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Abstract

Osmiopsis (Asteraceae, Eupatorieae) is endemic to Hispaniola and one of the seven genera of subtribe Praxelinae. When
Osmiopsis was established in 1975, the authors hypothesized it was a hybrid and proposed Chromolaena (subtribe Praxeli-
nae) and Koanophyllon (subtribe Critoniinae) as putative parent genera. To clarify its origin, a phylogenetic investigation
of subtribe Praxelinae, reconstructed within a matrix of 80 genera/202 species of tribe Eupatorieae (43% of genera/8% of
species sampled, based on an estimated 187 genera/2500 species) was performed. An ILD test showed significant incon-
gruity between the nuclear and chloroplast trees (p =0.001). Based on Bayesian analysis of ITS, O. plumieri emerged in
a strongly supported clade (PP=0.98) of 23 species of Critoniinae, closely allied to six Koanophyllon species. Based on
Bayesian analysis of ndhF, O. plumieri emerged in a strongly supported clade (PP=1) of 20 species of Praxelinae with
Chromolaena, Praxelis and three other genera. These results suggest Osmiopsis may be a hybrid between Chromolaena
and Koanophyllon. Osmiopsis shares with Koanophyllon: infundibuliform corolla with a cylindrical base, triangular corolla
lobes and anther appendages wider than longer. Osmiopsis plumieri shares with Chromolaena and Praxelis: semi-scandent
habit and deciduous involucral bracts. As far as we are aware, this is the first case of a possible inter-subtribal nothogenus
in the Asteraceae. Koanophyllon has more Caribbean island endemics than any other genus in the Asteraceae. This raises
the question if hybridization has played a significant role in the diversification of the Caribbean flora, as has been shown
in species-rich genera from volcanic archipelagos. Taxonomically, it raises the question if sister subtribes Praxelinae and
Critoniinae should be united or re-circumscribed.
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Introduction

Osmiopsis RM.King & H.Rob. (Asteraceae) was described
as a monotypic genus endemic to the Caribbean Island of
Hispaniola in 1975 (King & Robinson 1975). It is one of the
seven genera that comprise subtribe Praxelinae R.M.King
52 Carolyn E. B. Proenga & H.pr. and the onl.y genus of the subtr.ibe that does r.mt
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1931) based on several Haitian collections made in the
early twentieth century. A new combination, Chromo-
laena plumerii (Urb. & Ekman) R.M.King & H.Rob. was
published in 1970 (King and Robinson 1970). However,
five years later, King and Robinson revised the taxonomic
position of this species and proposed the genus Osmiopsis
to accommodate it (King and Robinson 1975). The epi-
thet that appears in the original publication was spelled
plumerii. We herein propose that it should be corrected
to plumieri, following Article 60.1 of the International
Code of Nomenclature for algae, fungi and plants, as it
is almost certainly a reference to the French monk and
botanist Charles Plumier (1646—1704), one of the first
Europeans to collect plants in Haiti; this epithet will be
use henceforward.

Publication of Osmiopsis was unusual in that the authors
stated that the genus was probably an intergeneric hybrid
(King and Robinson 1975). They argued that a scandent
habit and 4-5-seriate, imbricate, deciduous, involucral bracts
were characteristic of Chromolaena DC. (subtribe Praxeli-
nae), while wide, glandulose corolla lobes, short anther
appendages and enlarged tips to stylar branches were typical
of Koanophyllon Arruda (subtribe Critoniinae). Moreover,
they stated that the hybrid origin was: ‘based on circumstan-
tial evidence of character distribution’ and that ‘evidence
would indicate further that such hybrids were totally viable
and capable of further evolution’ (King and Robinson 1975:
250). These statements were not supported by any further
discussion, nor by any numerical analysis or molecular data.
The putative Koanophyllon parent proposed by King and
Robinson was either K. selleanum or K. phanioides (King
and Robinson 1970).

Osmiopsis plumieri is known from at least 12 collec-
tions made between 1924 and 1929 in Haiti; it has not been
recorded from the Dominican Republic. King and Robinson
(1975) observed that Osmiopsis plumieri is frequently misi-
dentified in herbaria either as K. selleanum (Urb.) R.M.King
& H.Rob. or as K. phanioides (Krug & Urb.) RM.King &
H.Rob. They hypothesized that one of these species was
the most probable parent species in Koanophyllon; both are
endemic to Hispaniola (POWO 2024). King and Robinson
(1970) did not propose a putative parent in Chromolaena.

In the most recent phylogeny of Tribe Eupatorieae, Rivera
et al. (2016) confirmed the monophyly of Subtribe Praxeli-
nae, but some genera were not sampled, such as Osmiopsis;
therefore, relationships between its genera were not fully
clarified. In this study, we expanded phylogenetic studies of
subtribe Praxelinae to include all accepted genera (Ribeiro
2023), including the enigmatic Osmiopsis. Since our analy-
sis included markers from both the nuclear and chloroplast
genomes, the latter being maternally inherited, it provided
an opportunity to test King and Robinson’s hypothesis of its
hybrid origin.
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Material and methods
Sampling and phylogenetic analyses

Molecular analysis was done in the Plant Molecular Biol-
ogy Laboratory, University of Brasilia, Brazil. DNA was
extracted from herbarium specimens or silica-dried leaf
material collected along with the herbarium vouchers. The
type species of three previously unsampled genera of sub-
tribe Praxelinae were sampled and sequenced: Osmiopsis
plumieri (Ekman 6490, LL, paratype; Fig. 1), Eupatorio-
psis hoffmanniana Hieron (Braga 800, UB) and Praxeli-
opsis mattogrossensis G.M.Barroso (Faria 3493, UB).
Thirteen additional species belonging to genera previously
sampled by Rivera et al. (2016) (but not necessarily their
type species) were also included: ten Chromolaena, two
Praxelis and one Eitenia. This sampling ensured that the
type species of all seven genera of subtribe Praxelinae
were included in the analysis, achieving complete sam-
pling at generic level and raising the density of sampling
at species level from 15 species (8%) to 31 (16%).

The extraction of total genomic DNA was performed
using the Riahi et al. (2010) protocol, which proved more
efficient than the traditional CTAB protocol (Doyle and
Doyle 1987). The ITS marker of the 18S-26S ribosomal
RNA genes, including the 5.8S gene (nuclear marker),
and the chloroplast ndhF were amplified using standard
PCR protocols and primers: ITS-4 (TCCTCCGCTTAT
TGATATGC) and ITS-5 (GGAAGTAAAAGTCGTAAC
AAGG), ndhF 52 (AGGTAAGATCCGGTGAATCGG
AAA) and ndhF 1212 (GGTGGAATACCACAAAGA),
respectively. PCRs were carried out in a final volume of
20 pL (see Online Resource 1 A for protocol). Amplicons
were sequenced using the DNA sequencing services of
BPI Biotecnologia in Botucatu, Brazil. Sequences were
imported into the program Geneious v.11, were aligned
with MUSCLE (Edgar 2004) followed by visual inspec-
tion and manual alignment, when appropriate. Details of
marker type, length in base pairs, sequences per marker,
identical sites and pairwise identity are available in Online
Resource 1 B.

