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Premise of research. Even though the Balkan Peninsula is a biodiversity hot spot in southeastern Europe
harboring many endemic plants, very little is known about the temporal extent of the phylogeographic history
and the contemporary genetic diversity of the endemics there. Haberlea rhodopensis is one of the European
Gesneriaceae species occurring in this region and represents appropriate study material to address these ques-
tions.

Methodology. We generated fossil-dated molecular phylogenies (atpB-rbcL, trnLF) across the Lamiales to
determine the origin and age of H. rhodopensis and conducted phylogeographic (trnH-psbA, ITS) and pop-
ulation genetic (ISSRs) analyses on 17 populations from Bulgaria and Greece, covering the entire distribution
range of the species, to investigate their biogeographic history, present-day genetic diversity, and differentia-
tion levels.

Pivotal results. The European Gesneriaceae genera have a Tertiary origin in the early Oligocene, while the
Haberlea lineage emerged in the late Oligocene. Extinctions appear to have marked the history of the genus
for a long period of time, and the extant populations diverged in the late Pleistocene. A significant differen-
tiation was apparent between populations from Bulgaria, that is, the Balkan Mountains in the north and the
Bulgarian side of the Rhodopi massif in the south, but there was an even stronger differentiation between the
latter and populations from Greece. This might be explained by the Rhodopi massif representing a barrier to
gene flow, enforced during the Last Glacial Maximum, during which populations descended on opposing
north- and south-facing mountain slopes.

Conclusions. Haberlea represents an ancient lineage with recent diversification. The extant populations
are of recent origin and indicate glacial refugial areas in Bulgaria and Greece. This study sheds light on his-
toric and current phylogenetic and phylogeographic events that shaped the flora of the Balkan Peninsula, an
area that has long been recognized for its species diversity and richness. Our data suggest that it may have
acted as a persistent refugial area in southeast Europe since the mid-Tertiary.

Keywords: glacial refugia, Haberlea rhodopensis, molecular dating, paleoendemic, phylogeography, Tertiary
relict.
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Introduction

Plant evolution and distribution are primarily affected by
climatic and orogenic events in the past and present (Hewitt
and Butlin 1997). The severe Quaternary climatic oscillations
in particular played a major role in the evolution and distribu-
tion of plant species on the European continent (Comes and
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Kadereit 1998; Hewitt 2000, 2004; Petit et al. 2003). Many
plants are believed to have shifted latitude or elevation ranges
in response to glaciations (Davis and Shaw 2001), which have
led to shifting distribution ranges and have caused the frag-
mentation and disjunction of many species (Hultén and Fries
1986). This was apparently also the case in Europe, and pre-
vious studies have recognized the presence of three main gla-
cial refugial areas in the southern part of the continent, namely,
the Iberian, Italian, and Balkan Peninsulas, where many spe-
cies are present with restricted distribution ranges (e.g., Hew-
itt 1996, 1999, 2000; Taberlet et al. 1998; Kryštufek and
Reed 2004; Surina et al. 2014). While low levels of intra-
q 2015 by The University of Chicago. All rights reserved.
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Abstract Bioactive substances that are found in

many natural plant extracts are very important for the

cosmetics, pharmaceutical industry and biotech-

nology. Especially interesting for these industries are

the substances that possess cell revitalizing and anti-

ageing properties. The endemic plant Haberlea

rhodopensis is known for its ability to withstand

drought and to revitalize when returned to optimal

conditions after a long time in desiccation. It is a mere

fact that this plant not only can completely resurrect

from a dried state but is also able to bring back the

natural biochemical compositions of its cells. As a

result H. rhodopensis offers a wide field for investi-

gation of the exact mechanisms of the revitalization

process as well as broadens the search for unique

bioactive chemical substances in its cells. Here, by

using the yeast Saccharomyces cerevisiae as a model

we have demonstrated that methanol extracts from the

plant H. rhodopensis hold specific properties to

revitalize and ameliorate cellular growth as well as

to balance intracellular metabolic states. Our results

add valuable knowledge on the effects of natural

compounds on ageing and reinforce the idea of using

yeast as a model organism in the development of rapid

tests for studying the efficacy of different bioactive

substances.

Keywords Resurrection plant � Haberlea

rhodopensis � Saccharomyces cerevisiae � Ageing �
Cellular vitality � Metabolism � Model organism

Introduction

The continuous search for practical ways to extend

healthy human life has led in recent years to multiple

studies concentrated on the mechanisms of cellular

ageing. In this context the advantages that model

organisms like the budding yeast Saccharomyces

cerevisiae can provide have been greatly appreciated

(Longo and Fabrizio 2012; Mazzoni et al. 2013;

Palermo et al. 2012; Gershon and Gershon 2000).

These particular yeasts are with the best studied

genetics, which additionally provides a number of

assays, permitting exploitation of yeast systems in

studying of human diseases and severe pathological

conditions (Cassidy-Stone et al. 2008; Corte-Real and

Madeo 2013; Mazzoni et al. 2012). This is especially

true for the field of ageing research and has its own
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INHIBITORY EFFECT OF EXTRACTS FROM HABERLEA

RHODOPENSIS FRIV. AGAINST HERPES SIMPLEX VIRUS
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Stoyan Shishkov∗, Dimitar Djilianov

(Submitted by Academician I. Pashev on September 5, 2014)

Abstract

Haberlea rhodopensis Friv. (Gesneriaceae) is a rare species, endemic for the
Balkans. It belongs to the group of resurrection plants, able to withstand long
periods of full desiccation. We tested the activity of total methanol, ethanol and
water extracts from fresh and air-dried leaves of H. rhodopensis as well as apolar
and polar fractions of methanol extracts against Herpes simplex virus 1 and
2. Cytotoxicity (maximum nontoxic concentration and cytotoxic concentration
50) against MDBK (Madin-Darby Bovine Kidney) cell line was determined by
colourimetric MTT assays, modified for screening of anti-HSV compounds also
in MDBK cells. Total methanol extract from dry leaves (MeDry) was the most
active – 61% for HSV-1(F) and 60% for HSV-2(BA). Direct virus inactivating
effect of the plant extracts showed no change in titre of treated virus against
virus control. Polar and apolar fractions of the methanol extract from dry
leaves showed lower cell protection compared to the total extract.

It is tempting to speculate that the complex of all compounds in total
methanol extract of H. rhodopensis possesses a unique synergetic inhibitory
effect against herpes virus. The plant species could be considered as an inter-
esting source of natural bioactivity substances with antiviral effect.

Key words: Herpes simplex virus, Haberlea rhodopensis, resurrection
plants extract

Introduction. Herpes simplex viruses HSV-1 (HHV-1) and HSV-2 (HHV-
2) are a major public health problem. HSV-1 is most often associated with
herpes labialis, whereas HSV-2 is the most common cause of genital infection [1, 2].
Many therapeutic agents such as nucleoside analogue acyclovir, its derivatives and
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Desiccation tolerance is among the most important parameters for crop
improvement under changing environments. Resurrection plants are useful
models for both theoretical and practical studies. We performed metabolite
profiling via gas chromatography coupled with mass spectrometry (GC-MS)
and high-performance liquid chromatography (HPLC) and analyzed the
antioxidant capacity of the endemic resurrection plant Haberlea rhodopensis
at desiccation and recovery. More than 100 compounds were evaluated. Stress
response included changes in both primary and secondary metabolic path-
ways. The high amounts of the specific glycoside myconoside and some phe-
nolic acids – e.g. syringic and dihydrocaffeic acid under normal conditions
tend to show their importance for the priming of H. rhodopensis to withstand
severe desiccation and oxidative stress. The accumulation of sucrose (resulting
from starch breakdown), total phenols, 𝛽-aminoisobutyric acid, 𝛽-sitosterol
and 𝛼-tocopherol increased up to several times at later stages of desiccation.
Extracts of H. rhodopensis showed high antioxidant capacity at stress and
normal conditions. Myconoside was with the highest antioxidant properties
among tested phenolic compounds. Probably, the evolution of resurrection
plants under various local environments has resulted in unique desiccation
tolerance with specific metabolic background. In our case, it includes the
accumulation of a relatively rare compound (myconoside) that contributes
alone and together with other common metabolites. Further systems biology
studies on the involvement of carbohydrates, phenolic acids and glycosides
in the desiccation tolerance and antioxidant capacity of H. rhodopensis will
definitely help in achieving the final goal – improving crop drought tolerance.

