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ABSTRACT - Chromosome numbers and meiotic behavior are presented for the first time for Hypericum caprifoliatum
(2n=48), H. cf carinatum (2n=48) and H. polyanthemum (2n= 32) and confirmed the H. perforatum (2n=32) number.
Chromosomes are very small (ca. 1to 2 mm). Meiotic irregularities, such as uni and multivalents, un-oriented chromosomes,
bridges and laggards were very frequent in H. caprifoliatum and H. cf carinatum. Meiotic indexesranged from44.0to 73.0%
in H. caprifoliatum, 66.0 to 77.0% in H. cf carinatum and was 80.0% for the H. polyanthemum population. Pollen fertility
ranged from 42.0 to 88.0% in H. caprifoliatum, 65.0 to 88.0% in H. cf carinatum and was 89.0% for H. polyanthemum.
Together with literature and meiotic behavior data, the great variability in pollen size and fertility within and among popul ations
of H. caprifoliatum and H. cf carinatum could suggest that, as many other Hypericum species, these taxa are apomictic.
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INTRODUCTION Eurasian H. perforatum L. (St. John’s wort) (section
Hypericum) dueto its anti-inflammatory, analgesic and
anti-depressive properties (Couceiro et al. 2006). In
Brazil, mainly in the southern and southeastern regions,
there are around 20 native Hypericum species,
belonging to the sections Brathys and Trigynobrathys.
Based on chemical and pharmacological evaluations, it
was observed that extracts of H. caprifoliatum Cham &

Schlecht (“escadinha”’) have potential anti-depressive

The genus Hypericum L. (Clusiaceae) has around
460 species, divided in 30 sections (Robson 1981),
characterized by several types of secretory structures,
where synthesis and/or accumulation of biologically
active substances occur. Originated in Europe and Asia,
the genus is widely distributed across tropical and
subtropical regions, absent only in extremely dry or

humid areas (Robson 2006). Many species are widely
used in folk medicine, due to their phytotherapic
properties. The most studied and used species is the

activity (Daudt et al. 2000, Viana et al. 2005). Other
phytotherapeutic effects of other Brazilian Hypericum
species have al so been reported, such as anti-microbial
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(Dall’Agnol et al. 2003), anti-septical (Avancini and
Wiest 2002), anti-proliferative (Ferraz et al. 2004) and
anti-oxidant (Bernardi 2007) action.

The chromosome numbersin the genus are known
of around 115 (25.00%) species and the pollen viability
has been estimated for less than 10% of the species,
but meiotic studies are even rarer. Despite some
suggestions of avariety of basic chromosome numbers
of x=7,8, 9, 10, 12 or even higher, the most common and
accepted basic chromosome number is x=8. (Nielsen
1924, Robson and Adams 1968, Kogi 1984, Matzk et al.
2003, Moraes 2007). The diploid species are normally
obligate sexual whereas polyploid species may be sexual
or apomictic (generally facultative). H. perforatumis
facultative apomictic, with diploid (2n=2x=16), tetraploid
(2n=4x=32) and hexaploid (2n=6x=48) populations
(Matzk et al. 2003, Mayo and Lamgridge 2003).
Specifically for the Brazilian species information is
available on the chromosome numbers, meiotic behavior
and pollen fertility of H. brasiliense Choisy (2n=16), H.
cordatum Vell. (2n=56) and H. ternumA. S. Hill (2n=36)

(Moraes 2007) and pollen fertility of H. caprifoliatum
and H. connatum Lam (Clarke 1975).

This study aimed to determine the chromosome
number, analyze meiosis and estimate pollen fertility in
three native Brazilian species: H. caprifoliatum, H. cf
carinatum Griseb., H. polyanthemum Klotzsch ex
Reichardt and the exotic H. perforatum.