The ITS and ndhF sequences of Osmiopsis and the
two other genera were added to a matrix of ITS and ndhF
sequences of 202 species of tribe Eupatorieae and rea-
ligned as described above. Each genetic marker was run
on jModeltest 2.1.10 (Guindon and Gascuel 2003; Darriba
et al. 2012); the model GTR (with gamma-distributed rate
variation across sites) was selected as the best evolution-
ary model under the Akaike Information Criteria (AIC).
Each genetic marker was also analyzed as a single parti-
tion with the above chosen model of evolution. A third
matrix with additional markers was also constructed



Molecular phylogenetics of Osmiopsis Page3of12 33

7 8 9 10

copyright reserved

|

| LUNDELL
HERBARIUM

e University of Texas
AUSTIN, TEXAS

Cite: LL

PLANTS OF HAITI
Bupatorium wanis Uk % Chom o
e ' WE T e ban
Massif de 1a Hotte, gr. Yorne Ruchelois,

Miragoane, ut Fayen; alt., 700 m.

00570697 o 6490 £ L EKMAN, Coiean July 24, 1936

Fig. 1 Paratype of Osmiopsis plumieri (Urb. & Ekman) R.M.King & H.Rob. collected by Erik L. Ekman (Ekman herbarium n. 6490), originally
from the Lundell Herbarium (LL) now incorporated into TEX
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to improve resolution and test the position of Osmiop-
sis (Ribeiro 2023). This matrix contained the following
molecular data from nuclear and chloroplast markers:
ITS and ETS (nuclear) and ndhF, ndhl and the ndhl-ndhG
intergenic spacer (chloroplast) obtained from NCBI Gen-
Bank (Clark et al. 2016). All sequences are available (see
Online Resource 2) in GenBank except for five donated by
authors of unpublished doctoral theses. Sequences of Acri-
topappus were donated by Hortensia Pousada Bautista:
A. connatifolius (Soares Nunes) R.M. King & H.Rob., A.
diamantinicus H.Bautista, A. pereirae H.Bautista and A.
teixeirae R.M.King & H.Rob. (see Bautista 2000). The
sequence of Parapiqueria cavalcantei R.M.King & H.Rob.
was donated by Ana Claudia Fernandes (see Fernandes
2014).

Bayesian inference (BI) analysis was undertaken on
these three matrices using MrBayes 3.2.7a (Ronquist and
Huelsenbeck 2003) on the CIPRES science gateway (Miller
et al. 2010). The BI analyses consisted of two independent
and simultaneous runs, each with four Markov Monte Carlo
(MCMC) chains (three warm chains and one cold chain),
for 10 million generations, sampling the trees every 10,000
generations. The stationarity of the chains was verified using
Tracer v1.7.2 (Rambaut et al. 2014). Support values for the
clades were obtained by posterior probabilities for Bayesian
analysis. The phylogenetic tree was visualized and edited in
FigTree v 1.4.4 (Rambaut 2010).

We evaluated the incongruence between the nuclear tree
(ITS) and the chloroplast tree (ndhF) using the incongru-
ence length difference test (ILD test; Farris et al. 1994).
Both markers were highly informative in reconstructing the
phylogeny of the Eupatorieae (Rivera et al. 2016). The ILD
test has been criticized because of a high false positive rate
(Cunningham 1997; Darlu and Lecointre 2002; Hipp et al.
2004), therefore, to reduce false positives, we followed the

recommendations of Cunningham (1997) and Pelser et al.
(2010) and only considered ILD p-values below 0.01 as
evidence of significant incongruence. We implemented the
ILD test in PAUP (Swofford 2002) on the CIPRES platform
(Miller et al. 2010) as a partition-homogeneity test with a
heuristic search of 1000 replicates and random addition of
sequences.

Geographic distribution

Geographic distribution was obtained from the litera-
ture (Acevedo-Rodriguez and Strong 2012), Plants of the
World Online (POWO 2024) and online herbaria in GBIF
(18 collections of Osmiopsis plumieri with detailed locali-
ties). Localities were georeferenced using Google Earth Pro
v.7.1.8.3036 (date of images 31st December 2020 accessed
28th August 2025). All records had images and were
checked for correct identification. The map was produced
with QGIS 3.10.14 software (https://www.qgis.org).

Morphology

We did a comparative morphological analysis of Osmiop-
sis, Chromolaena, Praxelis and Koanophyllon from the
literature (Table 1), choosing characters that are diagnos-
tic at generic level for the Eupatorieae (King & Robin-
son 1987; Nakajima et al. 2017; Ribeiro et al. 2022). The
morphology of Osmiopsis plumieri was analyzed from the
literature (Urban 1931; King & Robinson 1975) and from
images of herbarium specimens available online from the
NL, US and TEX herbaria (Table 2). We compared its
habit, leaf shape and floral characters to possible parental
species that occur on Hispaniola (Acevedo-Rodriguez and
Strong 2012); the identifications of all herbarium speci-
mens were confirmed. The iNaturalist site (www.inatu

Table 1 Comparison of reproductive morphological traits between Chromolaena, Koanophyllon, Osmiopsis and Praxelis according to King and
Robinson (1987). Involucre and anther traits were also based on Grossi et al. (2020), except for Osmiopsis

Character Chromolaena and Praxelis Koanophyllon Osmiopsis
Involucral bract persistence Totally deciduous, outer bracts falling All persistent or inner bracts sometimes ~ All deciduous
first (sometimes outer bracts persistent  deciduous
in C. sinuata)
Involucre shape Imbricate to densely imbricate or sub- Eximbricate to strongly subimbricate Imbricate

imbricate

Corolla shape Funnelform or cylindrical with slightly

narrowed base

Corolla lobes Oblong or ovate (1.5 to 3 times as long

as wide)

Anther appendages Oblong or ovate and entire, crenulate
or toothed at tip, slightly to distinctly

longer than wide

Funnelform with broadly cylindrical

Triangular (as long as wide to 1.5 times

Null or ovate, wider than long

Funnelform with short

base broadly cylindrical base

Triangular (as long as wide
to 1.5 times as long as
wide)

as long as wide)

Semicircular, wider than long

Possible parental species of Osmiopsis are compared in Table 2
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Table 2 Comparison of Osmiopsis with possible parental taxa occur-
ring on Hispaniola. Chromosome counts obtained from the CCDB
(Rice & Mayrose 2023). Characters present in Osmiopsis or shared
with Osmiopsis are indicated in bold underlined. The source of the

information is indicated in superscript after the character states: num-
bers (literature); letters (images of herbarium specimens deposited in
the Swedish Museum of Natural History)

Species/chromosome ~ Habit Leaf shape Leaf base and margin ~ Involucral  Involucre  Involucre width (mm)
counts bracts length
(series) (mm)

Osmiopsis plumieri Scandent shrubs!  Ovate to lanceolate! Base often lobed, 4-5! 35t 2-3!
n="7? margin distall

entire!
C. corymbosa Shrubs? Deltoid to cordate’?  Base round, margin 67> 7 to 9* 33 t0 4%
(M?) often crenate
n=20
C. ivifolia Shrubs? Lanceolate® Base often acute, 6-7 5.5-7.83 27t043
M?) margin entire or
n=25 serrate’
C. odorata Scandent shrubs®  QOvate to lanceolate* Base often round, 5-73 8.2-9.6° 2.61t03.5°
(M?) n=20,29,30,31 margin serrate’
40,51,60
C. sinuata Shrubs? Ovate? Base truncate to cune-  3-5% 3-4* 22
M?) ate, margin sinuate-
n=9? lobed?
K. selleanum Scandent shrubs®® Ovate to elliptical™ Base subcordate, mar- 32 3-5? 2-32
P?) gin entire*
(n=7
K. phanioides Scandent shrubs® Qvate to lanceolate? Base often lobed, dis- 3" 24> 0,7-3"
P tal margins entire®
(n="

