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Additional Figure 27. Depiction of a hypothetical horizontal gene transfer (HGT) event between the Saccharomycotina yeasts and a 
non-fungal species and how gene tree-species tree reconciliation can be used to identify it. (a) Schematic species phylogeny of 
Saccharomycotina yeasts (red branches and taxon names starting with the letter Y), other fungi (yellow branches and taxon names starting 
with the letter F), and non-fungal taxa (green branches and taxon names starting with the letter O (other)). (b) Schematic phylogeny for a 
single gene for the same set of taxa as in panel a. Note that taxon Y11 is nested within a clade comprised of non-fungal taxa and not, as 
expected on the basis of species relationships, within Saccharomycotina. This incongruence between the species tree and the gene tree can 
be used to identify Saccharomycotina genes that may have been acquired via HGT from non-fungal organisms.



Parse the BLAST output file
incorporating taxon ID from 

the NCBI Taxonomy Database

Homology search using BLASTP 
with a cutoff e-value of 1e-10

Each of 1,538,912 
genes

1,806 candidate HGTs

878 putative HGTs

Extract homologs

For each yeast genome, only those genes 
that  are from contig or scaffold of ≥ 100 
kb, are considered for detection of the 
putative HGT events.

outg_pct 
(≥ 90)

AI score
(≥ 0.1)

  Detect putative HGT event 

Compare the query against a nr+ 
database which contains the 
non-redundant (nr) database 
downloaded from the NCBI and 
all 332 yeast proteins.

bbhO: bitscore of the best hit 
in OUTGROUP lineage. 
bbhG: bitscore of the best hit 
in GROUP lineage but not in 
RECIPIENT lineage.
maxB: bitscore of the query to 
itself.

Homologs were aligned by MAFFT (--auto), 
trimmed ambiguous regions by trimAl 
(-automated1), and inferred maximum 
likelihood tree by IQ-TREE (-m TEST and 
-bb 1000).

ML tree was rooted by midpoint using 
R and its branches were colored using 
iTOL.

We parsed the BLAST output file to 
extract 300 homologous sequences in the 
top 300 hits from the nr+ database.

Alignment, trimming,
and ML tree

Root and visualize tree

Manually inspect
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Additional Figure 28. The workflow used for the identification of genes found in Saccharomycotina yeasts that were likely acquired 
by horizontal gene transfer (HGT) from non-fungal species. A detailed description of the analyses performed in each step of the 
workflow is provided in the “Detection of horizontal transfer (HGT)” section of the Supplementary Methods.

Step 1

Step 2

Alien Index

outg_pct : percentage of species 
belonging to the OUTGROUP lineage 
in list of top 300 hits, having different
taxonomic species names.

= -
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Additional Figure 29. Representative clusters of horizontally transferred genes found in two or more budding 
yeast species. Native (i.e., acquired via vertical descent) genes are shown as gray polygons and horizontally acquired 
genes are shown in all other colors. Horizontally acquired genes of the same color correspond to homologs. Detailed 
information of molecular function and putative donor organisms of horizontally acquired genes found as gene clusters are 
provided in Table S3, whereas the multiple sequence alignments and gene trees are provided in the Figshare depository. 
The names of encoded proteins or predicted enzymatic functions are shown for each gene. HP = hypothetical protein.
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Additional Figure 30. Clusters of horizontally transferred genes found in a single budding yeast species. 
Native (i.e., acquired via vertical descent) genes are shown as gray polygons, and horizontally acquired genes are 
shown in all other colors. Horizontally acquired genes of the same color correspond to homologs. Detailed 
information of molecular function and putative donor organisms of horizontally acquired genes found as gene 
clusters are provided in Table S3, whereas the multiple sequence alignments and gene trees are provided in the 
Figshare depository. The names of encoded proteins or predicted enzymatic functions are shown for each gene. HP 
= hypothetical protein.



Additional Figure 31. Maximum likelihood trees of genes in an exemplar gene cluster that was horizontally acquired by several budding 
yeasts. The four different panels (a – d) correspond to the gene trees of the 4 genes in the cluster, which encode (a) RidA family protein; (b) 
Acetylornithine deacetylase; (c) DUF1028 domain-containing protein; and (d) FAD-dependent oxidoreductase. All gene sequences used as queries 
in the BLAST search are from the Candida (Wickerhamiella) versatilis genome (shown in red font in the gene trees), and their orthologs also can be 
found in Candida apicola, Wickerhamiella domercqiae, and Starmerella bombicola genomes. The gene used as a query in the BLAST search is 
shown in red. The tree was midpoint rooted, and the branch supports were evaluated with 1000 ultrafast bootstraps implemented in IQ-TREE. 
Detailed information of molecular function and putative donor organisms of horizontally acquired genes found as gene clusters are provided in 
Table S3, whereas the multiple sequence alignments and gene trees are provided in the Figshare depository.
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Seq 848-489716-yHMPu5000035041 Ambrosiozyma pseudovanderkliftii Saccharomycotina

Seq 3296-904902-yHMPu5000035040 Ambrosiozyma maleeae Saccharomycotina

Seq 1332-1041608-yHMPu5000035268 Wickerhamomyces hampshirensis Saccharomycotina

XP 008031509.1-671987-Setosphaeria turc Dothideomycetes

Seq 2197-43968-yHMPu5000034654 Aciculoconidium aculeatum Saccharomycotina
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Seq 201-53937-yHMPu5000034904 Ogataea nonfermentans Saccharomycotina
Seq 1443-1378263-yHMPu5000034893 Ogataea philodendra Saccharomycotina

