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Hypericum lower classifications

Hypericum Linnaeo is a name of the genre accepted Sensu Fna Ed. Comm., 2015. Vernacular names Millepertuis Marie-Victorin, 1995 St. John's-SCOGGAN Erba, 1978-1979 Synonyms Indigenous Insigen Introduced Ephemeral Excluded Extired Doubtful Absent See map as a file SVG. Distribution calculated from that of the lower taxa: Alberta
Columbia British Island Labrador Manitoba New Brunswick Newfoundland Nova Scotia Ontario Prince Edward Quebec Saint Pierre and Miquelon Saskatchewan Custom Classification Herb, Arbust PDF Split View Article Index Figures and Tables Background Video Audio Data Additional Data and Objectives Hypericum Perforatum (hypericum) is a
diffused eurasian species perennial plant with considerable variation in its morphology, ploidy and breeding system, which goes from sex to apomissia. Here, hypotheses on the evolutionary origin of hypericum are tested and in contrast to the subsequent history of the interspecific field collections flow.extensive have been analyzed for the quantitative
morphological variation, Ploidy, number of chromosomes and genetic diversity using nuclear (amplified polymorphism of Fragment length) and plastid (TRNL-TRNF) markers. The reproduction mode was analyzed by FCSS (ScreenFlow seed cytometry). Demonstrated that H. Perforatum is not of hybrid origin, and for the first time diploid wild
populations are documented. Pseudogamous optional apomitical reproduction is prevalent in polyploids, while diploids are predominantly sexual, phenomenon that also characterizes its sister species H. Maculatum. Both molecular markers characterize identical important pool pools, distinguishing H. Perforatum by H. Maculatum and two genetic
groups to H. Perforatum. All three gene pools are in close geographical contact. Large gene flow and hybridization in Europe inside and among the gene pools and species is exemplified by molecular data and confirmed morphometric analyses.conclusions Hypericum perforatumis of a single evolutionary origin and subsequently divided into two
important gene pools. Subsequently, independent and recurrent polyploidization verified in all cell lines and was accompanied by substantial gene flow inside and between H. Perforatum and H. Maculatum. These processes are strongly influenced by the reproductive system in both species, with a predominantly apomytical reproduction switch in
polyploids, regardless of their origin. Over the past 2 million years, climatic fluctuations have dramatically influenced Eurasian Biota, with significant and repeated changes at environmental conditions that occur during pleistocene glaciation and cycles deglivation. Environmental changes may have been more dramatic and around the glacial regions,
but climatic fluctuations during the Pleistocene has also had a strong impact on adjacent environments, causing drastic sea level variation for migratory routes to open or close (Randi, 2007) , altitudinal movements of vegetation belts (Parolly et al., 2010) and Aridification processes (Rerbernik et al., 2010). These have led to range shifts through
contractions in Refugia and subsequent survival and (re) colonization (Taberlet et al, 1998; Hewitt, 1999). For all the species that escaped and migrated, they survived and finally re-colonized (Petit et al, 2001, 2003; Huck et al, 2009; Schmitt, 2009). These processes are often linked local adaptation and sometimes followed to allopathic specials or
quick and extended radiation (Jordan-Thaden et al., 2010.; Valente et al, 2010) (ES Manel et al., 2010) and secondary contact related species and subsequent hybridization (Schmickl and Koch, 2011; Kiefer and Koch, 2012) .HYPERICUM (HyperCootaEE; Stevens, 2007; APG III, 2009) is a kind rich species centered around temperate regions Northern,