C. Chromolaena, K. Koanophyllon, P? paternal, M? maternal, n haploid chromosome count
' King & Robinson (1975); 2WFO (2025); *Chromolaena, Flora e Funga do Brasil (2025); *Urban (1921); *E.L. Ekman H 3955 (S-R-8990);

bE.L Ekman H 1667 (S15-63908)

ralist.org) was searched for images of plants identified as
Chromolaena, Praxelis or Koanophyllon from Hispaniola,
with two main objectives: 1) to detect if Osmiopsis still
occurs on the island; and 2) to detect if any other genera
of Praxelinae other than Chromolaena occur on the island.

Results
Phylogenetic trees

The reconstructed phylogeny of of tribe Eupatorieae based
on the nuclear matrix of ITS +ETS and the chloroplast
matrix of ndhF + ndhl + ndhl-G IGS showed good resolu-
tion (Online Resource 3). Osmiopsis plumieri appeared
nested in a highly supported clade (PP =0.97) among all
sampled species of Koanophyllon, allied to Idiothamnus
lilloi (B.L.Rob.) R.M.King & H.Rob. and Chromolaena
collina (DC.) R.M.King & H.Rob.

Evidence of hybrid origin

The ILD test results showed significant incongruence
between the ITS and the ndhF data matrices (p-value of
0.001). The ITS phylogenetic tree recovered a clade of 25
species of Praxelinae; however, Osmiopsis did not group
with this clade (Ribeiro 2023). Instead, Osmiopsis emerged
in a highly supported clade (subclade A; PP=0.99) that
included most sampled taxa of the Critoniinae (but not
Critonia P.Browne), as well as genera from two other
subtribes, namely Ageratum L. (subtribe Ageratinae) and
Fleischmannia Sch.Bip. (subtribe Fleischmanniinae)
(Fig. 2). Within this clade, Osmiopsis emerged in a subclade
(PP =0.83) that included five species of Koanophyllon (Cri-
toniinae), Idiothamnus lilloi (Critoniinae) and Chromolaena
collina (Praxelinae).

The ndhF phylogenetic tree (Fig. 3) recovered a Prax-
elinae clade with suboptimal support (PP =0.83); if Chro-
molaena sagittata (A.Gray) R.M.King, the sister to the
rest of the Praxelinae, is excluded the remaining clade has
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Praxelinae

maximum support (subclade A; Fig. 3; PP=1). Osmiop-
sis plumieri emerged within this clade, and was nested
within the “Praxelis” subclade B. This “Praxelis” sub-
clade B included eight species: four species of Praxelis
Cass., Eitenia praxelioides R.M.King & H.Rob, Eupatori-
opsis hoffmanniana Hieron., Praxeliopsis matogrossensis
G.M.Barroso and Osmiopsis plumieri. The ndhF sequence
of C. laevigata (Lam.) R.M.King & H.Rob., is identical to
that of the Praxelis clade B but the sequences of all other
Chromolaena species differed by at least one base).

@ Springer

0.53 = Chromolaena rhinanthacea
Chromolaena alvimii
Chromolaena morii

Chromolaena stachyophylla

_r Chromolaena latisquamulosa
= “Chromolaena diversifolia

1 Chromolaena laevigata
Chromolaena odorata

Osmiopsis plumieri
Praxelis clematidea
082 Eitenia praxeloides
= Eupatoriopsis hottmanniana
B Praxelis diffusa
Praxeliopsis mattogrossensis
1_ Praxelis decumbens

= Praxelis kleinioides

Geographic distribution

Osmiopsis plumieri has been recorded from both northern
and southern Haiti and in Montfleury (GBIF 2023) near
Port au Prince (Fig. 4). The 1968 collection made by Alain
Liogier in the Dominican Republic (Liogier 12,804; P),
identified by an unknown person as Osmiopsis plumieri, is
in fact a specimen of Koanophyllon selleanum. We did not
find any herbarium image or any field image in iNaturalist
that might prove the recent presence of either Osmiopsis
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or any other genus of subtribe Praxelinae on Hispaniola
except Chromolaena.

Morphology

Osmiopsis plumieri shows characters that are often present
in Chromolaena/Praxelis, such as the imbricate involucre
and the deciduous involucral bracts (Table 1).

Discussion
Phylogenetic trees

Our phylogenetic tree shows improved sampling within
the Praxelinae (compared to the most recent tree; Rivera
et al. 2016) with all genera represented by their type spe-
cies. However, sampling within the large genus Chromo-
laena (160 species; POWO 2024) is still poor. Only 15
species (< 10%) had sequences in GenBank (search query
"Chromolaena"[Organism]), to which the present study has
added another 10 species (see new sequences in Online
Resource 2).

shown in dark gray, Dom. Rep.Dominican Republic. Plotted with
QGIS 3.10.14 software; records from GBIF; coordinates inferred
from Google Earth

The ndhF phylogenetic tree grouped Osmiopsis in a
clade with Praxelis, Eitenia, Eupatoriopsis and Praxeli-
opsis (Fig. 3). Since chloroplasts are maternally inherited
in most angiosperms (Greiner et al. 2015), it is likely that
the maternal parent of Osmiopsis would be found in this
clade. However, no species of Praxelis, Eitenia, Eupato-
riopsis or Praxeliopsis have ever been recorded on His-
paniola (Acevedo-Rodrigues and Strong 2012; this study).
This suggests two possibilities: 1) the maternal plant could
be Praxelis clematidea (Hieron. ex Kuntze) R.M.King &
H.Rob., a widespread invasive, now established in Australia,
China, Southeast Asia and Florida (Salgado et al. 2022),
that may occur in Hispaniola (or may have occurred); or 2)
the maternal parent could be a Chromolaena species closely
related to the Praxelis clade, as the latter is nested within
Chromolaena.

The ndhF marker is a highly conserved coding gene.
The ndhF sequence of C. laevigata is identical to that of
the Praxelis clade but C. laevigata is not known to occur
on Hispaniola (Acevedo-Rodriguez and Strong 2012). Five
Chromolaena species are known from Hispaniola: C. corym-
bosa (widely distributed in the Caribbean), C. heterosqua-
mea (Urb. & Ekman) R.M.King & H.Rob. (endemic to His-
paniola); C. sinuata (Lam.) R.M.King & H.Rob. (endemic
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to Hispaniola), C. ivifolia (L.) R.M.King & H.Rob. (widely
distributed in the Caribbean, North and South America)
and C. odorata (L.) RM.King & H.Rob., an aggressive,
widely distributed alien (Acevedo-Rodriguez and Strong
2012; POWO 2024). C. heterosquamea can be discarded as
maternal plant as it appears to belong to another genus: it
has 2-3 series of involucral bracts that are subimbricate and
the corolla broadens toward the apex, with triangular lobes.
C. odorata can probably be excluded as its ndhF marker
differs from Osmiopsis by two bases. The ndhF sequences
of C. corymbosa, C. ivifolia and C. sinuata are unknown.

