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Abstract
Žiarovská, J., Ražná, K., Fernandéz, E.C., Bošeľová, D., Kyseľ, M., 2019. Habitat-related specifity of 
iPBS fingerprint in European populations of Hedera helix L. Folia Oecologica, 46: 30–36.

Inter primer binding site (iPBS) polymorphism was investigated for common ivy (Hedera helix, L.) to obtain 
the knowledge on genetic diversity in this species. Actually, a very limited information exists about applica-
tion of DNA markers in Hedera helix. Natural and planted European populations of ivy were analysed using 
an iPBS marker 5´ACCTGGCGTGCCA3´ with a total number of 238 fragments generated. Of these, 86% 
were polymorphic. There were determined certain attributes of this marker such as the diversity index (DI) 
and polymorphism information content (PIC). The value of the diversity index was 0.79 and the polymorphic 
information index was 0.78. The proportion of polymorphisms of the individual amplified loci ranged from 
0.32% to 6.98%. Cluster analysis was performed to determine the relationships among the European ivy 
populations where the distribution in the dendrogram under the habitat specifity was found for the used iPBS 
marker. We concluded that iPBS was very efficient in analysing the genetic diversity in Hedera helix, L. and 
that this marker can serve as a suitable tool to find genomically specific fingerprints relevant to the factors 
influencing the distribution of genetic variation.
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Introduction

Genetic variability description specifies differencies 
among individuals or populations of the same species and 
serves as a very good tool for plant breeding and conserva-
tion programmes (Minn et al., 2015). Different types of 
DNA markers have been applied in evaluation of genetic 
diversity of different plants, considering also the effects of 

the plant growing environment and developmental stage 
(Nadeem et al., 2018). DNA markers are genes or interge-
nic sequences used to define and interpret the sequentional 
genetic variability in organisms (Govindaraj et al., 2015; 
Hasanova et al., 2017). Some of them are suitable for use 
without any background information about the species 
sequences, such as ivy. These are mainly RAPD, ISSR, 
AFLP or iPBS markers. All of them have already been 
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applied successfuly in the genetic polymorphism analysis 
of genomically not appropriately described plant species 
(Mehmood et al. 2013; Alp and Gebologl; 2017). Inter 
primer binding sites markers (iPBS) were firstly defined 
by Kalendar et al. (2010). This method defines the len-
gth polymorphism among the individul insertions of retro-
transposons when using the reverse transcriptase primer 
binding the sites as markers. Retrotransposons are well 
known as markers revealing insertion fingerprints based 
on different biotic or abiotic stress history of plant ge-
nomes (Kalendar et al., 2010). Up to date, this marker 
technique has been proved to be efficient in DNA poly-
morphism analysis of genomically poorly characterized 
plant species. Duan et al. (2015) used iPBS primers to 
analyse genetic diversity among ten wild and fifty-five cul-
tivated varieties of peonies. Mehmood et al. (2013) used 
six iPBS primers in studies of genetic diversity of Psidium 
guajava Linn. Xu et al. (2018) studied genetic diversity in 
twenty-five collected genotypes of Tetradium ruticarpum. 
Alp and Gebologl (2017) examined the genetic variabili-
ty of twelve coriander genotypes using 16 iPBS and 8 SSR 
primers. Borna et al. (2017) studied the applicability of 
iPBS markers to assess the molecular variation and genetic 
relationships between 89 genotypes of Leonurus cardiaca 
L. All of these studies have confirmed this marker system 
as applicable and efficient in genetic variability analyses 
and in population studies.

