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Abstract

Differences among three clones of Gentiana punctata L. hairy root shoot regenerants were investigated in relation to
their growth patterns, production of secondary metabolites and 2D protein profiles. Prominent differences in growth
parameters were stable thus qualifying regenerant clones as true somaclones. Marked differences in protein spots were
registered among the regenerant clones but not in comparison with the non-transformed control. Southern blot
hybridization of regenerants showed the absence of rol4, B and C genes, initially present in the main hairy root lines.
Orf13 and rolD were present and orf8 was missing in all three regenerant clones whereas orf3 was missing only in
clone 2. Although lacking the three major rol genes, plants of regenerant clones retained characteristics of the hairy root

phenotype.
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Introduction

Gentiana punctata L. is a sub-alpine species of south-east
Europe, known as an endangered medicinal plant. Its
propagation in vitro was reported by Vinterhalter and
Vinterhalter 1998, and A. rhizogenes (A4M70GUS)
mediated transformation by Vinterhalter et al. 1999.
Secondary metabolite production of excised and hairy
root cultures of G. punctata was studied by Menkovié¢
et al. 1998, 2000.

Agrobacterium rhizogenes-mediated transformation
provides means for fast and efficient transformation of
plants from various taxonomic groups (Birot et al. 1987,
Tepfer 1990, Christey 1997, 2001). The presence and
activity of bacterial genes in transformed plant tissues
makes A. rhizogenes-mediated transformation a method
unsuitable for improvement of horticultural species
grown for use as food and feed. However, it is still
recommended and used for transformation of ornamentals
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(Teixeira da Silva 2003, Mishiba et al. 2006), and species
producing secondary metabolites (Sevon and Oksman-
Caldentey 2002, Rosi¢ et al. 2006, Tiwari et al. 2008,
Bauer et al. 2009) including some important medicinal
plants (Batra et al. 2004, Chaudhury et al. 2006, Tiwari
et al. 2007, Gangopadhyay et al. 2008). It is also widely
used to study functioning of plant genes and for
developing new applications such as the use of disarmed
A. rhizogenes strains (Veena and Taylor 2007).

A. rhizogenes-mediated transformation has been
amply studied in diverse plant species. The position,
nucleotide sequence and transcripts of genes within the
T-DNA are well known (White et al. 1985, Slightom
et al. 1986) but the functional characterization of the
proteins which they code is still inadequate (Nillson and
Ollson 1997, Veena and Taylor 2007).

The A4 strain of A. rhizogenes harbours agropine
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type plasmid with two distinct and well separated T-DNA
regions, TL-DNA and TR-DNA (White et al. 1985). Both
T-DNA regions are involved in hairy root formation, but
improved rhizogenesis is attributed to the presence of
TL-DNA located rol genes (White et al. 1985, David and
Tempe 1988). In the early studies of the bacterial T-DNA
structure, White et al. 1985 pointed out at four TL-DNA
located genes naming them rol4, B, C and D as the major
genes responsible for development of altered phenotype
in plants transformed with A. rhizogenes. Phenotype
attained by transformed plants (HR or Ri phenotype) is
characterized by decreased shoot development (stunted
plants with short internodes), production of malformed
leaves (wrinkled, epinastic), improved rooting ability
(higher rooting percentage and branching, roots often
plagiotropic), reduced fertility and in some biannual
species precocious flowering (Tepfer and Casee-Delbart
1987, Tepfer 1990, Christey 1997).

Although there are actually 18 open reading frames
(ORF) present on the TL-DNA of agropine type strains
(Slightom et al. 1986), phenotypic effects of ro/ gene
expression in transgenic plants are dramatic. Each one of
them was assigned a more or less independent function
(for review see Nillson and Olsson 1997, Veena and
Taylor 2007) which is nevertheless modified by the
individual or combined presence of other ro/ and orf
genes. Unfortunately, their roles seem to differ in certain
species depending mostly on the hormonal balance
required for regeneration. From the studies of Levesque
et al. 1988 it is known that TL-DNA bacterial genes are
related and redundant, indicating common origin.