Other cases of hybrid status detected by incongruence
between the chloroplast and nuclear phylogenetic trees are
known in the Asteraceae, but these are either within a single
genus (Hieracium; Fehrer et al. 2007) or different genera of
the same subtribe (Liatrinae: Schilling 2011; Lactucinae:
Wang et al. 2013; Fehrer et al. 2007; Kilian et al. 2017;
Anthemidinae: Stace 2015). Schilling (2011) proposed
a hybrid origin for two monotypic genera within subtribe
Liatrinae: Hartwrightia A.Gray (H. floridana A.Gray ex
S.Watson) and Litrisa Small (L. carnosa Small), based on
incongruence between the nuclear and chloroplast phy-
logenetic trees. The Liatrinae phylogenetic tree showed
two major clades. Schilling (2011) found that ITS and
ETS placed Hartwrightia and Litrisa in the ‘Trilisa clade’
(PP=1; BS=88), while the chloroplast markers placed them
in its sister clade (PP=0.74; BS <50) with Carphephorus
Cass. and Liatris Gaertn. ex Schreb. Litrisa is morphologi-
cally intermediate between the putative parent genera but
Hartwrightia is morphologically transgressive, showing a
loss of several features that present in either one or both of
the parental genera (Schilling 2011).

Robinson et al. (1989) stated that much more hybridi-
zation probably occurs in the Asteraceae than believed by
botanists, and was likely to be an important contributing fac-
tor to the family’s evolutionary success. This view has been
supported by later studies (Arnold 1997; Stace et al. 2015).
Intergeneric hybrids, however, are uncommon in nature; in
the British flora, where hybrids have been well studied, only
four intergeneric hybrids (nothogenera) have been recorded,
out of 57 hybrid Asteraceae (Stace et al. 2015). These notho-
genera are usually morphologically intermediate between
the parent taxa and sterile, with one of the parents native and
the other an introduced alien (Online Resource 6). We do
not have information on the fertility of Osmiopsis plumieri.

Hybridization facilitated ecological transitions to extreme
habitats in the genus Helianthus L., Asteraceae (Rieseberg
et al. 2003). In Argyranthemum, the most species-rich genus
of Asteraceae among the Macaronesian-endemic genera,
hybridization appears to have played an important part in
its diversification (Francisco-Ortega et al. 2008): Different
chloroplast lineages occupied different habitats (Francisco-
Ortega et al. 1996; Barber et al. 2007) in the islands. Such
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geographic structuring of chloroplasts is not restricted to
islands (Riesberg and Soltis 1991; Schuster et al. 2018)
and suggests that locally optimal chloroplast genotypes
can spread through hybridization. Koanophyllon, the rich-
est Asteraceae genus in Caribbean endemics, with species
in Cuba, Jamaica, Hispaniola and Puerto Rico (Francisco-
Ortega et al. 2008), is a promising taxon to investigate
hybridization in the Caribbean flora.

Within tribe Eupatorieae, Robinson et al. (2009) hypothe-
sized that species belonging to subtribes with a chromosome
base count x=10 would be more likely to cross than those
belonging to subtribes with other counts and might result
in intergeneric or inter-subtribal hybrids. We have not been
able to perform a chromosome count on Osmiopsis due to
lack of material. However, we investigated existing chromo-
some counts of potential parental taxa in CCDB (Rice et al.
2015). Chromolaena and Praxelis (potential maternal parent
taxa) are both apomictic with base numbers x= 10 (King and
Robinson 1987; Robinson 2009).

Within the Praxelinae, there are records of » =10, 20 and
30 in the invasive species Praxelis clematidea R.M.King &
H.Rob. and of a polyploid series in Chromolaena odorata
(Table 2). Within Koanophyllon (potential paternal par-
ent taxon), n= 10 is the most common count, recorded in
nine species; other counts recorded are n=15 (K. longifo-
lia (B.L.Rob.) R.M.King & H.Rob.; Watanabe et al. 1995),
n=20 (K. sciatraphes (B.L.Rob.) R.M.King & H.Rob. and
K. tatei (B.L.Rob.) R.M.King & H.Rob.; Torres and Liogier
1970) and n=30 (K. pittieri (Klatt) R.M. King & H.Rob.;
Robinson et al. 1989). Chromosome counts for either of
the most likely parent plants based on morphology (K.
phanioides or K. selleanus) were not found. Two species of
Koanophyllon that occur on Hispaniola have chromosome
counts: K. sciatraphes (n=20; Torres and Liogier 1970) and
K. villosum (Sw.) RM.King & H.Rob. (n=10; Keil et al.
1988). The count of K. sciatraphes is based on material from
Hispaniola (Dominican Republic), and the count of K. vil-
losum is based on material from Jamaica (Torres and Liogier
1970; Keil et al. 1988).

Geographic distribution

Recent Asteraceae collections from the Dominican Republic
and Haiti are not available online (https://sweetgum.nybg.
org/science/ih/) and presumably are only available for in
loco examination at EHH, ELE, JBSD, HUNPHU, UCMM
and USD herbarium. We have not been able to visit Hispan-
iola thus we do not know if Osmiopsis plumieri persists in
the Hispaniola flora. However, the known records show a
widespread distribution in Haiti (Fig. 4). This suggests that
it was either an established, successful fertile hybrid (or spe-
cies of hybrid origin) or that the parental taxa were common
enough for independent hybridizations to be regular events.
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Evidence that Praxelis (the most likely maternal parent
genus) does not occur on Hispaniola [obtained from GBIF,
iNaturalist and its absence from Acevedo-Rodriguez and
Strong (2012) in their Catalogue of Seed Plants of the West
Indies] is suboptimal, so botanists collecting on Hispaniola
are urged to look for species of this genus.

Morphology

Morphologically, Osmiopsis plumieri is most similar to
Chromolaena sinuata (see Table 2). We suggest that any
further investigation in artificial hybridization start with this
species as most likely maternal taxon, based on the ndhF
marker in the chloroplast genome. Identifying the most
likely paternal taxon, based on the nuclear ITS tree (Fig. 2)
that positioned Osmiopsis within Koanophyllon is more
challenging, as Koanophyllon is a very species-rich genus

Fig.5 Illustration of morpho-
logical terms used in the text
and in Table 2. a Imbricate
involucral bracts. b Eximbricate
involucral bracts. ¢ Involucral
bracts not persisting in fruiting
capitula (receptacle exposed).

d Semi-scandent habit. e-g
Leaves. Vouchers: a Chro-
molaena arrayana (Gardner)
R.M.King & H.Rob., Bringel
and Moreira 930 (UB); b
Koanophyllon myrtilloides
(DC.) R.M.King & Rob., Sobral
16036 (HUFSJ); ¢ & d C. odo-
rata (L.) RM.King & H.Rob.,
not vouchered; e Koanophyllon
phanioides (Urb. & Ekman)
R.M.King & H.Rob., Ekman
3955 (S); £ Osmiopsis plumieri
(Urb. & Ekman) R.M.King &
H.Rob., Ekman 6490 (LL); g
Chromolaena sinuata (Lam.)
R.M.King & H.Rob., Ekman
1914 (S). Photo credits &
image rights: a Henrique J.C.
Moreira; b Marcos E.G. Sobral;
¢ Vijayan Rajapuram; d Steve
Collins; e-g copyright belongs
to the cited herbaria

on Hispaniola (c. 35 species; Acevedo-Rodriguez and Strong
2012). Among these 35 species, K. phanioides, one of the
putative parents suggested by King and Robinson (1975),
appears to be morphologically most similar to O. plumi-
eri (Table 2). In addition to the reproductive characteristics
cited by King and Robinson, we would add the leaf shape,
that is lobed at the base and entire in the upper half, and the
long petioles (Fig. 5).

