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Abstract

The phylogenetic relationships of Drosanthe section of Hypericum genus (Hypericaceae) were analyzed by using non-
coding chloroplast DNA region (trnL 3’-trnF) for 58 individuals. The section is represented by 23 taxa and nine of which
are endemic to Turkey. The chloroplast phylogeny suggested that the members of this section belonged to a polyphyletic
group, which imply at least two independent origins. The individuals of this section clearly formed two main clades. One
clade included all members of this section except H. amblysepalum, H. spectabile, H. lysimachioides var. spathulatum and
H. sorgerae. Our current phylogenetic results supported the morphological grouping in the Drosanthe section.
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Introduction

Hypericum L. (Hypericaceae) consists of about 500
species of shrubs, herbs and a few trees. Members of
Hypericum are distributed worldwide, with a main center of
species richness in the temperate regions of the Northern
Hemisphere. In cold temperate regions Hypericum grows
mainly in lowland and upland areas, while in the tropics
and warm temperate areas it is almost always confined to
high elevation mountain habitats, such as the Andes.
Hypericum occurs in almost all kind of temperate habitats,
but is rarely found in water other than in very shallow
depths. Hypericaceae family belongs to the clusioid clade
of the Malpighiales (Wurdack & Davis, 2009). The clusioid
clade includes five families (Bonnetiaceae, Calophyllaceae,
Clusiaceae, Podostemaceae, and Hypericaceae) represented
by 94 genera and c. 1900 species (Ruhfel et al., 2011). The
eudicot order Malpighiales contains c¢. 16,000 species and
is among the most diverse rosid clades (Korotkova et al.,
2009; Wurdack & Davis, 2009). Malpighiales constitute a
large percentage of species in the shrub and small tree layer
in tropical rain forests (Davis et al., 2005). Most lineages
within the Malpighiales remained restricted to tropical
climates. Only a few lineages made it out of the tropics and
have been successful in the northern temperate zone,
including Violaceae (violets), Salicaceae (willows), and
Hypericum (Donoghue, 2008).

Nine genera belong to Hypericaceae: Cratoxylum
Blume, Eliea Cambess., Harungana Lamarck, Hypericum
L., Lianthus N. Robson, Santomasia N. Robson, Thornea
Breedlove & McClintock, Triadenum Rafinesque and
Vismia Vand. Hypericum is one of nine genera forming
the family Hypericaceae Approximately 80% of the
diversity of the family is within Hypericum (Crockett &
Robson, 2011).

The first generic description of Hypericum is that of
Tournefort (1700). However, it was validly published by
Linnaeus (1753, 1754).The first treatment of the whole
genus was done by Choisy (1821), whose synaptic
monograph of the “Hypericineae” contained seven
genera, of which three (Androsaemum, Ascyrum and

Hypericum) together represent Hypericum in its current
sense, except that Choisy included the species placed by
Robson (1977) in Triadenum. Robson (1977, 1981, 1985,
1987, 1990, 1996, 2001, 2002, 2010) has published in
eight parts the most comprehensive monograph of
Hypericum currently available. The monograph includes a
revised infrageneric classification and a review of
previously published classifications of the genus (Spach,
1836a-1836b; Jaubert & Spach, 1842-1843; Keller, 1895-
1925; Kimura, 1951). Currently, 486 species have been
recognized based on morphology, distribution and to a
certain extent cytology and classified into 36 sections.
Species of the genus can be typically recognized by
their leaves (opposite, simple and entire, lacking stipules),
yellow flowers with free petals and several stamens in 3
or 5 fascicles, styles free, and the presence of pale and
sometimes reddish to black glandular secretions (glands).
The fruit is, in general, a dehiscent capsule, containing
small cylindrical light brown to black seeds. For further
and more comprehensive information about characters
and descriptions of the genus, the reader is particularly
referred to Robson (1981), Stevens (2007), Ernst (2003)
and Judd et al. (2008). The typical habit in Hypericum is a
shrub or a herb, each accounting for roughly 47% of the
species of the genus. The yellow (flavonoid) colored
petals are characteristic for Hypericum and are used to
define borders of the genus (Robson, 1977). Within
Hypericum, however, such modifications also occur. Pure
white forms are very rare but have been recorded in H.
geminiflorum from Taiwan and the Philippines (Luzon)
and in H. albiflorum from Turkey. The red tinges
(anthocyanin) usually occurring in dorsal parts of the
petal are either confined to veins (H. trichocoulon from
Crete), or are more or less diffused (Robson, 1981),
resulting in a ‘red-spotted’ flower, in H. revolutum, or in a
‘crimson-flowered’ Hypericum, as recorded in H.
capitatum var. capitatum from Turkey and Syria.
Hypericum has been accepted as a medicinal plant
since it has antibacterial, antimicrobial, antidepressant and
antioxidant activities due to the presence of hypericin and
pseudohypericin. In addition, it has been an important raw
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material in the flavour and fragrance industry as it contains
essential oils. We also studied most of the essential oils
belongs to this section (Bagci & Yuce, 2010; 2011).