which suffered rapid radiation during the Pleistocene (NAfAvark et al., 2013). The genus consists of about 500 species of shrubs, herbs and some tree (NAfAvark and Blattner, 2010), which were grouped grouped 36 sections (Robson, 1977, 1981, 1987, 1990, 2001, 2010), although the relationship between the sections remain speculative. The cladistic
analysis of morphological characters (NAvark and Blattner, 2010) confermA? largely the Robson concepts, but found significant differences in the relations between the sections. However, a palearctic crown clade (Core Hypericum) (Sections 9, 9b, 9D, 9E, 10 - 19, 23, 24, 26 and 27 According to the nomenclature of Robson and summarized in NAYark
et al., 2013) was characterized based on phylogenetic analysis (NAY4rk et al., 2013), and this corresponds in large part to morphologically defined group A ¢ & = ~ ~ omehypericum ", including> 45% of the diversity of Hypericum and 207 species, most of which are original of the Old world. They are characterized by the possession of dark glands, the
predominance of herbaceous habit and disposition of stamen in a configuration of 2 + 2 + 1.hypericum perforatum and H. maculatum are representatives of these perennial piagherevoli herbaceous eurasiche nell'iperico A ¢ & = ~ Group's core. " In the large and phylogenetically unresolved Hypericum A ¢ & = A Core GroupA ¢ & — ¢ 4, these species
form a clade of four species with well-defined European Unulatum H. and H. Tetrapterum. Hypericum perforatum is distributed throughout Europe and is composed of four sub-species (Robson, 2002, 2003): The subspattivo spread invasive and around the world. Perforatum, subsp. Songaricum (predominantly Asian), subsp. Veronense (from Asia to
the Mediterranean and Macaronesia with central and southern Germany France of record) and subsp. ChineNese (China) (Robson, 2003). In general, the species occurs in open habitats, with a strong preference for dry and warm sites in various types of grasslands, ruderal habitats and disturbed sites (eg roads and railways). The wild populations of
H. perforatum are composed apomiccoli facolti pseudogamous polipliidi (eg. Matzk et al., 2001), and only speculative evidence suggests that populations pustive diploid from natural stands have evolved secondarily dihaploidi or anfihaploidi resulting from apomiccoli polipliidi (Matzk et al., 2001; Robson, 2002). As a result, it is assumed that H.
perforatum has had hybrid origins. Morphologically the closest species to H. perforatum are H. maculatum and H. Attenuatum. Hypericum maculatum and H. Attenuatum have overlapping distributions in western Siberia, and, in contrast to H. perforatum, diploid populations of both species have been recorded from the wild (Robson, 2002).
Hypericum maculatum is thought to comprise two subspecies of diploid (subsp. Maculatum and subsp. Immaculatum) and sottospecies tetraploid (subsp. Obtususculum), which is hypothesized to be autotetraploide as evidenced by the morphology of the chromosome and by synthesis of Colchicine doubling of subsp. Maculatum (Robson, 1958).
Hypericum maculatum subsp. The Immaculatum, which is assumed to be morphologically closer to H. perforatum, is found only in the Balkans. Currently H. maculatum subsp. Maculatum and Tetraploid Facultative apomictic Popolations Popolations H. perforatum are distributed throughout Europe (Matzk et al., 2003). Hypericum Attenuatum has an
Asian distribution and it occurs only in Russia (Eastern Siberia and the Far East), China and Mongolia (Robson, 2002). On the basis of morphology, H. Attenuatum is more closely related to H. maculatum, only different from that species by acute sepals. The latter species has been considered the most likely source of parental H. perforatum (together
with H. maculatum), but this is not supported by the variation of the nuclear coded DNA sequence (NAVark et al., 2013) showing that there are close relationship between H. maculatum and H. Attenuatum. This species is distributed in diploid perennial herb fields, pastures, grasslands and dry steppes and stony slopes up to an altitude of 2000 m A.s.1.