A number of early reports like those of Spena et al.
1987, Spano et al. 1988 showed that the presence and
expression of rold, B and C is sufficient for plants to

Materials and methods

Initial shoot cultures of Gentiana punctata L. were
established from epicotyls of aseptically germinated seeds
collected at Sar-Planina Mt. (2300 m). Shoot cultures
derived from its A4M70GUS hairy root regenerants (Fig. 2)
were maintained on a modified Woody plant medium
(WPM; Lloyd and McCown 1980) supplemented with
0.25 mg dm” 6-benzyladenine (BA) and 0.2 mg dm”
gibberellic acid (GA;) as previously described (Vinterhalter
et al. 1999). Medium pH was adjusted to 5.8 prior to
autoclaving lasting 20 min at 114 °C. Conditions of the
growth room were: temperature 25 = 2 °C, 16-h photo-
period and irradiance 33 - 45 pmol m?s™ produced by cool
white Philips TLD 58W/54 neon lamps and measured with
Li Cor 190SA quantum sensor coupled with Li-71000
datalogger (Lincoln, NE, USA).

For every clone 24 - 30 shoot or root explants were
replicated at least three times. Significant differences
between means of each individual treatment were
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exhibit the hairy root phenotype. Therefore, the role and
importance of rol4, B and C was overrated while rol/D
was far less investigated as noted by Mauro et al. 1996.
Other orf genes were also largely neglected. Lemke and
Schmiilling 1998 re-examined the individual effects of
non-rol genes in tobacco using leaf transformation tests
and showed that strong morphogenetic effects can be
attributed to orf3, 8§ and 13.

The first report of A. rhizogenes (A4M70GUS)
mediated transformation of G. punctata (Vinterhalter
et al. 1999) provided a transformation protocol, GUS
histochemical assay and PCR amplification of the uidA
fragments. Spontaneous shoot regeneration in hairy root
cultures was observed only twice over a long cultivation
period (1992 - 2007) and from each of the three
regeneration spots a separate shoot regenerant clone
(SRC clones, here designated as SRC 1 - 3) was
established. SRC clones display the hairy root phenotype,
stunted growth, short internodes, decreased shoot
multiplication via axillary bud formation and increased
rooting ability. Apparent differences among certain SRC
clones were stable, appearing in each subculture. We
therefore considered them to be true somaclonal variants
and aimed our study at factors imposing the registered
differences. Apart from the comparison of standard
growth parameters and secondary metabolite production,
attempts were made to further characterize SRC clones
by using proteomic analysis. 2D-electrophoresis offered a
valuable insight into their active protein patterns.
Southern hybridization showed absence of the three
important rol genes 4, B and C in all three SRC clones.
Further PCR testing enabled us to obtain accurate picture
of TL-DNA genes of SRC clones, which is presented and
discussed in details.

determined using Fisher’s least significant difference
(LSD) test at P < 0.05.

Air-dried samples from shoot and root tissue were
extracted with methanol for 30 min in a water bath and
filtrated. Ratio between drug and solvent was 1:10. TLC
and HPLC analyses of methanol extracts were performed
according to Menkovi¢ et al. 2000.

For protein isolation 150 mg of shoot tissue was
ground to powder in liquid NO,, dissolved in extraction
buffer (285 mM Tris, 1 % Triton X 100, 20 % glycerol)
and centrifuged for 20 min at 13000 g (4 °C).
Supernatant was used for protein separation. Total protein
concentration was measured using Bradford kit (Bio-Rad,
Hercules, CA, USA,) according to the manufacturer’s
instructions.

