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Abstract

Kohleria is a Neotropical genus comprising 23 species which taxonomy has historically
been intrincate by extensive phenotypic plasticity and frequent interspecific
hybridization. This study aimed to molecularly characterize Kohleria species from the
Central Andes of Colombia and evaluate potential interspecific hybridization events.
Sampling was conducted across four localities encompassing tropical rainforest and
premontane forest biomes, where 14 individuals were collected and analyzed using four
molecular markers (i.e., ITS, matK, rbcL, and trnH-psbA). Phylogenetic analyses were
performed using both individual datasets and a concatenated matrix comprising 2644
sites, while haplotype networks were constructed to infer the potential parental origins of
putative hybrids. The ITS dataset recovered the monophyly of Kohleria with strong
support (PP = 1). Analyses based on the concatenated dataset further revealed a close
phylogenetic affinity between Heppiella and Kohleria, with Heppiella recovered within
the Kohleria clade, while also providing insights regarding the parental affinities of the
putative hybrids evaluated in this study. Haplotype network analyses further identified
potential parental lineages for at least two hybrids. Overall, this study represents one of
the first detailed molecular assessments of Kohleria, providing a robust framework for
understanding its diversity and evolutionary history in the Central Andes of Colombia,
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while also evaluating from a genetic perspective the interspecific hybridization events
underlying the genus diversification.

Keywords: chloroplast DNA; nuclear DNA; genetic diversity; interspecific
hybridization; phylogenetics; haplotypes; Gesneriaceae; Colombian Andes.

Introduction

Kohleria Regel is a Neotropical genus within Gesneriaceae comprising approximately 23
species distributed mainly across montane ecosystems of tropical America (Kvist and
Skog 1992; Roalson et al. 2005; Clark and Skog 2008; Weber et al. 2013; Arango-Gomez
et al. 2021; Clark and Jost 2021). Species of Kohleria include herbs, subshrubs, and
epiphytes characterized by remarkable phenotypic variation, particularly in floral traits
associated with corolla coloration, pubescence, and shape (Kvist and Skog 1992; Roalson
et al. 2005). Colombia represents one of the main centers of diversity for the genus, with
nearly 18 recorded species and multiple endemic taxa distributed primarily through the
Andean region (Kvist and Skog 1992; Arango-Goémez et al. 2021). Taxonomic
delimitation within Kohleria has historically been challenging due to extensive inter and
intraspecific variation, as well as the presence of taxa with high morphological similarity
(Kvist and Skog 1992; Clark and Skog 2008; Arango-Gomez et al. 2021; Clark and Jost
2021). Previous phylogenetic studies based on molecular and morphological evidence
have revealed complex evolutionary relationships within the clade and supported the
incorporation of species formerly assigned to the genus Capanea (Roalson et al. 2005).
In addition, recent taxonomic revisions continue to modify the circumscription of the
genus and describe new closely related taxa (Arango-Gomez et al. 2021; Clark and Jost
2021).

Interspecific hybridization offers a process for evolutionarily diversification in plants, as
it facilitates the exchange of genetic material between species and promotes the
generation of novel genotypes with adaptive potential (Soltis and Soltis 2009). This
phenomenon has been associated with radiation events (Rieseberg and Willis 2007), the
emergence of novel traits, and the expansion of ecological ranges (Alix et al. 2017). In
some cases, hybridization may also promote speciation by forming fertile hybrid lineages
(Paun et al. 2007). At the same time, hybridization processes can generate complex
evolutionary patterns, including intermediate morphologies and conflicting phylogenetic
signals, thereby complicating taxonomic delimitation and the interpretation of
evolutionary relationships across different plant groups (Alix et al. 2017).

In Kohleria, several authors have reported intermediate floral morphotypes consistent
with potential interspecific hybridization events (Batcheller 1978, 1985; Wiehler 1983;
Kvist and Skog 1992; Roalson et al. 2008). The extensive diversity observed in traits
associated with corolla coloration, pubescence, and morphology has historically
complicated the taxonomic delimitation of several species (Kvist and Skog 1992; Arango-
Gomez et al. 2021; Clark and Jost 2021). In many cases, these phenotypic differences led
to combinations of shared characters among taxa, resulting in diffuse species boundaries
and suggesting that the actual diversity within the genus may be underestimated. Figure



1 illustrates part of the morphological variation observed among the species and
morphotypes evaluated in this study, including individuals with intermediate traits
consistent with possible natural hybridization events. Although some authors have
suggested that these patterns may be associated with natural hybridization processes
(Batcheller 1978, 1985; Kvist and Skog 1992), most of these hypotheses continue to rely
primarily on phenotypic evidence. Consequently, molecular approaches specifically
focused on evaluating phylogenetic scenarios and the scale of hybridization in Kohleria
remain limited.

Molecular approaches based on multilocus data have become fundamental tools for
species delimitation and the reconstruction of evolutionary relationships in plants,
particularly in taxonomically complex groups (Chase et al. 2007; Fazekas et al. 2008;
Coissac et al. 2016). In angiosperms, regions such as the nuclear /7S and the chloroplast
markers rbcL, matK, and trnH-psbA have been widely employed due to their
discriminatory capacity at different taxonomic levels (Kress et al. 2005; Hollingsworth et
al. 2009; Li et al. 2011). Nuclear markers, especially /7S, generally exhibit higher
substitution rates and greater phylogenetic resolution at lower taxonomic levels, whereas
chloroplast markers often provide complementary information associated with maternal
inheritance patterns and deeper evolutionary relationships (Roalson et al. 2005; Clark et
al. 2006; Li et al. 2011; Saddhe et al. 2018). Consequently, combining markers with
distinct evolutionary properties may improve phylogenetic resolution and facilitate the
detection of complex evolutionary processes such as introgression and hybridization
(Mallo and Posada 2016).

It is therefore that in this study we evaluated the phylogenetic diversity of Kohleria from
the Central Andes of Colombia using multilocus molecular evidence derived from the
nuclear /7S region and the chloroplast markers rbcL, matK, and trnH-psbA. Specifically,
we aimed to: (1) assess phylogenetic relationships among selected Kohleria species and
intermediate morphotypes, (2) compare the phylogenetic signal recovered by nuclear and
chloroplast markers, and (3) explore potential evidence of hybridization through
multilocus phylogenetic discordance analyses and haplotype network reconstruction.

