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ABSTRACT 
 
Hypericum perforatum L. is a pharmaceutically important medicinal plant with antidepressant, antiviral, antibacterial and 
anticancer effects of its metabolites. The hypericin contents and genetic structures of superior H. perforatum clones were 
identified by spectrophotometric analysis and random amplified polymorphic DNA (RAPD) markers, respectively. At the 
first harvest the hypericin content of the clones was higher than second harvest and higher in 2007 compared to 2008. For 
initial screening, 38 random primers were used and 26 of them detected a total of 378 scorable fragments. Effective 
multiplex ratio (EMR), average heterozygosity (Hav), marker index (MI), resolving power (RP) and polymorphic 
information content (PIC) of the primers were calculated for RAPD marker system. Genetic similarity value among the 
clones varied from 0.40 to 0.93 and the average genetic similarity values was determined as 0.60. Clustering based on 
RAPD data showed a partial relationship on a regional basis in the clones. Cluster analyses of hypericin contents and 
RAPD markers grouped the clones in two major clusters and significant correlations were observed between them. In 
conclusion, combined analysis of RAPD markers and hypericin content is an optimal approach for further progress and 
breeding programs. © 2011 Friends Science Publishers 
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INTRODUCTION 
 
 Hypericum perforatum L. (St. John’s wort) is one of 
the most important medicinal plants, which has been used 
as a medical herb for over 2000 years (Patoĉka, 2003). 
Among the pharmacological activities of H. perforatum 
extracts, antidepressant, antiviral and antibacterial effects 
are crucial reasons of its traditional uses (Barnes et al., 
2001). It has been used in herbal medicine for the 
treatment of burns, skin injuries, neuralgia, fibrositis, 
sciatica and depression (Barnes et al., 2001; Patoĉka, 
2003). 
 Flavonoids, tannins, phloroglucinols and 
naphthodianthrones are some of the main bioactive 
natural products of H. perforatum. Hypericin, which is 
typical for the genus Hypericum and pseudohypericin are 
stable constituents in naphthodianthrones class (Nahrstedt 
& Butterweck, 1997). These constituents, which appear as 
red and black glands on vegetative organs of many 
Hypericum species, have been very intensively studied in 
H. perforatum. Hışıl et al. (2005) implied that hypericin 
and H. perforatum extract exhibit cytotoxic anti-tumor 
impacts. Hypericin has also antiviral action (Lenard et al., 

1993) and therapeutic effects against retroviral-induced 
diseases such as acquired immunodeficiency syndrome 
(AIDS) (Meruelo et al., 1988). 
 Hypericum genus, which is a member of the family 
Guttiferae (Hypericaceae), consists almost of 400 species 
all over the world (Patoĉka, 2003). A total of 85 species, 
which grow naturally in Turkey, have been reported in 
previous studies (Davis, 1967 & 1988; Güner et al., 
2000). H. perforatum is a native plant of Western Europe, 
North Africa and Asia (Walker et al., 2001). It is one of 
the most economically important medicinal plants 
growing in Turkey. Further, H. perforatum is mainly 
collected from the flora, consumed in domestic market 
and especially exported to European countries. 
 DNA-based molecular markers have been proposed 
as an excellent tool for identifying geographical variation, 
genetic diversity, phylogenetic relationship, 
authentication of plant species, pharmacognostic 
characterization, species characterization and genetic 
mapping in medicinal plants (Joshi et al., 2004). From 
this point of view, random amplified polymorphic DNA 
(RAPD; Williams et al., 1990) markers were used 
effectively for the characterization of different H. 
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perforatum accessions (Arnholdt-Schmitt, 2002). Earlier 
studies by Halušková and Košuth (2003) and Barcaccia et 
al. (2006) demonstrated that RAPD analysis would enable 
the elucidation of genetic diversity in wild populations 
and cultivars of H. perforatum. Reproduction modes of H. 
perforatum, which is facultative apomict with apospory 
and pseudogamy (Mártonfi et al., 1996), have been one of 
the most examined subjects by different molecular 
markers such as RAPD (Arnholdt-Schmitt, 2000), 
restriction fragment length polymorphism (RFLP), 
amplified fragment length polymorphism (AFLP) (Mayo 
& Langridge, 2003) and inter-simple sequence repeats 
(ISSR) (Barcaccia et al., 2006). Recently, RAPD and 
simple sequence repeat (SSR) were performed to estimate 
correlations between secondary metabolite contents and 
genetic profile of H. perforatum and other Hypericum 
species, which demonstrated variable rates of correlation 
(Smelcerovic et al., 2006; Verma et al., 2008). 
 The H. perforatum clones examined in this study 
were improved by Ceylan et al. (2005) with clonal 
selection method from the seeds of H. perforatum 
accessions collected from eight provinces and 35 
locations in the flora of Aegean Region of Turkey. Some 
clones at C-clone level were selected as superior clones 
based on some agronomical and technological properties. 
In the present study, we have used 11 H. perforatum 
clones selected from the superior clones mentioned above 
and one accession “Topaz” as a control in order to 
determine hypericin contents and genetic profiles by 
using RAPD markers. Furthermore, the correlation 
between hypericin ratios and the genetic structures of the 
clones was investigated. 
 