Conclusion

Our work adds further evidence to the theory that hybridi-
zation is common in the Asteraceae (Harris & Ingram
1992; Fehrer et al. 2007; Mandel et al. 2019). Testing for
incongruence between nuclear and chloroplast phylogenetic
trees is essential in this family if trees that combine nuclear
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and plastid data are to be correctly interpreted (see Online
Resource 3).

This raises the interesting question if the sister subtribes
Praxelinae and Critoniinae (Rivera et al. 2016) should
be combined or re-circumscribed. In this context, results
from target enrichment sequence capture (universal Angio-
sperms353 probe) that densely samples the nuclear genome
are interesting (Zuntini et al. 2024, Suppl. Figures 8, 18-22),
see also the continuously updated Tree of Life (Baker et al.
2022; https://treeoflife.kew.org/tree-of-life). Both trees show
a highly supported clade (PP=0.94 in Tree of Life, incongru-
ent bipartitions ~80% in Zuntini et al. 2024) of four genera,
two Critoniinae and two Praxelinae. For the Critoniinae,
Koanophyllum and Aristeguietia R.M. King & H.Rob. were
sampled, and for the Praxelinae, Chromolaena and Praxelis.
These are very large genera but were represented by one spe-
cies each. The genera did not segregate as would have been
expected in the currently accepted sister subtribes circum-
scription: it showed a ladder-like structure in which Aris-
teguietia was closer to Chromolaena and Praxelis (PP=1
in Tree of Life, incongruent bipartitions ~ 60-70% in Zuntini
et al. 2024) than to Koanophyllon.

As far as we are aware, our study is the first to suggest an
inter-subtribal generic hybrid supported by molecular data in
the Asteraceae. However, hybrid status of Osmiopsis should
be confirmed by further studies, such as chromosome counts,
complete sequencing of its chloroplast genome and that of
possible parental taxa and experimental hybridization of the
hypothetical parent taxa. Also, the possibility that the sub-
tribal circumscription is erroneous cannot be disregarded.
Our study is based on a moderately robust sample of subtribe
Praxelineae (100% of the genera and 16% of the species),
but subtribe Critoniinae remains vastly under-represented
with only 26% of its genera and 6% of the species sampled
(Herz 2004, updated by POWO 2024; Rivera et al. 2016).
Denser sampling in the Critoniinae is clearly much needed:
only with additional sampling we will be able to state with
confidence that Osmiopsis is a hybrid between genera of
two different subtribes, or between two genera of the same
subtribe.

Information on Electronic Supplementary Material

Online Resource 1. a Protocol for the PCR reactions. b Details of molecular
markers.

Online Resource 2. Vouchers for molecular markers with GenBank
accessions.

Online Resource 3. Bayesian 50% majority rule consensus phylogenetic
trees of Tribe Eupatorieae based on all markers (ITS, ETS, ndhF, ndhl and
ndhl-G IGS).

Online Resource 4. Bayesian 50% majority rule consensus phylogenetic
trees of Tribe Eupatorieae based on the nuclear markers (ITS1, ITS2 and
ETS).

Online Resource 5. Bayesian 50% majority rule consensus phylogenetic
trees of Tribe Eupatorieae based on the chloroplast markers (ndhF, ndhl
and ndhl-G IGS).
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Online Resource 6. Intergeneric Asteraceae hybrids in the British Isles.
Alignments and figures available at: https://doi.org/10.5281/zenodo.
17831643.

Competing interests The authors declare no competing interests.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00606-026-01990-5.

Acknowledgements We thank the University of Brasilia for institu-
tional and financial support (Edital DPG N°0011/2022), Coordenagio
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)—Bra-
zil- Finance Code 001 for a Ph. D. scholarship to RNR. ALC and
CEBP thank Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq)—Brazil for a Ph. D. grant and PQ2 Produtivi-
dade em Pesquisa 2021-2023 grant, respectively. We are most grateful
to José Panero for sending us the Osmiopsis plumieri samples to be
sequenced and for exhaustive searching of the TEX collections for
the voucher specimen of Chromolaena collina. Thanks are also due
to Nigel Barker and Costas Zachariades for kindly answering queries
regarding Chromolaena collina and to Cynthia Sothers (K) for sending
us the description of Chromolaena heterosquamea. Aristonio Teles
(UFG), Eric Hattori (UFVIM) and Jimi Nakajima (HUFU) provided
several helpful comments.

Author contributions R.N.R. and V.L.R. conceived the idea and exper-
imental design for the study. R.N.R. and A.L.C. collected material in
the field and examined herbarium material to gather morphological and
molecular data. R.N.R., C.C.V. and A.L.C. did laboratory work (DNA
extraction and amplification and/or measurements of plant structures).
A.L.C. produced the map. R.N.R. and V.L.R. curated and analyzed
the data. R.N.R. wrote the first draft of the manuscript and produced
the tables, illustrations and figures. C.E.B.P. supervised and provided
significant contributions to the manuscript. All authors provided com-
ments that improved the final version of the manuscript.

Funding The Article Processing Charge (APC) for the publication
of this research was funded by the Coordenagao de Aperfeicoamento
de Pessoal de Nivel Superior - Brasil (CAPES) (ROR identifier:
00x0Oma614). Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior,Finance code 001,Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico,Bolsa de Doutorado,PQ2 Produtividade em
Pesquisa 2021-2023

Data availability DNA Sequences have been uploaded to GenBank
without embargo. Alignments and trees have been uploaded to Zenodo.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://treeoflife.kew.org/tree-of-life
https://doi.org/10.5281/zenodo.17831643
https://doi.org/10.5281/zenodo.17831643
https://doi.org/10.1007/s00606-026-01990-5
http://creativecommons.org/licenses/by/4.0/

Molecular phylogenetics of Osmiopsis

Page110f12 33

References

Acevedo-Rodriguez P, Strong MT (2012) Catalogue of seed plants
of the West Indies. Smithsonian Institution Scholarly Press,
Washington

Arnold ML (1997) Natural hybridization and evolution. Oxford Uni-
versity Press, New York. https://doi.org/10.1093/0s0/9780195099
744.001.0001

Baker W], Bailey P, Barber V, Barker A, Bellot S, Bishop D, Botigué
LR, Brewer G, Carruthers T, Clarkson JJ, Cook J, Cowan RS,
Dodsworth S, Epitawalage N, Francoso E, Gallego B, Johnson
MG, Kim JT, Leempoel K, Maurin O, McGinnie C, Pokorny L,
Roy S, Stone M, Toledo E, Wickett NJ, Zuntini AR, Eiserhardt
WL, Kersey PJ, Leitch 1J, Forest F (2022) A comprehensive
phylogenomic platform for exploring the angiosperm tree of
life. Syst Biol 71:301-319. https://doi.org/10.1093/sysbio/syab0
35