Introduction

Unfavorable environmental conditions are among the
major factors limiting crops growth and yields. Their
impact appears to be of greater significance today and in
the near future. The crop yields are expected to decline

†These authors contributed equally to this work.

Abbreviations – AA, amino acid; BAIBA, 𝛽-amino isobutyric acid; BSTFA, N,O-bis(trimethylsilyl)-trifluoroacetamide; DPPH,
1,1-diphenyl-2-picrilhydrazyl; FRAP, ferric reducing/antioxidant power; GC-MS, gas chromatography coupled with mass
spectrometry; HPLC, high-performance liquid chromatography; NMR, nuclear magnetic resonance; PCA, principal component
analysis; RI, retention index; RWC, relative water content; SFA, saturated fatty acid; TAC, total antioxidant capacity; TMS,
trimethylsilyl.

as a result of arable land reduction, shortage of water
resources and global warming (Lobell et al. 2011).

In this respect, the so-called resurrection plants that
tolerate long periods (months and years) of full desic-
cation and are able to recover very fast at rehydration

Physiol. Plant. 152, 2014 675
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Abstract The Phytophthora pathogens are among the
most important pests in the modern agriculture and
forestry. This makes them a subject of intensive studies,
including laboratory experiments with in vitro culture
on various plant-derived media. Here we show that leaf
extracts from the resurrection endemic plant Haberlea
rhodopensis stimulates significantly the in vitro growth
of various isolates from several Phytophthora species.
The extracts stimulate the formation of oospores in some
heterothallic species. In this respect, the idea to propose
Haberlea extracts as a potential ingredient of culture
media for Phytophthora spp. maintenance under
controlled conditions or as a component of detection
systems for Phytophthora presence in nature seems
quite attractive and promising.

Keywords Phytophthora spp . Culture media .

Haberlea rhodopensis . Resurrection plant . Extracts

Introduction

The species from genus Phytophthora have been known
as devastating pathogens on agricultural crops for a long
time. Recently, they have been associated with the
mortality of important forest tree species (Erwin and
Ribeiro 1996; Jung et al. 2000).

Among the most destructive Phytophthora
pathogens on agricultural crops are P. infestans, P.
capsici, and P. nicotianae. P infestans has a host range
limited to potato and tomato. Despite this feature it is
still one of the most important pests for global food
production (Erwin and Ribeiro 1996; Walker and van
West 2007). P. capsici and P. nicotianae (=P. parasitica
var. nicotianae) attacks various vegetable and
ornamental crops, causing leaf blights, collar and root
rots (Erwin and Ribeiro 1996). The losses from P.
capsici in worldwide vegetable production annually is
valued at over \$1 billion (Lamour et al. 2012).

At the same time, in the last decades, an alarming
tendency for an increase in the incidences of emerging
and recurring epidemic events, involving Phytophthora
spp. in forest ecosystems is taking place.P. cambivora is
associated with prominent cases of destructive epidemic
of ink disease in European chestnut forests and with the
mortality of European deciduous oaks (Q. rubra)
(Brasier 2003). P. plurivora, P. cryptogea and. P.
citricola are widespread in forests, affecting a broad
range of tree species (Erwin and Ribeiro 1996; Jung
and Burgess 2009). The recently described P.
rosacearum is an important pathogen of rosaceous fruit

Eur J Plant Pathol (2014) 138:149–155
DOI 10.1007/s10658-013-0315-3
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Abstract Haberlea is one of the few Gesneriaceae genera

that has entered Europe. It is a highly endangered genus

and red-listed in Bulgaria. Two species, H. rhodopensis

and H. ferdinandi-coburgii, have been described to occur

in Bulgaria, but this has never been addressed systemati-

cally. Here, we used molecular ISSR markers, morpho-

logical and nuclear DNA content to investigate the

taxonomic and genetic status of Haberlea in Bulgaria. We

found low levels of genetic diversity but significant genetic

differentiation among the 12 investigated populations, with

a strong separation between Balkan Mountain populations

in the north and Rhodope Mountain populations in the

south. However, the multivariate morphological analyses

did not support such a division. The population from near

Lovech, the type locality of the putative species H. ferdi-

nandi-coburgii, did not differ in ploidy level from

H. rhodopensis and did not form a separate entity in neither

of the analyses and the existence of this species is therefore

not supported.

Keywords Genome size � Haberlea ferdinandi-coburgii �
Haberlea rhodopensis � ISSRs � Principle component

analysis (PCA) � Principle coordinate analysis (PCO)

Introduction

Haberlea Friv. is a genus in the family Gesneriaceae

(Weber 2004; Weber and Skog 2007). It was established on

material from the Rhodope Mountains in Bulgaria, and the

Hungarian botanist Frivaldszky (1835) described and

published Haberlea rhodopensis Friv. (Szeląg and Som-

lyay 2009). The species is distributed in Central (Balkan

Mountains) and southern Bulgaria (Rhodope Mountains)

and in Greece (Menikion, Pangeon, Falakron, Rhodope,

Papikion Mountains and the Nestos river gorge) (Strid

1991; Bazos and Petrova 2010). The species is listed in the

Red Data Book of the Republic of Bulgaria (Biserkov

2011) and the IUCN Red List of Threatened Plants (Walter

and Gillet 1998) as rare, and is protected in Bulgaria since

2002 (Biodiversity Law 2002).

At the beginning of the 20th century, a second species,

Haberlea ferdinandi-coburgii Urum., from the northern

mountains in Bulgaria, near ‘Lovec’ (=Lovech), was

described (Urumoff 1902). It was distinguished from

H. rhodopensis on the basis of several quantitative char-

acters. In the Botanisches Centralblatt, Adamović (1903)

commented that it is difficult to determine whether the new

species is distinct from the existing H. rhodopensis since

Urumoff neither included a drawing nor an extensive

diagnosis of the new species. He stated that from

G. Petrova and M. Möller contributed equally to the work and should

be considered first authors.
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M. Möller (&)

Royal Botanic Garden Edinburgh, 20A Inverleith Row,

Edinburgh EH3 5LR, Scotland, UK

e-mail: m.moeller@rbge.org.uk

123

Plant Syst Evol (2014) 300:29–41

DOI 10.1007/s00606-013-0857-z

http://dx.doi.org/10.1007/s00606-013-0857-z


Äîêëàäè íà Áúëãàðñêàòà àêàäåìèÿ íà íàóêèòå
Comptes rendus de l’Académie bulgare des SciencesTome 66, No 9, 2013

BIOLOGIE

Microbiologie
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PLANT HABERLEA RHODOPENSIS ON IN VITRO

GROWTH OF PLANT PATHOGENS
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Abstract

Extracts of the resurrection plant Haberlea rhodopensis have been tested
for fungitoxic activity against four important plant pathogens. No effect was
found against Alternaria alternata and Fusarium oxysporum. The growth of
Botrytis cinerea was strongly inhibited, in particular by apolar fractions of the
extracts. An interesting stimulating effect was found for the same fractions
when applied to Phytophthora citricola. Further studies on the component(s)
with fungitoxic (for B. cinerea) or affectors (for P. Citricola) potential are in
progress.

Key words: Haberlea rhodopensis extracts, Botrytis cinerea, Phytoph-

thora citricola

Introduction. Sustainable agriculture and organic farming require the ap-
plication of natural substances instead of wide use of chemical pesticides. This
demand re-vitalized the interest in plant-derived substances as useful plant pro-
tection alternatives [1]. It is well known that plants synthesize a huge variety
of bioactive compounds (metabolites, essential oils) with antifungal activity to
stop or inhibit mycelia growth, inhibition of germination or reduction of sporu-
lation. Such compounds have been obtained from various wild and crop plant
organs [2, 3].

