
INTRODUCTION

Like some other species of the genus Hypericum,
Hypericum perforatum is a widely studied medicinal
plant. Interest is concentrated on the pharmacological
activity of hypericins and acylphloroglucinols
(reviewed by Kubin et al., 2005; Medina et al., 2006)
and other secondary products, but also on biotechno-
logical ways of enhancing the biosynthetic ability of
valuable metabolites. Modification of the plant genome
through genetic transformation provides a tool for
study and random or directed manipulation of plant
characteristics. Recently, efficient Agrobacterium rhi-
zogenes-mediated transformation protocols have
been developed for H. perforatum (Di Guardo et al.,
2003; Vinterhalter et al., 2006). Agrobacterium rol
genes integrated into the plant genome may cause
changes in the hormone balance or in hormone signal
perception (Christey, 2001) and result in morphologi-
cal and physiological alterations. Previously published

data revealed induction of the hairy root phenotype
(DiGuardo et al., 2003) and biochemical and morpho-
logical alterations (Koperdáková et al., 2009) in 
H. perforatum plants transformed by a wild agropine
strain of A. rhizogenes. On the other hand, plants
modified by A. rhizogenes strain A4M70GUS showed
a phenotype similar to the untransformed controls
(Vinterhalter et al., 2006). Phenotypic features of mod-
ified plants depend on the site and copy number of the
integrated genes. As it is likely that the genes from pRi
are integrated at random sites of the plant genome, dif-
ferent traits can be affected, including biosynthetic
ability or hormone perception.

The aim of this study was to examine the mor-
phoregulatory effect of exogenously applied auxins
and cytokinins on shoot cuttings of two transgenic
H. perforatum clones cultured in vitro, as compared
with untransformed controls. 

*e-mail:jana.koperdakova@upjs.sk

AAbbbbrreevviiaattiioonnss:: PGRs – plant growth regulators; 2iP – 6-γ,γ-
dimethylallylaminopurine; BAP – 6-benzylaminopurine; IAA –
indole-3-acetic acid; IBA – indole-3-butyric acid; Kin – kinetin;
NAA – 1-naphthalene acetic acid. 

MORPHOGENETIC RESPONSE TO PLANT GROWTH REGULATORS 

IN TRANSFORMED AND UNTRANSFORMED HYPERICUM PERFORATUM L.

CLONES

JANA KOPERDÁKOVÁ1*, ZUZANA KATKOVÈINOVÁ1, JÁN KOŠUTH1, ANNALISA GIOVANNINI2,
AND EVA ÈELLÁROVÁ1

1Institute of Biology and Ecology, P. J. Šafárik University,
23 Mánesova St, 041 54 Košice, Slovakia

2CRA - FSO, Experimental Unit for Floriculture and Ornamental Species,
corso Inglesi 508, I-18038, Sanremo (Imperia), Italy

Received January 8, 2009; revision accepted February 25, 2009 

This study examined the effects of different exogenous auxins and cytokinins at 0.1-5.0 mg·l-1 concentration on
shoot cuttings of two H. perforatum clones transformed with a wild agropine strain of A. rhizogenes and one
untransformed clone. Their sensitivity to the auxins varied and showed concentration-dependent behavior, and
the response to auxins differed between the transgenic clones. The number of cuttings of transgenic clones capa-
ble of root formation, and the onset of rooting on most of the media with auxins lagged behind the control. The
number of differentiated shoots of the transgenic clones on hormone-free medium was two to three times high-
er than that of the untransformed control. Regenerated shoots of the transgenic clones on basal medium
branched much less than the nontransgenic clone. The transgenic and control clones differed in their ability to
form shoots on media supplemented with cytokinins. Increased cytokinins led to differentiation of shorter
shoots with fewer leaf pairs. Because gene expression studies have shown integration of rolABC genes, their pos-
sible impact on the type of morphogenetic response is discussed.
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MATERIALS AND METHODS

The experiments used shoots grown in vitro from
two transgenic clones, B and L expressing the hairy
root phenotype, and untransformed clone K of
Hypericum perforatum L. Transgenic clones were
developed from hairy roots obtained by transforma-
tion of leaf (clone L) and root (clone B) cuttings of
clone K with a wild agropine type Agrobacterium
rhizogenes, strain ATCC 15834. Clone K, the origi-
nal plant used for the transformation, was derived
by in vitro propagation of wild H. perforatum of
Italian provenance (Di Guardo et al., 2003).

