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The Mediterranean:
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The fast-growing human population on our planet and the need for improved quality of life leads to a growing
demand in food and feed production. This is the main challenge facing the world agriculture. Furthermore,
this increase should be gained from the constantly decreasing land areas subject to environmental changes.
Since crops are fundamental to the food pyramid, they must be able to realize their potential even under
unfavorable environmental conditions and particularly under drought.

Sources of drought tolerance in many important crops are more or less limited or widely exploited. In
this respect, the so called ‘resurrection plants” represent a very useful model of desiccation tolerance. Their
vegetative parts are able to withstand long periods of almost complete water loss and to recover fast upon
rewatering.

The Mediterranean region — one of the biodiversity “hot spots” in the world - is the only area where the
several species of resurrection plants in Europe have their habitats. All of them - Haberlea rhodopensis,
Ramonda serbica, R. nathaliae, and R. myconi — belong to one and the same botanical family of Gesneriaceae.

The present review is focused on the common and specific traits of these interesting species, with an
emphasis on the potential use and potential risk for their biodiversity.
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Introduction

Unfavorable environmental conditions are the major
limiting factor for crops growth and yields (e.g. Cram-
er & al. 2011). Long-term drought poses a great dan-
ger for temperate zones, which are the main areas of
crop production. Presently, there are further problems
related to “irregular seasoning”: change of the seasons
order, or of the typical parameters — mild and dry win-
ters are followed immediately by cool and wet sum-
mers, or extremely cold winters are followed by very
hot and dry periods. Obviously, modern agriculture
will be economically relevant and environmental-
ly sustainable only if based on varieties with superi-

or performance under unfavorable conditions. In this
respect drought-tolerant crop plants are of crucial im-
portance and have no alternative. World agriculture is
on the verge of a Second Green Revolution and along
these lines profound and intensive studies into the
plants reaction to stress are of paramount importance.

Resurrection plants.as.a model of
desiccation tolerance

Sources of drought tolerance in many important crops
are more or less limited or widely exploited. In this
respect the so called “resurrection plants” represent
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a very useful model of desiccation tolerance. These
plants belong to various botanical families and are
spread all over the world. The only trait that they have
in common is their extreme desiccation tolerance -
their vegetative parts are able to withstand long peri-
ods (weeks, months, years) of almost complete water
loss (about 10 % RWC and less) and to recover fast up-
on rewatering. The roots of vegetative desiccation tol-
erance should be traced out deep into the history of
Earth’s dry surface first primitive plants. The cost of
survival appeared to be very high: most, if not all des-
iccation-tolerant organisms are small and rare (Oliver
& al. 2000; Cushman & Oliver 2011).

Discovery of the resurrection plants:
a short history

Interest in the resurrection plants has started to grow,
especially in the 1970s and 1980s. Considering the
fact that most of these plants could be found in re-
gions with predominantly dry conditions, it is reason-
able that they were among the most studied species.
Good examples are Craterostigma plantagineum (Bar-
tels 2005), Selaginella spp. (Yobi & al. 2013) and Myro-
thamnus flabellifolia (Moore & al. 2007). The Medi-
terranean Basin - one of the biodiversity “hot spots”
in the world - has characteristically high levels of
plant diversity and endemism (Myers & al. 2000). The
limited number of resurrection plants in Europe could
be found only in this region. Curiously enough, they
belong systematically solely to the tropical family of
Gesneriaceae and are considered to be Tertiary relics
(Meyer 1970). One of them is the species Haberlea
rhodopensis Friv., described in the 1830s both in the
Rhodopi Mts and the Balkan Range in Bulgaria (Sze-
lag & Somlyay 2009). The genus Ramonda Rich. com-
prises three species: R. nathaliae Pan¢. et Petrovic. and
R. serbica Pané&., which occur on the Balkan Peninsula
and were described in the 1870s, and the earliest docu-
mented (at the turn of the 19th century) R. myconi (L.)
syn. R. pyrenaica Rchb. distributed in the Pyrenees
(Iberian Peninsula) (Szelag & Somlyay 2011). R. serbi-
ca has been found in the northwestern areas of Bulgar-
ia, too (Stoyanov & Georgiev 1937). There is another
monotypic genus, Jancaea, with its only representative
Jancaea heldreichii, Boiss. discovered in the late 19th
century. However, the eventual desiccation tolerance
of this species is not documented.

The resurrection capacity of the members of Gesne-
riaceae has been discovered relatively earlier than that
of the other species with the same behavior outside
Europe. Quite accidentally, somewhere in the late
1920s it was observed that Ramonda nathaliae plants
from the herbariums could recover when rehydrated
(Velchev & al. 1975). Probably by analogy, the same
was claimed for the other two members of the Ramon-
da genus: R. myconi and R. nathaliae. In those days,
the only well-documented recovery after full desicca-
tion was reported for Haberlea rhodopensis (Ganchev
1950), when it was shown that dry plants can recover
after up to three years of full desiccation.

