
Furthermore, lectins have also been shown to agglutinate or bind
to plant protoplasts (2, 8).
These two sets of results indicate that liposome-protoplast in-

teractions may be significantly enhanced through the use oflectins.
In this study, three lectins, soybean agglutinin, peanut agglutinin,
and concanavalin A, have been used in targeting experiments
including covalent binding of lectin to the outside of liposomes as
well as crosslinking of liposomes containing lectin receptors to
protoplasts.
Two types of liposomes have been used in this study: (a)

negatively charged unilamellar vesicles composed of phosphati-
dylserine and cholesterol and produced by the reverse evaporation
technique (23). These liposomes were shown to allow efficient
expression of viral RNA in protoplasts (4, 16, 21, 26). (b) We have
also used positively charged multilamellar liposomes composed of
phosphatidylcholine and stearylamine. Even though positively
charged liposomes did not mediate infection of protoplasts with
purified viral RNA (4; Christen and Lurquin, unpublished), they
were able to produce infection of turnip protoplasts with intact
turnip rosette virus (21).
The extent of liposome binding to protoplasts was followed by

measuring the amount of [32PJDNA initially sequestered in the
vesicles which became tightly associated with protoplasts.

MATERIALS AND METHODS
Protoplasts. Tobacco (Nicotiana xanthi) cells were grown in

suspension culture as described before (13, 14). Protoplasts were
produced by incubating cells in high salt medium (2.5% KCI,
0.15% CaCl2, 0.1% MgCli) containing 1% Cellulysin (Calbiochem)
and 0.5% Macerase (Calbiochem) for 4 h at 29°C.

In some experiments, carrot (Daucus carota L.) cells grown in
suspension culture (20) were used to produce protoplasts as de-
scribed before (12, 20) except that high salt medium was used
instead of mannitol.

All protoplasts were washed three times with high salt medium
prior to use.

Liposomes. All lipids were obtained from Sigma, except for
ManChol,2 and NagChol which were kindly supplied by Dr. M.

2Abbreviations: ManChol, 6-(5-cholesten-3fi-yloxyl)hexyl-l-thio-a-D-
mannopyranoside; NagChol, 6-(5-cholesten-3-yloxyl)hexyl-2-acetamido-
2-deoxy-l-thio-a-r-galactopyranoside; SBA, soybean agglutinin; PNA,
peanut agglutinin; Con A, concanavalin A; PC, L-a-phosphatidylcholine;
PS, L-a-phosphatidylserine; SA, stearylamine; CH, cholesterol; EGTA,
ethylene glycol bis(,8-aminoethyl ether)-N,N,N',N'-tetraacetic acid.

386
 www.plantphysiol.orgon July 19, 2018 - Published by Downloaded from 

Copyright © 1983 American Society of Plant Biologists. All rights reserved.

http://www.plantphysiol.org


BINDING OF TARGETED LIPOSOMES TO PROTOPLASTS

M. Ponpipom (Merck, Sharp and Dohme). These sugar-choles-
terol derivatives bind to concanavalin A and soybean agglutinin,
respectively (19, 27).

Positively charged multilamellar liposomes were generated by
mechanical shaking as extensively described before (9, 12). They
were composed of L-a-phosphatidylcholine and stearylamine in a
10:1 (w/w) ratio.
Negatively charged unilamellar liposomes were produced by a

modified version of thb.reverse evaporation technique (14, 23).
The modification consisted in emulsifying the aqueous and or-
ganic phases with a probe sonicator for 10 s as described before
(14). These vesicles were composed of L-a-phosphatidylserine and
cholesterol in a 2:1 (w/w) ratio.

Binding of lectins to liposomes was achieved after incorporation
of 10%1o by weight gangliosides (type III from bovine brain, Sigma),
ceramides (type III from bovine brain, Sigma), or sugar-cholesterol
derivatives within the liposome bilayer.

Liposomes were labeled by sequestration of adenovirus 5 [32P]
DNA nick-translated to a specific radioactivity of about 108 cpm/
,ug with [32PJdATP (3000 Ci/mmol, New England Nuclear) using
a Bethesda Research Laboratories kit. Nick-translated DNA was
separated from nonincorporated deoxynucleotides by molecular
sieving on Sepharose 4B (Pharmacia) (14).

