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Barleria is a genus of approximately 300 species of herbs, shrubs or, rarely, trees, that is broadly distributed
across the Paleotropics. The genus is especially diverse in Tanzania, Angola, and Madagascar. A recent molecular
study sampled 53 Barleria species and gathered data for five molecular markers (i.e., four chloroplast loci and the
nuclear nrITS) to find support for the recognition of two subgenera previously circumscribed based on
morphology, subg. Barleria and subg. Prionitis. That study further reconstructed four previously recognized
sections (i.e., Fissimura, Prionitis, Somalia, Stellatohirta) as monophyletic, while three others (i.e., Barleria, Cav
irostrata, Chrysothrix) were recovered as para- or polyphyletic. The present study aimed to reconstruct phylo
genetic relationships within Barleria based on a broader sample of taxa and many more characters. We sampled
190 accessions representing 184 taxa, including varieties and subspecies. The dataset includes 167 of the ca. 300
species currently recognized or about 56% of total species diversity. We relied heavily on herbarium specimens
to sample across the taxonomic breadth and geographic range of Barleria. Single nucleotide polymorphism data
were generated using double-digest restriction-site associated DNA sequencing (ddRADseq). The maximum
likelihood phylogeny corroborated the topology estimated from the chloroplast and nrITS data, but with greatly
increased resolution and support for fine-scale relationships. A coalescent analysis failed to resolve distant
evolutionary relationships across Barleria and between Barleria and outgroups, but recovered the same or similar
topologies within each Barleria section. Importantly, the ddRADseq phylogeny recovered seven major lineages
within subg. Barleria and resolved a polytomy that included B. cristata, the type species of the genus. The to
pology suggests at least four independent dispersal events to Madagascar followed by three subsequent radia
tions. Our results broadly inform our understanding of diversity and evolution in one of the largest genera of
Acanthaceae, representing an important step towards a stable subgeneric classification for the genus.

1. Introduction
Barleria L. includes about 300 species and is one of the largest genera
in Acanthaceae (Balkwill and Balkwill, 1997; Darbyshire et al., 2019a).
Tribe Barlerieae (Darbyshire et al., 2019a, 2019b; McDade et al., 2008)
includes 13 currently recognized genera: Barleria, Barleriola Oerst.,
Borneacanthus Bremek., Boutonia DC., Chroesthes Benoist, Crabbea Harv.,
Hulemacanthus S. Moore, Lasiocladus Bojer ex Nees, Lepidagathis Willd.,
Pericalypta Benoist, Podorungia Baill., Pseudodicliptera Benoist, and
Schaueriopsis Champl. and I. Darbysh. (Manzitto-Tripp et al., 2021).
Barlerieae is sister to Andrographideae; together these are part of a clade

that also includes Whitfieldieae and Neuracanthus Nees, informally
referred to as the BAWN clade by McDade et al. (2008). Note that BAWN
is drawn from the first letters of the names of the four relevant clades.
The split between Barlerieae and Andrographideae is estimated to have
occurred 30–44 million years ago (Tripp and McDade, 2014).
Species of Barleria are variable with regard to habit, and vegetative
and reproductive morphology (Fig. 1). Plants are typically herbs or
shrubs, rarely trees (Darbyshire and Luke, 2016), and can be recognized
by a combination of characters (McDade et al., 2008). The four-lobed
calyx consists of a small lateral pair and a larger anterior-posterior
pair arranged perpendicularly; the lateral lobes are often hidden by
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the larger pair. Cystoliths (mineral deposits in epidermal cells of the
shoot leaves) are positioned in adjacent cells of the leaf such that they
appear double. Pollen is spherical and honeycombed. As noted by Dar
byshire et al. (2019a), some of these characters are shared with closely
related genera: similar four-lobed calyces are found in some Lepidagathis
and some Crabbea have similarly shaped pollen. The androecium of
Barleria is of four or five (rarely two) stamens and staminodes; the
abaxial pair are fully developed and the other staminal elements are
typically reduced (Darbyshire et al., 2019a). The filaments of the abaxial
pair of stamens twist through 180◦ and cross distal to the synstapetal
zone. This feature is a potential synapomorphy for the genus, although it
has not yet been documented for all species (Balkwill and Balkwill,
1998; Darbyshire et al., 2015, 2019a).
Barleria is widely distributed across the Paleotropics. Diversity is
highest in South and East Africa, and multiple species occur in South
Asia, especially the Indian subcontinent (Balkwill and Balkwill, 1998;
Darbyshire et al., 2019a). One species, B. oenotheroides Dum. Cours.,
occurs naturally in west equatorial Africa and in tropical America
(Martín-Bravo and Daniel, 2016); no other species are naturally occur
ring in the Americas. Many species are endemic to narrow geographic
regions, especially in Angola, Madagascar, South Africa, and Tanzania
(Balkwill and Balkwill, 1998; Darbyshire et al., 2019a). Madagascar is
known for its high levels of endemism: of at least 32 Barleria known from
Madagascar, 29 (~90%) are endemic to the island (Darbyshire et al.,
2019a), a number comparable to the 87% endemism estimated for the
flora as a whole (Goodman and Benstead, 2005; Yoder and Nowak,
2006; Madagascar Catalogue, 2021). Soil type or substrate may play an
important role in the narrow endemism of Barleria. For instance,
B. greenii M.Balkwill & K.Balkwill is restricted to heavy, black clay in
KwaZulu-Natal Province of South Africa, whereas B. dolomiticola M.
Balkwill & K.Balkwill is restricted to dolomite outcrops in Mpumalanga

Province of South Africa (Balkwill and Balkwill, 1998; Darbyshire et al.,
2019a).
Barleria is most species rich in woodlands, bushlands, and dry rocky
areas of eastern and southern Africa (Darbyshire et al., 2015), although
habitat preferences are quite variable. Barleria is well represented in
both desert habitats (e.g., the Namib Desert, Namibia and Angola; the
Horn of Africa), and in moister habitats, including both lowland and
montane wet forests throughout its range (Balkwill and Balkwill, 1998;
Darbyshire et al., 2014, 2019b, 2020; Martín-Bravo and Daniel, 2016).
Given that many species are highly restricted in distribution, a sig
nificant number are of conservation concern. Ninety species of Barleria
have been assessed on the International Union for the Conservation of
Nature’s Red List (IUCN, 2021). Of these, 34 are considered of Least
Concern, two are considered Near Threatened, 19 are considered
Vulnerable, 29 are considered Endangered, two are Critically Endan
gered, and four are Data Deficient. It is likely that additional species that
have not yet been evaluated will also prove to be threatened. For
example, one recently described species in Eswatini, B. lebomboensis I.
Darbysh, and one in northern Madagascar, B. microcalyx I.Darbysh, are
thought to be Endangered, while a third species, B. speciosa I.Darbysh., is
thought to be Critically Endangered. In all cases, these plants have
limited ranges and other threats, but are not yet on the IUCN Red List
(Darbyshire et al., 2014, 2017). Given these high rates of extinction risk,
Barleria should be considered for conservation planning.
Barleria was first formally described by Linnaeus (1753) based on
Barleria cristata L. It has been difficult to classify the genus because many
morphological characters that are consistent in other genera of Acan
thaceae are highly variable in Barleria (Balkwill and Balkwill, 1997;
Bentham and Hooker, 1876; Obermeyer, 1933). Using information from
morphology, anatomy, and geography, Balkwill and Balkwill (1997)
classified 240 of the 300 Barleria species (ca. 70% of the overall

Fig. 1. Barleria floral diversity. (A) B. rotundifolia, (B) B. lupulina corolla, and (C) B. lupulina corolla lateral view; (D) B. albostellata, photograph by Laymon Ball; and
(E) B. oenotheroides habit, (F) B. oenotheroides (G) B. oenotheroides in ultraviolet.
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Barleria species) to thoroughly assess relationships across Barleria. We
then use the resulting phylogenetic framework to test the subgeneric and
sectional classification of Barleria proposed by Darbyshire et al. (2019a).
Our RADseq phylogeny of Barleria provides a robust framework that
advances understanding of the diversity and evolution of one of the
largest genera of Acanthaceae. It also provides insight into its biogeo
graphical history, especially regarding putative dispersal events be
tween mainland Africa and Madagascar. Characterizing the genetic and
morphological diversity of Barleria also establishes a framework for
future comparative biology studies and for assessing global conservation
priorities in this large and ecologically important genus.

diversity) into two subgenera and seven sections, as follows: subgenus
Barleria with two sections (i.e., Barleria and Chrysothrix M.Balkwill) and
subgenus Prionitis with five sections (i.e., Cavirostrata M.Balkwill, Fissi
mura M.Balkwill, Stellatohirta M.Balkwill, Somalia (Oliv.) Lindau, Prio
nitis (Nees) Lindau) (Table 1).
A number of studies based on morphology (e.g., Balkwill and Balk
will, 1997; Obermeyer, 1933; Scotland and Vollesen, 2000), have led to
well thought-out classifications for the genus that can be tested with
molecular-based phylogenetic analyses. Darbyshire et al. (2019a) used
molecular data to test the monophyly of Barleria and assess support for
previous subgeneric and sectional classifications. Their analysis of
chloroplast intergenic spacers (trnG-S, ndhF-rpl32R, rpl32F-trnL) and the
nuclear ribosomal internal transcribed spacer (nrITS) showed that
several of the morphological characters proposed by Balkwill and
Balkwill (1997) for subgeneric and sectional classification were homo
plasious. This led to a revised subgeneric classification of the genus
(Darbyshire et al., 2019a). The new classification recognized two sub
genera and three sections, as follows: Subgenera Barleria and Prionitis
were largely supported, except that the four sampled species of sect.
Fissimura, previously treated in subg. Prionitis, were resolved as a clade
in subg. Barleria sect. Barleria, rendering sect. Barleria paraphyletic
(Darbyshire et al., 2019a). Additionally, section Chrysothrix was found
to be polyphyletic and section Cavirostrata was found to be nested within
sect. Somalia, which was thus paraphyletic. In light of these findings,
Darbyshire et al. (2019a) proposed subg. Prionitis to contain three sec
tions: Prionitis, Somalia, Stellatohirta; no sections were proposed for subg.
Barleria (Table 1).
The molecular study of Darbyshire et al. (2019a) tested subgeneric
and sectional relationships within the genus but taxon and character
sampling was limited. Notably, only 53 of ca. 300 species of Barleria
(~17% of species in the genus) were sampled. Additionally, incomplete
resolution prevented a full understanding of relationships in several
areas of the tree, particularly in sects. Prionitis and Somalia, and in subg.
Barleria. Furthermore, different methods of phylogenetic estimation
resulted in partially incongruent topologies where relationships were
strongly supported in some analyses, but weakly supported (or not
recovered) in others, highlighting the need for additional phylogentic
studies in the group.
Among the many next-generation sequencing (NGS) approaches now
available, restriction-site associated DNA sequencing, or RADseq (Baird
et al., 2008; Davey and Blaxter, 2010), has been used to generate
thousands of primarily nuclear loci for phylogenetic analysis. For
example, Clugston et al. (2019) found that only 0.8–5% of cycad RADseq
reads mapped to the chloroplast genome. RADseq has also been used
recently within Acanthaceae with considerable success to reconstruct
phylogenetic relationships within Louteridium (Daniel and Tripp, 2018),
Monechma s.l. (Darbyshire et al., 2020), Petalidium (Tripp et al., 2017),
and Ruellieae (Tripp and Darbyshire, 2020).
This study aims to use RADseq and a dense sample of taxa (56% of