MATERIALS AND METHODS 
 
Plant material: The H. perforatum clones used in this 
study are presented with their clone numbers and origins 
in Table I. The control accession corresponded to Topaz, 
a Polish variety registered in 1982 (Seidler-Lozykowska 
& Dabrowska, 1996). The clones were grown with 
vegetative reproduction in both a greenhouse for DNA 
analysis and experimental field of Field Crops 
Department, Faculty of Agriculture, Ege University, 
Turkey during 2007 and 2008 growing seasons for 
hypericin analysis. Each clone plot consisted of 3 rows 3 
m long spaced 40 cm apart where the clones were planted 
at 20 cm spacing within the row. Frequent irrigation in 
order to maintain the soil moisture and fertilizers (60 kg N 
& 60 kg P ha-1) were applied. Plants were harvested 5 cm 
above soil surface at flowering stage for hypericin 
analysis twice a year for 2007 and 2008. The first harvest 
was done on 25th May, while the second harvest was 
performed on 11th July in 2007. The clones showed 
different flowering times in 2008 and therefore the first 
and second harvests were done between 30th May-16th 
June and 21st July-8th August, respectively. The samples 

of fresh plants were air dried at 35 °C after harvest. 
Hypericin analysis: The content of hypericin was 
quantified in extracts by spectrophotometry as under: 500 
mg of dried matter was placed in paper bags and extracted 
with chloroform in soxhlet apparatus. Then, paper bags 
were removed from the system and dried. In second 
extraction, the samples were re-extracted with methanol 
in soxhlet apparatus. After extraction, the samples were 
dissolved in methanol and 100 mL of the supernatant was 
transferred to a reaction tube. The hypericin content in 
each plant was quantified at 590 nm in a 
spectrophotometer (Pye Unicam SP6-500 UV) and was 
calculated using the formula below (DAC, 1986). 
 

100  e)  (  Ec -1
 590 ε ×××=  

 

c: Hypericin content 
E590: The spectrophotometer value at 590 nm 
ε: Extraction coefficient (718) 
e: Amount of sample. 