Common ivy (Hedera helix, L.) is one of the plant 
species documented with only a very limited information 
about its genomic variability assessed by DNA markers. 
Up to date, only a few data are available for markers based 
on the internal transcribed spacers (ITS), randomly am-
plified polymorphic DNA (RAPD) and polymerase cha-
in reaction – restriction fragment length polymorphism 
(PCR-RFLP). Specific variable sites and polymorphism 
genetared by ITS in ivy were determined by Vargas et 
al. (1999) with regard to A/C substitution. Chloroplast, 
microsatellites and trnK PCR-RFLP analyses combined 
with haplotype sequencing define a total of 13 groups with 
natural occurence in ivy (Grivet and Petite, 2002). Ha-
plotype analysis for characterization of the Hedera genus 
was later used also by some other authors (Ackerfield 
and Wen, 2003; Valcárcel et al., 2003; Green et al., 
2011, 2013). Invasive populations of Hedera were mapped 
in Pacific Northwest native forests with using RAPD mar-
kers (Clarke et al., 2006). PBA markers were applied in 
analysis of European population of common ivy by Bo-
šeľová and Žiarovská (2016). A poor knowledge of ivy’s 
genome could be changed, having in mind the potential of 
DNA markers (Kumar et al., 2014). Hedera helix, L. is 
a  multipurpose plant with possible many applications in 
future. Nowadays, about 500 different cultures of ivy are 
cultivated. Normaly, ivy is popular as a decorative plant 
and has many available cultivars including non-climbing 
cultivars used to cover the soil and to fix compact forms in 
plots. Owing to the evergreen and shade-loving qualities, 
the ivy is ideal for conservatories and can create attractive 
packaging for garden structures. Besides of the ornamental 

applications, ivy is a very promising plant for medicinal 
use (Lutsenko et al. 2010; Hooshyar et al., 2014), for 
plant protection (Pârvu et al., 2015) and technological use 
(nanoparticles) in the future (Lenanghan et al., 2013). 
Starting a breeding and selection of ivy, a variability and 
genomic characterization of natural variability of its po-
pulation is a strategic knowledge as this species has been 
recognised as an example of a  genomic plasticity occu-
rring during the typical developmental changes from the  
juvenile to the adult phase (Obermayer, 2000).

In the present paper, we used the iPBS technique to 
characterize the length polymorphism of DNA in Europe-
an populations of ivy and to determine the relationships 
among these populations.

Materials and methods

Materials

In the present investigation, twenty five populations of 
common ivy (Hedera helix, L.) were sampled across its 
natural geographic range in seven coutries. Healthy 2-year 
old ivy leaves were obtained from in situ habitats in Slo-
vakia (5 populations, SVK 1-5), the Czech Republic (7 
populations, CZE 11-18), Poland ( POL 25), Croatia (6 
populations, HRV 19-24), Scotland (2 populations, GBR 
6-7), Germany (GER 8) and Austria (AUT 9-10). For each 
population, a  total of ten leaves were sampled randomly 
from each of 5 random selected shrubs. Ethanol treatment 
was immediatelly performed in delivered samples for the 
purpose of surface sterilization. The delivered samples 
were treated immediately with ethanol – to ensure their 
surface sterilisation. 

Molecular genotyping and data analysis

The iPBS primer 2270 (5´ACCTGGCGTGCCA3´) was 
used for the fingerprints amplification. Using a primer spe-
cific for a  group type of  retrotransposon primer binding 
site increases its specifity by reducing the number of am-
plicons to one class of retrotransposons as reported by Ka-
lendar et al. (2010). Genomic DNA was extracted from 
100 mg of frozen leaf tissue, using a GeneJet Plant Geno-
mic DNA purification Kit (ThermoScientific) according to 
the instruction of the manufacturer. The following thermal 
and time profiles were used for the DreamTaq 2x Mas-
terMix (ThermoScientific): 95 °C – 5 min; 45 cycles of:  
95 °C – 1 minute; 55 °C – 2 minutes; 72 °C – 3 minu-
tes with final 72 °C – 10 minutes. The description of the 
working regimens is not clear. Amplified fragments were 
analysed in 4% PAGE and scored for the binary matrices – 
presence of band was denoted as 1, its absence as 0. UPG-
MA analysis and dendrogram construction was performed 
in SYNTAX software using a Jaccard coefficient of simi-
larity to define a relationships between different the iPBS 
profiles of the analysed populations.   
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Results and discussion