2. Material and methods
2.1. Sampling
A total of 192 accessions were sampled, 182 from Barleria plus ten
outgroup accessions representing six genera, (i.e., Andrographis Wall. ex
Nees, Crabbea, Justicia L., Lepidagathis, Neuracanthus, and Whitfieldia
Hook.). Crabbea and Lepidagathis are members of the tribe Barlerieae.
Barlerieae, together with neighboring lineages Andrographis, Whitfieldia,
and Neuracanthus form the BAWN clade described by McDade et al.
(2008). The sampling strategy represents the morphological diversity
and geographic range of the genus. The least well-sampled region was
Asia (13 of 30 Asian taxa included). We sampled the type species of all
seven sections proposed by Balkwill and Balkwill (1997) and included at
least 50% of the species diversity in each section, as follows: sect. Bar
leria, 83 of 104 accepted taxa; sect. Cavirostrata, four of eight; sect.
Chrysothrix, 8 of 15; sect. Fissimura, 13 of 18; sect. Prionitis, 44 of 55;
sect. Somalia, 43 of 73; and sect. Stellatohirta, nine of 14. Eight samples
were from plants grown in the CSU Long Beach greenhouse (California,
USA); most accessions were from herbarium specimens, including 132 of
the 192 samples from Kew.
2.2. DNA extraction
DNA was extracted from leaf samples using a modified CTAB method
(Doyle and Doyle, 1987). Extractions from fresh material were precipi
tated in a − 20 ◦ C freezer for 1–3 days whereas herbarium material was
precipitated for 4–5 days or up to two weeks to increase DNA yield. DNA
quality was assessed by gel electrophoresis, with gels of 1% agarose
post-stained with ethidium bromide. Extractions with high molecular
weight bands or smears were cleaned using Qiagen PCR clean-up kits
(Qiagen, California, USA) following the manufacturer’s instructions
except that DNA was eluted with 30 µl of millipore water, incubated at
room temperature for 5 min, and spun at 8,000 rpm for 1 min. This
process was repeated with another 30 µl of millipore water.
Quantity and concentration of DNA were assessed using BioTek In
struments (Winooski, VT) Synergy H1 Hybrid Multi-Mode Microplate
Reader, with a target concentration of 20–40 ng/µl. If DNA extractions
were of low quality or of low concentration, samples were re-extracted
with the precipitation time increased to as long as two weeks.

Table 1
Classification of Barleria subgenera and sections based on morphological data
(Balkwill and Balkwill, 1997) and chloroplast and nrITS loci (Darbyshire et al.,
2019a). Darbyshire et al. (2019) proposed to subsume sect. Chrysothrix and sect.
Fissimura within subgenus Barleria and subsume sect. Cavirostrata into sect.
Somalia.
Balkwill and Balkwill (1997)

Darbyshire et al. (2019a)

Subgenus Barleria
sect. Barleria
sect. Chrysothrix
Subgenus Prionitis
sect. Cavirostrata
sect. Fissimura
sect. Prionitis
sect. Somalia
sect. Stellatohirta

Subgenus Barleria

2.3. RAD sequencing
The 192 samples were prepared for double-digest RADseq (Baird
et al., 2008; Davey and Blaxter, 2010) following the protocol developed
by Parchman et al. (2012). Following Tripps et al. (2017), an additional
genomic DNA fragmentation step used the restriction enzymes EcoRI
and MseI. We used 6 µl of DNA in each well (20–40 ng/µl) for 120–240
ng total. The unique barcodes developed by Tripp et al. (2017) were
prepared by IDT (Coralville, IA, USA) and ligated to DNA fragments
following Parchman et al. (2012) and Tripp et al. (2017). Once all
sample libraries were prepared, the resulting PCR amplicons were
combined and sent to the University of California, Riverside Institute for
Integrative Genome Biology Genomics Core Facility for sequencing.

Subgenus Prionitis
sect. Prionitis
sect. Somalia
sect. Stellatohirta
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Overall, 200–500 base fragments were size-selected using a Sage Sci
entific Blue Pippin, and 192 samples were multiplexed and sequenced on
two lanes (96 samples each) of an Illumina NextSeq 500 (San Diego, CA)
using Single End 100 bp kits.

computational limitations prevented us from fully sampling all
52,602,165 possible quartets. Instead, we sampled 20,000,000 quartets
for all 190 taxa with 100 bootstrap replicates. Given the level of missing
data and incomplete quartet sampling (38% of possible quartets), we
anticipated reduced resolution and support in this analysis. We subse
quently sampled all possible quartets using 100 bootstrap replicates for
each of the seven major clades identified in the IQtree analysis. The
analysis of each clade included two to three representatives of sister
clades as outgroups, with subsets taken from the full ipyrad alignment.
The maximum number of quartets (-q) sampled was set to 500,000 to
ensure full sampling of possible quartets based on the number of taxa in
each clade. The clade-by-clade tetrad analyses used the following sam
pling scheme: Crassa clade, 40 taxa, 98,782 SNPs, 91,390 quartets;
Cristata clade, 54 taxa, 355,373 SNPs, 316,251 quartets; sect. Prionitis
clade, 49 taxa, 249,527 SNPs, 211,876 quartets; Somalia clade, 45 taxa,
281,091 SNPs, 148,995 quartets; sect. Stellatohirta, 11 taxa, 1,266 SNPs,
330 quartets; and Strigosa, Fissimura, Monticola, and Chrysothrix, 35
taxa, 69,529 SNPs, 52,360 quartets.

2.4. Assembly and alignment
RADseq raw sequence reads were processed using the HighPerformance Computing Center (HPCC) at the University of California,
Riverside. Reads were assembled de novo based on Tripp et al.’s (2017)
finding that de novo assembly of Petalidium sequence reads resulted in
better phylogenetic resolution and branch support than assembling to a
reference. Additionally, no reference genomes of close relatives of Bar
leria are currently available. First, the raw sequence reads were demultiplexed by the sequencing facility, and sequence quality was
assessed using FastQC and MultiQC (Andrews, 2010; Ewels et al., 2016).
Samples with the fewest reads (i.e., the lowest 5%) were removed from
downstream analyses. The remaining samples were processed using
ipyrad 0.9.17 (Eaton, 2014) on the UCR HPCC. In the ipyrad pipeline,
samples were filtered to remove low quality reads, primers, and
adapters. Reads were clustered within samples, replicates were
removed, and reads were aligned using MUSCLE (Edgar, 2004) via
ipyrad. Once reads were clustered within samples, ipyrad was used to
estimate the sequencing error rate. Consensus bases were called to
ensure that a single consensus sequence per locus was included for each
sample. Homologous loci were clustered across samples in a MUSCLE
alignment. Output files and statistics (e.g., number of loci, percent
samples per locus) were generated in the final step. We used the
following parameters in ipyrad (Eaton, 2014): ddrad data type, for
double-digest RADseq; CAATTC restriction overhang, determined from
the Parchman protocol and raw sequence files, with C as the reverse
complement to the protector base and AATTC as the reverse comple
ment to the cut-site of EcoRI. Standard or default parameters were used
for base quality, minimum (6) and maximum depth of reads in stacks
(10,000), and within sample clustering threshold of 85% similarity. The
maximum allowable number of barcode mismatches was set to 0 to
ensure that each read was correctly assigned to its identifying barcode;
greater tolerance would include more raw sequence data but reduce the
certainty of correctly mapping reads to samples of origin. Filtering for
adapters/primers was set to 2, the strictest setting, to remove any
barcodes that may have been left over from the demultiplexing and
could cause problems for downstream clustering. Minimum length of
reads was kept at the default setting. The maximum alleles per site in the
consensus sequences was set to two, as the Chromosome Counts Data
base (Rice et al., 2015) indicates that Barleria is generally diploid.
Default settings were used for the maximum number of uncalled bases
and heterozygotes in consensus sequences. The minimum samples per
locus was set to nine of 190 samples, similar to the missing data
threshold of 95% shown by Tripp et. al (2017) to increase the resolution
of inferred relationships. Default settings were used for the maximum
percentage of SNPs per locus (24%) and number of indels (8) per locus.

3. Results
3.1. ddRADseq sequencing and assembly
Our data matrix included a total of 190 accessions, representing 184
taxa; two sampled accessions were removed after sequencing due to
inadequate data. Ten samples of outgroup species were included (three
Justicia spp., two Crabbea spp., two Lepidagathis spp., one each of
Andrographis, Neuracanthus and Whitfieldia). The other 180 accessions
represented 174 taxa of 167 species of Barleria (56% of total species
diversity). Four taxa of Barleria were represented by two accessions
each, and B. cristata was represented by three accessions. A total of 32
samples failed during the library preparation or sequencing process. Of
these, 26 failed to yield DNA of sufficient molecular weight after one to
three extraction attempts; these samples were between three and 78
years old (mean = 35 years). Two samples failed during library prepa
ration; their barcode was not recovered possibly due to failure of the
barcode to ligate. Four additional samples were removed after
sequencing because they were the lowest 5% of samples in terms of
sequence read number. These failed samples are not included in the
counts of total samples presented above. No generalizable trend in
sequence quality and quantity as related to herbarium specimen age
could be identified, perhaps owing to the exclusion of generally older
failed samples prior to sequencing. Other factors such as differences in
specimen preservation may have played a role.
For the 190 samples sequenced and retained in the dataset,
942,100,000 RADseq sequence reads were obtained in total, for an
average of 4,960,000 reads per accession (100,000–12,400,000). The
final RADseq phylogenomic dataset is available from the Sequence Read
Archive (SRA) under the BioProject accession number PRJNA681690.
The average percent duplicate reads in these sequences was 66% per
sample and the average GC content was 50%. The alignment included
92.5% missing data (763,240,750 sites).
ipyrad (Eaton, 2014) assembled 63,893 RADseq loci from the 190
samples into a concatenated alignment that is 4,434,336 bases long. The
alignment contains 673,491 SNPs, including 423,707 autapomorphies,
and 249,784 parsimony informative sites (Fig. 2). The mean sequencing
error rate was estimated as 2.08%, ranging from 0.60% to 3.40% per
sample. There were 12,379 loci (19% of all loci) shared among just nine
samples. Note that nine was set as the minimum number of samples
sharing a locus for a particular locus to be included in the downstream
analyses. Fewer loci were shared among larger numbers of samples, and
no locus was present in all 190 samples, but one locus was present in 174
samples (Fig. 3). On average, samples were represented in the alignment
by 5,183 loci (8% of loci), with coverage ranging from a maximum of
16,333 loci (25% of loci) present for Barleria her Benoist to a minimum
of 50 loci (<1% of loci) for B. villosa S.Moore (Fig. 3). There was some

2.5. Phylogeny estimation
The ipyrad (Eaton, 2014) alignment of concatenated RAD sequence
data from all loci was used for a maximum likelihood analysis in IQTREE 1.6.12 (Nguyen et al., 2014). ModelFinder (Kalyaanamoorthy
et al., 2017) was used to select an appropriate model based on Akaike
Information Criterion (AIC), corrected Akaike Information Criterion
(AICc), and Bayesian Information Criterion (BIC). Support was assessed
with 1000 ultrafast bootstrap replicates (Hoang et al., 2017). Geneious
(Biomatters, Auckland, NZ) was used to view alignments and trees. A
coalescent approach was implemented in tetrad 0.9.13 (Eaton and
Overcast, 2020), which is based on the SVDquartets method (Chifman
and Kubatko, 2014). The size of the data set, both the number of
sampled accessions and the number of SNPs (877,047), and
4
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Fig. 2. SNP distribution. Distributions of Single Nucleotide Polymorphisms (SNPs) per locus in full alignment, including Parsimony Informative Sites (PIS) in blue
and all variable sites per locus (PIS + autapomorphies). The number of SNPs per locus for variable sites or parsimony informative sites (x axis) and the number of loci
(y axis). 20 was set as the maximum number of SNPs allowed per locus. Note that the number of loci with a certain number of PIS can be higher than the number of
loci with that same number of variable sites. This is because loci with a specific number of PIS also include any number of autapomorphies. For example, there are just
over 1,000 loci with only two variable sites (which can be parsimony informative or not), while there are almost 10,000 loci with exactly two parsimony informative
sites and any number of additional variable sites. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this article.)