DNA isolation and RAPD analysis: Total genomic DNA 
from young leaves of each clone was isolated by DNA 
Mini-Extraction procedure of fresh leaf tissue (Doyle & 
Doyle, 1987). DNA quantity and quality was estimated by 
spectrophotometric analysis (CARY 100 Bio UV-Vis 
Spectrophotometer, Varian) and agarose gel (1.0%) 
electrophoresis, respectively. However, total DNA could 
not be extracted efficiently from 10 samples and quality 
of the other two DNA samples was not worth DNA 
analysis. DNA extraction of all samples was repeated 
using “E.Z.N.A.TM SP Plant DNA Midi Kit” (Omega Bio-
Tek, USA), specific for extraction of total cell DNA in 
plant species containing high level of phenolic 
compounds and polysaccharides. DNA concentration was 
determined using the spectrophotometer and diluted to a 
final concentration of 5 ng/µL. Purity of DNA template 
was checked by absorbance ratio 260:280 nm. The RAPD 
analysis was carried out as described by Williams et al. 
(1990). The RAPD PCR products were separated on a 1.5% 
agarose gel via horizontal gel electrophoresis in 1 X TAE-
buffer solution with 4 V/cm. The visualization of the 
amplificats was achieved by staining the agarose gel for 15 
min in an ethidium bromide solution (2 µg/mL) followed by 
exposure to UV light (254 nm) on a UV-transilluminator 
(BIO-VISION 1000). λ DNA double digest (Hind III/EcoRI) 
was used as molecular weight marker. 
Data analysis: The hypericin data were used to calculate 
the Euclidean distance (Ed) for all pairs of samples using 
the SIMGEND module of NTSYS-pc software version 
2.01e (Rohlf, 1998). These distance coefficients were 
used to construct dendrogram using the Unweighted Pair 
Grouped Method Arithmetic Average (UPGMA) 
employing the Sequential Agglomerative Hierarchical and 
Nested (SAHN) algorithm. The goodness of fit of the 
clustering compared with the basic data matrix was tested 
by computing the cophenetic correlation coefficient using 
the normalized Mantel statistics Z test (Mantel, 1967) via 
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the COPH and MXCOMP procedures of NTSYS-pc 
version 2.01e (Rohlf, 1998). 
 RAPD bands were scored for their presence (1) or 
absence (0) across 12 H. perforatum clones. The total 
number of fragments scored, the number of polymorphic 
fragments and the percentage of polymorphic fragments 
were determined for each primer. Genetic distance based 
on the Jaccard’s coefficient (Jaccard, 1908) was 
calculated by making a pairwise comparison between all 
H. perforatum clones using the SIMQUAL module of 
NTSYS-pc software version 2.01e (Rohlf, 1998). On the 
basis of the Jaccard’s coefficient, UPGMA clustering of 
the different H. perforatum clones was carried out using 
the SAHN method of the software package NTSYS-pc 
2.01e. To test the goodness of fit of the clustering to the 
basic data matrix, the cophenetic correlation coefficient 
was calculated using the same test in hypericin data of 
NTSYS-pc version 2.01e (Rohlf, 1998). 
 Effective multiplex ratio (EMR) and marker index 
(MI) were calculated for RAPD analysis to measure the 
usefulness of the marker system according to Powell et al. 
(1996). The multiplex ratio (MR) was estimated by 
dividing the total number of bands amplified by the total 
number of assays. The effective multiplex ratio (EMR) is 
the number of polymorphic fragments detected per assay. 
Polymorphic information content (PIC) or average 
heterozygosity was calculated using the formula of 
Roldán-Ruiz et al. (2000): PIC = 2fi (1-fi), where fi is the 
frequency of the amplified allele. Average heterozygosity 
(Hav) is estimated by taking the average of PIC values 
obtained for all the markers. Marker index (MI) was 
calculated by multiplying the average heterozygosity 
(Hav) with EMR (Powell et al., 1996). 
 The ability of the most informative primers to 
differentiate between the clones was assessed by 
calculating their resolving power (Rp) according to 
Prevost and Wilkinson (1999) using  
 

∑= bIRp  
 

Where Ib is the band informativeness with Ib = 1 - [2 
x (0.5-p)] and where p is the proportion of clones 
containing the band. The resolving power is based on the 
distribution of detected bands within the sampled clones. 
 
RESULTS 
 
Hypericin content: Hypericin content of the clones 
sampled at flowering stage two times for both 2007 and 
2008 are shown in Table II. All of the H. perforatum 
clones except clone-12 at the 1st harvest had higher 
hypericin contents than those at the 2nd harvest in 2007. 
Also, this could be seen from the mean hypericin contents 
of the 1st and 2nd harvests. The highest hypericin contents 
were obtained for the variety Topaz (0.297%) and clone-1 
(0.244%) based on the mean values of two harvests in 
2007. The mean hypericin content was found to be higher 

at the 1st harvest than at the 2nd harvest in 2008, as in case 
of 2007. Clone-16 and clone-18 had the highest hypericin 
content (0.188% & 0.192%, respectively) with respect to 
the mean hypericin content in 2008. Generally, the 
hypericin contents of the clones except Topaz were higher 
at the 1st harvests in both the years. As far as the years are 
concerned, the hypericin contents of the clones in 2007 
were higher than in 2008. 
 The data reported in Table II was used to construct a 
dendrogram showing Euclidian distance among the H. 
perforatum clones based on relative abundance of 
hypericin contents (Fig. 1). The result of clustering had a 
very good fit to the Euclidian distance matrix with 
cophenetic correlation coefficient 0.90. Cluster analysis of 
hypericin content data grouped the clones in two major 
clusters (Fig. 1). Cluster I included all clones originating 
from Ege Region of Turkey, while cluster II contained 
only Polish variety “Topaz”. A stronger grouping 
according to their similar hypericin content was observed 
for the clones in cluster I. For example, clone-1, 2, 5, 6, 7 
and 8, which were grouped together in a sub-cluster, had 
higher hypericin contents in 2007 (Table II). On the 
contrary, clone-10, 12 and 15 grouped in another sub-
cluster in cluster I had the lowest hypericin contents in 
2007. Moreover, it was seen that clone-16 and 18 had the 