Lenght polymorphism variability was inspected among 
European populations of Hedera helix, L., using a PBS 
marker 2270. This is based on the results of previous 
screening analysis for different marker systems and their 
applicability to ivy polymorphism studies (Bošeľová et 
al., 2016). Evaluation of the obtained iPBS fingerprints 
was performed with a GelAnalyzer software. The total 
number of the obtained fragments was 238 distributed into 
22 levels. The average number of fragments per popula-
tion was 10.81. The fragment size ranged from 2,341 bp 
for the CZE population up to the 187 bp in some other 
populations (CZE, HRV, POL). The highest number of 
the obtained fragments per one population were 14 frag-
ments (HRV-19). The lowest number – 4 fragments, were 
obtained in an AUT-10 population. There was no unique 
fragment generated by the used iPBS marker. The per-
centage of polymorphism reached 86%. The most similar 
iPBS fingerprints profile were shared by the populations 
SVK-5 and GBR-7 with the length of fragments ​​shown in 
Table 1 and electrophoretic profiles evaluated by the Ge-
lAnalyzer software shown in Fig. 1.

The number of fragments obtained in the SVK-5 po-
pulation was 10 and in the GBR-7 it was 8, but based on the 
GelAnalyzer software evaluation, there were differences in 
the total length of the amplified fragments. The number of 
the synthesized fragments obtained with the 2270 marker 
is shown in Fig. 2. The highest number of fragments was 
amplified in the  populations HRV-19, HRV-22, CZE-18 
and POL-25. The graph also clearly demonstrates that the 
least fragments were obtained in the samples AUT-10 and 
CZE-15. The same numbers of fragments were obtained 
in five groups of populations: the first group comprising 
SVK-4, AUT-9, CZE-12, CZE-13, CZE-14, HRV-20 and 
HRV-24; the second SVK-1, GBR-7, DEU-8 and CZE-16; 
the third SVK-2, SVK-3, GBR-6 and HRV-21; the fourth 
CZE-17 and HRV-23 and the last group comprising the 
populations with the same number of amplified fragments 
i.e. those of CZE-18 and POL-25.

Fig. 2. Number of amplified iPBS loci in ivy populations 
revealed by iPBS marker 2270 used.

Based on the Jaccard coefficient of similarity, a den-
drogram was constructed with the aid of the SYNTAX 
software (Fig. 3, Table 2). Using this marker, four clus-
ters were generated after the populations from different 
countries were mixed and grouped together, but the habitat 
type is clearly visible in a grouping manner. This factor is 
present in the division between the clusters 1, 2 and 3 bac-
kground grouping the populations from the urban environ-
ment, as well as in cluster 4 with all populations collected 
on borders of national parks.

Dendrogram clustering was done on the UPGMA le-
vels, ranging from 0.083 to 0.585, corresponding to the 
obtained iPBS fingerprints profiles (Fig. 4). In the 1st 
cluster, the populations SVK-3 (High Tatras Mountains), 
CZE-11 and CZE-12 (Bohemian Karst) along with the po-
pulation POL-25 (Ojców National Park) are present with 
the values of Jaccard coefficient of similarity ranging from 
0.167 to 0.333. The second cluster included populations 
SVK-5, GBR-7 and DEU-8 with the values of Jaccard 
coefficient of similarity ranging from 0.083 to 0.167. The 
third cluster contained populations GBR-6, CZE-15 and 
CZE-16 with the values of Jaccard coefficient of similarity 
ranging from 0.333 to 0.585. The fourth cluster contained 
populations SVK-1, HRV-21, AUT-9 and CZE-17 with the 
values of Jaccard coefficient of similarity ranging from 
0.471 to 0.154.