The basal medium contained mineral salts
according to Linsmaier and Skoog (1965), B5 vita-
mins according to Gamborg et al. (1968), 100 mg·l-1

myo-inositol, 2 mg·l-1 glycine, 30 g·l-1 sucrose and
0.6% (w/v) agar, with pH adjusted to 5.6 before auto-
claving. To test the effects of different plant growth
regulators, the auxins indole-3-acetic acid (IAA)
(Sigma), indole-3-butyric acid (IBA) (Sigma) and 
1-naphthalene acetic acid (NAA) (Jansen), and the
cytokinins 6-benzylaminopurine (BAP) (Sigma), 
6-γ,γ-dimethylallylaminopurine (2iP) (Sigma) and
kinetin (Kin) (Sigma) were applied at concentrations
of 0.1, 0.5, 1.0 or 5.0 mg·l-1. The morphogenetic
effects of plant growth regulators on shoot cuttings
comprising two leaf-pairs were evaluated. Thirteen
cuttings per plant were placed on 13 different types of
culture media containing auxins and cytokinins. Five
cuttings per flask in three replicates of each clone
(clones L and B and the untransformed clone K) were
placed on the surface of the basal medium with dif-
ferent plant growth regulators. Control samples were
cultured on basal medium without growth regulators.

The cultures for cytokinin bioassays were kept in
the culture room at 23°C under a 16 h photoperiod
with fluorescent lighting (33 μmol·m-2s-1) and 70% rel-
ative humidity, while those used for auxin bioassays
were stored in the dark. All cultures were subcultured
at 6-week intervals. The morphogenetic responses
were registered after 12 weeks of cultivation.

The effect of the different auxins within the
0.1–5.0 mg·l-1 concentration range on shoot sections
of transformed clones B and L and untransformed
clone K was compared with control samples of each
clone cultivated on basal hormone-free medium
under the same culture conditions.

The presence and copy number of the rolABCD
genes and the genes encoding for enzymes involved in
the alternative biosynthetic pathway of auxins (aux1,
2) of A. rhizogenes T-DNA in the analyzed clones were
detected by quantitative real time PCR (qPCR) with
SYBR Green I binding dye according to Koperdáková
et al. (2009). The genomic fragment of the hyp-1 gene
(GenBank acc. n.: AY148090) was used as the internal
reference. Total genomic DNA for the analysis was iso-
lated from 100 mg of plant material using the DNeasy

Plant Mini Kit (Qiagen). The reaction conditions in 
30 μl reaction volume were as follows: 1x iQ  SYBR
Green Supermix (BioRad), 0.5 μM forward and
reverse primer and 50 ng DNA. The PCR amplifica-
tions (5 min at 95°C; 40 cycles of 30 s at 94°C, 30 s at
60°C – rolABCD, 61°C – aux1,2 or 52°C – hyp-1, 30 s
at 72°C, and 5 min at 72°C) were performed in the
iCycler iQ Real Time PCR Detection System (BioRad).

Expression of rolABC genes was verified by RT-
PCR. Total RNA was isolated from fresh plant mate-
rial according to Jaakola et al. (2001). Residual DNA
co-precipitated during isolation was digested by
DNase I (Invitrogen). Reverse transcription (RT) was
performed using 200U M-MLV reverse transcriptase
(Promega) and 10 mM anchored oligoT primer at
42°C according to the manufacturer's instructions.
RT and RT-PCR were performed in an MJ Mini
Thermal Cycler (BioRad). For RT-PCR, 50 ng cDNA
was used according to the reaction and amplifica-
tion conditions used by qPCR.

RESULTS

EFFECTS OF AUXINS ON ROOT FORMATION

The differences in the morphogenetic response of
the transformed clones to different auxins and con-
centration levels were evaluated. 

The rooting ability of the studied clones on
basal hormone-free medium varied widely (Tab. 1).
Cuttings of untransformed clone K differentiated on
average 3 branching roots on basal medium. The
number of roots differentiated from shoot sections
of transgenic clone B ranged from none to many
abundantly branching roots. Shoot sections of clone
L showed almost no rooting ability. 