Summaries of chromosome basic numbers in
Hypericum indicate to form a descending series from 12-7
and counts of n=6 have been made for H. setosum and H.
cumulicola. Counts of n=9 and 10 are most frequently
reported for species with a shrubby habit, while n=7 and 8
is most frequent for herbs. The ploidy level is generally
diploid, but tetraploids (on base numbers n=8, 9, 10) have
been reported from several sections and hexaploids have
been reported from several sections (Robson, 1981).

A dataset was assembled for all 591 taxa of
Hypericum including 457 species, 70 subspecies, 13
varieties, 11 formae and 40 hybrids (Robson, 1977). In
1977, Robson divided the genus into 30 sections in his
monograph, and then added different characters to species
through the years, and overall the number of sections are
increased to 36 (Carine & Christenhusz, 2010).

The genus Hypericum L. is represented in flora of
Turkey by approximately 113 species of which 41.9%
are endemic.

Drosanthe section members in Flora of Turkey
except H. sorgerae and H. davisii, are placed in Hirtella
section according to grouping based on the morphological
treatments Robson (1977). Section in Hirtella species
comprised of 30 species with the last revision (Robson,
2010). Taxa belonging to Hirtella section are widely
distributed in Mediterranean, Turkey, the Crimea, the
Caucasus, the Altai Mountains in Irag. However, H.
hyssopifolium, H. asperulum, H. hirtellum, H. libanoticum
and H. vermicular mentioned in this section are not
distributed in Turkey (Robson, 1977).

GULDEN DOGAN ET AL.,

In the monographic study of Hirtella section carried by
Robson (2010); Hypericum elongatum has been divided
into 3 varieties (var. antasiaticum, var. elongatum, var.
lythrifolium). H. elongatum subsp. microcalycinum and
subsp. apiculaticum, H. microcalycinum. H. apiculatum
was treated as separate species that was previously
mentioned as subspecies of H. elongatum.

Currently, additional research on taxonomy of the
genus Hypericum is being performed by several groups in
Europe and North America applying molecular tools to
further elucidate phylogenetic relationships within the
genus (Crockett & Robson, 2011).

Recently,molecular data has given excellent insight
and reliable phylogenetic trees in morphologically
difficult groups (Shinwari et al., 1994; 1994a& b). In the
present study, we try to determine non-coding region (trn
L3’- trnF) in cpDNA and to determine the phylogenetic
relationships within the section and compare them with
the generic patterns and outgroup Hibiscus meyeri.

Materials and Methods

Plant materials: All the members of Drosanthe section
were collected in flowering time (May-July) from natural
habitats, and deposited in Firat University Herbarium
(FUH). Three different populations or three different plant
samples of each member of the section were used for this
study to assess the clearest result. Leaves were stored in
silica gel until DNA extraction. The name of the taxa,
collection locations and GenBank accession numbers are
listed in Table 1.

Table 1. Plant species with their location, altitude information and GenBank accession numbers.