There is a small group of plants called resurrection plants that belong to
various families and genera but have in common a unique desiccation tolerance.
They are able to survive long periods at full dry state and recover fast upon re-
hydration. The tolerance to oxidative stress, due to unfavourable environment,
including pathogen attack is regarded as an important parameter of their defence
systems [4, 5]. Haberlea rhodopensis is a Balkan endemic plant species. It is
among the few resurrection plants growing in Europe. Our aim was to evaluate
the potential of Haberlea-derived extracts to inhibit mycelia growth of several
widespread plant pathogenic fungi.
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Abstract Drought is one of the most significant threats to

world agriculture and hampers the supply of food and

energy. The mechanisms of drought responses can be

studied using resurrection plants that are able to survive

extreme dehydration. As plant hormones function in an

intensive cross-talk, playing important regulatory roles in

the perception and response to unfavorable environments,

the dynamics of phytohormones was followed in the res-

urrection plant Haberlea rhodopensis Friv. during desic-

cation and subsequent recovery. Analysis of both leaves

and roots revealed that jasmonic acid, along with and even

earlier than abscisic acid, serves as a signal triggering the

response of the resurrection plants to desiccation. The

steady high levels of salicylic acid could be considered

an integral part of the specific set of parameters that prime

H. rhodopensis desiccation tolerance. The dynamic

changes of cytokinins and auxins suggest that these hor-

mones actively participate in the dehydration response and

development of desiccation tolerance in the resurrection

plants. Our data contribute to the elucidation of a global

complex picture of the resurrection plant’s ability to

withstand desiccation, which might be successfully utilized

in crop improvement.

Keywords Abscisic acid � Auxin � Cytokinin �
Desiccation tolerance � Haberlea rhodopensis � Jasmonic

acid � Phytohormones � Resurrection plant � Salicylic acid

Introduction

At present, environmental changes hamper the world’s

food and energy supply. Abiotic stresses are responsible for

desertification of large areas of the global surface and a

predominant part of crop losses, which results in food and

energy shortages. Drought is among the most significant

threats to world agriculture and motivates plant scientists to

reveal the mechanisms of plant adaptation to unfavorable

environments.

A small group of plant species, the so-called resurrec-

tion plants, are able to survive very harsh dehydration. This

makes them excellent model systems to study drought

responses. They live in different habitats and belong to

different botanical families. Their common feature is the

ability of their vegetative tissues to withstand long periods

of full desiccation and to recover very rapidly upon

rewatering (Ingram and Bartels 1996; Oliver and others

2000; Toldi and others 2009).

Plant hormones have been recognized as major players

in the regulation of growth, development, and responses to

unfavorable environments (Zeevaart and Creelman 1988;
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a b s t r a c t

In the present study we characterize for the first time electrokinetic and light scattering properties of thy-
lakoids from freezing-tolerant tobacco plants, transformed to accumulate osmoprotectants (proline:
AtP5Cs, VacP5Cs; fructan: SacB; glycine betaine: codA). Tobacco plants of wild type (WT) and transformed
variants were cultivated at 2 �C (cold acclimated) and �2 �C (freezing stressed). ‘‘Lower salt’’ thylakoids
(I = 0.0006) of WT and SacB plants exhibited a decrease in electrophoretic mobility (EPM) after (2 �C)
treatment. AtP5Cs thylakoids (22 �C) show a substantial increase in negative electrical charge (r) upon
illumination. We observed that ‘‘low salt’’ SacB thylakoids at 22 �C and 2 �C increased the r on their
membrane surfaces during the process of acclimation. WT (22 �C) and AtP5Cs thylakoids (2 �C) in ‘‘low
salt’’ media (I = 0.0156) showed a substantial increase in surface electrical charge upon illumination. Cold
acclimation on WT and freezing stress on transformed plants resulted in a decrease in aggregation of
thylakoids at both ionic strengths.

There was a large enhancement in the relaxation capacity of reverse photosynthetic reactions in codA
and SacB tobacco after freezing stress. Maximal intensity of the delayed light emission following low tem-
perature stimuli was decreased, revealing a path for tobacco transformants to improve their cold stress
tolerance.

Here, we suggest the EPM value as an indicator for stability of thylakoids undergone genetic
transformation.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Plants are exposed to various environmental stresses (high
salinity, drought, low temperature) and adapt to them by accumu-
lating highly soluble organic compounds of low molecular weight
[1–4]. These substances (sugar alcohols, amino acids and amino
acid derivatives) exist in stable form inside cells, are not easily
metabolized and do not have effect on cellular functions, even in
high concentrations [5]. Abiotic stress causes cell dehydration and
accumulation of these substances that act upon increasing internal
osmotic pressure and preventing the loss of water from the cell.
Transgenic plants with increased contents of compatible solutes
show a strong potential for improving their stress tolerance [6].

The electric charge distributed over the surface of biological
membranes is determined by the genotype of the cell and is a con-
stant physiological parameter concerning the stability of colloidal
system [7,8]. Zeta potential plays an important role in the
regulation of the molecular membrane processes, but also in the
processes of interaction of biological cells with external influences
such as sub-zero temperatures. Outer surface of thylakoid
membranes possess net negative charges at neutral pH as demon-
strated by their electrophoretic mobility under an electric field [9].
Electrical properties of thylakoid membranes control a number of
photosynthetic apparatus phenomena including thylakoid stacking
into chloroplast [10,11], membrane conformational changes, elec-
tron transport [12,7,13–15] and thylakoid membrane dynamics
[16]. Inorganic cations (5 mM Mg2+) lead to stacking of chloroplast
membranes, which is unique for plant cell membranes [17,11,12].
Using the Gouy–Chapman theory [9,12], we studied the influence
of chemical and genetic modification of negative charges of the
thylakoid membranes and their impact on the plant survival in
response to chilling stress. Here, we suggest a hypothesis to
explain the way osmoprotectants change the surface

1011-1344/$ - see front matter � 2012 Elsevier B.V. All rights reserved.
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Introduction
Haberlea rhodopensis belongs to the small group of resurrection 
plants. These plants are known for their extreme tolerance 
to desiccation as well as to the oxidative component of the 
stress (5). in addition, recent studies showed that Haberlea 
rhodopensis might serve as a valuable source of compounds 
targeting both cosmetics and biopharma industries (3, 4, 7, 
8). Since retrieving natural compounds with effect in tumor 
therapy is one of the most promising fields in biopharma, we 
validated the effects of Haberlea rhodopensis extracts in a 
human prostate cancer cell line model.

Being one of the leading causes of cancer-related death 
among men, prostate cancer has a very complicated etiology 
related to different factors of the environment, with its main 
causative pillars being possibly genotoxic stress, oxidative 
stress and chronic inflammation. Recent studies have suggested 
that oxidative stress directly contributes to tumor progression 
and metastasis (15, 25). Since hydrogen peroxide (H2o2) is 
one of the main sources of reactive oxygen species (ROS) (12, 
16) causing oxidative stress and damage of multiple cellular 

components (DNA, proteins, lipids), we recreated ROS 
generation using artificial exogenous H2o2.

If oxidative stress promotes tumor progress, tumor initiation 
at least in part is directly related to genotoxic stress, with UV 
irradiation being one of the main sources of genotoxic stress, 
causing a variety of DNA lesions like bulky adducts, DNA 
single-strand breaks, and intra-strand cross-links (13). these 
DNA lesions turn on the nucleotide excision repair (NER) 
system of the cell (2), protecting human cells against UV 
induced apoptosis (9, 24), as a consequence of the UV-caused 
transcription block (26). UV light emission activates ataxia 
telangiectasia and Rad3 related proteins (ATR) and above a 
certain energy level, when combined with high DNA mutation 
frequency in the cancer cell genome, three crucial functions are 
procured by them: regulation of dsDNA break repair signaling, 
cell cycle check points, as well as p53 pathway controlled 
apoptosis (10).

in order to evaluate the Haberlea rhodopensis effects in 
a genotoxic stress context, we applied artificial UV-induced 
DNA damage of prostate cancer cell lines with p53wt and 
p53null phenotypes and followed the expression of one of the 
p53 pathway mediators – PUMA (referred to as Bcl-2-binding 
component 3 or p53 up-regulated modulator of apoptosis).