MATERIALAND METHODS

A total of 17 populations of three species native
to southern Brazil: H. caprifoliatum (14 populations),
H. cf carinatum (two populations), H. polyanthemum
(one population) and one of H. perforatum (commercial
seeds) were analyzed. Young flowers and, when
possible, whole living plants, were collected from
natural or cultivated populationsin Rio Grande do Sul,
southern Brazil (Table1).

The plants were transplanted to pots with garden
soil inagreenhouse. For H. perforatum, the seeds were
germinated in Petri dishes and then transferred to pots,
but the plants did not flower.

Table 1. Hypericum populations analyzed, collection site (county) and population type

Population number Collection site Populationtype
H. caprifoliatum
1 PortoAlegre, RS(-30°01', -51°13)) anthropogenic
2 Eldorado do Sul, RS (-30°05', -51° 36') wild
3 PortoAlegre, RS(-30°01', -51°13)) wild
4 Sananduva, RS(-27°56', -51°48') wild
5 Viaméo, RS(-30°04, -51°01") wild
6 LagoaVermeha, RS(-28°12,-51°31") wild
7 Galépalis, RS(-29° 23, -51°17") wild
8 Campestreda Serra, RS (-28°47',-51°05) wild
9 Marcelino Ramaos, RS (-27°27', -51°54") wild
10 Triunfo, RS(-29°56, -51°43') wild
n Estrela, RS(-29°30', -51°57") wild
W Lajeado, RS(-29° 28, -51°57") wild
13 BoaVistado Sul, RS(-29°21', -51°40) wild
14 CarlosBarbosa, RS (-29°17,-51°30") wild
H. cf carinatum
15 Eldorado do Sul, RS(-30°05', -51°36") wild
16 Tabai, RS(-29°38,-51°40) wild
H. polyanthemum PortoAlegre, RS(-30°01', -51°13)) antropogenic
17
H. perforatum Commercia Seed cand ultivated
18

ageographical coordinates
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Somatic chromosome numberswere determined in
the root-tip cells. Roots with alength of about 0.5-1.0
cm were pre-treated in saturated solution of
paradichlorobenzene at 4 °C for 24 hrs, fixed in 3:1
ethanol-acetic for 24 h, and stored in 70% ethanol below
0°C until required. Therootswere treated with 1N HCI
at 60 °C for 6 min, stained by the Feulgen method and
squashed in 2% propionic carmine. At least 10 well-
spread cells were analyzed per population

To determine the gametic nhumber and study
meiosis, young flowers collected in thefield or from the
plantsin the greenhouse were fixed in a mixture of 3:1
ethanol-acetic for 24 h and stored in 70% ethanol below
0°C. Slides were prepared by squashing the anthersin
2% propionic carmine. The gametic chromosome number
was determinedin at least 10 cells. For H. caprifoliatum
and H. cf carinatum the gametic chromosome number
was best determined at anaphase. In the meiotic
behavior analyses, where all available meiotic phases
were examined, the number of cells analyzed varied
greatly among populations. Due to the difficulty of a
good resolution of all meiotic configurations in H.
caprifoliatum and H. cf carinatum, all cells with
chromosomes not aligned at the equatorial plate, with
bridges, laggards or micronuclei were recorded as
abnormal. Meiotic indexes were estimated following
Love (1949). Tetrads with 4 equal-sized cells were
considered normal and any deviation asabnormal. Pollen
fertility was estimated, as traditional in cytogenetics,
by stainability. However, since all grains were stained
(2% acetic orcein) and a great variation in pollen size
had been observed in preliminary tests for H.
caprifoliatumand H. cf. carinatum, pollen fertility was
estimated by pollen size (mean diameter of the
longitudinal and transversal axis) of 150 mature grains
per population. Grainsin the most frequent size classes
were considered as potentially fertile, while very small
or very big grains were excluded. To validate this
assumption of estimating pollen fertility by pollen grain
size, an in vitro germination test was performed,
following the methodol ogy described by Moraes (2007),
with one population of H. caprifoliatum (population
1), and one of H. polyanthemum (population 17) and
the final pollen germination percentage was measured
after 24 h.

