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Tracing the origin and evolution of the orchid family 
through genes and trees
El origen y la evolución de la familia de las orquídeas a 
través de genes y árboles

With 29,524 species distributed in nearly all terrestrial ecosystems, orchids are one of the 
largest groups amongst the flowering plants and an important component in the floras of 
tropical countries (Camara-Leret et al., 2020; Pérez-Escobar et al., 2022). Beyond their 
cultural significance (Seyler et al., 2020), orchids are far from being a trivial plant family 
for human societies: they represent an important biological resource in the economies of 
several countries, valued for their ornamental and medicinal properties (Hinsley et al., 
2017). The multiple adaptations that orchids evolved to interact with other plants, fungi, 
and animals (Ackerman et al., 2023) and upon which they rely for their subsistence and 
reproduction have made them a group of wide scientific interest, attracting research from 
different fields in plant science for nearly 300 years (Darwin, 1862; Dressler, 1993; 
Rudall & Bateman, 2002). 

Following the introduction of DNA sequencing in evolutionary biology studies, 
the evolution of orchids has been actively researched, enabling for the first time formal 
research on the time and place of origin of orchids, and their mode and tempo of evolution. 
Hundreds of studies have been conducted to elucidate relationships within the family, the 
majority of which have focused on specific groups at the generic and sub-tribal levels 
(Cameron et al., 1999; Bateman et al., 2003; Freudenstein et al., 2004; Bateman et al., 
2021). These studies mostly relied on inferring phylogenetic trees derived from a handful 
of genes sequenced from nuclear and organellar genomic regions. They were seminal in 
the establishment of new taxonomic classification systems (Chase et al., 2015; 2021) and 
the conduction of comparative phylogenetic studies on character evolution (Martins et 
al., 2018; Bogarín et al., 2019, Pramanik et al., 2023; Liu et al., 2024). Yet, these loci’s 
limited informativeness and reduced taxon sampling prevented the resolution of several 
relationships at different taxonomic levels (Chase et al., 2021).

With the advent of high-throughput sequencing, the generation of DNA sequences 
for hundreds of genes from both preserved and degraded specimens became scalable, 
facilitating the inference of orchid family-wide phylogenies (Givnish et al., 2016; Li et al., 
2019; Serna-Sánchez et al., 2021; Pérez-Escobar et al., 2021; Zhang et al., 2023), and 
resolving previously unsupported relationships. The first attempt to estimate the birthplace 
of the orchid family using molecular data was conducted by Givnish et al. (2016). This 
study relied on a phylogeny that sampled 201 species, which represents approximately 1% 
of the currently accepted species, covering all subfamilies, 18/19 tribes and 40/43 subtribes. 
The phylogeny was inferred from 75 plastid genes, a genomic region uniparentally 
inherited in orchids (Cafasso & Cozzolino, 2005), thus reflecting evolutionary histories 
that might deviate from the true species-tree relationships (van der Niet & Linder, 2008; 
Pérez-Escobar et al., 2017; 2021). Their findings suggested that the most recent common 
ancestor of extant orchids inhabited the American Tropics and Australasia around 85 Ma 
(Figure 1 in Givnish et al., 2016). 

Limited taxon sampling can introduce biases in phylogenetic tree inferences and the 
estimation of ancestral characters and diversification rates (Turner et al., 2009; Chang et 
al., 2022). For this, our study (Pérez-Escobar et al., 2024) revisited the macroevolutionary 
hypotheses proposed by Givnish et al. (2016) by assembling an extended phylogenomic 
framework of the orchid family that included 38% (338) of the currently accepted genera, 
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17 out of 22 subtribes, 40 out of 49 subtribes, and all subfamilies. Such a dataset was 
created by sequencing 353 low-copy nuclear genes from representative species of every 
genus; a robust phylogeny was produced (Figure 1) that confidently resolved most of the 
relationships between sampled lineages. Additionally, for the first time in the orchid tree of 
life, two previously unsampled genera, Claderia (Agrostophyliinae, Epidendroideae) and 
Cooktownia (Orchidiinae, Orchoideae), were placed. 

