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ABSTRACT

The genus Posoqueria is a Neotropical group of shrubs and trees in the coffee family Rubiaceae.
Posoqueria is phylogenetically poorly understood and presents several internal taxonomical
difficulties. Previous studies using limited molecular data and taxon sampling suggest the species
in Posoqueria could be split into two monophyletic groups based on the presence or absence of a
unique, specialized pollination system known as the Pollen Catapult Mechanism (PCM). This split
implies the need for the resurrection of the genus Stannia, which groups the species lacking the
PCM. Here, 15 species were sampled with target sequence capture and a phylogeny of Posoqueria
was generated based on 177 genes and the multispecies coalescent model. The study confirms the
monophyly of most Posoqueria taxa and provides evidence of the phylogenomic distinctiveness of
species such as P. mutisii, P. longiflora, P. maxima, P. grandiflora, and P. williamsii, but questions
the current circumscriptions of P. chocoana and P. costaricensis. Particularly, the phylogeny
supports the re-circumscription of P. latifolia, suggesting that populations from Central America
and Colombia belong to a yet undescribed species in the genus. Furthermore, this phylogenomic
study indicates that the unique catapult mechanism linked to zygomorphic flowers in Posoqueria
is the product of several evolutionary transitions and is, therefore, a hon-homologous trait. The
results challenge the hypothesis that this trait played a significant role in the diversification of the
genus and reject the recognition of Stannia as a valid taxon. This novel view of the phylogenetic
relationships in Posoqueria expands the horizons for future research in the group, especially from
the alpha-taxonomy, developmental genetics, pollination biology, ecology, and biogeography
points of view.

Keywords: Posoquerieae, Cinchonoideae, Ixoroideae, Dialypetalanthoideae, Angiosperms 353,
target capture, Hybpiper, Pollen Catapult Mechanism.



INTRODUCTION

Rubiaceae is one of the largest families of flowering plants, with about 610 genera and up to 14.000
species (POWO, 2023; Wikstrom et al., 2020). During 2014-2018, Rubiaceae ranked in the top
five for new species reported, and in 2019 it ranked second, with 157 new species (Cheek et al.,
2020). These statistics indicate that the diversity of Rubiaceae is not well known, and that research
is needed, particularly in the megadiverse region of the Neotropics, where this family is one of the
most important components of vegetation (Delprete & Jardim, 2012).

One particularly poorly understood Neotropical genus in the family is Posoqueria Aubl. This genus
has been previously classified within the subfamily Dialypetalanthoideae (formerly Ixoroideae)
(Delprete, 2009; Reveal, 2012; Wikstrom et al., 2020), but Antonelli et al. (2021) only recognized
two subfamilies in Rubiaceae, namely Rubioideae and Cinchonoideae, with Posoqueria belonging
to the latter. Posoqueria and the monospecific genus Molopanthera Turcz. constitute the tribe
Posoquerieae (Delprete, 2009). Some species present taxonomic uncertainties, like P. coriacea, P.
williamsii, and the widely distributed P. latifolia, which exhibits considerable morphological and
ecological variability, deserving a circumscription re-evaluation (Taylor, 2021).

Posoqueria is distributed from Central America to southern Brazil (Figure 1) and includes around
15-20 species of shrubs and trees (Taylor, 2021) with large, showy flowers pollinated by long-
tongued sphingid moths (Delprete, 2009). Actinomorphic flowers are present in some Posoqueria
species, whereas zygomorphic flowers are found in others, and only the latter exhibit a remarkable
specialized pollination system characterized by an asymmetric androecium with a Pollen Catapult
Mechanism (PCM) (Figure 2). When a zygomorphic flower opens, all anthers are united into an
ellipsoid structure held a few millimeters away from the throat of the corolla, and as a pollinator
approaches to insert its proboscis into the corolla tube, it may touch the anther filaments, which
triggers the mechanism and causes the anther head to separate explosively and to throw the pollen
at the pollinator (Puff et al., 1995). The PCM also occurs in Molopanthera and is considered a
unique trait within the Rubiaceae family, and possibly even among angiosperms (Cortes-B &
Motley, 2015).
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Figure 1. Distribution of Posoqueria and voucher localities. [Posoqueria occurrences in GBIF.org (09 May
2023) GBIF Occurrence Download https://doi.org/10.15468/d1.h2xgh4].
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Figure 2. Flower symmetry in Posoqueria. A) Actinomorphic flower of P. costaricensis. B) Zygomorphic
flower of P. latifolia with the anthers united into an ellipsoid structure before the triggering of the Pollen
Catapult Mechanism (PCM). C-D) Zygomorphic flower of P. latifolia after the triggering of the PCM.
Photos: S. Giraldo.

Not all species of Posoqueria exhibit the PCM, and for this reason, some taxonomists have
previously classified taxa with the PCM in a different genus, Stannia Karsten, which is currently
considered a synonym of Posoqueria (Delprete, 2009). Nevertheless, Cortes-B & Motley (2015)
found that the species lacking the PCM formed a monophyletic group, suggesting that the
resurrection of Stannia may be justified, but this needs to be tested with increased sampling and
phylogenetic evidence.

In general, flowers are a morphological innovation that promoted the rapid diversification of
angiosperms, with flower symmetry playing a key role in this process (Busch & Zachgo, 2009). In
addition, it has been reported that species with zygomorphic flowers have a greater risk of
extinction, as they have fewer potential pollinators and there is a decrease in global pollinator
populations (Yoder et al., 2020). Particularly, zygomorphic flowers with the PCM have been
hypothesized to have played a central role in the initial divergence that led to the formation of
Posoqueria and Molopanthera, as well as in the early radiation of the Posoqueria genus (Cortes-B
& Motley, 2015). Taken together, investigating the evolution of the PCM and flower symmetry in
Posoqueria is crucial for understanding the patterns of floral symmetry expression in a
predominantly actinomorphic family such as Rubiaceae, as well as in angiosperms in general, and
can contribute to defining if the conservation concern in Posoqueria species should consider flower
symmetry as a key trait.

In the present study, a phylogeny of Posoqueria was generated, including representatives of 15
species and using the target sequence capture method (Gnirke et al., 2009), which is a high-
throughput DNA sequencing technique that instead of sequencing whole genomes, allows to
concentrate sequencing efforts on sets of pre-selected loci, reducing costs and bioinformatic
challenges while increasing sequencing depth (Andermann et al., 2020). This method is also
appropriate for degraded DNA, common in museum and herbarium specimens (Brewer et al.,
2019). Next-generation sequencing technologies, in conjunction with advances in high-
performance computing, have revolutionized molecular biology (Andermann et al., 2020), but only
recently began to be used in Rubiaceae with promising results (Antonelli et al., 2021; Ly et al.,
2020; Ridley, 2022; Wikstrom et al., 2020).