NFκB (nuclear factor kappa-light-chain-enhancer of 
activated B cells) proteins comprise a family of structurally-

Haberlea rHodopensis has potentIal as a new drug source 
based on Its broad bIologIcal modalItIes
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abstract
Haberlea rhodopensis – a Balkan endemite belonging to the group of resurrection plants, was studied as a potential source of novel 
cancer modulating drugs. Human embryonic (HEK293 p53+/+) and prostate cancer cell lines – LNCaP (p53+/+) and PC3 (p53-/-)
were used as a model to follow the reaction to oxidative and genotoxic stress after pre-treatment with H. rhodopensis extract. 
Oxidative stress was estimated by flow cytometry (FCS) and fluorescent plate reader (FPR) using reactive oxygen species fluorescent 
dye (H2DCFDA). UV induced DNA damage was assessed by FCS PUMA (p53 upregulated modulator of apoptosis) expression. 
Inflammatory pathways were challenged using synthetic peptidoglycan by FCS Act1 expression and NFκB reporter stable cell line.
Pre-treated-cells were assessed using DCF dye (FPR and FCS) for ROS (Reactive Oxygen Species) generation after dose-dependent 
H2O2 stress and decreased signal compared to non-treated cells. H. rhodopensis had cumulative effect on cell death in PC3 cells. 
UV-induced genotoxic stress resulted in FCS-detected PUMA upregulation only in PC3. Haberlea treated cells had better vitality 
and their challenge using a bacterial peptidoglycan resulted in an upregulation of Act1, but only in LNCaP cells. The NFκB reporter 
vector revealed transcription factor activation upon treatment with only peptidoglycan, while Haberlea pre-treatment resulted in 
negative modulation of the NFκB induction.
Our data show that H. rhodopensis extracts have anti-oxidative effect in cancer vs. normal cell lines and differentially modulate distinct 
cell lines in genotoxic and inflammatory stress, favoring NFκB activation in p53+/+ cells, while suppressing its signaling in p53-/- cells.
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Introduction
Plants have been used in traditional medicine as a source of 
natural bioactive compounds from the very beginning of 
human civilization. in recent years, intensive studies have been 
focused on the antioxidative properties of various plant species 
(2, 6, 11, 15, 16, 26, 30). in most cases, however, the studies 
are not performed with commercial blends or products taken 
from the market. the exceptions are related to commercial 
products derived from the tea plant (Camellia sinensis l.) 
since this type of tea is the most consumed beverage, second 
only to water (14, 21). tea is one of the richest sources of 
antioxidants and this is associated with its beneficial health 
effects (24). The flavonoids present in tea have been shown to 
have strong antioxidant and metal-chelating properties in vitro 
and, hence, may be expected to protect cells and tissues against 
free oxygen radicals. tea polyphenols, for example, reduce the 
risk of heart diseases and cancer in humans (27).

the use of natural herbs for hot drinks (herbal teas) in 
Bulgaria is very common and traditional. A good variety of 
commercial blends is available on the Bulgarian market.

Haberlea rhodopensis is a Balkan endemic plant species. it 
belongs to the small group of so-called “resurrection species” 
– plants that are able to survive long periods of full desiccation 
and to recover fast upon re-watering. these species are under 
intensive studies because of their potential as a source for 
useful genes to improve the drought tolerance of crops (3, 
8). An important component of desiccation tolerance is the 
antioxidant capacity (5).

the aim of our study was to evaluate the antioxidant 
capacity and phenols of tea blends from the Bulgarian market. 
the potential of Haberlea rhodopensis leaf samples as a 
plant material for herbal teas was compared with existing 
commercial products.

Materials and Methods
Sampling
commercial blended tea-bags of the following herbal teas were 
used: Green tea – north Vietnam cultivation (Camellia sinensis 
l.), Green tea (Camellia sinensis l.), tikuanyin tea–oolong 
tea (Camellia sinensis l.), oregano (Origanum vulgare l.), 
Peppermint (Mentha arvensis l.), Black dogwood (Frangula 

AntIoxIdAntS And phenolS In herbAl teAS froM bulgArIAn 
MArKet

Elena shopova1, sergei ivanov3, liliana Brankova1, daniela Moyankova2, desisslava Georgieva2, djovani Polizoev1 and dimitar 
djilianov2
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AbStrAct
The antioxidant capacities of numerous plant species with medical potential, as well as the tea plant (Camellia sinensis L.) have 
been extensively studied. On the other hand, data for herbal tea blends taken directly from the market are scarce. The aim of our 
study was to evaluate the antioxidant capacity and phenols of tea blends from the market in Bulgaria. The potential of Haberlea 
rhodopensis leaf samples as a potential plant material for herbal teas was compared with existing commercial products. We 
applied two methods to evaluate the antioxidant capacity: the ferric reducing antioxidant power (FRAP) and Trolox equivalent 
antioxidant capacity (TEAC) assays, after a two-step procedure of processing and extraction of water-soluble and lipo-soluble 
antioxidants. Our study showed that linear correlation between concentration of phenolic compounds and antioxidant capacity 
is not obligatory for commercial herbal teas. The highest antioxidant capacities were found in commercial samples of Green tea 
(North Vietnam cultivation), Tikanium and Green tea. According to the TEAC assay, the antioxidant potential of three herbal 
teas (Common St John’s wort, Oregano and Garden sage) was close to that of Green tea. The same was true for four herbal teas 
(Common St John’s wort, Garden sage, Haberlea and Oregano) according to the FRAP assay. Maximum antioxidant capacity 
and, hence maximal health benefits could be obtained from ca. 30 min infusions of Roselle tea and especially Haberlea leaves. 
This makes cultivated Haberlea rhodopensis a valuable potential ingredient for new blends of herbal tea with high antioxidant 
capacity.
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INTRODUCTION

It is expected that a systems-biology approach will lead to a
significantly improved understanding of the mechanisms
associated with plant desiccation tolerance (Moore et al.
2009). In this respect, the so-called resurrection plants can be
considered as excellent model systems (Gaff 1971; Oliver
et al. 2000; Proctor & Tuba 2002; Toldi et al. 2006). These
species belong to different families, live in different habitats
and are exposed to a wide range of environmental challenges.
However, they share one common feature – their vegetative
tissues are able to withstand long periods of complete desic-
cation and yet can recover very rapidly upon re-watering
(Oliver 1996; Scott 2000; Farrant et al. 2003; Bartels 2005;
Toldi et al. 2009). Acquisition of desiccation tolerance is a
complex process that is probably due to an elaborate set of
specific adaptations. It has been postulated that different res-
urrection species may use a mixture of different protective
metabolites to allow complete dehydration tolerance
(Kranner et al. 2002; Kranner & Birtic 2005). In addition,

resurrection plants are expected to have superior free radical-
scavenging mechanisms, both in their cytoplasm and in
vacuoles, to cope with the severe stresses. It has recently been
suggested that vacuolar compounds such as fructans might
be involved in vacuolar antioxidant mechanisms (Van den
Ende & Valluru 2009).

Bulgaria is among the few countries in Europe where res-
urrection plants grow in the wild. Haberlea rhodopensis Friv
and Ramonda serbica Pancic belong to the Gesneriaceae. Both
species prefer shady slopes and limestone rocks and are
found at a wide range of altitudes in mountain areas. H. rho-
dopensis was among the first plants recognised as genuine res-
urrection plants (Ganchev 1950). It is considered a
homoiochlorophyllous species, in that it can preserve most of
its chlorophyll during dehydration. Photosynthesis and tran-
spiration during desiccation and recovery have been exten-
sively studied in H. rhodopensis (Markovska et al. 1994, 1995;
Peeva & Maslenkova 2004; Georgieva et al. 2005, 2007, 2008;
Peeva & Cornic 2009). Lipid and sterol changes in leaves
(Stefanov et al. 1992) and some aspects of compatible solute
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ABSTRACT

Because of their unique tolerance to desiccation, the so-called resurrection plants
can be considered as excellent models for extensive research on plant reactions to
environmental stresses. The vegetative tissues of these species are able to withstand
long dry periods and to recover very rapidly upon re-watering. This study follows
the dynamics of key components involved in leaf tissue antioxidant systems under
desiccation in the resurrection plant Haberlea rhodopensis and the related non-res-
urrection species Chirita eberhardtii. In H. rhodopensis these parameters were also
followed during recovery after full drying. A well-defined test system was developed
to characterise the different responses of the two species under drought stress.
Results show that levels of H2O2 decreased significantly both in H. rhodopensis and
C. eberhardtii, but that accumulation of malondialdehyde was much more pro-
nounced in the desiccation-tolerant H. rhodopensis than in the non-resurrection
C. eberhardtii. A putative protective role could be attributed to accumulation of
total phenols in H. rhodopensis during the late stages of drying. The total glutathi-
one concentration and GSSG ⁄ GSH ratio increased upon complete dehydration of
H. rhodopensis. Our data on soluble sugars suggest that sugar ratios might be
important for plant desiccation tolerance. An array of different adaptations could
thus be responsible for the resurrection phenotype of H. rhodopensis.
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Plant Biology 13 (2011) 767–776 ª 2011 German Botanical Society and The Royal Botanical Society of the Netherlands 767



1955Biotechnol. & Biotechnol. eq. 24/2010/3

Article DOi: 10.2478/v10133-010-0070-y A&eB

Biotechnol. & Biotechnol. eq. 2010, 24(3), 1955-1959

Keywords: Haberlea rhodopensis, ex situ collection, in vitro 
propagation, direct organogenesis, true-to-type propagation; 
biodiversity
Abbreviations: WPM: Woody Plant Medium; GPS: Global 
Positioning System; hgcl2: Mercuric chloride

Introduction
it became obvious in the recent years that changing environment 
will have an increasing negative effect on global agriculture. 
Despite the enormous efforts and technological progress, it 
is now very difficult to improve crops’ adaptability to harsh 
environment, to secure sustainable development and increased 
productivity. the various strategies to survive desiccation 
should be considered an important prerequisite to secure 
yields and in this respect the so-called resurrection plants are 
excellent model systems because of their unique tolerance (7). 
these plant species, about 300 in number, belong to different 
botanical families and live under various environments. their 
only common feature is the ability of their vegetative tissues 
to withstand long periods of full desiccation and to recover 
rapidly upon re-watering (3, 16).

