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Additional Figure 2. The workflow used for the construction of the 2408 orthologous group (OG) data matrix. A detailed description 
of the analyses performed in each step of the workflow is provided in the “Phylogenomic data matrix construction” section of the 
Supplementary Methods.
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Additional Figure 3. The effect of inflation parameter value on the identification of clusters of homologous genes using 
the OrthoMCL program. (A) To compare the distributions of cluster sizes (i.e., the distributions of the number of protein 
sequences assigned to each cluster) produced by the OrthoMCL program, we used a range of inflation parameter values from 
1.2 to 2.0 (with a step of 0.1). The distributions of cluster sizes from 1 to 10 are displayed in the inset. The distributions of 
cluster sizes were very similar across inflation parameter values and resulted in very high proportions of clusters containing 
one or very few genes. These very high proportions stem from (i) the conservative BLASTP e-value cutoff (10-10) that we 
used, and (ii) comparing genomes that exhibit substantial levels of genetic divergence (as we show in Figure 1, budding 
yeasts in the subphylum exhibit a range of divergences on par to those observed among animal genomes). (B) The effect of 
inflation parameter values on numbers of cluster sizes with gene occupancy ≥ 50%, that is those clusters that contained one or 
more protein sequences from at least half (≥ 172) of the 343 genomes (332 budding yeasts and 11outgroups). These 
distributions were very similar across inflation parameter values. Given these results and a previous study showing that an 
inflation parameter value of 1.5 was optimal for ortholog identification in budding yeasts (Salichos and Rokas, 2011), we 
decided to use the OrthoMCL clusters obtained when the inflation parameter value was set to 1.5 (in green) for construction 
of the 2408OG phylogenomic data matrix.
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Additional Figure 4. Distribution of sizes of clusters of homologous proteins identified using OrthoMCL 
with an inflation parameter value of 1.5 (panel A) and distribution of the lengths of the genomic contigs 
that their proteins reside in (panel B). (A) The distribution of cluster sizes of the 233,478 clusters identified using the 
OrthoMCL program with an inflation parameter value of 1.5. The distributions of cluster sizes from 1 to 10 are displayed in 
the inset. 171,715 clusters contain a single protein (singleton clusters) and 61,763 clusters contain two or more proteins. (B) 
The distribution of the lengths of genomic contigs that contain proteins present in the 171,715 singleton clusters compared to 
the distribution of the lengths of genomic contigs present in the 61,763 non-singleton clusters. 
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Additional Figure 5. Distribution of gene alignment lengths for the 2408OG and 1292BUSCO phylogenomic data 
matrices. The sequence alignment length (aa, amino acid residues) of each gene in each data matrix was measured after 
filtering out ambiguously aligned positions.



0

10

20

30

50
_5

5

55
_6

0

60
_6

5

65
_7

0

70
_7

5

75
_8

0

80
_8

5

85
_9

0

90
_9

5

95
_1

00

Gene occupancy (%)

Pe
rc

en
ta

ge
 o

f g
en

es

1292BUSCO

2408OG

Additional Figure 6. Distribution of gene occupancy for the 2408OG and 1292BUSCO phylogenomic data 
matrices. Gene occupancy (also known as taxon coverage) was calculated as (number of taxa with sequences 
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1292BUSCO data matrices. The best-fitting model for each gene in each data matrix was determined using 
IQ-TREE multicore version 1.5.1 under the Bayesian information criterion (BIC).