The sensitivity of the shoot cuttings of the stud-
ied clones to different auxins varied and showed
concentration-dependent behavior (Tab. 1). Clone K
shoot sections had more roots at lower concentra-
tions of IAA but not IBA than on hormone-free medi-
um. Concentrations of IAA and IBA higher than 
0.5 mg·l-1 as well as the lowest concentration of NAA
resulted in the formation of multiple roots with
reduced geotropism. Higher concentrations of NAA
led to callus formation (Fig. 1).

The reaction of clone B to the different auxins
varied (Fig. 2). Lower concentrations had no effect
(IAA) or caused differentiation of plentiful roots with
reduced geotropism (IBA), or callus formation fol-
lowed by differentiation of short roots (NAA). Higher
concentrations of all auxins resulted in the forma-
tion of callus, from which multiple root regeneration
occurred under the influence of IAA and IBA.

Clone L had lower rooting ability than the other
clones after auxin administration. The number of
differentiated roots per cutting and number of
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rooting cuttings increased on media with lower
IAA and IBA concentrations. The shoot cuttings of
this clone tended to form compact callus under
higher IAA and IBA and all NAA concentrations.

On media supplemented with 1.0 or 5.0 mg·l-1

IAA, or with 0.5 or 1.0 mg·l-1 IBA, several roots
differentiated from calli. The number of cuttings of
transgenic clones capable of root formation and
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TABLE 1. Morphogenic effect of auxins

o morphogenic callus, + 1–3, ++ >3, +++ multiple roots per cutting



the onset of rooting on most media lagged behind
the control. 

EFFECTS OF CYTOKININS 
ON SHOOT DIFFERENTIATION

Different cytokinins within the 0.1–5.0 mg·l-1 con-
centration range were used to compare their mor-
phoregulatory effect on shoot formation. On hor-
mone-free medium the transgenic clones had slight-
ly fewer differentiated shoots than the untrans-
formed control. The cuttings of control clone K and
some of the transgenic clones differentiated compact

green light callus on the cut. In these conditions the
regenerated shoots of the transgenic clones branched
much less than the nontransgenic clone.

The morphogenetic response of shoot sections
of untransformed clone K to the different cytokinins
showed differences and concentration-dependency.
Lower concentrations of 2iP had no effect on the num-
ber of differentiated shoots, but did increase branch-
ing and caused dark callus formation. The number of
shoots per cutting increased on media with 0.1 mg·l-1

Kin. Callus formation followed by multiple shoot dif-
ferentiation was observed on all media with BAP and
on media supplemented with higher concentrations of
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FFiigg..  11.. Cuttings of clone K after 12-week cultivation on media containing different auxins
at 0.1–5.0 mg·l-1 concentrations. (aa) On basal medium, (bb--ee); On basal medium supple-
mented with IAA: (bb) 0.1 mg·l-1, (cc) 0.5 mg·l-1, (dd) 1.0 mg·l-1, (ee) 5.0 mg·l-1, (ff--ii) On basal
medium supplemented with IBA: (ff) 0.1 mg·l-1, (gg) 0.5 mg·l-1, (hh) 1.0 mg·l-1, (ii) 5.0 mg·l-1, 
(jj--mm) On basal medium supplemented with NAA: (jj) 0.1 mg·l-1, (kk) 0.5 mg·l-1, (ll) 1.0 mg·l-1

and (mm) 5.0 mg·l-1. Bar = 1 cm.



2iP and Kin. Addition of BAP led to plentiful branch-
ing of shoots and to altered morphology: internode
shortening, differentiation of smaller leaves and sup-
pression of rooting (Fig. 3). 

The clone B cuttings formed numerous shoots
on media with Kin and BAP (Tab. 2). Shoot length
and the number of leaf pairs decreased with increased
concentrations of these cytokinins. Addition of 2iP
only slightly improved shoot differentiation. Higher
concentrations of all cytokinins caused callus forma-
tion and suppressed rooting of differentiated shoots.
The morphogenetic response of transgenic clone L
was similar to that of clone B, with more frequent cal-

lus formation followed by shoot differentiation (Fig. 4).
Addition of low concentrations of BAP and Kin
increased not only shoot formation but also the per-
centage of root-differentiating cuttings of transgenic
clone L, from 26.7% to 53.3–60.0% (Tab. 2).