For the first dimension protein separation, the
Immobiline dry strip gels (11 cm) with a pH gradient
(pH 3 - 10) were loaded on Protean isoelectric focusing
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(IEF) cell (Bio-Rad). About 50 pg of protein was mixed
with rehydration buffer (7 M urea, 2 M thiourea, 2 %
CHAPS, 40 mM dithiotreitol, DTT, 0.2 % ampholyte) to
give a total volume of 0.35 cm®. The following IEF cell
running program was used: 250 V 15 min, 8000 V 2 h,
500 V 30 min hold.

For the second dimension, strips were first
equilibrated for 15 min in sodiumdodecyl sulphate (SDS)
buffer (6 M urea, 30 % glycerol, 2 % SDS, 0.05 M Tris,
pH 8.8, 15 mM DTT, bromphenol blue, BPB), then
mounted on 12 % SDS-PAGE gels. Electrophoresis was
carried out on vertical gel slab units (Hoefer Scientific
Instruments, Holliston, MA, USA) at 25 mA, 150 V, until
the bromophenol blue front reached the bottom of the gel.
Staining was done with SilverXpress silver staining kit
(Invitrogen, San Diego, CA, USA).

Polymerase chain reaction: Genomic DNA was
extracted from both non-transformed and A4M70GUS
transformed gentian roots following the procedure of
Murray and Thompson (1980) and subjected, together
with a positive control (pRiA4M70GUS), to PCR
amplification specific to the rol4, B, C, uid A and virD].
PCR was performed in a 0.03 cm’ reaction mixture

Table 1. Primer sequence and size of amplified products (A.p.).

Primer sequence 5'—3' A.p. [bp]
ORF 3 ATCATGCCCGCCAACGACGCGAC 1353
ACTAGTTAAGACAAAACCCAAA
ORF 8 GTGATGGATCTTCCATATCAGCG 2289
CTATTTTTTATTCCAGTCCACCG
ORF 10 GTTAGGCGTGCAAAGGCCAAG 203
(rol4) GCGTATTAATCCCGTAGGTC

ORF 11 AAAGTCTGCTATCATCCTCCTATG 348

(rol B) AAAGAAGGTGCAAGCTACCTCTCT

rol AB ATGGAATTAGCCGGACTAAACG
ATGGATCCCAAATTGCTATTCC

ORF 12 TACGTCGACTGCCCGACGATGATG 342

(rol C)  AAACTTGCACTCGCCATGCCTCAC

ORF 13 TGAATGGCTCGTTATTGCAGTGG 606
CTATTCCAGCAGCAGCACCTTGC

ORF 15 CCTTACGAATTCTCTTAGCGGCACC 477

1541

(rol D) GAGGTACACTGGACTGAATCTGCAC

uid A CCTGTAGAAACCCCAACCCGTG 366
CCCGGCAATAACATACGGCGTG

virDI ATGTCGCAAGGCAGTAAG 441
CAAGGAGTCTTTCAGCATG

Results

Agrobacterium  rhizogenes A4M7T0GUS  transformed
hairy root clone of Gentiana punctata established in 1992
was cultured until 2007. Over this time period only three
shoots appearing spontaneously were recovered and
maintained as regenerant clones. Attempts to promote
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containing 250 ng dm™ DNA, 200 uM dNTP, 200 nM
primers, 2.5 U TrueStart Taq DNA polymerase
(Fermentas, Vilnius, Lithuania). Genomic DNA extracted
from the three SRC clones was also PCR analyzed for the
presence of the rolD, orf3, orf8, orfl3 and virD1 (Fig. 1).
All primer sequences (Table 1) were purchased from
Metabion (Martinsried, Germany).

The amplification protocol for all genes was: initial
5 min denaturation at 95 °C, followed by 36 cycles of a
1 min denaturation at 94 °C, a 1 min annealing at 61 °C, a
1 min elongation at 72 °C (2 min for ORF3 and ORFS),
and final extension at 72 °C for 5 min. The amplified
fragments were electrophoretically separated on 1.5 %
agarose gel (Sigma, St. Louis, Missouri) and scanned by
Gel-Doc™ EQ system (Life Science Research, Bio-Rad).