Bulgaria is among the few countries in europe where two 
resurrection plants species of the Gesneriaceae- Haberlea 
rhodopensis Friv and Ramonda serbica Pancic live in natural 
habitats (1, 12). H. rhodopensis was discovered for the 
scientific society in the middle of 19th century (15) and about 
a century later its resurrection behavior was documented (8). 
Various parameters of the reaction to desiccation and recovery 
are under extensive studies in the last twenty years (7). As a 

rule, these investigations were performed with samples taken 
directly from nature or botanical gardens.

After the first successful protocol for efficient in vitro 
propagation of Haberlea rhodopensis (6) other groups 
announced their efforts to propagate in vitro Haberlea (5) and 
Ramonda serbica (8, 14). Apart from its unique desiccation 
tolerance, there is an increasing focus on H. rhodopensis as a 
species with potential for multipurpose uses (2, 4, 7, 10, 13). 
Additional interest to study the biodiversity and plasticity of 
Haberlea is related to the fact that at the beginning of 20th 
century a new related species (H. feridnandii- coburgii Urum.) 
has been proclaimed (17).

the aim of the present study was to develop an ex situ 
collection from the main Haberlea localities in the country, 
including the one where the potential origin of H. feridnandii- 
coburgii was announced and to establish efficient and if 
possible, universal in vitro propagation system.

Materials and Methods
Expeditions
localities were visited in accordance to the information for 
the distribution of the studied species based on the available 
literature data and specimens deposited in the Herbaria of Sofia 
University (So) and institute of Botany at Bulgarian Academy 
of Sciences (SoM), and the herbarium at the Agricultural 
University, Plovdiv (SoA). Samples were collected between 
April and August 2008 and voucher specimens were deposited 
in the Herbarium of Sofia University St. Kliment Ohridski (SO). 
For each locality coordinates and altitude were evaluated with 
a GPS, model V, GARMin, 2003, part number-190-00204-11. 
the localities were mapped and photographed.

EX SITU COLLECTION OF MODEL RESURRECTION PLANT HABERLEA 
RHODOPENSIS AS A PREREQUISITE
FOR BIODIVERSITY AND CONSERVATION STUDIES

G. Petrova1, A. tosheva2, P. Mladenov1, D. Moyankova1, D. Djilianov1
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ABSTRACT
Resurrection plants are considered model species in studies that are focused on the improvement of the abiotic stress tolerance 
of crops. Belonging to different botanical families and living under various environments, these species possess one common 
feature- their vegetative tissues are able to withstand long periods of full desiccation and to recover rapidly upon re-watering. 
Haberlea rhodopensis is an endemic of the Balkan Peninsula with a well known desiccation tolerance and a subject of intensive 
studies in the recent years. Here, we present the establishment of an ex situ collection from the 12 main localities where the 
species could be found in Bulgaria. A successful, simple and uniform protocol for in vitro propagation for plants from all 
localities has been developed. Thus, we are able to perform intensive biodiversity studies, to propagate routinely large amounts 
of true-to-type plant material for various purposes and to reintroduce Haberlea in the nature if the respective localities are put 
under environmental and/or human challenges.
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Background
The recent climatic changes increase the percentage of arid, 
abandoned regions which until recently were known as crop 
lands. Global warming and deterioration of agricultural 
areas are results of many factors including human errors and 
improper crop management. This worst scenario challenges 
plant scientists in their efforts to improve the reaction of crop 
plants to unfavourable environments and to secure sustainable 
development. Wild fl ora with its broad biodiversity has always 
been a source of new ideas and genetic material. On the other 
hand, the paradigm of sustainable development demands a 
complex, holistic approach to wild plant species. The search 
is not only for traits to be transferred to the crops but also for 
characteristics, if available, that will make the wild plant an 
attractive producer of valuable bioactive compounds.

In this respect, the so-called resurrection plants can be 
considered as excellent model systems because of their unique 
desiccation tolerance (7, 21, 24). Their mature leaves can lose 
more than 90% of relative water content and survive in such 
conditions long periods (months, years) of dryness. Upon re-
watering, they recover very fast and restore their photosynthetic 
activity within several hours. These plant species belong to 
different botanical families; they live in different habitats and 
under various environmental challenges. Their only common 
feature that is under investigation so far is the ability of their 

vegetative tissues to withstand long periods of full desiccation 
and to recover rapidly upon re-watering (2, 30).

Investigations with various resurrection plants became 
particularly intensive in the recent 10 years and were 
extensively reviewed elsewhere (18, 19, 30). Among others, 
Craterostigma plantagineum, Myrothamus fl abellifolia and 
Xerophyta viscosa are used not only as models of desiccation 
tolerance but already for system biology oriented directly 
to improve the reaction of valuable crops like maize and 
grapevine to unfavorable environments (19).

The aim of the present mini-review is to highlight the current 
state of the art in the studies with Haberlea rhodopensis – 
resurrection plant species, endemic for Bulgaria and to outline 
the investigations planned in the frames of the NSF funded 
DO02-105 project “Centre for sustainable development of 
plant and animal genomics”.