Covalent Binding of Lectins to Liposomes. Liposomes contain-
ing 10o by weight ceramides or gangliosides were coupled to
concanavalin A, soybean agglutinin, or peanut agglutinin (all
three from Vector Laboratories) by the method of Heath et al. (6).
The hydroxyl groups supplied by ceramides and gangliosides
incorporated within the liposome bilayer were first oxidized by 8
mm Na periodate in 20 mm Tris-HCl, 1 mM MgCl2, pH 8.4, for 2
h at room temperature. Oxidized liposomes were then washed
with the above buffer devoid of periodate and subsequently
incubated with lectin in the presence of 10 mm Na cyanobrohy-
dride in 20 mm Tris-HCl, 1 mm MgCl2, pH 8.4, for 18 h at room
temperature. This condensation reaction resulted in linkage be-
tween aldehyde groups on the liposome surface and amino groups
in the lectin. Liposomes were then harvested and washed by
centrifugation (12).

Typically, 600 ,ug of lectin were reacted with 1 to 2 mg lipids in
liposome form resulting in the attachment of about 300 ,g lectin/
mg lipids.

Ligand-Specific Binding of Lectins to Liposomes. Gangliosides
are glycolipids containing sugar groups recognizable by a variety
of lectins. In addition, ManChol and NagChol carry sugar residues
specifically recognized by concanavalin A and soybean agglutinin,
respectively. Therefore, liposomes formed in the presence of 10%1o
by weight of each of those glycolipids (about 1 mg total lipid)
were simply incubated for one h at room temperature in the
presence of 600 ,ug of their cognate lectin in 20 mm Tris-HCl, 1
mm MgCl2, pH 8.4, and then harvested and washed by centrifu-
gation. The amount of lectin bound to liposomes was about 400
pg/mg lipids.

Incubation of Protoplasts with Liposomes. Protoplasts (about
106/ml in the case of tobacco and 5 x 106/ml in the case of carrot)
were incubated with liposomes at a nontoxic concentration (0.1
mm lipid) for 1 h at 29°C. All incubations were performed in high
salt medium. The affinity of targeted liposomes for protoplasts
was measured by adding a large excess (5 mg/ml) of lectin-specific
sugar, ie. N-acetylgalactosamine in the case of soybean agglutinin
and ,B-D-galactosyl in the case of peanut agglutinin.

After incubation, protoplasts were washed three times with high
salt medium, resuspended in 1 ml of water, and lysed with 2%
final SDS, and radioactivity was determined by liquid scintillation
counting.

Results are expressed as percentage of input radioactivity bound
to protoplasts. All data points represent the average of triplicate
samples. The effect of lectins on protoplast viability was deter-

mined by incubating 106 tobacco protoplasts in 1 ml high salt
medium in the presence of 800 ug Con A or SBA for 1 h.
Protoplast viability was estimated by fluorescein diacetate staining
(7). It was found that those extremely high lectin concentrations
reduced viability by about 25%. Lectin concentrations in liposome
targeting experiments never exceeded 60 ,g/ml.

Isolation of Nuclei. Tobacco protoplasts (50 x 106 in 10 ml high
salt medium) were incubated or 1 h at 29°C in the presence of
0.07 mm liposomes loaded with [32P]DNA. Protoplasts were then
washed three times as above, resuspended at a concentration of
106 protoplasts/ml in culture medium containing 0.45 M mannitol
and incubated for 18 h at 29°C. After incubation, protoplasts were
washed three times and regenerating cell wall was removed by
incubating protoplasts for 1.5 h at 29°C with 0.5% Macerozyme,
0.5% Cellulase R-10 (both from Yakult Honsha), 0.5% Macerase,
0.5% Cellulysin (from Calbiochem) and 0.05% Pectolyase Y 23
(Seishin Pharmaceuticals). After washing, protoplasts were lysed
for 15 min on ice with 5% (v/v) Triton X-100 (Sigma) dissolved
in 0.15 M sucrose, 5 mM MgCl2, 1 mm DTT, 1 mm EGTA, 0.1 mM
Spermine HC1, and 5 mm morpholinoethanesulfonate buffer, pH
6.1. Salmon sperm DNA (Sigma) was present at a concentration
of 100 pg/ml to minimize adsorption of donor DNA to the nuclear
membrane (9). Nuclei were then washed three times in the above
solution devoid of Triton X-100 and used for radioactivity deter-
mination by liquid scintillation counting.

Statistical Analysis of Liposome Binding Results. Upper and
lower confidence limits were determined by Sy x 100/input (per
cent SE). These limits are indicated in the figure legends for each
experiment.