While high-throughput sequencing has determined millions of DNA sequences for 
hundreds of specimens, producing and analyzing such a dataset for all currently accepted 
species remains cost-prohibitive and computationally time-intense. Thus, a strategy to build 
joint, compatible phylogenomic frameworks from different types of sequence data already 
available in public repositories seems pragmatic to achieve improved taxon sampling. 
Here, phylogenetic trees serve as the common output for either type of gene dataset, which 
then can be combined into a single framework. Leveraging multilocus datasets available 
in public sequence repositories (NCBI), we sampled sequences of the Internal Transcribed 
Spacer (ITS) and the maturase-K loci for 1920 species (approximately 7% of the currently 
accepted species). Subsequently, using molecular clock models (Bouckaert et al., 2019), 
we inferred absolute ages of divergence from the publicly available NCBI sequences 
and the 353 nuclear gene datasets. The analyses produced thousands of phylogenies with 
branch lengths equivalent to time units (Ma), from which we then randomly sampled ten 
and merged using a prune-and-graft approach. This approach allowed us to combine the 
information on species-level relationships provided by the sequences collected from NCBI 
with the genus, subtribe, and tribe-level relationships inferred by the 353 low-copy nuclear 
genes. Besides, by relying on multiple merged phylogenies for our comparative analyses 
on ancestral area and speciation (λ) rate estimation (instead of using a single consensus 
tree as traditionally done), we took into consideration phylogenetic uncertainty (e.g., 
branch length and topological variation), which can consistently affect the outcome of 
phylogenetic comparative methods (Cusimano & Renner, 2014).

Figure 1. A consensus tree network depicting phylogenetic relationships in the Orchidaceae inferred 
from 200 bootstrap replicate maximum likelihood (ML) trees derived from the concatenated 
alignment of 339 low-copy nuclear genes. Circles at nodes represent bipartitions present in > 75% 
of the bootstrap ML trees. Non-monophyletic groups are highlighted in bold and grey. Samples 
sequenced from typological material are highlighted in bold and pink. Photos: Oscar A. Pérez-
Escobar, Diego Bogarín, Sebastian Viera, Kerry Dressler. Modified from Pérez-Escobar et al. (2024)
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Our ancestral area estimations revealed that the most recent common ancestor of extant 
orchids originated in Laurasia ~83 Myr ago (+/-10 Ma) (Figure 2). This result contradicts 
the Neotropical-Australian estimation of Givnish et al. (2016) and the hypothesis of 
Chase (2001) of a Gondwanan origin of the Orchidaceae, which was proposed on the 
family’s near-cosmopolitan current distribution. During the Middle Cretaceous period, 
Laurasian forests were dominated by conifers and extended to high latitudes, beyond the 
Arctic Circle, where light was scarce for many months of the year (winter) but it was warm 
enough for trees to grow. The origin of orchids in Laurasia tracks that of few other monocot 
groups with large distribution ranges, including yams (Dioscorea) (Viruel et al., 2015) and 
palms (Baker & Couvreau, 2012), a family with a much richer fossil record than orchids 
and findings from the Northern Hemisphere dating back to the Upper Cretaceous (Estrada-
Ruiz & Cevallos-Ferriz, 2009). The disparities between our results and those of Givnish 
et al. (2016) may stem from the influence of limited taxon sampling and phylogenetic 
uncertainty on ancestral character estimates, which was not accounted for in their study. 
Indeed, one of our ten ancestral area estimations (Figure 4 in Pérez-Escobar et al., 2024) 
recovered the same ancestral area obtained by Givnish et al. (2016). 

