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Orchidaceae cladogram from ML analysis using 78 coding
plastid genes and 264 species (Serna-Sánchez et al., 2021).
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Epidendroideae cladogram from ML analysis using
76 coding plastid genes and 74 species (Li et al., 2019).
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75 plastid genes 39 species (Givnish et al., 2015).
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Figure S1. Comparisons of topologies and the sampling of subtribes and higher ranks of Orchidaceae 
between previous phylogenetic trees using plastomic datasets and the summary nuclear phylogenetic 
tree in this study. 
(A) A comparison of subtribal topologies of Orchidaceae between the maximal likelihood (ML) phylogenetic 
tree reconstructed using 78 plastid genes from 264 species (left) (Serna-Sánchez et al., 2021) and the 
summary tree of this study (right). The names of subtribes, tribes, and subfamilies are shown between two 
trees or on the corresponding branches. Taxa that were not sampled in the previous study are indicated using 
red stars. The names of one tribe and three subtribes that were not sampled in this study are in black. The 
number of sampled genus and species of each clade is provided in the parentheses (genus/species) between 
the branch tip and the taxon name; the red numbers indicate those of sampled taxa here that were greater 
than those in previous studies. (B) A summary cladogram of Epidendroideae tribes based on the ML tree in a 
previous study reconstructed using 76 plastid genes from 74 species (Y.X. Li et al., 2019). The 
non-monophyletic taxon is marked with a blue triangle. (C) A summary cladogram of Epidendroideae tribes 
based on the ML tree reconstructed using 75 plastid genes from 39 species (Givnish et al., 2015). In all 
panels, BS values of important nodes are presented on corresponding branches; bootstrap support (BS) 
values <85 are marked in red, and the corresponding nodes are highlighted with pink circles. Red dashed 
lines indicate the branches that are inconsistent among the three previous plastid phylogenetic trees.   
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Orchidaceae cladogram from ML analysis using 633 nuclear
genes developed from transcriptomes of 69 species
(Wong and Peakall, 2022).

Orchidaceae cladogram summarized from four coalescent trees
reconstructed in this study.
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Orchidaceae cladogram summarized from four coalescent trees
reconstructed in this study.

Orchidaceae cladogram from coalescent tree using 292
nuclear genes developed from target enriched datasets
of 75 species (Pérez- Escobar et al., 2021).