B. albostellata C.B.Clarke, the sectional type species, are monophyletic
and sister to B. aenea I.Darbysh. + Barleria sp. B of FTEA (Darbyshire,
2010). This clade is sister to B. hildebrandtii S.Moore, which is, in turn,
sister to B. aristata I.Darbysh. + three sampled subspecies of B. taitensis S.
Moore. The three subspecies of B. taitensis are monophyletic (Fig. 7).
Section Somalia is sister to sect. Stellatohirta + sect. Prionitis (Fig. 7).
Within sect. Somalia, there are four strongly supported clades (Fig. 8).
The Cavirostrata clade is sister to a clade composed of other members of
sect. Somalia and includes B. grandis Hochst. ex Nees, the type of former
sect. Cavirostrata. This clade also contains species previously placed
within sect. Somalia s.s. (i.e., B. galpinii C.B.Clarke, B. grootbergensis I.
Darbysh. & E.Tripp, B. kacondensis S.Moore, B. lancifolia T.Anderson,
B. mackenii Hook.f.). The Socotra lineage consists of Socotran Barleria
popovii Verdc., formerly treated as a member of sect. Barleria, which is
sister to Aucheriana clade + Meyeriana clade (Fig. 8; 100% MLBS). The
Aucheriana clade contains B. aucheriana Nees from Arabia, the type of
sect. Somalia, together with eight taxa from northeast Africa and Arabia.
The placement of Aucheriana clade as sister to the Meyeriana clade is
strongly supported (Fig. 8; 100% MLBS), which together contain most of
the sampled members of sect. Somalia, including a clade composed of
three Malagasy species (Fig. 8). Barleria insolita Benoist and B. kaessneri
S.Moore, both unresolved in the classification of Balkwill and Balkwill
(1997), are nested within the Meyeriana clade.
Subgenus Barleria has seven major lineages, two of single species (i.
e., B. oenoetheroides, B. monticola) and five with multiple species: the
Crassa, Cristata, Fissimura, Ovata, and Strigosa clades. Relationships
among these are strongly supported (Fig. 5). The three sampled acces
sions of B. cristata, the type species of the genus, are nested within the
Cristata clade (Fig. 9). Barleria oenotheroides and B. monticola Oberm. are
serially sister to the rest of subg. Barleria. The next clade to diverge is the
Strigosa clade, which contains the East African B. holstii Lindau and
B. whytei S.Moore, as well as some Asian members of former sect.
Chrysothrix, including B. strigosa Willd. (Fig. 10). Within this clade is a

variation in the number of RADseq loci recovered among taxonomic
groups (Fig. 4).
3.2. Barleria maximum likelihood phylogeny
The best fit model of nucleotide evolution as measured by the Akaike
Information Criterion (AIC), Corrected Akaike Information Criterion
(AICc), and Bayesian Information Criterion (BIC) was GTR + F + I + G4.
Barleria is monophyletic with maximum likelihood bootstrap support
(MLBS) of 100% in the IQtree phylogeny (Fig. 5). There is strong support
for subg. Barleria (99% MLBS) and, at the 100% MLBS level, for subg.
Prionitis, sect. Prionitis, sect. Stellatohirta, and the expanded sect. Somalia
(sensu Darbyshire et al. 2019a, which includes former sect. Caviros
trata). All 13 members of sect. Fissimura are part of a clade within subg.
Barleria (100% MLBS; Fig. 5).
Within subg. Prionitis, sect. Prionitis is sister to sect. Stellatohirta, and
together these are sister to an expanded sect. Somalia (Fig. 5). Re
lationships within sect. Prionitis and sect. Stellatohirta are fully resolved
and strongly-supported (Figs. 5–7). Within sect. Prionitis, the Quad
rispina clade, comprising the northeastern African B. quadrispina Lin
dau, B. ferox Ensermu & I.Darbysh., B. negelleeensis Ensermu & I.
Darbysh., and B. sp. aff. quadrispina, is sister to the core Prionitis clade,
which contains the remaining members of sect. Prionitis (Fig. 6). Mala
gasy species within the core Prionitis clade are together monophyletic
(Fig. 6; 100% MLBS) and sister to a clade composed of the African
B. rotundifolia Oberm. + B. tanzaniana (Brummitt & J.R.I.Wood) I.Dar
bysh. The three sampled subspecies of the sectional type, B. prionitis, are
not monophyletic. Barleria prionitis L. subsp. angustissima (Hochr.)
Benoist is resolved with other Malagasy species in sect. Prionitis, rather
than with the two sampled Asian subspecies of B. prionitis L. (i.e.,
B. cuspidata B.Heyne ex Nees, B. prionitis). In turn, these last also do not
form a clade (Fig. 6).
In sect. Stellatohirta (Fig. 7), the two sampled accessions of
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Fig. 3. Shared loci. (A) The number of RADseq loci (y axis) shared among samples (x axis). Note that the smallest number of samples that can share a locus is nine,
based on minimum samples per locus parameter. (B) Inset showing the number of loci shared among more than 50 samples. No loci are shared among all 190
samples, although one locus is shared among 174 samples.
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Fig. 4. Sample coverage. Box plots showing the distribution of number of RADseq loci included in the assembly across the genus Barleria (left), outgroups, Barleria
sections, and Barleria subgenera proposed by Balkwill and Balkwill (1997). The number of accessions included in each category is listed along the x-axis. These counts
are subject to loci drop out, only loci shared among nine or more samples were included, so more samples of more distantly related species would be expected to have
fewer loci included in the assembly.

strongly supported (Fig. 10; 100% MLBS) clade composed of the Mala
gasy members of subg. Barleria, except for B. humbertii Benoist which is
placed in the Cristata clade. All 13 sampled members of sect. Fissimura
sensu Balkwill and Balkwill (1997) form a clade (the Fissimura clade)
within subg. Barleria (Fig. 10; 100% MLBS). The Strigosa clade is sister
to the Fissimura clade + ((Cristata clade + Ovata clade) + Crassa clade),
all with 100% MLBS support (Fig. 10).
Most of the sampled species of subg. Barleria species are placed in
either the Crassa clade or the Cristata clade (Fig. 9). The Crassa clade
contains 21 taxa, with two Asian members that are not sister (B. buxifolia
L., B. tomentosa Roth). The two sampled subspecies of B. crassa C.B.
Clarke are also not sister. Instead, Barleria crassa C.B.Clarke subsp.
ramulosoides I.Darbysh. is sister to B. crassa C.B.Clarke subsp. mbalensis I.
Darbysh. + B. nyasensis C.B.Clarke (Fig. 9; 100% MLBS). Nested within
the Crassa clade is the Heterotricha clade, with five taxa from both Af
rica and Asia including B. heterotricha Lindau. This clade comprises all
species of subg. Barleria that have stellate trichomes.
The Cristata clade contains the type species of the genus, B. cristata. It
can be further subdivided into three clades. The Acanthoides clade
(clade 1) contains the Afro-Asian species B. acanthoides Vahl plus eight
species from eastern Africa and Arabia (Fig. 9, clade 1; 100% MLBS). The
Acanthoides clade is sister to the core Cristata clade (clade 2), which
includes the Socotran B. aculeata Balf.f. and the Asian B. nitida Nees,
serially sister to the three sampled accessions of Asian B. cristata (Fig. 9,
clade 2; 100% MLBS). Clades 1 + 2 are sister to the strongly supported
Rigida clade (Fig. 9, clade 3; 100% MLBS), including B. rigida Willd. ex
Nees and 17 predominantly southern African taxa, as well as the Arabian
B. bispinosa (Forssk.) Vahl and the Malagasy B. humbertii.
The Ovata clade contains the southeast African B. ovata E.Mey. ex
Nees (formerly sect. Chrysothrix) and B. greenii (Fig. 9; 100% MLBS),
which are sister to the Cristata clade (Fig. 9; 100% MLBS).

3.3. Barleria coalescent phylogeny
The tetrad analysis of 190 taxa (Fig. S1) sampled 20 million of 50
million possible quartets and yielded low resolution and support among
and within major clades. Barleria is not monophyletic, as a clade
composed of Crabbea, Lepidagathis dulcis, and Whitfieldia is sister to
Barleria monticola (<50% BS); together, these taxa are sister to a group
containing most of the members of subg. Barleria (Fig. S1). The two
subgenera are neither monophyletic nor sister. None of the groupings in
the tetrad analysis are strongly supported, although most groupings are
similar to those reconstructed in the IQTree topology.
The clade-by-clade tetrad analyses recovered groups that are similar
to or congruent with the IQTree. Most clades were strongly supported as
monophyletic including the Crassa clade (Fig. S2, 100% BS), the Cristata
and Ovata clades (Fig. S3, 100% BS), sect. Prionitis (Fig. S4, 100% BS),
the Somalia clade (Fig. S5, 100% BS); sect. Stellatohirta (Fig. S6, 100%
BS) and the Fissimura clade (Fig. S7, 98% BS). However, the placement
of the Monticola lineage was weakly supported (Fig. S7, 72% BS), and
there was low support for the Strigosa clade (Fig. S7, 47% BS). Barleria
oenotheroides of the Chrysothrix lineage is recovered as sister to repre
sentatives of subg. Prionitis in several of the clade-by-clade tetrad ana
lyses, but this relationship is not well supported in any of the topologies
(e.g., Fig. S7, 61% BS).
4. Discussion
This study advances our understanding of diversification in Barleria
with greatly increased taxon and character sampling, and resolved re
lationships among and within sections (Figs. 5–10). The sample of 167
species of Barleria (56% of total species diversity of about 300 species)
represents a more than 3-fold increase over the study of Darbyshire et al.
(2019a); the inclusion of 63,893 loci is a 16,000-fold increase in locus
sampling over that study. As others have found (Bateman et al., 2018;
7
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Fig. 5. Phylogeny of Barleria overview. (A) A ML IQtree phylogeny of 190 accessions, 185 taxa, based on an alignment of 63,897 RADseq loci assembled in ipyrad, n
= 1000 MLBS replicates, colored rectangles denoting subgenera.