Additional Figure 8. Illustration of occupancy for each species and ortholog in the 2408OG phylogenomic data matrix. Each row corresponds to each of the 332 budding yeast species and 11 non-budding yeast 
fungal outgroups and each column corresponds to each of the 2,408 orthologous groups of genes (OGs). White coloration denotes a gene’s absence in a given species, whereas black coloration denotes a gene’s 
presence in a given species. OGs exhibiting the highest occupancy across species are toward the right of the graph, and species exhibiting the highest occupancy across OGs are toward the top of the graph. The 
2408OG data matrix contains 729,289 genes (~36% of the total number of genes).
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Additional Figure 9. Illustration of occupancy for each species and ortholog in the 1292BUSCO phylogenomic data matrix. Each row corresponds to each of 
the 332 budding yeast species and 11 non-budding yeast fungal outgroups and each column corresponds to each of the 1,292 BUSCO genes. White coloration 
denotes a gene’s absence in a given species, whereas black coloration denotes a gene’s presence in a given species. BUSCO genes exhibiting the highest occupancy 
across species are toward the right of the graph, and species exhibiting the highest occupancy across BUSCO genes are toward the top of the graph. The 
1292BUSCO data matrix contains 400,449 genes (~20% of the total number of genes).
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Additional Figure 10. The phylogenetic relationships of 332 budding yeasts and 11 outgroups inferred from the concatenation-based analysis of 2,408 genes in the 2408OG data 
matrix under a single LG + GAMMA. The ML phylogeny (lnL=-286,053,422.906) was reconstructed using the 2408OG data matrix (1,162,805 sites) under a single LG + GAMMA 
substitution model using IQ-TREE multicore version 1.5.1. Branch support values near internodes correspond to bootstrap support (below) and internode certainty (above), respectively. 
Only bootstrap support values smaller than 90% and internode certainty values smaller than 0.1 are shown. Red branches show conflicts between the concatenation-based phylogeny 
(Additional Figure 10) and the coalescence-based phylogeny (Additional Figure12). The concatenation-based ML phylogenies under a single partition (Additional Figure 10) and under 
gene-based partitioning (additional Figure 11) are topologically identical, with the only exception being the bipartition defined by internal branch I246, which is shown in Additional Figures 
18 and 19. Note that the ML phylogram with branch lengths corresponding to amino acid substitutions / site is shown at the bottom left.
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Additional Figure 11. The phylogenetic relationships of 332 budding yeasts and 11 outgroups inferred from the concatenation-based analysis of 2,408 genes in the 2408OG data 
matrix under the gene-based partitioning. The ML phylogeny (lnL= -285,074,794.532)  was reconstructed using the 2408OG data matrix (1,162,805 sites) under gene-based partitioning 
using IQ-TREE multicore version 1.5.1. Branch support values near internodes correspond to bootstrap support (below) and internode certainty (above), respectively. Only bootstrap support 
values smaller than 90% and internode certainty values smaller than 0.1 are shown. Red branches show conflicts between the concatenation-based phylogeny (Additional Figure 11) and the 
coalescence-based phylogeny (Additional Figure 12). The concatenation-based ML phylogenies under a single partition (Additional Figure 10) and under gene-based partitioning 
(Additional Figure 11) are topologically identical, with the only exception being the bipartition defined by internal branch I246, which is shown in Additional Figures 18 and 19. Note that 
the ML phylogram with branch lengths corresponding to amino acid substitutions / site is shown at the bottom left.