RESULTS

Lectins Covalently Bound to Liposomes. Figure IA describes
the binding of PC/SA positively charged multilamellar liposomes
to tobacco protoplasts. It can be seen that the incorporation of
SBA into liposomes (achieved simply by generating liposomes in
the presence of the lectin) significantly increased their binding to
protoplasts as we reported earlier (14). However, if liposomes were
preformed in the presence of gangliosides or ceramides and sub-
sequently condensed with SBA, it was observed that binding was
further enhanced (more than doubled) as compared with PC/SA
liposomes. Similar results were obtained with SBA covalently
bound to liposomes containing either gangliosides or ceramides.
Covalently binding Con A to liposomes containing gangliosides
did not result in increased interactions with protoplasts.

Similar experiments performed with PS/CH unilamellar reverse
evaporation vesicles are described in Figure lB. Here also, incor-
poration of gangliosides within the liposome bilayer and conden-
sation with SBA or PNA resulted in a very significant increase in
binding to tobacco protoplasts. Interestingly, it was observed that
the presence of a large excess of competing sugar in the medium
resulted only in a small decrease in binding to protoplasts. This
indicates that liposomes coated with lectins have a much higher
affinity for receptor sites located on the protoplast membrane than
for their specific sugars.

Figure 2 describes the experiment in which control PC/SA
positively charged multilamellar liposomes as well as PC/SA
liposomes containing gangliosides or ceramides covalently bound
to SBA were incubated with tobacco and carrot protoplasts. It can
be seen that modified liposomes bound much better to both
tobacco and carrot protoplasts than control liposomes. In both
cases, the modification brought to the liposome surface more than
doubled the amount of liposome binding.

Ligand-Specific Binding of Lectins to the Liposome Surface.
Another way of targeting liposomes with lectins is to include lectin
receptors in the bilayer. One may then envision that lectin mole-
cules will act as crosslinkers between liposomes and protoplasts.

Figure 3A shows that the incorporation of NagChol or Man-
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FIG. 1. A, Effect of lectins on the binding of multilamellar PC/SA
positively charged liposomes to tobacco protoplasts. 1, PC/SA liposomes
without lectin; 2, PC/SA formed in the presence of SBA (lectin added to
the dry lipid film); 3, PC/SA liposomes formed in the presence of
gangliosides (GAN) and then covalently condensed with SBA; 4, PC/SA
liposomes formed in the presence ofceramides (CER) and then covalently
condensed with SBA; 5, PC/SA liposomes formed in the presence of
gangliosides and then covalently condensed with Con A. The per cent SE
values are (lanes 1-5): +0.3, 0.2, 1.1, 0.5, and 0.1. B, Effect of lectins on
the binding of unilamellar negatively charged PS/CH reverse evaporation
vesicles to tobacco protoplasts. 1, PS/CH liposomes without lectin; 2, PS/
CH liposomes formed in the presence of gangliosides and then covalently
condensed with SBA; 3, same as 2 except that liposome binding was
performed in the presence of 5 mg/ml N-acetylgalactosamine; 4, PS/CH
liposomes formed in the presence of gangliosides and then covalently
condensed with PNA; 5, same as 4 except that liposome binding was
performed in the presence of 5 mg/ml 18-D-galactosyl. The per cent SE
values are (lanes 1-5): ±0.7, 1.0, 0.7, 0.8, and 1.3.
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TOBACCO CARROT
FIG. 2. Effect of lectins covalently bound to liposomes on their attach-

ment to tobacco and carrot protoplasts. I and 4, binding of control PC/SA
multilammelar liposomes; 2 and 5, binding ofPC/SA liposomes containing
gangliosides (GAN) and condensed with SBA; 3 and 6, binding ofPC/SA
liposomes containing ceramides (CER) and condensed with SBA. The per

cent SE values are (lanes 1-6): ±0.2, 0.4, 0.1, 0.1, 1.1, and 0.5.

Chol into the liposome bilayer also significantly enhanced lipo-
some binding to protoplasts in the presence of their specific lectin,
namely SBA and Con A, respectively.
The presence of NagChol and ManChol did not increase bind-