The universal sequence capture probe set “Angiosperms353” (Johnson et al., 2019) was employed
to target 353 nuclear loci, and after performing a gene selection methodology and an orthology
inference analysis, 177 genes were chosen to generate a phylogeny of Posoqueria with the
multispecies coalescent (MSC) method implemented by the “Accurate Species TRee Algorithm”
ASTRAL-III (Zhang et al., 2018). This method is a powerful tool and theoretical framework for
inferring species phylogenies while accounting for ancestral polymorphism and gene tree - species
tree conflicts (Xu & Yang, 2016). The MSC has been proven to outperform the concatenation
model, especially for large phylogenomic data sets on which more than 10 loci are analyzed (Jiang
et al., 2020). It also has been demonstrated the inconsistency of concatenation methods under the
anomaly zone (Mendes & Hahn, 2018), on which coalescent models of tree building are still
consistent (Jiang et al., 2020).

Here, | developed a phylogenomic framework for Posoqueria to conduct a systematic evaluation
of the genus. This framework allowed the assessment of species circumscriptions, reconstruction
of the flower symmetry evolution in the genus, and testing whether actinomorphic species lacking
the PCM form a monophyletic group. Additionally, the phylogeny was used to investigate the
monophyly of the widespread species Posoqueria latifolia and to address some taxonomic
problems within the genus. In this way, in a time in which Neotropical biodiversity is rapidly
declining due to anthropogenic factors (Antonelli, 2022), increasing the knowledge about plants
with high sensitivity to habitat degradation due to their specialized pollination mechanism
(Amorim et al., 2014; Yoder et al., 2020), serves as an important contribution to solving,
describing, and disseminating the systematics of the threatened Neotropical flora, information that
is essential for both the conservation of ecosystems and the species they harbor.

MATERIALS AND METHODS
Taxon Sampling and Data Collection

Material was sourced from silica-dried samples and herbarium specimens from ALCB, GB, HUA,
MO, and NY (herbaria abbreviations following Index Herbariorum; Thiers, 2023). Additional
specimens for this project were collected during a field trip in 2022 in Colombia, Costa Rica, and
Panama, prioritizing collections nearby the type localities. For three supplementary samples, target-
enriched by Antonelli et al. (2021) with the Angiosperms353 probe set (Johnson et al., 2019),
sequences were obtained from the European Nucleotide Archive (ENA) in a custom project area
(https://www.ebi.ac.uk/ena/browser/view/PRJEB35285). The 42 voucher samples analyzed in this
study are listed in Table 1.

Specimens were identified by reviewing both physical and online type collections, protologues,
and representative pressed herbarium samples from GB, HUA, JAUM, MEDEL, and MO.
Supplementary botanical keys and descriptions were also consulted (Burger & Taylor, 1993;
Lorence & Taylor, 2012; Macias, 1998). Species classification followed the accepted species
names in the Tropicos Rubiaceae Project (Taylor, 2021).

Molecular Protocols

DNA extraction, quantification, and qualification: Total genomic DNA was extracted from 30
mg of herbarium material and 15 mg of silica gel-dried material, using the DNeasy Plant Pro Kit
(Qiagen, Hilden, Germany). Leaf tissue was pulverized using a Tissuelyser 1l (Qiagen, Venlo,
Netherlands). The manufacturer’s extraction protocol was followed, except for the homogenization
and cell lysis step. An initial homogenization was carried out by running the Tissuelyser at 24 Hz
for 2 min with the plant tissue in dry condition. The Tissuelyser adapters were reoriented so that
the side that was closest to the machine body became furthest from it, and then the Tissuelyser was
run again at 24 Hz for 2 min. Subsequently, 450 pL of Solution CD1 and 50 pL of Solution PS
were added to each tube, placing the tubes in a dry block heater for 2 h at 60 °C, to maximize DNA
yield. After incubation, the manufacturer’s protocol was followed, starting with the centrifugation
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process, step 3. The final step of the protocol consisting of DNA elution in Buffer EB solution was
carried out twice to improve DNA vyield, using 50 puL of Buffer EB in each consecutive step,
obtaining a final volume of 100 pL. Extracted DNA was evaluated with a Nanodrop 2000c
spectrophotometer, quantified using a Qubit 3.0 fluorometer (Thermo Fisher Scientific, Waltham,
US), and then gel electrophoresis was run in a 1% agarose gel to assess the average DNA fragment

size.

Table 1. Voucher specimens. ** Tissue sourced from pressed herbarium samples. * Sequences generated

by Antonelli et al. (2021). The rest of the collections were sourced from silica-dried leaves.

N Species Collector Collector No. Country Herbarium ID
1 Posoqueria bahiensis Silva 199** Brazil ALCB
2 Posoqueria chocoana Persson, Nordenhall, Aulestia 412 Ecuador GB

3 Posoqueria chocoana Persson, Nordenhall 426 Ecuador GB

4 Posoqueria chocoana Persson, Andersson, Lilja 1341 Ecuador GB

5 Posoqueria chocoana Antonio 2528** Panama MO
6 Posoqueria chocoana McPherson 9775** Panama MO
7 Posoqueria coriacea Persson, Nordenhéll, Tapia 459 Ecuador GB

8 Posoqueria coriacea Persson et al. 2134 Colombia GB

9 Posoqueria correana Persson, Giraldo, Rova 3870 Panama GB
10 Posoqueria correana Persson, Giraldo, Rova 3871 Panama GB
11 Posoqueria costaricensis Persson, Antonelli, Gonzalez 861 Panama GB
12 Posoqueria costaricensis Persson, Giraldo, Rova 4002 Costa Rica GB
13 Posoqueria costaricensis Persson, Giraldo, Rova 4040 Costa Rica GB
14 Posoqueria grandiflora Persson, Giraldo, Rova 4018 Costa Rica GB
15 Posoqueria grandifructa Persson, Giraldo, Rova 3977 Costa Rica GB
16 Posoqueria grandifructa Persson, Giraldo, Rova 3984 Costa Rica GB
17 Posoqueria laevis McPherson 19861** Panama MO
18 Posoqueria latifolia Giraldo 735 Colombia HUA
19 Posoqueria latifolia Persson et al. 1950 French Guiana GB
20 Posoqueria latifolia Persson, Giraldo, Rova 3801 Panama GB
21 Posoqueria latifolia Persson, Giraldo, Rova 3963 Panama GB
22 Posoqueria latifolia Persson, Giraldo, Rova 3966 Costa Rica GB
23 Posoqueria latifolia Persson, Giraldo, Rova 4006 Costa Rica GB
24 Posoqueria latifolia Mori 24280 French Guiana NY
25 Posoqueria latifolia Stevens 34378** Nicaragua MO
26 Posoqueria latifolia Maurin 4390* Panama K

