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Abstract St. John’s wort (Hypericum perforatum L.), as
the most important medicinal species of the genus Hyper-
icum, is medicinally used for many purposes such as
treatment of mild and moderate depression. Considering
importance of knowledge on genetic structure of wild rel-
atives of crop plants, the present study was aimed to assess
genetic variability among ten wild populations of H. per-
foratum growing in different climatic regions of Iran via
ISSR markers. In general 15 selected primers generated
191 polymorphic fragments with an average of 12 in each
primer. According to the UPGMA constructed dendrogram
and PCoA, studied populations were classified into four
main groups which was, to the some extent, in accordance
with their geographical origins. Genetic distances of these
populations ranged from 0.109 (Nor and Nowshahr) to
0.345 (Ardebil and Galogah). Also, Nei gene diversity (H,)
values were calculated to be from 0.066 to 0.216 and
Shannon’s information indices (/) varied from 0.321 to
0.097. Nei’s genetic differentiation index (Gg) was high
(0.573) indicating the high levels of genetic variation
among the studied populations. Finally, the gene flow (N,,)
value was found to be 0.372. Obtained information is
useful for use of Iranian H. perforatum germplasm for
breeding programs and for development of effective con-
servation strategies.
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Introduction

The genus Hypericum belongs to the Hypericaceae (Gut-
tiferae) family and comprises at least 469 species world-
wide, out of which 19 are found in Iran (Crockett 2010;
Lebaschi et al. 2003). St. John’s wort (Hypericum perfo-
ratum L.) is the most important medicinal species of the
genus and its main uses in medicine includes treatment of
mild and moderate depression, skin wounds and burns
(Barnes et al. 2001). The plant contains a vast array of
secondary metabolites, among which naphthodianthrones
(hypericin and pseudohypericin), acylphloroglucinols (hy-
perforin and adhyperforin) and essential oil can be men-
tioned (Morshedloo et al. 2012; Radusiene et al. 2005;
Verotta 2002; Greeson et al. 2001). Antiviral, antiretroviral
and antitumor activities (OrCic et al. 2011; Percifield et al.
2007; Glisic et al. 2006; Agostinis et al. 2002; Meruelo
et al. 1988) of extracts from this plant make it promising
for treatment of HIV and cancer.

According to Brutovska et al. (2000), H. perforatum is
probably originated from autopolyploidization of an
ancestor closely related to diploid H. maculatum. However,
it was recently implied that the plant has a single evolu-
tionary origin and arose from independent and recurrent
polyploidization of two different ancestral gene pools
along with occurrence of substantial gene flow within and
between H. perforatum and H. maculatum (Koch et al.
2013). As both sexual and aposporic processes can simul-
taneously occur in a given plant, St. John’s wort is con-
sidered as a facultative apomict species (Percifield et al.
2007; Martonfi et al. 1996).
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The prosperity of breeding programs depends largely on
the genetic variability of plants, or in fact, the presence of a
rich gene pool. Wild relatives of crops contain genes with
the great potential for use in breeding programs and con-
stitute a part of their gene pool (Pandey et al. 2008). In
addition, the study of intra-specific levels of genetic vari-
ation and investigation of genetic structure of wild popu-
lations is crucial for development of effective conservation
strategies.

Different techniques including morphological, bio-
chemical and especially molecular markers let scientists to
study genetic variability of plants. As molecular markers
present reproducible results regardless of environmental
conditions, they have gained nowadays considerable
attention for studies relating to the genetic diversity
(Farooq and Azam 2002). Molecular markers have been
extensively served in a wide range of species including
horticultural, medicinal and food crops for different pur-
poses. In medicinal plants, applications included the study
of genetic variations, identification of cultivars, genotyp-
ing, cross-breeding studies, phylogenetic analyses, phar-
macognostic and species characterization and also genetic
mapping (Percifield et al. 2007; Joshi et al. 2004). In this
respect, St. John’s Wort has been the subject of many
studies (Tonk et al. 2011; Percifield et al. 2007; Barcaccia
et al. 2006).