Materials and Methods
Plant material and taxonomic sampling

The study area included four localities distributed across an altitudinal range between 700
and 2150 m a.s.l, corresponding to tropical humid forest and premontane forest
ecosystems (Figure 2). Sampling was conducted on flowering individuals occurring both
along forest edges and within forest interiors. Preliminary taxonomic identification was
based on floral morphological characters. Fresh tissue was subsequently obtained from
young leaves, preserved in silica gel, and transported for storage at —20 °C until
subsequent DNA extraction procedures.

DNA extraction and PCR amplification



Genomic DNA was extracted following the extraction and purification protocol proposed
by Doyle and Doyle (1987), using approximately 50 mg of leaf tissue ground in liquid
nitrogen and incubated in lysis buffer preheated to 65 °C for 30 min. Genomic DNA
products were visualized on 1% agarose gels stained with the DNA intercalating dye
GelRed® (Biotium). DNA quantification was performed using a Nanophotometer
spectrophotometer (IMPLEN) under A260/280 and A260/230 absorbance ratios. DNA
samples were subsequently diluted to normalize concentrations to 30 ng/ul for
downstream molecular analyses. Amplification of the rbcL, matK, trnH-psbA, and ITS
loci was performed using the primers described in Table 1.

Polymerase chain reaction (PCR) mixtures were prepared in a final volume of 25 pl
containing 3 ul of DNA (30 ng/ul), 2 ul of 10X (NH4)2SO4 buffer, 2 ul of 25 mM MgCl,
0.3 pl of 40 mM dNTPs, 0.5 pl of each forward and reverse primers (10 mM), 0.5 pl of
BSA (20 mg/ml), 0.5 pul of 10% trehalose, 0.12 ul of Tag DNA polymerase (5 U/ul), and
15.58 pl of ultrapure water. The thermal amplification profile for IS, rbcL, and trnH-
psbA consisted of an initial denaturation step at 95 °C for 5 min, followed by 35 cycles at
95 °C for 1 min, 52 °C for 45 s, and 72 °C for 1 min, with a final extension at 72 °C for
10 min. Amplification of matK consisted of a 60—50 °C touchdown (-1°C/cycle), followed
by 30 cycles at 94 °C for 1 min, 50 °C for 45 s, and 72 °C for 1 min, with a final extension
at 72 °C for 7 min. Amplified products were visualized on 1.5% agarose gels stained with
GelRed® (Biotium). PCR products were purified using the PEG 6000 method following
the protocol described by Schmitz and Riesner (2006), and Sanger sequenced (ABI
3730X) by Psomagen Inc. (https://www.psomagen.com/).

Sequencing, alignment, and data analysis.

Sequencing of the chloroplast and nuclear loci was performed in both directions (forward
and reverse), generating two reads per locus for each sample. Sequence editing was
conducted manually in Geneious (Kearse et al. 2012) through contig assembly reads using
the Needleman and Wunsch (1970) algorithm at a similarity threshold of 93%, generating
consensus sequences for each marker and sample. Codon prediction and amino acid
sequence translation were subsequently performed for the DNA coding regions using the
bacterial genetic code (Kearse et al. 2012). Sequence alignment for each locus across all
samples was carried out in MAFFT v. 7.299 (Katoh and Stanley 2013) using default
parameters. For subsequent analyses, chloroplast loci were concatenated, followed by the
construction of a combined dataset including the /7S locus in Mesquite v.3.82 (Maddison
and Maddison 2023).

Descriptive parameters for each sequenced region were estimated in DnaSP v. 5.07
(Librado and Rozas 2009), evaluating each marker separately and including sequence
length (bp), number of segregating sites, nucleotide diversity, and Watterson’s 0 per site
(Watterson 1975). Finally, haplotype networks were reconstructed in PopART v.1.7
(Leigh and Bryant 2015) using the Median-Joining Network algorithm (Bandelt et al.
1999) to identify the haplotypes present among the sampled individuals.
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Phylogenetic analyses

Phylogenetic relationships within the Kohleria clade were evaluated using four analytical
strategies: (1) an extended phylogenetic analysis of the subtribe Gloxiniinae based on the
ribosomal /7S region to assess the monophyly hypothesis of Kohleria, following the
taxonomic framework proposed by Weber et al. (2013), (2) independent phylogenetic
analyses for each molecular marker to compare topological incongruence, (3)
phylogenetic analyses based on a concatenated dataset, and (4) coalescent-based analyses
inferred from the concanated dataset. All nucleotide substitution models were determined
in jModelTest v. 2.1.10 (Posada 2008) using the corrected Akaike Information Criterion
(AICc) (Akaike 1974). All sequences included in the extended phylogenetic analyses
were retrieved from GenBank (https://www.ncbi.nlm.nih.gov) and are provided in
Supplementary Material 1.

Bayesian inference and coalescent analyses were conducted for 25 million generations,
sampling every 1000 generations, under the Yule speciation model (Yule 1925) and the
Constant Population Coalescent model (Gill et al. 2013), respectively, in BEAST v.2.7.5
(Bouckaert et al. 2019). The consensus tree was generated in TreeAnnotator (Bouckaert
et al. 2019) using a burn-in of 10%, and node heights were estimated based on median
heights. Reldia cf. grandiflora was used as the outgroup to root all phylogenetic trees.
Consensus tree visualization was performed in FigTree v.1.4.4 (Rambaut 2007) and
exported in SVG format for subsequent editing in Inkscape v.1.4.2 (Harrington 2005).

Results
Patterns of nucleotide diversity

This study generated novel molecular information for Kohleria through the sequencing
of four molecular markers from 14 representative samples of species and intermediate
morphotypes evaluated in the Central Andes of Colombia. The analyzed loci included the
nuclear /7S region and the chloroplast markers rbcL, matK, and trnH-psbA. The resulting
sequences were used to construct the datasets employed in the genetic diversity analyses,
haplotype network reconstruction, and phylogenetic inferences performed in this study.
A summary of the analyzed samples and their corresponding accession codes is presented
in Table 2.

Summary statistics were calculated from 44 sequences obtained after quality filtering and
exclusion of the outgroup, including 13 sequences for trnH-psbA, 12 for ITS, 11 for matK,
and eight for rbcL. Among the evaluated markers, matK exhibited the greatest alignment
length (961 bp), followed by I7S (741 bp), rbcL (659 bp), and trnH-psbA (266 bp). The
highest number of polymorphic sites was detected in /7S (215), whereas trnH-psbA
showed the lowest variability (11 sites). Consistently, /7S presented the highest values of
nucleotide diversity (m = 0.12566) and Watterson’s 0, in contrast to the chloroplast
markers, particularly #rnH-psbA, which exhibited reduced levels of genetic variation
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(Table 3). Despite the greater variability observed in I7S, the combined number of
polymorphic sites across the three chloroplast markers was comparable to that detected
in the nuclear region, highlighting the substantial collective contribution of chloroplast
loci to subsequent analyses.