Barber JC, Finch CC, Francisco-Ortega J, Santos-Guerra A, Jansen
RK (2007) Hybridization in Macaronesian Sideritis (Lami-
aceae): evidence from incongruence of multiple independent
nuclear and chloroplast sequence datasets. Taxon 56:74-88

Bautista HP (2000) Sistematica e filogenia de um género endémico
de Brasil: Acritopappus R.M. King & H. Rob. (Asteraceae,
Eupatorieae). MSc Thesis, Universidad de Santiago de Com-
postela, Santiago de Compostela

Chromolaena. Flora e Funga do Brasil (2025) Jardim Botanico do
Rio de Janeiro. Available at: https://floradobrasil.jbrj.gov.br/
FB26969. Accessed 28 Aug 2025

Clark K, Karsch-Mizrachi, I. Lipman DJ, Ostell J, Sayers E (2016)
Genbank. Nucleic Acids Res 44:D67-D72

Cunningham CW (1997) Can three incongruence tests predict when
data should be combined? Molec Biol Evol 14:733-740. https://
doi.org/10.1093/oxfordjournals.molbev.a025813

Darlu P, Lecointret G (2002) When does the incongruence length
difference test fail? Molec Biol Evol 19:432-437. https://doi.
org/10.1093/oxfordjournals.molbev.a004098

Darriba D, Taboada GL, Doallo R, Posada D (2012) JModelTest 2:
more models, new heuristics and parallel computing. Nature
Meth 9:772. https://doi.org/10.1038/nmeth.2109

Doyle 1], Doyle JL (1987) Isolation of plant DNA from fresh tissue.
Focus (Madison) 12:13-15

Edgar RC (2004) Muscle: multiple sequence alignment with high
accuracy and high throughput. Nucl Acids Res 32:1792-1797.
https://doi.org/10.1093/nar/gkh340

Farris JS, Killersjo M, Kluge AG, Bult C (1994) Testing signifi-
cance of incongruence. Cladistics 10:315-319. https://doi.org/
10.1111/§.1096-0031.1994.tb00181.x

Fehrer J, Gemeinholzer B, Chrtek J, Brautigam S (2007) Incongruent
plastid and nuclear DNA phylogenies reveal ancient intergeneric
hybridization in Pilosella hawkweeds (Hieracium, Cichorieae,
Asteraceae). Molec Phylogen Evol 42:347-361. https://doi.org/
10.1016/j.ympev.2006.07.004

Fernandes AC (2014) Sistematica de Heterocondylus R.M. King &
H. Rob. (Eupatorieae, Asteraceae). PhD Thesis, Universidade
Federal de Minas Gerais, Minas Gerais

Francisco-Ortega J, Jansen RK, Santos-Guerra A (1996) Chloro-
plast DNA evidence of colonization, adaptive radiation, and
hybridization in the evolution of the Macaronesian flora. Proc
Natl Acad Sci USA 93:4085-4090. https://doi.org/10.1073/
pnas.93.9.4085

Francisco-Ortega J, Ventosa I, Oviedo R, Jiménez F, Herrera P, Maun-
der M, Panero JL (2008) Caribbean Island Asteraceae: systemat-
ics, molecules, and conservation on a biodiversity hotspot. Bot
Rev 74:112-131. https://doi.org/10.1007/s12229-008-9008-6

Greiner S, Sobanski J, Bock R (2015) Why are most organelle genomes
transmitted maternally? BioEssays 37:80-94. https://doi.org/10.
1002/bies.201400110

Grossi MA, Viera Barreto JN, Plos A, Rodriguez-Cravero JF, Forte
NB, Gutiérrez DG, Sancho G (2020) Providing tools for the reas-
sessment of Eupatorieae (Asteraceae): Comparative and statisti-
cal analysis of reproductive characters in South American taxa.
Perspect Pl Ecol Evol Syst. https://doi.org/10.1016/j.ppees.2020.
125566

Guindon S, Gascuel O (2003) A Simple, Fast, and Accurate Algorithm
to Estimate Large Phylogenies by Maximum Likelihood. Syst Biol
52:696-704. https://doi.org/10.1080/10635150390235520

Harris SA, Ingram R (1992) Molecular systematics of the genus
Senecio L. i: hybridization in a british polyploid complex.
Heredity (Edinburgh) 69:1-10. https://doi.org/10.1038/hdy.
1992.88

Herz W (2004) Chemistry of the Critoniinae. Biochem Syst Ecol
32:1159-1185. https://doi.org/10.1016/j.bse.2004.04.012

Hipp AL, Hall JC, Sytsma KJ (2004) Congruence versus phylogenetic
accuracy: revisiting the incongruence length difference test. Syst
Biol 53:81-89. https://doi.org/10.1080/10635150490264752

Keil DJ, Luckow MA, Pinkava DJ (1988) Chromosome studies in
Asteraceae from the United States, Mexico, the West Indies, and
South America. Amer J Bot 75:652. https://doi.org/10.2307/24441
99

Kilian N, Sennikov A, Wang ZH, Gemeinholzer B, Zhang JW (2017)
Sub-paratethyan origin and middle to late miocene principal
diversification of the Lactucinae (Compositae: Cichorieae)
inferred from molecular phylogenetics, divergence-dating and
biogeographic analysis. Taxon 66:675-703. https://doi.org/10.
12705/663.9

King RM, Robinson HE (1970) Studies in the Eupatorieae (Composi-
tae). XXIX. The genus Chromolaena. Phytologia 20:196-209.
https://doi.org/10.5962/bhl.part.7118

King RM, Robinson H (1975) Studies in the Eupatorieae (Asteraceae).
CXLIX. A new genus Osmiopsis. Phytologia 32:250-251

King RM, Robinson HE (1987) The genera of the Eupatorieae (Aster-
aceae). Missouri Botanical Garden, St. Louis

Mandel JR, Dikow RB, Siniscalchi CM et al (2019) A fully resolved
backbone phylogeny reveals numerous dispersals and explosive
diversifications throughout the history of Asteraceae. Proc Natl
Acad Sci USA 116:14083-14088. https://doi.org/10.1073/pnas.
1903871116

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES
Science Gateway for inference of large phylogenetic trees. In:
2010 Gateway Computing Environments Workshop. GCE, New
Orleans, pp 1-8

Nakajima JN, Ferreira SC, Fernandes AC et al (2017) Tribo Eupato-
rieae Cass. In: Roque N, Teles AM, Nakajima JN (eds) A familia
Asteraceae no Brasil: classificacao e diversidade. Editora da Uni-
versidade Federal da Bahia, Salvador, pp 209-230

Pelser PB, Kennedy AH, Tepe EJ, Shidler JB, Nordenstam B, Kadereit
JW, Watson LE (2010) Patterns and causes of incongruence
between plastid and nuclear Senecioneae (Asteraceae) phylog-
enies. Amer J Bot 97:856-873. https://doi.org/10.3732/ajb.09002
87

