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Abstract

Factors affecting regeneration of different Rubus va-
rieties (blackberry, raspberry and their hybrid) were
examined and a reliable regeneration system was
established. Media for stock plant maintenance were
tested; different explants and media were investigated
to find the best circumstances for the regeneration. The
effect of the commonly used antibiotics was studied to
determine the most suitable one for selection of the
transformants. We found that both MS and LS media
supplemented by 20 gL' sucrose are suitable for the
stock plant maintenance. The optimal hormone content
for the stock plants is 6.125 mgL" 6-benzylaminopurine
(BAP) with 0.01 mgL" indole-3- butyric acid (IBA). The
highest regeneration rate was observed on medium con-
taining MS salts with B5 vitamins complemented with
glucose, sucrose, maltose, 10 gL each, supplemented
with benzylaminopurine riboside (BAR) (2 mgL") and
indole-3-acetic acid (IAA) (0.1 mgL"). The regenerated
shoots appeared directly from the cut edges, without
callus phase. Hygromycin and geneticin proved to be
good selection agents for the Rubus explants, but due
to their severe effect on the tissues we propose to use
marker-free constructions for the transformation.
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Introduction

Introducing exogenous DNA into crop plants using
genetic engineering techniques offers new possibilities to
change the genetic make-up of the plant. This method
leads for the desired characteristics a lot more quickly than
the conventional breeding. The most frequently and su-
ccessfully used genetic engineering system for the dico-
tyledonous species is the Agrobacterium tumefaciens
mediated transformation. There are prerequisites for the
efficient plant transformation, such as techniques for rege-
neration of whole plants from somatic tissues, a suitable
gene-vector system and a selection system for identifying
the transformants. In this study we focused on achieving a
reliable regeneration method in which the whole plant can
be regenerated from cells capable to receive the foreign
DNA.

The temperate climate is suitable for growing several
fruit crops. Like other fruits the production of berries has
long history in the Carpathian basin. Due to the historical
and economical significance Rubus species were chosen
as the subject of our work.

Scientific improvements have been involved in the pro-
duction of berries. Micropropagation has an important role
in the production of nursery plants. Virus free stocks are
also maintained by sterile cultures. Rubus species (rasp-
berry, blackberry and their hybrids) were known to be
recalcitrant in the regeneration studies, but in the early
nineties several successful trials were published. Since the
leaves and the petioles are known to be the most suitable
explants for the Agrobacterium mediated transformation,
we concentrated on these studies (Fiola et al. 1990;
Swartz et al. 1990; Owens y de Novoa ( Conner 1992;
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Cousineau (Donnelly 1991; McNicol (Graham 1990; Turk et al.
1994).

The first aim of our work was to examine the factors are
necessary to develop protocols with high regeneration fre-
quencies from leaf and petiole explants of different Rubus
genotypes. It is a well known fact that great differences can
be found among the genotypes, and it is almost impossible
to develop a repeatable protocol suitable for all varieties.

For the early selection of the transformants different marker
genes are used. The most widespread ones are the her-
bicide and the antibiotic-resistance markers. These genes
are built into the vector construction. The most commonly
used antibiotics (kanamycin, geneticin, hygromycin) were
examined to determine the tolerance of plant tissues against
the selection agents.

Materials and methods

Plant material

One variety of blackberry ‘Hull Thornless’ (Figure 1A),
one variety of hybridberry ‘Fert6di Béterm6’ (blackberry x
raspberry) (Figure 1B) and two varieties of raspberry
‘Malling Exploit’ and ‘Fertédi 6585/69° (Figure 1C) were
involved in our experiment. The basic, virus free shoot
culture materials were maintained in the gene bank of the
Fertéd Research Institute For Fruit Growing, Sarrod.