Table 1. Characteristics of obtained fragment length in popu-
lations GBR and SVK

    Table 1. Characteristics of obtained fragment length 

    in populations GBR and SVK 

 

Accession Length of amplified iPBS fragments in base 
pairs 

GBR-7 1123, 923, 713, 328, 310, 287, 236 

SVK-5 
2049, 1112, 1012, 875, 685, 750, 324, 288, 
240, 236 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Analysis of obtained fragments length for populations 
SVK-5 (A) and GBR-7 (B) evaluated with software 

GelAnalyzer.
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Fig. 2. Number of amplified iPBS loci in ivy populations revealed by iPBS marker 2270 used. 
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Fig. 1. Analysis of obtained fragments length for populations SVK-5 (A) and GBR-7 (B) 

evaluated with software GelAnalyzer. 
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The existing genetic variability of the individual spe-
cies within and among the  populations is connected to this 
species ability to mirror the short- and long-term specific 
regimes of their living habitats (Davies et al., 2016). The 
analysis of the distribution of the genetic variability pa-
tterns specific for landscape nad ecological parameters is 
valuable for identification of the taxa most vulnerable to 
the anthropogenic impacts (Brandvain et al., 2014). The 
coupling of ecological and genetic data will provide the 
most suitable background for preserving the ability of the 
biota to respond the rapid environmental changes (Eckert, 
2011; Gugger et al., 2011). The literature reports the fo-
llowing basic factors influencing the distribution of gene-
tic variation: habitat specifity, plant-insect interactions, 
connectivity and disturbance, dispersal ability, species 
lifespan, reproductive rates and existing genetic diversity 
(Schierenbeck, 2017). Genetic diversity when analysed 
by neutral markers does not correspond to the adaptive 
ability of plant populations, but these types of markers are 

 
 

Fig. 3. Dendrogram of analysed ivy populations constructed from iPBS fingerprints of marker 2270. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Comparison of amplicons number in the individual 
clusters of dendrogram constructed from iBPS data of ivy 
populations

Fig. 3. Dendrogram of analysed ivy populations constructed from iPBS fingerprints of marker 2270.

 
 

Fig. 4. The iPBS fingerprint profiles of 2270 loci for selected populations. 
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     Table 2. Comparison of amplicons number in the individual 

      clusters of dendrogram constructed from iBPS data of ivy 

      populations 

 

Cluster 
Minimum no. of 

amplicons 
Maximum no. of 

amplicons 
1 7 13 
2 8 10 
3 5   8 
4 8 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The iPBS fingerprint profiles of 2270 loci for selected 
populations.

very useful for the interpretation of the past landscapes, 
refugia and gene flow (Holderegger et al., 2006). That is, 
why the selected genes or markers of active parts of plant 
genomes are used to interprete the plant genome response 
to the changes to the local climate and environment (Hoff-
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man and Willi, 2008). Molecular-based population gene-
tic data are very useful for determining the ecological and 
habitat events in the past and for detection of patterns of 
the recent genetic divergence. This can be achieved using 
different types od DNA markers (Davey and Blaxter, 
2010). Here, the habitat based specifity was obtained with 
the aid of the iPBS fingerprints, too. 

The coefficient of cophenetic correlation reached the 
value 0.65 for marker 2270. The diversity index value was 
0.79 and the polymorphic information index was 0.78, 
with the distribution of the allele in the genotypes given in 
Table 3. The proportion of polymorphisms of the individu-
al amplified loci ranged from 0.32% to 6.98%.

In the past, the DNA markers applied in the studies 
of habitat specifity in plant species were barcode markers 
(Fehrmann et al., 2012; Katayama et al., 2016) or univer-
sal markers based on microsatellite sequences (Kothera 
et al., 2007). DNA markers based on retrotransposons, 
especially iPBS markers are  well applicaple for the di-
versity studies in plants. Andeden et al. (2012) analyzed 
the genetic diversity within the species of wild growing 
chickpeas using iPBS retrotransposons and ISSR markers. 
With using 10 ISSR primers, these authors detected in to-
tal, 136 bands among 71 entries belonging to class 6, out 
of which 135 were polymorphic (99.3%), with an average 
of 13.5 polymorphic fragment per a  primer, whereas with 
iPBS there were detected 130 bands of 100% polymor-