POWO (2024) Plants of the World Online. Royal Botanic Gardens,
Kew. Available at: http://www.plantsoftheworldonline.org/.
Accessed 1 Apr 2024

Rambaut A, Suchard MA, Xie D, Drummond AJ (2014) Tracer v.1.7.2.
Available at: https://www.beast2.org/tracer-2

Rambaut A (2010) FigTree v.1.4.4. Available at: http://tree.bio.ed.ac.
uk/software/figtree/

Riahi M, Zarre S, Maassoumi AA, Attar F, Kazempour Osaloo S (2010)
An inexpensive and rapid method for extracting papilionoid

@ Springer


https://doi.org/10.1093/oso/9780195099744.001.0001
https://doi.org/10.1093/oso/9780195099744.001.0001
https://doi.org/10.1093/sysbio/syab035
https://doi.org/10.1093/sysbio/syab035
https://floradobrasil.jbrj.gov.br/FB26969
https://floradobrasil.jbrj.gov.br/FB26969
https://doi.org/10.1093/oxfordjournals.molbev.a025813
https://doi.org/10.1093/oxfordjournals.molbev.a025813
https://doi.org/10.1093/oxfordjournals.molbev.a004098
https://doi.org/10.1093/oxfordjournals.molbev.a004098
https://doi.org/10.1038/nmeth.2109
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1111/j.1096-0031.1994.tb00181.x
https://doi.org/10.1111/j.1096-0031.1994.tb00181.x
https://doi.org/10.1016/j.ympev.2006.07.004
https://doi.org/10.1016/j.ympev.2006.07.004
https://doi.org/10.1073/pnas.93.9.4085
https://doi.org/10.1073/pnas.93.9.4085
https://doi.org/10.1007/s12229-008-9008-6
https://doi.org/10.1002/bies.201400110
https://doi.org/10.1002/bies.201400110
https://doi.org/10.1016/j.ppees.2020.125566
https://doi.org/10.1016/j.ppees.2020.125566
https://doi.org/10.1080/10635150390235520
https://doi.org/10.1038/hdy.1992.88
https://doi.org/10.1038/hdy.1992.88
https://doi.org/10.1016/j.bse.2004.04.012
https://doi.org/10.1080/10635150490264752
https://doi.org/10.2307/2444199
https://doi.org/10.2307/2444199
https://doi.org/10.12705/663.9
https://doi.org/10.12705/663.9
https://doi.org/10.5962/bhl.part.7118
https://doi.org/10.1073/pnas.1903871116
https://doi.org/10.1073/pnas.1903871116
https://doi.org/10.3732/ajb.0900287
https://doi.org/10.3732/ajb.0900287
http://www.plantsoftheworldonline.org/
https://www.beast2.org/tracer-2
http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/

33 Page120f12

R. N. Ribeiro et al.

genomic DNA from herbarium specimens. Genet Molec Res
9:1334-1342. https://doi.org/10.4238/vol9-3gmr839

Ribeiro RN, Rivera VL, Bringel Junior JBA et al (2022) Re-evaluation
of Praxelis (Asteraceae, Eupatorieae) in Brazil and description of
Praxelis scaturicola, an unusual riverine species. Syst Bot 46:1131—
1140. https://doi.org/10.1600/036364421x16370109698713

Ribeiro RN (2023) Sistematica e Filogenia da subtribo Praxelinae
R.M.King & H.Rob. (Asteraceae, Eupatorieae). PhD Thesis,
Universidade de Brasilia, Brasilia

Rice A, Glick L, Abadi S, Einhorn M, Kopelman NM, Salman-Minkov
A, Mayzel J, Chay O, Mayrose I (2015) The Chromosome Counts
Database (CCDB)-a community resource of plant chromosome
numbers. New Phytol 206:19-26. https://doi.org/10.1111/nph.
13191

Rieseberg LH, Soltis DE (1991) Phylogenetic consequences of cyto-
plasmic gene flow in plants. Evol Trends P1 5:65-84

Rieseberg LH, Raymond O, Rosenthal DM, Lai Z, Livingstone K,
Nakazato T, Durphy JL, Schwarzbach AE, Donovan LA, Lexer
C (2003) Major ecological transitions in wild sunflowers facili-
tated by hybridization. Science 301:1211-1216. https://doi.org/
10.1126/science.1086949

Rivera VL, Panero JL, Schilling EE, Crozier BS, Moraes MD (2016)
Origins and recent radiation of Brazilian Eupatorieae (Asteraceae)
in the eastern Cerrado and Atlantic Forest. Molec Phylogen Evol
97:90-100. https://doi.org/10.1016/j.ympev.2015.11.013

Rivera VL (2015) Phylogeny and evolutionary diversification of a
South American radiation: the Brazilian Eupatorieae (Asteraceae).
PhD Thesis, The University of Texas, Austin

Robinson HE, Powell AM, Carr GD et al (1989) Chromosome num-
bers in Compositae, XVI: Eupatorieae II. Ann Missouri Bot Gard
76:1004-1011

Robinson HE, Schilling EE, Panero JL (2009) Eupatorieae. In: Funk
VA, Suzana A, Stuessy TF, Bayer RJ (eds) Systematics, evolution,
and biogeography of Compositae. IAPT-International Association
of Plant Taxonomy, Vienna, pp 731-744

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: bayesian phylogenetic
inference under mixed models. Bioinformatics 19:1572-1574.
https://doi.org/10.1093/bioinformatics/btg180

Salgado VG, Grossi MA, Ribeiro RN, Proenca CEB, Gutiérrez DG
(2022) Understanding Praxelis (Asteraceae, Eupatorieae): an
updated taxonomy with lectotypifications and morphological and
distributional clarifications. Austral Syst Bot 35:296-316. https://
doi.org/10.1071/sb21027_co

Schilling EE (2011) Hybrid genera in Liatrinae (Asteraceae: Eupa-
torieae). Molec Phylogen Evol 59:158-167. https://doi.org/10.
1016/j.ympev.2011.01.011

Schuster TM, Setaro SD, Tibbits JFG, Batty EL, Fowler RM, McLay
TGB, Wilcox S, Ades PK, Bayly MJ (2018) Chloroplast varia-
tion is incongruent with classification of the Australian blood-
wood eucalypts (genus Corymbia, family Myrtaceae). PLoS ONE
13:e0195034. https://doi.org/10.1371/journal.pone.0195034

Stace C, Preston CD, Pearman DA, Abbott RJ (2015) Hybrid Flora of
the British Isles. Botanical Society of Britain and Ireland, Bristol

Swofford DL (2002) PAUP* phylogenetic analysis using parsimony
(*and other methods). v. 4.0. Sinauer Associates, Sunderland

Torres AM, Liogier AH (1970) Chromosome numbers of Dominican
Compositae. Brittonia 22:240-245. https://doi.org/10.2307/28059
06

Urban I (1921) Sertum Antillanum. X. Feddes Repert 17:6-11

Urban I (1931) Plantae Haitienses et Dominguenses novae vel rariores
IX acl. E. L. Ekman 1924-1930 lectae. Ark Bot 23A:1-103

Wang ZH, Peng H, Kilian N (2013) Molecular phylogeny of the Lac-
tuca alliance (Cichorieae subtribe Lactucinae, Asteraceae) with
focus on their Chinese centre of diversity detects potential events
of reticulation and chloroplast capture. PLoS One 12:e82692.
https://doi.org/10.1371/journal.pone.0082692