Micropropagation

Stock plants were selected from a virus free plantation
and the sterile cultures were initiated from meristems. Shoot
cultures were maintained on medium with MS salts and
vitamins (Murashige & Skoog, 1962), or MS salts and B5
vitamins (Gamborg et al. 1968) or on modified LS (James et
al. 1980) media. The LS medium was modified in ferric
content, since in our experiments 50 mgL" FeNaEDTA was
used. All media were supplemented with 20 gl sucrose
and 0.01 mgL™" IBA. To obtain the best rate of proliferation
and the best quality plants different concentrations of BAP
were tested. BAP was chosen because most of the papers
suggest this cytokinin for maintaining and proliferation. The
stock plants were maintained in different containers: plastic
boxes or plastic round vessels with breathing strip, designed
for tissue cultures (products of Duchefa) and in 500 mL or
100 mL glass flasks in order to find the most appropriate
vessel. The growing conditions as follows: 257 light (16h)
/20°C dark (8h) regime, with 30 xmol m? sec” light intensity.

Figure 1. Varieties used in the experiments. A: blackberry “Hull
Thornless’ ; B. hybridberry ‘Fert¢di Béterm¢’, C: raspberry
‘Malling Exploit’

Regeneration experiments

The apical three leaves were excised from the 4 week
old shoots grown on proliferation media. In some experi-
ments the leaves with a small petiole segment were de-
tached and two or three transversal cuts were made across
the leaf midrib before the leaves were placed adaxial side
down on the medium. In other cases the leaves were cut
into two parts: one third of the leaf with the petiole segment
and the apical two-third of the leaves. Here the cut edges
were attached to the surface of medium. In one experiment,
discs were excised from the leaves with a sterile cork borer
and they were placed adaxial side down on the media. The
petiole explants also were tested: 0.5-1 cm long petiole
segments were placed on the surface of the media.

To obtain the optimal growth conditions different media
were tested. The media in all experiments contained MS
salts, B5 vitamins, they were solidified with 0.65% Oxoid
agar, and their pH was adjusted to 5.6 with KOH before
autoclaving. They varied in the concentrations and combi-
nations of carbohydrates (glucose, sucrose, maltose), auxins
and cytokinins (See Table 1). The cultures were maintained
under 25 light (16h) / 20°C dark (8) regime.

Regeneration efficiency in the tables refers the number of
the regenerating explants correlated to the number of ex-
plants in the trial. Usually 80 explants/ variety/ hormone
combination were used in three repetitions. Only the rooted
shoots were counted. From one explant several shoots are
obtained, but this effect was not considered in the statistics.

The effect of the different antibiotics

In the first experiment we investigated the effect of the
kanamycin on shoot growth. The shoot tips were placed on
the proliferation media containing 0, 20, 40, 50, 60 mgL'1
kanamycin. The antibiotic was filter sterilised and added to
the media cooled below 55C.

In a separate experiment leaves with transversal cuts
across their midrib were placed on the medium D with
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Table 1. The types and concentrations of growth regulators used. The media contains MS salts, BS vitamins and glucose, sucrose,
maltose, 10gL" each, unless otherwise stated (a: thidiazuron, b: 2-isopentenyl-adenine)

Sign TDZ * BAP BAR 2ip *° IAA IBA
(mgL™) (mglL") (mglL™) (mgL™) (mgL") (mgL™)
A 1 1 1 0.1
B 1 1 1 ' 0.1
c 2 0.1
D 2 0.1
E 22

different concentrations of kanamycin (0, 10, 20, 40, 60,
100, 150 mgL™"), hygromycin (0, 10, 15, 20, 40 mgL'1) and
geneticin (0, 5, 10, 20, 30, 40 mgL'1).

Results and Discussion

The main goal of this study was to develop an effective
regeneration system, which can be the basic of the
Agrobacterium mediated transformation. Good quality stock
plants are needed for it. We observed that Rubus plants
need different media for maintenance. During the culture
periods, several media were examined and seemed pro-
mising, but as time went none of them was satisfactory. The
solution for this problem was the changing of the media. By
the alternation of MS and modified LS media good quality
stock ptants can be maintained. We found that considerable
amount of micropropagated shoots in the best quality can
be gained and maintained on the described media su-
pplemented with 0.125 mgL™" BAP. The higher cytokinin
concentrations yielded better shoot multiplication rate, but
the leaves of the new shoots were too small for the further
use. This very low cytokinin rate converges to Graham et al.
(1997) results, in which no growth regulators were used for
the proliferation. Although Mathews (1995) maintained the
shoot cultures on media containing 1 mgL™"' BAP we found
it too much. Hoepfner (1989) found no significant difference
for the multiplication rate between 0.5 and 2 mgL™" BAP. In
order to maintain the juvenile stage, shoots should be
transferred to fresh medium in every 4 weeks.