27 Posoqueria longifilamentosa Persson et al. 1864 Ecuador GB
28 Posoqueria longifilamentosa Luteyn 15022 Ecuador MO
29 Posoqueria longiflora Medina et al. 10 Colombia HUA
30 Posoqueria longiflora Persson, Grandez 681 Peru GB
31 Posoqueria longiflora Giraldo 719 Colombia HUA
32 Posoqueria longiflora Giraldo 720 Colombia HUA
33 Posoqueria longiflora Perez et al. 10797 Ecuador GB
34 Posoqueria maxima Alzate et al. 228 Colombia GB
35 Posoqueria maxima Tobon 4163 Colombia HUA
36 Posoqueria mutisii Cortés et al. 2298 Colombia HUA
37 Posoqueria mutisii Cortés et al. 2310 Colombia HUA
38 Posoqueria robusta Persson, Giraldo, Rova 3975 Costa Rica GB
39 Posoqueria robusta Persson, Giraldo, Rova 3982 Costa Rica GB
40 Posoqueria williamsii Cortés, Rivas, Evangelista 2203 Colombia HUA
41 Emmenopterys henryi s.n. 1069437* s.L K

42 Sipanea hispida Zappi 990* Brazil K




Library preparation, enrichment, and sequencing: DNA extracts were sent to Rapid Genomics
(Florida, USA). Library preparation was performed for lllumina sequencing utilizing their high-
throughput workflow with proprietary chemistry. DNA was sheared to a mean fragment length of
500 bp, fragments were end-repaired and A- tailed, followed by the incorporation of unique dual-
indexed Illumina adaptors and PCR enrichment. Samples were pooled equimolar, target-enriched
with the Angiosperms353 probe set (Johnson et al., 2019), and sequenced on an Illumina NovaSeq
6000 S4 flow cell, producing 2x150 bp paired-end reads.

Read Processing and Assembly

Read mapping: The quality of the target sequence capture raw reads (.fastq files) was checked with
FastQC (Andrews, 2010). Raw reads were then trimmed and cleaned using Fastp (Chen et al.,
2018) in order to obtain high-quality and high-confidence data in the downstream analysis. Fastp
was run using default parameters for paired end (PE) data, which includes filtering based on phred
quality (>=Q15), polyG tail trimming, reads length filtering (L>15), maximum percent of low-
quality bases allowed 40%, read/pair discarded when the number of N bases greater than limit
(N>5), and although adapter sequences for PE data can be automatically detected by per-read
overlap analysis, specific adapter sequences (.fasta files) were provided for each accession (--
adapter_fasta) to trim the forward and reverse adapters, which results in cleaner output data, since
the overlap analysis may fail due to sequencing errors or adapter dimers (Chen et al., 2018). Raw
reads were also cleaned with Trimmomatic (Bolger et al., 2014), but better results were obtained
with Fastp. The quality of cleaned reads was assessed using FastQC, and both Fastp and FastQC
reports were summarized with MultiQC (Ewels et al., 2016), visualizing global results and trends.

Cleaned paired reads were used to recover target sequences with HybPiper v2.1.2 (Johnson et al.,
2016) using default settings. The “assemble and sequence extraction” command was run (hybpiper
assemble), assembling de novo each gene using SPAdes v3.15.5 (Bankevich et al., 2012) (coverage
cutoff for SPAdes is by default 8x) and extracting coding sequences using Exonerate v2.4.0 (Slater
& Birney, 2005). Recovery statistics, available at Zenodo
(https://doi.org/10.5281/zenodo.7896478), were obtained using the HybPiper commands for
“statistics” (hybpiper stats) and “gene recovery heatmap” (hybpiper recovery heatmap).

Hybpiper was run three times with different methods for aligning reads to targets and with different
target files, in order to find the approach that best recovered the gene sequences: i) Hybpiper was
run with the BWA method (Li & Durbin, 2009) and the “Angiosperms353” target file (Johnson et
al., 2019), available at GitHub (https://github.com/mossmatters/Angiosperms353). BWA aligns
reads to targets using nucleotide sequences; ii) Hybpiper was run with the BWA method and a
filtered version of the "mega353" target file (McLay et al., 2021). To maximize computational
efficiency, the "mega353" target file was subsampled to include the existing sequences of the
family Rubiaceae in the 1KP project (https://sites.google.com/a/ualberta.ca/onekp/), using the
script filter_mega353.py. Both, the script and the expanded "mega353" target file, are available at
GitHub (https://github.com/chrisjackson-pellicle/NewTargets). The final filtered version of the
"mega353" target file, included the standard “Angiosperms353” target sequences and Sequences
from 4 Rubiaceae taxa (Galium boreale, Morinda citrifolia, Psychotria ipecacuanha, and
Psychotria marginata). This expanded version (posog.fasta) of the “Angiosperms353” target file
is available at Zenodo (https://doi.org/10.5281/zenodo.7896478); iii) Hybpiper was run with the
BLASTx method (Camacho et al., 2009) and the filtered version of the "mega353" target file
(posoqg.fasta), which is a nucleotide target file. As BLASTx uses amino-acid sequences as a
reference, HybPiper translated the nucleotide target file into a protein target, and then mapped reads
to targets.

Selection of genes and paralogy resolution: HybPiper run statistics were used to select only genes
for which more than 90% of the sequences (>38/42 sample sequences) were recovered with a
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sequence length longer than 75% of the mean target length, as the presence of fragmentary
sequences can increase gene tree error (Hosner et al., 2016; Sayyari et al., 2017).

The HybPiper post-processing command (hybpiper paralog_retriever) was run to recover coding
sequences of alternative long paralogs from loci flagged by HybPiper as having putative paralogs.
Subsequently, an orthology inference analysis, critical for phylogenomic reconstruction, was run
with the paragone-nf paralogy resolution pipeline, with commands and instructions available at
GitHub (https://github.com/chrisjackson-pellicle/paragone-nf). The paragone-nf nextflow pipeline
was run with default parameters, working over sequences not flagged as a putative chimera (output
folder paralogs_no_chimeras) by the hybpiper paralog_retriever command, selecting as outgroups
(--internal_outgroups) the accessions 1069437 and 990 (Emmenopterys henryi and Sipanea
hispida). The output folder of the ‘“Monophyletic outgroup” (MO) method
(19_alignments_stripped_names_MOQO_realigned), containing the .fasta files for the inferred
orthologous target genes, was used in downstream analyses.

Phylogenetic Analysis

Sequence alignments: Gene matrices recovered using the orthology inference analysis were
aligned independently using MAFFT v7.515 (Katoh & Standley, 2013) with the high accuracy
method, incorporating iterative refinement with local pairwise alignment (--maxiterate 1000 --
localpair) and using the default gap scoring scheme. Multiple Sequence Alignments (MSA) for
each gene were then trimmed wusing Phyutility v2.7.3 (Smith & Dunn, 2008)
(https://github.com/blackrim/phyutility), removing sites that were missing 50% data (-clean 0.5).