Clugston et al., 2019; Jordon-Thaden et al., 2020; Mu et al., 2020;
Okuyama et al., 2020; Tripp et al., 2017; Zhou et al., 2018), our RADseq
findings, based on many thousands of independent nuclear loci,
corroborate many aspects of previous molecular and morphology-based
classifications.
We found a wide range of sequence quality among samples and the
number of loci per sample varied considerably (Figs. 3, 4). This variation
may be due to differences in the quality of plant material used to obtain
DNA (fresh or herbarium tissue); the amount of precipitation time used
(longer precipitation times were used for recalcitrant samples); the
sampling of conspecifics (i.e., multiple accessions per taxon greatly

increase the number of loci that can be compared across multiple sam
ples); and sampling of closely related species, which also increases the
number of loci that can be compared across species (Fig. 4). A mean of
5,183 loci were recovered per sample. This may be lower than expected
due to sequencing parameters or to the extent of our sampling from
herbarium material instead of freshly collected tissue. Because DNA in
dried tissue degrades over time, we would expect our sampling to pro
duce fewer reads of sufficient quality than a study based on fresh ma
terial. However, we do not see a general trend of fewer reads or fewer
loci from samples extracted from older herbarium tissue, as has also
been reported for Louteridium (Acanthaceae; Daniel and Tripp, 2018)
8

R. Comito et al.

Molecular Phylogenetics and Evolution 169 (2022) 107428

Fig. 6. Section Prionitis. A ML IQtree phylogeny showing sect. Prionitis, which is monophyletic and strongly supported. (A) Indicates species are native to Asia, (M)
indicates species are native to Madagascar, TYPE is the type species for the section. All other taxa are from Sub-Saharan Africa (which is defined to include the
tropical Arabian Peninsula).

and Monechma (Acanthaceae; Darbyshire et al., 2020). In contrast,
Jordon-Thaden et al. (2020) found significantly lower numbers of
assembled reads in samples extracted from older herbarium specimens
in Boechera (Brassicaceae), Draba (Brassicaceae), and Solidago (Aster
aceae). We concur with Jordon-Thaden et al. (2020) and others (Baird
et al., 2008; Davey and Blaxter, 2010) that the use of herbarium

material, coupled with high throughput sequencing methods, still yields
many times more loci than Sanger sequencing. Furthermore, including
herbarium specimens allows far greater sampling of biodiversity than
relying on fresh material alone.
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Fig. 7. Section Stellatohirta. A ML IQtree phylogeny showing sect. Stellatohirta, which is monophyletic and fully supported. TYPE is the type species for the section.
All taxa are from Sub-Saharan Africa (which is defined to include the tropical Arabian Peninsula). FTEA refers to the Flora of Tropical East Africa (Darbyshire, 2010).

Cristata clade of subg. Barleria was strongly supported (Fig. 9).
Furthermore, both analyses recovered sect. Prionitis, sect. Stellatohirta,
and an expanded sect. Somalia, encompassing members of the former
sect. Cavirostrata, all of which are strongly supported (Fig. 5). In
agreement with Darbyshire et al. (2019a), subg. Barleria includes a
strongly supported clade containing members of the former sect. Fissi
mura, which is nested within the paraphyletic section Barleria sensu
Balkwill and Balkwill (1997). In further agreement with Darbyshire
et al. (2019a), sect. Chrysothrix sensu Balkwill and Balkwill (1997) is
polyphyletic within subg. Barleria (Fig. 7).

4.1. Phylogenetic relationships across the genus
Analysis of the RADseq data yielded substantially different topol
ogies from ML (Fig. 5) versus coalescent (Fig. S1) approaches. Re
lationships recovered in the coalescent-based tetrad analysis were
poorly supported along the backbone and Barleria was not mono
phyletic, although the genus appears as monophyletic in all other mo
lecular phylogenetic studies using chloroplast and nrITS markers
(Darbyshire et al., 2019a; McDade et al., 2008). The placement of
several outgroup taxa within Barleria and the unlikely relationships
among Barleria lineages in the fully sampled tetrad tree (Fig. S1) differ
from relationships reconstructed in previous studies (Darbyshire et al.,
2019a; McDade et al., 2008). The placement of these taxa also does not
fit expectations based on morphology or geography. Thus, the coales
cent approach seems unlikely to have yielded a reliable estimate of
phylogeny. The tetrad analysis of 190 accessions (Fig. S1) was likely
affected by large amounts of missing data and the large number of
quartets that were not explored within the one-month limit of the
computing cluster (i.e., only 20 million of 52,602,165 possible quartets
could be examined). These problems may also be due to RADseq locus
drop-out (Crotti et al., 2019; O’Leary et al., 2018), wherein distantly
related taxa are less likely to have the same loci present in the outgroups
when compared to the large number of loci present among ingroup taxa
(Eaton et al., 2017). However, when we used tetrad to analyze the
RADseq data on a clade-by-clade basis, which included fewer taxa and
allowed for full quartet sampling, the coalescent trees generally
corroborate the ML tree topologies (Fig. S2-7), with several interesting
differences, as discussed below.
The Barleria RADseq ML phylogeny (Fig. 5) shows a similar overall
topology to the cp + nrITS phylogeny of Darbyshire et al. (2019a), but
with stronger branch support and some shifts in relationships among
taxa within sections and clades. A study by Clugston et al. (2019) found
that RADseq sampled almost entirely the nuclear genome of cycads. We
did not explicitly test the source of our data, but the RADseq data is
likely largely independent from the cp + nrITS dataset used by Darby
shire et al. (2019a). Clades that were recovered in both analyses are thus
corroborated by independent data sources constituting strong evidence
that the species phylogeny has been recovered (Page and Holmes, 1998).
Barleria is reconstructed as monophyletic (MLBS 100%) in our study
(Fig. 5) and in the topology of Darbyshire et al. (2019a). Likewise, subg.
Prionitis and subg. Barleria are also strongly supported as monophyletic
in both Darbyshire et al. (2019a) and the present study (Fig. 5).
Importantly, the placement of the type species, B. cristata, within the

4.2. Phylogenetic patterns and taxonomic implications for major lineages
The same sections and subgenera were recovered here (Fig. 5,
Figs. S2-S7) and in the cp + nrITS study of Darbyshire et al. (2019a),
intra-sectional relationships are different in some cases and are better
resolved here. We discuss some of these relationships below.
Subgenus Prionitis– Species of subg. Prionitis have 2- or 4-seeded
capsules with a prominent beak that is solid or partially hollow,
except that plants of sect. Stellatohirta have 2-seeded fruits with the beak
reduced or largely absent. Major relationships recovered within subg.
Prionitis are similar to those found by Darbyshire et al. (2019a). Notably,
there is an expanded sect. Somalia sister to a clade containing sect.
Prionitis and sect. Stellatohirta (Fig. 7). As expected, additional sampling
– both taxa and data – have clarified and strengthened support for many
aspects of relationships (e.g., B. popovii is sister to Aucheriana clade +
Meyeriana clade with strong support where relationships among rep
resentatives of these clades were not strongly supported in the earlier
study).
Section Prionitis. This section includes species that bear beaked
fruits with two seeds and a woody septum. Corollas may be yellow,
orange, peach, ochre, blue or white; androecia are of five staminal ele
ments consisting of two fully developed stamens, two much-reduced
stamens with antherodes, and one staminode. Most species of sect.
Prionitis have axillary spines. Results indicate that B. prionitis is not
monophyletic, with subsp. angustissima from Madagascar appearing as
sister to other Malagasy sect. Prionitis species, instead of with the other
subspecies of B. prionitis (Figs. 6; S4). This result supports the recogni
tion of B. prionitis subsp. Angustissima at the species level as another
Malagasy endemic species of Barleria. This would render all Malagasy
Barleria species endemic, except for B. decaisneana and B. lupulina
(Darbyshire et al., 2014). Two clades are resolved within sect. Prionitis,
the Quadrispina clade and the core Prionitis clade.
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Fig. 8. Section Somalia. A ML IQtree phylogeny showing the expanded section Somalia proposed by (Darbyshire et al., 2019a), which is monophyletic and strongly
supported. All MLBS values are 100 unless otherwise labeled. (AA) Indicates species are native to Asia and Africa, and (M) indicates species are native to Madagascar,
TYPE is the type species for the section. All other taxa are from Sub-Saharan Africa (which is defined to include the tropical Arabian Peninsula).

Section Prionitis: Quadrispina clade. The Quadrispina clade con
tains B. ferox, B. negellensis, B. quadrispina, and B. sp. aff. quadrispina.
Interestingly, this is the only clade in sect. Prionitis that is marked by
corolla color. All species have corollas on the blue spectrum (i.e., white
to blue; Figs. 6; S4). Blue corollas are not unique to this clade in Barleria
and are widespread elsewhere in the genus, but are otherwise absent in
sect. Prionitis (Ensermu and Darbyshire, 2018; Balkwill and Balkwill,
1997). The four species sampled in this clade occur in the deserts and dry
bushlands of Northeast Africa. Ensermu and Darbyshire (2018) sug
gested that B. ferox is morphologically similar and potentially related to

the geographically close B. trispinosa. However, results reported here
place B. trispinosa in a clade that includes B. appressa (Forssk.) M.A.
Deflers and B. induta C.B.Clarke, only distantly related to B. ferox
(Fig. 6).
Section Prionitis: Core Prionitis clade. The core Prionitis clade
includes the remaining members of sect. Prionitis. Plants typically have
yellow, orange, or red corollas (rarely white). No obvious morphological
patterns are evident from phylogenetic patterns within this clade.
Several African taxa that were reduced to subspecies of B. prionitis by
Wood et al. (1983), notably B. appressa, B. induta, B. prionitoides Engl.,
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Fig. 9. Subgenus Barleria: major clades Cristata, Ovata, and Crassa. A ML IQtree phylogeny showing part of subg. Barleria (Darbyshire et al., 2019a), with major
clades Cristata, with minor clades numbered as follows: 1 Acanthoides, 2 core Cristata, and 3 Rigida; Ovata; and Crassa, with minor clade Heterotricha. (A) Indicates
species are native to Asia, and (M) indicates species are native to Madagascar, TYPE is the type species for the genus. All other taxa are from Sub-Saharan Africa
(which is defined to include the tropical Arabian Peninsula).

and B. tanzaniana, are phylogenetically distant from B. prionitis (Fig. 6),
supporting their recognition as separate species in recent works (Dar
byshire et al., 2010, 2015, 2019a). Wood et al. (1983) also considered
B. ameliae and B. delagoensis as subspecies of B. prionitis; these taxa are
closely related in our results (Fig. 6). However, B. crossandriformis is also

a close relative and has never been considered part of B. prionitis s.l.
because it is morphologically very different from the other taxa. Our
data suggest a single dispersal event for sect. Prionitis into Madagascar
(albeit with incomplete sampling of Malagasy taxa of sect. Prionitis), but
at least two dispersals into India. Indian B. cuspidata is sister to
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Fig. 10. Subgenus Barleria: major clades Fissimura, Strigosa, Monticola, and Chrysothrix. A ML IQtree phylogeny showing part of subg. Barleria (Darbyshire et al.,
2019a), including clades Fissimura, Strigosa, Monticola, and Chrysothrix. (A) Indicates species are native to Asia, and (M) indicates species are native to Madagascar,
TYPE is the type species former sect. Fissimura sensu Balkwill and Balkwill (1997). All other taxa are from Sub-Saharan Africa (which is defined to include the tropical
Arabian Peninsula).