T-DNA GENE INTEGRATION AND EXPRESSION IN
TRANSGENIC CLONES

Integration of rolA, B, C genes into the genomes of
clone B and L was confirmed, but integration of
rolD and aux genes was not. Quantitative real time
PCR (qPCR) revealed similar copy numbers of
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FFiigg..  22.. Cuttings of clone B after 12-week cultivation on media containing different auxins
at 0.1-5.0 mg·l-1 concentrations. (aa) On basal medium, (bb--ee) On basal medium supple-
mented with IAA: (bb) 0.1 mg·l-1, (cc) 0.5 mg·l-1, (dd) 1.0 mg·l-1, (ee) 5.0 mg·l-1, (ff--ii) On basal
medium supplemented with IBA: (ff) 0.1 mg·l-1, (gg) 0.5 mg·l-1, (hh) 1.0 mg·l-1, (ii) 5.0 mg·l-1,
(jj--mm) On basal medium supplemented with NAA: (jj) 0.1 mg·l-1, (kk) 0.5 mg·l-1, (ll) 1.0 mg·l-1

and (mm) 5.0 mg·l-1. Bar = 1 cm.



integrated rolABC genes in both clones (Tab. 3).
Expression of the introduced genes was shown by
RT-PCR at the level of the presence of rolABC gene
transcripts. 

DISCUSSION

The transgenic clones used in this study were
derived from unique transformation events and
from different types of tissues: clone L from leaf and
clone B from root cuttings of the control clone. This,

together with the semi-random nature of A. rhizo-
genes T-DNA integration into different genomic
regions, might lead to phenotypic differences
between transgenic clones B and L. Transgene
expression resulted in the 'hairy root' phenotype,
accompanied by altered morphology and changes in
biosynthetic ability (Koperdáková et al., 2009).
Since rolABC gene expression was confirmed in
both clones, different integration sites of the trans-
gene may have been involved. 

Most known functions of Agrobacterium T-DNA
gene products are related to altered auxin and
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FFiigg..  33.. Cuttings of clone K after 12-week cultivation on media containing different
cytokinins at 0.1-5.0 mg·l-1 concentrations. (aa) On basal medium; (bb--ee) On basal medi-
um supplemented with BAP: (bb) 0.1 mg·l-1, (cc) 0.5 mg·l-1, (dd) 1.0 mg·l-1, (ee) 5.0 mg·l-1, 
(ff--ii) On basal medium supplemented with 2iP: (ff) 0.1 mg·l-1, (gg) 0.5 mg·l-1, (hh) 1.0 mg·l-1,
(ii) 5.0 mg·l-1; (jj--mm) On basal medium supplemented with Kin: (jj) 0.1 mg·l-1, (kk) 0.5 mg·l-1,
(ll) 1.0 mg·l-1 and (mm) 5.0 mg·l-1. Bar = 1 cm.



cytokinin metabolism. The altered hormonal
response includes increased tolerance to high levels
of auxins and abscisic acid, and a higher sensitivity

to various cytokinins (Schmülling et al., 1993).
Despite much research over the years and some evi-
dence connecting the action of rol genes with plant
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TABLE 2. Morphogenic effect of cytokinins

+ 1–4, ++ >4, +++ multiple shoots per cutting



hormone effects, the biochemical functions of these
genes remain poorly understood, reflecting the com-
plexity of the system (Casanova et al., 2005).

We compared the morphogenetic reaction of the
clones to different PGRs and different concentra-
tions with their response to hormone-free medium.
Cuttings on media containing auxins were cultivated
in the dark, while those on media supplemented
with cytokinins were cultivated under light. 

An interesting effect of light on root differentia-
tion of cuttings cultivated on PGR-free media in dif-
ferent light conditions served as a control for the

auxin and cytokinin assays. While the percentage of
root-differentiating cuttings of control clones on
basal media remained almost the same in different
light conditions, cuttings of both transgenic clones
were much more prone to differentiate roots under
light than in the dark (Tabs. 1, 2). It turned out that
the transgenic cuttings' endogenous auxin level was
rather low, and root differentiation proceeded much
more effectively after regeneration of shoots under
light. It has been shown that nontransgenic adventi-
tious shoots of H. perforatum can be easily rooted
on PGR-free medium (e.g., Karppinen et al., 2006).
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FFiigg..  44.. Cuttings of clone L after 12-week cultivation on media containing different
cytokinins at 0.1-5.0 mg·l-1 concentrations. (aa) On basal medium; (bb--ee) On basal medium
supplemented with BAP: (bb) 0.1 mg·l-1, (cc) 0.5 mg·l-1, (dd) 1.0 mg·l-1, (ee) 5.0 mg·l-1; 
(ff--ii) On basal medium supplemented with 2iP: (ff) 0.1 mg·l-1, (gg) 0.5 mg·l-1, (hh) 1.0 mg·l-1,
(ii) 5.0 mg·l-1; (jj--mm) On basal medium supplemented with Kin: (jj) 0.1 mg·l-1, (kk) 0.5 mg·l-1,
(ll) 1.0 mg·l-1 and (mm) 5.0 mg·l-1. Bar = 1 cm.