Haplotype network analyses

Haplotype networks were used to evaluate the genetic relationships among Kohleria
species and intermediate morphotypes included in this study (Figure 3). The /7S marker
was excluded from these analyses due to the presence of potential paralogs and the low
quality of some sequences, factors that complicated haplotype network interpretation.
Likewise, rbcL was not included because of the limited number of available sequences
for several of the evaluated taxa.

The haplotype network obtained for trnH-psbA (Figure 3A) recovered shared haplotypes
between spicata x trianae and Kohleria trianae, as well as between trianae x affinis and
Kohleria affinis. However, warszewiczii % trianae did not share haplotypes with the
proposed parental species and instead clustered with Kohleria amabilis. In turn, the
network based on matK (Figure 3B) again recovered shared haplotypes between spicata
x trianae and Kohleria trianae. Additionally, warszewiczii X trianae was recovered close
to this grouping, separated by a single mutational step.

Phylogenetic analyses

Phylogenetic analyses incorporated the sequences generated in this study together with
previously reported accessions for Kohleria and other representative taxa of Gloxiniinae
(Roalson et al. 2005, 2008). Selection of molecular evolution models under the Akaike
Information Criterion identified independent models for each marker: GTR + G for matK,
HKY + G for rbcL, HKY + 1 for trnH-psbA, and SYM + G for ITS (Table 4).

The evaluated datasets differed in the number of phylogenetically informative sites for
discriminating Kohleria taxa. ITS exhibited the highest number of informative sites (44),
followed by rbcL with 23 sites. In contrast, matK and trnH-psbA showed lower numbers
of informative sites, with 13 and six sites, respectively. Despite the differences observed
among markers, the combined number of phylogenetically informative sites obtained
from the three chloroplast loci was comparable to that recovered for /7S, indicating a
similar contribution of phylogenetic information between the nuclear marker and the
combined chloroplast dataset.

For the extended Kohleria analysis, a search for /TS sequences available for Gloxiniinae
genera reported in the literature was conducted following Weber et al. (2013). Based on
this review, representative sequences from each genus were selected, including previously
published accessions of Kohleria and Heppiella, in order to assess clade monophyly and
explore the taxonomic position of Heppiella. The final dataset included 47 sequences and
740 characters, excluding K. tubiflora, K. warszewiczii, and warszewiczii X trianae due
to low sequence quality.



The extended phylogenetic analysis based on /7S recovered the monophyly of the
Kohleria clade with maximal posterior probability support (PP = 1; Figure 4). Sequences
generated in this study consistently clustered with previously published accessions for the
genus, recovering affinities concordant with the proposed taxonomic delimitation of
several evaluated species. In contrast, Heppiella was recovered outside the main Kohleria
clade in the /7S-based analysis. All evaluated species and their corresponding accession
codes are provided in Supplementary Material 1.

Independent phylogenetic analyses for each marker revealed partially incongruent
topologies among loci. Although the general relationships within Kohleria varied across
individual reconstructions, the main difference involved the phylogenetic position of
Heppiella ulmifolia. In the three chloroplast markers, this species was consistently
grouped within the Kohleria clade (Supplementary Material 2), whereas ITS recovered it
outside the principal clade (Figure 4).

The phylogenetic analysis based on the concatenated matrix of the four markers again
recovered the monophyly of the Kohleria clade (PP = 1) (Figure 5). The resulting
relationships exhibited a more stable topology among the evaluated taxa compared with
some individual marker analyses. Among the terminal nodes, the trianae * spicata
morphotype clustered closely with K. trianae (PP > 0.98), whereas warszewiczii X trianae
was recovered separately from both proposed parental species. Additionally, Heppiella
ulmifolia was positioned within the Kohleria clade, remaining distinct from the outgroup
Reldia cf. grandiflora. The analyses also recovered the clustering of K. warszewiczii with
K. amabilis, as well as K. tigridia with K. affinis, consistent with relationships previously
reported by Roalson et al. (2005, 2008).

The coalescent-based analysis recovered a topology congruent with that obtained through
Bayesian inference from the concatenated matrix, maintaining similar relationships
among the principal clades and comparable support values. Both approaches recovered
the monophyly of Kohleria and a consistent phylogenetic position for the principal
evaluated taxa, including the intermediate morphotypes and the placement of Heppiella
ulmifolia within the Kohleria clade. Figure 6 presents the comparison between both
phylogenetic hypotheses and their corresponding support values.

Discussion
Performance of nuclear and plastid DNA Barcodes

Multilocus approaches have been widely proposed as effective tools for angiosperm
species delimitation, particularly in groups where individual markers have shown
limitations in resolving phylogenetic conflicts (Chase et al. 2007; Fazekas et al. 2007;
Coissac et al. 2016). In Kohleria, the combined use of /7S, rbcL, matK, and trnH-psbA
recovered a more stable phylogenetic resolution compared with independent analyses of
each marker, in which only /7S exhibited consistent discriminatory power among the
evaluated species. These results are congruent with previous studies in Gesneriaceae,
where /TS has shown a higher proportion of variable and parsimony-informative sites



relative to chloroplast markers (Roalson et al. 2005, 2008; Clark et al. 2006; Fazekas et
al. 2007; Moller and Clark 2013).

Despite their lower variability, chloroplast markers provided important complementary
information, particularly for evaluating potential signals of hybridization among some
intermediate morphotypes and their proposed parental species (discussed below).
However, the performance of these markers was contrasting. The trnH-psbA spacer
exhibited low levels of variability in Kohleria and alignment difficulties associated with
INDEL events, even among closely related taxa, a pattern previously reported for this
marker (Cowan et al. 2006; Chase et al. 2007; Kress and Erickson 2007). In this study,
although Kohleria species exhibited relatively similar sequence lengths, the outgroup
Reldia cf. grandiflora showed an insertion of approximately 50 bp despite both taxa
belonging to Gesneriaceae. This type of structural variation may affect alignment stability
and, consequently, the phylogenetic signal recovered for this marker.