B. eranthemoides R.Br. ex C.B.Clarke, a species that is widespread across
the savanna belt of northern Tropical Africa. Despite the phylogenetic
affinity, these two species are not similar morphologically.
Section Stellatohirta. This section is characterized by globose to
shortly spiciform inflorescences with imbricate bracts, and stellate or
dendritic trichomes. Stellate trichomes evolved independently at least
three times across Barleria (Darbyshire et al., 2019a), with one of those
transitions occurring in the common ancestor of sect. Stellatohirta. Spe
cies from this clade occur in eastern Africa, southern Africa, and the
Arabian penninsula. The same relationships were recovered in sect.
Stellatohirta in both cp + nrITS (Darbyshire et al., 2019a) and RADseq
analyses (Fig. 7; S6), with strong ML bootstrap support in the RADseq
tree for the monophyly of sect. Stellatohirta and all relationships within
(Fig. 7). One West Zambian and four Angolan representatives of sect.
Stellatohirta were not sampled. However, these taxa are morphologically
similar to several other taxa that were placed within this section, sug
gesting that the circumscription of the section will remain stable. A sister
group relationship was recovered between the two members of sect.
Stellatohirta with spinose bract and calyx tips (i.e., B. aristata,
B. taitensis).
Section Somalia. This section includes four major clades (Figs. 8;
S5), with at least 47 sampled species that are broadly distributed across
eastern and southern Africa, south and southwest Asia, and Madagascar.
Corolla lobe arrangements are variable among species, as follows: (i) 4
+ 1, 4 lobes on longer adaxial lip + 1 lobe on shorter abaxial lip; (ii) 2 +
3, 2 partially fused lobes on the adaxial lip + 3 lobes on the abaxial lip;
(iii) 1 + 3, a more extreme version of the 2 + 3 form, with 1 fully fused

lobe on the abaxial lip + 3 lobes on the abaxial lip; and, (iv) subregular,
with lobes of more or less the same size and divergence point from the
corolla tube (Darbyshire et al., 2010). This remarkable variation en
compasses essentially the entire range of corolla lobe arrangements
across the genus as a whole.
Section Somalia: Cavirostrata clade. The Cavirostrata clade in
cludes species with beaked capsules bearing four seeds (previously
treated as sect. Cavirostrata in Balkwill and Balkwill, 1997); alterna
tively, only two seeds might develop, but with additional locular ca
pacity at the somewhat tapered base of the capsule (although this is not
evident in B. galpinii, which is nevertheless resolved in this clade; Figs. 8;
S5). Species in this clade are broadly distributed but scattered, with
occurrences in India and northeast, west, and southern Africa. However,
this clade is absent in Kenya and South Africa, and represented by few
species in Tanzania, all countries which are otherwise centers of di
versity for Barleria. In our study, Barleria descampsii Lindau was also
placed within this clade, although this species was previously classified
first in sect. Stellatohirta based on the presence of stellate trichomes
(Balkwill and Balkwill, 1997), and subsequently in sect. Cavirostrata due
to the capsule with a beak and four seeds (Darbyshire, 2008b). Barleria
descampsii was resolved as sister to B. grandipetala De Wild., another
species with stellate trichomes (Figs. 8; S5). In this clade, B. descampsii,
B. grandipetala, and B. richardsiae I. Darbysh. are unusual in that the
uppermost two corolla lobes are widely divergent such that all five
corolla lobes form a single “lip” (Darbyshire et al., 2015). The west Af
rican B. maclaudii Benoist, a rare and endangered species (Rokni, 2017)
confined to Guinea and Senegal, also bears a stellate indumentum.
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However, this species was recovered as sister to B. grandis in our study,
outside the B. descampsii group (Figs. 8; S5).
Section Somalia: Socotra lineage. The Socotra lineage is mono
typic, consisting of only B. popovii, a large shrub or treelet from the is
land of Socotra, where it is currently endangered (Miller, 2004). Barleria
popovii is sister to Aucheriana clade + Meyeriana clade (Figs. 8; S5), with
strong support. The capsules of Barleria popovii are 4-seeded and
prominently beaked as in some members of the Cavirostrata clade, but
these Socotran plants have a number of unique characters for sect. So
malia, including a tree-like habit, lepidote scales, a much-reduced,
rounded lower corolla lobe, and a capitate stigma (Darbyshire et al.
2019a).
Section Somalia: Aucheriana clade. The Aucheriana clade contains
plants that have medifixed biramous trichomes on above ground struc
tures and strongly zygomorphic corollas in the 4 + 1 configuration that
usually have speckling or guidelines on the fused portion of the limb.
Medifixed biramous trichomes are present elsewhere in sect. Somalia
only in B. pretoriensis C.B. Clarke where they are largely confined to the
stems, leaf margin and midrib; the corolla of this last species lacks
markings. However, it should be noted that “anvil-shaped” trichomes
(sensu Balkwill and Balkwill, 1997) are present elsewhere in sect. So
malia. For example in B. lugardii C.B. Clarke, trichomes have one welldeveloped and one barely-developed branch. Taxa of the Aucheriana
clade are found primarily in northeast Africa, the Arabian Peninsula,
and India, but extend into East Africa; an undescribed species is known
to occur in South Africa (I. Darbyshire, unpubl. data). The sectional type,
B. aucheriana, is placed in this clade, sister to B. argentea + B. parviflora
(Figs. 8; S5).
Section Somalia: Meyeriana clade. The Meyeriana clade is most
diverse in East Africa, Madagascar, and South Africa (Fig. 8). There is
considerable variation among taxa from this clade in terms of habit,
extent of indumentum, calyx shape and size, and corolla morphology.
However, there are no clear subdivisions within the Meyeriana clade
based on morphology.
Subgenus Barleria–Plants of this subgenus have beak-less capsules
that are 4-seeded except in the Fissimura clade, where they are 2-seeded.
Seven major clades were recovered with strong support within subg.
Barleria (Fig. 5), improving our understanding of relationships within
this taxonomically complicated subgenus. Based on studies of Barleria in
southern Africa, Obermeyer (1933) recognized seven subsections within
her sect. Eubarleria. Balkwill and Balkwill (1997) described sect.
Chrysothrix and sect. Barleria, instead of recognizing Obermeyer’s
(1933) subsections or describing additional sections for the unplaced
taxa. Darbyshire et al. (2019a) did not recognize any formal groups
within subg. Barleria. Below we discuss each of the seven clades recov
ered in this study and compare them to the classifications of Obermeyer
(1933) and Balkwill and Balkwill (1997).
Chrysothrix lineage. This lineage is monotypic, including only
Barleria oenotheroides, which is sister to all other members of the sub
genus (Fig. 10; 100% MLBS). Although B. oenotheroides consistently
appears as sister to subg. Prionitis in the tetrad analyses, this relationship
is poorly supported (Figs. S2, S3, S7). Given results, the strongly sup
ported sister-group relationship between B. oenotheroides and the clade
composed of B. monticola + the rest of subg. Barleria (Fig. 10) is provi
sionally accepted here. Barleria oenotheroides has somewhat lower locus
coverage (420 loci in the assembly) than average; this might be due to
locus dropout, reflecting a lack of close relatives in our sample, rather
than sequence quality. We initially included B. glandulostamina in the
RADseq analysis, and this species was weakly supported as sister to
B. oenotheroides or sister to all other members of subg. Barleria (<70%
MLBS support); the placement uncertainty and low coverage for this
sample led us to remove it from our analyses. Future studies of subg.
Barleria should include new samples of B. glandulostamina to test its
placement. If the sister-group relationship with B. oenotheroides is sup
ported, it would indicate an unusual morphological pattern as
B. glandulostamina has white corollas and is endemic to Madagascar,