Figure 2. One of the ten possible biogeographic histories of the orchid family. A) Ancestral areas 
at nodes inferred on a posterior probability species tree as estimated by a Dispersal, Extinction, and 
Cladogenesis model (DEC). B) A summary of the outgroup sampling considered in Pérez-Escobar 
et al., 2024 and that of Givnish et al., 2016. The orchid MRCA of orchids is indicated with a circle. 
(Inset: A palaeoclimatic and tectonic plate reconstruction at 90–80 Ma from Burgener et al., 2023, 
showing the possible ancestral range of the orchid MRCA as estimated by Pérez-Escobar et al., 2024)
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The macroevolutionary speciation dynamics of the orchid family obtained by modeling 
speciation rates through time in our multiple trees revealed that there was a sharp increase 
in speciation rates (λ) approximately 40 myrs ago (Figure 3). However, the highest number 
of changes in λ (from lower to higher λ) occurred mostly throughout the Miocene. The 
drivers behind such increases in λ rates are yet to be investigated. The estimation of tip 
speciation rates (i.e., predicted time at present for a lineage to undergo a speciation event) 
across our orchid phylogenies has, for the first time, provided a detailed map of hotspots 
of orchid speciation worldwide (Figure 3A). When compared with patterns of orchid 
species diversity, they indicated that modern speciation rates are unevenly distributed 
across geographical areas and might or might not be linked to species richness, a pattern 
known to occur in other flowering plant groups (Tietje et al., 2022). Importantly, our 
results pinpoint the American Tropics, especially in areas with active landscape buildup, 
as the area with the highest modern speciation rates on Earth. Our modern speciation rate 
estimations, coupled with orchid geographical distribution records, have the potential to 
inform conservation strategies for they can illuminate which ecosystems might have the 
highest evolutionary potential (Forest et al., 2007) at present. Orchids are one of the most 
illegally traded groups due to their high market value as an ornamental plant and one that 
is highly sensitive to disturbances in their native ecosystems (Parra-Sánchez & Banks-

Figure 3. A) Global patterns of mean speciation (λ) tip rates per ecological region as defined by 
the WWF, derived from the BAMM software; warm colors indicate higher numbers of mean λ tip 
rates per ecological region whereas cold colors indicate lower mean λ tip rates. The highlighted 
geographical areas indicate eleven ecoregions with the highest mean λ tip rates (Inset: Maximum 
and minimum λ tip rate values for ecoregions containing 100 or more geographical distribution 
records for which λ tip rates were linked). Modified from Pérez-Escobar et al. (2024). B) Speciation 
dynamics of the orchid family through time. The bar plot indicates the number of shifts in speciation 
rates through time (in intervals of 10 Ma). The intensity of the bar color represents the average 
speciation rate at a given interval, with warm colors indicating higher speciation rates. The line 
plot at the bottom reveals variation in speciation rates through time, with the shaded area indicating 
confidence in the estimated rate at a given time period. C) The age of modern orchid diversity 
(species and genera) as inferred from branch lengths obtained from ten Posterior Probability species 
trees. Modified from Pérez-Escobar et al. (2024)
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Leite, 2020). Our analyses on the age of origin of modern orchid diversity, indicated by 
branch lengths of the tree tips, suggest that this diversity mostly originated during the last 
5 Ma (Figure 3C). This timing starkly contrasts with faster extinction rates estimated for 
plants (~600 species in the last 250 years) (Humphreys et al., 2019). This stresses the 
urgent need to preserve orchid natural habitats, in particular those that might exhibit higher 
evolutionary potential to support greater orchid diversity.

Although assembling a comprehensive orchid tree of life remains an ongoing task that 
is far from complete, our study provides a solid foundation upon which a densely sampled 
and robust framework, built from different sequencing datasets, can be constructed 
in a time-efficient manner. Expanded versions of the orchid tree of life will enable 
the establishment of more solid and definitive taxonomic classifications and support 
family-wide research on the evolution of key innovations linked to the extraordinary 
diversification of the orchid family.
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