As a kind of PCR-based molecular marker, ISSR
(inter simple sequence repeat) technique amplifies DNA
fragments located between two identical microsatellite
repeats oriented in opposite direction. Microsatellite
motifs, which are used as primers for ISSRs in unan-
chored or more usually anchored at 3’ or 5’ end, can be
di- to penta-nucleotides (Semagn et al. 2006). These
primers can be undertaken for any plant species which
contains a sufficient number and distribution of SSR
motifs in its genome (Domyati et al. 2011). ISSR
markers have the potential to reveal similarities at the
intra- and interspecific levels (Chennaoui-Kourda et al.
2007; Davila et al. 1998; Ghariani et al. 2003). Sim-
plicity, reproducibility, requirement of only a small
amount of DNA and relatively low cost of performing
are advantages of this system of genotyping. In addi-
tion, ISSR markers don’t require information on DNA
sequence and produce a large number of fragments per
primer (Wang et al. 2008; Semagn et al. 2006; Reddy
et al. 2002; Pasqualone et al. 2001).

In the present study, we decided to assess genetic
diversity in ten natural populations of H. perforatum
growing in Iran using ISSR markers. Our results can
clarify relationships in order to establish basic informa-
tion for conservation and use of Iranian H. perforatum
germplasm in breeding programs of this important
medicinal plant.
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Materials and methods
Plant materials and DNA extraction

Ten wild populations of St. John’s Wort were collected at
the flowering stage in August 2011 from different parts of
Iran. The origin and geographical characteristics of studied
populations are presented in Table 1 and Fig. 1. Voucher
specimens were deposited at the Herbarium of Department
of Horticulture, Faculty of Agricultural Sciences and
Engineering, University of Tehran, Iran. For performing
ISSR analyses, five single plants were randomly chosen
from each population and their young leaves were frozen in
liquid nitrogen. Genomic DNA was isolated according to
the protocol described by Doyle and Doyle (1990) with
little modifications. Quality and quantity of extracted
DNAs were evaluated by electrophoresis on 1.5 % agarose
gel and spectrophotometrically using a Nanodrop spectro-
photometer (Nanodrop Technologies, Wilmington, DE,
USA). The isolated DNAs were diluted to 10 ng/pl and
stored at —20 °C until use.

ISSR analysis

Out of thirty-two primers tested for amplification of the
genomic DNAs, fifteen were finally selected (Table 2).
Primers used were synthesized by Bioneer (South Korea)
and Metabion-Deutschland companies. Amplification
mixtures (15 pl) contained 3 pl of template DNA (10 ng/
pl), 7.5 pl PCR mastermix (Sinagene, Iran), 1/5 pl ISSR
primer (10 pmol/pl) and 3 pl double distillated water.
Amplification was carried out in a Bio Rad thermocycler
(iCycler, USA) programmed as follows: initial denatur-
ation at 94 °C for 5 min; 32 cycles each including 94 °C
for 1 min, 40-58 °C for (depended on the primer) 1 min
and 72 °C for 2.5 min; and final extension at 72 °C for
7 min.

The amplification products were separated on 1.5 %
(w/v) agarose gels and 1x TBE buffer (pH 8.5) for
120 min at 70 v, stained with ethidium bromide and pho-
tographed under UV light.

Data analyses

Amplified fragments were scored as 1 for the presence and
0 for the absence. Fragments with the same molecular
weight were considered as monomorphic. Only reproduc-
ible bands were considered for data analysis. The dendro-
gram was constructed using the UPGMA (unweighted pair
group method with the arithmetic averaging) cluster ana-
lysis (Sheath and Sokal 1973) by NTSYSpc software
ver.2.02. Resolving power (Rp) accounted according to the
Prevost and Wilkinson (1999) formula:
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Table 1 Origins and geographical characteristics of studied Hypericum perforatum populations

Number Area of sampling collection Populations Longitude (E) Latitude (N) Altitude (m) Habitat