Genomic DNA of three SRC clones was analyzed by
Southern hybridization to check for the presence of the
rold, B, C and uidA genes. DNA was extracted using the
method of Murray and Thompson (1980). The horse
chestnut hairy root line No 36, transformed with the same
construct, was used as a positive control (Zdravkovic-
Kora¢ et al. 2004). 40 ng of DNA per clone was digested
with  BamHI endonuclease (Fermentas), separated
electrophoretically on 0.8% agarose gel (Sigma,
St. Louis, MI, USA) and blotted onto a positively charged
nylon membrane (Roche, Mannheim, Germany) by
capillary transfer for 24 h. The membrane was first
probed with r0/AB probe (1541 bp), and then stripped and
reprobed with both ro/C (342 bp) and uidA (366 bp)
probes in separate hybridizations. The probes were
labeled with digoxigenin DIG-dUTP (Roche) by PCR,
using the pRiIA4M70GUS DNA as a template. The rolC
and wuidA probes were amplified under conditions
specified in the previous section, and the rolAB was
amplified under conditions described by Tiwari et al.
(2007) using DIG-dUTP:dTTP (1:9) in the reaction
mixture. The hybridizations were performed in DIG Easy
Hyb buffer (Roche) at 42 °C (for the rolAB) and 45 °C
(for the rolC and uidA) for 16 h. The membrane was then
washed 2 x 5 min with the following buffers: /) 2x SSC
+ 0.1 % SDS and 2) I1x SSC + 0.1 % SDS at a
hybridization temperature and 3) 0.5x SSC + 0.1 % SDS
and 4) 0.1x SSC + 0.1 % SDS at 65 °C for the rol4B and
68 °C for the rolC and uidA. The hybrids were detected
with anti-digoxigenin antibody (Roche), visualized with
chemiluminescent substrate CDP-Star (Roche) and
recorded with X-ray film (Kodak, Paris, France).

shoot regeneration by cytokinin supplementation were
not successful indicating spontaneous shoot regeneration
in G. punctata to be a low probability event.

Each of the three regenerant clones manifested stable
growth parameters and phenotype characteristics in many
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Fig. 1 TL-DNA sequence of 4. rhizogenes agropine type plasmids (after Slightom ef al. 1986 and Lemke and Schmiilling 1998).

Fig. 2. Shoots of SRC 1 - 3 (I, II and III) on medium with 0.25 mg dm™ BA and 0.2 mg dm™ GA; and control non-transformed shoot

culture (C) on medium with 0.25 mg dm™ BA and 0.1 mg dm™ IAA.

subsequent subcultures. Their common phenotype
characteristics were stunted growth, short internodes,
large leaves and poor shoot multiplication, requiring
addition of BA and GAj; to the maintenance medium.
However, the BA/GA; supplementation could only partly
compensate for their poor growth characteristics
since the control, non-transformed plants were superior in
all aspects of shoot development.

Hairy root origin of the SRC clones is evident from
their increased rooting ability on the maintenance
medium containing of 0.25 mg dm® BA on which the
non-transformed plants are unable to produce roots.
SRC 1 was prone to fasciation which when combined
with short internode lengths further decreases shoot
multiplication. SRC 2 manifested high rooting ability
(rooting percentage) and root elongation while SRC 3 had
higher shoot multiplication than the other two clones.
However, shoot multiplication of all three regenerant
clones was always much lower than in non-transformed
control plants. The excised root cultures of SRC clones
1 - 3 were established on several occasions but they could
not be maintained for more than a year.