Specimens Location (altitude)-voucher GenBank Acc. No.
H. spectabile Kahramanmaras (900 m)-GD 2202 KU324564
H. amblysepalum Gaziantep (700-800 m)-EY 1037 KU324576
H. lysmachioides var. lysimachioides Elazig (1550 m)-EY 1025 KU324591
H. lysmachioides var. spathulatum Elazig (1000 m)-GD 2277 KU324597
H. elongatum var. elongatum Kahramanmaras (1000 m)-GD 2203 KU324561
H. microcalycinum Elazig (1400 m)-EY 1023 KU324603
H. sorgerae Sivas (1350 m)-GD 2330 KU324606
H. lydium Malatya (1100 m)-GD 2213 KU324555
H. retusum Sanlwurfa (675 m)-GD 2271 KU324585
H. pseudolaeve Malatya (1200 m)-EY 1061 KU324570
H. helianthemoides Van (1990 m)-EB 2029 KU324579
H. thymbrifolium Malatya (1500 m)-GD 2248 KU324549
H. uniglandulosum Elazig (1000 m)-GD 1334 KU324582
H. salsolifolium Sanlurfa (694 m)-EY 1047 KU324573
H. capitatum var. capitatum Adiyaman (1200 m)-GD 2284 KU324588
H. capitatum var. luteum Gaziantep (900 m)-GD 2212 KU324600
H. scabroides Elaz1g (1315 m)-GD 1413 KU324594
H. scabrum Kahramanmaras (950 m)-GD 2209 KU324558
H. thymopsis Malatya (1500 m)-EY 1087 KU324567
H. olivieri Malatya (1330 m)-GD 2272 KU324552
Accession from the NCBI database (outgroup)

Hibiscus meyeri KR738407.1
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Table 2. Sequences of the universal primer-pairs used to amplify non-coding trnL-F region of coDNA.

Region name Primer name

DNA sequence

trnL 3°-trnF IGS e (forward)

f (reverse)

5" GGT TCA AGT CCC TCT ATC CC 3’
5" ATT TGA ACT GGT GAC ACG AG 3’

DNA extraction, amplification of trnL-F region and
sequencing: Total genomic DNA was extracted from
silica gel-dried leaves using a modified version of the
CTAB method (Doyle & Doyle 1987). Isolated genomic
DNA was quantified by spectrophotometry. Then, each
sample was diluted to 10 ng/uL for amplification of the
desired region. The trnL3’- trnF region was amplified
with one primer pair depicted in Table 2 (Taberlet et al.,
1991). PCR amplifications were performed in 50 pL
reaction volume with 5 pL of 10x PCR Mg free buffer
(Promega, Madison, WI, USA), 4 uL of MgCl, (25 mM),
0.5 pL of ANTP mixture (10 mM), 0.5 pL of each of the
primers (100 pM), 0.18 puL Taq DNA Polymerase, and
approximately 50 ng template DNA. The PCR conditions
were carried out as: 94°C for 2 min followed by 30 cycles
of denaturation at 94°C for 15 s, annealing 58°C for 30 s
and elongation at 72°C for 45 s and a final extension at
72°C for 5 min. Purified PCR products were sequenced
with ABI 310 Genetic Analyzer (PE Applied Biosystem)
Automatic Sequencer in the RefGen Biotechnology Co.,
METU Teknokent (Ankara). The chromatogram data
were opened and edited with the Finch TV (Version
1.4.0) manufactured by the Geopiza Research Team
(Patterson et al., 2004, 2006).

Sequence alignment and phylogenetic analysis: The
nucleotide sequences were aligned with ClustalW
multiple sequence alignment program. Molecular
diversity parameters (total nucleotide length (bp), GC
content (%), variable sites and parsimony informative
sites) were calculated with the MEGA 6.0 software
(Tamura et al.,, 2013). Maximum Likelihood (ML)
method with Tamura-Nei model (Tamura & Nei, 1993)
were used to construct phylogenetic tree with 1000
bootstrap replicates. Hibiscus meyeri (with the accession
number: KR738407) was selected as a potential out-group
for the construction of the phylogenetic tree. The
accession numbers of the samples uploaded in GenBank
(NCBI) for present study are also given in Table 1.

Results

In this study of noncoding trn L3’-trn F region of
cpDNA belongs to the 20 taxa of Drosanthe section (Fig.
1). Two main clades are differentiated (Fig. 1). At the
begining of the current study, it was decided and collected
23 (all) taxa of Drosanthe section. However, we could not
amplify three of them during PCR studies due to their
lack of DNA quality. These taxa were H. davisii, H.
apricum and H. apiculatum.

The size of the trn L3’-trn F region ranged from 160-
202bp. A total of 288bp final data set with gaps and
missing data including the outgroup (Hibiscus meyeri)
were composed of 106 variable site, 22 parsimony
informative site (P1) and 30.8% GC content (Table 3). 22
Pl was indicated in Table 4.