Table I: H. perforatum clones used in this study, with 
clone numbers and origins 
 
Clone Number Altitude (m) Origin (province, town, village) 
1 300 İzmir-Kemalpaşa-Armutlu 
2 785 Uşak-Sivaslı-Yeni Erice Arıkaltı 
5 1320 Aydın-Bozdoğan-Madran Plateau 
6 1320 Aydın-Bozdoğan-Madran Plateau 
7 1320 Aydın-Bozdoğan-Madran Plateau 
8 1320 Aydın-Bozdoğan-Madran Plateau 
10 1320 Aydın-Bozdoğan-Madran Plateau 
12 1320 Aydın-Bozdoğan-Madran Plateau 
15 1120 Aydın-Bozdoğan-Korumaz Plateau 
16 1200 İzmir-Ödemiş-Bozdağ 
18 1600 Afyon-Sandıklı-Akdağ-Koca Plateau 
Topaz - Polish variety 
 
Table II: The hypericin contents (%) of H. perforatum 
clones in 2007 and 2008 
 
 

Clone Number
2007 2008 

1st 
Harvest

2nd 
Harvest 

Mean 1st 
Harvest

2nd 
Harvest

Mean

1 0.268 0.220 0.244 0.150 0.116 0.133
2 0.289 0.188 0.238 0.153 0.136 0.145
5 0.255 0.218 0.237 0.127 0.113 0.120
6 0.251 0.165 0.208 0.203 0.138 0.171
7 0.260 0.190 0.225 0.157 0.108 0.133
8 0.258 0.176 0.217 0.160 0.104 0.132
10 0.202 0.166 0.184 0.158 0.126 0.142
12 0.160 0.182 0.171 0.162 0.111 0.136
15 0.202 0.198 0.200 0.146 0.116 0.131
16 0.243 0.232 0.237 0.251 0.125 0.188
18 0.221 0.200 0.210 0.271 0.112 0.192

Topaz 0.324 0.269 0.297 0.166 0.204 0.185
Mean 0.245 0.200 0.222 0.175 0.126 0.151
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highest mean hypericin contents for the two harvests in 
2008. 
RAPD markers: Among the 38 random primers used for 
the initial screening, 26 primers in length of 10-bp 
detected a total of 378 scorable fragments, whereas the 
polymorphic loci added up to 298 (76%) (Table III). The 
number of polymorphic bands generated by each RAPD 
primer varied from 1 (OPC-17) to 23 (OPG-11). The level 
of polymorphism ranged from 33.3% (OPC-17) to 
100.0% (OPA-16, OPC-10 & OPC-16). Also, main values 
of proportion of clones containing band (mp), main values 
of band informativeness (mIb), resolving power (Rp) and 
polymorphic information content (PIC) of the primers 
were shown in Table III. mIb value represents the 
measurement of closeness of a band to be present in 50% 
of the clones under study and Rp is the sum of Ib values 
of all the bands amplified by a primer. Rp values of 