1 Khorasan province-Neyshaboor-Kharw ~ Kharw 59°30 36°39' 1,550 Mountain-semiarid
2 Ardebil province-Ardebil Ardebil 48°17 38°15' 2,100 Mountain-cold and semiarid
3 Khorasan province-Mashhad-Torghabe = Torghabe 59°37' 36°31 1,334 Mountain-semiarid
4 Mazandaran province-Nowshahr Nowshahr  51°27' 36°39' 29 Caspian-humid

5 Mazandaran province-Galogah Galogah 53°82 36°72 25 Caspian-semi humid
6 Golestan province-Toskestan Toskestan 54°34/ 36°46/ 280 Mountain-humid

7 Kordestan province-Saghez Saghez 46°27 36°24' 1,487 Mountain-semiarid
8 Mazandaran province-Nor Nor 52°89’ 36°29' 4 Caspian-humid

9 Mazandaran province-Shirgah Shirgah 49°99' 37°19' 228 Mountain-humid

10 Mazandaran province-Javaherdeh Javaherdeh  50°46 36°85 1,863 Mountain-humid

Khérasan

Semnan

Fig. 1 Geographical locations of ten wild populations of Hypericum perforatum

Rp=>1Ib PICi = 2fi(1 — fi)

Ib=1-(2/0.5-p|) in which, PICi is the polymorphic information content of

_ _ ) ) the locus i, fi is the frequency of the amplified fragments
where, p is the proportion of species presenting the I band. ;.4 1-fi is the frequency of non-amplified fragments
The polymorphic information content (PIC) value for each (Roldan-Ruiz et al. 2000). The frequency was calculated as

locus was calculated using the following formula: the ratio between the number of amplified fragments at
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Table 2 Percentage of polymorphic bands and resolving power of ISSR primers used in this study

Name Sequence T (°C) ISSR-PCR bands RP PIC
Theoretical Optimal Total Polymorphic Percent (%)
IS8 (ACG)sC 53 50 25 24 96 10.12 0.29
IS13 (AGA)sGYT 35.1 44 15 15 100 5.87 0.28
IS14 (AGA)sGC 34.5 56 14 14 100 6.26 0.30
IS11 (ACA)sART 46.3 53.3 18 17 94.4 5.75 0.25
1S21 (AGA)sGRC 37 48.1 17 17 100 6.28 0.28
1S23 (CTC)4RC 47 48.1 10 10 100 4.97 0.34
1S24 (ACA)sCT 353 48.1 13 12 92.3 3.18 0.28
1S25 (GACA)s 53.7 44 8 8 100 4.04 0.26
1S9 (TCG)sG 54 52 10 10 100 3.85 0.29
IS17 (GA)T 41 44 14 14 100 7.86 0.30
UBC-810 (GA)T 41 53.4 88.8 5.06 0.37
UBC-816 (CA)ST 50.1 45.1 100 3.75 0.34
UBC-849 (GT)sYA 51.4 46.9 15 15 100 7.55 0.35
UBC-868 (GAA)g 432 442 11 11 100 5.63 0.32
1S06 (GTGC)4 61 46.4 10 9 90 3.86 0.24
Total 196 191 Avg. = 9743 Avg. = 5.62 Avg. = 0.30

Y (C, T), R (G, A), RP resolving power of primer, PIC polymorphic information content

each locus and the total number of accessions. The PIC of
each primer was calculated using the average PIC value
from all loci of each primer.

A genetic distance matrix was created based on obtained
ISSR data using Genalex 6.1 (Peakall and Smouse 2006).
Nei’s genetic distances were calculated according to Nei
(1972). Also, principal coordinates analysis (PCoA), ana-
lysis of molecular variance (AMOVA), effective number of
alleles per locus (N.) and observed number of alleles per
locus (N,) were calculated. Genetic diversity measures were
tested using gene diversity statistics (Nei 1973). Shannon’s
information index (/) was also used to examine partitioning
of genetic diversity within and among populations. In
addition, genetic construction was computed using Nei’s
(1978) gene diversity statistics, including the total genetic
diversity (H,), genetic diversity within populations (H), and
the relative magnitude of gene differentiation coefficients
(Gy, Gy = (H— Hy)/H,) among populations. Finally, the
value of gene flow (N, = 0.5 (1 — G4)/Gy)) was calculated
according to the McDermott and McDonald (1993). These
analyses were performed using POPGENE32 program.

