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Abstract:

Petrova, G., Petrov, S., Bancheva, S.: Genetic diversity of the critically endangered Verbascum davidoffii
Murb. (Scrophulariaceae) and implications for conservation. Biologica Nyssana, 7 (2), December 2016:
101-106.

Verbascum davidoffii Murb. (Scrophulariaceae), one of the rarest plant species in Bulgarian flora, is a local
endemic, protected by the National Biodiversity Act, included in the Red List of vascular plants, as well as in
the Red Data Book of Bulgaria with conservation status “Critically Endangered”. Its distribution is limited due
to anthropogenic pressure, specific ecological requirements and low reproductive capability. In this study, we
aimed to measure the genetic diversity level in the unique single world population of Verbascum davidoffii
located in Pirin National Park, Bulgaria. We found high genetic diversity in the excitant population of the
species. The present study indicates that the primary objective in conservation of Verbascum davidoffii is to
preserve as much as possible of its evolutionary potential.
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Apstrakt:

Petrova, G., Petrov, S., Bancheva, S.: Genetic¢ki diverzitet kriticno ugroZene vrste Verbascum davidoffii
Murb. (Scrophulariaceae i implikacije za konzervaciju. Biologica Nyssana, 7 (2), Decembar 2016: 101-106.

Verbascum davidoffii Murb. (Scrophulariaceae), jedna je od najredih biljaka flore Bugarske i lokalni endemit
koji je zastiCen nacionalnim Zakonom o biodiverzitetu, uklju¢en u Crvenu listu vaskularnih biljaka, kao i u
Crvenu knjigu Bugarske sa konzervacionim statusom “kriticno ugrozena”. Njeno rasprostranjenje je
ograni¢eno zbog antropogenog pritiska, specifi¢nih ekoloskih prohteva i niske reproduktivne sposobnosti. U
ovom istrazivanju, na$ cilj bio je da merimo nivo geneti¢kog diverziteta u jedinstvenoj populaciji Verbascum
davidoffii na svetu, lociranoj u Nacionalnom parku Pirin, Bugarska, gde je utvrden visok geneti¢ki diverzitet.
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Ovo istraZivanje je ukazalo na to da je primarni cilj u konzervaciji vrste Verbascum davidoffii da se njen

evolucioni potencijal satuva u §to vecoj meri.

Kljuéne redi: Verbascum davidoffii, endemi¢na vrsta, geneticki diverzitet, konzervacija

Introduction

Bulgarian vascular flora consists of more than 4000
species. This high level of plant diversity is
determined by various factors and the geographical
position of the country is a main factor, allowing the
distribution of diverse floristic elements on a
relatively restricted territory. The richest in endemic
species are the genera Centaurea (cornflower),
Verbascum (mullein), Anthemis (dog fennel), Silene
(catchfly), etc. (Biserkov etal., 2015).

The genus Verbascum comprises of about 360
species of flowering plants in the Scrophulariaceae
family (Firat, 2015). Verbascum davidoffii Murb.
(Scrophulariaceae), one of the rarest plant species in
Bulgarian flora, is a local endemic, protected by the
national Biodiversity Act, included in the Red List of
vascular plants and in the Red Data Book of Bulgaria
with conservation status “Critically Endangered”.
The unique single world population of the species is
located between the valleys of river Bunderitsa and

Genetic diversity is of fundamental importance
in the continuity of a species as it provides the
necessary adaptation to the prevailing biotic and
abiotic factors, and enables changes in the genetic
composition to cope with environmental changes
(Rao & Hodgkin, 2002). Understanding of the
genetic variation within and between populations is
essential for the establishment of efficient
conservation practices for rare plants. Small
populations are expected to demonstrate lower
genetic diversities than larger populations and vice
versa (Willi etal., 2006; Li etal., 2012). Because
of the small size of V. davidoffi population, we
hypothesized that the genetic diversity of the species
will be low.

The loss of genetic diversity is one of the key
aspects in many conservation programmes of
threatened plant species (Hamrick & Godt,
1996). Thus, the present study was designed as a first
attempt towards investigating the genetic diversity of
V. davidoffii. The increasing availability of PCR-
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Fig. 1. Geographic location of Verbascum davidoffii population in Bulgaria.