@ Springer

Watanabe K, King RM, Yahara T, Ito M, Yokoyama J, Suzuki T, Craw-
ford DJ (1995) Chromosomal cytology and evolution in Eupato-
ricae (Asteraceae). Ann Missouri Bot Gard 82:581-592. https://
doi.org/10.2307/2399838

WFO (2025): World Flora Online. Available at: http://www.worldflora
online.org. Accessed 28 Aug 2025

Zuntini AR, Carruthers T, Maurin O, Bailey PC, Leempoel K, Brewer
GE, Epitawalage N, Francoso E, Gallego-Paramo B, McGinnie C,
Negrao R, Roy SR, Simpson L, Toledo Romero E, Barber VMA,
Botigué L, Clarkson JJ, Cowan RS, Dodsworth S, Johnson MG,
Kim JT, Pokorny L, Wickett NJ, Antar GM, DeBolt L, Gutier-
rez K, Hendriks KP, Hoewener A, Hu AQ, Joyce EM, Kikuchi
TABS, Larridon I, Larson DA, de Lirio EJ, Liu JX, Malakasi
P, Przelomska NAS, Shah T, Viruel J, Allnutt TR, Ameka GK,
Andrew RL, Appelhans MS, Arista M, Ariza MJ, Arroyo J, Art-
han W, Bachelier JB, Bailey CD, Barnes HF, Barrett MD, Barrett
RL, Bayer RJ, Bayly MJ, Biffin E, Biggs N, Birch JL, Bogarin D,
Borosova R, Bowles AMC, Boyce PC, Bramley GLC, Briggs M,
Broadhurst L, Brown GK, Bruhl JJ, Bruneau A, Buerki S, Burns
E, Byrne M, Cable S, Calladine A, Callmander MW, Cano A,
Cantrill DJ, Cardinal-McTeague WM, Carlsen MM, Carruthers
AJA, de Castro Mateo A, Chase MW, Chatrou LW, Cheek M,
Chen S, Christenhusz MJM, Christin PA, Clements MA, Cof-
fey SC, Conran JG, Cornejo X, Couvreur TLP, Cowie ID, Csiba
L, Darbyshire I, Davidse G, Davies NMJ, Davis AP, van Dijk
KJ, Downie SR, Duretto MF, Duvall MR, Edwards SL, Eggli U,
Erkens RHJ, Escudero M, de la Estrella M, Fabriani F, Fay MF,
Ferreira PL, Ficinski SZ, Fowler RM, Frisby S, Fu L, Fulcher T,
Galbany-Casals M, Gardner EM, German DA, Giaretta A, Giber-
nau M, Gillespie LJ, Gonzalez CC, Goyder DJ, Graham SW, Grall
A, Green L, Gunn BF, Gutiérrez DG, Hackel J, Haevermans T,
Haigh A, Hall JC, Hall T, Harrison MJ, Hatt SA, Hidalgo O, Hod-
kinson TR, Holmes GD, Hopkins HCF, Jackson CJ, James SA,
Jobson RW, Kadereit G, Kahandawala IM, Kainulainen K, Kato
M, Kellogg EA, King GJ, Klejevskaja B, Klitgaard BB, Klopper
RR, Knapp S, Koch MA, Leebens-Mack JH, Lens F, Leon CJ,
Léveillé-Bourret E, Lewis GP, Li DZ, Li L, Liede-Schumann S,
Livshultz T, Lorence D, Lu M, Lu-Irving P, Luber J, Lucas EJ,
Lujan M, Lum M, Macfarlane TD, Magdalena C, Mansano VF,
Masters LE, Mayo SJ, McColl K, McDonnell AJ, McDougall
AE, McLay TGB, McPherson H, Meneses RI, Merckx VSFT,
Michelangeli FA, Mitchell JD, Monro AK, Moore MJ, Mueller
TL, Mummenhoff K, Munzinger J, Muriel P, Murphy DJ, Nar-
gar K, Nauheimer L, Nge FJ, Nyffeler R, Orejuela A, Ortiz EM,
Palazzesi L, Peixoto AL, Pell SK, Pellicer J, Penneys DS, Perez-
Escobar OA, Persson C, Pignal M, Pillon Y, Pirani JR, Plunkett
GM, Powell RF, Prance GT, Puglisi C, Qin M, Rabeler RK, Rees
PEJ, Renner M, Roalson EH, Rodda M, Rogers ZS, Rokni S, Rut-
ishauser R, de Salas MF, Schaefer H, Schley RJ, Schmidt-Leb-
uhn A, Shapcott A, Al-Shehbaz I, Shepherd KA, Simmons MP,
Simdes AO, Simdes ARG, Siros M, Smidt EC, Smith JF, Snow N,
Soltis DE, Soltis PS, Soreng RJ, Sothers CA, Starr JR, Stevens PF,
Straub SCK, Struwe L, Taylor JM, Telford IRH, Thornhill AH,
Tooth I, Trias-Blasi A, Udovicic F, Utteridge TMA, Del Valle JC,
Verboom GA, Vonow HP, Vorontsova MS, de Vos JM, Al-Wattar
N, Waycott M, Welker CAD, White AJ, Wieringa JJ, Williamson
LT, Wilson TC, Wong SY, Woods LA, Woods R, Worboys S, Xan-
thos M, Yang Y, Zhang YX, Zhou MY, Zmarzty S, Zuloaga FO,
Antonelli A, Bellot S, Crayn DM, Grace OM, Kersey PJ, Leitch
1J, Sauquet H, Smith SA, Eiserhardt WL, Forest F, Baker WJ. Phy-
logenomics and the rise of the angiosperms. Nature 629:843-850.
https://doi.org/10.1038/s41586-024-07324-0

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.4238/vol9-3gmr839
https://doi.org/10.1600/036364421x16370109698713
https://doi.org/10.1111/nph.13191
https://doi.org/10.1111/nph.13191
https://doi.org/10.1126/science.1086949
https://doi.org/10.1126/science.1086949
https://doi.org/10.1016/j.ympev.2015.11.013
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1071/sb21027_co
https://doi.org/10.1071/sb21027_co
https://doi.org/10.1016/j.ympev.2011.01.011
https://doi.org/10.1016/j.ympev.2011.01.011
https://doi.org/10.1371/journal.pone.0195034
https://doi.org/10.2307/2805906
https://doi.org/10.2307/2805906
https://doi.org/10.1371/journal.pone.0082692
https://doi.org/10.2307/2399838
https://doi.org/10.2307/2399838
http://www.worldfloraonline.org
http://www.worldfloraonline.org
https://doi.org/10.1038/s41586-024-07324-0

	Molecular phylogenetics suggest Osmiopsis (Asteraceae) could be a rare inter-subtribal hybrid genus on Hispaniola
	Abstract
	Introduction
	Material and methods
	Sampling and phylogenetic analyses
	Geographic distribution
	Morphology

	Results
	Phylogenetic trees
	Evidence of hybrid origin
	Geographic distribution
	Morphology

	Discussion
	Phylogenetic trees
	Geographic distribution
	Morphology

	Conclusion
	Information on Electronic Supplementary Material

	Competing interests
	Acknowledgements 
	References