XP 002375253.1-332952-Aspergillus flavu Eurotiomycetes

WP 007767271.1-1144310-Rhizobium sp CF08 Proteobacteria

XP 007708537.1-930089-Bipolaris zeicola Dothideomycetes

WP 062508166.1-586239-Gluconobacter ros Proteobacteria

XP 018386433.1-5599-Alternaria altern Dothideomycetes

KGQ03849.1-1245745-Beauveria bassian Sordariomycetes

Seq 5942-378046-yHMPu5000034674 Blastobotrys muscicola Saccharomycotina

Seq 4720-50265-yHMPu5000034903 Ogataea naganishii Saccharomycotina

KKY16773.1-420778-Diplodia seriata Dothideomycetes

Seq 784-1194607-yHMPu5000034660 Diddensiella caesifluorescens Saccharomycotina

WP 006938113.1-187304-Labrenzia aggrega Proteobacteria

XP 001798381.1-321614-Parastagonospora Dothideomycetes

ODM19021.1-573508-Aspergillus crist Eurotiomycetes

XP 018666193.1-398673-Trichoderma gamsi Sordariomycetes

KFZ13533.1-1420914-Pseudogymnoascus Leotiomycetes

Seq 5109-324739-yHMPu5000035674 Kregervanrija delftensis Saccharomycotina

SCW93644.1-177413-Ancylobacter rudo Proteobacteria

WP 065797869.1-1120652-Ensifer sp LC163 Proteobacteria

XP 003296250.1-861557-Pyrenophora teres Dothideomycetes

WP 062015181.1-376620-Gluconobacter jap Proteobacteria

OAL00269.1-765868-Stagonospora sp S Dothideomycetes

WP 025596455.1-944435-Burkholderia sp W Proteobacteria

WP 029963396.1-936134-Ensifer sp USDA 6 Proteobacteria

ANZ73901.1-4922-Komagataella past Saccharomycotina

CVL08359.1-948311-Fusarium prolifer Sordariomycetes

WP 044042965.1-758793-Burkholderia sp R Proteobacteria

Seq 89-54551-yHMPu5000035301 Pichia terricola Saccharomycotina

XP 003236880.1-559305-Trichophyton rubr Eurotiomycetes

Seq 2597-51918-yHMPu5000035690 Candida vartiovaarae Saccharomycotina

Seq 1893-45788-Wickerhamiella domercqiae Saccharomycotina

Seq 546-1850976-yHMPu5000034681 Blastobotrys americana Saccharomycotina

Seq 1804-169510-yHMPu5000034885 Ogataea zsoltii Saccharomycotina

OCK79362.1-1314670-Lepidopterella pa Dothideomycetes
XP 007693335.1-930090-Bipolaris oryzae Dothideomycetes

XP 659187.1-227321-Aspergillus nidul Eurotiomycetes

XP 001819296.1-510516-Aspergillus oryza Eurotiomycetes

Seq 2547-5488-yHMPu5000035286 Candida azyma Saccharomycotina

EMT74183.1-1229665-Fusarium oxysporu Sordariomycetes

XP 002558770.1-500485-Penicillium ruben Eurotiomycetes

XP 001938678.1-426418-Pyrenophora triti Dothideomycetes

Seq 1978-36025-yHMPu5000034918 Nakazawaea holstii Saccharomycotina

Seq 2765-324740-yHMPu5000035675 Kregervanrija fluxuum Saccharomycotina

SEO02862.1-34002-Paracoccus alcali Proteobacteria

WP 058987449.1-446692-Acetobacter seneg Proteobacteria

OAA59035.1-1081102-Sporothrix insect Sordariomycetes

WP 018388350.1-1111106-Ancylobacter sp F Proteobacteria

XP 502940.1-4952-Yarrowia lipolyti Saccharomycotina

Seq 2574-36040-yHMPu5000035047 Barnettozyma pratensis Saccharomycotina

WP 058794232.1-237610-Pseudomonas psych Proteobacteria

WP 023941587.1-38308-Gluconobacter fra Proteobacteria

Seq 2830-49329-yHMPu5000035037 Candida montana Saccharomycotina

XP 011120498.1-756982-Arthrobotrys olig other Pezizomycotina

WP 055973768.1-1736420-Aminobacter sp Ro Proteobacteria

XP 018142238.1-1380566-Pochonia chlamydo Sordariomycetes

WP 045584211.1-528244-Azospirillum thio Proteobacteria

WP 046796878.1-1120688-Rhizobium sp LC14 Proteobacteria

XP 006683148.1-684364-Batrachochytrium other Fungi

KRO60142.1-1655607-Pelagibacteraceae Proteobacteria

ENH84711.1-1213857-Colletotrichum or Sordariomycetes

WP 034470115.1-871203-Paraburkholderia Proteobacteria

Seq 443-54045-yHMPu5000035671 Phaffomyces antillensis Saccharomycotina

WP 008038958.1-1144335-Pseudomonas sp GM Proteobacteria

Seq 6385-54196-Alloascoidea hylecoeti Saccharomycotina

WP 064565964.1-497725-Kosakonia oryzae Proteobacteria

XP 001257797.1-331117-Aspergillus fisch Eurotiomycetes

GAM83438.1-1603295-fungal sp No 1124 other Fungi

Seq 683-1156966-Ogataea methanolica Saccharomycotina

XP 001212083.1-341663-Aspergillus terre Eurotiomycetes

Seq 1579-4923-yHMPu5000034891 Ogataea pini Saccharomycotina

WP 027033891.1-381-Mesorhizobium lot Proteobacteria

SCB33885.1-410764-Rhizobium multiho Proteobacteria

XP 007780327.1-1168221-Coniosporium apol Eurotiomycetes

KGK40422.1-4909-Pichia kudriavzev Saccharomycotina

WP 064308760.1-47885-Pseudomonas oryzi Proteobacteria

Seq 141-56415-yHMPu5000034597 Candida stellimalicola Saccharomycotina

XP 002843421.1-554155-Arthroderma otae Eurotiomycetes

Seq 4277-58634-yHMPu5000034612 Saturnispora saitoi Saccharomycotina

WP 023513976.1-1410620-Shinella sp DD12 Proteobacteria

XP 019036930.1-683960-Wickerhamomyces a Saccharomycotina

Seq 1025-53646-yHMPu5000034594 Starmera quercuum Saccharomycotina

WP 040996108.1-1505946-Mesorhizobium sp Proteobacteria

OAF56936.1-655981-Pseudogymnoascus Leotiomycetes
OBT77867.1-1622149-Pseudogymnoascus Leotiomycetes