Figure S2. Comparisons of topologies and sampling of subtribes and higher ranks of Orchidaceae 
between previous nuclear phylogenetic trees and the summary nuclear phylogenetic tree in this study. 
(A) A comparison of subtribal topologies of Orchidaceae between the ML phylogenetic tree (left) reconstructed 
using 633 nuclear genes from transcriptomes of 69 orchids (Wong and Peakall, 2022) and the summary tree of 
this study (right). (B) A comparison of subtribal topologies of Orchidaceae between the coalescent tree (left) 
reconstructed using 292 nuclear genes from targeted enriched datasets of 75 species (Pérez- Escobar et al., 
2021) and the summary tree of this study (right). Pink circles indicate the nodes that have <80 bootstrap 
support (BS) value in Wong and Peakall (2022) (panel A) and less than 50% quartet support in Pérez- Escobar 
et al. (2021) (panel B). In both panels, taxa that were not sampled in previous studies are marked using red 
stars. Red dashed lines indicate the branches that are inconsistent among the two previous nuclear 
phylogenetic trees. The numbers of sampled genus and species of each clade are provided in the parentheses 
(genus/species) between the branch tip and the taxon name; the red numbers indicate those of genera and/or 
species that were greater in this study than previous studies.
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Figure S3. A cladogram of Orchidaceae summarized from four coalescent trees reconstructed using 
four gene-sets with 1,195, 1,016, 834, 639 genes, respectively.
Branches have maximal multi-locus bootstrap support values (MBS) and local posterior probabilities (LPP) in 
all trees, unless MBS and LPP are indicated above and below the branches, respectively. Dashed lines indicate 
branches that are not consistent among four trees. The subfamilies of Orchidaceae and the orders of outgroups 
are shown on the corresponding branches; the tribes and subtribes of orchids and the families of outgroups are 
shown to the right of species names. The MCVECP clade is indicated. Red and green colors of species name 
indicate that the genus and species, respectively, were not sampled in any of seven previous Orchidaceae 
phylogenomic studies (Givnish et al. 2015; Li et al. 2019; Kim et al. 2020; Eserman et al. 2021; Pérez-Escobar 
et al. 2021; Serna-Sánchez et al. 2021; Wong and Peakall 2022).
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Figure S4. A preliminary coalescent tree of Orchidaceae reconstructed using the 1,450 gene-set 
without removal of putative paralogs and possible contaminant sequences.
Local posterior probabilities (LPP) are indicated on branches. The subfamilies of Orchidaceae and the orders 
of outgroups are shown on the corresponding branches; the tribes and subtribes of orchids and the families of 
outgroups are shown to the right of species names (Ner: Nervilieae; Tri: Triphoreae). This tree is not 
summarized in Figure 1-4, nor in Figure S3.  
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Figure S5. A coalescent tree of Orchidaceae reconstructed using the 1,195 gene-set.
Multi-locus bootstrapping support values (MBS) (in red) and local posterior probabilities (LPP) (in black) are 
indicated above and below branches, respectively. The subfamilies of Orchidaceae and the orders of 
outgroups are shown on the corresponding branches; the tribes and subtribes of orchids and the families of 
outgroups are shown to the right of species names (Ner: Nervilieae; Tri: Triphoreae). The MCVECP clade is 
indicated.  
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Figure S5



Figure S6. A coalescent tree of Orchidaceae reconstructed using the 1,016 gene-set.
Multi-locus bootstrapping support values (MBS) (in red) and local posterior probabilities (LPP) (in black) are 
indicated above and below branches, respectively. The subfamilies of Orchidaceae and the orders of 
outgroups are shown on the corresponding branches; the tribes and subtribes of orchids and the families of 
outgroups are shown to the right of species names (Ner: Nervilieae; Tri: Triphoreae). The MCVECP clade is 
indicated.
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Figure S7. A coalescent tree of Orchidaceae reconstructed using the 834 gene-set.
Multi-locus bootstrapping support values (MBS) (in red) and local posterior probabilities (LPP) (in black) are 
indicated above and below branches, respectively. The subfamilies of Orchidaceae and the orders of 
outgroups are shown on the corresponding branches; the tribes and subtribes of orchids and the families of 
outgroups are shown to the right of species names (Ner: Nervilieae; Tri: Triphoreae). The MCVECP clade is 
indicated.
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Figure S8. A coalescent tree of Orchidaceae reconstructed using the 639 gene-set.
Multi-locus bootstrapping support values (MBS) (in red) and local posterior probabilities (LPP) (in black) are 
indicated above and below branches, respectively. The subfamilies of Orchidaceae and the orders of 
outgroups are shown on the corresponding branches; the tribes and subtribes of orchids and the families of 
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indicated.  
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Figure S9. A supermatrix tree of Orchidaceae reconstructed using a concatenated dataset composed of 
299 genes.
(A) A cladogram of Orchidaceae generated from the supermatrix tree. Bootstrapping support values (BS) are 
indicated on branches. (B) The concatenated phylogenetic tree of Orchidaceae with branch length representing 
the mean number of substitutions per sites. The subfamilies of Orchidaceae and the orders of outgroups are 
shown on the corresponding branches; the tribes and subtribes of orchids and the families of outgroups are 
shown to the right of species names (Ner: Nervilieae; Tri: Triphoreae). The MCVECP clade is indicated. 
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Figure S10. A cladogram of Orchidaceae with quartet support generated from the discordance analysis 
between the coalescent tree and gene trees of the 1,195 gene-set.
The pie charts on nodes show the ratios of quartets supporting the main topology (the topology shown here; 
red), the first alternative topology (blue), and the second alternative topology (green), respectively. The 
subfamilies of Orchidaceae and the orders of outgroups are shown on the corresponding branches; the tribes 
and subtribes of orchids and the families of outgroups are shown to the right of species names. The MCVECP 
clade is indicated. 
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Phalaenopsis subparishii
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Figure S10