In contrast, matK showed a low rate of variation compared with that reported for other
plant groups (Kress et al. 2005; Chase et al. 2007; Fazekas et al. 2007; Kress and Erickson
2007; Li et al. 2011), suggesting limitations for resolving recent relationships within the
genus. Conversely, rbcL exhibited higher levels of variability than those observed for
matK and trnH-psbA, a peculiar result considering that this gene is generally characterized
by its high evolutionary conservation (Albert et al. 1994; Kellogg et al. 1997; Iida et al.
2009).

Phylogenetic relationships within the Kohleria clade

The extended phylogenetic analysis based on /7S recovered the monophyly of the
Kohleria clade, grouping the sequences generated in this study together with previously
published accessions (Zimmer et al. 2002; Roalson et al. 2005, 2008; Andersson 2006; de
Araujo et al. 2010; Perret et al. 2013; Serrano-Serrano et al. 2015, 2017). Under this
marker, Heppiella ulmifolia was recovered outside the Kohleria clade, maintaining the
traditional delimitation between both genera (Weber et al. 2013). However, this pattern
changed when chloroplast markers and concatenated datasets were evaluated, where
Heppiella ulmifolia was consistently grouped within Kohleria. The recovery of similar
topologies in both concatenated Bayesian analyses and coalescent-based approaches
suggests that this relationship does not represent an isolated pattern associated with a
single phylogenetic method.

A comparable scenario had already been documented by Roalson et al. (2005, 2008), who
found that the species previously recognized as Capanea affinis and Capanea
grandiflora, currently treated as Kohleria affinis and Kohleria tigridia, respectively,
clustered within the Kohleria clade based on molecular and morphological evidence,
which subsequently led to their taxonomic reclassification. Although the markers
employed and the type of evidence differ between both studies, both recovered similar
phylogenetic patterns within the Kohleria clade. However, whereas those analyses were
primarily based on two spacer regions (/7S and trnL-F), the multilocus approach
implemented here incorporated four markers with relatively balanced contributions of



phylogenetically informative sites between the nuclear and chloroplast components. The
even distribution of phylogenetically informative sites across markers reduces potential
biases associated with the signal from a single region, enabling instead to recover
consistent relationships across concatenated Bayesian and coalescent-based analyses.

Haplotype networks and insights into interspecific hybridization

Consistent with this evolutionary complexity, haplotype networks represented a
complementary approach for exploring potential signals of hybridization among
intermediate morphotypes and their putative parental species within Kohleria. Overall,
the networks revealed patterns compatible with hybridization, particularly through the
sharing of haplotypes between some intermediate individuals and the proposed parental
species. In the trnH-psbA haplotype network, the individual trianae % affinis shared the
same haplotype with Kohleria affinis, whereas spicata x trianae shared a haplotype with
Kohleria trianae. A congruent pattern was recovered in the matK haplotype network,
where spicata x trianae again shared the same haplotype with K. trianae. Considering
that cytoplasmic genes generally exhibit uniparental inheritance, commonly associated
with the maternal lineage (Hollingsworth et al. 2009; Li et al. 2011; Lang et al. 2014,
2015; Saddhe et al. 2018), the nuclear- chloroplast discorance may reflect the maternal
genetic signal of some morphotypes evaluated in this study (while may also be concordant
with an incomplete lineage sorting scenario).

In this context, it is particularly noteworthy that K. trianae was the species most
frequently associated with morphotypes of putative hybrid origin. Most taxa included in
this study coexist in the Central Andes of Colombia, particularly in the province of
Quindio, potentially generating scenarios of secondary contact among closely related
species. However, K. trianae appears to differ from the remaining evaluated species by
exhibiting a broad altitudinal distribution and high local abundance across the sampled
areas (Kvist and Skog 1992; Marin-Gomez and Alvarez 2015). This species has been
recorded from approximately 300 to nearly 3000 m a.s.l., a gradient encompassing all
localities included in this study and potentially increasing opportunities for interaction
with other taxa within the genus.

From an evolutionary perspective, species with broad geographic distributions and high
population densities generally exhibit greater probabilities of reproductive contact with
closely related taxa, thereby increasing opportunities for hybridization and introgression
(Hamlin et al. 2020; Anderson and Matute 2025). In this sense, the frequent association
of K. trianae with intermediate morphotypes may be related to its extensive altitudinal
distribution, ecological adaptations, and high local abundance within the Kohleria
assemblages evaluated in this study. This interpretation partially agrees with the
observations of Kvist and Skog (1992), who noted that K. trianae is endemic to the
Colombian Central Cordillera and that its highest population abundances occur between
1700 and 2200 m a.s.l., elevations that closely coincide with several of the sampling sites
analyzed here.



A particularly interesting case corresponds to the individual treated here as Kohleria cf.
hirsuta. The morphotype evaluated in this study exhibits evident morphological
differences relative to Kohleria hirsuta sensu stricto, particularly in floral characters
observed in the field. In this regard, Kvist and Skog (1992) reported that K. hirsuta is
primarily distributed in the Colombian Eastern Cordillera and that, within the Central
Cordillera, it is generally restricted to altitudinal gradients below 1200 m a.s.l. In contrast,
the individuals analyzed in this study were collected at higher elevations, outside the
altitudinal range typically reported for the species within the Central Cordillera.

The same authors also noted that the presence of K. trianae generally excludes K. hirsuta
at higher elevations, a pattern that contrasts with our field observations, where several
individuals assigned as Kohleria cf. hirsuta coexisted with abundant populations of K.
trianae. Taking together, these observations suggest that the individuals evaluated here
do not fully correspond to the traditional concept of K. hirsuta. However, resolving these
hypotheses will require integrative analyses incorporating detailed morphological
evidence, population-level approaches, and comparative genetic analyses between K.
hirsuta sensu stricto and the populations treated here as Kohleria cf. hirsuta.

Overall, the phylogenetic, haplotypic, ecological, and morphological evidence obtained
in this study reinforces the idea proposed by Kvist and Skog (1992), who suggested that
Kohleria represents an evolutionarily complex group. In this context, multilocus analyses
recovered more stable phylogenetic relationships, revealed differences between nuclear
and chloroplast markers, identified patterns compatible with hybridization in some
intermediate morphotypes (i.e., trianae * affinis and spicata * trianae), and highlighted
relevant morphological and biogeographic differences in individuals such as Kohleria cf.
hirsuta. These results expand the current knowledge of the diversity and evolutionary
relationships of Kohleria in the Colombian Andes.