Results and discussion
Polymorphism of ISSR markers
Primers capable of polymorphic bands generation were

served for analysis of populations. These primers generated
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fragments differing in number, size and pattern (Fig. 2).
Sequences of used primers along with their percentages of
polymorphic bands and resolving powers are summarized in
Table 2. Length of amplified fragments was in the range of
about 500-3,000 bp. In total, 15 ISSR primers amplified 191
polymorphic bands (97.4 %) with an average of 12 in each
primer indicating the potentially polymorphic nature of
microsatellite regions that amplify by ISSR technique
(Morgante and Olivieri 1993). The primer IS8 was produced
the highest (24), while the primers IS25 and UBC-810 gave
the lowest number of polymorphic bands (8) in tested
genotypes. Considering sequences of IS25 and UBC-810
primers [(GACA)s and (GA)gT, Table 2], it was also pre-
viously reported that primers containing GACA and GA
repeats often show least frequency in the genome (Kumar
et al. 2013; Singh et al. 2012; Chennaoui-Kourda et al.
2007). In this study, PIC values ranged from 0.37 (the pri-
mer UBC-810) to 0.24 (the primer IS06) with a mean of 0.3.
However, Rp values for used ISSR markers differed from
3.18 (IS24) to 10.12 (IS8) with an average of 5.62.
According to the results, ACG repeats should be abundant in
the genome of H. perforatum and has the potential for
population’s discrimination. In agreement to our results,
similar PIC and Rp mean values were also reported in a
previous study by Tonk et al. (2011) on H. perforatum using
RAPD markers. However, the higher mean PIC values were
obtained using ISSR markers on Dasypyrum villosum (L.),
Triticum L. and Secale L. (Gradzielewska 2011) and rice
(Sarla et al. 2005) (0.5, 0.62, 0.62 and 0.82, respectively).
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Fig. 2 Amplification pattern of e
Hypericum perforatum
genotypes using primer 1S24
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Table 3 Genetic distances matrix generated using Nei (1972) formula and ISSR data

Nowshahr Javaherdeh Torghabe Galogah Shirgah Nor Toskestan Kharw Saghez Ardebil
Nowshahr 0.000
Javaherdeh 0.134 0.000
Torghabe 0.192 0.188 0.000
Galogah 0.220 0.208 0.312 0.000
Shirgah 0.166 0.160 0.237 0.137 0.000
Nor 0.109 0.180 0.214 0.227 0.153 0.000
Toskestan 0.123 0.174 0.198 0.218 0.138 0.128 0.000
Kharw 0.299 0.289 0.318 0.334 0.237 0.279 0.211 0.000
Saghez 0.194 0.277 0.243 0.304 0.206 0.202 0.187 0.277 0.000
Ardebil 0.274 0.310 0.291 0.345 0.259 0.294 0.242 0.313 0.174 0.000

The smallest and highest genetic distance are showed by bold values

Genetic distances and population relationships

According to the results, genetic distances among studied
populations ranged from 0.109 to 0.345 with an average of
0.226 (Table 3) indicating relatively the high levels of
genetic distances among Iranian H. perforatum popula-
tions. The lowest distance value (0.109), and therefore the
highest similarity, was observed between populations ‘Nor’
and ‘Nowshahr’. These populations are grown in a similar
altitude (3—4 m above sea level) in the Mazandaran prov-
ince. On the contrary, populations Ardebil and Galogah,
belonging to different provinces and growing in 2,100 and
25 m above sea level, respectively, exhibited the maximum
distance value (0.345). The low genetic similarity of these
populations may be related to their high geographical dis-
tance. Similar to our results, RAPD markers also revealed
relatively the high genetic distances values among H.
perforatum populations (0.121-0.301) (Hazler Pilepic et al.
2008).