Gene trees: Gene trees from trimmed MSA were obtained using 1Q-TREE multicore v2.2.2.2
COVID-edition (Minh et al., 2020) with the ModelFinder option (-m MFP) (Kalyaanamoorthy et
al., 2017), which determined the best-fit substitution model for each gene alignment. ModelFinder
chooses the model that minimizes the Bayesian Information Criterion (BIC) score. A thorough and
more accurate analysis that invokes a full tree search for each model considered (-mtree) was also
performed in IQ-TREE. Generated gene trees were then analyzed using TreeShrink v1.3.9 (Mai &
Mirarab, 2018) with default settings, excluding branches that increased the diameter of each gene
tree by more than 20% (-b 20), filtering outliers from both trees and original trimmed MSA. These
filtered alignments were used to generate the final gene trees with IQ-TREE, executing again
ModelFinder (-m MFP) and (-mtree) options. Ultrafast bootstrapping (UFBoot2) option in 1Q-
TREE was also run with 1000 replicates (-B 1000) (Hoang et al., 2018), including the option to
reduce the risk of overestimating branch supports with UFBoot due to severe model violations (-
bnni). Finally, branches with support values below 10% were collapsed using Newick Utilities v1.6
(Junier & Zdobnov, 2010).

Multispecies coalescent-based species tree: A species tree was generated using the maximum-
likelihood (ML) gene trees obtained with 1Q-TREE and contracted with Newick Utilities, thus
acknowledging gene tree uncertainty. The resulting multifurcating gene trees were used as input to
the Accurate Species TRee Algorithm ASTRAL-III v5.7.8 (Zhang et al., 2018), on which the final
species tree was reconstructed with full branch annotations (quartet support, quartet frequency, and
posterior probability for all three alternatives, plus total number of quartets around the branch and
effective number of genes) using the (-t 2) branch annotation level. The final tree was visualized
and manually edited in FigTree v1.4.4 (Rambaut, 2018) and Adobe Photoshop CS6 13.1 Portable.

Ancestral state reconstruction of the flower symmetry: The ASTRAL-III coalescent tree was used

as input for an ancestral state reconstruction of the flower symmetry in the software “Reconstruct
Ancestral State in Phylogenies” RASP 4 v4.3 (Yu et al., 2020), on which a MultiState
reconstruction was implemented using BayesTraits v3.0.1 (Meade & Pagel, 2018) with default
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values (Iterations 5.050.000, Sample 10.000, Burnin 50.000, MLTries 100) for two different
approaches: Markov chain Monte Carlo (MCMC) method and maximum likelihood (ML) method.

RESULTS
Taxon Sampling

In total, 42 samples corresponding to 15 species of Posoqueria and two outgroups, Emmenopterys
henryi and Sipanea hispida, were included (Table 1). Selected specimens represented to the best
extent possible the morphological diversity and geographic distribution of Posoqueria (Figure 1).

Sequences Recovery and Orthology Inference

After cleaning the raw reads with Fastp, an average of 98% of the reads passed the filtering process.
Figure 3 provides a summary of the filtering analysis for the forward reads (R1), with similar results
observed for the reverse reads (R2). The Phred quality scores of the nucleotide base calls in the
read sequences were high and consistent across the read length, representing a good quality of the
Illumina sequencing output. As shown in Figure 4, the Phred quality scores ranged from 35 to 40
after filtering with Fastp, indicating accuracy of approximately 99.9% to 99.99% (Negi et al.,
2022).
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Figure 3. Percentages of reads in the forward read (R1) .fastq files that passed the Fastp filtering process.

Based on the comparison of the three approaches implemented in Hybpiper, it was observed that
the BWA method using the “Angiosperms353” target file yielded suboptimal results, while the
BWA method coupled with the expanded target file “posoq.fasta” produced intermediate levels of
genes recovery. Most notably, the BLASTx method in conjunction with the expanded target file
“posog.fasta” outperformed both BWA methods, and enabled the most effective recovery strategy
of gene sequences (Figure 5).

In terms of general recovery efficiency, the three Hybpiper methods performed similarly,
recovering about 340 genes with sequences. However, when comparing non-fragmentary genes,
i.e., genes recovered with a sequence length longer than 75% of the mean target length, the
differences were noteworthy (Figure 5). At the 75% threshold, the BLASTx method with the
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expanded target file “posoq.fasta” generated about 12% and 34% more genes sequences than BWA
with the expanded “posoq.fasta” target file and with the “Angiosperms353” target file, respectively.
Therefore, only gene sequences recovered by the BLASTx method with the “posoq.fasta” target
file were chosen for downstream analyses, and the following results and discussion sections are
exclusively based on the outcomes of this approach.

Forward Read (R1) Sequence Quality after filtering
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Figure 4. Phred quality scores of the forward reads (R1) after the Fastp filtering process. Each line
represents an (R1) .fastq file.

Number of genes with sequences > 75% of the mean target length

m i) bwa_Ang353.target ii) bwa_posoq.target  miii) blastx_posoq.target
300
250
4
@ 200
(<5}
o
—
o
p
L 150
€
>
P4
100
50 ‘
0
W O ¥ ¥ —w M O O O 0 N MWL N O O N~ o OW O S 0 W S MM~ OO N d x I 4 O ¥ O N ¥ %X X % %
I 4 M x I © 0O~ N O 0O O O W A~ 0O N O N O 0 © O d g N © x M S WO ¥ © 4~ O O % %
o ~ 00 0 O N O M~ 0O OO N O O < M~ O © O F AN N O o I~ M O O W O M~ MO 40 < M O & W
< N~ MO M S ™ M M N M < ™ < - N MO < O N < 0 (2] I - © ™M < M O~ o
o N — — — @ o < ~
& 3 8 e o
Sample ID =

Figure 5. Number of genes with sequences longer than 75% of the mean target length, recovered with three
different methods implemented in Hybpiper: i) BWA method with the “Angiosperms353” target file
(orange); ii) BWA method with the expanded target file “posoq.fasta” (yellow); iii) BLASTx method with
the expanded target file “posoq.fasta” (green). **Tissue sourced from pressed herbarium samples.
*Sequences generated by Antonelli et al. (2021). The rest of the samples were sourced from silica-dried
leaves.
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The average number of input reads that mapped to sequences in the target file was 3.607.220 reads
per sample. The percentage of reads in the input .fastq files that mapped to sequences in the target
file was, on average, 36.5% per sample, with a maximum of 41.3% (sample 3801), and a minimum
of 10.2% (sample 4390). The total number of genes with sequences, i.e., the number of genes that
had coding sequences extracted after the Exonerate analysis, was on average 344 genes per sample.
These genes with sequences were recovered with sequence lengths ranging from more than 0% to
100% relative to the mean target length, as shown in the recovery heatmap in Figure 6 (high
resolution at Zenodo https://doi.org/10.5281/zen0do.7896478) for each gene-sample pair and
summarized in Figure 7 for the total number of genes per sample.