Acknowledgements

We would like to thank all the staff of the Plant Biotechnology Laboratory at the
Universidad del Quindio for their support with laboratory supplies, reagents, and access
to equipment. We are also deeply grateful to the Universidad Nacional de Colombia —
Sede Medellin, and to the Plant and Microorganism Biology Research Group (BPM) at
the Universidad del Valle for their technical support and for providing reagents used
during laboratory procedures. We also thank Carlos Alberto Pulgarin Galvis for his
assistance in map construction and site recognition using Geographic Information
Systems (GIS). Finally, we would like to thank the Biology Program at the University of
Quindjo for its financial support in disseminating this research at academic events and for
all the legal collection permits granted under framework collection permit No. 1465
through the project “Functional Attributes of Paramuna Vegetation for Ecological
Rehabilitation: A Scientific Approach, Quindio, Colombia.”

Author contributions
L.A.R. conceived the main research idea. L.A-R., J.J.Q.H., and J.M.L.C. conducted the
field expeditions and collected the plant material. J.J.Q.H. and J.M.L.C. carried out all



laboratory procedures, including DNA extraction and PCR amplifications. J.J.Q.H. and
JM.L.C. analyzed all genetic data and, with the assistance of A.J.C., interpreted the
results. J.J.Q-H., JM.L-C., L.A-R., G.D.G., A.J.C., VH.G.M. and A.Z.T. contributed to
the discussion of the results. J.J.Q.H. wrote the first version of the manuscript. J.J.Q.H.,
JM.L.C., and A.J.C. reviewed the first version of the manuscript, provided suggestions,
and made substantial revisions. All authors have read and agreed to the published version
of the manuscript.

Conflict of Interest

The authors declare no conflicts of interest.
Funding

This research received no external funding.
Author ORCIDs

Juan J. Quintero-Hortua: https://orcid.org/0009-0000-1643-5445
Larri Alvarez-Rodas: https://orcid.org/0000-0003-0700-7371
German D. Gémez-Marin: https://orcid.org/0000-0002-7855-800X
Jorge M. Londofo: https://orcid.org/0000-0001-9349-9725

Andres J. Cortés: https://orcid.org/0000-0003-4178-0675

Alejandro Zuluaga-Trochez: https://orcid.org/0000-0002-5874-6353
Victor H. Garcia-Merchan: https://orcid.org/0000-0003-2389-4206

Data availability
All data that support our results here are available in the main text or supplementary
material provided.

Supplementary Material

e Table S1. Accession codes for all species of Gloxiniinae used in this study
e Supplementary Material 2. Independent phylogenies based on chloroplast
markers (rbcL, matK and TrnH-psbA)

Cited Literature

e Akaike H (1974) A new look at the statistical model identification. IEEE
Transactions on Automatic Control 19: 716-723.
https://doi.org/10.1109/TAC.1974.1100705

e Albert VA, Backlund A, Bremer K, Chase MW, Manhart JR, Mishler BD, Nixon
KC (1994) Functional constraints and rbcL. evidence for land plant phylogeny.



https://orcid.org/0009-0000-1643-5445
https://orcid.org/0000-0003-0700-7371
https://orcid.org/0000-0002-7855-800X
https://orcid.org/0000-0001-9349-9725
https://orcid.org/0000-0003-4178-0675
https://orcid.org/0000-0002-5874-6353
https://orcid.org/0000-0003-2389-4206
https://doi.org/10.1109/TAC.1974.1100705

Annals of the  Missouri  Botanical = Garden 81: 534-567.
https://doi.org/10.2307/2399902

Alix K, Gérard PR, Schwarzacher T, Heslop-Harrison JS (2017) Polyploidy and
interspecific hybridization: partners for adaptation, speciation and evolution in
plants. Annals of Botany 120: 183—194. https://doi.org/10.1093/aob/mex079
Anderson SAS, Matute DR (2025) Secondary sympatry as a sorting process.
Ecology Letters 28: €70108. https://doi.org/10.1111/ele.70108

Andersson S (2006) On the phylogeny of the genus Calceolaria (Calceolariaceae)
as inferred from ITS and plastid matK sequences. Taxon 55: 125-137.
https://doi.org/10.2307/25065534

Arango-Gomez K, Clavijo L, Zuluaga A (2021) A new species of Kohleria
(Gesneriaceae) from southwestern Colombia. Phytotaxa 520: 241-248.
https://doi.org/10.11646/phytotaxa.520.3.2

Bandelt HJ, Forster P, Rohl A (1999) Median-joining networks for inferring
intraspecific phylogenies. Molecular Biology and Evolution 16: 37-48.
https://doi.ore/10.1093/oxfordjournals.molbev.a026036

Batcheller FN (1978) Notes on Kohleria hybrids. Gloxinian 28: 16—17.
Batcheller FN (1985) The gesneriad register: checklist of names with descriptions
of cultivated plants in the genus Kohleria. Gloxinian 35: 16 pp.

Bouckaert R, Vaughan TG, Barido-Sottani J, Duchéne S, Fourment M,
Gavryushkina A, Heled J, Jones G, Kiihnert D, De Maio N, Matschiner M,
Mendes FK, Miiller NF, Ogilvie HA, du Plessis L, Popinga A, Rambaut A,
Rasmussen D, Siveroni I, Suchard MA, Wu C-H, Xie D, Zhang C, Stadler T,
Drummond AJ (2019) BEAST 2.5: An advanced software platform for bayesian
evolutionary analysis. PLOS Computational Biology 15(4): €1006650.
https://doi.ore/10.1371/journal.pcbi. 1006650

Chase MW, Cowan RS, Hollingsworth PM, van den Berg C, Madrian S, Petersen
G, Seberg O, Jorgsensen T, Cameron KM, Carine M, Pedersen N, Hedderson TAJ,
Conrad F, Salazar GA, Richardson JE, Hollingsworth ML, Barraclough TG, Kelly
L, Wilkinson M (2007) A proposal for a standardised protocol to barcode all land
plants. Taxon 56: 295-299. https://doi.org/10.1002/tax.562004

Clark JL, Skog LE (2008) Novae Gesneriaceae Neotropicarum XV: Kohleria
hypertrichosa, a new species of Gesneriaceae from northwestern Ecuador. Journal
of the Botanical Research Institute of Texas: 19-24.