Results wererecorded by interpretative drawings,
photomicrographs and digital images.
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RESULTSAND DISCUSSION

These are new pieces of information on
chromosome number and meiotic behavior for H.
caprifoliatum, H. cf carinatum and H. polyanthemum,
aswell asestimates of pollenfertility for H. cf carinatum
and H. polyanthemum. Pollen fertility (stainability) of
H. caprifoliatum has been studied by Clarke (1975).

Data of chromosome number determinations (2n
and n) are presented in Table 2. The chromosomes are
small (ca1.0-2.0 mm), in agreement with Moraes (2007).
The somatic chromosome number was determined in
three populations: one population of H. caprifoliatum
(Figure 1A-B), one of H. cf carinatum, both with
2n=8x=48 and one of H. perforatum (2n=6x=32). These
were the only plants of H. caprifoliatum and H. cf
carinatum that survived transplantation from the field
to the greenhouse. The chromosome number of the
other populations was estimated in pollen mother cells
inmeiosis.

If the basic chromosome number of Hypericumis
accepted asx=8, H. caprifoliatiumand H. cf. carinatum
are hexaploid and H. polyanthemum (2n=4x=32) is
tetraploid These results agree with those of Matzk et al.
(2003) and Moraes (2007) who evaluated other species
of the Trigynobrathys section and found x=8 for H.
brasiliense, H. cordatumand H. japonicum Thunb. The
H. perforatum population studied was tetraploid
(2n=4x=32).

H. polyanthemum had a predominantly regular
meiotic behavior and 16 bivalents were observed at
diakinesisand metaphase | in most cellsanalyzed (Table
2, Figure 1D, 1G). For H. caprifoliatum and H. cf
carinatum, during the meiotic analysis (Table 2), the
exact chromosome associations in most cells at
diakinesis (Figure 1C), and metaphase | (Figure 1 F) as
well asthe exact pattern of chromosome segregation in
many anaphases and telophases could not be clearly
interpreted. Irregularities such as un-oriented
chromosomes (Figure 1E), univalents and multiple
associations at metaphase | (Figure 1F-G), laggards and
bridges at anaphase and telophases | and Il (Figure
1H), and micronuclei at telophase Il (Figure 1I) were
observed.

There are few studies on meiosis in Hypericum.
Moraes (2007), found scarce meiotic irregularities for
H. brasiliense (2n=2x=16), but a predominantly
abnormal meiosisfor H. cordatum (2n=7x=56) and H.

Crop Breeding and Applied Biotechnology 8: 330-338, 2008



(Clusiaceae) populations and other species of the genus

Cytogenetics of Hypericum caprifoliatum Cham. & Schitdl.

not be ruled out for H. cordatum. Hoar and Haertl (1932)
reported meiotic irregularities for the apomictic
polyploid H. perforatum and an apparent regular meiosis

36), and reported some of the

=4x=

ternum (2n

irregularities described here. The same author studied
the mode of reproduction of these species and
concluded that H. brasiliense is preferentially

for the sexual diploid H. arnoldianum, H. lobocarpum,

H. prolificum and H. gentianoides.

allogamous and that reproduction by apomixis could
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Figure 1. A) population 1 of H. caprifoliatum, 2n=48; B) schematic drawing of figure 1A; C) diakinesis in population 1 of H.

caprifoliatum; D) diakinesis in population 17 of H. polyanthemum, with 16 bivalents;

E) metaphase | with unoriented chromosomes

in population 4 of H. caprifoliatum (arrow); F) population 1 of H. caprifoliatum metaphase | with non identified chromosome
associations (arrow); G) population 17 of H. polyanthemum, metaphase |; H) anaphase Il with bridges and laggards in population 1 of