Razlozhki Suhodol, Pirin National Park, Bulgaria
(Fig. 1). Its distribution is limited due to
anthropogenic  pressure,  specific  ecological
requirements and low reproductive capability
(Assyov &Denchev, 2015).
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based molecular markers allows the detailed analyses
and evaluation of genetic diversity in plants
(Idrees & Irshad, 2014). Currently, there is no
an universal method for all applications and each
technique has its own advantages and limitations.
Among the various types of available molecular
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markers, Inter-simple sequence repeats (ISSRs) do
not need prior knowledge of the genome to be
analyzed (Zietkiewicz et al.,, 1994). The ISSR
analysis requires comparatively low amount of DNA,
the utilization of long primers allows more stringent
annealing  temperatures and reveals more
polymorphic fragments (Fang & Roose, 1997;
Wolfe & Liston, 1998, Camacho &
Liston, 2001). Considering these advantages of
ISSR primers, we attempted to use this marker
system in order to analyze the pattern of genetic
diversity of V. davidoffii, given that such knowledge
will be important for more efficient planning of the
strategies for conservation of this endangered plant
species.

Material and methods
Species analyzed

Morphology and biology. Biennial herbaceous plant.
Stem up to 80 cm high, usually unbranched. Basal
leaves obovate, densely hairy. Flowers in groups of
2—4 in the upper part of the stem. Calyx 5-merous,
with black glandular hairs. Corolla 5-merous, golden
yellow, up to 3.5 cm in diameter. Fruit spherical to
ovate capsule. FI. VI-VII, fr. VII-IX. Reproduction
by seeds (Assyov &Denchev, 2015).
Distribution in Bulgaria and description of
species’ habitat. The population of V. davidoffii
consists of very low number of individuals
distributed between the valleys of River Bunderitsa
and Razlozhki Suhodol, Pirin National Park. The
park encompasses over 40 000 ha of unique nature,
at an altitude between 1008 and 2914 m in the Pirin
Mountains, southwest Bulgaria. Pirin National Park
comprises diverse limestone mountain landscapes
with glacial lakes, waterfalls, caves and
predominantly coniferous forests. V. davidoffii
inhabits grassy openings and light, rocky places in
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forests of Pinus heldreichii on calcareous soils
(Assyov &Denchev, 2015).

Plant material

Fourteen individuals were sampled during the
flowering stage from the V. davidoffii population in
Pirin National Park (Latitude (N): 41°76'82";
Longitude (E): 23°42'63").

DNA extraction

Genomic DNA was extracted from young leaves
following the modified CTAB - procedure of
Doyle &Doyle (1987).

ISSR analysis

ISSR primers (Microsynth, Balgach, Switzerland) in
the initial screening that had a high level of
polymorphism, repeatability, and the best scorability
were selected, after the screening of 35 primers on the
subset of collected samples (Tab. 1). Polymerase
chain reactions were performed in a volume of 25 pl,
containing a final concentration of 1 x PCR buffer
(Fermentas, Vilnius, Lithuania), 1 U Tagq DNA
polymerase (Fermentas, Vilnius, Lithuania), 100 uM
of each dNTP, 1 uM of each primer and 50 ng of
extracted DNA. PCR cycling conditions were as
follows: 5 min. initial denaturation at 95 °C, 35
cycles of amplification [45 s at 94 °C, 1 min. at the
annealing temperature (T,), 2 min. elongation at 72
°C] and a final elongation step of 5 min. at 72 °C.
PCR experiments were performed with a TC-5000
gradient thermal cycler (Techne, Staffordshire, UK).
To determine the optimal annealing temperature for
each primer, an interval of 10 °C around the melting
temperature (Tm) was tested. The temperatures
leading to clear patterns were then repeated until the
optimal T, was selected for each primer for routine
ISSR fingerprinting. The reproducibility of the

Table 1. Sequences, annealing temperature, total number and number of polymorphic bands for selected
ISSR primers in the present study of Verbascum davidoffii.