Figure S11. Ancestral state reconstruction of growth forms in Orchidaceae.
Four types of growth forms were recognized in Orchidaceae as shown at the upper left conner. The 
reconstruction was performed at the generic level using the summary phylogenetic tree and generic character 
information. The classification information is shown on the right side of the tree and follows the color scheme 
of Figures 1–4.
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Bletia
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Stereochilus
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Pleione II
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*Vanilla, a semi-epiphytic group, was
treated as epiphytic in this anaysis.
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Figure S12. An Orchidaceae chronogram inferred using 14 fossil calibrations and two secondary 
calibrations.
Divergence time estimation was performed using the supermatrix tree reconstructed from a concatenated 
dataset of 299 genes with the summary phylogeny of Orchidaceae as the constraint tree. The estimated age of 
each node is indicated on the corresponding branch. The fossil and secondary calibrations used in the 
estimation are indicated at corresponding nodes using red diamonds and circles, respectively. The names of 
Orchidaceae subfamilies and other monocot orders are shown on the corresponding branches; the names of 
the tribes and subtribes of Orchidaceae and the families of other monocot are shown to the right of species 
names (Ner: Nervilieae; Tri: Triphoreae). The K-Pg event, the Paleocene–Eocene Thermal Maximum (PETM), 
an origin of modern rainforests (Carvalho et al., 2021), and the origin of epiphytism shared by members of the 
MCVECP clade are indicated on the tree using orange, red, blue, and green vertical bars, respectively. The 
MCVECP clade is indicated.
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Ornithidium donaldeedodii

Neomoorea wallisii

Spiranthes ovalis

Oeceoclades maculata

Polycycnis aurita

Phalaenopsis cornu-cervi

Cranichis engelii

Apostasia shenzhenica

Anathallis barbulata

Pleione praecox

Porroglossum amethystinum

Domingoa purpurea

Acineta superba

Spiranthes lacera

Paphiopedilum kolopakingii

Calopogon tuberosus

Stanhopea panamensis

Pharus latifolius

Spirodela intermedia

Draconanthes bufonis

Trichocentrum albococcineum

Aerides odorata

Diaphananthe bidens

Neomoorea irrorata

Cheirostylis yunnanensis

Chloraea magellanica
Drakaea thynniphila

Habenaria rhodocheila

Lycaste cruenta

Specklinia costaricensis

Gymnadenia odoratissima

Dracula sodiroi

Cypripedium flavum

Arpophyllum giganteum

Papilionanthe pedunculata

Podochilus khasianus

Cattleya warscewiczii

Cyrtorchis arcuata

Mormolyca rufescens

Ceratostylis rubra

Anathallis linearifolia

Dresslerella caesariata

Aerangis coriacea

Oncidium alexandrae

Broughtonia jamaicensis

Promenaea rollissonii

Coelogyne cavaleriei

Chiloglottis trapeziformis

Dinema polybulbon

Dendrobium sp. 2

Spiranthes incurva

Anathallis rabeii

Porpax muscicola

Malaxis metallica

Corallorhiza maculata

Vanda sp.