Clark JL, Jost L (2021) New circumscriptions add two northern andean species to
Kohleria (Gesneriaceae). PhytoKeys 179: 99-110.
https://doi.org/10.3897/PHYTOKEYS.179.65990

Clark JL, Herendeen PS, Skog LE, Zimmer EA (2006) Phylogenetic relationships
and generic boundaries in the Episcieae (Gesneriaceae) inferred from nuclear,
chloroplast, and  morphological data. Taxon  55: 313-336.
https://doi.ore/10.2307/25065580



https://doi.org/10.2307/2399902
https://doi.org/10.1093/aob/mcx079
https://doi.org/10.1111/ele.70108
https://doi.org/10.2307/25065534
https://doi.org/10.11646/phytotaxa.520.3.2
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1371/journal.pcbi.1006650
https://doi.org/10.1002/tax.562004
https://doi.org/10.3897/PHYTOKEYS.179.65990
https://doi.org/10.2307/25065580

Coissac E, Hollingsworth PM, Lavergne S, Taberlet P (2016) From barcodes to
genomes: extending the concept of DNA barcoding. Molecular Ecology 25: 1423—
1428. https://doi.org/10.1111/mec.13549

Cowan RS, Chase MW, Kress WJ, Savolainen V (2006) 300,000 species to
identify: problems, progress, and prospects in DNA barcoding of land plants.
Taxon 55: 611-616. https://doi.org/10.2307/25065638

de Araujo AO, Souza VC, Perret M (2010) Chautemsia calcicola: A new genus
and species of Gloxinieae (Gesneriaceae) from Minas Gerais, Brazil. Taxon 59:
203-208. https://doi.org/10.1002/tax.591019

Doyle JJ, Doyle JL (1987) A rapid DNA isolation procedure for small quantities
of fresh leaf tissue. Phytochemical bulletin. https://doi.org/10.2307/4119796
Yule GU (1925) A Mathematical theory of evolution based on the conclusions of
Dr. J. C. Willis, F.R.S. Journal of the Royal Statistical Society 88(3): 433-436.
https://doi.org/10.2307/2341419

Fazekas AJ, Burgess KS, Kesanakurti PR, Graham SW, Newmaster SG, Husband
BC, Percy DM, Hajibabaei M, Barrett SCH (2008) Multiple multilocus DNA
barcodes from the plastid genome discriminate plant species equally well. PLOS
ONE 3(7): €2802. https://doi.org/10.1371/journal.pone.0002802

Gill MS, Lemey P, Faria NR, Rambaut A, Shapiro B, Suchard MA (2013)
Improving bayesian population dynamics inference: a coalescent-based model for
multiple loci. Molecular Biology and Evolution 30: 713-724.
https://doi.ore/10.1093/molbev/mss265

Hamlin JAP, Hibbins MS, Moyle LC (2020) Assessing biological factors affecting
postspeciation introgression. Evolution Letters 4: 137-154.
https://doi.org/10.1002/evI3.159

Harrington B (2005) Inkscape. v1.4.2. http://www.inkscape.org/

Hollingsworth PM, Forrest LL, Spouge JL, Hajibabaei M, Ratnasingham S, van
der Bank M, Chase MW, Cowan RS, Erickson DL, Fazekas AJ, Graham SW,
James KE, Kim K-J, Kress WJ, Schneider H, van AlphenStahl J, Barrett SCH, van
den Berg C, Bogarin D, Burgess KS, Cameron KM, Carine M, Chacén J, Clark
A, Clarkson JJ, Conrad F, Devey DS, Ford CS, Hedderson TAJ, Hollingsworth
ML, Husband BC, Kelly LJ, Kesanakurti PR, Kim JS, Kim Y-D, Lahaye R, Lee
H-L, Long DG, Madriian S, Maurin O, Meusnier I, Newmaster SG, Park C-W,
Percy DM, Petersen G, Richardson JE, Salazar GA, Savolainen V, Seberg O,
Wilkinson MJ, Yi D-K, Little DP (2009) A DNA barcode for land plants.
Proceedings of the National Academy of Sciences 106: 12794-12797.
https://doi.org/10.1073/pnas.0905845106

lida S, Miyagi A, Aoki S, Ito M, Kadono Y, Kosuge K (2009) Molecular
adaptation of rbcL in the heterophyllous aquatic plant Potamogeton. PLOS ONE
4(2): e4633. https://doi.org/10.1371/journal.pone.0004633

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software
version 7: improvements in performance and usability. Molecular Biology and
Evolution 30: 772—780. https://doi.org/10.1093/molbev/mst010



https://doi.org/10.1111/mec.13549
https://doi.org/10.2307/25065638
https://doi.org/10.1002/tax.591019
https://doi.org/10.2307/4119796
https://doi.org/10.2307/2341419
https://doi.org/10.1371/journal.pone.0002802
https://doi.org/10.1093/molbev/mss265
https://doi.org/10.1002/evl3.159
http://www.inkscape.org/
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.1371/journal.pone.0004633
https://doi.org/10.1093/molbev/mst010

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton S,
Cooper A, Markowitz S, Duran C, Thierer T, Ashton B, Meintjes P, Drummond A
(2012) Geneious basic: an integrated and extendable desktop software platform
for the organization and analysis of sequence data. Bioinformatics 28: 1647—1649.
https://doi.org/10.1093/bioinformatics/bts199

Kellogg EA, Juliano ND (1997) The structure and function of RuBisCO and their
implications for systematic studies. American Journal of Botany 84: 413-428.
https://doi.org/10.2307/2446015

Kress WJ, Erickson DL (2007) A two-locus global DNA barcode for land plants:
the coding rbcL gene complements the non-coding trnH-psbA spacer region.
PLOS ONE 2: e508. https://doi.ore/10.1371/journal.pone.0000508

Kress WJ, Wurdack KJ, Zimmer EA, Weigt LA, Janzen DH (2005) Use of DNA
barcodes to identify flowering plants. Proceedings of the National Academy of
Sciences 102: 8369-8374. https://doi.org/10.1073/pnas.0503123102

Kvist LP, Skog LE (1992) Revision of Kohleria (Gesneriaceae). Smithsonian
Institution Press 79. https://doi.org/10.5962/bhl.title. 123256

Lang AS, Kruijer JD, Stech M (2014) DNA barcoding of arctic bryophytes: an
example from the moss genus Dicranum (Dicranaceae, Bryophyta). Polar Biology
37: 1157-1169. https://doi.org/10.1007/s00300-014-1509-7

Lang AS, Bocksberger G, Stech M (2015) Phylogeny and species delimitations in
european Dicranum (Dicranaceae, Bryophyta) inferred from nuclear and plastid
DNA. Molecular  Phylogenetics and  Evolution  92:  217-225.
https://doi.org/10.1016/j.ympev.2015.06.019