H. caprifoliatum (arrow);

Meiotic indexes ranged from 44.0% (H.
caprifoliatum, population 11) to 80.0% (H.
polyanthemum population 17) (Table 2). Several
abnormalities at the tetrad stage, such as tetrads with
microcytes, polyads, dyads and tryads, were frequent
(Figure 2A-D). Thevariation in pollen size within and
among populations was wide (Table 2, Figure 2E-G),
with the lowest value of 5.0 um (several populations of
H. caprifoliatum) and the highest of 66.0 um (population
11 of H. caprifoliatum). The intrapopulation variation
in pollen grain size was highest (11.5 to 66.0 pm) in
population 11 of H. caprifoliatum. The H.
polyanthemum population was relatively uniform for
pollen grain size (18.5 to 25.0 ym) (Figure 2H). Pollen
fertility (estimated based on the most frequent pollen-
size classes, as explained in Material and Methods)
ranged from 42.0% (population 11) to 89.0% (popul ation
17). There was generally a good correspondence
between meiotic indexes and the estimated pollen
fertility (Table 2).

Clarke (1975) observed morphologically irregular
pollen grains (ranging from 50.0 to 100.0%) in several

334

1) telophase Il with micronuclei in population 11 of H. caprifoliatum. Scale bar equal to 10 um

Hypericum species, including H. caprifoliatum. Matzk
et al. (2003) reported pollen stainability ranging from 58
to 97% among species and sections. The highest values
was found for sexual and the lowest for apomictic
species, with no observation of intraspecific pollen-size
variation. Moraes (2007) determined pollen viability
(stainability) for three species of sections of
Trigynobrathys , H. brasiliense (83.0%), H. cordatum
(66.0%) and H. ternum (61.0%) and reported the
occurrence of some very small grains in the latter two
species.

However, to our knowledge, no other study
reports such an enormous variation in pollen grain size
in Hypericum species asfound herefor H. caprifoliatum
and H. cf. carinatum. Thiswide variation is probably
due to the irregular meiotic behavior of these species.

Thein vitro germination of pollen grain (detailed
data not shown) for the H. polyanthemum population
17 reached a maximum of 44% germination,
corresponding to nearly 50% of the fertility estimated
by stainability, which was 89.0%. For the H.
caprifoliatum population 1, pollen tube emission (only

Crop Breeding and Applied Biotechnology 8: 330-338, 2008



Cytogenetics of Hypericum caprifoliatum Cham. & Schitdl. (Clusiaceae) populations and other species of the genus

in grains considered as potentially fertile based on their
size) began at the end of the 24 h observation period,
although after this time the germination medium began
to dehydrate and disintegrate. It was therefore not
possible to determine the exact percentage of
germinated grains. The pollen grain germination
protocolsfor this species must be optimized asafollow-
up to this study.

Moraes (2007) found 43.0% pollen grain
germination for H. brasiliense (2n=2x=16, sexual) and
over 80.0% pollen fertility estimated by stainability,
similar to our results for H. polyanthemum. For the
apomictic H. perforatum Arda et al. (2006) reported
83.0% pollenfertility estimated by stainablity and 12.8%
in vitro pollen germination, and 72.0% and 64.42%,
respectively, for H. rumeliaceum (diploid sexual). In
other genera, such as Citrus (Cavalcante et al. 2000) in
vitro pollen germination ranged from 1.5% to 100% in
different plants, and there were high positive
correlations between the different predictors of male
fertility: 0.86 between meiotic index and pollen
stainability, 0.77 between meiotic index and in vitro
pollen germination and 0.80 between pollen stainability
and in vitro pollen germination.

Apomictic species support rather low pollen
fertilities, since pollen is not necessary for embryo
formation. However, for pseudogamous apomictic
species, a certain pollen fertility is necessary for
endosperm formation, as in the facultative apomictic
Hypericum (Matzk et al. 2003) and other apomictic
species such as Paspalum notatum Fliigge (Dahmer et
al. 2008) and P. nicorae Parodi (Reiset al. 2008).