Meiracyllium wendlandii

Serapias vomeracea

Ludisia discolor

Brassia sp

Stereochilus xiaoi

Pleione yunnanensis

Uncifera acuminata

Phalaenopsis aphrodite

Crepidium khasianum

Acianthera sonderiana

Dactylorhiza fuchsii

Dendrobium crepidatum

Myoxanthus hystrix

Robiquetia vietnamensis

Brassia cochleata

Eria gagnepainii

Caladenia attingens

Podangis dactyloceras

Eriopsis sceptrum

Jacquiniella globosa

Talbotia elegans

Corallorhiza odontorhiza

Coelogyne fimbriata

Camaridium micranthum

Phormium tenax

Aganisia cyanea

Pabstiella ephemera

Dendrophylax porrectus

Helonias bullata

Tubella dalstroemii

Dimorphorchis rossii

Sobralia ecuadorana

Phloeophila pleurothallopsis

Triphora gentianoides

Pabstia modestior

Callostylis bambusifolia

Earina autumnalis

Grosourdya appendiculata

Taeniophyllum retrospiculatum

Anguloa uniflora

Ypsilopus amaniensis

Elleanthus blatteus

Zeuxine nervosa

Platanthera blephariglottis

Micropera poilanei

Dioscorea alata

Cochleanthes amazonica

Prosthechea ochracea

Cyrtorchis praetermissa

Aplectrum hyemale

Stratiotes aloides

Phalaenopsis lueddemanniana

Dendrobium longicornu

Scuticaria salesiana

Cypripedium bardolphianum

Dendrobium wardianum

Phalaenopsis javanica

Cymbidium erythraeum

Restrepia metae

Neotinea maculata

Miltonia clowesii

Dendrobium cucullatum

Grammatophyllum scriptum

Calanthe hoshii

Vitekorchis excavata

Coelogyne arachnites

Liparis liliifolia

Guarianthe bowringiana

Hancockia uniflora

Aponogeton madagascariensis

Ponthieva racemosa

Graphorkis concolor

Masdevallia herradurae

Gymnadenia rhellicani

Calanthe sylvatica

Calanthe sp.