whereas B. oenotheroides is the only member of subg. Barleria with bright
yellow flowers and the only Barleria species with an amphi-Atlantic
distribution (Martín-Bravo and Daniel, 2016). Darbyshire et al. (2014)
suggested a close relationship between B. glandulostamina and the Mal
agasy taxon B. humilis Benoist; unfortunately, we were not able to
include either taxon in our study. Darbyshire (pers. obs.) has noted that
B. oenotheroides, B. glandulostamina, and B. humilis share terminal
spiciform inflorescences bearing flowers with broad, imbricate calyces,
traits that are unusual, but not entirely lacking from the rest of the genus
(Balkwill and Balkwill, 1997; Darbyshire et al., 2010).
Monticola lineage. This lineage is also monotypic, including only
Barleria monticola, a South African taxon that is strongly supported
(100% MLBS) as sister to the rest of subg. Barleria, excluding
B. oenotheroides (Figs. 10, S7). Results of Darbyshire et al. (2019a),
reversed the order of B. monticola and B. oenotheroides, with the former
sister to the rest of subg. Barleria, albeit without strong suport (MLBS
82%). Clearly, these two taxa have been challenging to place phyloge
netically. Barleria monticola shares terminal inflorescences with
B. oenotheroides and the Malagasy species noted above (i.e., B. glan
dulostamina, B. humilis), but it is otherwise very different morphologi
cally. Additional sampling of these species and other taxa with similar
inflorescence morphology will help determine their phylogenetic
placement within subg. Barleria. Obermeyer (1933) classified
B. monticola together with B. ovata and B. natalensis within his subsection
Cryptophytae. Although these taxa are similar morphologically, both the
cp + nrITS and the RADseq results indicates that Cryptophytae sensu
Obermeyer (1933) is polyphyletic.
Strigosa clade. Our study recovered the Strigosa clade as sister to a
clade composed of all sampled members of subg. Barleria except B.
oenotheroides and B. monticola (Fig. 5; 100% MLBS). The Strigosa clade
unites a group that is morphologically coherent, but not marked by any
known morphological synapomorphies. Species in this clade lack spines,
unlike most other species in subg. Barleria. Plants typically have linear
stigmas and ovaries, as well as styles that are glabrous or with straight
trichomes exclusively. The inflorescences are sometimes clustered at
stem apices and can form a compound terminal inflorescence, although
some species show strictly axillary inflorescences. This clade contains
three Asian taxa, B. arnottiana Nees, B involucrata Nees, and B. strigosa
Willd., that are sister to the East African B. whytei and B. holstii + a
Malagasy clade (Fig. 10). These Asian taxa, as well as B. holstii and B.
whytei, were placed within sect. Chrysothrix by Balkwill and Balkwill
(1997). We predict that other Indian taxa previously placed in sect.
Chrysothrix (e.g., B. lawii T.Anderson) will also be placed within this
clade, except for B. nitida (see below).
Fissimura clade. This clade corresponds to former sect. Fissimura
(Fig. 10; S7). Obermeyer (1933) called this group sub-sect. Dispermae
and placed it within her sect. Eubarleria. However, Balkwill and Balkwill
(1997) placed their sect. Fissimura in subg. Prionitis based on seed
number. Species in that clade bear unbeaked capsules with two seeds
and are distributed throughout tropical Africa and the Arabian pen
ninsula. In contrast, the results of both Darbyshire et al. (2019a) and the
present study place the Fissimura clade in subg. Barleria (Fig. 10). The
type of sect. Fissimura sensu Balkwill and Balkwill (1997) is the wide
spread B. ventricosa Hochst. ex Nees. Barleria ventricosa is a close relative
of the Ethiopian B. baluganii Ensermu (as hypothesized by Ensermu and
Darbyshire, 2018) and closely related to B. boranensis Fiori, and
B. volkensii Lindau, both restricted to Northeast Africa. Darbyshire et al.
(2010, 2015) identified several species complexes within this section,
especially B. submollis Lindau and B. ventricosa. A more detailed study of
these species complexes, including population level sampling is needed
to improve the circumscription of these taxa.
Crassa clade. This clade (Figs. 9; S2) is broadly distributed across
Africa with a radiation in southern Africa. No morphological synapo
morphies have been identified for this clade, but most species within the
Crassa clade bear ovaries with straight trichomes towards or at the apex
(sometimes absent). In addition, most species bear bracteoles with a
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prominent stout midrib that often terminates in a spine. The bracteole
blade can be absent; if so, then the bracteole is a simple spine. Many
species in this clade also have a 2 + 3 corolla configuration with the two
upper lobes more acute apically than the three lower lobes. Obermeyer’s
(1933) sub-section Aculeatae (sampled here are B. bremekampii Oberm.,
B. crassa subsp. mbalensis, B. crassa subsp. ramulosoides, B. nyasensis, B.
ramulosa var. ramulosa C.B.Clarke) and sub-section Innocuae (sampled
here are B. obtusa Nees, B. repens Nees) are included within the Crassa
clade (Fig. 9). Barleria crassa subsp. mbalensis is sister to B. nyasensis, as
hypothesized by Darbyshire et al. (2010) based on the spinulose calyx
margins and pale corollas. Barleria crassa subsp. ramulosoides is sister to
B. crassa subsp. mbalensis + B. nyasensis (Fig. 9), suggesting that B. crassa
subsp. ramulosoides might be raised to the species level; alternatively,
B. nyasensis might be reduced to a subspecies of B. crassa. Notably,
Tanzanian B. mirabilis I. Darbysh. & Q. Luke is, like B. popovii a large
shrub or tree; these are the only two species of trees in the genus
(Darbyshire and Luke, 2016).
Crassa clade: subclade Heterotricha. The Heterotricha clade is
nested within the Crassa clade and corresponds to Obermeyer’s (1933)
subsect. Heterotrichae. This clade comprises taxa from Africa and India
with a stellate indumentum. We predict that other species from subg.
Barleria with a stellate indumentum (e.g., B. longiflora L.f.) will also be
placed within this clade.
Ovata clade. This clade comprises B. ovata and B. greenii, two
eastern South African taxa. Barleria ovata, along with B. deserticola I.
Darbysh. & E.A.Tripp and B. morrisiana E.Barnes & C.E.C.Fisch., are the
only species of Barleria known to have four fertile stamens (Darbyshire
et al., 2019b). Barleria ovata and B. greenii share a similar growth habit
that is composed of numerous erect stems from a woody rootstock;
plants become shrubby in the absence of fire. Of the two, B. greenii is
larger, woodier, and possesses spines, whereas B. ovata lacks spines.
Both species have subregular corollas with broad lobes, broadly capitate
stigmas, and glabrous ovary apices (occasionally with a few straight
trichomes). As noted above, B. ovata was included within Obermeyer’s
(1933) subsect. Cryptophytae together with B. monticola. Our results
show that subsect. Cryptophytae is polyphyletic.
Cristata clade. In this clade, most species have an ovary with an
apical ring of tightly curled trichomes (rarely absent or straight), brac
teoles with midrib raised (although not as pronounced as in the Crassa
clade) and bracteole margin often toothed or spiny. This clade can be
sub-divided into three subclades (Figs. 9; S3): the Acanthoides clade, the
core Cristata clade, and the Rigida clade.
Cristata clade: subclade Acanthoides. The Acanthoides clade
(Fig. 9 clade 1; S3) has several transitions to white (or pale blue to
mauve) corollas with very long, slender tubes, potentially an adaptation
to moth pollination (Darbyshire, 2015).
Cristata clade: subclade Core Cristata. In the core Cristata clade,
B. nitida is sister to the type of the genus, B. cristata, with strong support
(Fig. 9 clade 2; 100% MLBS; Fig. S3). Barleria nitida is native to India and
Sri Lanka (Shendage and Yadav, 2010), and B. cristata is broadly
distributed across tropical and subtropical Asia, and introduced widely
elsewhere (Darbyshire et al., 2015). The placement of B. cristata was
unresolved in the cp + nrITS tree of Darbyshire et al. (2019a). Barleria
aculeata, endemic to Socotra, is sister to B. cristata + B. nitida.
Cristata clade: subclade Rigida. The Rigida clade has a single
Malagasy species, B. humbertii, and a single species from Arabia,
B. bispinosa, as well as many species from southern Africa (Fig. 9 clade 3;
Fig. S3). The clade is particularly interesting from a biogeographic
perspective. For example, Malagasy B. humbertii is sister to Arabian
B. bispinosa, and together they are sister to B. carruthersiana S.Moore and
B. cyanea S.Moore from Angola and Namibia. With regard to
morphology, the style base with a ring of short, curly white trichomes is
frequent in, but not unique to this group. For example, it is also found in
B. heterotricha (Darbyshire et al., 2019b). In contrast to most species in
the Cristata clade, the style base of B. humbertii has a ring of straight
brown trichomes.