Figure 6. Hybpiper Recovery Heatmap. Each row shows a sample, and each column represents a recovered
gene. The shading intensity in each box reflects the length of the gene recovered for that sample, relative to
the length of the reference target sequence, as indicated by the scale bar on the right.

At the 75% target length threshold, an average of 264 genes per sample were recovered (Figure 7),
and after applying a selection criterion to exclude fragmentary data, choosing only genes for which
more than 90% of the sequences (>38/42 sample sequences) were recovered with a sequence length
longer than 75% of the target length, 197 genes were selected for subsequent analyses.

After running the Hybpiper paralog_retriever command, it was found that all 42 samples were
reported as having one putative paralog sequence at least for one of the genes recovered. In the
most extreme cases, a sample could have up to 6 putative paralog sequences recovered for a single
gene. Intotal, 77 genes out of the 197 genes previously selected, had one or more putative paralogue
sequences retrieved. The number of paralogue sequences for each gene and sample is graphically
represented in Figure 8 (high resolution at Zenodo https://doi.org/10.5281/zenodo.7896478).
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Figure 7. Number of genes with sequences per sample, categorized by percentage of target length recovered.
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The output folder of the Hybpiper paralog_retriever command with putative chimeric sequences
removed (paralogs_no_chimeras) was used as input for the paragone-nf pipeline, including only
the 197 selected non-fragmentary genes. The paragone-nf analysis using the "Monophyletic
outgroup™ (MO) method inferred 177 orthologs, effectively recovering 57 orthologs from the initial
77 genes with putative paralogs, and definitely excluding 20 genes for which the orthologue copies
could not be identified. Paragone-nf removed 633 sequences from the complete data set, and the
detail per gene is provided at Zenodo (https://doi.org/10.5281/zenodo.7896478).
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Figure 8. Hybpiper Paralog Heatmap. Each row shows a sample, and each column represents a recovered
gene. The amount of shading in each box corresponds to the number of retrieved sequences for each gene
and sample (potential paralogs if number >1), as indicated by the scale bar on the right.

Phylogenetic Analysis and Ancestral State Reconstruction

Following the generation of 177 gene trees using IQ-TREE, the trees were processed with
TreeShrink (Mai & Mirarab, 2018), which removed 265 sequences from the whole data set. The
list of sequences excluded from each locus is available at Zenodo
(https://doi.org/10.5281/zen0do.7896478). Gene trees were analyzed using TreeShrink to find
suspicious patterns of branch lengths and then shrink the diameter (i.e., the maximum total branch
length between any two leaves) of each gene tree by removing species, as it has been shown that
erroneous sequences often appear as unexpectedly long branches in the inferred tree (Mai &
Mirarab, 2018). About 4% of the total number of sequences were removed from the complete data
set utilizing this method. TreeShrink filtered alignments were subsequently used to generate the
final gene trees with 1Q-TREE and branches with support values below 10% were collapsed with
Newick Utilities, as it has been demonstrated that collapsing branches with extremely low support
(BS below 5-20%) can considerably improve accuracy of the subsequent ASTRAL analysis
(Mirarab, 2019; Zhang et al., 2018). The species tree inferred in ASTRAL-III along with the results
of the flower symmetry ancestral reconstruction in RASP 4 is presented as an ultrametric tree in
Figure 9. The original coalescent species tree inferred in ASTRAL-II1 can be checked in Appendix
2 and at Zenodo (https://doi.org/10.5281/zenodo.7896478). Statistical support of relationships is
reported as Local Posterior Probabilities (LPP) and the following terms are used to discuss this
support in the species tree: (i) nodes with LPP 100 are described as fully supported; (ii) nodes with
LPP > 85 are described as highly supported; (iii) nodes with 60 < LPP < 85 are described as
moderately supported; and (iv) nodes with LPP < 60 are described as weakly supported.

The ASTRAL-III species tree reconstructed the phylogenetic relationships among species in
Posoqueria with different levels of support, with a trend to higher local posterior probabilities at
deeper nodes. Reviewing the phylogeny in Figure 9 from bottom to top, it can be observed that P.
bahiensis, P. latifolia (from French Guiana), and P. williamsii form a fully supported clade, but
relationships within this clade are not well resolved, being weakly to moderately supported. In this
group, only P. bahiensis has actinomorphic flowers. Posoqueria longiflora is fully supported as a
monophyletic group and sister to a clade formed by P. mutisii + P. latifolia (from Central America
and Colombia). In P. longiflora, intraspecific phylogenomic structure was observed, with
Colombian samples forming a clade that is distinct from Peruvian and Ecuadorian individuals.
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Figure 9. Phylogeny of Posoqueria inferred in ASTRAL-III from 177 gene trees, with the results of the
ancestral reconstruction of flower symmetry generated in RASP 4. Local posterior probability values are
presented in the nodes. Only key nodes are highlighted with the most likely ancestral states, with orange
circles (e) representing actinomorphic flowers and green rectangles (=) representing zygomorphic flowers
with the Pollen Catapult Mechanism (PCM). Numbers in green denote evolutionary transition events from
actinomorphic to zygomorphic flowers, while numbers in orange represent reversal events from
zygomorphic to actinomorphic flowers. Each terminal is labeled with the species name, sample 1D, and
acronym of collection country (BRA:Brazil, COL:Colombia, CRI:Costa Rica, ECU:Ecuador, FRG:French
Guiana, NIC:Nicaragua, PAN:Panama, PER:Peru, s.l:unknown locality)
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The division between P. mutisii and P. latifolia is moderately supported (LPP 65) and these species
are morphologically different, the former being actinomorphic, while the latter presents
zygomorphic flowers with the Pollen Catapult Mechanism (PCM). It is noteworthy that P. latifolia
was recovered as polyphyletic, with one clade formed by specimens from French Guiana and a
second one including only the plants from Central America and Colombia.

A second clade in Posoqueria, starting at the node labeled in Figure 9 as 1 (orange), was recovered
and is further divided into two groups. In the first group, P. laevis is fully supported as sister to (P.
grandiflora + P. robusta + P. costaricensis + P. correana + P. grandifructa). The rest of
relationships within the clade are moderately to weakly supported, with P. costaricensis being
particularly problematic, as it was recovered as a polyphyletic taxon. P. grandiflora is the only
zygomorphic species in this clade. In the second group, P. chocoana (from Panama) is fully
supported as sister to (P. costaricensis + P. coriacea + P. chocoana (from Ecuador) + P. maxima
+ P. longifilamentosa) (Figure 9). Although most of the nodes in this group were inferred as highly
to moderately supported, the positions of the specimens P. costaricensis (4040) and P. chocoana
(426) contradict the current taxonomic classification.