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Additional Figure 12. The phylogenetic relationships of 332 budding yeasts and 11 outgroups inferred from the coalescence-based analysis of 2,408 genes in the 2408OG data 
matrix. The coalescence-based phylogenetic tree was reconstructed using ASTRAL-II version 4.10.2. Branch support values near internodes correspond to local posterior probability 
(below) and internode certainty (above), respectively. Only local posterior probability values smaller than 0.9 and internode certainty values smaller than 0.1 are shown. Red branches 
show conflicts between the concatenation-based phylogeny (Additional Figure 10) and the coalescence-based phylogeny (Additional Figure 12).
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Additional Figure 13. The phylogenetic relationships of 332 budding yeasts and 11 outgroups inferred from the concatenation-based analysis of 1,292 genes in the 
1292BUSCO data matrix under a single LG + GAMMA. The ML phylogeny (lnL=-97,177,023.925) was reconstructed using the 1292BUSCO data matrix (527,069 sites) under 
a single LG + GAMMA substitution model using IQ-TREE multicore version 1.5.1. Branch support values near internodes correspond to bootstrap support (below) and internode 
certainty (above), respectively. Only bootstrap support values smaller than 90% and internode certainty values smaller than 0.1 are shown. Red branches show conflicts between the 
concatenation-based phylogeny (Additional Figure 13) and the coalescence-based phylogeny (Additional Figure 15). The concatenation-based ML phylogenies under a single 
partition (Additional Figure 13) and under gene-based partitioning (Additional Figure 14) are topologically identical, with the only exception being the bipartition defined by 
internal branch I262, which is shown in Additional Figures 18 and 19. Note that the ML phylogram with branch lengths corresponding to amino acid substitutions / site is shown at 
the bottom left.
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Additional Figure 14. The phylogenetic relationships of 332 budding yeasts and 11 outgroups inferred from the concatenation-based analysis of 1,292 genes in the 1292BUSCO 
data matrix under the gene-based partitioning. The ML phylogeny (lnL= -96,950,014.165) was reconstructed using the 1292BUSCO data matrix (527,069 sites) under gene-based 
partitioning using IQ-TREE multicore version 1.5.1. Branch support values near internodes correspond to bootstrap support (below) and internode certainty (above), respectively. Only 
bootstrap support values smaller than 90% or internode certainty values smaller than 0.1 are shown. Red branches show conflicts between the concatenation-based phylogeny (Additional 
Figure 14) and the coalescence-based phylogeny (Additional Figure 15). The concatenation-based ML phylogenies under a single partition (Additional Figure 13) and under gene-based 
partitioning (Additional Figure 14) are topologically identical, with the only exception being the bipartition defined by internal branch I262, which is shown in Additional Figures 18 and 19. 
Note that the ML phylogram with branch lengths corresponding to amino acid substitutions / site is shown at the bottom left.
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Additional Figure 15. The phylogenetic relationships of 332 budding yeasts and 11 outgroups inferred from the coalescence-based analysis of 1,292 genes in the 
1292BUSCO data matrix. The coalescence-based phylogenetic tree was reconstructed using ASTRAL-II version 4.10.2. Branch support values near internodes correspond to local 
posterior probability (below) and internode certainty (above), respectively. Only local posterior probability values smaller than 0.9 and internode certainty values smaller than 0.1 
are shown. Red branches show conflicts between the concatenation-based phylogeny (Additional Figure 13) and the coalescence-based phylogeny (Additional Figure 15).