phism, with an average of 13.0 bands per a primer. The 
average polymorphic information content value was 0.91 
for both marker systems. Baloch et al. (2015) used iPBS 
primers to determine the molecular characteristic of six 
wild and one cultivated lentils – 10 iPBS primers were 
used to amplify 151 fragments. Mehmood et al. (2013) 
used 6 iPBS primers in studies of genetic diversity in Psi-
dium guajava Linn, where 113 fragments were amplified 
in the range of 150 bp to 3,000 bp. Guo et al. (2014) eva-
luated the molecular diversity of 35 grape varieties,  using 
fifteen selected iPBS primers, and recorded 99 polymor-
phic DNA fragments. Xu et al. (2018) studied the gene-
tic diversity of 25 collected genotypes of Tetradium ruti-
carpum, using 30 primers of ISSR and 10 iPBS primers. 
With ISSR primers, 151 fragments were amplified and 165 
amplicons synthesized on iPBS. This study has shown that 
iPBS displayed a higher proportion of polymorphic loci 
than ISSR markers, and that the markers investigated were 
reliable and effective for analyzing the genetic diversity of 
Tetradium ruticarpum.

Demirel et al. (2018) used iPBS markers to identify 
genetic similarity and relationships in Solanum tuberosum 
genotypes. These authors used 17 primers of iPBS to am-
plify 290 fragments, of which 224 were polymorphic. Alp 
and Gebologl (2017) examined the genetic variability of 
twelve coriander genotypes (Coriandrum sativum), using 
16 iPBS and 8 SSR primers. Their mean PIC values ranged 

Table 3. Amplified loci characteristics generated by 2270 marker in analysed ivy populations 

 

Population No of presented loci No of missing loci 
Frequency of presented 

loci 
Frequency of  missing loci 

SVK-1 36  0                1                   0 
SVK-2 13 23 0.3611 0.6389 
SVK-3 11 25 0.3056 0.6944 
SVK-4   9 27                0.25                   0.75 
SVK-5 11 25 0.3056 0.6944 
GBR-6 12 24 0.3333 0.6667 
GBR-7   7 29 0.1944 0.8056 
DEU-8 11 25 0.3056 0.6944 
AUT-9 10 26 0.2778 0.7222 
AUT-10 12 24 0.3333 0.6667 
CZE-11   4 32 0.1111 0.8889 
CZE-12 11 25 0.3056 0.6944 
CZE-13 11 25 0.3056 0.6944 
CZE-14 11 25 0.3056 0.6944 
CZE-15   9 27                0.25                   0.75 
CZE-16   5 31 0.1389 0.8611 
CZE-17   8 28 0.2222 0.7778 
CZE-18 10 26 0.2778 0.7222 
HVR-19 12 24 0.3333 0.6667 
HVR-20 15 21 0.4167 0.5833 
HVR-21 11 25 0.3056 0.6944 
HVR-22   8 28 0.2222 0.7778 
HVR-23 15 21 0.4167 0.5833 
HVR-24 11 25 0.3056 0.6944 
POL-25   8 28 0.2222 0.7778 

 

Table 3. Amplified loci characteristics generated by 2270 marker in analysed ivy populations
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from 0.1975 to 0.4911 for iPBS markers and from 0.2778 
to 0.4266 for SSRs, which makes the two marker systems 
comparable. In this study, in total sixteen different iPBS 
markers were used and all of the analysed coriander geno-
types were differentiated sucessfully. Borna et al. (2017) 
studied the applicability of iPBS markers for assessment 
of molecular variations and genetic relationships between 
89 genotypes of Leonurus cardiaca L. In this study, 7 iPBS 
primers were used to amplify a total of 191 fragments ran-
ging from 180 bp to 4,000 bp. Záhumenická et al. (2018) 
used iPBS markers for investigation of genomic stability 
in Amenome sylvestris diploid and tetraploid plants. All 
these studies demonstrate that iPBS analysis is quick, re-
liable and that this approach produces sufficient polymor-
phisms for large-scale DNA fingerprinting purposes.