The mode of reproduction of H. caprifoliatum, H.
cf carinatum and H. polyanthemum has not yet been
characterized. The diploid species of the genus are
normally obligate sexual whereas polyploidy species
may be sexual or apomictic (generally facultative) (Matzk
etal. 2003).

The meiotic behavior of young natural and
induced polyploids tends to be irregular due to
polyploidy per se, but it is well known that in nature,
the well-established sexual auto (e.g. alfalfa) aswell as
allopolyploid species (e.g. wheat and white clover)
normally have regular meiotic behavior, due to
diplodization, a process both at the chromosome and at
the genome level, by which the polyploid isreorganized
to behave asadiploid species (L eitch and Bennet 1997,
Soltis and Soltis 1999). At the chromosome behavior
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Figure 2. A) Tetrads with microcytes in population 4 of H. caprifoliatum; B) polyad in population 7 of H. caprifoliatum; C) dyad and
dyad with microcyte in population 4 of H. caprifoliatum; D) tryad in population 1 of H. caprifoliatum; E) population 13 of H.
caprifoliatum displaying wide pollen grain size variation; F and G) different-sized pollen grains in populations 14 and 6 of H.
caprifoliatum; H) equal-sized pollen grains in population 17 of H. polyanthemum. Scale bar equal to 10 pm
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level, diploidization implies in a regularization of
chromosome pairing after polyplodization (Stebbins
1970, Ramsey and Schemske 2002), and isarather fast
process, as shown by Ramsey and Schemske (2002) in
their review on neopolyploid. The extensive and
frequently rapid genome restructuring at the DNA level
includes sequence loss, gene silencing, action of
transposable elements and epigenetic regulation
(Adams and Wendel 2004, Levy and Feldman 2004,
Adams 2007).

On the other hand, the meiotic irregularities in
natural apomictic polyploid species are numerous and
well-documented for anumber of genera, asfor example
Paspalum (Moraes-Fernandes et al. 1968, 1973, 1974,
Pagliarini et al. 2001, Adamovski et al. 2005, Dahmer et
al. 2008). In these species, aregularization of the meiotic
behavior would not be essential for species propagation
and success, as the embryo is formed by apomixis,
provided that, in the pseudogamous species, there is
some fertile pollen to ensure endosperm formation.

Therefore, the meiotic behavior per se does not

clearly indicate the mode of reproduction. Neverthel ess,
based on the studies of Hoar and Haertl (1932) and
Moraes (2007), who found regular meiosisin the sexual
Hypericum and meiotic irregularities in the apomictic
species, together with the rather regular meiosis, high
pollen viability and homogeneity in pollen grain size
observed for H. polyanthemum it could be suggested
that this species reproduces sexually. On the other hand,
the irregular meiosis, lower pollen fertility and high
variationin pollen grain size of H. caprifoliatumand H.
cf carinatum could indicate that these two species are
apomictic. These results are not conclusive but
indicative.
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Citogenética de populacoes de Hypericum caprifoliatum
Cham. & Schltdl. (Clusiaceae) e outras espécies do

género

RESUM O - NUmer os cromossdmicos e comportamento mei6tico sdo apresentados para Hypericum caprifoliatum (2n=48),
H. cf carinatum (2n=48) e H. polyanthemum (2n= 32) e confirmado 2n=32 para H. perforatum. Os cromossomos sdo muito
pequenos (ca. 1 a 2 mm). Irregularidades meiéticas como uni, multivalentes, cromossomos ndo orientados, pontes e
retardatarios foram muito freqgiientesem H. caprifoliatum e H. cf carinatum. i ndices meiéticos variaram de 44,0 a 73,0% em
H. caprifoliatum, de 66,0 a 77,0% emH. cf carinatum e foi 80,0% em H. polyanthemum. Fertilidade do pdlen variou de 42,0
a 88,0% em H. caprifoliatum, 65,0 a 88,0% em H. cf carinatum e foi 89,0% em H. polyanthemum. Juntamente com dados
da literatura e comportamento mei6tico, a grande variabilidade no tamanho e fertilidade do pdlen dentro e entre as popul agdes
de H. caprifoliatum e H. cf carinatum, poderia sugerir que, assim como muitas outras espécies de Hypericum, estes taxons
sejam apomiticos.