The ancestral state reconstruction of the flower symmetry implemented by BayesTraits in RASP 4
with the Markov chain Monte Carlo (MCMC) method to derive posterior distributions and with the
maximum likelihood (ML) method to derive point estimates of log-likelihoods (Meade & Pagel,
2018), yielded the same patterns of inferred flower symmetry states at the ancestral nodes in the
phylogeny (Figure 9). The ancestral state reconstruction infers at least six transitions from
actinomorphic to zygomorphic flowers, and four reversals from zygomorphic to actinomorphic
flowers, indicating that the Pollen Catapult Mechanism, linked to the zygomorphic flowers, is a
non-monophyletic trait.

DISCUSSION

The phylogenomic study presented here is the product of an extensive taxonomic and molecular
sampling of Posoqueria, providing a new perspective on the interspecific relationships in the genus.
The results and insights about the phylogenomic methods implemented, the systematics of
Posoqueria, and the floral evolution, are discussed in the following paragraphs.

Phylogenomics

The results indicate the BLASTx method outperformed the BWA approach in terms of generating
longer contigs for numerous genes and successfully generating contigs for some genes that had
none when utilizing the BWA option, despite its slower processing speed. These findings are
consistent with prior reports from Johnson et al., (2016) and Murphy et al., (2020), showing the
BLASTX approach is more accommodating to nucleotide substitutions between the target
sequences and sample reads, as alignments are conducted at the peptide level.

The use of the "mega353" target file has been found to facilitate optimal locus recovery from
“Angiosperms353” capture data with the Hybpiper pipeline (McLay et al., 2021). A filtered version
of the "mega353" target file, including the standard “Angiosperms353” target data and sequences
from four Rubiaceae taxa, namely Galium boreale, Morinda citrifolia, Psychotria ipecacuanha,
and Psychotria marginata, was used, confirming the improvement in locus recovery by using this
expanded target file. This approach enabled a superior recovery of target capture loci with both
BWA and BLASTx methods for aligning reads to targets. The combination of BLASTx with the
filtered version of the "mega353" target file (posoq.fasta) yielded better quality of sequences and
more genes recovered.

To mitigate gene tree and species tree errors that can result from fragmentary sequences (Hosner
et al., 2016; Sayyari et al., 2017), HybPiper run statistics were used to select only genes for which
more than 90% of the sequences were recovered with a sequence length longer than 75% of the
mean target length. Sayyari et al. (2017) defined species with less than 50% of the total alignment
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length as fragmentary, while Wickett et al. (2014) defined their limit as less than 33% of the total
alignment length. Here, a more stringent approach was implemented, with a threshold of 75%.

The number of gene sequences recovered at the 75% mean target length threshold was similar for
most samples, with an average of 264, except for two samples with comparatively poor results:
sample 9775 with 152 genes recovered, and sample 2528 with 96 genes at this threshold (Figure
5). Tissue for DNA extraction from 9775 and 2528 samples was sourced from herbarium pressed
material, originally collected in 1986 and 1979, respectively, making them the oldest samples
included here. Despite their relatively low number of recovered sequences, about 100 genes still
provided useful phylogenetic information, demonstrating the potential of high-throughput
sequencing techniques, such as target capture, to study valuable museum specimens and herbarium
samples with possibly degraded DNA. These results support the findings of Brewer et al. (2019)
about the high potential of using herbarium specimens for novel phylogenetic studies.

When the SPAdes assembler generates multiple contigs that contain coding sequences representing
more than 75% (default value) of the reference sequence length, HybPiper flags the locus,
indicating multiple long-length matches (putative paralogous sequences) to the reference sequence
have been found, and it then chooses one contig among these multiple contigs, based on coverage
depth and percent identity with the reference sequence (Johnson et al., 2016). Nonetheless, the
criteria used to select the main sequence may not be ideal in all situations and in some cases, the
multiple long-length contigs might even represent recent polyploidy, allelic variation,
contamination, etc. (Johnson et al., 2016). Therefore, choosing the appropriate gene copy for
subsequent phylogenetic analyses needed further attention. Accordingly, the HybPiper post-
processing command (hybpiper paralog_retriever) was run, to recover coding sequences from
alternative long paralogs. As can be examined in the paralog heat map (Figure 8), when paralog
sequences were recovered, usually several samples had more than one copy for the same gene
(vertical shaded lines), which may indicate ancient gene duplications. In contrast, no tendency for
one sample to have many copies was observed (absent horizontal shaded lines), which may have
indicated polyploidy taxa.

HybPiper also performs a read-mapping approach to detect cases where chimeric locus sequences
are created (i.e., a sequence derived from stitching together coding sequences from different
paralogs) (Johnson et al., 2016). Non-fragmentary genes that were free from putative chimeric
sequences were utilized as input for the paragone-nf analysis, which employs the tree-based
orthology inference methods originally described by Yang & Smith (2014). These methods have
been reported to significantly increase the completeness and accuracy of the inferred orthologs.
The orthology inference was carried out using the outgroup-aware strategy ‘“Monophyletic
outgroup” (MO), which explicitly accommodates gene and genome duplications events among the
ingroups, being especially suitable for clades that have many gene/genome duplications and
requires high-quality outgroup taxa that are phylogenetically distinct from the ingroup (Yang &
Smith, 2014). The paralog heat map suggests several duplication events have occurred in
Posoqueria (Figure 8). In addition, previous research have confirmed Posoqueria is
phylogenetically distinct from the genera used here as outgroups (Emmenopterys and Sipanea)
(Antonelli et al., 2021; Cortes-B & Motley, 2015), so the MO method was regarded appropriate for
this study, effectively recovering 177 orthologs.

Systematics

In most cases, each species in the phylogenetic analysis included two or more samples. The gene
trees and species tree reconstructions were not constrained to cluster together samples of the same
species. Nonetheless, many samples of the same species were clustered in the same clades, thus
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suggesting the monophyly of most of the taxa included in this study and supporting the previous
morphological alfa-taxonomical classification in the group.

In the original publication of P. mutisii, Standley (1936) described the species as resembling P.
longiflora, but the latter having much longer flowers and broader calyx lobes. The identity of P.
mutisii has been considered by Taylor (2021) as not entirely clear and maybe not distinct from P.
longiflora. The type collections of P. mutisii “Mutis, 2257 at US and particularly “Mutis, 4947”
at MA, unlike P. longiflora and P. latifolia specimens, have straight flowers with apparently equal
filaments and buds lacking the characteristic bend of zygomorphic flowers in the lobe part at the
top of the corolla. For these reasons and considering the fully supported relationship of P. longiflora
as sister to P. mutisii + P. latifolia (from Central America and Colombia; Figure 9), P. mutisii is
regarded here as a valid name and as a species different from both P. latifolia and P. longiflora.