(China). Even large data Anatomical and cytogenetics have enabled phylogenetic inference at the level of the genre, we know little about the evolutionary history of Species or species groups. The evolutionary scenarios of some species, including H. Perforatum, are very complicated due to the course of hybridization between Taxa. For example, the
morphologically defined hybrids between H. Perforatum and H. Maculatum have been described and can be summarily summarized under the Taxon Hypericum Af DESETANGSII (Robson, 2002). However, their putative hybrid status has never been tested with multivariate, morphometric analysis or molecular marketers.although there is a general
interest for H. Perforatum and his closer relatives, little is known as regards systematic relations and evolutionary history, the distribution of genetic variation and intruding intruder and interspecific. The goals of this work were therefore light on these aspects of Hypericum evolution. Quantitative and qualitative morphological variation was used to
identify taxonomic units regardless of nuclear power [amplified polymorphism fragment of length (aflp)] and plastids (DNA sequencing) molecular genetic markers. As hybridization and phylogenetic cross-linking they led to the creation of various polyploids, we have contrasted these data with Ploidy estimates and reproductive mode.using analysis
these different approaches and also considering its closer relative H. Maculatum, we investigated detailed: (1) the identity and the origin of H. Perforatum as regards hybrid putative origination scenarios; (2) the distribution of genetic variation inside and between H. Perforatum and H. Maculatum; and (3) the distribution and the ancestral status of
sexual reproduction and apomitical within and between genotypes. These intuitions are used here to present an evolutionary and filthographic scenario for the origin of H. Perforatum. Finally, the impact of the gene flow is discussed inside and among the species in relation to the reproductive variability (for example the sex against apomissia) and
identify the importance of this flexible breeding system for the establishment of asexual linen during the course of weather. Materials and methods In view of the difficulty in distinguishing Hypericum Perforatum, H. Maculatum and relevant putative hybrids, and the lack of any complete morphometric study, a morphological analysis was performed
on 150 populations of both species. This data set was established for (1) tests for the influence of ploidage on morphological variation; (2) analyze the influence of different growth conditions on diagnostic characters; and (3) identify a set of individuals and populations of H. Perforatum and H. Maculatum for subsequent analyses.Current molecular and
cytogenetic taxonomic concepts not only describe several subspecies both Taxa, but also provide hybrid names between H. Maculatum and h. Perforatum (eg substantially summarized in past literature as H. Af DESETANGSII). However, here we do not propose to provide taxonomic names for the different morphologically defined groups of subsidiary
level adhesions (or hybrid level) we analyzed. Rather, based on the results of the data set 150 population, a sub-set of populations and individuals have subsequently been chosen for molecular genetic and cytogenetic analysis described (195 people in total) to cover the distribution intervals of both species and all ploidies in Europe . Vegetable
material and morphometric analysis for H. Perforatum and H. Maculatum, a total of 150 populations analyzed states (476 people in total, complementary data table S1, complementary data fig. S1). Full eight adhesions (H. attenuatum, H. Erectum, H. Gracillimum, H. Kamtschaticum, H. Oliganthum, H. Pibairense, H. Tetrapterum and H. undulatum)
were added for the analysis of the DNA Plastid External Group. The Outgroup selection followed a vast phylogenetic investigation that has shown that H. Perforatum, H. Maculatum, H. Tetrapterum and H. They are combined in a single Clade (NAfAvirk et al., 2013). The remaining four species of outgroup are from different and more distinct clades,
all within the core A ¢ monophyletic hypericumA ¢ hypericumA ¢ et al., 2013) .Furthermore, for all the people gathered in nature and for which the seed material was available from the original plants of the Mother, were analyzed Progresse in a common garden experiment in the botanical gardens of Heidelberg (257 individuals total) were analyzed.