Palavr as-chave: Hypericum, niimero cromossdmico, comportamento mei6tico, fertilidade do pdlen, apomixia.

REFERENCES

Adamowski EV, Pagliarini MS, Bonato AB, Batista LAR and
Valls JFM (2005) Chromosome numbers and meiotic
behavior of some Paspalum accessions. Genetics and
Molecular Biology 28: 773-780.

336

Adams K (2007) Evolution of duplicate gene expression in polyploidy
and hybrid plants. Journal of Heredity 98: 136-141.

Adams K and Wendel JF (2004) Exploring the genomic mysteries
of polyploidy in cotton. Biological Journal of the
Linnean Society 82: 573-581.

Crop Breeding and Applied Biotechnology 8: 330-338, 2008



Cytogenetics of Hypericum caprifoliatum Cham. & Schitdl. (Clusiaceae) populations and other species of the genus

Arda H, Meric C and Unal S (2006) In vitro pollen germination
in Hypericum perforatum L. and Hypericum rumeliacum
Boiss. Acta Biologica Hungarica 57: 97-103.

Avancini CAM and Wiest JM (2002) Saneamento aplicado em
saude e produgdo animal: etnografia, triagem da atividade
antibacteriana de plantas nativas no sul do Brasil e testes de
avaliag8o do decocto de Hypericum caprifoliatum Cham. &
Schlecht. Acta Scientia Veterinariae 30: 203-204.

Bernardi AP (2007) Analise quimica, avaliagdo da ativida-
de antioxidante e obtencéo de culturas in vitro de es-
pécies de Hypericum nativas do Rio Grande do Sul. Dr.
Thesis, Universidade Federal do Rio Grande do Sul, Porto
Alegre, 270 p.

Cavalcanti HC, Schifino-Wittmann MT and Dornelles ALC
(2000) Meiotic behaviour and pollen fertility in an open-
pollinated population of ‘Lee’ mandarin [Citrus clementina
x (C. paradisi x C. tangerina)]. Scientia Horticulturae
86: 103-114.

Clarke GCS (1975) Irregular pollen grains in some Hypericum
species. Grana 15: 117-125.

Couceiro MA, Afreen F, Zobayed SMA and Kozai T (2006)
Variation in concentrations of major bioactive compounds
of St. John’s wort: effects of harvesting time, temperature
and germplasm. Plant Science 170: 128-134.

Dahmer N, Schifino-Wittmann MT, Dall"’Agnol M and Castro
B (2008) Cytogenetic data for Paspalum notatum Fligge
accessions. Scientia Agricola 65: 381-388

Dall’Agnol R, Ferraz A, Bernardi AP, Albring,D, Noér C, Sarmento
L, Lamb L, Hass M, von Poser G and Schapoval EES (2003)
Antimicrobial activity of some Hypericum species.
Phytomedicine 10: 511-516.

Daudt R, von Poser GL, Neves G and Rates SMK (2000) Screening
for the antidepressant activity of some species of Hypericum
from South Brazil. Phytotherapyc Research 14: 344-346.

Ferraz A, Faria DH, Benneti MN, Rocha AB, Schwartsmann G,
Henriques AT and von Poser G L (2004) Screening for
antiproliferative activity of six southern Brazilian species
of Hypericum. Phytomedicine 12:112-115.

Hoar CS and Haertl EJ (1932) Meiosis in the genus Hypericum.
Botanical Gazette 93: 197-204.

Kogi M (1984) A karyomorphological study of the genus
Hypericum (Hypericaceae) in Japan. Botanical Magazine
97: 333-343.