Conclusion

Using DNA markers in the studies of habitat specifity in 
plant species is a very good choice, because the basic va-
riability of DNA sequences mirrors the plant rariry that is 
a  combination of the species’ abundance and the habitat 
occupied by this species. What is more, the retrotranspo-
sons belong to genomic elements conserving specific bio-
tic and abiotic features of the individual ranges which the 
plant species live in. 

Acknowledgement

This work was funded by European Community under the 
project No 26220220180: Building Research Centre “Ag-
roBioTech”.

References

Ackerfield, J., Wen, J., 2003. Evolution of Hedera L. (the 
ivy genus, Araliaceae): insights from chloroplast DNA 
data. International Journal of Plant Science, 164: 593–602.

Alp, F.M., Gebologlu, M.D., 2017. Two different molecular 
markers (SSR & IPBS) assessment on Coriandrum sati-
vum L. with capillary electrophoresis. Fresenius Enviro-
mental Bulletin, 26: 4568–4573.

Andeden, E.E., Baloch, F.S., Derya, M., Kilian, B., 
Özkan, H., 2013. iPBS – Retrotransposons-based genetic 
diversity and relationship among wild annual Cicer spe-
cies. Journal of Plant  Biochemistry and Biotechnology, 
22: 453–466.

Baloch, F.S., Derya, M., Andeden, E.E., Alsaleh, A., Cö-
mertpay, G., Kilian, B., Özkan, H., 2015. Inter-primer 
binding site retrotransposon and inter-simple sequence 
repeat diversity among wild Lens species. Biochemical 
Systematics and Ecology, 58: 162–168.

Borna, F., Luo, S., Ahmad, N.M., Nazeri, V., Shokrpour, 
M., Trethowan, R., 2017. Genetic diversity in populati-
on of the medicinal plant Leonurus cardiaca L. revealed 
by inter-primer binding site (iPBS) markers. Genetic Re-
sources and Crop Evolution, 64: 479–492.

Bošeľová, D., Žiarovská, J., 2016. Direct PCR as the plat-
form of Hedera helix, L. genotypying without the extrac-
tion of DNA. Journal of Central European Agriculture, 
17 (4): 941–949.

Bošeľová, D., Žiarovská, J., Hlavačková, L., Ražná, K., 
Bežo, M., 2016. Comparative analysis of different me-
thods of Hedera helix DNA extraction and molecular evi-
dence of the functionality in PCR. Acta Fytotechnica et 
Zootechnica, 19: 144–149.

Brandvain, Y., Kenney, A.M., Flagel, L., Coop, G., Swei-
gart, A.L., 2014. Speciation and introgression between 
Mimulus nasutus and Mimulus guttatus. PLOS Genetics, 
10 (6): e1004410. 

Clarke, M.M., Reichard, S.H., Hamilton, C.W., 2006. 
Prevalence of different horticultural taxa of ivy (Hedera 
spp., Araliaceae) in invading populations. Biological In-
vasion, 8: 149–157. 

Davey, J.W., Blaxter, M.L., 2010. RADseq: next generation 
population genetics. Briefings in Functional Genomics, 9: 
416–423.

Davies, I.D., Cary, G.J., Landguth, E.L., Lindenmayer, 
D.B., Banks, S.C., 2016. Implications of recurrent dis-
turbance for genetic diversity, Ecology and Evolution, 6: 
1181–1196.

Demirel, U., Tindaş, İ., Yavuz, C., Baloch, F.S., Çalışkan, 
M.E., 2018. Assessing genetic diversity of potato geno-
types using inter-PBS retrotransposon marker system. 
Plant Genetic Resources, 16: 137–145.

Duan, Y.B., Guo, L.L., Wei, D.E., Hou, X.G., 2015. Genetic 
diversity analysis of tree peony germplasm using iPBS 
markers. Genetics and Molecular Research, 14: 7556–
7566.