Gentiopicrine, the main secondary metabolite of
G. punctata was found to accumulate in vegetative tissues
of all SRC clones but its concentrations was lower than in
non-transformed shoots. Gentopicrine content in SRC 3
was more than two times higher than in SRC 1 and 2 but
still reaching only 81.6 % of the gentiopicrine found in
the control. SRC clones apparently cannot compete with
hairy root clones as a source for production of
gentiopicrine. Swertiamarine, another less abundant

secondary metabolite was present in traces in shoot
tissues of SRC regenerant clones. In plants from nature
gentiopicrine is the dominant metabolite in roots while
swertiamarine is dominant in shoots. Swertiamarine was
absent in tissues of excised root and hairy root cultures
but it appeared in shoot tissue of SRC clones (Menkovic¢
et al. 1998, 2000).

Protein separation by 2D-electrophoresis of SRC 1 - 3
samples resolved more than 100 proteins over a pl range
3 - 10 (Fig. 3). Multiple 2D-E gels were acquired, and the
best gels were selected to serve as the reference maps.
Visual comparison of the 2D-E gels revealed that most of
the protein spots were shared, i.e. present in all three SRC
clones but at least 10 spots were truly specific. Some of
the spots, common to all extracts, expressed abundance
differences (spots No. 11 - 14; Fig. 3).

A single protein spot shared by all three SRC clones
but missing in control can be considered as GUS protein,
expected to be expressed from the bacterial TL-DNA
integrated in the plant genome. It is a protein of Mr
76 kDa, and pl about 9. It is expressed quite well in
SRC 1 and 2, but very weakly in SRC 3. No other spots
shared by the SRC clones but absent from the control
were registered. The first two spots (No. 1 and 2; pl 6.5
and 6.8 and Mr 40 and 35, respectively), are proteins
unique to non-transformed shoots, but missing in SRC
clones. The SRC 1 is lacking six protein spots present in
the control, SRC 2 and 3 (No. 4, 6, 7, 8, 9 and 10). These
proteins are most abundant in clone 2, except for proteins
4, 9 and 10. As SRC clone 1 regenerates poorly, these
missing proteins might be involved in organogenesis
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Fig. 3. 2D-protein electrophoresis of SRC clones and untransformed control shoot tissues: a - SRC 1, b - SRC 2, ¢ - SRC 3,
d - control.
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Fig. 4. Southern analysis of Gentiana punctata genomic DNA digested with BamHI and hybridized to the probe rol4B, rolC and
uidA. Lane 1 - non-transformed shoots, lanes 2, 3, 4 - transformed shoots SRC 1 - 3, lane 5 - positive control, Aesculus
hypocastanum hairy root clone No. 36.
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bearing in mind that SRC 2 has a well developed root
system. SRC 2 also shares one spot with the control,
which is missing in SRC 1 and 3 (No. 6, Mr 27, pl 3.3).
Furthermore, also protein No. 4 (spot No. 10), abundant
in SRC 3, is lacking in SRC 2. This protein missing also
in SRC 1, may have a role in organogenesis, since both
SRC 1 and 2 exhibit poor shoot multiplication.

It is noteworthy that SRC 3 is the clone most closely
resembling the phenotype of control, untransformed
plants. Besides the above mentioned protein differences,
it shares one more common spot (No. 10) with the control
while spots No. 8 and 9 are missing. Spots numbered
5,6, 13, 14 and 15 are common to all clones but with the
different abundance.

The single protein spot found in all three SRC clones
but missing in the non-transformed control, was
somewhat disappointing since we expected to detect
some more differences imposed by the presence of ro/
and other bacterial genes. We therefore performed the
Southern hybridization of SRC 1 - 3 samples compared to
non-transformed plants as a control. Since the samples of
the original main hairy root clones were not available we
used the A4M70GUS-transformed horse chestnut hairy
root clone No 36 as a positive control (Zdravkovi¢-Korac
et al. 2004).