Paphiopedilum spicerianum

Lycomormium fiskei

Adrorhizon purpurascens

Coelogyne ignisiflora

Pleione taliensis

Gomesa novaesae

Vanda lamellata

Dendrobium huoshanense

Posidonia australis

Specklinia endotrachys

Dracula radiella

Corybas aconitiflorus

Ixyophora viridisepala

Triglochin maritima

Phalaenopsis yingjiangensis

Cyrtopodium flavum

Rimacola elliptica

Habenaria delavayi

Dryadella simula

Epidendrum difforme

Acianthera hygrophila

Calamus simplicifolius

Eulophia streptopetala

Stelis villosa

Cestichis caespitosa

Thrixspermum amplexicaule

Pinalia spicata

Lilium sargentiae

Bulbophyllum propinquum

Ornithophora radicans

Ponthieva maculata

Cyrtopodium andersonii

Amaryllis belladonna

Pescatoria lehmannii

Epipactis gigantea

Peristylus formosanus

Goodyera schlechtendaliana

Angraecum longicalcar

Encyclia tampensis

Thelasis pygmaea

Dendrobium farmeri

Sudamerlycaste jimenezii

Encyclia phoenicea

Schoenorchis gennata

Bolusiella maudiae

Amborella trichopoda

Sobralia klotzscheana

Musa acuminata

Gastrodia pubilabiata

Dendrobium officinale

Pleione albiflora

Cycnoches villenaorum

Dendrobium denneanum

Xylobium leontoglossum

Ionopsis utricularioides

Encyclia microbulbon

Goodyera pubescens
Goodyera oblongifolia

Habenaria malintana

Stelis magnicava

Caladenia longicauda

Lepanthopsis barahonensis

Stenorrhynchos speciosum

Ananas comosus

Cryptochilus carinatus

Pleione limprichtii

Pescatoria ecuadorana

Ehrharta erecta

Soterosanthus shepheardii

Cryptostylis leptochila

Phalaenopsis amabilis

Diuris orientis

Houlletia tigrina

Lepanthes woodburyana

Dendrobium palpebrae

Asparagus setaceus

Schoenorchis sp

Systeloglossum ecuadorense

Jumellea stenophylla

Oeceoclades gracilima

Cyrtopodium punctatum

Catasetum gnomus

Cypripedium acaule

Galearis spectabilis

Sarcochilus hartmannii

Neuwiedia zollingeri

Stelis erucosa

Pleurothallis macra

Aeranthes caudata

Cypripedium formosanum

Tolumnia bahamensis

Phragmipedium lindleyanum

Paphiopedilum malipoense

Trichopilia fragrans

Stanhopea jenischiana

Sobralia gentryi

Dichaea morrisii

Ornithidium multicaule

Brassia arcuigera

Cinnamomum camphora

Kefersteinia sp

Masdevallia reichenbachiana

Dendrobium terminale

Zostera marina

Phalaenopsis fasciata

Phalaenopsis hainanensis

Neobenthamia gracilis

Cymbidium lancifolium

Acineta mireyae

Apostasia nipponica

Caleana major

Orchis italica

Paphiopedilum villosum

Dryadella pusiola

Cymbidium atropurpureum

Bulbophyllum retusiusculum

Cymbidium sinense

Maxillaria grandiflora

Platanthera transversa

Chiloglottis valida

Coelogyne latifolia

Zygopetalum intermedium

Laelia autumnalis

Cleisostoma birmanicum

Porpax ustulata

Coryanthes leucocorys

Neuwiedia singapureana

Selenipedium aequinoctiale

Scaphyglottis antonii

Dendrobium trigonopus

Dendrobium jenkinsii

Cymbidium faberi

Campanulorchis thao

Aloe vera

Catasetum ochraceum

Typha angustifolia

Andinia erepsis

Dendrobium williamsonii

Myrmecophila tibicinis

Chiloschista extinctoriformis

Sarcoglottis acaulis

Paphiopedilum callosum

Smitinandia helferi

Colchicum autumnale

Scaphosepalum microdactylum

Octomeria estrellensis

Coelia bella

Restrepiella ophiocephala

Pelexia olivacea

Hemipilia forrestii

Vitis vinifera

Guarianthe skinneri

Microcoelia gilpiniae

Ania viridifusca

Triuris sp.

Dichaea trulla

Coelogyne articulata

Stelis domingenensis

Stemona tuberosa

Chondroscaphe bicolor

Lilium brownii

Platanthera zijinensis

Epipogium aphyllum

Opilionanthe manningii

Ophrys insectifera

Spirodela polyrhiza

Cypripedium parviflorum

Jumellea arachnantha

Myoxanthus exasperatus

Polystachya bennettiana

Cymbidium dayanum

Sobralia decora

Psychopsis papilio

Dendrobium falconeri

Rhomboda moulmeinensis

Barbosella hirtzii

Schoenorchis fragrans

Peristeria ephippium

Cyrtostylis reniformis

Gastrochilus pseudodistichus

Dendrobium pendulum

Xerorchis amazonica

Paphinia neudeckeri

Stelis immersa

Pleurothallis cardiothallis

Trisetella hoeijeri

Thecopus maingayi

Pleurothallopsis inaequalis

Dendrobium moschatum

Paphiopedilum henryanum

Maxillariella houtteana

Platanthera elongata

Odontochilus elwesii

Phalaenopsis mannii

Asparagus officinalis

Aponogeton lakhonensis

Kefersteinia pellita

Leptotes bicolor

Mapania palustris

Pomatocalpa bicolor

Phalaenopsis pulcherrima

Pennilabium struthio

Epidendrum calanthum

Sobralia wilsoniana

Ancistrochilus rothschildianus

Phragmipedium wallisii

Vanda hybrid

Elleanthus capitatus

Barbosella cogniauxiana

Acampe ochracea

Cestichis sticklandiana

Cymbidium kanran

Dendrobium moniliforme

Sudamerlycaste priscilae

Coelogyne galeata

Cyperus papyrus

Oncidium sp.