SES35752.1-641238-Roseivivax roseus Proteobacteria

WP 027156200.1-1040985-Mesorhizobium sp Proteobacteria

WP 048841870.1-146474-Acetobacter orien Proteobacteria

WP 013897025.1-593909-Mesorhizobium opp Proteobacteria

Seq 5464-53487-yHMPu5000026137 Ambrosiozyma ambrosiae Saccharomycotina

EGD96725.1-647933-Trichophyton tons Eurotiomycetes

Seq 3723-65811-yHMPu5000035699 Cyberlindnera maclurae Saccharomycotina

KJX94411.1-1047168-Zymoseptoria brev Dothideomycetes

Seq 4860-1548389-yHMPu5000034669 Blastobotrys raffinofermentans Saccharomycotina

WP 072461237.1-82367-Paracoccus pantot Proteobacteria

KNG49525.1-183478-Stemphylium lycop Dothideomycetes

Seq 2262-27315-yHMPu5000034661 Dipodascus albidus Saccharomycotina

WP 036009757.1-28092-Paraburkholderia Proteobacteria

Seq 810-45786-yHMPu5000034635 Nadsonia fulvescens Saccharomycotina

XP 016211285.1-253628-Verruconis gallop Dothideomycetes

Seq 2866-28986-Millerozyma acaciae Saccharomycotina

Seq 1474-1171599-yHMPu5000034629 Pichia exigua Saccharomycotina

Seq 4642-51927-Candida succiphila Saccharomycotina

XP 003850748.1-336722-Zymoseptoria trit Dothideomycetes

Seq 2084-53656-yHMPu5000034624 Pichia nakasei Saccharomycotina

Seq 4020-49327-yHMPu5000035244 Candida incommunis Saccharomycotina

WP 023809422.1-1287116-Mesorhizobium sp Proteobacteria

WP 058758804.1-59814-Pantoea dispersa Proteobacteria

SEP38764.1-1500302-Pseudomonas sp Sn Proteobacteria

XP 002796909.1-502779-Paracoccidioides Eurotiomycetes

Seq 510-50263-yHMPu5000034899 Ogataea kodamae Saccharomycotina

WP 027214778.1-944436-Burkholderia sp W Proteobacteria

Seq 1073-1337058-yHMPu5000035048 Barnettozyma salicaria Saccharomycotina

XP 007681741.1-717646-Baudoinia panamer Dothideomycetes

OJJ78642.1-1160497-Aspergillus glauc Eurotiomycetes

XP 018128883.1-342668-Pseudogymnoascus Leotiomycetes

GAQ03457.1-293939-Aspergillus lentu Eurotiomycetes

KFY03294.1-1391699-Pseudogymnoascus Leotiomycetes

WP 035366259.1-438-Acetobacter paste Proteobacteria

WP 068289185.1-1737983-Labrys sp WJW Proteobacteria

OED39150.1-1868282-Chromatiales bact Proteobacteria

WP 025388591.1-317-Pseudomonas syrin Proteobacteria

Seq 1609-796027-Sugiyamaella lignohabitans Saccharomycotina

Seq 4625-324741-yHMPu5000034611 Saturnispora mendoncae Saccharomycotina

WP 023431830.1-1358440-Lutibaculum barat Proteobacteria

XP 017062787.1-29029-Drosophila eugrac Metazoa

WP 041163727.1-536018-Mesorhizobium aus Proteobacteria

XP 003023101.1-663202-Trichophyton verr Eurotiomycetes

Seq 1782-43984-yHMPu5000034947 Ambrosiozyma philentoma Saccharomycotina

Seq 1944-1173061-Geotrichum candidum Saccharomycotina

Seq 1739-409370-Arxula adeninivorans Saccharomycotina

CRL27155.1-5075-Penicillium camem Eurotiomycetes

WP 006117386.1-434-Acetobacter Proteobacteria

Seq 2393-317047-Kuraishia capsulata Saccharomycotina

Seq 2525-43982-Ambrosiozyma monospora Saccharomycotina

OJJ54545.1-1036612-Aspergillus sydow Eurotiomycetes

WP 058099987.1-1745182-Paracoccus sp MKU Proteobacteria

Seq 2800-1196395-yHMPu5000034884 Peterozyma toletana Saccharomycotina

WP 073605734.1-92172-Vibrio aerogenes Proteobacteria

CEN61571.1-454130-Aspergillus calid Eurotiomycetes

XP 016587970.1-1397361-Sporothrix schenc Sordariomycetes

KRO88272.1-1655597-Rhodobacter sp BA Proteobacteria

WP 035376229.1-285268-Acetobacter nitro Proteobacteria

SEK39072.1-658057-Pacificibacter ma Proteobacteria

KZM21958.1-5454-Ascochyta rabiei Dothideomycetes

Seq 1537-29830-Candida apicola Saccharomycotina

WP 014132893.1-531813-Pelagibacterium h Proteobacteria

KEY82436.1-1476192-Aspergillus fumig Eurotiomycetes

Seq 4127-148098-yHMPu5000041678 Debaryomyces prosopidis Saccharomycotina

XP 009269696.1-1299270-Wallemia ichthyop Basidiomycota

Seq 2523-4926-Pichia membranifaciens Saccharomycotina

WP 068087569.1-1807766-Pseudovibrio styl Proteobacteria

WP 042628785.1-337-Burkholderia glum Proteobacteria

KRO54879.1-1655606-Pelagibacteraceae Proteobacteria

XP 003040979.1-660122-Nectria haematoco Sordariomycetes

GAM41711.1-1472165-Talaromyces cellu Eurotiomycetes