Table 2. Presence and activity of TL-DNA genes in hairy roots
and SRC 1 - 3. Testing was done using Southern blotting (s) and
PCR amplification (p); nt - not tested

Genes Hairy SRC1 SRC2 SRC3 Control Testing
roots plants method

orf3 nt + - + - p

orf8 nt - - - - P

orfl0

(old) - - - - P, s

orfll

(rolB) * ) ) . . p.s

orfl2

(rolC) T ; P

orfl3 + + + + - p

orfl5

@olp) ™ A - p

virD - - - - - p

uidA + + + + - P, s

Following the hybridization with rol4B probe,
genomic DNA of the three SRC clones produced no
signal (Fig. 4). As the roldB probe covers the entire
coding sequence of both rol4 and rolB, this finding
indicates the absence of r0l4 and ro/B from the genomes
of SRC shoot cultures. In the positive control, a signal of
approximately 10kb was produced, indicating the
presence of a 8a BamHI fragment of full size 9.8 kb,
according to the nomenclature of Jouanin (1984). The
same membrane re-probed with rolC showed this gene

PROTEIN PROFILES IN CLONES OF TRANFORMANTS

was absent from all three SRC clones (Fig. 4). In the
positive control, two fragments of predicted sizes (10 and
1.5 kb) were present (the 8a and 30a BamHI fragments).
Finally, following hybridization with uid4 probe all SRC
clones produced a signal of variable length of approxi-
mately 9 - 10 kb, thus confirming the presence of GUS
gene sequence (Fig. 4).

This analysis actually revealed that some of the
bacterial genes supposed to be present in the TL-DNA of
A4M70GUS were absent from tissues of SRC 1 - 3 lines.
In our previous studies the presence of rol genes was
taken for granted and it was not analyzed in the original
hairy root clone. In the absence of fresh material the
analysis of stored samples was performed.

Genomic DNA of original gentian hairy roots
analyzed by PCR revealed the presence of genes rol4, B
and C and uidA (Fig. 5 A-D). PCR specific for the virDI
sequence of A. rhizogenes resulted in no amplification,

[bp]

F R =203

== 348

Fig. 5. PCR analysis of genomic DNA isolated from Gentiana
punctata main hairy root clone: 4 - rold, B - rolB, C - rolC,
D - uidA, E - virDI1. Lane 1 - molecular size marker, lane 2 -
blank control, lane 3 - non-transformed roots, lane 4 -
transformed roots, lane 5 - positive control (pRiA4M70GUS).
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confirming the absence of residual agrobacteria in the
sample (prolonged bacterial contamination). This analysis
confirmed that the rol4, B and C genes were present in
the original main hairy root clone from which SRC
clones regenerated. SRC clones were actually obtained a
number of years before hairy root samples were collected
for phytochemical analyses.

To clarify the presence of TL-DNA genes SRC clones

Discussion

Expression of HR phenotype in many A. rhizogenes
transformed plant species can be highly variable and
diverse as demonstrated in studies of Brassica oleracea
and B. rapa (Christey et al. 1999). There is a number of
variability-generating mechanisms active at certain sub-
cellular genome related positions. First, the natural
Agrobacterium-mediated insertion of DNA is of
mutagenic nature resulting in null, loss of function, gain
of function and other possible phenotypes depending on
the region targeted by the insert and discrete element
structure within the T-DNA like promoters (Filipecki and
Malepszy 2006). Introgression of bacterial T-DNA in the
genome of host plants although highly efficient generates
DNA alterations including base substitutions, insertions,
deletions and duplications at the insertion site (Nacry
et al. 1998). In Arabidopsis they demonstrated
chromosomal changes and rearrangements, reciprocal
translocations and small inversions and deletions.
Similarly, Tax and Vernon (2001) showed that trans-
formants may contain unexpectedly high frequency of
rearrangements consisting of duplication/rearrangement
events. In plants regenerated from agropine type pRi
plasmids TL and TR-DNA can be either linked or
independent or present as inverted tandems (Jouanin ef al.
1989). Rearrangements, which they observed at the
insertion site, resulted in the appearance of a new Eco RI
site on the right of the TR-DNA/plant DNA junction.
Rearrangements at the insertion sites were also observed
by Gheysen ef al. 1987.