This material was used to test the main discriminatory power of selected morphological characters, as well as the variability of the character (or lack of) under different environmental conditions (original habitat in the experiment than the common garden) then to confirm the overall reliability the original morfomatrix. A sub-set of 195 individuals of
this plant material was used for molecular (DNA and Plastid AFLP) and cytogenetic analysis (tables of the additional data S1 and S5). All morphological analyzes were performed with good dry Herbarium deposited at the herbarium of the Botanical Garden Heidelberg (Heid) and Monaco of Bavaria Staatsssammlung (m). The measurements were made
using a high-power binocular microscope to measure the size on the digital images from high-resolution vivo. The removal of certain plant organs (E.G. flowers and flower buds) from the original voucher was required for appropriate analysis. Here, 100 i%l of a pre-wash solution (washing liquid, A 0 - 1%) was added organ implant removed and further
coated with boiling water (total volume 10 ml) for 2 minutes. The organs were then dissected on a glass beaker and, after water removal, the samples were fixed and assembled on absorbent paper and finally dried for 2 to 40 A ° C. In total, 28 characters (continuous, discrete and multistate) were evaluated (table of supplementary data S2) from
leaves, stem, flowers and capsules, which have been used in various determination keys to discriminate the species and subspecies of H. perforatum and H. maculatum. The encoding of the states of the character does not imply or reflect any evolutionary progression (MA Afller et al., 2007). From these 28 characters, four characters have been
removed, due to the lack of variation, and the remaining 24 some characters were combined and translated into a new single character. It was extracted a final matrix of 18 variables (the additional data table S3). A primary analysis of coordinate (PCOA) has been performed to analyze multivariate data using individuals as OTU (operational taxonomic
units) with SPSS (version 16 A - A - 0 1 for Windows). The SPSS has also been used to compare other variables, such fleidy, growing conditions (wild origin than the common experiment of the common garden), genetic differentiation and designation of taxoni, with morphometric data. PCOA requires that states of character are continuous and
normally distributed, since © our tests have shown that no character has shown a significant decline, data transformation was not necessary. In order to derive indices based on morphology of Intermediacy between H. maculatum and H. perforatum for individuals with genetic and cytogenetic data available, we conducted multiple discriminant
analysis [MDA; also called canonical discriminant analysis (CDA)]. Diploid and genetically A A "puree" (see AFLP data and plastid DNA) Individuals of H. perforatum and H. maculatum served as a reference group of individuals indicative for morphotypes more divergent and putatively parents. The intermediate index for each individual analyzed
genetically is calculated by the plot two-dimensional barcode and MDA than morphotypes putatively diploid parents, placing the value of the individual to be tested on a scaled distance (0 to 1) between the values average of diploid H. perforatum (left edge) and H. maculatum (border Individuals reference. Consequently, the intermediation index
varies between 0 (pure H. Perforatum) and 1 (Pure H. Maculatum). AFLP analysis Amplified The length of the fragment The determinations of polymorphism were conducted with 195 individuals, a representative sub-menu of populations and projected individuals for the morphological variation (table of additional data S5; fig. 6). The total genomic
DNA was from 50A ¢ 75 mg of dry leaf fabric according to the procedure of Doyle and Doyle (1987) with small changes (Gong et al., 2008). Leaf fabric is ground in a Homogenizer Precellys 24 (Bertin Technologies). DNA pellet has been washed twice with 70% ethanol and dissolved in 50 A,%l of tea buffer. Per reaction, 2 U RNASI A were added and
incubated at 37 ° C for 1 h. The concentrations of the samples were measured using a nanodrop nd-1000 spectrophotometer, and each sample was diluted with DDH?2o to a final concentration of DNA of 100 ng analysis AZAV4lA ¢ 1. AFLP was performed according to Vos et al. (1995) and modified by Gong et al. (2008). The analysis was conducted