Leitch 1J and Bennet MD (1997) Polyploidy in angiosperms.
Trends in Plant Science 2: 470-476.

Levy AA and Feldman M (2004) Genetic and epigenetic
reprogramming of the wheat genome upon
allopolyploidization. Biological Journal of the Linnean
Society 82: 607-613.

Crop Breeding and Applied Biotechnology 8: 330-338, 2008

Love RM (1949) Estudos citolégicos preliminares de tri-
gos rio-grandenses. Secretaria da Agricultura , Porto Ale-
gre, 23 p.

Matzk F, Hammer K and Schubert | (2003) Coevolution of
apomixis and genome size within the genus Hypericum. Se-
xual Plant Reproduction 16: 51-58.

Mayo GM and Langridge P (2003) Modes of reproduction in
Australian populations of Hypericum perforatum L. (St.
John’'s wort) revealed by DNA fingerprinting and cytological
methods. Genome 46: 573-579.

Moraes ICR (2007) Caracterizacdo citogenética e da bio-
logia reprodutiva de trés espécies do género Hypericum
L. (Clusiaceae). MSc. Dissertation, Instituto Agronémi-
co, Campinas, 64 p.

Moraes-Fernandes MIB, Barreto IL and Salzano FM (1968)
Cytogenetic, ecologic and morphologic studies in Brazilian
forms of Paspalum dilatatum. Canadian Journal of
Genetics and Cytology 10: 131-138.

Moraes-Fernandes MIB, Barreto IL and Salzano FM (1973)
Cytogenetic, ecologic and morphologic studies in Brazilian
forms of Paspalum notatum. Canadian Journal of
Genetics and Cytology 15: 523-531.

Moraes-Fernandes MIB, Barreto IL, Salzano FM and Sacchet
AMOF (1974) Cytological and evolutionary relationships
in Brazilian forms of Paspalum (Gramineae). Caryologia
27: 455-465.

Nielsen N (1924) Chromosome numbers in the genus
Hypericum. Hereditas 5: 378-382.

Pagliarini MS, Carraro LR, Freitas PM, Adamowski EV, Batista
LAR and Valls JFM (2001) Cytogenetic characterization of
Brazilian Paspalum accessions. Hereditas 137: 27-34.

Ramsey J and Schemske DW (2002) Neopolyploidy in flowering
plants. Annual Review of Ecology and Systematics 29:
589-639

Reis CAO, Schifino-Wittmann MT and Dall"Agnol M (2008)
Cytogenetic characterization of a collection of Paspalum
nicorae Parodi accessions. Crop Breeding and Applied
Biotechnology 8: 212-218.

Robson NKB (1981) Studies in the genus Hypericum L.
(Guttiferae) 2. Characters of the genus. Bulletin of the
British Museum of Natural History 8: 55-226.

Robson NKB (2006) Studies in the genus Hypericum L.
(Clusiaceae). Section 9. Hypericum sensu lato (part 3):
subsection 1. Hypericum series 2. Senanensia, subsection 2.
Erecta and section 9b. Graveolentia. Systematics and
Biodiversity 4: 19-98.

Robson NKB and Adams P (1968) Chromosome numbers in
Hypericum and related genera. Brittonia 20: 95-106.

337



APG Navarini et a

Soltis DE and Soltis PS (1999) Polyploidy: recurrent formation and genome
evolution. Trends in Ecology and Evolution 14: 348-352.

Stebbins GL (1971) Chromosomal evolution in higher
plants. Edward Arnold, London, 216p.

338

Viana A, Rego JC, von Poser G, Ferraz A, Heckler AP, Costentin
J and Rates SMK (2005) The antidepressant-like effect of
Hypericum caprifoliatum Cham & Schlecht (Guttiferae) on
forced swimming test results from an inhibition of neuronal
monoamine uptake. Neuropharmacology 49: 1042-1052.

Crop Breeding and Applied Biotechnology 8: 330-338, 2008