The current circumscription of P. latifolia is non-monophyletic, with the French Guianese
specimens forming an independent and distant clade from the Central American and Colombian
samples (Figure 9). Posoqueria latifolia was originally described from French Guiana but is
distributed throughout the range of the genus and is variable both in morphology and habitat
(Taylor, 2021; Taylor et al., 2011). Based on this new phylogenomic evidence, and considering its
morphological and ecological variability, the circumscription of P. latifolia should be reexamined,
as the plants from Central America and Colombia appear to belong to an undescribed species in
the genus.

The clade formed by P. laevis (P. grandiflora + P. robusta + P. costaricensis + P. correana + P.
grandifructa) constitutes most of the Central American species in the genus. Posoqueria laevis
inferred as sister to the rest of the species was the only fully supported bifurcation in this group.
The other relationships within the clade are not well resolved, having moderate to weak support,
likely indicating a recent diversification that could not be characterized using the universal
“Angiosperms353” probe set.

The clade formed by P. chocoana (from Panama) as sister to (P. costaricensis + P. coriacea + P.
chocoana (from Ecuador) + P. maxima + P. longifilamentosa) has relationships in conflict with the
current taxonomic classification in the group. For instance, the current circumscription of P.
chocoana is challenged, as the specimens from Panama form a fully supported group, separated
from all the plants of this species from Ecuador. In addition, the position of the specimen P.
chocoana (426) is particularly tricky, as it is not clustered with any of the other samples in the
species. Therefore, the classification of P. chocoana should be revised, including increased
sampling to gather more morphological and molecular evidence to test whether this species is
monophyletic. Similarly, all the specimens from P. costaricensis are scattered in the phylogeny,
indicating the classification of the species should be revisited. Regarding P. coriacea, this species
could be difficult to separate from P. latifolia, especially when these grow in the intermediate areas
of their ranges (Taylor, 2021), but the phylogeny in Figure 9 shows these species are
phylogenomically distinct. Likewise, P. maxima is considered morphologically similar to P.
grandiflora and P. williamsii, and the taxonomy of these large-flowered plants is not fully resolved
(Taylor, 2021); here is shown that P. maxima, P. grandiflora, and P. williamsii are
phylogenomically different, and P. maxima is inferred to be closer to the zygomorphic large-
flowered P. longifilamentosa.

The evolutionary relationships inferred in this study depended on the phylogenomic resolution
allowed by the “Angiosperms353” probe set, which as a universal bait panel is designed for
resolving deep phylogenetic nodes, usually at the order or family level (Boer et al., 2022). In this
research, several relationships within Posoqueria were confidently resolved using these baits,
while others were recovered with moderate to weak support. The unresolved relationships could
indicate clades with more recent diversification events, which could not be differentiated by
employing the relatively conserved genes captured by universal panels. In the future, this limitation
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could be solved by designing and using a customized bait panel for Posoqueria, or at least for
Rubiaceae, which will allow higher phylogenomic resolution through the capture of more variable
sequences, higher on-target read ratios, and superior target recovery rates (Boer et al., 2022).
Nevertheless, the use of the “Angiosperms353” probes in this research was a cost-effective strategy
that yielded interesting insights into the evolutionary patterns in Posoqueria, demonstrating the
potential of this universal bait set to conduct standardized phylogenomic studies in angiosperms
and confirming its reported utility to resolve infrageneric relationships (Frost et al., 2021; Murphy
et al., 2020; Ridley, 2022) and even infraspecific variability (Beck et al., 2021).

Floral Evolution

Concerning the flower symmetry in Posoqueria, Cortes-B & Motley (2015) reconstructed the
actinomorphic species, i.e. species lacking the Pollen Catapult Mechanism (PCM), as a
monophyletic group, which would justify the re-circumscription of Posoqueria and resurrection of
the genus Stannia, but the limited sampling and weak phylogenetic support prevented them from
drawing conclusions. In the current study, about 80% of the diversity of the genus was included
and the phylogenomic evidence showed with good support that the flower symmetry and the Pollen
Catapult Mechanism (PCM) linked to it, is a non-monophyletic trait. Therefore, the resurrection of
Stannia, which in the past included only the species presenting the PCM (Delprete, 2009), is not
justified, confirming the synonymization of the two genera. It is worth stating that the genus
Molopanthera, which could not be included in this study due to problems with DNA extraction,
has been recovered as the sister taxon to Posoqueria, with phylogenetic evidence showing the PCM
mechanism originated in the Molopanthera-Posoqueria clade (Cortes-B & Motley, 2015).
Consequently, the first transition from actinomorphic to zygomorphic flowers, represented in the
phylogeny in Figure 9 as the number 1 (green), likely occurred instead in a common ancestor to
the Molopanthera-Posoqueria clade.

The frequent occurrence of evolutionary transitions and reversals between actinomorphic and
zygomorphic forms linked to the absence and presence of the PCM raises questions about the
homology of the underlying developmental processes. These results are similar to what has been
found in studies of symmetry expression in Angiosperms as a whole, on which multiple transitions
between actinomorphic and zygomorphic flowers are inferred (Naghiloo, 2020). As the number of
species with zygomorphic flowers presenting the PCM is similar to the number of species lacking
the mechanism and considering that several actinomorphic species were recovered as sister to
zygomorphic species (Figure 9), it seems this trait has not been a factor that particularly influenced
diversification in the group.

Cortes-B & Motley (2015) extensively described pollination mechanisms in angiosperms similar
to the PCM, on which potential mechanical energy is liberated through quick fast movements. They
highlighted that these specialized mechanisms for pollen release are commonly recovered as
synapomorphies for the groups displaying the trait. As an example, they reported the cases of
Moreae with inflexed stamens (Zerega et al., 2005), Stylidium with the triggered position of the
flower column (Laurent et al., 1998), and Cornus with the flowers opening explosively and
catapulting pollen upwards (Fan & Xiang, 2001). Considering these patterns in angiosperms, the
uniqueness of the PCM, and their phylogenetic results, Cortes-B & Motley (2015) regarded the
PCM as a synapomorphy for the Molopanthera-Posoqueria clade, and the lack of the PCM in some
Posoqueria species was interpreted as evolutionary loses. Under this alternative explanation, the
flower symmetry patterns in the phylogeny in Figure 9 should be understood as the product of one
single PCM origin in an ancestor of the Molopanthera-Posoqueria clade and at least eight
subsequent independent evolutionary loses within Posoqueria.

The way in which the symmetry expression patterns in Posoqueria are understood also has
ecological implications. It has been documented that zygomorphic flowers have fewer potential
pollinators, which could cause species with this kind of flowers to face a greater risk of extinction,

18



as pollinator populations are decreasing globally due to habitat degradation, pesticide use,
infections, among other factors (Yoder et al., 2020). For example, Amorim et al. (2014) showed
that a low abundance of long-tongued pollinators such as hawkmoths, which have been reported to
pollinate some Posoqueria species, leads to pollen limitation, making the plants completely
dependent on these long-tongued pollinators to set fruits. Future pollination biology research could
help to better understand the role of the PCM in the efficiency of pollination in Posoqueria and to
test whether this specialized pollination mechanism could compensate for the fewer potential
pollinators in the zygomorphic species. These kinds of studies could also contribute to the
assessment of the endangerment category of species in the group.