Saccharomycodaceae

Saccharomycetaceae

Phaffomycetaceae

CUG-Ser1 clade

CUG-Ser2 cladeDipodascaceae /
Trichomonascaceae

Trigonopsidaceae

Lipomycetaceae

CUG-Ala clade

Pichiaceae

Alloascoideaceae

Sporopachydermia clade

Blastobotrys raffinofermentans

Starmera amethionina

Priceomyces castillae

Tetrapisispora phaffii

Cyberlindnera petersonii

Lipomyces oligophaga

Danielozyma ontarioensis

Saturnispora hagleri

Lachancea meyersii

Saturnispora silvae

Sclerotinia sclerotiorum

Hanseniaspora singularis

Yarrowia divulgata

Zygoascus ofunaensis

Candida nivariensis

Ogataea nitratoaversa

Spathaspora arborariae

Candida athensensis

Saccharomyces arboricola

Metschnikowia kamakouana

Ambrosiozyma monospora

Kazachstania spencerorum

Lipomyces starkeyi

Nakazawaea holstii

Kuraishia capsulata

Saccharomycopsis capsularis

Yamadazyma nakazawae

Candida arabinofermentans

Priceomyces haplophilus

Candida freyschussii

Lachancea quebecensis

Saitoella complicata

Hyphopichia burtonii

Kluyveromyces lactis

Metschnikowia borealis

Torulaspora microellipsoides

Tortispora caseinolytica

Botryozyma nematodophila

Middelhovenomyces tepae

Barnettozyma salicaria

Ashbya aceri

Candida sojae

Ogataea polymorpha

Ogataea glucozyma

Candida golubevii

Debaryomyces nepalensis

Kazachstania taianensis

Saturnispora zaruensis

Teunomyces gatunensis

Tetrapisispora blattae

Clavispora lusitaniae

Candida boidinii

Nakaseomyces delphensis

Cyberlindnera saturnus
Cyberlindnera jadinii

Ogataea populialbae

Suhomyces tanzawaensis

Kazachstania naganishii

Cephaloascus fragrans

Zygoascus meyerae

Candida parapsilosis

Geotrichum candidum

Blastobotrys mokoenaii

Eremothecium sinecaudum

Sporopachydermia lactativora

Babjeviella inositovora

Spathaspora girioi

Sugiyamaella lignohabitans

Candida orthopsilosis

Wickerhamomyces alni

Nakaseomyces bacillisporus

Ogataea minuta

Brettanomyces custersianus

Metschnikowia hamakuensis

Lachancea fermentati

Hyphopichia heimii

Lipomyces lipofer

Metschnikowia hibisci

Candida mycetangii

Citeromyces siamensis

Metschnikowia arizonensis

Wickerhamomyces canadensis

Ascoidea asiatica

Zygosaccharomyces kombuchaensis

Candida sorboxylosa

Candida homilentoma

Metschnikowia matae var. matae

Ogataea trehalophila

Candida carpophila

Cyberlindnera americana

Ogataea nonfermentans

Wickerhamomyces hampshirensis

Saccharomyces uvarum

Kazachstania bromeliacearum

Barnettozyma pratensis

Wickerhamomyces sp. YB-2243

Candida montana

Ogataea methanolica

Kluyveromyces marxianus

Kuraishia ogatae

Zygosaccharomyces bailii

Peterozyma toletana

Metschnikowia kipukae

Kazachstania rosinii

Ogataea parapolymorpha

Scheffersomyces lignosus

Ambrosiozyma pseudovanderkliftii

Spathaspora gorwiae

Lachancea nothofagi

Sporopachydermia quercuum

Zygotorulaspora mrakii

Ogataea pilisensis

Ambrosiozyma philentoma

Kazachstania turicensis

Yarrowia deformans

Yarrowia lipolytica

Nadsonia fulvescens var. elongata

Pichia norvegensis

Eremothecium cymbalariae

Candida stellimalicola

Kazachstania unispora

Kluyveromyces aestuarii

Naumovozyma castellii

Coccidioides immitis

Lipomyces kononenkoae

Pichia kudriavzevii

Candida restingae

Martiniozyma abiesophila

Lachancea kluyveri

Metschnikowia matae var. maris

Komagataella pastoris

Metschnikowia bowlesiae

Kazachstania africana

Citeromyces hawaiiensis

Yamadazyma philogaea

Naumovozyma dairenensis

Arthrobotrys oligospora

Torulaspora franciscae

Ambrosiozyma oregonensis

Candida apicola

Suhomyces pyralidae

Lipomyces suomiensis

Candida glabrata

Debaryomyces subglobosus

Spencermartinsiella europaea

Blastobotrys peoriensis

Hanseniaspora valbyensis

Metschnikowia bicuspidata var. bicuspidata

Metschnikowia dekortorum