Leigh JW, Bryant D, Nakagawa S (2015) POPART: full-feature software for
haplotype network construction. Methods in Ecology and Evolution 6: 1110-
1116. https://doi.org/10.1111/2041-210X.12410

Li D-Z, Gao L-M, Li H-T, Wang H, Ge X-J, Liu J-Q, Chen Z-D, Zhou S-L, Chen
S-L, Yang J-B, Fu C-X, Zeng C-X, Yan H-F, Zhu Y-J, Sun Y-S, Chen S-Y, Zhao
L, Wang K, Yang T, Duan G-W (2011) Comparative analysis of a large dataset
indicates that internal transcribed spacer (ITS) should be incorporated into the
core barcode for seed plants. Proceedings of the National Academy of Sciences
108: 19641-19646. https://doi.org/10.1073/pnas. 1104551108

Librado P, Rozas J (2009) DnaSP v5: a software for comprehensive analysis of
DNA polymorphism data. Bioinformatics 25: 1451-1452.
https://doi.org/10.1093/bioinformatics/btp187

Maddison WP, Maddison DR (2023) Mesquite: a modular system for evolutionary
analysis. v3.82. http://www.mesquiteproject.org/

Mallo D, Posada D (2016) Multilocus inference of species trees and DNA
barcoding. Philosophical Transactions of the Royal Society B: Biological
Sciences 371: 20150335. https://doi.org/10.1098/rstb.2015.0335

Marin-Goméz OH, Alvarez Rodas L (2015) Las gesneriaceas del departamento
del Quindio, Colombia. Acta Bioloégica Colombiana 20: 111-118.
https://doi.org/10.15446/abc.v20n2.43654



https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.2307/2446015
https://doi.org/10.1371/journal.pone.0000508
https://doi.org/10.1073/pnas.0503123102
https://doi.org/10.5962/bhl.title.123256
https://doi.org/10.1007/s00300-014-1509-7
https://doi.org/10.1016/j.ympev.2015.06.019
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1073/pnas.1104551108
https://doi.org/10.1093/bioinformatics/btp187
http://www.mesquiteproject.org/
https://doi.org/10.1098/rstb.2015.0335
https://doi.org/10.15446/abc.v20n2.43654

Moller M, Clark JL (2013) The state of molecular studies in the family
Gesneriaceae: a review. Selbyana: 95-125.

Needleman SB, Wunsch CD (1970) A general method applicable to the search for
similarities in the amino acid sequence of two proteins. Journal of Molecular
Biology 48: 443—453. https://doi.org/10.1016/0022-2836(70)90057-4

Paun O, Fay MF, Soltis DE, Chase MW (2007) Genetic and epigenetic alterations
after hybridization and genome doubling. Taxon 56: 649-656.
https://doi.org/10.2307/25065850

Perret M, Chautems A, De Araujo AO, Salamin N (2013) Temporal and spatial
origin of Gesneriaceae in the new world inferred from plastid DNA sequences.

Botanical Journal of  the Linnean Society 171: 61-79.
https://doi.org/10.1111/1.1095-8339.2012.01303.x

Posada D (2008) jModelTest: phylogenetic model averaging. Molecular Biology
and Evolution 25: 1253—-1256. https://doi.org/10.1093/molbev/msn083

Rambaut A (2007) FigTree. v1.4.4. http://tree.bio.ed.ac.uk/software/figtree/
Rieseberg LH, Willis JH (2007) Plant Speciation. Science 317: 910-914.
https://doi.org/10.1126/science.1137729

Roalson EH, Skog LE, Zimmer EA (2008) Untangling Gloxinieae (Gesneriaceae).
II. Reconstructing biogeographic patterns and estimating divergence times among
new world continental and island lineages. Systematic Botany 33: 159-175.
https://doi.org/10.1600/036364408783887429

Roalson EH, Boggan JK, Skog LE, Zimmer EA (2005) Untangling Gloxinieae
(Gesneriaceae). I. Phylogenetic patterns and generic boundaries inferred from
nuclear, chloroplast, and morphological cladistic datasets. Taxon 54: 389-410.
https://doi.org/10.2307/25065368

Saddhe AA, Kumar K (2018) DNA barcoding of plants: selection of core markers
for taxonomic groups. Plant Science Today 5: 9-13.
https://doi.org/10.14719/pst.2018.5.1.356

Schmitz A, Riesner D (2006) Purification of nucleic acids by selective
precipitation with polyethylene glycol 6000. Analytical Biochemistry 354: 311—
313. https://doi.org/10.1016/1.ab.2006.03.014

Serrano-Serrano ML, Rolland J, Clark JL, Salamin N, Perret M (2017)
Hummingbird pollination and the diversification of angiosperms: an old and
successful association in Gesneriaceae. Proceedings of the Royal Society B:
Biological Sciences 284: 20162816. https://doi.org/10.1098/rspb.2016.2816
Serrano-Serrano ML, Perret M, Guignard M, Chautems A, Silvestro D, Salamin
N (2015) Decoupled evolution of floral traits and climatic preferences in a clade
of neotropical Gesneriaceae. BMC Evolutionary Biology 15: 247.
https://doi.org/10.1186/s12862-015-0527-6

Soltis PS, Soltis DE (2009) The role of hybridization in plant speciation. Annual
Review of Plant Biology 60: 561-588.
https://doi.org/10.1146/annurev.arplant.043008.092039



https://doi.org/10.1016/0022-2836(70)90057-4
https://doi.org/10.2307/25065850
https://doi.org/10.1111/j.1095-8339.2012.01303.x
https://doi.org/10.1093/molbev/msn083
https://doi.org/10.1126/science.1137729
https://doi.org/10.1600/036364408783887429
https://doi.org/10.2307/25065368
https://doi.org/10.14719/pst.2018.5.1.356
https://doi.org/10.1016/j.ab.2006.03.014
https://doi.org/10.1098/rspb.2016.2816
https://doi.org/10.1186/s12862-015-0527-6
https://doi.org/10.1146/annurev.arplant.043008.092039

Watterson GA (1975) On the number of segregating sites in genetical models
without recombination. Theoretical Population Biology 7: 256-276. d
https://doi.org/10.1016/0040-5809(75)90020-9

Weber A, Clark JL, Moller M (2013) A new formal classification of Gesneriaceae.
Selbyana: 68-94.