CONCLUSIONS

This study constitutes the most widely and densely sampled phylogenomic analysis of Posoqueria
to date, including 15 species representing about 80% of its diversity, samples from eight countries,
and extensive phylogenomic data from 177 molecular markers. A novel view of the phylogenetic
relationships within the genus has been generated, opening opportunities for future research in the
group, especially from the alpha-taxonomy, developmental genetics, pollination biology, ecology,
and biogeography points of view.

The results support the monophyly of most of the species in Posoqueria and contribute to clarifying
the classification of taxonomically problematic taxa, for instance proving the phylogenomic
distinctiveness of species such as P. mutisii, P. longiflora, P. maxima, P. grandiflora, and P.
williamsii. In addition, the current circumscription of P. chocoana and P. costaricensis is
challenged by this phylogenomic evidence, suggesting increased morphological and molecular data
should be gathered to verify their monophyletic condition. Finally, this phylogenetic data strongly
supports the re-circumscription of P. latifolia, confirming previous recorded morphological and
ecological variability in this widespread species (Taylor, 2021), indicating that the populations
from Central America and Colombia belong to an undescribed taxon in the genus.

Strikingly, the unique Pollen Catapult Mechanism (PCM) linked to zygomorphic flowers is
supported by this phylogenomic study as the product of several evolutionary transitions, yielding
this character as non-monophyletic and questioning its role in the diversification of the genus.
These results also close a long-standing debate in the taxonomy of Posoqueria and its
nomenclatural synonym Stannia, dating back to the 1850s (Delprete, 2009), demonstrating that the
resurrection of the latter as a valid taxon is not justified.

Finally, this target capture research exemplifies the trade-off between cost and detail when using
the universal “Angiosperms353” probe set, saving money and time by not having to develop a
customized bait panel and still resolving several phylogenomic relationships in Posoqueria, but
losing detail by recovering some relationships with moderate to weak support.
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APPENDIX 1. Popular Science Summary: Plants with A Catapult in The Flower

Have you ever seen a plant using its flowers as a ballistic mechanism to launch the pollen as a
projectile? Well, Posoqueria, a group of tropical trees relative to the famous coffee plant, have a
unique system in its male reproductive structures, the stamens, which functions as a living catapult.
Some of the species in this group of plants lack this catapult mechanism, so several experts in the
past have suggested the species having the mechanism should be classified in a different group,
separated from the species lacking this kind of biological catapult. Here, | reconstructed the
evolutionary history of these plants using information coming from the DNA, which allowed me
to test whether Posoqueria should be divided in two genera based on the presence-absence of the
flower catapult and address other classification problems in the group.

So, Is Posoqueria Another Kind of Coffee Plant?

Posoqueria is a type of plants that grow in Central and South America. It belongs to a botanical
family called Rubiaceae, which includes coffee plants! Rubiaceae is a big group of plants with lots
of different types. Scientists have found over 14,000 species of Rubiaceae, but there are probably
even more out there that we don't know about yet. Rubiaceae are key components of the ecosystems
in the tropics, providing nectar and fruits for different kinds of animals (Figure 10).

Figure 10. Posoqueria and pollinator. Left: Hawk moth, ready to lick the sweet nectar (Image source:
https://en.wikipedia.org/wiki/Sphingidae). Right: Posoqueria flower with the catapult mechanism ready to
be triggered.

Splitting Posoqueria in Two?

From the 1850s until the modern times, several scientists have thought that some Posoqueria plants
might be split into a different group called Stannia. They based this on the absence or presence of
the catapult mechanism, which allows the plants to explosively throw the pollen with great velocity
at the pollinators head, thus improving its pollination efficiency by ensuring that the pollinator will
carry the pollen stuck in the head to the next flower it visits. Nonetheless, this new study used more
advanced methods to look at the genes of 15 different Posoqueria species and found that them are
actually closely related, so there is not evolutionary justification to split Posoqueria in two groups.

What Else This Study Tells Us?

The study found that some Posoqueria plants, as P. mutisii, P. longiflora, P. maxima, P.
grandiflora, and P. williamsii, are genetically different from other types, removing previous doubts
about their uniqueness. It also suggested that one kind of Posoqueria found in Central America and
Colombia is mistakenly called P. latifolia, as this might actually be a new, unnamed species for
science!

What's next for Posoqueria?

There is still a lot more to learn! Now we have more questions about the evolurionary relationships
within Posoqueria and the role the catapult mechanism played on its diversification. There might
even be new species of Posoqueria that we haven't seen before!
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APPENDIX 2. Phylogeny of Posoqueria inferred in ASTRAL-II1 from 177 gene trees. Local
posterior probability values are presented in the nodes. Each terminal is labeled with the species
name, sample ID, and acronym of collection country (BRA:Brazil, COL:Colombia, CRI:Costa
Rica, ECU:Ecuador, FRG:French Guiana, NIC:Nicaragua, PAN:Panama, PER:Peru, s.l:unknown

locality)

— 0,71
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- P.longifilamentosa-1864-ECU
- P.longifilamentosa-15022-ECL

P.chocoana426-ECU

- P.maxima-228-COL

P.maxima-4163-COL
P.chocoana-1341-ECU
P.chocoana412-ECU
P.coriacea-2134-COL
P.coriacea-459-ECU
P.costaricensis-4040-CRI

- P.chocoana-2528-PAN
- P.chocoana-9775-PAN
- P.grandifructa-3984-CRI

P.grandifructa-3977-CRI

- P.costaricensis-861-PAN

P.correana-3870-PAN
Il-’.correana-3871-PAN

- P.costaricensis-4002-CRI
-~ P.robusta-3982-CRI
- P.robusta-3975-CRI

P.grandiflora-4018-CRI
P.laevis-19861-PAN

- P.latifolia-3801-PAN

P latifolia-34378-NIC

- P.latifolia-3963-PAN

P latifolia-3966-CRI

- P.latifolia-4006-CRI

P latifolia-735-COL

- P latifolia-4390-PAN

P.mutisii-2298-COL

- P.mutisii-2310-COL

P.longiflora-719-COL

- P longiflora-720-COL

- P.longiflora-10-COL

- P.longiflora-681-PER

- P.longiflora-10797-ECU
- P.latifolia-24280-FRG

P.latifolia-1950-FRG
P.bahiensis-199-BRA
P.williamsii-2203-COL
S.hispida-990-BRA
E.henryi-1069437-s.l.