WP 048879795.1-33998-Acidocella aminol Proteobacteria

XP 003834445.1-985895-Leptosphaeria mac Dothideomycetes

XP 011274487.1-1041607-Wickerhamomyces c Saccharomycotina

ODU22581.1-1660141-Sphingomonas sp S Proteobacteria

Seq 5693-53647-yHMPu5000035271 Wickerhamomyces bovis Saccharomycotina

KOS48166.1-229535-Penicillium nordi Eurotiomycetes

Seq 59-456365-yHMPu5000034667 Blastobotrys serpentis Saccharomycotina

Seq 367-45502-Priceomyces haplophilus Saccharomycotina

Seq 4386-317048-yHMPu5000034933 Kuraishia molischiana Saccharomycotina

Seq 530-1156965-yHMPu5000035639 Wickerhamomyces canadensis Saccharomycotina

WP 038529238.1-192-Azospirillum bras Proteobacteria

OBT52608.1-1622150-Pseudogymnoascus Leotiomycetes

WP 042305207.1-311230-Paraburkholderia Proteobacteria

GAP89440.1-77044-Rosellinia necatr Sordariomycetes

WP 068384100.1-1799359-Pseudomonas sp HU Proteobacteria

WP 036754411.1-34007-Paracoccus versut Proteobacteria

WP 043846243.1-1317118-Roseivivax atlant Proteobacteria

WP 034929500.1-215221-Komagataeibacter Proteobacteria

Seq 3159-75736-Starmerella bombicola JCM9596 Saccharomycotina

XP 014556173.1-930091-Bipolaris victori Dothideomycetes

XP 013934928.1-871575-Ogataea parapolym Saccharomycotina

Seq 3091-130810-Candida arabinofermentans Saccharomycotina

OBS24795.1-36050-Fusarium poae Sordariomycetes
KPA37893.1-179993-Fusarium langseth Sordariomycetes

WP 025438107.1-28448-Komagataeibacter Proteobacteria

WP 032918315.1-1777866-Mesorhizobium erd Proteobacteria

WP 061510413.1-257438-Gluconobacter tha Proteobacteria

SED57065.1-395600-Pseudomonas mohni Proteobacteria

OAX83815.1-1658172-Emmonsia sp CAC 2 Eurotiomycetes

OJD32420.1-236234-Diplodia corticol Dothideomycetes

OAQ34797.1-1314771-Mortierella elong other Fungi

OAL49462.1-765867-Pyrenochaeta sp D Dothideomycetes

WP 068091629.1-76978-Novosphingobium r Proteobacteria

KXG45333.1-5078-Penicillium grise Eurotiomycetes

Seq 5144-246006-yHMPu5000035022 Candida emberorum Saccharomycotina

EPS96223.1-743788-Fomitopsis pinico Basidiomycota

WP 008492252.1-1214225-Acidocella sp MX Proteobacteria

WP 027035394.1-39645-Mesorhizobium cic Proteobacteria

WP 064330402.1-879274-Shinella sp HZN7 Proteobacteria

WP 046580591.1-28095-Burkholderia glad Proteobacteria

Seq 4482-1301101-Ascoidea asiatica Saccharomycotina

OJK00547.1-690307-Aspergillus acule Eurotiomycetes

Seq 1095-1538182-Nakazawaea peltata Saccharomycotina

OCL12709.1-574774-Glonium stellatum Dothideomycetes

QUERY Candida versatilis Seq 4982

WP 013342443.1-640512-Burkholderia sp C Proteobacteria
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WP 054309234.1-1529006-Mesorhizobium sp Proteobacteria

WP 031260566.1-1287252-Mesorhizobium sp Proteobacteria

WP 027045704.1-1380350-Mesorhizobium sp Proteobacteria

SEK39123.1-658057-Pacificibacter ma Proteobacteria

WP 058239314.1-321267-Shimia marina Proteobacteria

WP 041008082.1-69974-Mesorhizobium plu Proteobacteria

WP 026397144.1-285268-Acetobacter nitro Proteobacteria

WP 036754414.1-34007-Paracoccus versut Proteobacteria

SDI00693.1-490829-Lutimaribacter sa Proteobacteria

WP 023794758.1-1287226-Mesorhizobium sp Proteobacteria

WP 027024758.1-1298858-Mesorhizobium sp Proteobacteria

WP 047640197.1-398-Rhizobium tropici Proteobacteria

WP 037015176.1-1411123-Rhizobiales bacte Proteobacteria

WP 027144829.1-1040987-Mesorhizobium sp Proteobacteria

WP 027156197.1-1040985-Mesorhizobium sp Proteobacteria

KPP85156.1-1666914-Rhodobacteraceae Proteobacteria

WP 072461236.1-82367-Paracoccus pantot Proteobacteria

WP 057401492.1-47877-Pseudomonas amygd Proteobacteria

WP 035712162.1-195105-Haematobacter mas Proteobacteria

WP 007812713.1-1144314-Rhizobium sp CF14 Proteobacteria

QUERY Candida versatilis Seq 2482

WP 054160351.1-1523420-Rhizobium sp AAP4 Proteobacteria

WP 028286317.1-375761-Pseudooceanicola Proteobacteria

WP 068953790.1-1612624-Pararhizobium pol Proteobacteria

WP 039891529.1-434-Acetobacter Proteobacteria

WP 011049358.1-89184-Ruegeria pomeroyi Proteobacteria
KZY32399.1-1822235-Roseovarius sp HI Proteobacteria