Cattleya trianaei

Pleurothallis ruscifolia

Masdevallia schroederiana

Cleisostoma paniculatum

Aerangis luteo-alba

Phaius tancarvilleae

Cymbidium devonianum

Spiranthes ochroleuca

Broughtonia sanguinea

Tropidia angulosa

Ophrys garganica

Trichotosia dasyphylla

Thelymitra angustifolia

Canna sp.

Cymbidium aloifolium

Oberonia ensiformis

Vanda sanderiana

Mexipedium xerophyticum

Dryadella edwallii

Barkeria scandens

Phalaenopsis equestris

Dendrobium cariniferum

Allium cepa

Catasetum expansum

Neottia nidus-avis

Stelis oblonga

Hetaeria finlaysoniana

Pterostylis nutans

Satyrium nepalense

Prosthechea pygmaea

Coelogyne kouytcheensis

Pinalia acervata

Gymnadenia conopsea

Ludovia sp.

Cymbidium macrorhizon

Costus pulverulentus

Catasetum tenebrosum

Robiquetia spathulata

Pendusalpinx dependens

Rhynchostylis retusa

Encyclia oxypetala

Limodorum abortivum

Anoectochilus emeiensis

Epipogium roseum

Cypripedium micranthum

Coelogyne speciosa

Arachnis clarkei

Erycina crista-galli

Nephelaphyllum tenuiflorum

Zygopetalum triste

Trichocentrum pfavii

Oeceoclades calcarata

Dactylorhiza hatagirea

Allium sativum

Bulbophyllum guttulatum

Epidendrum puniceoluteum

Luisia teres

Cyrtochilum flexuosum

Dendrophylax fawcettii

Dendrobium alexandrae

Hemerocallis sp. 2

Calanthe triplicata

Dendrobium fimbriatum

Catasetum macrocarpum

Pleione formosana

Habenaria floribunda

Appendicula ramosa

Grammatophyllum multiflorum

Lockhartia verrucosa

Prosthechea livida

Isochilus linearis

Dendrobium catenatum

Spiranthes romanzoffiana

Zeuxine strateumatica

Acianthera saurocephala

Pandanus tectorius

Masdevallia nidifica

Dendrophylax lindenii

Cypripedium singchii

Erycina pusilla

Dilomilis montana

Chiloschista guangdongensis

Bletilla striata

Maranta leuconeura

Warczewiczella discolor

Arabidopsis thaliana

Xerophyllum tenax

Broughtonia lindenii

Yucca filamentosa

Cattleya maxima

Solenidium portillae

Populus trichocarpa

Platystele lancilabris

Platanthera elegans

Coryanthes bergoldii

Acorus americanus

Masdevallia welischii

Zootrophion oblongifolium

Bulbophyllum tianguii

Platystele reflexa

Sobennikoffia humbertiana

Pterostylis curta

Bulbophyllum affine

Ornithidium sophronitis

Miltonia phymatochila

Cymbidium iridioides

Galeola faberi

Catasetum pileatum

Bifrenaria harrisoniae

Anoectochilus roxburghii

Paphiopedilum philippinense

Pogonia ophioglossoides

Microlaena avenacea

Barkeria melanocaulon

Pleione maculata

Spiranthes cernua

Cestichis viridiflora

Dendrobium heterocarpum

Dendrobium parishii

Cischweinfia dasyandra

Phragmipedium caudatum

Coelogyne pandurata

Cymbidium tracyanum

Diploprora championii

Dendrobium sp. 1

Epidendrum sp.