Object of Studies
Bulgaria is among the few countries in Europe where resurrection 
plants live in natural habitats. Haberlea rhodopensis Friv was 
documented in the middle of 19th century and was among the 
fi rst plants recognized as a genuine resurrection plant (8). 
Both with its relative Ramonda serbica Pancic they belong to 
Gesneriaceae and prefer shady slopes and limestone rocks. It 
is considered a homoiochlorophyllous plant species, as far as it 
preserves most of its chlorophyll content during dehydration. 
Parameters of the reaction to desiccation and recovery have 
been extensively studied with main target photosynthetic 
complex and transpiration (9, 10, 11, 13, 14, 22, 23), dynamics 
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ABSTRACT
Recent environmental changes challenge world agriculture and reconfi rm the importance of wild fl ora as useful source of valuable 
traits. Due to their extreme desiccation tolerance, the so called “Resurrection plants” are extensively studied and characterized. 
The Bulgarian endemic species Haberlea rhodopensis, apart from its typical resurrection capacity is very interesting also as a 
potential source of bioactive compounds with putative application in pharmacology, veterinary medicine and cosmetics. Here 
we discuss our approaches to Haberlea in the frames of the NSF funded project DO02-105 “Centre for sustainable development 
of plant and animal genomics”.
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–ÂÁ˛ÏÂ: «‡ÒÓÎˇ‚‡ÌÂÚÓ Ì‡ ÔÓ˜‚ËÚÂ Â Â‰ËÌ ÓÚ ÌÂ·Î‡„ÓÔËˇÚÌËÚÂ Ù‡ÍÚÓË Ì‡ ÓÍÓÎÌ‡Ú‡ ÒÂ‰‡,
ÍÓÈÚÓ Ó„‡ÌË˜‡‚‡ ‡ÁÔÓÒÚ‡ÌÂÌËÂÚÓ Ë ‡Á‚ËÚËÂÚÓ Ì‡ ‡ÒÚÂÌËˇÚ‡. ¡ËÓÎÓ„Ë˜Ì‡Ú‡
ÏÂÎËÓ‡ˆËˇ Ì‡ Ú‡ÍË‚‡ ÔÓ˜‚Ë Ò ‰˙‚ÂÒÌË ‚Ë‰Ó‚Â ËÁ„ÎÂÊ‰‡ ÔÂeÒÔÂÍÚË‚Ì‡, ÌÓ ‚ ÚÓ‚‡ ÓÚÌÓ¯ÂÌËÂ
ÒÂ Ì‡Î‡„‡Ú ‰ÓÔ˙ÎÌËÚÂÎÌË ËÁÒÎÂ‰‚‡ÌËˇ.
œË ÓÚ„ÎÂÊ‰‡ÌÂ ‚ Ó‡ÌÊÂËˇ Ì‡ ÏÎ‡‰Ë ÙË‰‡ÌÍË ÓÚ ÔÂÚ „ÂÌÓÚËÔ‡ ÚÓÔÓÎË Populus alba ≠ ÍÎÓÌÓ‚Â
6K3 Ë 2AS≠11; Populus euphratica; Populus alba x tremula; Populus tremula x tremuloides ‚ Ò˙‰Ó‚Â Ò
ÎË‚‡‰ÂÌ ÒÓÎÓÌÂˆ Ò‡ ÔÓÒÎÂ‰ÂÌË ËÁÏÂÌÂÌËˇÚ‡ Ì‡ Â‰Ëˆ‡ ÙËÁËÓÎÓ„Ë˜ÌË Ô‡‡ÏÂÚË Ë ‡‰‡ÔÚË‚ÌËÚÂ
‚˙ÁÏÓÊÌÓÒÚË Ì‡ ‡ÒÚÂÌËˇÚ‡. Õ‡È-ÔÓ‰ıÓ‰ˇ˘Ë Á‡ ·ËÓÎÓ„Ë˜Ì‡ ÏÂÎËÓ‡ˆËˇ Ì‡ ÒËÎÌÓ Á‡ÒÓÎÂÌË ÔÓ˜‚Ë
Ò‡ Populus euphratica Ë Populus alba 2AS≠11. –‡ÒÚÂÊ˙Ú Ì‡ ÙË‰‡ÌÍËÚÂ, Ì‡ÚÛÔ‚‡ÌÂÚÓ Ì‡
Ï‡ÎÓÌ‰Ë‡Î‰ÂıË‰ (Ãƒ¿) Ë ‚Ó‰ÓÓ‰ÂÌ ÔÂÍËÒ Ò‡ ÔÓÍ‡Á‡ÚÂÎË, ÔÓ ÍÓËÚÓ ‰ÓÒÚÓ‚ÂÌÓ ÏÓÊÂ ‰‡ ÒÂ
‡Á„‡ÌË˜Ë Â‡ÍˆËˇÚ‡ Ì‡ ÓÚ‰ÂÎÌËÚÂ „ÂÌÓÚËÔÓ‚Â ÚÓÔÓÎË Í˙Ï Á‡ÒÓÎˇ‚‡ÌÂ.
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N. ZAPRYANOVA, D. MOYANCOVA*, S. POPANDOVA**, T. GEORGIEVA, D. DJILIANOV***.
RCNPO, 1222 Negovan; *Institute of Cryobiology and Food Technology, 1407 Sofia; **N.
Poushkarov Institute of Soil Science, 1369 Sofia; ***AgroBioInstitute, 1164 Sofia. PHYSIOLOG-
ICAL REACTION OF POPLAR GENOTYPES DURING BIOLOGICAL MELIORATION OF
SOLONETZ SOIL

Abstract: Soil salinity is among the most unfavorable environmental factors, hampering plant distribution
and growth. Biological melioration of saline soils with woody species seems an attractive perspective but
there is still a lot to be done in this direction.
Young plants of five poplar genotypes ≠ Populus alba ≠ clones 6K3 and 2AS≠11; Populus euphratica;
Populus alba x tremula; Populus tremula x tremuloides were grown in containers with solonetz soil under
greenhouse conditions. Their adaptation and the fluctuation of several physiological parameters were fol-
lowed. P.euphratica and Populus alba 2AS≠11 appeared to be most suitable for biological melioration of
salty soils. Plant growth, malondialdehyde (MDA) and hydrogen peroxide (H2O2) accumulation are reliable
parameters for evaluation of poplar reaction to salinity. 

Key words: solonetz, populus, salt tolerance, growth, pigments, relative water content, ion leakage, pro-
line, malondialdehyde, hydrogen peroxide
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Biological Melioration of Solonetz Soils
with Various Poplar Genotypes

N. Zapryanova*, D. Moyancova**, S. Popandova, T. Georgieva, D. Djilianov
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Abstract
Salinity is becoming a serious agricultural problem all over the world, including Bulgaria. Solonetz

s cne of the worst types of soils for wild and cultivated plant growth. Biological melioration is one of
:^e attractive methods for quality improvement of salty soils.

The present study is performed with soil samples of two horizons of Solonetz soil type from the
':gion of Belosem. Young cloned plantlets of various poplar genotyopes - P. alba x tremula, P. alba
a K3, P. alba L 2AS-'1 1 , P. euphralica u P. tremula x tremuloides were used. The plants were planted
r pots under controlled greenhouse conditions and grown for one year. The poplar response to salt
stress and the accumulation of Na' in various plant organs was studied. The changes in soil param-
eters after plant growth were followed. P. euphratica and P. alba 2AS-11 appeared to be most suit-
able for biological melioration of salty soils.

Key words: Solonetz soils, populus, salt tolerance, soil parameters, accumulation of Na.
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3aconeurre noqBh ca rhnhLrHr npeAcra-
BilTenu Ha noqBrre c He6naronpilFTeH cbcraB
il ceoicrea. l-onqMa Lracr or r+x ca BTopt/qHo
3aconeHh, T. e. 3acotqBaHero ce e nogBl4ro Ha

SoHa Ha Apyr novaoo6pa3yBareneH npoqec,
HatT-.recro B pe3ynrar Ha nprMhrt4BHo Hanoq-
BaHe, fi3cilLraHe Ha roph, tfipaeuJn ponn Ha 6no-
tlOTl,lqeH ApeHaX, HHTeH3hBHa lAHAyCrpl4a-
ntrcaq.ttt+ ra gp. conoHqoBo 3acoreHilTe noLlBt/

ce xapaKrepil3hpar c Hanfiqilero Ha NarCO. tt

noBhr.reHo cbgbpxaHtte Ha o6n,teHeH Na-
(KotZnoa v Ap.,1980). Te ca c ronnMa nn-brHocr,
cna6a BoAonponycKftlBocr, c TonFM Heh3nor3-
BaeM BOAeH 3anac, ManKO npOAyKTl4BHa Bnara,
noHfixeHa aepaLlhq, BrlcoKa AhcnepcHocT, ren-
rr,1BocT, chrHo arKanHa peaKqilF, Ht4cKo cbA-bp-
xaHre Ha xyMyc. floarpxnocrHtA+r - As eny-
BhafeH xopr/3oHT e 6escryxrypeH, a ttnylaan-
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IMPROVED ABIOTIC STRESS TOLERANCE  
IN PLANTS BY ACCUMULATION OF  
OSMOPROTECTANTS - GENE  
TRANSFER APPROACH 
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ABSTRACT 
Abiotic stress is the major limiting factor of plant growth and crop yields. Traditional 
plant breeding has achieved significant results but the process is rather time- consuming 
and expensive. Plant biotechnology appears to be an attractive alternative in respect of 
the possibility for direct introduction of single genes into crops. The group of osmopro-
tectants is of particular interest for improving abiotic stress tolerance of crops. In the re-
cent years, the efforts in the area gained considerable results. The studies performed at 
ABI will be discussed in relation with the major achievements elsewhere and the possi-
bilities for elucidation of the complex role of osmoprotectants in abiotic stress tolerance 
and the practical breeding.  
 
Introduction 
The beginning of 21 century is marked by 
global scarcity of water resources, envi-
ronment pollution and increased saliniza-
tion of soils and waters. Abiotic stress is 
already a major limiting factor in plant 
growth and will soon become even more 
severe as desertification covers more and 
more of the world's terrestrial area (1). Se-
rious changes in the agricultural practices 
all over the world are expected at present 
when population growth exceeds food sup-
ply. Recent advances in marker-assisted 
selection help traditional breeding to de-

velop new cultivars but the process is 
rather time- consuming and expensive. 
Thus, plant biotechnologies aimed at over-
coming severe environmental stresses need 
to be fully implemented. For example, direct 
introduction of small number of genes into 
crops seems to be attractive alternative (2).  