WP 071099425.1-1505936-Mesorhizobium sp Proteobacteria

WP 027233970.1-506591-Leisingera caerul Proteobacteria

WP 018389502.1-1111106-Ancylobacter sp F Proteobacteria

WP 043846247.1-1317118-Roseivivax atlant Proteobacteria

WP 025057141.1-1342301-Sulfitobacter noc Proteobacteria

WP 031965143.1-470-Acinetobacter bau Proteobacteria

WP 026019219.1-438-Acetobacter paste Proteobacteria

WP 023809425.1-1287116-Mesorhizobium sp Proteobacteria

WP 038359361.1-1510531-Bosea sp UNC402CL Proteobacteria

WP 028464316.1-390877-Nisaea denitrific Proteobacteria

WP 007767261.1-1144310-Rhizobium sp CF08 Proteobacteria

WP 020953114.1-34003-Paracoccus aminop Proteobacteria

WP 061510414.1-257438-Gluconobacter tha Proteobacteria

WP 066108393.1-1792508-Yangia sp CCB MM3 Proteobacteria

WP 010667427.1-435-Acetobacter aceti Proteobacteria

WP 010507336.1-33995-Komagataeibacter Proteobacteria

WP 062228508.1-424757-Aureimonas frigid Proteobacteria

WP 074255066.1-1217970-Oceanicola litore Proteobacteria

KRO90818.1-1655559-Rhodobacter sp BA Proteobacteria

WP 040307909.1-1035-Afipia felis Proteobacteria

WP 062502686.1-376620-Gluconobacter jap Proteobacteria

WP 054463407.1-1225647-Phaeobacter sp 11 Proteobacteria

WP 067867656.1-1805634-Acinetobacter sp Proteobacteria

WP 046669335.1-399-Neorhizobium gale Proteobacteria

WP 035225499.1-358-Agrobacterium tum Proteobacteria

WP 027059605.1-381-Mesorhizobium lot Proteobacteria

WP 023941588.1-38308-Gluconobacter fra Proteobacteria

WP 048879796.1-33998-Acidocella aminol Proteobacteria

WP 034929497.1-215221-Komagataeibacter Proteobacteria

WP 025438109.1-28448-Komagataeibacter Proteobacteria

WP 045679579.1-1486262-Martelella endoph Proteobacteria

Seq 516b-45788-Wickerhamiella domercqiae Saccharomycotina

WP 008492250.1-1214225-Acidocella sp MX Proteobacteria

WP 027056023.1-1777866-Mesorhizobium erd Proteobacteria

Seq 1653a-75736-Starmerella bombicola JCM9596 Saccharomycotina

WP 042647499.1-1505933-Mesorhizobium sp Proteobacteria

WP 010485570.1-686578-Pseudomonas sp S9 Proteobacteria

WP 026440253.1-525-Acidocella facili Proteobacteria

WP 061473025.1-446692-Acetobacter seneg Proteobacteria

WP 072703979.1-1779855-Donghicola sp Kar Proteobacteria

WP 056237830.1-1736555-Mesorhizobium sp Proteobacteria

WP 014132895.1-531813-Pelagibacterium h Proteobacteria

WP 006335306.1-1297570-Mesorhizobium sp Proteobacteria

WP 058099986.1-1745182-Paracoccus sp MKU Proteobacteria

WP 045232291.1-28099-Agrobacterium rub Proteobacteria

WP 062508168.1-586239-Gluconobacter ros Proteobacteria

WP 009502333.1-766499-Citreicella sp 35 Proteobacteria

KPU84528.1-1527300-Marinosulfonomona Proteobacteria

WP 037199131.1-1500306-Rhizobium sp OK49 Proteobacteria

WP 060610036.1-370622-Aureimonas altami Proteobacteria

WP 008185829.1-388401-Rhodobacteraceae Proteobacteria

WP 027035397.1-39645-Mesorhizobium cic Proteobacteria

WP 048850989.1-444053-Tanticharoenia sa Proteobacteria

WP 068885267.1-1494590-Paramesorhizobium Proteobacteria

WP 015316457.1-536018-Mesorhizobium aus Proteobacteria

WP 040996116.1-1505946-Mesorhizobium sp Proteobacteria

WP 055973761.1-1736420-Aminobacter sp Ro Proteobacteria

WP 064992548.1-278153-Mesorhizobium sp Proteobacteria

WP 028736575.1-448181-Rhizobium selenit Proteobacteria

Seq 4144-29830-Candida apicola Saccharomycotina

WP 054582224.1-1324350-Acinetobacter equ Proteobacteria

WP 013897028.1-593909-Mesorhizobium opp Proteobacteria

WP 025042682.1-1342299-Sulfitobacter geo Proteobacteria

KGQ03849.1-1245745-Beauveria bassian Sordariomycetes

WP 039184109.1-1577902-Leisingera sp ANG Proteobacteria

WP 062032384.1-318683-Gluconobacter alb Proteobacteria

WP 022573058.1-1366046-Rhodobacteraceae Proteobacteria

SDA90104.1-1165689-Mesorhizobium qin Proteobacteria

WP 023724314.1-1287287-Mesorhizobium sp Proteobacteria

KRO88271.1-1655597-Rhodobacter sp BA Proteobacteria

WP 025060066.1-421000-Sulfitobacter don Proteobacteria

SFI79737.1-588602-Celeribacter nept Proteobacteria

WP 008209424.1-388739-Roseobacter sp SK Proteobacteria

WP 070068614.1-1262585-Acinetobacter qin Proteobacteria

WP 023430739.1-1358440-Lutibaculum barat Proteobacteria

WP 007397578.1-1004836-Gluconacetobacter Proteobacteria

WP 027167740.1-1040986-Mesorhizobium sp Proteobacteria

SFG28003.1-315423-Palleronia marism Proteobacteria
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Additional Figure 31.  (continued) 
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GAT25716.1-1069201-Aspergillus luchu Eurotiomycetes