Phylogenetic and biodiversity studies
of resurrection plants

The intensive studies focused on the resurrection
plants from Gesneriaceae could be classified as going
mainly in three directions: desiccation tolerance, phy-
logenetic analyses and biological activity of plant ex-
tracts.

Since Ramonda genus is represented by three species,
their taxonomy, biodiversity and potential relationships
were of particular interest. The genetic diversity and
structure of R. myconi has been strongly influenced by
several historical factors acting throughout the Pleisto-
cene (Dubreuil & al. 2008). The same is true for the other
Ramonda species distributed in the Balkans (Siljak-
Yakovlev & al. 2008). The three Ramonda species show
significant genetic diversity and even have various chro-
mosome numbers and ploidy levels. In some areas, the
Balkan species R. nathaliae and R. serbica share habitats
and are able to cross. Since polyploidy could be consider-
ed as the major evolutionary mechanism in the genus
Ramonda (Siljak-Yakovlev & al. 2008), examination of
the origin and evolution of polyploidy within the com-
plex of Ramonda species is of particular interest from a
phylogenetic and phylogeographical aspect. It will allow
the reconstruction of chorological history and cytogeo-
graphy of these three paleoendemic species from the Bal-
kan and Iberian Peninsulas.

Until recently, there were almost no studies of the
genetic diversity of Haberlea, despite the report at the
beginning of the 20th century of a second species,
Haberlea ferdinandi-coburgii Urum. (Urumoff 1902).
On the basis of several quantitative trait differences,
the species has been distinguished in the northern
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mountains of Bulgaria, near Lovech. Although the lat-
ter report remained unconfirmed by other authors,
this species has continued so far to be quoted along
with H. rhodopensis in literature, botanical gardens
and nurseries. To evaluate the genetic diversity of
Haberlea in Bulgaria, we have collected plant material
from the major localities in the country, including the
disputable region of Lovech. We have found relatively
low levels of genetic diversity among the populations
(Petrova & al. 2014). Spatial differentiation and some-
what higher level of diversity among the high-altitude
populations in the Balkan Range could be an indica-
tion that these areas have served as refugial places for
the species. The collected genetic data suggest that the
population from Lovech (the putative locality of H.
ferdinandi-coburgii) is linked both to the Balkan and
to the Rhodopean populations. This was further con-
firmed by the morphological and nuclear DNA levels.
Thus, our data could be considered the first sufficient-
ly convincing evidence that H. ferdinandi-coburgii is
practically a synonym of H. rhodopensis.

Further studies have shown that the European
Gesneriaceae genera have an origin in the early Oligo-
cene (Petrova & al. 2015). In the Late Oligocene (c. 25
million years ago), the Haberlea lineage emerged as a
separate species from the Ramonda spp. The three dif-
ferent Ramonda species have evolved some 8.5 million
years ago. The present-day populations of Haberlea
diverged in the Late Pleistocene (about 720000 years
ago) indicating glacial refugial areas for the species in
Bulgaria and Greece.

Biotechnological studies

As a result of the biodiversity investigations, it could
be assumed that the localities of all resurrection spe-
cies are more or less well documented (Dubreuil & al.
2008; Siljak-Yakovlev & al. 2008 and the references
therein; Petrova & al. 2014, 2015). On the other hand,
the interest in Ramonda and Haberlea as desiccation-
tolerant species focused particular attention on the
possibilities of growing these plants under controlled
conditions. In parallel and as a consequence of the
achieved success with other resurrection plant spe-
cies systems from outside Europe, e.g. Craterostigma
plantagineum (Furini & al. 1994; Toldi & al. 2002), it
became evident that biotechnological approaches are
the best way to explore and eventually use the specific

mechanisms of desiccation tolerance in the European
resurrection plants.

Along these lines, it was of major importance to
develop efficient protocols for in vitro culture. An ef-
ficient in vitro culture of R. myconii has been report-
ed first (Téth & al. 2004) and later served as a back-
ground for the development of a transformation
protocol (Toth & al. 2006).

On the other hand, establishment of in vitro propa-
gation system is very important from the population’s
conservation viewpoint. This is particularly true of
the endemic plants with limited number of individu-
als and limited areas of distribution. As it might be ex-
pected, intensive studies of in vitro culture for R. ser-
bica and R. nathaliae were carried out in the Balkans.
Populations of R. serbica and R. nathaliae from Ser-
bia, Montenegro, Albania, Macedonia, and Bulgaria
have been used as sources of explants for the devel-
opment of in vitro protocols (Sabovljevic & al. 2008;
Dontcheva & al. 2009; Daskalova & al. 2012; Gashi &
al. 2012).