using Ecori-A and MSEI-C as pre-selective triggers, followed by three selective primer combinations (Percifield et al., 2007): Ecori-AAC (FAM) / MSEI-CAC, Ecori- ACG (TET) / MSEI-CAC and ECORI-AGC (HEX) / MSEI-CAA. The three couples of primer differentially marked fluorescence were multiplates (2 A,1%l of the TET, 2 A,1v4l of FAM and 6 A,iv4l
of HEX) and diluted 30 times with DDH2O, of which 1 A,1L was paken and mixed with 03, A - 2 A,1%l of the ET-Rox 550 Standard dimensions and 5th A - 8 A,1%l] of DDH2O0. After 2 min denaturation at 95 ° C, the samples were analyzed on a 48-capillary megabase 500 automatic sequencer (Amersham Bioscides). The raw data has been marked and
exported as a presence / absence matrix using genemarker vla A - 6 (softgenetics llc). To maximize the reliability of the data set, size of the fragment obtained has been limited by 60 to 350 nucleotides. In each session Sequencer, a standard sample was placed in two plate positions (to control the coherence inside and between different tests) and a
negative control was performed in a single position. Plastidio DNA Variation sequence All individuals used for Aflp analysis were evaluated for the plastid oplotype variation. A potential complication factor in Hypericum is occasional plastids inheritance (evaluated in Harris and Ingram, 1991), and the variation of DNA then plastidium is not indicative
of only maternal gene flow. After a first screening of the various plastid regions (Trnl introne, trnl-trnf intergenic spacer, trnf, trnh, trnh-psba intergenic spacer, psba, trnc, trnc-ycf6 intergenic spacer, ycf6, psba, psba-matk intergenic spacer, matk, rps16 introne, trt, trnt-trnl intergenic spacer, trnl, trns, trns-psbz intergenic spacer, psbz, psbz-allen
intergenic spacer, allen, rpocl), three DNA regions have been chosen that provided measurable levels of DNA sequence variations: PSBB- PSBH (PSBB, PSBT, PSBT-PSBN Intergenic Spacer, PSBN, PSBN-PSBH Intergenic Spacer), Trnl Introne and TrNS-YCF9 (TRNS, TRNS-PSBZ Intergenic Spacer, PSBZ, YCF9) Amplification. For DNA, the following
Primer couples were used, each of which containined 5a A2-M13 sequence sequencing primer (in lowercase letters): PSBB-PSBH, 5th-A2 GCATGTTTTCCCAGTCACTCACCAAAAAKKGGAGCACTCACCAAAAANKKGAGCATCACAC-3A A% (FORWARD PSBB) -5A A2-ACTTCAGAAAACAGTATGACTCAYRGT Ytgtgtagcat-3a a2 (reverse psbh); TRNL INTRONE, 5A-
A2 GCATGTTTTCCCAGTCAccgaaatggtagacgctacg-3a A? (forward trnl-1) -5a &2-acttcaggaaacaggtatggggataggggattgaac-3a A2 (reverse trnl-l), 5a-A2 gcatgttttcccagtcagacgagagagggattattcccccagtcagacgagagagagggattcgace-3a A2; Trns; (Next Trns UGA) -5A A2-ACTTCAGGAAACAGCAGTATGACCAAAMACAGCATTGGAAAGC-3A A? (Reverse YCF9P)
(Taberlet et al, 1991; .. Shaw et al, 2005; Heinze 2007, with only small changes). The amplifications were carried out on a PTC 200 Thermal Peltier Cycler (M] Research) with the following formulas: 2 min Initial denaturation at 95 ° C, 30 amplification cycles with 20 SA 95 A°C,45SA61A°CE1minat72A°Cand 10 s of final elongation at 72 A
C. Success PCR has been controlled with agarose gel electrophoresis 1% in TAE buffer and treated with geled Inc., Hayward, CA, USA). PCR clean-up product was carried out with a nucleofast kit (Macherey-Nagel, Germany). The sequencing was performed by Gatc GmbH (Constance, Germany) using a sequencing of primer M13 (forward, 5a Az
gcatgttttccagtcgac-3a A?; reverse, reverse, The sequences were checked and cut using Dnastar Lasergene (Gatc Biotech, Constance, Germany). Cytological and cytogenetic analysis PLOIDIA estimates were based on flow cytometry sizes of the genome or direct counts of the number of chromosomes from radical quotes. For cariotype, radical apici
were collected from plants cultivated in the botanical garden and immediately put in point 2 mm 8-Hydroxychinolin for 2a 3 hours at room temperature, followed by fixing in ethanolA ¢ glacial acetic acid (3: 1) (carnoy fixative) . For long-term storage at 20 ° C, fixed radical quotes were finally transferred to 70% of ethanol. Before the preparation of
the cell spread, root tips were washed in the water followed by enzymatic digestion (0 A - 1% CytoHelicase and 0&, A - 1% pectélalicase in 0&, A - 1% CelluSi-citrate buffer) for 90 min a 37 A ° C. The cell suspension was mixed on a microscope slide with a drop of acetic acid 45% for 1a 2 min at 45 A ° C on a hot plate. For fixing, a fixative carnoy ring