WP 046062162.1-132476-Pseudomonas kilon Proteobacteria

WP 065504331.1-95485-Burkholderia stab Proteobacteria

XP 001212804.1-341663-Aspergillus terre Eurotiomycetes

WP 037246329.1-1354722-Roseovarius sp MC Proteobacteria

WP 035598012.1-42565-Halomonas salina Proteobacteria

KXT18101.1-113226-Pseudocercospora Dothideomycetes

KIP04307.1-745531-Phlebiopsis gigan Basidiomycota

WP 028202525.1-392320-Paraburkholderia Proteobacteria

WP 031357361.1-196367-Paraburkholderia Proteobacteria

XP 001387331.2-322104-Scheffersomyces s Saccharomycotina

WP 056237822.1-1736555-Mesorhizobium sp Proteobacteria

WP 059642830.1-179879-Burkholderia anth Proteobacteria

BAV75478.1-86192-Pseudomonas chlor Proteobacteria

WP 067587416.1-1825094-Amycolatopsis sp Actinobacteria

KID89638.1-1276136-Metarhizium guizh Sordariomycetes

KXH25556.1-1460502-Colletotrichum ny Sordariomycetes

WP 028945188.1-321661-Pseudomonas vrano Proteobacteria

WP 018149757.1-356662-Leeia oryzae Proteobacteria

KZL66547.1-708197-Colletotrichum to Sordariomycetes

XP 004200497.1-559304-Millerozyma farin Saccharomycotina

WP 023771392.1-1287240-Mesorhizobium sp Proteobacteria

WP 027024760.1-1298858-Mesorhizobium sp Proteobacteria

KGO72742.1-40296-Penicillium itali Eurotiomycetes

WP 023724312.1-1287287-Mesorhizobium sp Proteobacteria

WP 055127761.1-183795-Pseudomonas medit Proteobacteria

NP 983524.2-284811-Eremothecium goss Saccharomycotina

KZT24320.1-1314782-Neolentinus lepid Basidiomycota

KUM59227.1-48697-Penicillium freii Eurotiomycetes

KKA30006.1-72032-Thielaviopsis pun Sordariomycetes

XP 456375.2-284592-Debaryomyces hans Saccharomycotina

KZN84722.1-5076-Penicillium chrys Eurotiomycetes

WP 027797977.1-660537-Paraburkholderia Proteobacteria

WP 057450366.1-1736526-Pseudomonas sp Ro Proteobacteria

WP 027144827.1-1040987-Mesorhizobium sp Proteobacteria

GAQ37634.1-5061-Aspergillus niger Eurotiomycetes

yHMPu5000035037 Candida montana Seq 4454 Saccharomycotina

SDV51553.1-1770053-Burkholderia sp J Proteobacteria

CEJ55622.1-104259-Penicillium brasi Eurotiomycetes

WP 059187744.1-381-Mesorhizobium lot Proteobacteria

CCX05714.1-1076935-Pyronema omphalod other Pezizomycotina

KXH35699.1-703756-Colletotrichum si Sordariomycetes

XP 007816662.1-655844-Metarhizium rober Sordariomycetes

SEK01023.1-667676-Paraburkholderia Proteobacteria

GAA82766.1-1033177-Aspergillus kawac Eurotiomycetes

CRL22061.1-5075-Penicillium camem Eurotiomycetes

yHMPu5000034758 Lipomyces japonicus Seq 483 Saccharomycotina

ESR26804.1-631454-Lutibaculum barat Proteobacteria

WP 031464278.1-1445613-Sciscionella sp S Actinobacteria

KXS97874.1-321146-Mycosphaerella eu Dothideomycetes

KZT00877.1-1314785-Laetiporus sulphu Basidiomycota

WP 035939834.1-60547-Paraburkholderia Proteobacteria

SFP89472.1-112413-Amycolatopsis rub Actinobacteria

XP 018144228.1-1380566-Pochonia chlamydo Sordariomycetes

WP 020500564.1-508770-Sciscionella mari Actinobacteria

Scheffersomyces stipitis Seq 1130 Saccharomycotina

ENH87389.1-1213857-Colletotrichum or Sordariomycetes

EWC48744.1-1043628-Drechslerella ste other Pezizomycotina

Lachancea mirantina Seq 3749 Saccharomycotina

EJM84331.1-1144334-Pseudomonas sp GM Proteobacteria

WP 047229148.1-930166-Pseudomonas brass Proteobacteria

KZW00706.1-1314781-Exidia glandulosa Basidiomycota

WP 027936021.1-385957-Amycolatopsis sp Actinobacteria

KIK39185.1-930992-Suillus luteus UH Basidiomycota

Eremothecium gossypii Seq 3208 Saccharomycotina

yHMPu5000034670 Blastobotrys proliferans Seq 5576 Saccharomycotina

yHMPu5000041678 Debaryomyces prosopidis Seq 2654 Saccharomycotina

OJJ60277.1-1036612-Aspergillus sydow Eurotiomycetes

WP 013897030.1-593909-Mesorhizobium opp Proteobacteria

yHMPu5000034754 Lipomyces arxii Seq 4587 Saccharomycotina

WP 038611125.1-237609-Pseudomonas alkyl Proteobacteria

WP 053122377.1-86265-Pseudomonas thive Proteobacteria

SCV03145.1-1230905-Lachancea miranti Saccharomycotina

WP 009078785.1-591158-Streptomyces sp A Actinobacteria

XP 010758524.1-502780-Paracoccidioides Eurotiomycetes

yHMPu5000034673 Blastobotrys nivea Seq 5071 Saccharomycotina

WP 045185418.1-1619949-Pseudomonas sp 5 Proteobacteria

KDQ26304.1-1137138-Pleurotus ostreat Basidiomycota

XP 001262592.1-331117-Aspergillus fisch Eurotiomycetes

Lipomyces starkeyi Seq 4255 Saccharomycotina

XP 007594389.1-1445577-Colletotrichum fi Sordariomycetes

KNZ76903.1-1306850-Termitomyces sp J Basidiomycota