Tetrapisispora namnaonensis

Saturnispora dispora

Metschnikowia aberdeeniae

Zygotorulaspora florentina

Hanseniaspora vineae

Kuraishia molischiana

Metschnikowia shivogae

Metschnikowia ipomoeae

Yueomyces sinensis

Saccharomyces mikatae

Kazachstania viticola

Spathaspora hagerdaliae

Ogataea zsoltii

Debaryomyces fabryi

Yamadazyma scolyti

Candida ascalaphidarum

Candida rhagii

Aspergillus nidulans

Wickerhamomyces bovis

Hanseniaspora clermontiae

Xylona heveae

Citeromyces matritensis

Pichia nakasei

Candida fragi

Blastobotrys muscicola

Metschnikowia lockheadii

Pichia membranifaciens

Wickerhamomyces ciferrii

Wickerhamia fluorescens

Candida incommunis

Pachysolen tannophilus

Cyberlindnera maclurae

Brettanomyces anomalus

Cyberlindnera xylosilytica

Kregervanrija delftensis

Blastobotrys nivea

Candida oregonensis

Wickerhamiella cacticola

Ascoidea rubescens

Debaryomyces maramus

Komagataella pseudopastoris

Deakozyma indianensis

Barnettozyma hawaiiensis

Torulaspora pretoriensis

Kazachstania siamensis

Wickerhamiella domercqiae

Kazachstania aerobia

Candida dubliniensis

Candida gorgasii

Saprochaete clavata

Blastobotrys proliferans

Candida fructus

Barnettozyma populi

Metschnikowia santaceciliae

Kloeckera hatyaiensis

Priceomyces medius

Cephaloascus albidus

Debaryomyces hansenii

Candida schatavii

Priceomyces carsonii

Candida bracarensis

Ogataea ramenticola

Eremothecium gossypii

Phaffomyces opuntiae

Pichia exigua

Candida vartiovaarae

Eremothecium coryli

Candida intermedia

Kazachstania intestinalis

Lachancea mirantina

Saturnispora saitoi

Lachancea dasiensis

Kazachstania solicola

Kluyveromyces dobzhanskii

Groenewaldozyma salmanticensis

Starmera quercuum

Botrytis cinerea

Zygosaccharomyces bisporus

Debaryomyces prosopidis

Aciculoconidium aculeatum

Kregervanrija fluxuum

Lachancea lanzarotensis

Saccharomyces eubayanus

Peterozyma xylosa

Vanderwaltozyma polyspora

Ambrosiozyma maleeae

Metschnikowia mauinuiana

Candida blattae

Candida ponderosae

Dipodascus albidus

Komagataella populi

Metschnikowia cerradonensis

Candida infanticola

Neurospora crassa

Ogataea trehaloabstinens

Brettanomyces bruxellensis

Lachancea waltii

Pichia occidentalis

Kodamaea ohmeri

Tetrapisispora fleetii

Metschnikowia similis

Lipomyces doorenjongii

Ambrosiozyma ambrosiae

Saturnispora serradocipensis

Meyerozyma guilliermondii

Ogataea kodamae

Candida castellii

Phaffomyces antillensis

Blastobotrys adeninivorans

Spathaspora passalidarum

Saccharomyces paradoxus

Stagonospora nodorum

Ogataea pini

Kazachstania kunashirensis

Yarrowia bubula

Candida orba

Wickerhamomyces anomalus

Trigonopsis vinaria

Tortispora ganteri

Saccharomyces cerevisiae

Candida tenuis

Magnusiomyces tetrasperma

Ogataea naganishii

Tetrapisispora iriomotensis

Nadsonia fulvescens var. fulvescens

Candida gotoi

Blastobotrys serpentis

Starmerella bombicola

Candida heveicola

Candida tropicalis

Suhomyces canberraensis

Zygosaccharomyces rouxii

Ogataea henricii

Cyberlindnera suaveolens

Saturnispora mendoncae

Lachancea thermotolerans

Candida succiphila

Cyberlindnera fabianii

Candida hawaiiana

Saccharomyces kudriavzevii

Saccharomycopsis malanga

Candida wancherniae

Fusarium graminearum

Candida corydali

Hanseniaspora pseudoguilliermondii

Yarrowia keelungensis

Kazachstania yakushimaensis

Barnettozyma californica

Candida albicans

Lachancea cidri

Lipomyces japonicus

Candida versatilis

Candida auris

Hanseniaspora uvarum

Hanseniaspora osmophila

Pichia heedii

Metschnikowia hawaiiensis

Lipomyces arxii

Metschnikowia proteae

Kurtzmaniella cleridarum

Candida hispaniensis

Candida tammaniensis

Suhomyces emberorum

Meyerozyma caribbica

Trigonopsis variabilis

Lachancea fantastica nom. nud.