Habenaria pantlingiana

Nidema boothii

Dendrobium stuposum

Bulbophyllum falcatum

Gastrodia elata

Gongora rufescens

Laelia anceps

Platanthera ciliaris

Sabal bermudana

Sudamerlycaste cobbiana

Gravendeelia chamaelepanthes

Lankesteriana muricaudata

Spiranthes lucida

Disa uniflora

Plectrelminthus caudatus

Miltoniopsis phalaenopsis

Houlletia odoratissima

Oncidium sphacelatum

Dossinia marmorata

Paphiopedilum parishii

Vanda subconcolor

Hemerocallis sp. 1

Arachnis bella

Oryza sativa

Masdevallia davisii

Eria coronaria

Ophrys sphegodes

Coeliopsis hyacinthosma

Pleurothallis corniculata

Miltonia flava

Brassavola nodosa

Freycinetia multiflora

Oncidium incurvum

Xylobium squalens

Gymnadenia densiflora

Restrepia brachypus

Maxillaria buchtienii

Cochleanthes sp

Dracula chimaera

Cremastra appendiculata

Dendrobium christyanum

Curcuma longa

Elaeis guineensis

Neocogniauxia hexaptera

Grammangis ellisii

Crepidium finetii

Nemaconia striata

Koellensteinia graminea

Rhipidoglossum rutilum

Epipactis purpurata

Phragmipedium longifolium

Rhetinantha friedrichsthalii

Dendrobium sinense

Chamaegastrodia sp

Erasanthe henrici

Sacoila lanceolata

Anathallis funerea

Angraecum elephantinum

Ansellia africana

Microtis parviflora

Dactylorhiza incarnata

Echinosepala aspasicensis

Phalaenopsis bellina

Masdevallia mooreana

Polystachya lindblomii

Spathoglottis plicata

Scaphosepalum lima

Trichopilia suavis

Vanda ampullacea

Dendrobium wangliangii

Phreatia formosana

Lepidosperma gibsonii

Chysis aurea

Sobralia fimbriata

Sobralia crocea

Jumellea comorensis

Cymbidium mannii

Thunia alba

Paphiopedilum hirsutissimum

Ornithidium coccineum

Pandanus utilis

Chiloglottis seminuda

Ceratostylis subulata

Cymbidium wenshanense

Caladenia crebra

Dilochia cantleyi

Kefersteinia tolimensis

Phalaenopsis modesta

Spiranthes porrifolia

Frondaria caulescens

Stanhopea wardii

Epidendrum fulgens

Spiranthes arcisepala

Holcoglossum lingulatum

Lacandonia schismatica

Stanhopea tricornis

Dienia ophrydis

Trichopilia laxa

Epipactis helleborine

Spiranthes odorata

Masdevallia colossus

Sagittaria latifolia

Johnsonia pubescens

Oberonia caulescens

Cephalanthera damasonium
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Figure S13. An Orchidaceae chronogram showing 95% HPD of divergence time.
Divergence time estimation was performed using 100 bootstrapping replicate trees generated using the 
supermatrix dataset with 299 genes. The estimated 95% HDP intervals are indicated using blue bar of nodes 
and showed in brackets. The fossil and secondary calibrations used in the estimation are indicated at the 
corresponding nodes using red diamonds and circles, respectively. The subfamilies of Orchidaceae and the 
orders of monocots are shown on the corresponding branches; the tribes and subtribes of orchids and the 
families of monocots are shown to the right of species names (Ner: Nervilieae; Tri: Triphoreae). The MCVECP 
clade is indicated on the corresponding branch.  
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Figure S14. A cladogram of the Orchidaceae with shifts of diversification rate.
Shown here is the best configuration (combination of positioned shifts) inferred using BAMM with 
subtribe-level sampling fractions. The branch colors indicate net diversification rates of corresponding 
branches as shown in the legend at the upper-left corner. The f value at the upper-left corner indicates the 
sampled frequency of the best shift configuration in the posterior. The red arrows indicate the five rate shifts 
(with Roman numerals) detected above the subtribe level, and the four gray circles indicate the rate shifts 
detected within subtribes. The marginal shift probability of each shift is indicated using numbers in red near 
the shifts. Names of subfamilies, tribes, and subtribes are shown to the right of the tree, and the color scheme 
of Figure 6 is followed.
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Figure S15. Additional results on shifts of Orchidaceae diversification rates and speciation and 
extinction rates.
(A) After the best configuration (shown in Figure S14), shown here are the next eight diversification shift 
configurations of Orchidaceae from the 95% credible set inferred using subtribe-level sampling fractions. The 
branch colors indicate the net diversification rates of the corresponding branches (warm = high; cool = low). 
Detected shifts are shown in four types indicated using different symbols, and the marginal shift probabilities 
are indicated using two colors, as shown in the legend at the top. The five shifts detected in the best 