primers ranged from 0.17 to 12.83 with an average of 
5.71 and mIb values changed from 0.17 to 0.64 with a 
mean value of 0.48. The polymorphic information content 
(PIC) value of RAPD primers varied from 0.15 to 0.42 
with an average of 0.33. The primer OPE-14 showed the 
highest value of average Rp, mIb and PIC. For RAPD 
analysis, effective multiplex ratios (EMR) were estimated 
at 12, while marker index (MI) was identified 4.09. 
 Based on the presence or absence of the 
amplification of alleles, the pair-wise genetic similarity 
according to Jaccard’s coefficient was analyzed ranging 
from 0.93 for clone-10 vs. 15 to 0.40 for clone-1 vs. 12, 
clone-2 vs. 10-12, clone-6 vs. 16 and clone-18 vs. 10-12 
(Table IV). Furthermore, clone-6 vs. 7 and clone-7 vs. 8 
showed a very high similarity (0.92). The average genetic 
similarity value among the clones was 0.60. 
 The dendrogram obtained using Jaccard similarity 
index in Table IV was shown in Fig. 2. The cophenetic 
correlation coefficient was 0.99 indicating that the cluster 
results had a very good fit to the genetic similarity matrix. 
Cluster analysis of genetic similarity data grouped the 
clones in two major clusters, cluster I and cluster II. 
Cluster I included clone-1, 2, 16 and 18 while cluster II 
included clone-5, 6, 7, 8, 10, 12, 15 and the variety Topaz. 
The clones grouped in cluster I originated from İzmir-
Kemalpaşa-Armutlu, Uşak-Sivaslı-Yeni Erice Arıkaltı, 
İzmir-Ödemiş-Bozdağ and Afyon-Sandıklı-Akdağ-Koca 
Plateau, respectively. Except the clones originated from 
Aydın and Topaz, which were grouped in cluster II, other 
clones were grouped in cluster I. Cluster II had two sub-
clusters: clone-5, 6, 7 and 8 were grouped in a sub-cluster, 
clone-10, 12 and 15 were grouped in another sub-cluster. 

There was a significant correlation between 
hypericin contents and RAPD data of the clones and 
Topaz. In both dendrograms (Fig. 1 & Fig. 2), clone-10, 
12 and 15 were grouped in same sub-cluster. Furthermore, 
close relationship among clone-5, 6, 7 and 8 could be seen 
in both dendrograms constructed from genetic and 
hypericin data. 
 
DISCUSSION 
 
 Research reports on medicinal and aromatic plants 
are increasing day by day because of the search for new 
active molecules, for improvement of the plant production 
systems and new species or molecules for the herbal 
pharmaceutical industries (phytotherapy or allopathy) 
(Poutaraud & Girardin, 2005). However, one of the most 
important problems related to medicinal plants is that 
there is an extreme variability in the phytochemical 
content, mostly resulting by environmental factors and 
other contaminations during cropping (Zobayed & 
Saxena, 2004). Thus, in the Consumer Safety Symposium 
on Dietary Supplements and Herbs, it was reported that 
there was a 17-fold difference in terms of concentration of 
‘active’ constituents in different commercial preparations 

Fig. 1: Dendrogram produced by UPGMA method, 
showing Euclidian distance among the H. perforatum 
clones 
 

 
Fig. 2: The UPGMA dendrogram computed using 
genetic distance matrix based on RAPD data 
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of St. John’s wort. H. perforatum grows naturally in 
mesophytic areas at altitudes from sea level to 2500 m in 
Turkey (Davis, 1967). Its trade is made generally with 
collected plants from flora and until now there is no 
registered variety for cultivation (Ceylan et al., 2005). 
 In the present study, 11 H. perforatum clones and 
one accession were subjected to investigate their 
hypericin contents and genetic structures using RAPD 
markers. The hypericin analysis can be made by 
spectrophotometry or by HPLC methods. In contrast with 
HPLC, spectrophotometric measurement neither enables 
to separate precursors from their final products, nor 
hypericin from pseudohypericin. Although HPLC is a 
more sensitive method enabling to quantify individual 
hypericins and their immediate precursors, the proportion 

of immediate precursor and its final product is affected by 
duration of exposure to light during sample preparation. 
So, the contents were not considered individually but as a 
sum of hypericin, pseudohypericin and their protoforms 
(Košuth et al., 2003). In this study, the 
spectrophotometric hypericin content ranged from 
0.171% to 0.297% in 2007 and from 0.120% to 0.192% in 
2008. Higher values of hypericin content were more 
pronounced in the present study than the results of Walker 
et al. (2001), Ceylan et al. (2005), Maleš et al. (2006) and 
Aziz et al. (2006). However, these hypericin content 
values were lower than the results obtained by Çirak et al. 
(2006). The hypericin contents of the clones showed that 
hypericin values were higher at the 1st harvests than at 2nd 
harvests and in 2007 compared to 2008. The results about 