Wiehler H (1983) A synopsis of the neotropical Gesneriaceae. Selbyana 6: 1-219.
Zimmer EA, Roalson EH, Skog LE, Boggan JK, Idnurm A (2002) Phylogenetic
relationships in the Gesnerioideae (Gesneriaceae) based on ntDNA ITS and

cpDNA trnL-F and trnE-T spacer region sequences. American Journal of Botany
89:296-311. https://doi.org/10.3732/ajb.89.2.296



https://doi.org/10.1016/0040-5809(75)90020-9
https://doi.org/10.3732/ajb.89.2.296

Kohleria amabilis; B, Kohleria tigridia; C, Kohleria inaequalis; D, Kohleria warszewiczii; E,
Kohleria spicata; F, Kohleria cf. hirsuta; G, Kohleria affinis; H, Kohleria trianae; 1, Heppiella
ulmifolia; J, trianae % spicata; K, warszewiczii X trianae; L, trianae x affinis; M, Kohleria
tubiflora; N, Reldia cf. grandiflora. Variations in corolla coloration, pubescence, and morphology



are illustrated, including morphotypes exhibiting intermediate characters compatible with
potential interspecific hybridization events.
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Figure 2. Geographic representation of the collection sites of the Kohleria specimens evaluated
in this study. A, representation of the national context of the sampling sites. B, regional-scale
representation showing the political divisions and sampled natural reserves. Brown, La Patasola
Natural Reserve; magenta, La Rivera Reserve; red, Navarco Alto Reserve; violet, Puerto Boyaca.
The altitudinal gradient is illustrated using a grayscale scale ranging from lowlands (light colors)
to higher elevations (dark colors).
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Figure 3. Haplotype networks of Kohleria and the intermediate morphotypes evaluated in this
study. A, haplotype network based on trnH-psbA. B, haplotype network based on matK. The color
scheme was kept consistent between both networks. Crossbars represent mutational steps between
haplotypes.
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dataset under Bayesian inference. Support values at basal and terminal nodes correspond to posterior
probabilities. Taxa shown in bold correspond to individuals sequenced in this study. The symbol X indicates
crosses between two different species.
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Values at basal and terminal nodes correspond to posterior probability support values. trianae X spicata
and warszewiczii X trianae correspond to putative hybrids based on morphological descriptions.

Table 1. List of primers used in this study, organized by locus and including detailed information for each
primer. For each primer, the alignment direction (forward and reverse), corresponding sequence (5'-3),
annealing temperature (Tm), expected molecular weight (MW), and PCR reaction type are provided.*
Corresponds to the thermal profile using a specific primer annealing temperature to the DNA template. **
Corresponds to a temperature gradient required for primer annealing to the DNA template.

Locus Primer  Direction Primer Sequence 5' - 3' Tm MW PCR

ITS 52°C ~600pb Conventional*
ITS5 Forward GGAAGTAAAAGTCGTAACAAGG

ITS4 Reverse ~ TCCTCCGCTTATTGATATGC

rbcL 52°C ~650pb  Conventional*
rbcl-aF Forward  CTTCTGCTACAAATAAGAATCGATCTC

rbcl-aR ~ Reverse ~ ATGTCACCACAAACAGAGACTAAAGC

matK 60°C - 50°C  ~900pb Touchdown**
MatKXF Forward  TAATTTACGATCAATTCATTC

MatK5R Reverse ~ GTTCTAGCACAAGAAAGTCG

TrnH-psbA 52°C ~300pb Conventional*
trnH-F Forward ACTGCCTTGATCCACTTGGC

trnH-R Reverse CGAAGCTCCATCTACAAATGG

Table 2. Kohleria taxa analyzed in this study, including collection localities and accession codes for the
ITS, rbcL, matK, and trnH-psbA markers. Newly generated sequences from this study are indicated with an
asterisk (*). RP = Reserva Natural La Patasola; RN = Reserva Navarco Alto; RR = Reserva La Rivera; PB
= Puerto Boyaca.

Species Localities ITS rbcL matK trnH-psbA
Kohleria amabilis (Planch. &
Linden) Fritsch RP PV189461 PV232030* PV190988*
Kohleria  tigridia (Ohlend.)
Roalson & Boggan RN PV189464 PV253722* PV232031 PV190989*
Kohleria  inaequalis  (Benth.)
Wiehler RR PV189462*% PV253723* PV232032* PV190990*
Kohleria warszewiczii  (Regel)
Hanst. RP PV189466 PV232034 PV190993*
Kohleria spicata (Kunth) Oerst. RP PV189463 PV253724 PV232033 PV190992*
Kohleria cf. hirsuta (Kunth) Regel RP PV207317 PV190991*
Kohleria affinis (Fritsch) Roalson
& Boggan RP PV207318 PV190994*
Kohleria trianae (Regel) Hanst RP PV189465 PV232035* PV190995*

Heppiella ulmifolia (Kunth) Hanst. RP PV189460 PV253728* PV241157* PV190996*

trianae x spicata RP PV189468* PV253725% PV232036*% PV190998*



warszewiczii x trianae RP PV207315* PV253726% PV232037% PV190999*

trianae x affinis RP PV191000*
Kohleria tubiflora (Cav.) Hanst. PB PV207316 PV191001
Reldia cf. grandiflora. RP PV189467* PV253727* PV241156* PV190997*

Table 3. Summary statistics of the site frequency spectrum for the chloroplast coding genes matK and rbcL,
the chloroplast intergenic spacer region trnH-psbA, and the nuclear ribosomal DNA region ITS in Kohleria
species. S: number of polymorphic sites; n: nucleotide diversity; and 6W: Watterson’s theta per site based
on S. * Corresponds to a significant p-value. ** Corresponds to a highly significant p-value.

Locus Length (bp) S n ow p-value

ITS 741 215 0.12566 0.22239 ** P<0.01
matK 961 102 0.02870 0.04871 * P<0.05
rbcL 659 130 0.07878 0.11117 0.10>P>0.05
trnH 266 11 0.01282 0.01407 P>0.10

Table 4. Optimal evolutionary models selected for the amplified markers based on the corrected Akaike
Information Criterion (AlCc). The analyzed genes, the best-fit model according to the AICc, the —LN
value (negative log-likelihood), and the corresponding AlICc value are presented.

Locus Best-fit Model (AICc) -InL AlCc
matK GTR+G 2158.8484 4381.919
rbcL HKY + G 1957.2068 3957.862
trnH HKY +1 648.7283 1366.394

ITS SYM+G 3490.9567 7044.533