Scheffersomyces stipitis

Dipodascus geniculatus

Ogataea methylivora

Ambrosiozyma vanderkliftii

Diddensiella caesifluorescens

Pichia terricola

Ogataea philodendri

Metschnikowia drakensbergensis

Cyberlindnera misumaiensis

Lodderomyces elongisporus

Teunomyces cretensis

Cyberlindnera mrakii

Alloascoidea hylecoeti

Nakazawaea peltata

Torulaspora maleeae

Kazachstania martiniae

Millerozyma acaciae

Schizosaccharomyces pombe

Lipomyces mesembrius

Kodamaea laetipori

Torulaspora delbrueckii

Phaffomyces thermotolerans

Kazachstania transvaalensis

Blastobotrys americana

Metschnikowia continentalis

Ambrosiozyma kashinagacola

Teunomyces kruisii

Tortispora starmeri

0.040

-0.213

0.014

0.000

0.083

0.044

0.030

-0.043

-0.015

-0.065

-0.012

0.006

-0.000

-0.010

0.099

-0.153

-0.058

0.020

0.028

0.081

0.001

0.031

0.035

0.086

0.0590.056

0.8

0.78

0.73

0.87

0.89

0.84

0.67

0.67

0.66

0.88

0.62

O
ut

gr
ou

ps



0300600900
NO. OGs

100

0

200

In
te

rs
ec

tio
n 

Si
ze

Additional Figure 16. Relatively few genes are shared across the 7 additional subsampled data matrices. The plot illustrates that the 7 additional data matrices that we created from 
subsampling of the 2408OG data matrix have relatively few overlapping genes. For example, the first intersect on the left shows that only two genes are shared across all 7 data matrices, 
whereas the last 7 intersects on the right show the numbers of genes uniquely present in each of the 7 data matrices. The intersecting plot was generated using the UpSetR R package 
(https://cran.r-project.org/web/packages/UpSetR/).
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Additional Figure 17. Boxplot of internode certainty scores in the each of 27 phylogenies. The 27 phylogenies were reconstructed from 
analyses of 9 different data matrices (2408OG, 1292BUSCO, and the 7 data matrices constructed from subsamples of the 2408OG data 
matrix) using three different approaches (concatenation under a single partition, concatenation under gene-based partitioning, and 
coalescence). For each phylogeny, internode certainty (ICA) scores for all 340 internal branches were calculated from the set of individual 
ML gene trees using RAxML with the option ‘-f i’. Rectangles in the boxplot denote 1st and 3rd quartiles, horizontal thick bars represent 
mean ICA values, and dots correspond to outliers whose ICA scores are greater than two standard deviations from the mean.
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Additional Figure 18. Summary of topological support for the 32 internal branches that are incongruent across the 27 phylogenies of the 
332 Saccharomycotina yeasts. The 27 phylogenies were reconstructed from analyses of 9 different data matrices (2408OG, 1292BUSCO, and 
the 7 data matrices constructed from subsamples of the 2408OG data matrix using three different approaches (concatenation under a single 
partition, concatenation under gene-based partitioning, and coalescence). Internal branches with bootstrap support values ≥ 90 or local probability 
values ≥ 0.9 were considered to be strongly supported (darker colors), while all others were considered to be weakly supported (lighter colors). 
Internal branches (bipartitions) present in the ML phylogeny inferred from analysis of the 2408OG data matrix under concatenation and a single 
LG+G4 model of amino acid sequence evolution (Figure 2) were considered to be the reference bipartitions and were labeled as T1 (Tree 1). The 
bipartition showing the highest degree of conflict with T1 (among the 27 phylogenies) was labeled as T2 (Tree 2), and the bipartition showing the 
next highest degree of conflict as T3 (Tree 3). Internal branch names on the Y axis correspond to the branches shown in Figure 2 and in 
Additional Figure 19. The 14 internal branch names shown in red font correspond to conflicts observed within genera, whereas the 18 internal 
branch names shown in black font correspond to the conflicts observed between genera or higher taxonomic ranks. Detailed topologies of each of 
these 32 internal branches are shown in Additional Figure 19.
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Additional Figure 19. Detailed topologies of alternative hypotheses for the 32 internal branches that 
show conflict across the 27 phylogenies of 332 Saccharomycotina yeasts. For each of the 32 internal 
branches that exhibit conflict, the T1 topology (found in the phylogeny shown in Figure 2) and the T2 
topology (i.e., the topology with the highest degree of conflict among the 27 phylogenies) are shown. 
Internal branch names correspond to branches shown in Figure 2 and Additional Figures 18 and 25.
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Additional Figure 20. Bimodal distributions of the number of synonymous substitutions per synonymous site (Ks) suggest that the 
genomes of Citeromyces siamensis and Martiniozyma abiesophila are of hybrid origin. The two panels in the top row depict the 
distributions of number of synonymous substitutions per synonymous site (Ks) for Saccharomyces pastorianus (left) and Zygosaccharomyces 
parabailii (right), two previously reported hybrids that we used as controls in the present analysis; both show bimodal distributions of Ks, 
reflecting the fact that some genes in the hybrid genome are most closely related to one parental species (orange bars) and some to the other 
more divergent parent (blue bars). Grey bars correspond to genes that could not be reliably assigned to either parental species. The two 
panels in the bottom row depict the distributions of Ks for Citeromyces siamensis and Martiniozyma abiesophila, two of our newly 
sequenced genomes. Both genomes show bimodal Ks distributions similar to those observed in known hybrids, suggesting that they are also 
of hybrid origin. Ks was calculated between all pairs of protein-coding homologs from the species of interest and its closest relative on the 
phylogeny shown in Figure 2.