Although studied H. perforatum populations nearly
covered all types of its habitats, Pearson’s correlation
analyses showed no significant correlation between genetic
and geographical factors. In this respect, similar results

have been previously reported on H. perforatum (Barcaccia
et al. 2006) and other species (DeWalt et al. 2011; Li et al.
2003; Fu et al. 2001).

In order to reveal populations’ relationships, the genetic
distances matrix was made using NTSYSpc software
ver.2.02. The UPGMA-based constructed dendrogram
grouped studied populations into three main groups at the
distance of 0.24 (Fig. 3). Group A consisted of only one
member, the Kharw population. Plants of this population
grow in a closed valley environment; interruption of its
habitat from other habitats of wild growing Iranian H.
perforatum may be resulted in an isolated population
(Hamrick and Godt 1989). The second group (B) included
populations Saghez and Ardebil and seven other popula-
tions were placed in the third group (C). The latest was
subsequently divided into two sub-groups including plants
of Torghabe (Mashhad) population and other six remaining
ones (Galogah, Shirgah, Javaherdeh, Nowshahr, Nor and
Toskestan) (Fig. 3). Biplot analysis also grouped these
populations in accordance with UPGMA-based constructed
dendrogram. Considering breeding system of this species
(sexual and apomixes) and geographical origins of col-
lected materials and therefore occurrence of different levels
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Fig. 3 UPGMA dendrogram of the analyzed populations generated from ISSR data and estimated according to the Nei (1972) formula

Table 4 Definition and percentage of inertia absorbed associated
with the three principal components of the PCoA

Principal Absorbed Cumulated
component variance (%) variance (%)
2791 2791
21.11 49
18.54 67.55

of gene flow among them, grouping of studied populations
nearly according to their origins seems to be reasonable.
Principal coordinate analysis (PCoA) via covariance
matrix with data standardization produced similar results.
According to the results, the variance explained by the first,
second and third component was 27.9, 21.1 and 18.5 %,
respectively. Therefore, the first three principle components
explained 67.5 % of the total variation (Table 4). Results of
biplot analysis are represented in Fig. 4. As mentioned
previously, grouping of our populations was similar to that
of constructed dendrogram, representing close relationships
among geographical origins and their dispersal patterns.
Similar results using ISSR markers have been also reported
in many other plants including species of the genera Sulla
and Lathyrus and Rheum tanguticum (Hu et al. 2010;
Chennaoui-Kourda et al. 2007; Belaid et al. 2006).

Indices of genetic diversity and population genetic
differentiation

According to Hardy—Weinberg equilibrium, Nei gene
diversity (H,.) values in H. perforatum populations studies
ranged from 0.066 (Ardebil population) to 0.216 (Toske-
stan population) with an average of 0.119, indicating
considerable levels of genetic diversity in H. perforatum
plant. A high level of variation among H. perforatum
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Fig. 4 Principal coordinates analysis (PCoA) via covariance matrix
with data standardization based on ISSRs markers

populations was also reported by Percifield et al. (2007)
which confirms results of the present study. Similar results
have been reported on this species using the RAPD
markers by Hazler Pilepic et al. (2008). The high genetic
diversity of H. perforatum populations is as a result of its
mating systems. In fact, propagation method(s) of plant
species is considered as one of the most important factors
determining their levels of genetic diversity (Hamrick
1982; Hamrick and Godt 1989). Self-incompatibility is a
wide spread phenomenon in the genus Hypericum (Robson
1981), resulting in the high levels of genetic variability
(Borba et al. 2001). Furthermore, this perennial plant
produces a great number of seeds every year in favor of the
high amounts of diversity in this species (Zhao et al. 2007).
Since widespread species may possess the higher levels of
genetic diversity than narrowly distributed plants (Hamrick
and Godt 1996; Singh et al. 1998), the wide range of H.
perforatum distribution is an important factor in this
respect.