Stock plants need big airspace vessels. In small vessels
the leaves of the plants became soft, which is not suitable
for Agrobacterium mediated transformation. For this reason
500 mL flask and round vessels from Duchefa was used in
our experiments.

During the preliminary regeneration trials the best results
were obtained with Fertédi Bétermé, so this variety was
used for the optimisation experiments. In these trials, me-
dium D was used. First the explant-types were tested. The
results (Table 2) show that the whole leaves with trans-

Table 2. The effect of the explant type on the regeneration of
Fert6di Botermd

Regeneration efficiency

Explant-types %)
Whole leaf with transversal cut 41
Halved leaf, apical part 26
Halved leaf, shoulder part 10
Leaf-disc 17
Petiole segment 0

Table 3. The effect of the sugar in the media on the regene-
ration of Fertédi Bétermo

Regeneration efficiency

Type of sugars in the medium (%)

Sucrose (20gL™) 12.5
Glucose (20gL™) 18
“mix” 25

versal cuts on the midrib and the upper part of the halved
leaves proved to be the best explants. Regeneration was
not observed on the petiole segments, although Mezzetti et
al. (1997) found the petiole segments suitable for the re-
generation. Usually the whole leaves were used in the
previously published experiments (Fiola et al. 1990; Turk et
al 1994; Mezzetti et al. 1997; Swartz et al. 1990). The
leaf-disc method reported by McNicol and Graham (1989)
was also tested and resulted several regenerants.

In order to optimise the sugar content for the regene-
ration we compared media containing glucose (20 al™),
sucrose (20 gL™), or the mixture (“mix”) of glucose, sucrose
and maltose (10 gL'1 each) (Csanyi et al. 1999). The effect
of the different carbohydrates on the regeneration of Rubus
has not been studied previously. The results of the ex-
periment (Table 3) indicate that the best composition for the
regeneration contains the “mixed” sugars, although the
application of glucose proved to be satisfying too.
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Figure 2. The effect of the growth regulators on the regeneration.
Treatments: A: 1 mgL"' BAP+ 1 mgL' BAR+ 1 mgL" TDZ+ 0.1
mgL”’ 1AA ; B: 1 mgL" BAP+ 1 mgL" 2ip+ 1 mglL"' TDZ+ 0.1
mgL™ I1AA ; C: 2 mgL" BAR+ 0.1 mgL" IAA ; D: 2 mgL" BAP+
0.1 mgL’ IBA ; E: 22 mgL' TDZ

In the growth regulator experiment we used all cultivars,
because the different genotypes usually have different
requirements. The results are shown in Figure 2. It can be
stated that combining the different cytokinins does not have
positive effects on the regeneration. On the other hand
combining one kind of cytokinin with an auxin resulted
regeneration in all cultivars. This observation corresponds
with the results of Popescu and Isac (2000). BAR with IAA
and BAP with IBA proved to be the best combinations in
our experiments. The application of BAR for regenerating
Rubus has not been mentioned in the literature previously.
The BAP-IBA combination was advocated by other authors
(Mezzetti et al. 1997; Graham and McNicol 1989).

Some differences were obtained between the genotypes.
Hybridberry ‘Fert6di B6term6” regenerated on each media,
although the efficacy was very low for medium A and B.
Media C was better, than D or E for this cultivar (Figure
3a-b). The regeneration rate of Malling Exploit seemed
outstanding on medium containing BAR+IAA; but media D
also was suitable for this variety. For Ferttdi 6585/69 media
D contains the best hormone-content (Figure 3c, f). The
weakest response for the treatments was observed in the
case of blackberry “Hull Thornless’, but the thidiazuron
(TDZ) seemed to have the best effect on this cultivar
(Figure 3d). Hull Thornless explants are susceptible to
strong callus formation, but from these calli shoots cannot
be regenerated (Figure 3b).