Table III: Total number (n) and number of polymorphic bands (np), percentage of polymorphic bands (%P), main 
values of proportion of clones containing band (mp), main values of band informativeness (mIb), resolving power 
(Rp) and polymorphic information content (PIC) of RAPD primers among the clones of H. perforatum 
 
Primer  Sequence   5′→3′ n np %P mp mIb Rp PIC 
OPA-16 5'-AGCCAGCGAA-3' 17 17 100.0 0.48 0.61 10.33 0.40 
OPAG-02 5'-CTGAGGTCCT-3' 8 6 75.0 0.38 0.47 2.83 0.34 
OPAG-04 5'-GGAGCGTACT-3' 14 11 78.6 0.53 0.49 5.33 0.35 
OPAG-06 5'-GGTGGCCAAG-3' 15 11 73.3 0.39 0.33 3.67 0.26 
OPB-15 5'-GGAGGGTGTT-3' 7 5 71.4 0.28 0.30 1.50 0.24 
OPC-06 5'-GAACGGACTC-3' 7 5 71.4 0.48 0.63 3.17 0.40 
OPC-10 5'-TGTCTGGGTG-3' 12 12 100.0 0.51 0.51 6.17 0.35 
OPC-11 5'-AAAGCTGCGG-3' 10 7 70.0 0.24 0.48 3.33 0.33 
OPC-12 5'-TGTCATCCCC-3' 11 8 72.7 0.43 0.40 3.17 0.30 
OPC-13 5'-AAGCCTCGTC-3' 16 12 75.0 0.35 0.46 5.50 0.33 
OPC-14 5'-TGCGTGCTTG-3' 20 18 90.0 0.50 0.60 10.83 0.40 
OPC-15 5'-GACGGATCAG-3' 15 8 53.3 0.39 0.48 3.83 0.33 
OPC-16 5'-CACACTCCAG-3' 13 13 100.0 0.23 0.41 5.33 0.29 
OPC-17 5'-TTCCCCCCAG-3' 3 1 33.3 0.08 0.17 0.17 0.15 
OPC-18 5'-TGAGTGGGTG-3' 17 15 88.2 0.39 0.58 8.67 0.37 
OPC-19 5'-GTTGCCAGCC-3' 12 8 66.7 0.30 0.48 3.83 0.31 
OPC-20 5'-ACTTCGCCAC-3' 14 10 71.4 0.36 0.58 5.83 0.38 
OPE-02 5'-GGTGCGGGAA-3' 16 11 68.8 0.60 0.44 4.83 0.32 
OPE-03 5'-CCAGATGCAC-3' 8 6 75.0 0.58 0.61 3.67 0.41 
OPE-10 5'-CACCAGGTGA-3' 12 8 66.7 0.33 0.50 4.00 0.32 
OPE-14 5'-CCAGATGCAC-3' 27 20 74.1 0.45 0.64 12.83 0.42 
OPG-02 5'-GGCACTGAGG-3' 22 15 68.2 0.38 0.48 7.17 0.33 
OPG-09 5'-CTGACGTCAC-3' 23 21 91.3 0.41 0.37 7.83 0.28 
OPG-11 5'-TGCCCGTCGT-3' 25 23 92.0 0.49 0.54 12.33 0.35 
OPG-13 5'-CTCTCCGCCA-3' 19 16 84.2 0.34 0.49 7.83 0.34 
OPG-15 5'-ACTGGGACTC-3' 15 11 73.3 0.20 0.41 4.50 0.29 
Total  378 298      
Average  15mr 12emr 76  0.48 5.71 0.33 
mr multiplex ratio, emr effective multiplex ratio 
 
Table IV: Similarity matrix for H. perforatum clones by Jaccard’s coefficient based on RAPD bands 
 
Clones 1 2 5 6 7 8 10 12 15 16 18 
2 0.88           
5 0.45 0.45          
6 0.44 0.42 0.90         
7 0.41 0.41 0.86 0.92        
8 0.41 0.41 0.86 0.89 0.92       
10 0.41 0.40 0.87 0.85 0.88 0.87      
12 0.40 0.40 0.81 0.79 0.81 0.86 0.87     
15 0.41 0.41 0.85 0.85 0.87 0.89 0.93 0.88    
16 0.59 0.63 0.43 0.40 0.43 0.43 0.41 0.43 0.43   
18 0.68 0.71 0.47 0.43 0.43 0.43 0.40 0.40 0.41 0.59  
Topaz 0.46 0.45 0.48 0.46 0.47 0.47 0.49 0.47 0.49 0.45 0.48 