The level of endogenous auxin in shoots was already
sufficient for rooting, and exogenously applied auxin
inhibited the growth of already formed root primor-
dia (Wojcik and Podstolski, 2007). 

Auxins and cytokinins have coordinated func-
tions as both long-distance and local signals. These
hormones are produced not only in root tips and
shoot apices, as was thought previously, but at vari-
ous sites of the plant (Ljung et al., 2001; Nordstrom
et al., 2004). The importance of plant growth regu-
lators in plant tissue culture is well documented.
Earlier studies on the morphoregulatory role of aux-
ins and cytokinins on seedlings and shoots of H.
perforatum cultured in vitro also showed concen-
tration-dependent root-inducing effects of IAA and
IBA (Èellárová and Kimáková, 1999; Gadzovska et
al., 2005), and callus formation resulting from high-
er concentrations of them or from the presence of
NAA and 2,4-D. Shoot differentiation is promoted
especially by BAP (Karppinen et al., 2006; Wojcik
and Podstolski, 2007) and Kin, but not in the pres-
ence of 2iP (Èellárová and Kimáková, 1999). Low
levels of BAP accelerate shoot regeneration from
root, leaf and hypocotyl explants (Franklin and Dias,
2006). Higher BAP concentrations often resulted in
red coloration of tissues (Franklin and Dias, 2006;
Wojcik and Podstolski, 2007) as we also observed in
our experiments. Recently, it was shown that low
levels of BAP not only promote shoot formation but
also increase the content of the active compounds
hypericin and hyperforin (Charchoglyan et al., 2007;
Liu et al., 2007).

To our knowledge this is the first report of
morphogenetic effects of PGRs on transgenic 
H. perforatum clones. The reaction of these trans-
genic clones reveals some similarities but also fea-
tures unique to their transgenic behavior. There
were also differences between clones in their sensi-
tivity to auxins and cytokinins, reflected in altered
morphogenetic reactions. Cuttings of the clones
differed in their ability to form shoots, and the
shoot sections of transgenic clone L were less sen-
sitive to exogenous auxins than those of untrans-
formed clone K. The expression of rolABC was con-
firmed and the copy numbers of the integrated rol
genes in the clones were similar; the differences in
morphogenetic response may have resulted from

differences in the integration sites, which could
affect the expression of the integrated genes and/or
interfere with some processes of normal plant
development. 

ACKNOWLEDGEMENTS

This work was supported by the Slovak Research
and Development Agency (contract no. VVCE 0001-
07, 0321-07) and the Scientific Grant Agency
(1/0049/08). We thank Terézia Medvecová, Alžbeta
Maková and L’udmila Majsniarová for technical
assistance.

REFERENCES

CASANOVA E, TRILLAS MI, MOYSSET L, and VAINSTEIN A. 2005.
Influence of rol genes in floriculture. Biotechnology
Advances 23: 3–39.

ÈELLÁROVÁ E, and KIMÁKOVÁ K. 1999. Morphoregulatory effect
of plant growth regulators on Hypericum perforatum L.
seedlings. Acta Biotechnologica 19: 163–169.

CHARCHOGLYAN A, ABRAHAMYAN A, FUJII I, BOUBAKIR Z, GULDER

TAM, KUTCHAN TM, VARDAPETYAN H, BRINGMANN G,
EBIZUKA Y, and BEERHUES L. 2007. Differential accumu-
lation of hyperforin and secohyperforin in Hypericum
perforatum tissue cultures. Phytochemistry 68:
2670–2677.

CHRISTEY MC. 2001. Use of Ri-mediated transformation for
production of transgenic plants. In Vitro Cellular and
Developmental Biology-Plant 37: 687–700.