A simple and efficient protocol for in vitro regene-
ration and propagation was developed for Haberlea
rhodopensis (Djilianov & al. 2005). It allows routine
maintenance of ex situ collection of the species avail-
able for multipurpose use: establishment of suitable
stress platforms, ex situ collection from the main lo-
calities, supply of plant material for various studies on
desiccation tolerance, and other parameters of inter-
est (Djilianov & al. 2009; Petrova & al. 2010). Recently,
a protocol for genetic transformation was also devel-
oped (Petrova & al. 2013). A slightly alternative pro-
tocol for in vitro propagation of H. rhodopensis with
conservation purposes has been also reported recent-
ly (Daskalova & al. 2010).

Desiccation tolerance

Various aspects of the desiccation tolerance of the Eu-
ropean resurrection plant species are of particular in-
terest, since, as already mentioned, they are perennial
and thus survive not only dry and hot summers but al-
so cold and snowy winters. Most data are accumulat-
ed from investigations performed into R. serbica, R.
nathaliae and H. rhodopensis, while data on R. myco-
ni appear to be scarce. Earlier parallel studies with these
species have shown more or less similar mechanisms
of stress reaction (Stefanov & al. 1992; Markovska
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& al. 1994, 1995; Mdller & al. 1997). These similari-
ties were further confirmed when investigations were
performed individually. For example, the importance
of sugars as osmoprotectants and the scavenging sys-
tems has been well documented (Sgherri & al. 2004;
Zivkovié & al. 2005; Yahubyan & al. 2009; Djilianov &
al. 2011). Similarities could be found when the photo-
synthetic systems were examined under stress and re-
covery (Augusti & al. 2001; Peeva & Maslenkova 2004;
Georgieva & al. 2005, 2007, 2008; Degl'Innocenti & al.
2008; Peeva, & Cornic 2009; Strasser & al. 2010). On
the other hand, differences in some parameters have
been observed (e.g. in the dynamics of phenolic com-
pounds under stress and recovery) (Sgherri & al. 2004;
Veljovic-Jovanovic & al, 2008; Djilianov & al. 2011).
These and other results once again confirm the idea
of the existence of uniform mechanisms shared by
most resurrection plant species that are common too
for stress-tolerant non-resurrection plants. Along with
this, resurrection plants have species-specific particu-
lar traits that alone or most probably in complex deter-
mine their unique desiccation tolerance (e.g. Toldi & al.
2009). To understand what are the specific traits that
make Ramonda spp. and H. rhodopensis able to with-
stand both drought and cold, we shall need a system
biology approach, which became possible with the re-
cent development of the various “omics” technologies.
There are already sginifficant results obtained in other
resurrection plant systems (Moore & al. 2009; Suarez
Rodriguez & al. 2010; Yobi & al. 2013). The access to
sophisticated and up-to-date technologies is crucial for
such studies. Along these lines, the studies performed
with H. rhodopensis appear to be most advanced. Ex-
tensive molecular, proteomic, metabolic endogenous
hormone analyses at various stages of stress and recov-
ery have been recently performed and gave further in-
sights into the resurrection behavior of this Bulgari-
an endemic (Berkov & al. 2011; Georgieva & al. 2012;
Gechev &al. 2013; Djilianov & al. 2011; Mladenov & al.
2013, 2015 a,b; Moyankova & al. 2014a).

Biological activity of plant extracts

In addition to desiccation tolerance, there is a growing
interest in using resurrection plants as unique sourc-
es of valuable bioactive compounds. Based on the pre-
sumption that such compounds not only contribute or
determine the stress tolerance of the plant per sé, but

could be useful in various areas, intensive studies are in
progress into the extracts of H. rhodopensis. It has been
already shown that extracts of this plant could be an im-
portant ingredient in human skin protective cosmetics
(DellAcqua & Schweikert 2012). There are also encour-
aging results obtained in model animal systems treat-
ed with Haberlea extracts against various stress fac-
tors (e.g. Popov & al. 2010, 2011, 2012). Using our own
plant material, routinelly propagated and grown un-
der controlled conditions, we were able to show recent-
ly that extracts of H. rhodopensis could bring biological
modalities in human anticancer therapy (Hayrabedyan
& al. 2013). Various effects on plant pathogens growth
have been shown, too, after treatment with Haberlea
extracts (Moyankova & al. 2013, 2014a). Total metha-
nol extracts showed inhibitory effects against the Her-
pes simplex viruses (Moyankova & al. 2014b). We have
demonstrated that extracts from Haberlea revitalized
and ameliorated cellular growth of chronologically age-
ing Saccharomyces cerevisiae (Georgieva & al. 2015).

Conclusion

In conclusion, the resurrection plants from the Bal-
kans and Iberian regions could be a very usefull model
not only for understanding better the phenomena of
desiccation tolerance. There is a growing body of data
showing the potential of Ramonda spp. and H. rhodo-
pensis as sources of valuable multipurpose compounds.
Many questions remain open and only further joint
efforts and systemic approaches could ensure success-
ful results. It would be best, if the groups working in
the area, especially in all Balkan countries, would de-
velop a systematic program with the final goal: con-
servation of biodiversity and, along with this, efficient
exploitation of these rare and ancient endemic plants.
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