In our experiments the effect of TDZ was different than in
the literature. According to several authors (Graham et al.
1997; Hassan et al. 1993; Cousineau (Donnelly 1991,
Swartz et al. 1990; Turk et al, 1994) TDZ - alone or
combined with auxines - results higher regeneration rates
than any other cytokinin. In our experiments good results
obtained by using TDZ, but the shoots were usually bushy
and small, rooting them was difficult. The rooting difficulties
resulted the lower regeneration efficiency shown in Figure 2,
because in the statistics only the rooted plantlets were
considered. Other drawback of TDZ is that the large number

Figure 3. Regenerating shoots: A-B: Direct organogenesis on
Fertédi Botert leaves;, C, F: New shoots on Fert6di 6585/69
leaves; D: Regenerants on Hull Thornless explants; E: Callus
induction on Hull Thornless explants, from which shoots cannot
be regenerated

of shoots occurred from one cell, which is disadvantageous
during the transformation. Regenerants from different cells
increase the prospect of occurring transgenic plantlets.

Testing the tolerance of plant tissues against the com-
monly used antibiotics was one of the aims of our work.
Since our experiments are to substantiate an Agrobacterium
mediated transformation system, our purpose was to esti-
mate the effect of the most commonly used antibiotics on
the plant tissues. We wanted to ascertain which antibiotic is
the most suitable for the selection. Previously only data
concerning the kanamycin tolerance were reported by Fiola
et al. (1990). They found that 50 mgL" kanamycin com-
pletely inhibited the shoot organogenesis. The effect of
kanamycin on shoots was tested in our laboratory too. It
was shown that the effect was not the same on the different
varieties. Generally it can be stated that kanamycin caused
whitening first on the younger leaves, along the veins. In
higher concentration the whole shoot tip became white (See
Figure 4). The highest tolerance against kanamycin was
observed on hybridberry plants. While on the other three
cultivars serious damage can be seen already at 40 mgL”
concentration, the hybridberry ‘Fertédi Béterm6’ is able to
survive the 50 mgL™" kanamycin.

In a separate experiment the effect of three antibiotics;
kanamycin, hygromycin and geneticin were tested. They
were added to the media in different concentrations. Resuits
are shown on figure-series 4. It could be observed that
hygromycin has the most serious effect on each cultivar. It
is extremely toxic for the raspberry and blackberry leaves at
the concentration of 20 mgL" (Figure 5a). The hybridberry
leaves suffers of yellowing only at this concentration, but
they are harmed seriously at 60 mgL" (photo not shown).
Geneticin also damages the leaves at low concentration. A
medium containing 20 mgL'1 of geneticin causes lesions on
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Figure 4. The effect of kanamycin on Rubus shoots. A: Hull

Thornless; B: Fertédi Bétermo; C: Malling Exploit; D: Fert6di
6585/69

the leaves around the wounds. Kanamycin is not as harsh;
at lower concentration it only induces yellowing. Lesions are
occurred at about 60 mgL™ concentration.

Summarising our results it can be asserted that a direct
organogenesis method was established. The medium sui-
table for each examined cultivar contains MS salts, B5
vitamins, glucose, sucrose, maltose, 10gL™" each, 2mgL"”
BAR and 0.1 mgL™" IAA. The best explants are the whole
leaves with cuts on the midrib or the halved leaves. This
method works for different species and could be a basis of
an Agrobacterium fumefaciens mediated transformation. We
also found that hygromycin and geneticin are good selection
agents for the Rubus species even in low concentration.
Kanamycin can be suitable for the selection, but in a higher
concentration, which otherwise can set back the regene-
ration. Since all of them have very strong effect on the
explants, we suggest using the marker-free transformation
constructions.

One comment should be added. Different genotypes have
different requirements. When establishing a regeneration
system this has to be considered. Our experiments show
the different aspects of regeneration and give ideas how to
deal with the recalcitrant Rubus varieties and which ways
are worth following to reach the success.
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Figure 5. The effect of the different antibiotics on Rubus leaves.
The numbers show the concentration of the different antibiotics in
mgL™". A: Hygromycin on Hull Thornless leaves. B: Geneticin on
Malling Exploit leaves. C: Kanamycin on Fertédi Bétermé leaves.
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