Eckert, A.J., 2011. Seeing the forest for the trees: statistical 
phylogeography in a  changing world. New Phytologist, 
189: 894–897.

Fehrmann, L., Philbrick, C.T., Halliburton, R., 2012. In-
traspecific variation in Podostemum ceratophyllum (Po-
dostemaceae): evidence of refugia and colonization since 
the last glacial maximum. American Journal of Botany, 
99: 145–151.

Govindaraj, M., Vetriventhan, M., Srinivasan, M., 2015. 
Importance of genetic diversity assessment in crop plants 
and its recent advances: an overview of its analytical per-
spectives. Genetic Research International, 2015: article 
ID 431487, 14 p.

Green, A. F., Ramsey,T. S., Ramsey, J., 2011. Phylogeny and 
biogeography of ivies (Hedera spp., Araliaceae), a poly-
ploid complex of woody vines. Systematic Botany, 36: 
1114–1127.

Green, A.F., Ramsey, T.S., Ramsey, J., 2013. Polyploidy and 
invasion of English ivy (Hedera spp., Araliaceae) in North 
American forests. Biological Invasions, 15: 2219–2241.

Grivet, D., Petit, R.J., 2002. Phylogeography of the common 
ivy (Hedera sp.) in Europe: genetic differentiation through 
space and time. Molecular Ecology, 11: 1351–1362.

Gugger, P.F., Gionzález-Rodríguez, A., Rodríguez-Cor-
rea, H., Sugita, S., Cavender-Bares, J., 2011. South-
ward Pleistocene migration of Douglas-fir into Mexico: 
phylogeography, ecological niche modeling, and conser-
vation of “rear edge” populations. New Phytologist, 189: 
1185–1199.

Guo, D., Duo, M., Hou, X., Thang, G., 2014. Molecular di-
versity analysis of grape varieties based on iPBS markers. 
Biochemical Systematics and Ecology, 52: 27–32.



36

Hasanova, S.Z., Akparov, A., Mammadov, L., Amirov, S., 
Babayeva, J., Nasibova, Z., Mukhtarova, K., Shikhali-
yeva, V., İzzatullayeva, M., Abbasov, M., 2017. Genetic 
diversity of chickpea genotypes as revealed by ISSR and 
RAPD markers. Genetika, 49: 415–423.

Hoffman, A.A., Willi, Y., 2008. Detecting genetic responses 
to environmental change. Nature Reviews Genetics, 9: 
421–432.

Holderegger, R., Kamm, U., Gugerli, F., 2006. Adaptive 
vs. neutral genetic diversity: implications for landscape 
genetics. Landscape Ecology, 21: 797–807.

Hooshyar, H., Talari, S., Feyzi, F., 2014. Therapeutic effect 
of Hedera helix alcoholic extracts cutaneus leishmaniasis 
caused by Leishmania major in Balb/c mice. Jundishapur 
Journal of Microbiology, 7 (4): e9432.

Kalendar, R., Antonius, K., Smýkal, P., Schulman, A.H., 
2010. iPBS: a universal method for DNA fingerprinting 
and retrotransposon isolation. Theoretical and Applied 
Genetics, 121: 1419–1430.

Katayama, N., Kato, M., Imaichi, R., 2016. Habitat specifity 
enhances genetic differentiation in two species of aquatic 
Podostemaceae in Japan. American Journal of Botany, 
103: 317–324.

Kothera, L., Richards, CH.M., Carney, S.E., 2007. Genetic 
diversity and structure in the rare Colorado endemic plant 
Physaria bellii Mulligan (Brassicaceae). Conservation 
Genetics, 8: 1043–1050.

Kumar, A.P., Mishra, S., Singh, C., Sundaresan, V., 2014. 
Efficiency of ISSR and RAPD markers in genetic diver-
gence analysis and conservation management of Justicia 
adhatoda L., a medicinal plant. Plant Systematic and Evo-
lution, 300: 1409–1420.