configuration (Figure S14) are indicated using the corresponding Roman numerals as those in Figure S14. The 
f value at the top of each plot indicates the sampled frequency of the corresponding shift configuration in the 
posterior. (B) The speciation (left) and extinction (right) rate-through-time plots of Orchidaceae inferred with 
subtribal sampling fractions.
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Figure S16. The diversification patterns of Epidendreae inferred using BAMM with generic sampling 
fractions.
(A) The best diversification shift configuration of Epidendreae showing five diversification rate shifts within 
subtribes (blue arrows, with Roman numerals). The branch colors indicate the net diversification rates of the 
corresponding branches as shown in the legend at the upper-left corner. The f value at the upper-left corner 
indicates the sampled frequency of the best shift configuration in the posterior. The marginal shift probability of 
each shift is indicated using numbers in red near the shifts. The names of subtribes and genera are shown to 
the right of the tree. If more than one species were sampled from a genus, the number of sampled species is 
shown in parentheses after the genus name. (B) The first eight diversification shift configurations of 
Epidendreae after the best one (shown in panel A) from the 95% credible set. The branch colors indicate the 
net diversification rates of the corresponding branches (warm = high; cool = low). The detected shifts are 
classified into two types indicated using different symbols, and the marginal shift probabilities are indicated 
using three colors, as shown in the legend at the top. The five shifts detected in the best configuration (panel 
A) are indicated using the corresponding Roman numerals as those in panel A. The f value at the top of each 
plot indicates the sampled frequency of the corresponding shift configuration in the posterior. (C) The net 
diversification (left), speciation (center), and extinction (right) rate-through-time plots of Epidendreae.
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Figure S17. The diversification patterns of Vandeae inferred using BAMM with generic sampling 
fractions.
(A) The best diversification shift configuration of Vandeae showing two diversification rate shifts within subtribes 
(blue arrows, with Roman numerals). The branch colors indicate the net diversification rates of the 
corresponding branches as shown in the legend at the upper-left corner. The f value at the upper-left corner 
indicates the sampled frequency of the best shift configuration in the posterior. The marginal shift probability of 
each shift is indicated using numbers in red near the shifts. The names of subtribes and genera are shown to 
the right of the tree. If more than one species were sampled from a genus, the number of sampled species is 
shown in parentheses after the genus name. The upshift shared by Polystachya with low marginal shift 
probability is not shown in Figure 6 and not accounted as a reliable upshift in the discussion. (B) The first eight 
diversification shift configurations of Vandeae after the best one (shown in panel A) from the 95% credible set. 
The branch colors indicate the net diversification rates of the corresponding branches (warm = high; cool = 
low). The detected shifts are classified into three types indicated using different symbols, and the marginal shift 
probabilities are indicated using three colors, as shown in the legend at the top. The two shifts detected in the 
best configuration (panel A) are indicated using the corresponding Roman numerals as those in panel A. The f 
value at the top of each plot indicates the sampled frequency of the corresponding shift configuration in the 
posterior. (C) The net diversification (left), speciation (center), and extinction (right) rate-through-time plots of 
Vandeae.
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Figure S18. The diversification patterns of Malaxideae inferred using BAMM with generic sampling 
fractions.
(A) The best diversification shift configuration of Malaxideae showing that no diversification rate shift was 
detected within subtribes of this tribe. The branch colors indicate the net diversification rates as shown in the 
legend at the upper-left corner. The names of subtribes and genera are shown to the right of the tree. If more 
than one species were sampled from a genus, the number of sampled species is shown in parentheses after 
the genus name. (B) The net diversification (left), speciation (center), and extinction (right) rate-through-time 
plots of Malaxideae.  
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