yHMPu5000035679 Candida rhagii Seq 901 Saccharomycotina

WP 070035061.1-518642-Streptomyces nans Actinobacteria

QUERY Candida versatilis Seq 1563

WP 028222957.1-614212-Paraburkholderia Proteobacteria

EPT00034.1-743788-Fomitopsis pinico Basidiomycota

yHMPu5000034604 Sporopachydermia lactativora Seq 3377 Saccharomycotina

Pachysolen tannophilus Seq 649 Saccharomycotina

WP 054914657.1-1661032-Pseudomonas sp NB Proteobacteria

WP 008151865.1-1144708-Pseudomonas sp GM Proteobacteria

WP 038716321.1-1192124-Burkholderia sp l Proteobacteria

XP 007794259.1-1287681-Eutypa lata UCREL Sordariomycetes

OJI81320.1-767770-Aspergillus tubin Eurotiomycetes

WP 010807979.1-1286093-Pandoraea sp SD6 Proteobacteria

yHMPu5000034709 Kluyveromyces aestuarii Seq 270 Saccharomycotina

KFY52254.1-1420910-Pseudogymnoascus Leotiomycetes

XP 007854915.1-1381753-Moniliophthora ro Basidiomycota

XP 018178708.1-33203-Purpureocillium l Sordariomycetes

SDY35727.1-1566235-Pseudomonas sp NF Proteobacteria

yHMPu5000035296 Priceomyces carsonii Seq 3078 Saccharomycotina

yHMPu5000035031 Candida kruisii Seq 4650 Saccharomycotina

WP 038128899.1-1353528-Thioclava indica Proteobacteria

WP 055918733.1-1736341-Leifsonia sp Leaf Actinobacteria

KZT56812.1-1353952-Calocera cornea H Basidiomycota

WP 032938815.1-1380350-Mesorhizobium sp Proteobacteria

BAV31178.1-143813-Pseudomonas sp LA Proteobacteria

XP 003644965.1-931890-Eremothecium cymb Saccharomycotina

Lachancea cidri Seq 879 Saccharomycotina

WP 037805787.1-1463846-Streptomyces sp N Actinobacteria

Wickerhamiella domercqiae Seq 2034 Saccharomycotina

WP 040983878.1-69974-Mesorhizobium plu Proteobacteria

XP 002793320.1-502779-Paracoccidioides Eurotiomycetes

KDR72505.1-685588-Galerina marginat Basidiomycota

XP 007389707.1-650164-Phanerochaete car Basidiomycota

WP 027156195.1-1040985-Mesorhizobium sp Proteobacteria

XP 453393.1-284590-Kluyveromyces lac Saccharomycotina

KHN99847.1-1081103-Metarhizium album Sordariomycetes

XP 007272848.1-1213859-Colletotrichum gl Sordariomycetes

XP 014541920.1-1276141-Metarhizium brunn Sordariomycetes

KIK03022.1-1095629-Laccaria amethyst Basidiomycota

yHMPu5000034973 Danielozyma ontarioensis Seq 4208 Saccharomycotina

WP 037604905.1-405783-Streptacidiphilus Actinobacteria

SDB61873.1-1566245-Pseudomonas sp NF Proteobacteria

XP 007861535.1-670483-Gloeophyllum trab Basidiomycota

WP 041765658.1-148447-Paraburkholderia Proteobacteria

WP 042647581.1-1505933-Mesorhizobium sp Proteobacteria

ODV95007.1-669874-Pachysolen tannop Saccharomycotina

XP 007310880.1-721885-Stereum hirsutum Basidiomycota

Kluyveromyces marxianus Seq 4498 Saccharomycotina

KXN92813.1-1714833-Leucoagaricus sp Basidiomycota

SDA49340.1-1566243-Pseudomonas sp NF Proteobacteria

SFU25946.1-1324617-Paraburkholderia Proteobacteria

XP 007337433.1-717982-Auricularia subgl Basidiomycota

GAB31683.1-940265-Acetobacter paste Proteobacteria

Debaryomyces hansenii Seq 5027 Saccharomycotina

Lachancea fermentati Seq 2258 Saccharomycotina

WP 010220460.1-1163398-Pseudomonas dongh Proteobacteria

KFY81258.1-1420913-Pseudogymnoascus Leotiomycetes

yHMPu5000034675 Blastobotrys mokoenaii Seq 4397 Saccharomycotina

yHMPu5000034749 Lipomyces mesembrius Seq 6449 Saccharomycotina

WP 043230010.1-911241-Pseudomonas sp CF Proteobacteria

KZS97107.1-1314777-Sistotremastrum n Basidiomycota

WP 074875865.1-104087-Pseudomonas frede Proteobacteria

CDO93615.1-1427455-Kluyveromyces dob Saccharomycotina

KFZ18450.1-1420915-Pseudogymnoascus Leotiomycetes

Kluyveromyces marxianus Seq 4552 Saccharomycotina

WP 071072248.1-1848288-Mesorhizobium sp Proteobacteria

KLJ11681.1-1246674-Emmonsia parva UA Eurotiomycetes

CCE30763.1-1111077-Claviceps purpure Sordariomycetes

SAL77821.1-326476-Paraburkholderia Proteobacteria

KFX98091.1-1437433-Pseudogymnoascus Leotiomycetes

Hyphopichia burtonii Seq 3502 Saccharomycotina

EGD41726.1-408672-Nocardioidaceae b Actinobacteria

KIY52791.1-1128425-Fistulina hepatic Basidiomycota

yHMPu5000041829 Debaryomyces fabryi Seq 1974 Saccharomycotina

Eremothecium cymbalariae Seq 3706 Saccharomycotina

SDG59557.1-311180-Yangia pacifica Proteobacteria

KKZ65760.1-1247875-Emmonsia crescens Eurotiomycetes

KZP29876.1-436010-Fibulorhizoctonia Basidiomycota

WP 023809427.1-1287116-Mesorhizobium sp Proteobacteria

WP 007924835.1-1144323-Pseudomonas sp GM Proteobacteria

KGQ03848.1-1245745-Beauveria bassian Sordariomycetes

KFY21995.1-1420901-Pseudogymnoascus Leotiomycetes