Across the genus, but especially in subg. Barleria, the RADseq anal
ysis yielded strongly supported clades that may merit sectional or sub
sectional status. One issue is the potential reinstatement of former sect.
Fissimura, which both Darbyshire et al. (2019a) and this analysis resolve
within former sect. Barleria (Fig. 5). Because sect. Fissimura is mono
phyletic and has distinctive characters (most notably, 2-seeded capsules
in which the capsule walls tear at the base during explosive dehiscence,
a character not found elsewhere in Barleria and closely related genera),
it is desirable to resurrect the section. In order to do that, we would have
to divide subg. Barleria into potentially seven sections. These would be
based upon: (1) Fissimura clade; (2) Strigosa clade; (3) Cristata clade;
(4) Ovata clade; (5) Crassa clade; and two monotypic sections for (6)
Chrysothrix lineage B. oenotheroides, and (7) Monticola lineage
B. monticola.
4.3. Biogeographical considerations
A formal biogeographic analysis was beyond the scope of this study.
Such an analysis awaits georeferencing and compilation of herbarium
specimen records (see discussion in Darbyshire et al., 2019b). Addi
tionally, our limited sampling of Asian Barleria species (13/30) some
what hampers characterization of biogeography across the genus. With
those caveats, a number of observations can be made from our results.
The geographic origins of Barleria and its subgenera remain unclear.
Balkwill and Balkwill (1998) hypothesized that the genus originated in
East Africa based on that region having the highest species diversity
including members of all sections. The RADseq phylogeny provides
additional insights but does not fully support or refute this hypothesis.
This analysis places Lepidagathis as sister to Barleria, so the distribution
of Lepidagathis could have have some relevance to the geographic origins
of Barleria; however, Lepidagathis is not fully understood in terms of
generic boundaries and species distributions. With ca. 120 spp., Lep
idagathis (including Lophotachys Pohl) is found in Central America,
South America, Madagascar, tropical Africa, Papua New Guinea,
Indonesia, and Southeast Asia. Barleria oenotheroides and B. monticola,
serially sister to the rest of subg. Barleria, are native to West Africa +
Latin America and to the Drakensberg range of eastern South Africa,
respectively (Balkwill and Balkwill, 1998; Darbyshire et al., 2014;
Martín-Bravo and Daniel, 2016). Of note, the Drakensberg in eastern
South Africa has been proposed as a source for multiple radiations in the
tropical African flora, including six that have been dated between 18 and
8 Mya (Linder, 2003).
The RADseq tree (Fig. 5) suggests at least four independent transi
tions of Barleria to Madagascar: the common ancestor of clades in (1)
sect. Somalia, (2) sect. Prionitis, and (3) subg. Barleria, and (4) an inde
pendent dispersal of the ancestor of B. humbertii (subg. Barleria). A
possible fifth transition may include B. glandulostamina and B. humilis
and requires further study. Barleria is estimated to have originated at
around 30–44 million years ago (Tripp and McDade, 2014), and
Madagascar has been geographically isolated for approximately 88
million years (Yoder and Nowak, 2006), which suggests that dispersal
rather than vicariance is responsible for the current distribution of
Barleria across Madagascar and Africa. A pattern of repeated dispersal of
Barleria to Madagascar is consistent with hypotheses of the origin of the
Malagasy flora with dispersal from East Africa as the main source of the
flora for most plant groups (Yoder and Nowak, 2006). If we examine the
current distributions of the taxa most closely related to the four Mala
gasy Barleria clades, we find evidence for distinct origins for the Mala
gasy Barleria. Malagasy members of the Strigosa clade of subg. Barleria
and B. humbertii likely originated from East Africa (Tanzania, Kenya)
because their closest extant relatives are found there (Fig. 10). In
contrast, the Malagasy clade in sect. Somalia is sister to a clade of South
African taxa (Fig. 8), while the Malagasy clade in sect. Prionitis is sister to
B. tanzaniana from East Africa + B. rotundifolia from South Africa
(Fig. 6). We look forward to testing these putative origins of the Mala
gasy Barleria with a formal biogeographic analysis.
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4.4. Potential diversification drivers in Barleria
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Current plant diversity of several clades has likely resulted from
adaptive radiations (Niklas et al., 1983) with high variability as to when
the majority of species originated respective to their parent clades
(Magallón and Castillo, 2009). The major drivers of diversification in the
eudicots include biotic pollination, transition to an herbaceous habit,
defense against predators, hybridization, floral zygomorphy, improved
dispersal capacity, and seed protection, among others (Magallón and
Castillo, 2009; Soltis and Soltis, 2009). The lack of conflict between the
cp + nrITS and RADseq analyses suggests that hybridization may not
have played an important role in the evolution of Barleria. Drivers of
diversification in Acanthaceae may include adaptation across a broad
range of habitat and soil types. The distantly related B. greenii and
B. dolomiticola, both native to South Africa, are highly restricted to
specific soil types, while their respective sister species, B. ovata and
B. wilmsiana, are somewhat more widespread. Drivers of diversification
in Acanthaceae may also include pollinator interactions, including ani
mal pollination and other biotic interactions, such as the visitation of
extrafloral nectaries by ants (McDade et al., 2008). Other large genera in
Acanthaceae, such as Justicia s.l. (ca. 700 spp., Kiel et al., 2017) and
Ruellia (ca. 450 spp., Tripp, 2007), are well represented in the Neo
tropics and traits consistent with bee, lepidopteran, and especially
hummingbird pollination syndromes have evolved repeatedly, possibly
driving diversification (Kiel et al., 2017; Tripp and Manos, 2008; Tripp
and Tsai, 2017). Little is known about pollination in Barleria. Obermeyer
noted the South African Barleria are pollinated by bees (1933). Shifts in
pollination syndromes found in Justicia and Ruellia do not seem to be as
frequent in Barleria. Apparent shifts to moth-pollination in species of
subg. Barleria Cristata clade and in B. greenii have occurred (Fig. 9;
Makholela et al., 2003). In general, bird pollination is not common in the
Paleotropics, where hummingbirds are absent. Sunbirds are pollinators
and have been observed to visit flowers of African Anisotes and Meta
rungia (Acanthaceae). Barleria lukwangulensis Mildbr. (not sampled here;
likely Fissimura clade) is putatively bird pollinated (I. Darbyshire pers.
comm.). Only one species of Barleria, B. oenotheroides, is found in the
Americas. We document here that corolla tubes of B. oenotheroides
display a pattern under UV light that is not apparent in visible light
reflectance (Fig. 1F,1G), presumably to attract insect pollinators. Factors
other than pollinators are most likely important in promoting speciation
in this group, yet reproductive isolation via specialized floral
morphology may still be important. Some species pairs such as
B. compacta Malombe & I.Darbysh. and B. brevispina (Fiori) Hedren in
sect. Prionitis differ only in reproductive morphology, and are otherwise
essentially indistinguishable (Malombe and Darbyshire, 2010). Barleria
compacta has a subregular corolla form, whereas B. brevispina has a 4 + 1
corolla form with a highly reduced abaxial lobe (Malombe and Darby
shire, 2010). The ranges of these species are adjacent with some overlap
in Somalia; more observations are necessary to confirm differences in
pollinators.
This study has greatly advanced our understanding of the relation
ships among this remarkably diverse group. It provides an enticing
framework for future studies of morphology and biogeography across
the genus, and it informs furture taxonomic work on the genus. We
strongly suggest that future studies include additional sampling of Asian
species, particularly from the Indian subcontinent, which will greatly
aid in the understanding of biogeography and diversification in this
complex lineage. Additional sampling using RADseq within lineages of
Barleria, as well as field observations, will shed light on potential drivers
of diversification in the genus.
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Appendix A. Sampling
Barleria acanthoides Vahl – Ethiopia, Friis, I. et al. 8650 (K); Barleria
aculeata Balf.f. – Yemen (Socotra), Miller, A.G. et al. M.8643 (K); Barleria
aenea I.Darbysh. – Zambia, Radcliffe-Smith, A. et al. 5703 (K); Barleria
albostellata C.B.Clarke – UK (cult.), Chase, M. 17,938 (K); Barleria
albostellata C.B.Clarke – USA, J. D. Arias 3 (LOB); Barleria allaudii Benoist
– Madagascar, Freidberg, A. M11 (K); Barleria ameliae A.Meeuse –
Zimbabwe, Hyde, M.A. 95/062/5 (K); Barleria angustiloba Lindau –
Kenya, Bidgood, S. & Vollesen, K. 1272 (K); Barleria appressa (Forssk.) M.
A.Deflers – Yemen, Spellenberb, R. 7225 (K); Barleria argentea Balf.f. –
Ethiopia, Friis, I. et al. 14,848 (K); Barleria argillicola Oberm. –, Balkwill
et al. 11,655 (RSA-POM); Barleria aristata I.Darbysh. – Tanzania, Carter,
S. et al. 2272 (RSA-POM); Barleria arnottiana Nees – Sri Lanka, Cramer, L.
& Samarasinghe, D. 7003 (K); Barleria asterotricha Benoist – Guinea,
Cheek, M. 18,957 (K); Barleria athiensis I.Darbysh. – Kenya, Bally & Smith
14,961 (CAS); Barleria aucheriana Nees – Oman, Miller, A.G. 7651 (RSAPOM); Barleria baluganii Ensermu – Ethiopia, Brummitt, R.K. 20,929 (K);
Barleria bispinosa Vahl – Yemen, Wood, J.R.I. 1371 (RSA-POM); Barleria
boehmii Lindau –, Bidgood, S. et al. 7679 (RSA-POM); Barleria bolusii
Oberm. – South Africa, McDade 1298 (RSA-POM); Barleria boranensis
Fiori – Ethiopia, Friis, I. et al. 13,802 (K); Barleria bremekampii Oberm. –,
McDade et al. 1303 (RSA-POM); Barleria brevispina (Fiori) Hedren – So
malia, Thulin, M. et al. 7588 (K); Barleria brownii S.Moore – Cameroon,
Etuge, M. 1480 (K); Barleria buxifolia L. – India, van der Maesen, L.J.G.
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3341 (K); Barleria calophylloides Lindau – Tanzania, Bidgood, S. et al.
5292 (CAS); Barleria calophylloides Lindau subsp. pilosa I.Darbysh. –
Tanzania, Congdon, T.C.E. 325 (K); Barleria candida Nees – Oman, Miller,
A.G. 6601 (K);
Barleria capitata Klotzsch – Malawi, Brummitt, R.K. & Osborne, P.l.
15,533 (K); Barleria carruthersiana S.Moore – Angola, Tripp, E. 6910 (K);
Barleria cf. pulchella – Madagascar, Bardot-Vaucoulon, M. 1719 (K);
Barleria clinopodium Fiori – Somalia, Thulin, M. et al. 7726 (K); Barleria
compacta Malombe & I.Darbysh. – Somalia, Gillett, J.B. 23,030 (K);
Barleria coriacea subsp. dinteri (Oberm.) I. Darbysh. – Namibia, Tripp,
E. & Dexter, K. 2032 (K); Barleria crassa C.B.Clarke subsp. mbalensis I.
Darbysh. – Zambia, Harder, D.K. et al. 2184 (K); Barleria crassa C.B.
Clarke subsp. ramulosoides I. Darbysh. – Zambia, Bingham, M.G. 13,271
(K); Barleria cristata L. – USA (cult.), CSULB Greenhouse (LOB); Barleria
cristata L. – China, Gooligong Shan Biodiversity Survey 15,945 (CAS);
Barleria cristata L. – Nepal, Grey-Wilson, C. Phillips 865B (K); Barleria
crossandriformis C.B.Clarke – South Africa, Balkwill, K. et al. 11,670 (K);
Barleria cuspidata B.Heyne ex Nees – India, van der Maesen, J. 4801 (K);
Barleria cyanea S.Moore – Namibia, Nyatoro, D.T. et al. 27 (K); Barleria
damarensis T.Anderson – Namibia, Aiyambo, D. et al. 328 (K); Barleria
decaisneana Nees – Comoros, Barthelat, F. 1487 (K); Barleria decaryi
Benoist – Madagascar, Phillipson, P.B. 4122 (K); Barleria delagoensis
Oberm. – Mozambique, de Koning, J. & Nuvunga, A. 8378 (K); Barleria
delamerei S.Moore – Ethiopia, Bidgood, S. et al. 4922 (K); Barleria des
campsii Lindau – Zambia, Luwiika, B. et al. 128 (K); Barleria dolomiticola
M.Balkwill & K.Balkwill – South Africa, Stalmans, M. 1848 (K); Barleria
dulcis Benoist – Madagascar, Pete Phillipson 1980 (CAS); Barleria eburnea
– Angola, Maiato, F. FM1010 (K); Barleria elegans S.Moore ex C.B.Clarke
subsp. orientalis I.Darbysh. – Mozambique, Bolnick, D. s.n. (K); Barleria
eranthemoides R.Br. ex C.B.Clarke – Tanzania, A. Fisher 93 (RSA-POM);
Barleria eranthemoides R.Br. ex C.B.Clarke var. agnewii I.Darbysh. –
Tanzania, Abdallah, R. & Vollesen, K. 95/56 (K); Barleria ferox Ensermu &
I.Darbysh. – Ethiopia, Amare Getahun D-10 (K); Barleria fulvostellata
subsp. fulvostellata C.B.Clarke – Tanzania, Bidgood, S. et al. 717 (K);
Barleria galpinii C.B.Clarke –, Balkwill et al. 10,854 (RSA-POM); Barleria
glandulostamina subsp. glandulostamina I. Darbysh. – Madagascar, Daniel,
T. 10,567 (K); Barleria gracilispina (Fiori) I.Darbysh. – Tanzania, Abdal
lah, R. et al. 96/172 (K); Barleria granarii I.Darbysh. – Tanzania, Bidgood,
S. et al. 6328 (K); Barleria grandipetala De Wild. – Tanzania, Bidgood, S.
et al. 7952 (RSA-POM); Barleria grandis Hochst. ex Nees – Ethiopia, Friis,
I. et al. 13,384 (K); Barleria greenei M.Balkwill & K.Balkwill –, T. F. Daniel
9353 (RSA-POM); Barleria grootbergensis I.Darbysh. & E.A.Tripp –
Namibia, Nanyeni, L. et al. 852 (K); Barleria her Benoist – Madagascar,
Daniel, T. F. 11,082 (CAS); Barleria her Benoist – USA (cult.), Huntington
Gardens Accession 90,394 (LOB); Barleria heterotricha Lindau – USA
(cult.), R. Comito 9 (LOB); Barleria hildebrandtii S.Moore – Somalia,
P. Kuchar 17,654 (CAS); Barleria hirta Oberm. – Malawi, Brummitt, R.K.
et al. 18,562 (K); Barleria hirtifructa I.Darbysh. – Kenya, Luke, W.R.Q. &
Luke, P.A. 10,796 (K); Barleria hochstetteri Nees ex DC. – Ethiopia, Friis, I.
et al. 10,240 (K); Barleria holstii Lindau – Tanzania, Abdallah, R. & Vol
lesen, K. 95/110 (K); Barleria humbertii Benoist – Madagascar, Daniel, T.F.
11,095 (K); Barleria inclusa I.Darbysh. – Tanzania, Bidgood, S. et al. 7557
(K); Barleria induta C.B.Clarke – Ethiopia, Friis, I. et al. 12,238 (K); Bar
leria insolita Benoist – Madagascar, Phillipson, P.B. et al. 3439 (CAS);
Barleria involucrata Nees –, P.Davidar s.n. (RSA-POM); Barleria jubata S.
Moore – Namibia, Nyatoro, D.T. et al. 36 (K); Barleria kacondensis S.
Moore – Angola, Goyder, D.J. et al. 8493 (K); Barleria kaessneri S.Moore –
D.R. Congo, de Witte, G.F. 4037 (K); Barleria kaloxytona Lindau –
Namibia, Tripp, E. 798 (K); Barleria kitchingii Baker – Madagascar, Daniel,
T.F. 10,641 (K); Barleria lactiflora Brummitt & Seyani – Tanzania, Bidg
ood, S. et al. 3365 (K); Barleria lanceolata subsp. tristis C.Chr. – Namibia,
Tripp, E. 820 (K); Barleria lancifolia T.Anderson –, Balkwill et al. 11,664
(RSA-POM); Barleria lancifolia T.Anderson – Namibia, Tripp, E. s.n. (RSAPOM); Barleria leandrii Benoist – Madagascar, Labat, J.-N. & Deroin, T.
2304 (K); Barleria lebomboensis I.Darbysh., McCleland & Froneman –,
McCleland 1049 (K); Barleria lichtensteiniana Nees – Namibia, Strohbach,