The changes in the expression of T-DNA genes
integrated in the plant genome have been well
documented specially for marker genes. The variability in
the expression of the GUS histochemical marker can be
easily demonstrated in various tissues of the same plant.
In some of the introgressed genes, expression can stop
after some time. This phenomenon, gene silencing,
attributed to the existence of multiple copies of the same
gene has been demonstrated also in genus Gentiana
(Mishiba et al. 2005). Also genes that were silent for
some time renewed their expression later (Guivarc’h
et al. 1999).

However, there are only few reports showing the
absence of rol genes in regenerants originating from rol
gene-containing hairy roots. Sevon et al. 1997 showed
that three out of six hairy root regenerated clones of
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were additionally tested for the presence of other
bacterial genes known to induce morphogenetic effects.
The analysis showed that apart from rol4, B and C all
SRC clones are also missing orf8, while orf13 and orf15
(rolD) are present (Table 2). Additionally orf3 is missing
in clone SRC 2. It is apparent that a large group of
TL-DNA genes with prominent morphogenetic effects is
missing in SRC clones.

Hyosciamus muticus contain plants in which PCR
analysis could not confirm presence of rol4, B and C
genes. Similarly, in hairy root regenerants of silver birch,
Piispanen et al. (2003) described a large group of
regenerant plants with no aux or rol genes. Finally among
250 shoot regenerants obtained in a study of
A. rhizogenes-mediated transformation of Catharanthus
roseus, Batra et al. (2004) found two slow growing
clones in which rol4 and B were absent. These reports are
similar to our findings that the SRC clones of G. punctata
contain no rol4, B and C genes, originally present in the
hairy roots.

Based primarily on the results of Southern blotting we
may assume that the omission of bacterial genes from
SRC clones results from a single or repeated deletions in
the TL-DNA region. On the right side of the TL-DNA
fragment situation is clear with the DNA rupture
occurring between orf12 and orf13. On the left side, orf3
is present in SRC 1 and SRC 3 limiting this deletion to
include orf6 to orf12 and genes in between or in the worst
case to include even orf4 and orf5 which were not
analyzed in this study. In the SRC 2, orf3 is missing also
increasing the length of the deleted TL-DNA segment.

Today we can not determine the exact time point at
which the group of rol and orf genes slipped out of the
genome of SRC regenerants but we can assume that it
was a crucial moment for the successful shoot
regeneration. This assumption is based mainly on the
extremely low frequency of shoot regeneration in
G. punctata hairy root cultures. It is also possible that the
rol and orf genes omission is a much more frequent
(widespread) event. Since the resulting cells and their
lineage are not competent for growth as the cells
containing the full complement of TL-DNA genes, they
are likely to perish in the auxin-free medium of hairy root
cultures.

Among the five south-European Gentiana species
included in the A. rhizogenes mediated transformation
studies only G. cruciata regenerated  shoots
spontaneously and G. purpurea upon cytokinin
supplementation (Momcilovié¢ et al. 1997). Other three
species G. lutea, G, acaulis and G. punctata do not
regenerate shoots on regular basis (Momcilovi¢ et al
2001, Vinterhalter et al. 1999). In G. scabra var. buergeri
and G. triflora x G. scabra (cv. Polarno white) shoot



regeneration from hairy root cultures can be induced by
cytokinin supplementation (Suginuma and Akihara 1995,
Hosokawa et al. 1997). In hairy root cultures of
G. macrophylla shoot regeneration was not mentioned
(Tiwari et al. 2007).

Survey of the shoot regeneration ability of
A. rhizogenes A4AMT70GUS hairy root clones shows fast
and frequent spontaneous shoot regeneration in many
species including Lotus corniculaturs (Nikoli¢ et al.
2003/4), Aesculus hippocastanum (Zdravkovi¢-Koraé
et al. 2004), Hypericum perforatum (Vinterhalter et al.
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