Not so long time ago, the osmoprotec-
tants have been definitely proven to be 
among the most important factors to protect 
plants cells from dehydration (3). They are 
non-toxic and are accumulated to signifi-
cant levels without disrupting plant me-
tabolism. The compounds fall into several 
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Abstract

The small group of resurrection plants is a unique model which could help us in further understanding of
abiotic stress tolerance. The most frequently used approach for investigations on gene functions in plant
systems is genetic transformation. In this respect, the establishment of in vitro systems for regeneration and
micro propagation is necessary. On the other hand, in vitro cultures of such rare plants could preserve their
natural populations. Here, we present our procedure for in vitro regeneration and propagation of Haberlea
rhodopensis – a resurrection plant species, endemic for the Balkan region.

Numerous physiological and biochemical mecha-
nisms allow plants to inhabit a wide range of arid
environments, but in most cases, they are not able
to protect them against prolonged water deficit.
However, there is a small group of higher plants
known as poikilohydric or resurrection plants,
possessing unique desiccation tolerance of the
vegetative tissues. Their fully mature leaves can
lose up to 95% of the water content and then,
upon re-watering, they become very fast rehy-
drated and fully photosynthetically active within
several hours. In recent years, studies with these
plants have contributed significantly in broadening
our knowledge of the molecular regulation and
physiology of dehydration tolerance in mature leaf
tissue. Among them, the South-African plant
species Craterostigma plantagineum is well recog-
nized as a model system (Ingram and Bartels,
1996; Bartels and Salamini, 2001).

As would be expected, most resurrection plant
species are native to arid climates in the world such
as southern Africa, southern America, and western
Australia (Gaff, 1971). There, they inhabit eco-
logical niches that are subjected to long periods of
drought and are with shallow, sandy soils.

Earlier in Bulgaria (Ganchev, 1950) it was
shown that such habitats are not an obligatory
prerequisite for the resurrection behavior. The
Balkan region endemite Haberlea rhodopensis is a
world record-holder in desiccation tolerance. It
was established that, being dried for 31 months,
this plant resumes its normal growth within hours
after re-watering.

There are no data for in vitro culture of Hab-
erlea rhodopensis so far. Here, we present a sim-
ple and efficient procedure for regeneration and
micropropagation.

Plant material was collected from one of the
natural habitats of the plant. We used various
plant organs as explants for establishing of aseptic
cultures. There were great problems with obtaining
such cultures due to the morphology of Habelrea
leaves and roots. Finally, we were able to develop
in vitro cultures using seeds The seeds were surface
sterilized with 70% ethanol for 1 min, followed by
6–10 min treatment with commercial bleach and
3–5 min with 0.1% HgCl2 with subsequent three
times washing with sterile distilled water.

The seeds were germinated on MS (Murashige
and Skoog, 1962) basal medium. The germination

Plant Cell, Tissue and Organ Culture (2005) 80: 115–118 � Springer 2005



95 Biotechnol. & Biotechnol. Eq. 19/2004/2

Introduction
It is generally accepted that the unfavorable
environmental conditions in great extend
limit plant distribution and yield. This is
particularly true for the perennial crops. The
reaction to abiotic stress is a very complex
trait. Most often environmental stresses af-
fect plant water status, reducing the water po-
tential and thus, impairing many functions (2).
The contemporary raspberry cultivars should
respond to increased requirements. Among
the most important traits are high yielding,
suitability for mashie harvesting, uniformi-
ty in fruit ripening, increased tolerance to
abiotic stress – high and low temperatures,
drought. Classical breeding for tolerance is

difficult and time-consuming procedure. On
the other hand, information for application
of in vitro methods in this area is still limited.
The biotechnological approaches, including
in vitro selection for stress tolerance will
continue to have a significant place in the
strategy of establishing plant systems with
optimal stress reaction and productivity.
Polyethylene-glycols (PEG) of high molec-
ular weights have long been used to simu-
late drought stress in plants as a non-pene-
trating osmotic agent lowering the water
potential similarly to soil drying (9).
Our aim was to develop procedure for in
vitro screening for osmotic tolerance of valu-
able raspberry genotypes.

Materials and Methods
Plant material
The wide-spread Bulgarian cultivars Bulgar-
ski rubin, Shopska alena, Samodiva and Ly-

SCREENING OF BULGARIAN RASPBERRY
CULTIVARS AND ELITES FOR OSMOTIC
TOLERANCE IN VITRO

M. Georgieva1, D. Djilianov2, T. Konstantinova2, D. Parvanova2

Research Institute of Mountain Stockbreeding and Agriculture,
281 Vassil Levski Str., 5600 Troyan, Bulgaria1

AgroBioInstitute, 8 Dragan Tzankov Blvd., 1164 Sofia, Bulgaria2

Abbreviations: MS – Murashige & Skoog plant tissue
culture medium, PEG – polyethylene glycol, RWC –
Relative Water Content.

ABSTRACT
Abiotic stresses such as drought, high or low temperatures limit in great extend plant
distribution and productivity. This is particularly true for perennial crops, including
small fruits. Classical breeding for drought, heat and freezing tolerance is a very
complex and time-consuming process. Biotechnology approaches could significantly
contribute in speeding up the procedures and to make them less dependent on the
environment conditions.
Using PEG as selective agent under in vitro conditions we were able to distinguish
Bulgarski rubin and Elite 1 as osmotic tolerant. Shopska alena, Samodiva, Lyulin
and Elite 3 were with reduced growth and membrane integrity of the tissues. Further
studies are in progress to compare the reaction to osmotic stress in vitro with the
response to drought under field conditions. This will help us to improve and speed up
the raspberry breeding program.
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Introduction
The development of regeneration proce-
dures from various plant organs allows the
establishment of useful genetic variation.
Such procedures are an obligatory prere-
quisite of numerous biotechnology and
classical breeding programs. This is par-
ticularly true for perennial crops such as
the small fruits or fruit trees where the
classical breeding process is rather exten-
sive and prolonged.

REGENERATION FROM LEAF EXPLANTS OF
BULGARIAN RASPBERRY CULTIVARS AND ELITES

M. Georgieva1*, D. Djilianov2*, V. Kondakova2, R. Boicheva3, T. Konstantinova2,
D. Parvanova2

Research Institute of Mountain Stockbreeding and Agriculture
281, Vassil Levski Str., 5600 Troyan, Bulgaria1

AgroBioInstitute, 1164 Sofia, 8 Dragan Tzankov Blvd., Bulgaria2

Small Fruits Research Station, 2230 Kostinbrod, Bulgaria3

Both authors contributed equally to the paper and should be considered as first
authors*

Abbreviations:  2,4-D – 2,4-dichlorophenoxyace-
tic acid; 2-ip – N-isopenthenylamino purine; BAP
-6-benzyladenine; GA – giberellic acid; IAA –in-
dole-3-acetic acid; IBA – indolebutyric acid; TDZ
- thidiazuron; MS – Murashige & Skoog plant tis-
sue culture medium.

ABSTRACT
The development of efficient regeneration system from various explants is a very impor-
tant part of the biotechnology programs for crop improvement.
Four extensively grown Bulgarian raspberry cultivars and two elite hybrids were tested
for regeneration along a period of eight weeks. Leaf explants and petioles were used on
ten culture media combinations. In most cases, regeneration became visible after 3 weeks
of culture. Genotype specific procedures for adventitious shoot formation both from leaf
segments and petioles were developed. Most surprisingly, high regeneration response was
achieved without exogenous application of plant growth regulators and with slight changes
in the vitamin compositions. Bulgarski rubin, Samodiva and Elite 1 appeared to be
useful candidates for further biotechnology procedures.

As a rule, the raspberry production all over
the world is based on local varieties and
hybrids. Thus, breeding programs invol-
ving biotechnology procedures have been
established in many countries involving
genotypes of various origins (4, 7, 15, 16).
Studies with Bulgarian cultivars and elites
have not been published so far.
The aim of the present study was to deve-
lop useful protocols for regeneration from
leaf explants and petioles.

Materials and Methods

Plant material
Genotypes
Several high-quality and high yielding vari-
eties and elites of Bulgarian origin were
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Abstract 
 
Tobacco (Nicotiana tabacum L.) has been transformed to accumulate different compatible solutes (proline, fructans, or 
glycine betaine) in order to improve its tolerance to abiotic stress. Photosynthetic activity of wild type (wt) and transfor-
med tobacco plants before and after freezing stress was studied by measuring chlorophyll (Chl) fluorescence. The JIP 
test of Chl fluorescence induction was used to analyze in details the functional activity of photosystem 2. No significant 
differences were found among wild type and transgenic plants after 12 h of freezing. Both plant types maintained the 
same values of the measured parameters [FV/FM, PI(CSM), ABS/RC, TR0/RC, ET/RC] after recovery of stress. The stu-
died Chl fluorescence parameters decreased only for the wild type plants, stressed for 24 h at –2 ºC. The strong inhibi-
tion of photosynthetic reactions in the wt plant after 24 h of freezing could not be restored. The evaluated parameters of 
transgenic plants did not change significantly after 24 h at –2 ºC and successfully survived freezing stress. 
 