was dropped on the slide and left to dry on the hot plate. The objects were finally colored with Vectashield (Rapi solution, Axxora, Germany) and sealed with transparent paint for nails for permanent use. It counts chromosomes have been determined and documented as images.For digital all cultivated adhesions, genome estimates dimensions have
been performed using fresh leaf materials to determine ploidia independently. Small quantities of leaf fabric of a sample and internal standards have been cut together in 0, A - 5 ml of extraction buffer (partc cystain pi, partc, mAVinster) and filtered. The samples were then colored by adding 2 ml of partec cystain solution more containing rnase-free
dnasi following the manufacturer's instructions (partc) and incubated for 4 hours at 4 4 ° C in the dark. The analyzes were carried out with a cyflow spatial flow cytometer (partc) (green laser with 532 nm), and the data evaluation was carried out using the Flomax analysis program (partc). Solanum Lycopersicum A, StupickeA ¢ (14, A - 48 pg / 1C;
Doleé ... A%L et al., 1992) and Zea Mays A ¢ CE-777A (2a A - 71 pg / 1C; Lysak and Dolea ... A%L, 1998) were Used as primary standards and the following Hypericum adhesions have been chosen as external standards: Diploid HYP1410 and Tetraploid HYP1517 (number of chromosomes have been counted). Based on the published data, the expected
value for H. Perforatum was 0A, A - 325 pg / 1CX (Bennett and LeiTh, 2010). The reproduction mode for 68 memberships with the seed of sufficient material available was analyzed using The flow cytometry seeds screen (FCSS; Matzk et al., 2000, 2001, 2003), in which embryo and endosperm ploidia are compared with the note Ploidia of the mother
plant. In a sexual system normally reproducing the Ploidy report of the embryo endosperma is 2: 3 and any deviation from 2: 3 can be interpreted as non-sexual (for example apomitical) reproduction. These 68 analyzed samples represent diploid or polyploid adhesions of all identified genetic clusters and hybrid combinations identified by molecular
analysis. The analyzes followed the protocol as described by Matzk et al. (2003) and used to the HYP1410 diploid accession as an external standard and reference to calculate relative C values. For any members analyzed, 24 seeds selected randomly per individual have been chosen, cut and incubated individually with OA, A - 5 ml of extraction buffer,
and prepared as described above. Analysis of AFLP and DNA Plastid sequence data The AFLP genotyping error rate has been calculated by following the procedure described by Bonin et al. (2004), so fragments occur with a frequency 80% is indicated the genetic variation attributable to one of the three Pools genes. (2) If we assume that surely all
individuals characterized by a A, ~ h. MaculatumA ¢ &,— & "¢ Pool of the AFLP gene, but carrying a H. Perforatum Plastid Haplotype (and vice versa), are hybrids and individuals intrograms, we could also expect an intermediate phenotype for these individuals (CDA, additional data table S5) . Of the 20 Putative hybrids or introgreated individuals
between H. Maculatum and H. Perforatum (Pool-based AFLP genes compared to species Plastid Haplotypes), only one individual from the population 099 showed an intermediation index of 0 A - 5, Which could expect from a recent hybrid origin between both species. Vice versa, a significant number of H. perforatum individuals (nine individuals)
without genetic signature of hybridization or introgration exhibited an intermediation index of about 0 A - 5. consequently, we have further tested if there was a correlation between the pools of Green and red Aflp gene of H. pure genetically pure perforatum and the CDA intermediation value using all the remaining H. Perforatum (with H. Maculatum
and its hybrids also excluded). Since the relationship between green and red genes pools within a single individual varied, we tested two different data selections on> 90 and> 75% (representation of the respective pool gene in a single individual), respectively. Comparing all individuals with> 90% of genetic diversity assigned to one of the two Gene
(52 individuals) revealed a significant differentiation according to Board of Directors and morphology, a result that was also found at the 75% level for 69 individuals (p
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