Additional Figure 21. Relationship between gene number, genome size, and number of gene duplicates among the 332 budding yeast 
genomes. The X axis shows gene number, the Y axis shows number of gene duplicates, and the Z axis genome size. The two newly 
sequenced genomes thought to correspond to hybrids are shown in red font; they have the highest numbers of genes, the highest numbers of 
gene duplicates, and large genome sizes.

 4  6  8 10 12 14

 0
 5

10
15

20
25

30
35

 5
10

15
20

25
30

Genes (X1000)
Genome S

ize
 (M

b)O
G

s w
ith

 g
en

e 
du

pl
ic

at
es

 (X
10

0)

•

•
•

•

•

••• •
•

•••••••
•

•

•

••

•
•

••• ••
•••

•••
•••••

•
••

• •

•

•

• ••• ••

•

• •
•

•• ••
•

•••
• ••••••

•

•
• •••
•

• •
• ••
••

•
•
••

• •• •••
••

•
•

••
•

••••
•• •• • •
•

•

•

•
•
••

•

••

•
•
•

• ••
•••
•
•••
•

••
• •••

•• ••••
•• • •••

•
• ••
•
•• •

•
•

•
•

• ••
• •
• •• • •
•

•• •••
• •••
• •
• ••
•••• •• •

••
•••

•

• ••• •• •
•
••• •• ••• ••• •

• •
• •

•• ••
•
••
••••• ••• •••
•
•
•••••

•

•• •• •••• •••• ••• ••• •

•

•••••• ••• •••••• ••
•
••••
•••••••••• ••
•

••• •••••••• •••••••••••

Citeromyces siamensis

Martiniozyma abiesophila



−40

−20

0

20

40

−40

−20

0

20

−25

−50

T1 T2

0

25

50

a b

ΔG
LS

CUG-Ser2 clade (I335) CUG-Ser2 clade (I335)

Komagataella (I119)

Kazachstania intestinalis (I262)