ing relative to control; neither did Con A when liposomes con-
tained cholesterol instead of ManChol. These observations indi-
cate that a lectin receptor must be present on the liposome surface
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FIG. 3. A, Effect of lectins on the binding of multilamellar PC/SA
liposomes to tobacco protoplasts. Sugar-derivatized cholesterol molecules
are included in the liposome bilayer allowing ligand-specific binding of
lectin molecules to the liposome surface. 1, control PC/SA liposomes
containing cholesterol; 2, PC/SA liposomes containing NagChol; 3, lipo-
somes as in 2 reacted with SBA; 4, liposomes as in 1 reacted with Con A;
5, PC/SA liposomes containing ManChol; 6, PC/SA liposomes as in 5
reacted with Con A. The per cent SE values are (lanes 1-6): +0.8, 0.7, 0.7,
1.3, 0.9, and 0.8. B, Effect of lectins on the binding of unilamellar PS/CH
liposomes to tobacco protoplasts. Sugar-derivatized cholesterol molecules
in the bilayer as above. 1, control PS/CH liposomes; 2, PS/CH liposomes
containing gangliosides; 3, PS/CH liposomes as in 2 reacted with SBA; 4,
PS/CH liposomes as in 2 reacted with PNA; 5, liposomes as in 2 reacted
with Con A; 6, PS liposomes containing NagChol instead of cholesterol
and reacted with Con A. Here also, lectin binding to liposomes occurs via
ligand-specific reaction. The per cent SE values are (lanes 1-6): ±0.4, 0.4,
0.3, 0.3, and 0.6, 0. 1.

in order to achieve crosslinking with tobacco protoplasts.
Figure 3B shows that unilamellar reverse evaporation vesicles

composed ofPS and ManChol could also be crosslinked to tobacco
protoplast through Con A. Here again, a large increase in binding
was observed relative to control PS/CH unilamellar reverse evap-
oration liposomes.

Gangliosides are also known to contain lectin receptors. Figure
3B shows that the sugar derivatives of cholesterol used above can
be replaced by gangliosides and still be efficiently crosslinked to
tobacco protoplasts through the action of SBA and PNA. How-
ever, Con A did not display a significant increase in binding when
ManChol was substituted by gangliosides.
Our previous studies and others (9, 14, 15) showed that PEG

also enhanced liposome binding to protoplasts. We tested the
effect of 20%o PEG 6000 (final concentration) on the binding of
PC/SA multilamellar liposomes containing SBA covalently bound
to gangliosides. In addition, we also determined the effect ofPEG
6000 on the binding of PS/NagChol reverse evaporation vesicles
coupled to SBA. In both cases, PEG increased the amount of
liposome binding by a factor of approximately 2 (data not shown).
Donor DNA Associated with Nuclei. Figure 4 shows that, as

expected, Con A strongly increased the binding of PS reverse
evaporation vesicles containing ManChol. Moreover, increased
binding to protoplasts was accompanied by a proportional increase
in radioactivity found associated with a nuclear fraction. Sucrose
gradient analysis showed that this radioactivity corresponded to
donor DNA and not to endogenous DNA (not shown).
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FIG. 4. Effect of Con A on the binding of PS/ManChol unilamellar
liposomes to tobacco protoplast and transfer of encapsulated DNA to
protoplast nuclei. 1, binding of PS/ManChol liposomes to intact proto-
plasts; 2, radioactivity associated with the nuclear fraction isolated from
protoplasts treated as in 1; 3, binding of PS/ManChol liposomes reacted
with Con A to intact protoplasts; 4, radioactivity associated with the
nuclear fraction isolated from protoplasts treated as in 3.

DISCUSSION

This study shows that liposomes can be targeted with lectins
either by covalent binding or reaction with specific sugar groups
present in the liposome bilayer. This targeting results in a signifi-
cant enhancement of modified liposome affinity for plant proto-
plasts. Our previous results (14) showed that liposome targeting
could be achieved simply by mixing lectins and lipids prior to the
production of liposomes. However, enhancement of liposome
binding to protoplasts was observed only with SBA and not with
Con A. It was then assumed that SBA had the ability to cross the
lipid bilayer whereas Con A either could not cross the lipid
membrane or did not extend far enough from the membrane to
interact with receptor sites on the protoplast plasmalemma. Such
steric inhibition of Con A has been discussed recently (22).

This report shows that Con A can be used to target liposomes
provided it is bound to the exterior of the liposome via its
interactions with a specific sugar-cholesterol derivative. However,
covalent binding of Con A to gangliosides did not result in an
increased binding to plant protoplasts, indicating that the active
site of Con A may have been destroyed by the condensation
reaction. In contrast, SBA and PNA caused increased liposome
binding to protoplasts when either the condensation reaction or
the ligand-specific reaction were used for liposome targeting.
These experiments also indicated that a covalent binding between
the lectin and the liposome surface was not required to ensure a
stable association between targeted liposomes and protoplasts.
The fact that Con A did not affect the binding of ganglioside-
containing liposomes to protoplasts may indicate that these gan-
gliosides did not contain adequate Con A binding sites or that
steric hindrance prevented targeting (22). Therefore, lectins such
as SBA and PNA seem to have a wider range of application than
Con A.