Table 3. Molecular diversity parameters of individuals.
Molecular diversity parameters trnL3’-trnF Region

Number of taxa 20
Number of sequences 59
Total length (bp) 288
GC content (%) 30.8
Variable sites (V) 106
Parsimony informative sites (PI) 22

The phylogenetic tree constructed by using the ML
method, displayed the polyphyly of the section Drosanthe
(Fig. 1). Two main clades were formed in the tree. First
clade consisted of the all taxa of the Drosanthe section
except H. spectabile, H. amblysepalum, H. lysimachioides
var. spathulatum and H. sorgerae taxa. A large deletion
was observed between the region of 97th and 141th bp in
the taxa of second clade. This 44 bp differences indicated
the formation of this two main clades among the section
of Drosanthe.

Discussion

The trnL3’-trnF sequence in the section Drosanthe
give us an important information to clarify phylogenetic
relationships among the morphologically different
members of this section. According to the phylogenetic
tree, there were two main clades. Fig. 1 illustrated that two
clades were formed to show phylogenetic relationships
within the Drosanthe section of the genus Hypericum. The
first clade was composed of 16 taxa (H. thymbrifolium, H.
olivieri, H. lydium, H. scabrum, H. elongatum var.
elongatum, H. thymopsis, H. pseudolaeve, H. salsolifolium,
H. helianthemoides, H. uniglandulosum, H. retusum, H.
capitatum var. capitatum, H. lysimachioides var.
lysimachioides, H. capitatum var. luteum, H. scabroides
and H. microcalycinum) in Drosanthe, on the other hand,
the second clade included the 4 taxa (H. spectabile, H.
amblysepalum, H. lysimachioides var. spathulatum and H.
sorgerae). Except H. sorgerae, other members of this clade
were declared that similar by morphological characters as
shown in some studies (Davis et al., 1967; Robson, 1977;
Yuce, 2009).

It is shown that the varietes of H. lysimachoides: H.
lysimachoides var. lysimachoides and H. lysimachoides
var. spathulatum were branched in two diiferent clades
(Fig. 1). The reason of this may derived from the clear
morphological differences (sepal type, margin of the sepal
and leaf type) among this two varieties.

Two subspecies of Hypericum elongatum (H.
elongatum subsp. microcalycinum and H. elongatum
subsp. elongatum) were grouped into two different
branches. It was depicted by Robson that one was
elevated to the rank of species namely, H.microcalycinum
while the other was treated as variety H. elongatum var.
elongatum (Robson, 2010). This situation supported that
two varieties were grouped into two distanct clades.
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Fig. 1. The phylogenetic three constructed using maximum likelihood method.
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Nine taxa out of twenty three were endemic and these
were H. scabroides, H. spectabile, H. sorgerae, H.
thymopsis, H. pseudolaeve, H. salsolifolium, H.
thymbrifolium, H. uniglandulosum and H. capitatum. In
respect to the morphological features, H. spectabile was
so close to H. amblysepalum, H. lysimachioides var.
spathulatum and same result was found in present study.
Taxon H. pseudolaeve had close relationship with H.
thymbrifolium, H. helianthemoides and H. olivieri
additionally, H. uniglandulosum was closely related with
H. salsolifolium. With regard to our current phylogenetic
tree, all these taxa were grouped in the same clade and
this indicated that both morphological and present
molecular results has congruency by each other.

In the study of genus Hypericum, nuclear ribosomal
DNA internal transcribed spacer sequences were analyzed
among 36 species of Hypericum as ingroup and two
species Thornea as outgroup. This sampling included
most of the previously described species from Korea and
Japan. The ITS phylogeny suggested that the surveyed
Hypericum species belong to a monophyletic section,
Trigynobrathys, and a polyphyletic section, Hypericum.
In addition, two monotypic sections, Sampsonia and
Roscyna, were identified. Members of section Hypericum
occur in four different lineages worldwide, which imply
at least four independent origins (Park & Kim, 2004).
With respect to the study on the phylogenetic analysis of
the genus Hypericum, the members of the section Hirtella
(Drosanthe), namely, H. scabrum, H. scabroides, H.
thymbrifolium, H. pseudolaeve, H. davisii ve H.
elongatum subsp. lythrifolium were grouped in the same
clade as such in our study (Nurk et al., 2013). Moreover,
both morphological and molecular results obtained from
the study conducted by Nurk et al. the section Hirtella
covering the members of section Drosanthe supports
current results (2013). It is possible to say that
phylogenetic tree and morphological data (Yuce, 2009)
and the literature review have supported that Drosanthe
section may be divided at least into two groups in the
Drosanthe or Hirtella sections within the genus
Hypericum.The results are concordant to earlier reports
(Shinwari, 1995; Mahmood et al., 2010).
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