Moreover, Shannon’s information indices (/) varied
between 0.321 and 0.097 with a mean of 0.177. Among 10
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Table 5 Calculated genetic diversity indices for studied Hypericum
perforatum populations

Population N, N, 1 H, PPL (%)
Nowshahr 0.995 1.270 0.230 0.156 41.15
Javaherdeh 0.854 1.173 0.149 0.100 27.60
Torghabe 0.859 1.220 0.180 0.123 32.29
Galogah 0.786 1.145 0.116 0.079 20.31
Shirgah 0.854 1.219 0.176 0.121 30.21
Nor 0.948 1.211 0.188 0.125 36.46
Toskestan 1.328 1.373 0.321 0.216 58.33
Kharw 0.865 1.150 0.131 0.087 25.00
Saghez 0.901 1.202 0.185 0.121 36.98
Ardebil 0.630 1.119 0.097 0.066 17.19
Average 0.902 1.208 0.177 0.119 32.55

N, observed number of alleles, N, effective number of alleles, H,
Nei’s (1973) gene diversity, / Shannon’s information index, PPL
percentage of polymorphic loci

studied populations, plants of the Toskestan population
exhibited the highest levels of genetic variability
(H, = 0.216, I = 0.321, PPL = 58.53 %), whereas those
of Ardebil population showed the lowest ones
(H. = 0.066, I = 0.097, PPL = 17.99 %) (Table 5). The
high levels of intraspecific genetic variability have also
been reported in the previous studies on Rheum tanguticum
(Hu et al. 2010), the genus Lathyrus (Belaid et al. 2006)
and castor (Gajera et al. 2010). The fact that ISSR markers
are efficient for assessing genetic diversity at the intra-
specific level, in addition to this study, is also frequently
demonstrated in a line of previous studies (Hu et al. 2010;
Belaid et al. 2006; Ghariani et al. 2003; Cavan et al. 2000;
Charters et al. 1996).

According to Nei (1978), our populations have been
estimated to have high value of genetic differentiation
coefficient (Gy) (0.573). In this respect, populations with
G, values <0.05, between 0.05 and 0.15 and >0.15 have
the low, medium and high levels of genetic differentiation,
respectively. Estimated value for studied populations of H.
perforatum growing in Iran is also greater than the average
G value of 0.187 for insect-pollinated outcrossing plants
(Hamrick 1989). ISSR markers also revealed a high value
of Gy in Dysosma pleiantha populations in a previous
study by Zong et al. (2008).

According to Hamrick (1993), as more than 80 % of the
total genetic diversity resides within populations, five
strategically placed populations should maintain 99 % of
their total genetic diversity. However, an average genetic
diversity of 42.67 % among our populations implies the
need to conserve more populations to maintain genetic
diversity within this species. Furthermore, the low level of
gene flow (0.372) indicates low movement of genes from

one population to another and the low level of migrants
exchange among populations. It has been noted that the
gene flow rate of more than four migrants per generation is
theoretically sufficient to prevent genetic differentiation
due to genetic drift (Slatkin 1987). Considering the low
level of gene flow rate among studied wild populations of
H. perforatum, therefore, genetic drift might be inevitable.
In H. perforatum, the low rate of gene flow may be due to
factors such as prevailing apomixes and short distance of
seed dispersal as stated by Hazler Pilepic et al. (2008).

Conclusion

Because of its valuable medicinal properties and high
demand, H. perforatum needs more attention toward the
conservation. As this plant is widely used in traditional
systems of medicine in the world, an ex situ long-term
conservation program seems to be recommended for its
suitable and efficient uses. In the present study, ISSR
markers revealed relatively a high level of genetic vari-
ability among Iranian St. John’s wort populations sug-
gesting that the ISSR technique is efficient and powerful
for assessment of genetic diversity at the intraspecific level.
Data on the genetic structure of these populations may be
helpful for developing sustainable conservation strategies
and also for using this gene pool in breeding programs of
this valuable medicinal plant. In other words, populations
with the high levels of intraspecific genetic diversity (such
as Toskestan) may be considered for exploring desired
traits among its individuals for use in breeding programs of
this plant. On the other hand, considering the direct rela-
tionship between the levels of genetic diversity and popu-
lations threatening, the low levels of genetic diversity in
populations such as Ardebil should be increased via dif-
ferent strategies such as introducing new individuals into
them for increasing the level of genetic diversity and, as a
result, increasing their constancy.
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