In general, the nature of the liposomes used did not influence
their targeting; in other words, multilamellar PC/SA liposomes
responded in much the same way as PS/CH unilamellar liposomes
when reacted with lectins either by condensation or by ligand-
specific binding.
The observation that lectin-specific sugars compete only slightly

with lectin-targeted liposome binding to protoplasts seems to
indicate that this binding is either not totally ligand-specific (i.e.
parts of the lectin molecules other than the active site may interact
with noncarbohydrate moieties present on the protoplast surface)
or else that a mechanism such as fusion or endocytosis makes
liposome binding irreversible. We also observed that PEG had a

significant effect on the binding of targeted liposomes to proto-

plasts. Therefore, it may still be necessary to include this treatment
in cases where internalization of the liposome contents is to be
achieved. All the binding studies reported here were performed
with protoplasts incubated in high salt medium in order to prevent
interference from sugars in the ligand-specific reactions. We have
shown that the binding of positively charged liposomes to proto-
plasts is strongly impaired by high salt concentrations (14). There-
fore, the experimental conditions used in this study were subop-
timal as far as PC/SA liposomes are concerned. On the other
hand, we showed that the binding of PS/CH reverse evaporation
vesicles to protoplasts was much less sensitive to ionic strength
(14), making this type of liposome better suited for targeting
experiments and DNA or RNA transfer experiments as already
stated in the Introduction.
Liposomes targeted with lectins could be used to study the

properties of the plant protoplast membrane or to investigate the
transfer and expression of viral particles and nucleic acids.
ManChol and NagChol are presently not commercially avail-

able. Therefore, the easiest way to produce targeted liposomes for
use in protoplast experiments is to include gangliosides in the
liposome bilayer and simply incubate the vesicles in the presence
of SBA or PNA, thus allowing binding of the lectin to sugar
groups present in gangliosides. Alternatively, liposomes can be
formed in the presence of ceramides and subsequently covalently
coupled to SBA or PNA (but not to Con A) by condensation.
However, such targeting involves organic reactions which consid-
erably increase the time and manipulations required to produce
such liposomes without enhancing their protoplast binding ability
as compared to liposomes targeted through ligand-specific reac-
tion.
The enhanced binding of liposomes to protoplasts does not

necessarily mean that the liposome contents will be transferred in
a biologically active form. Indeed, positively charged multilamel-
lar and unilamellar liposomes containing stearylamine were shown
to interact strongly with plant protoplasts (10, 12) but were unable
to deliver functional viral RNA (4; Christen and Lurquin, unpub-
lished). However, autoradiographic experiments (20) as well as
positively charged liposome-mediated transfer of whole viral par-
ticles (21) have indicated that delivery from these liposomes did
occur. These observations suggest that stearylamine may form a
stable complex with RNA (and DNA) which would prevent its
expression in protoplasts. Therefore, targeting positively charged
liposomes with lectins may not increase their capacity to deliver
nucleic acids but may enhance their ability to deliver intact viral
particles. On the other hand, it has been shown that the expression
of tobacco mosaic virus RNA after PS-based liposome-mediated
transfer was clearly dose-dependent (4, 5, 26). Hence, increasing
interactions between such liposomes and protoplasts can be justi-
fied on the basis that higher binding values may lead to similar
infectivities at a lower liposome/protoplast ratio. Such higher
binding values are conveniently displayed by targeted PS reverse
evaporation liposomes as shown in this study.
The problem of liposome-mediated DNA transfer into proto-

plasts is more difficult to address inasmuch as convenient plant
genetic transformation systems do not exist at the present time. It
has been reported (3) that A. tumefaciens pTi DNA encapsulated
in PS/CH reverse evaporation vesicles could effect crown gall
transformation of N. xanthi protoplasts used in this study. How-
ever, the low frequency of transformation observed precludes this
system from being used in the evaluation of the effectiveness of
DNA transfer. Therefore, an estimation of donor DNA transfer
to recipient nuclei presently has to rely on autoradiographic or
biochemical techniques (9, 12, 15, 20), even though the results of
such experiments are not absolutely quantitative (10). Our results
showed that nuclei isolated from protoplasts incubated with DNA-
loaded targeted liposomes contained much more donor DNA than
if control unmodified liposomes were used. In this experiment, a

I
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1000-fold excess of salmon sperm DNA was added to the nuclei
isolation buffer to iimize donor DNA redistribution after pro-
toplast lysis (9). The association of donor DNA with protoplast
nuclei after liposome-mediated transfer has also been reported by
others (15). It will be possible to quantitatively assess the biological
activity of donor DNA transferred by means of liposomes when
convenient vectors and adequate markers selectable in plant cells
are developed.
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