Additional key words: freezing stress; JIP test; Nicotiana tabacum; transgenic plants. 
 
Introduction 
 
During their development plants are subjected to various 
environmental stresses (Lichtentaler 1996). Drought, sali-
nity, or low and high temperatures determine to a great 
extent the geographical distribution and growth of crop 
plants. All these stresses, generally accepted to be osmo-
tic by nature, sharply decrease agricultural production 
worldwide (Levitt 1980, Boyer 1982). In addition to the 
changes at structural, molecular, and biochemical levels, 
plants accumulate various low mass organic metabolites. 
These are polyhydrated sugar alcohols, amino acids and 
their derivatives, or tertiary sulphonium and quaternary 
ammonium compounds that allow plants to withstand the 

unfavourable conditions (Rhodes and Hanson 1993, 
Kishitany et al. 1994, Bohnert and Jernsen 1996, 
Rajasheker 2000). These compatible solutes serve as 
organic osmolytes, increasing the ability of cells to retain 
water but not disturbing normal cellular functions 
(Yancey et al. 1982). Other mechanisms by which these 
substances might increase stress tolerance are far from 
being completely understood. They may serve also as 
scavengers of hydroxyl radicals or their protective 
function might be due to maintaining the hydration 
sphere of proteins under dehydration (Sheveleva et al. 
1997). 

 
——— 
Received 10 October 20023, accepted 10 March 2004. 
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Abbreviations: ABS/RC – the flux of photons absorbed by the antenna chlorophylls (ABS) per reaction centre (RC); Chl – chloro-
phyll; ET0/RC – the initial rate of the reopening of RCs by re-oxidation of QA

– (ET0) per RC; F0 – initial Chl fluorescence; FM – maxi-
mum Chl fluorescence; FV – variable Chl fluorescence; Fru – fructans; GB – glycine betaine; PI(CSM) – performance index defined 
on cross section (CS) basis at the moment of maximal fluorescence intensity; M0 – normalised value of the initial slope of Chl fluores-
cence; Pro – proline; PS – photosystem; QA – the primary quinone electron acceptor of PS2; RC – reaction centre; TR0/RC – the initial 
rate of conversion of the excitation energy to redox energy by reducing QA to QA

– (TR0) per RC; VJ – the relative variable Chl fluo-
rescence at the J point (FJ) of the induction transient (FJ – F0)/(FM – F0). 
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Abstract

We studied the reaction to the oxidative component of freezing in several tobacco lines, transformed with genes coding for enzymes
involved in the synthesis of osmoprotectants (proline, fructan or glycine betaine) along with their wild type. The levels of some oxidative stress
markers (leakage of electrolytes, hydrogen peroxide and malondialdehyde) as well as the activity of antioxidative enzymes catalase (EC
1.11.1.6.) and guaiacol peroxidase (EC 1.11.1.7.) have been followed at acclimation, 12 and 24 h freezing and at recovery. Freezing for 24 h
resulted in severe damages for the wild type. A corresponding increase of electrolyte leakage, hydrogen peroxide and malondialdehyde
contents, a rise of peroxidase activity and inhibition of catalase activity occurred in the non-transformants. Similar, but significantly lower
trend of the same parameters has been found for the transgenic lines. Moreover, the oxidative markers returned to their normal levels when the
transformants were able to recover from freezing. It could be speculated that transfer of genes, coding for accumulation of osmoprotectants,
is related to reduced intensity of freezing-induced oxidative processes. Our lines and model system could serve as a good prerequisite for
additional studies to gain further insights into the complex role of osmoprotectants in freezing tolerance.

© 2003 Elsevier SAS. All rights reserved.

Keywords: Freezing; Osmolyte; Oxidative stress; Transgenic tobacco

1. Introduction

Sub-zero temperatures are among the major factors limit-
ing geographical distribution of cultivated plants and their
productivity. Freezing acts directly, when ice masses me-
chanically tear the tissues and indirectly by dehydration
resulting from growth of extracellular ice.

Plants have evolved various protective mechanisms that
allow acclimation to freezing stress. One of them is the

accumulation of low molecular weight metabolites, known
as compatible solutes or osmolytes—amino acids (e.g. pro-
line), sugars and sugar alcohols (sucrose, fructan, mannitol)
and quaternary ammonium compounds (glycine betaine)
[15,30]. It is generally accepted that these compounds serve
as osmoprotectants, increasing the ability of cells to retain
water not disturbing the normal cellular function [40]. The
most obvious function of these compounds is osmotic adjust-
ment. Apart from this role, it is suggested that they have other
properties in plants suffering from oxidative stress, protect-
ing cells against the production of hydroxyl radicals
[4,34,35].

In common with other abiotic stresses, freezing causes
increased production of activated oxygen species able to
inactivate enzymes and damage cellular components [22,26].
Oxidative stress occurs when the defense capacity of plants is
broken by the formation of free radicals. A relationship
between freezing and oxidative stress was originally postu-

Abbreviations: AtPro26, transgenic plants carrying the P5CS gene from
Arabidopsis thaliana for proline accumulation; DTT, dithiotreitol; Fru52,
transgenic plants carrying the SacB gene for fructan accumulation; GB9,
transgenic plants carrying the codA gene for glycine betaine accumulation;
GDHP, guaiacol dehydrogenation product; H2O2, hydrogen peroxide;
MDA, malondialdehyde; ROS, reactive oxygen species; VacPro29, transge-
nic plants carrying the P5CS gene form Vigna aconitifolia for proline
accumulation; WT, wild type plants.
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STABLE INTEGRATION OF TRANSGENES IN
TOBACCO

T. Konstantinova, D. Parvanova, A. Atanassov, D. Djilianov
AgroBioInstitute, 8 Dragan Tzankov blvd., 1164 Sofia, Bulgaria

ABSTRACT
Genetic transformation has been used to introduce various genes, coding for
accumulation of osmoprotectants – proline or fructan in commercially grown tobacco
cultivars in order to improve the abiotic stress tolerance. Various approaches,
including screening for resistance to antibiotics, PCR and freezing stress were used
to select valuable transgenic lines. Southern blot analysis showed that they contained
one to three copies of the integrated genes. The number of genetic loci was estimated
by segregation in T1 progeny and stable transgenic lines were selected in T2 progeny.

Introduction
The introduction and expression of foreign
genes by genetic transformation on plants is
nowadays a routine practice for many spe-
cies (4). The possibility to integrate foreign
genes into the genome of higher plants and
successfully regenerate fertile transformants
provides an additional opportunity for their
improvement. However, the stability of in-
tegration and expression is of crucial impor-
tance for the further application of such
plants.
Genes introduced into dicotyledons via
Agrobacterium-mediated methods appear to
be very stable and are usually inherited in a
Mendelian fashion (1, 5, 6, 9, 20). The for-
eign DNA is integrated at random (15) as a
single, as or multiple copies (2, 22, 24).
Recently (17) we showed increased freez-
ing tolerance in oriental type tobacco, trans-
formed to accumulate osmoprotectans (pro-
line, fructan or betaine). In the present study,
we show the inheritance and stability of for-
eign genes, coding the accumulation of pro-

line or fructan in all types of commercially
grown tobacco and the improved freezing
tolerance in broad-leaf tobacco cultivars.

Materials and Methods
Plant material
Three cultivars, representing the three types
of commercially grown tobacco (Nicotiana
tabacum) were used in the experiments
Nevrokop 1146 (oriental-type), Coker 254
(flue-cured) and Burley 21 (Burley type).
They are known to be of high quality and
wide-spread use in Bulgaria (23). Seeds were
surface sterilized and put to germinate on
MS (21) basal medium. Well-developed
seedlings were cloned and subcultured ev-
ery 4–5 weeks. All in vitro experiments were
performed at 25 C and 16/8 h light/dark pe-
riod.

Genes
For overaccumulation of proline we used
gene encoding the key enzyme of proline
biosynthesis – ∆1-Pyrroline-5-carboxylate-
synthetase (P5Cs) and isolated either from
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