Primer sequence Total Number of Percent of Annealing
(5'—3" number polymorphic polymorphic loci temperature
of bands bands (%) (°C)
(GA)sT 12 12 100 60
(GA)A 13 13 100 60
(CA)G 11 11 100 60
(AC)sT 17 17 100 60
(AC)sC 12 12 100 60
(AC)sG 9 9 100 60
(AG)eYT 9 9 100 55
(AG)sYC 5 5 100 55
(GA)YG 5 5 100 55
(AC)YT 10 10 100 55
103 103 100

103



BIOLOGICA NYSSANA 7 (2) ® December 2016: 101-106

technique was tested by replicating each
amplification reaction twice. To further ensure the
guality, PCR reactions were performed with one
positive and one negative control. The PCR products
were analyzed on 2% agarose gels (Fermentas,
Vilnius, Lithuania) in 0.5 x TBE buffer. A 100-bp
plus DNA ladder size standard (Fermentas, Vilnius,
Lithuania) was used to estimate the length of PCR
products. The gels were stained by incorporating 1.5
pl of ethidium bromide (0.5 mg/ml) in 100 ml
agarose. Electrophoresis was run for 1.5 h at 150 V,
the ISSR profiles were visualized with a UV
transilluminator (TFP-M/WL, Vilber Lourmat,
Eberhardzell, Germany) and further analyzed with a
video image analyzer.

Software data analysis

The ISSR band profiles were treated as dominant
markers and each locus was considered as a bi-allelic
locus with one amplifiable and one null allele. The
well resolved and consistently reproducible
amplified DNA fragments as bands were scored with
regards to their presence (1) or absence (0). The
assignment of ISSR bands to genetic loci was
performed semi-automatically using the Gel Analyzer
2010a image analysis software
(http://www.gelanalyzer.com). The genetic diversity
was measured using GenAlEx v.6.5 (Peakall &
Smouse, 2012).

Results and discussion

Genetic diversity

The low level of genetic diversity is considered to be
a common feature of endemic plant species and it is
generally attributable to the small size of their
populations (Huang etal., 2009; Zhu etal., 2009;
Petrova etal., 2014). However, in contrast to our
expectations, the genetic pattern of V. davidoffii
revealed in this study was characterized with a high
level of genetic diversity.

Ten of 35 tested ISSR primers resulted in
polymorphic ISSR profiles including 4 poly (AC), 3
poly (GA), 2 poly (AG) and 1 poly (CA) di-
nucleotide primers (Tab. 1). The number of bands
produced by the used primers ranged between 5
(primers (AG)s YC and (GA)sYG) and 17 for the
primer (AC)sT. The total number of alleles produced
by the ten primers is 103. A 100% polymorphism was
scored for all primers. Examples of photographs
illustrating the ISSR fingerprinting by selected
primers are shown in Fig. 2. These include ISSR
fingerprinting revealed by primers (CA)sG (Fig. 2A)
and (GA)sYG (Fig. 2B).
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The data from the ISSR-analysis were
combined in a single matrix and the genetic
coefficients (Shannon’s information index, Sl; Nei’s
genetic diversity, h and Unbiased diversity, h,) were
calculated to describe the genetic pattern of the
excitant population of V. davidoffii. The Shannon’s
information index (SI) was estimated to be 0.406 and
the ISSR derived unbiased diversity (h, = 0.266) from
the present study was close to the average value of
narrow and outcrossing plant species according to the
Nybom statistic, where estimates derived by the
dominantly inherited markers are very similar and
may be directly comparable (Nybom, 2004). In
summary, our study indicated that the critically
endangered Bulgarian endemic V. davidoffii is able to
maintain high level of genetic diversity even its small
population size.

The observed maintenance of genetic diversity
in V. davidoffii is surprising, considering the limited
area of distribution of the species, as well as its
"Critically endangered" status. In recent years, a lot
of studies revealed high levels of genetic variability
in rare or narrow endemic plants (Helenurm,
2001; Zawko etal.,, 2001; Xue etal., 2004; Jia
et al., 2016; Turchetto et al., 2016). Among the
various factors, the breeding system is an important
factor that may be invoked to explain high levels of
genetic diversity in rare plants (Hamrick &
Godt, 1996). Previous studies on the mating system
of V. davidoffii suggested that the species is
predominantly outcrossing (Stefanova-
Gateva, 1995). The outcrossing and long-lived
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Figure 2. Examples of photographs illustrating ISSR
fingerprints of Verbascum davidoffii by ISSR
primers (CA)sG (A) and (GA)sYG (B). Lanes 1 +~ 14
stand for individual samples from the population of
the species. M: 100 bp Plus DNA Ladder.
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plants commonly have higher levels of genetic
diversity than selfing plants (Nybom, 2004)).
Therefore, we assume that the high level of genetic
load maintained in V. davidoffii is probably due to its
reproductive system and may be contributed to the
outcrossing behavior of the species.