Lenaghan, S.C., Burris, J.N., Chourey, K., Huang, Y., Xia, 
L., Lady, B., Sharma, R., Pan, CH., Lejeune, Z., Fois-
ter, S., Hettich, R.L., Stewart, Jr. C.N., Zhang, M., 
2013. Isolation and chemical analysis of nanoparticles 
from English ivy (Hedera helix, L.). Journal of the Royal 
Society Interface, 10 (87): 20130392.

Lutsenko, Y., Bylka, W., Matławska, I., Darmohray, R., 
2010. Hedera helix as a medical plant. Herba Polonica, 
6: 83–96. 

Mehmood, A., Jaskani, M.J., Ahmad, S., Ahmad, R., 2013. 
Evaluation of genetic diversity in open pollinated guava 
by iPBS primers. Pakistan Journal of Agricultural Sci-
ences, 50: 591–597.

Minn, Y., Gailing, O., Finkeldey, R., 2015. Genetic di-
versity and structure of teak (Tectona grandis L. f.) and 

dahat (Tectona hamiltoniana Wall.) based on chloroplast 
microsatellites and amplified fragment length polymor-
phism markers. Genetic Resources and Crop Evolution, 
63: 961–974.

Nadeem, M.A., Nawaz, M.A., Shahid, M.Q., Dogan, Y., 
Comertpay, G., Yildiz, M., Hatipoglu, R., Ahmad, F., 
Alsaleh, A., Labhane, N., Ozkan, H., Chung, G., Ba-
loch, F.S., 2018. DNA molecular markers in plant bree-
ding: current status and recent advancements in genomic 
selection and genome editing. Biotechnology & Biotech-
nological Equipment, 32: 261–285.

Obermayer, R., Greilhuber, J., 2000. Genome size in 
Hedera helix L. – a clarification. Caryologia: Internation-
al Journal of Cytology, Cytosystematics and Cytogenet-
ics, 53 (1): 1–4.

Pârvu, M., Vlase, L., Pârvu, A.E., Rosca-Casian, O., Ghel-
diu, A.M., Pârvu, O., 2015. Phenolic compounds and 
antifungal activity of Hedera helix L. (ivy) flowers and 
fruits. Notulae Botanicale HortiAgrobotanici Cluj-Nap-
oca, 43: 53–58.

Schierenbeck, K.A., 2017. Population-level genetic varia-
tion and climate change in a biodiversity hotspot. Annals 
of Botany, 119: 215–228.

Vargas, P., Mcallister, H.A., Morton, C., Jury, S.L., 
Wilkinson, M.J., 1999. Polyploid speciation in Hedera 
(Araliaceae): phylogenetic and biogeographic insights 
based on chromosome counts and ITS sequences. Plant 
Systematics and Evolution, 219: 165–179.

Xu, J.Y., Zhu, Y., Yi, Z., Wu, G., Xie, G.Y., Qin, M.J., 2018. 
Molecular diversity analysis of Tetradium ruticarpum 
(WuZhuYu) in China based on inter-primer binding site 
(iPBS) markers and  inter-simple sequence repeat ISSR 
markers. Chinese Journal of Natural Medicines, 16: 1–9.

Valcárcel, V., Fiz, O., Vargas, P., 2003. Chloroplast and 
nuclear evidence for multiple origins of polyploids and 
diploids of Hedera (Araliaceae) in the Mediterranean ba-
sin. Molecular Phylogenetic and Evolution, 27: 1–20.

Záhumenická, P., Fernández, E.C., Šedivá, J., Žiarovská, 
J., Ros-Santaella, J.L., Martínez-Fernández, D., 
Russo, D., Milella, L., 2018. Morphological, physi-
ological and genomic comparisons between diploids and 
induced tetraploids in Anemone sylvestris L. Plant Cell, 
Tissue and Organ Culture, 132: 317–327.

Received September 12, 2018
Accepted March 21, 2019