B. & Chivell, E. 3390 (K); Barleria limnogeton S.Moore – Tanzania, Bidg
ood, S. et al. 7094 (RSA-POM); Barleria linearifolia Rendle – Kenya, Luke,
Q. et al. TPR445 (K); Barleria lobelioides Champl. – DR Congo, TROP
METEX (Brooks et al.) 242 (K); Barleria longipes Benoist – Madagascar,
Luckow, M. 4214 (K); Barleria longissima Lindau – Ethiopia, Friis, I. et al.
11,327 (K); Barleria lugardii C.B.Clarke – Tanzania, Bidgood, S. et al. 889
(K); Barleria lukei I.Darbysh. – Kenya, Robertson, S.A. & Luke, Q. 5973
(K); Barleria lupulina Lindl. – Madagascar, 10,469 (RSA-POM); Barleria
mackenii Hook.f. – Namibia, Aiyambo, D. et al. 330 (K); Barleria maclaudii
Benoist – Mali, Luke, W.R.Q. 15,911 (K); Barleria macrostegia Nees –
Botswana, Darbyshire, I. 461 (K); Barleria marginata Oliv. – Kenya,
Brenan, J.P.M. et al. 14,702 (K); Barleria maritima I.Darbysh. – Tanzania,
Frazier, J. 1164 (K); Barleria masaiensis I.Darbysh. – Kenya, Bally, P. &
Smith, A.R. 14,968 (K); Barleria matopensis S.Moore – Zambia, Schmidt,
H.H. et al. 2315 (K); Barleria meeuseana P.G.Mey. – Namibia, Nanyeni, L.
et al. 875 (K); Barleria merxmuelleri P.G.Mey. – Namibia, Tripp, E. &
Dexter, K. 4097 (CAS); Barleria meyeriana Nees – South Africa, Mcdade
and Balkwill 1245 (RSA-POM); Barleria mirabilis I. Darbysh. & Q. Luke –
Tanzania, Luke, W.R.Q. 16,848 (K); Barleria molensis Wild – Zimbabwe,
Cross, L. 164 (K); Barleria monticola Oberm. –, Balkwill, McDade, and
Balkwill 11,651 (RSA-POM); Barleria mpandensis subsp. mpandensis I.
Darbysh. – Tanzania, Luke, W.R.Q. 16,250 (K); Barleria mucronifolia
Lindau – Ethiopia, Ensermu Kelbessa & Assefa Hailu 4462 (K); Barleria
mysorensis B.Heyne – India, Matthew, K.M. RHT47093 (K); Barleria
namba I. Darbysh. – Angola, Goyder, D.J. et al. 8660 (K); Barleria negel
leensis Ensermu & I.Darbysh. – Ethiopia, Friis, I. et al. 11,071 (K); Barleria
nitida Nees –, Cramer et al. 7028 (RSA-POM); Barleria nyasensis C.B.
Clarke – Tanzania, Lovett, J.C. & Kayombo, C.J. 4726 (K); Barleria obtusa
Nees – USA (cult.), R. Comito 8 (LOB); Barleria oenotheroides Dum.Cours.
– USA, A. E. Fisher 449 (LOB); Barleria opaca Nees – Ghana, Schmidt, H.H.
et al. 1981 (K); Barleria orbicularis Hochst. ex Anders – Ethiopia, Friis, I.
et al. 10,175 (K); Barleria ovata E.Mey. ex Nees – South Africa, Balkwill,
K. et al. 10,907 (K); Barleria paolioides I.Darbysh. – Kenya, Brenan, J.P.M.
et al. 14,794 (K); Barleria parviflora R.Br. & T.Anderson – Ethiopia, Friis,
I. et al. 6707 (K); Barleria parvispina Benoist –, Du Puy MB639 (K); Bar
leria parvispina Benoist – Madagascar, F. Almeda 7703 (CAS); Barleria
phaylopsis Milne – Zambia, Bingham, M.G. 14,139 (K); Barleria polhillii I.
Darbysh. subsp. nidus-avis I.Darbysh. – Tanzania, Richards. M. 25,558
(K);
Barleria polhillii subsp. polhillii I.Darbysh. – Kenya, Faden, R.B. &
Faden, A.J. 74/1208 (K); Barleria popovii Verdc. – Yemen, Miller, A.G.
8694 (RSA-POM); Barleria pretoriensis C.B.Clarke –, McDade et al. 1304
(RSA-POM); Barleria prionitis L. subsp. pubiflora (Benth. ex Hohen.)
Brummitt & J.R.I.Wood – India, Crow, J. 132 (K); Barleria prionitis subsp.
angustissima (Hochr.) Benoist – Madagascar, Mabberley, D.J. 893 (K);
Barleria prionitis subsp. prionitis L. – Ghana (cult.), Jongkind, C.C.H. &
Noyes, R.D. 1290 (K); Barleria prionitoides Engl. subsp. strigulosa I. Dar
bysh. – Angola, Tripp, E. 6957 (K); Barleria prionitoides Engl. subsp.
namutonensis (Oberm.) I. Darbysh. – Namibia, Tripp, E. 824 (K); Barleria
proxima Lindau – Ethiopia, Friis, I. et al. 10,731 (K); Barleria pseudo
prionitis Lindau – Somalia, Thulin, M. et al. 6938 (K); Barleria punctata
Milne – Somalia, Thulin, M. 11,040 (K); Barleria quadrispina Lindau –
Ethiopia, Bidgood, S. et al. 4962 (CAS); Barleria ramulosa var. ramulosa
C.B.Clarke – Tanzania, Bidgood, S. & Vollesen, K. 1263 (K); Barleria repens
Nees –, H Lorenzi 1515 (RSA-POM); Barleria rhodesiaca Oberm. –
Zambia, Bingham, M. 11,105 (K); Barleria rhynchocarpa Klotzsch –
Tanzania, Kabululu, M.S. NPGRC 375 (K); Barleria richardsiae I.Darbysh.
– Tanzania, Bidgood, S. et al. 5602 (CAS); Barleria rigida var. ilicina Willd.
ex Nees – Namibia, Tripp, E. & Dexter, K. 2075 (K); Barleria rotundifolia
Oberm. – USA, A. E. Fisher 412 (LOB); Barleria ruellioides T.Anderson –
Nigeria, Chapman, J.D. 3966 (K); Barleria saxatilis Oberm. – South Africa,
Balkwill, K. et al. 11,669 (K); Barleria scandens I.Darbysh. – Tanzania,
Manktelow, S.J. 91,271 (K); Barleria senensis Klotzsch –, Daniel 9375
(RSA-POM); Barleria setosa (Klotzsch) I. Darbysh. – Mozambique, Gomes
e Sousa, A.F. 3506 (K); Barleria shebelleensis Ensermu & I. Darbysh. –
Somalia, Friis, I. et al. 5012 (K); Barleria solitaria P.G.Mey. – Namibia,
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Klaassen, E.S. et al. 2532 (K); Barleria sp. aff. paucidentata – Madagascar,
T. F. Daniel 10560a (CAS); Barleria sp. aff. quadrispina – Ethiopia, Friis, I.
et al. 14,746 (K); Barleria sp. B of FTEA – Tanzania, Mwangulango, N.A.
925 (K); Barleria sp. nov. aff. obtusa – South Africa, van Jaarsfeld, E.J.
1252 (K); Barleria spinulosa Klotzsch – Mozambique, Bester, S.P. 11,161
(K); Barleria steudneri C.B.Clarke – Ethiopia, Friis, I. et al. 10,907 (K);
Barleria stimulans E.Mey. ex Nees – South Africa, Balkwill, K. et al. 8749
(K); Barleria strigosa Willd. –, Suddel et al. 926 (RSA-POM); Barleria
submollis Lindau – Kenya, Y. B. Harvey et al. 11 (CAS); Barleria sub
regularis I.Darbysh. – Tanzania, Bidgood, S. et al. 958 (RSA-POM); Bar
leria taitensis subsp. occidentalis S.Moore – Namibia, Tripp, E. 847 (K);
Barleria taitensis subsp. rogersii S.Moore – South Africa, McDade, L.A.
et al. 1268 (K); Barleria taitensis subsp. taitensis S.Moore – Tanzania,
Bidgood, S. et al. 6341 (K); Barleria tanzaniana (Brummitt & J.R.I.Wood)
I.Darbysh. – Tanzania, Mwangoka, M.A. et al. 3962 (K); Barleria tetra
cantha Balf.f. – Yemen (Socotra), Miller, A.G. et al. M.10252 (K); Barleria
thunbergiiflora – Angola, Goyder, D.J. et al. 8343 (K); Barleria tomentosa
Roth – Sri Lanka, Cramer, L. et al. 7034 (K); Barleria trispinosa Vahl –
Ethiopia, Friis, I. et al. 10,625 (RSA-POM); Barleria usambarica Lindau –
Tanzania, Suleiman, H.O. et al. 3563 (K); Barleria velutina Champl. –
Zambia, Congdon, T.C.E. 583 (K); Barleria venenata I.Darbysh. –
Tanzania, Suleiman, H.O. et al. 3562 (K); Barleria ventricosa Hochst. ex
Nees – Ethiopia, Friis, I. et al. 9597 (K); Barleria villosa S.Moore – Congo,
Verschueren 560 (CAS); Barleria vincifolia Baker – Madagascar, Peter
Goldbladt & G. E. Schatz 8895 (CAS); Barleria violascens S.Moore –
Angola, Crawford, F. FC373 (K); Barleria volkensii Lindau – Kenya,
Bidgood, S. & Vollesen, K. 5000 (K); Barleria whytei S.Moore – Kenya,
Robertson, S.A. 7623 (RSA-POM); Barleria wilmsiana Lindau –, Balkwill,
Balkwill, Goyder and Paton 10,900 (RSA-POM); Outgroups— Androgra
phis paniculata (Burm. f.) Wall. ex Nees (USA cultivated in CSULB
greenhouse); Crabbea hirsuta Harv. –, Dave Green BMB6 11,658 (RSAPOM); Crabbea sp Harv. –, Balkwill 11,389 (RSA-POM); Justicia chryso
trichoma Pohl ex Nees – Brazil, Anderson 7431a (US); Justicia miguelii V.
A. W. Graham – Bolivia, Daniel & Wood 10,183 (CAS); Justicia vernalis
Wassh. & J. R. I. Wood – Bolivia, Vargas 163 (RSA-POM); Lepidagathis
dulcis Nees –, Sudell et al. 999 (RSA-POM); Lepidagathis sessilifolia (Pohl)
Kameyama ex Wassh. & J.R.I.Wood – , Daniel, et. al 10,106 (RSA-POM);
Neuracanthus africanus T. Anderson ex S. Moore –, McDade & Balkwill
1258 (RSA-POM); Whitfieldia elongata (P.Beauv.) De Wild. & T.Durand –
USA (cult.), A. E. Fisher 443 (LOB).
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