Generally, mountain plants are among the
species most vulnerable to global warming, because
of their isolation and narrow geographic distribution.
Altitudinal  gradients in mountains  modify
environmental conditions and put populations under
different selective pressures that can easily be linked
to ongoing climate changes (Walther et al., 2005;
Gonzalo-Turpin & Hazard, 2009).
Verbascum davidoffii is distributed in a single high
altitude population (Assyov &Denchev, 2015).
In the present study, we did not observe a correlation
between the ISSR derived genetic diversity of the
species and the size of its population despite the
theoretical prediction that small populations might
lose genetic variation. Thus, we hypothesize that the
genetic diversity pattern of V. davidoffii may be a
result from recently dispersed individuals from
different population sources, and it may not respond
immediately to the reduction in population size.

Conservation implications

The high genetic diversity of V. davidoffii indicates
that the major factors that threaten the persistence of
its population are ecological factors rather than
genetic. The main risk is that this species is found in
only one population and no other natural populations
were found. In order to protect it against extinction
and loss of its available genetic resources, we
recommend collection of seeds from as many
individuals as possible and storage in seed banks and
living collections. We suggest that conservation
programs should be improved to protect its natural
habitat. Pirin National Park was established in 1962
and it was added to the World Heritage List in 1983.
Although, it has long been a subject to tourism
pressure, largely caused by the development of ski
facilities. Such activities may affect the values and
integrity of the property and therefore require
rigorous control. The development of sustainable
forms of tourism would guarantee preservation of
ecosystems in the park. We recommend the
establishment of variety of educational programs that
directly present conservation and biodiversity issues.
The key outcomes include enhanced visitor
experience, administrative  support, volunteer
activities and ecological restoration.
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Conclusion

The high level of genetic diversity enables V.
davidoffi to adapt to changing environments. The
maintenance of genetic diversity in the excitant
population of the species is an indicator that its
current endangered status is not caused by genetic
factors. The results reported herein suggest that the
high genetic diversity of the species may derive from
an ancestral population. However, the ecological
requirements of the species, as well as its origin and
relationship with other related species should be
further elucidated.

Acknowledgements. The authors wish to thank Chief
assistant Stoyan Stoyanov (IBER-BAS) and Dr. Boryana
Sidjimova (IBER-BAS) for the samples of V. davidoffii
used in this work. This work was supported by the
Bulgarian NSF under Grant DFNI-BO2/18.

References

Assyov, B., Denchev, C. 2015: Verbascum davidoffii
Murb. In: Biserkov, V. et al. (eds.), Digital edition
of Red Data Book of Republic of Bulgaria. BAS
& MOEW, Sofia.
http://e-ecodb.bas.bg/rdb/en/vol1/Verdavid.html.

Biserkov, V. et al. (eds.) 2015: Digital edition of Red
Data Book of Republic of Bulgaria. BAS &
MOEW, Sofia. http://e-ecodb.bas.bg/rdb/en/.

Camacho, F.J., Liston, A. 2001: Population structure
and genetic diversity of Botrychium pumicola
(Ophioglossaceae) based on inter-simple
sequence repeats (ISSR). American Journal of
Botany, 88 (6): 1065-1070.

Doyle, J.J., Doyle, J.L. 1987: A rapid DNA isolation
procedure for small quantities of fresh leaf tissue.
Phytochemical Bulletin, 19: 11-15.

Fang, D.Q., Roose, M.L. 1997: Identification of
closely related citrus cultivars with inter-simple
sequence repeat genetics. Theoretical and Applied
Genetics, 95 (3): 408-417.

Firat, M. 2015: Verbascum kurdistanicum
(Scrophulariaceae), a new species from Hakkari,
Turkey. PhytoKeys, 52: 89-94.

Gonzalo-Turpin  H., Hazard, L. 2009: Local
adaptation occurs along altitudinal gradient
despite the existence of gene flow in the alpine
plant species Festuca eskia. Journal of Ecology,
97 (4): 742-751.

Hamrick, J.L., Godt, M.J.W. 1996: Conservation
genetics of endemic plant species. In: Avise, J.C.,
Hamrick, J.L. (eds.), Conservation genetics: case
histories from nature. Chapman and Hall, New
York, pp. 281-304.

Helenurm, K. 2001: High levels of genetic
polymorphism in the insular endemic herb


http://e-ecodb.bas.bg/rdb/en/

BIOLOGICA NYSSANA 7 (2) ® December 2016: 101-106

Jepsonia malvifolia. Journal of Heredity, 92 (5):
427-432.