−20

0

20

40

−40

−20

0

20

−40

−20

0

20

2,408 OGs 1,292 BUSCO

Additional Figure 22. Distributions of gene-wise phylogenetic signal for 3 internal branches in the 2408OG data matrix (panel a) and 
the 1292BUSCO data matrix (panel b). For each branch for a given data matrix, the phylogenetic signal was calculated by measuring the 
difference in gene-wise log-likelihood scores (ΔGLS) for T1 versus T2. Pink bars denote genes supporting T1, whereas green bars denote 
genes supporting T2. The specific T1 and T2 topologies compared in each of the branches examined are provided in Additional Table 4 and 
shown in Additional Figure 19. The detailed values of the distributions of gene-wise phylogenetic signal in the 3 internal branches examined 
are provided in Additional Table 5.
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Additional Figure 23. Distributions of ranked gene-wise phylogenetic signal for 3 internal branches in the 2408OG data matrix 
(panel a) and the 1292BUSCO data matrix (panel b). For each branch for a given data matrix, the phylogenetic signal was calculated by 
measuring the difference in gene-wise log-likelihood scores (ΔGLS) for T1 versus T2. Pink bars denote genes supporting T1, whereas green 
bars denote genes supporting T2. The specific T1 and T2 topologies compared in each of the branches examined are provided in Additional 
Table 4 and shown in Additional Figure 19. The detailed values of the distributions of gene-wise phylogenetic signal in the 3 internal 
branches examined are provided in Additional Table 5.
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Additional Figure 24. Percentage of sites supporting each of two alternative topological hypotheses for each of 3 internal branches in 
the 2408OG data matrix (panel a) and the 1292BUSCO data matrix (panel b). For each branch for a given data matrix, we evaluated all 
sites, weak sites with absolute ΔSLS (i.e., difference in site-wise log-likelihood scores for T1 against T2) smaller or equal to 0.5, and strong 
sites with absolute ΔSLS > 0.5. Pink bars denote genes supporting T1, whereas green bars denote genes supporting T2. The specific T1 and 
T2 topologies compared in each of the branches examined are provided in Additional Table 4 and shown in the Additional Figure 19.
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Additional Figure 25. A timetree of the evolution of the 332 budding yeasts. Divergence times were estimated 
using the autocorrelated clock model of rate variation across different lineages implemented in MCMCTree 
(clock=3) in the PAML 4.9e package. The topology used for divergence time estimation is that shown in Figure 2. 
The 32 internal branches that show conflict among our 27 phylogenetic analyses (see Additional Figure 19) are 
shown in red font, while all the others are shown in black font. Bootstrap support (BS) values smaller than 90% 
are shown as black dots at the nodes adjacent to the internal branches in question. The names of the 196 species 
sequenced by the Y1000+ Project (http://www.y1000plus.org) and the 24 species sequenced by RIKEN are shown 
in bold. The bar plot next to each species indicates genomic quality, as assessed by a set of 1,759 BUSCO genes. 
“Complete” indicates the fraction of full-length BUSCO genes; “Fragmented” indicates the fraction of genes with 
a partial sequence; “Missing” indicates fraction of genes not found in the genome. MYA: million years ago. The 
detailed divergence times are provided in Table 2.
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Additional Figure 26. Visual comparison of Bayesian and RelTime divergence time estimates. The MCMCTree timetree is shown in blue and 
the RelTime timetree is shown in red. MYA: million years ago. Note that, consistent with previous work (Mello et al. 2017), the RelTime estimates 
were generally older than MCMCTree estimates for the deep internodes of the budding yeast phylogeny (e.g., for the internodes between the 12 major 
clades) and were generally younger than the MCMCTree estimates for shallower internodes (e.g., within the families Pichiaceae, 
Saccharomycodaceae, Saccharomycetaceae, Phaffomycetaceae, the CUG-Ala clade, and the CUG-Ser1 clade. Timetrees in Newick format are 
provided in the Figshare depository.