DI GUARDO A, ÈELLÁROVÁ E, KOPERDÁKOVÁ J, PISTELLI L, RUFONNI

B, ALLAVENA A, and GIOVANNINI A. 2003. Hairy root induc-
tion and plant regeneration in Hypericum perforatum L.
Journal of Genetics and Breeding 57: 269–278.

FRANKLIN G, and DIAS ACP. 2006. Organogenesis and embryo-
genesis in several Hypericum perforatum genotypes. In
Vitro Cellular and Developmental Biology-Plant 42:
324–330.

GADZOVSKA S, MAURY S, OUNNAR S, RIGHEZZA M, KASCAKOVA S,
REFREGIERS M, SPASENOSKI M, JOSEPH C, and HAGÈGE D.
2005. Identification of hypericin and pseudohypericin in
different Hypericum perforatum L. in vitro cultures.
Plant Physiology and Biochemistry 43: 591–601.

GAMBORG OL, MILLER RA, and OJIMA K. 1968. Nutrient require-
ments of suspension cultures of soybean root cultures.
Experimental Cell Research 50: 148–151.

JAAKOLA L, PIRTILLA AM, HALONEN M, and HOHTOLA A. 2001.
Isolation of high quality RNA from Bilberrry (Vaccinium
myrtillus L.) fruit. Molecular Biotechnology 19: 201–204.

KARPPINEN K, GYORGY Z, KAUPPINEN M, TOLONEN A, JALONEN J,
NEUBAUER P, HOHTOLA A, and HAGGMAN H. 2006. In vitro
propagation of Hypericum perforatum L. and accumula-
tion of hypericins, pseudohypericins and phlorogluci-
nols. Propagation of Ornamental Plants 6: 170–179.

KOPERDÁKOVÁ J, KOMAROVSKÁ H, KOŠUTH J, GIOVANNINI A, and
ÈELLÁROVÁ E. 2009. Characterization of hairy root-phe-
notype in transgenic Hypericum perforatum L. clones.
Acta Physiologiae Plantarum 31: 351–358.

Morphogenetic response to PGR in transformed Hypericum clones 69

TABLE 3. Copy number of rolABC genes integrated into B
and L clones of H. perforatum detected by quantitative
real time PCR



KUBIN A, WIERRANI F, BURNER U, ALTH G, and GRÜNBERGER W.
2005. Hypericin – the facts about a controversial agent.
Current Pharmaceutical Design 11: 233–253. 

LINSMAIER EM, and SKOOG F. 1965. Organic growth factor
requirements of tobacco tissue cultures. Physiologia
Plantarum 18: 100–127.

LIU XN, ZHANG XQ, and SUN JS. 2007. Effects of cytokinins
and elicitors on the production of hypericins and hyper-
forin metabolites in Hypericum sampsonii and
Hypericum perforatum. Plant Growth Regulation 53:
207–214.

LJUNG K, BHALERAO RP, and SANDBERG G. 2001. Sites and
homeostatic control of auxin biosynthesis in Arabidopsis
during vegetative growth. Plant Journal 28: 465–474.

MEDINA MA, MARTINEZ-POVEDA B, AMORES-SANCHEZ MI, and
QUESADA AR. 2006. Hyperforin: More than an antide-
pressant bioactive compound? Life Sciences 79:
105–111. 

NORDSTROM A, TARKOWSKI P, TARKOWSKA D, NORBAEK R, ASTOT C,
DOLEZAL K, and SANDBERG G. 2004. Auxin regulation of
cytokinin biosynthesis in Arabidopsis thaliana: a factor
of potential importance for auxin-cytokinin-regulated
development. Proceedings of the National Academy of
Sciences of the United States of America 101:
8039–8044.

SCHMÜLLING T, FLADUNG M, GROSSMANN K, and SCHELL J. 1993.
Hormonal content and sensitivity of transgenic tobacco
and potato plants expressing single rol genes of
Agrobacterium rhizogenes T-DNA. Plant Journal 3:
371–382.

VINTERHALTER B, NINKOVIC S, CINGEL A, and VINTERHALTER D.
2006. Shoot and root culture of Hypericum perforatum L.
transformed with Agrobacterium rhizogenes A4M70GUS.
Biologia Plantarum 50: 767–770.

WOJCIK A, and PODSTOLSKI A. 2007. Leaf explant response in in
vitro culture of St. John's wort (Hypericum perforatum L.).
Acta Physiologiae Plantarum 29: 151–156.

Koperdáková et al.70



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