 
TONK et al. / Int. J. Agric. Biol., Vol. 13, No. 1, 2011 

 36

the decrease of hypericin content in following years 
reported by Poutaraud and Girardin (2004) are comparable 

to this study. This can be due to the several harvests with 
harmful effects in a year and damaged plant material. 
 Present research is a pioneer study to discuss in 
detail the genetic profile of H. perforatum clones grown 
in Turkey. Twenty six RAPD markers, which detected 
378 different fragments, were used to characterize 11 H. 
perforatum clones and the variety Topaz. RAPD markers 
revealed high degree of polymorphism (76.0%) with an 
average of 12 polymorphic bands per primer. Marker 
index (MI) and resolving power (Rp) were two different 
methods used to measure the ability of primers or 
techniques to distinguish between genotypes (Prevost & 
Wilkinson, 1999). In comparison to the work of Sarwat et 
al. (2008), the marker index in the present study was 
higher (4.09). Sarwat et al. (2008) reported a marker 
index for RAPD of 3.3 in Tribulus terrestris. This 
difference may be explained by higher average 
heterozygosity (Hav) and effective multiplex ratio (EMR) 
values, which were measured as 0.34 and 12 in the study, 
respectively. The resolving power values of RAPD 
primers in the present study (0.17 to 12.83) were found to 
be higher than Fernández et al. (2002) (1.38-8.88) but 
lower than Prakash and Van Staden (2007) (9.4-26.8). 
 RAPD analysis was successful in detecting genetic 
diversity and relationships among the H. perforatum 
clones. A low level of genetic diversity was found in the 
clones as it was expected since the H. perforatum clones 
subjected to this study were originated from only four 
provinces of Aegean Region of Turkey. High level of 
genetic similarity in H. perforatum accessions collected 
from different locations in India was previously reported 
by Verma et al. (2008). According to similarity 
coefficients of cluster analysis of the H. perforatum 
clones and variety Topaz, expected results were found. 
Clustering or similarity coefficient showed that there was 
a partial relationship on a regional basis of the clones. 
More intimately, cluster II in the dendrogram contained 
Topaz and the clones from Aydın and its different sites. 
However, although Topaz and the clones from Aydın 
were grouped in a same cluster, their similarity 
coefficients were not quite higher than those among 
Topaz and clones grouped in cluster I. Cluster I included 
the clones from Afyon, İzmir and Uşak. The distribution 
pattern of clones of diverse origin in cluster I indicated 
that genetic diversity observed within H. perforatum 
clones was not related to geographical origin. In general, 
the results of RAPD analysis confirmed the efficacy of 
RAPD markers for detecting DNA polymorphism among 
H. perforatum clones. Similarly, several studies have 
exploited RAPD markers to characterize H. perforatum 
accessions and populations (Arnholdt-Schmitt, 2002; 
Halušková & Košuth, 2003; Barcaccia et al., 2006; 
Pilepić et al., 2008; Verma et al., 2008) and confirmed 
effectiveness of RAPD markers. 

 Significant similarities were observed between the 
dendrograms constructed from hypericin and RAPD data. 
A close relationship among the clones in both 
dendrograms demonstrated that there is a stronger 
correlation between hypericin contents and genetic 
structure in H. perforatum. Contrary to our results, Verma 
et al. (2008) found a partial correlation between 
secondary metabolite contents and RAPD data in H. 
perforatum accessions. This result could be explained by 
differences in chemical composition and genetic profile 
among the accessions of one species, which show less 
significance compared to different species. 

In conclusion, the use of RAPD markers is well-
suited for estimating the genetic relationship between H. 
perforatum clones. This is the first report on the genetic 
profile of H. perforatum originated from Aegean Region 
of Turkey. The genetic diversity assessment made in this 
study indicated the potential for future progress of H. 
perforatum germplasm with further exploitation in 
improving breeding strategies. Detailed knowledge 
generated in the present study on the genetic diversity 
between the clones is of prime interest and facilitated the 
selection of the clones. Especially, this knowledge should 
be considered in the breeding of superior hybrid 
genotypes for adaptation to different environments and 
utilization systems. 
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