Huang, Y., Zhang, C.Q., Li, D.Z. 2009: Low genetic
diversity and high genetic differentiation in the
critically endangered Omphalogramma souliei
(Primulaceae): implications for its conservation.
Journal of Systematics and Evolution, 47 (2):
103-109.

Idrees, M., Irshad, M. 2014: Molecular markers in
plants for analysis of genetic diversity: a review.
European Academic Research, 2 (1): 1513-1540.

Jia, J., Zeng, L., Gong, X. 2016: High genetic
diversity and population differentiation in the
critically endangered plant species Trailliaedoxa
gracilis (Rubiaceae). Plant Molecular Biology
Reporter, 34 (1): 327-338.

Li, Y.Y,, Guan,S.M., YangS.Z., Luo, Y., Chen, X.Y.
2012: Genetic decline and inbreeding depression
in an extremely rare tree. Conservation Genetics,
13 (2): 343-347.

Nybom, H. 2004: Comparison of different nuclear
DNA markers for estimating intraspecific genetic
diversity in plants. Molecular Ecology, 13 (5):
1143-1155.

Peakall, R., Smouse, P.E. 2012: GenAlEx 6.5:
genetic analysis in Excel. Population genetic
software for teaching and research - an update.
Bioinformatics, 28 (19): 2537-2539.

Petrova, G., Dzhambazova, T., Moyankova, D.,
Georgieva, D., Michova, A., Djilianov, D.,
Moeller, M. 2014: Morphological variation,
genetic diversity and genome size of critically
endangered Haberlea (Gesneriaceae) populations
in Bulgaria do not support the recognition of two
different species. Plant Systematics and
Evolution, 300 (1): 29-41.

Rao, V.R., Hodgkin, T. 2002: Genetic diversity and
conservation and utilization of plant genetic
resources. Plant Cell, Tissue Organ Culture, 68
(1): 1-19.

Stefanova-Gateva, B. 1995: Verbascum L. In:
Kozuharov, S. (ed.), Flora Republicae Popularis

Petrova, G. et al. ® Genetic diversity of the critically endangered Verbascum...

106

Bulgaricae 10: 26-100, Acad. "Prof. M. Drinov",
Serdicae, Sofia, Bulgaria (in Bulgarian).

Turchetto, C., Segatto, A.L.A., Mader, G.,
Rodrigues, D.M., Bonatto, S.L., Freitas, L.B.
2016: High levels of genetic diversity and
population structure in an endemic and rare
species: implications for conservation. AoB
PLANTS 8: plw002; doi:10.1093/aobpla/plw002.

Walther, G.-R., Beifiner, S., Burga, C.A. 2005:
Trends in the upward shift of alpine plants.
Journal of Vegetation Science, 16 (5): 541-548.

Willi, Y., Van Buskirk, J., Hoffmann, A.A. 2006:
Limits to the adaptive potential of small
populations. Annual Review of Ecology, Evolution
and Systematics, 37: 433-458.

Wolfe, A.D., Liston, A. 1998: Contributions of PCR-
based methods to plant systematics and
evolutionary biology. In: Soltis, P.S., Soltis, D.E.,
Doyle, J.J. (eds.), Molecular systematics of plants:
DNA sequencing. Kluwer, New York, pp. 43-86

Xue, D.-W., Ge, X.-J., Hao, G., Zhang, C.-Q. 2004:
High genetic diversity in a rare, narrowlu endemic
primrose species: Primula interjacens by ISSR
analysis. Acta Botanica Sinica, 46 (10): 1163-
1169.

Zawko, G., Krauss, S.L., Dixon, KW.,,
Sivasithamparam, K. 2001: Conservation genetics
of the rare and endangered Leucopogon obtectus
(Ericaceae). Molecular Ecology, 10 (10): 2389-
2396.

Zhu, Y., Geng, Y., Tersing, T., Liu, N., Wang, Q.,
Zhong, Y. 2009: High genetic differentiation and
low genetic diversity in Incarvillea
younghusbandii, an endemic plant of Qinghai-
Tibetan Plateau, revealed by AFLP markers.
Biochemical Systematics and Ecology, 37 (5):
589-596.

Zietkiewicz, E., Rafalski, A., Labuda, D. 1994:
Genome fingerprinting by simple sequence repeat
(SSR)-anchored polymerase chain reaction
amplification. Genomics, 20 (2): 176-183.