XP 011126413.1-756982-Arthrobotrys olig other Pezizomycotina

XP 015464623.1-58627-Debaryomyces fabr Saccharomycotina

WP 036995647.1-1460691-Pseudomonas sp P4 Proteobacteria

OBT61053.1-1524831-Pseudogymnoascus Leotiomycetes

KZO89563.1-1330018-Calocera viscosa Basidiomycota

XP 006962063.1-431241-Trichoderma reese Sordariomycetes

ODQ73250.1-675824-Lipomyces starkey Saccharomycotina

KIY68034.1-1314674-Cylindrobasidium Basidiomycota

WP 032918318.1-1777866-Mesorhizobium erd Proteobacteria

XP 013269696.1-1442369-Rhinocladiella ma Eurotiomycetes

KFX91454.1-1391699-Pseudogymnoascus Leotiomycetes

KIJ62364.1-994086-Hydnomerulius pin Basidiomycota

ODV70570.1-984485-Hyphopichia burto Saccharomycotina

BAO39239.1-1003335-Kluyveromyces mar Saccharomycotina

yHMPu5000035681 Candida gotoi Seq 1906 Saccharomycotina

WP 071030287.1-1848289-Mesorhizobium sp Proteobacteria

WP 010667426.1-435-Acetobacter aceti Proteobacteria

SDP24393.1-395598-Pseudomonas reine Proteobacteria

KZT32259.1-1314776-Sistotremastrum s Basidiomycota

SDO73876.1-702115-Pseudomonas arsen Proteobacteria

XP 017986045.1-45286-Eremothecium sine Saccharomycotina

Kluyveromyces lactis Seq 2332 Saccharomycotina

WP 060004805.1-28095-Burkholderia glad Proteobacteria

WP 007969212.1-1144328-Pseudomonas sp GM Proteobacteria

KFY32259.1-1420906-Pseudogymnoascus Leotiomycetes

WP 045551743.1-1844-Nocardioides lute Actinobacteria

KIK66458.1-944289-Gymnopus luxurian Basidiomycota

WP 012433363.1-261302-Paraburkholderia Proteobacteria

SDL23865.1-571298-Pseudoruegeria lu Proteobacteria

XP 016258752.1-215243-Exophiala oligosp Eurotiomycetes

yHMPu5000041824 Debaryomyces subglobosus Seq 1204 Saccharomycotina

WP 028231164.1-312026-Paraburkholderia Proteobacteria

SDU95724.1-46679-Pseudomonas mucid Proteobacteria

WP 068885269.1-1494590-Paramesorhizobium Proteobacteria

XP 011116623.1-1284197-Dactylellina hapt other Pezizomycotina

KIR46764.1-1296109-Cryptococcus gatt Basidiomycota

XP 018657587.1-398673-Trichoderma gamsi Sordariomycetes

XP 007834852.1-1229662-Pestalotiopsis fi Sordariomycetes

GAP83987.1-77044-Rosellinia necatr Sordariomycetes

OAR02936.1-1105325-Cordyceps confrag Sordariomycetes

SCW03381.1-4955-Lachancea ferment Saccharomycotina

yHMPu5000041829 Debaryomyces fabryi Seq 3233 Saccharomycotina

XP 018707874.1-1081104-Isaria fumosorose Sordariomycetes

SDA90101.1-1165689-Mesorhizobium qin Proteobacteria

KXX76978.1-100816-Madurella mycetom Sordariomycetes

WP 045200941.1-1619950-Pseudomonas sp 2 Proteobacteria

AJA32149.1-75736-Starmerella bombi Saccharomycotina

SED13088.1-47884-Pseudomonas taetr Proteobacteria

WP 042395068.1-105422-Streptacidiphilus Actinobacteria

WP 012813251.1-434-Acetobacter Proteobacteria

XP 006692435.1-759272-Chaetomium thermo Sordariomycetes

WP 063321409.1-294-Pseudomonas fluor Proteobacteria

KKP02860.1-5544-Trichoderma harzi Sordariomycetes

yHMPu5000035271 Wickerhamomyces bovis Seq 2479 Saccharomycotina

WP 060241221.1-1207504-Burkholderia pseu Proteobacteria

XP 009548762.1-747525-Heterobasidion ir Basidiomycota

WP 038995279.1-303-Pseudomonas putid Proteobacteria

Eremothecium sinecaudum Seq 2735 Saccharomycotina

WP 055140928.1-41899-Burkholderia plan Proteobacteria

yHMPu5000041713 Debaryomyces maramus Seq 3420 Saccharomycotina

KFG80011.1-5530-Metarhizium aniso Sordariomycetes

KDQ18397.1-930990-Botryobasidium bo Basidiomycota

yHMPu5000035033 Candida cretensis Seq 1916 Saccharomycotina

KIL63451.1-946122-Amanita muscaria Basidiomycota

WP 037368237.1-31958-Amycolatopsis ori Actinobacteria

SDZ46679.1-418495-Saccharopolyspora Actinobacteria

XP 017998977.1-1664694-Phialophora attae Eurotiomycetes

XP 018066725.1-149040-Phialocephala sco Leotiomycetes

XP 013958268.1-413071-Trichoderma viren Sordariomycetes

XP 006457702.1-936046-Agaricus bisporus Basidiomycota

WP 003449119.1-330-Pseudomonas pseud Proteobacteria

WP 047904161.1-60550-Burkholderia pyrr Proteobacteria

WP 058956130.1-72000-Kocuria rhizophil Actinobacteria

EGE48688.1-945681-Acetobacter pomor Proteobacteria

yHMPu5000041824 Debaryomyces subglobosus Seq 2897 Saccharomycotina

yHMPu5000034883 Peterozyma xylosa Seq 2302 Saccharomycotina

XP 018691833.1-1367422-Fonsecaea erecta Eurotiomycetes

WP 070009870.1-933944-Streptomyces abys Actinobacteria

yHMPu5000034710 Kluyveromyces dobzhanskii Seq 3017 Saccharomycotina

WP 044874931.1-1608357-Pseudomonas sp LF Proteobacteria

Eremothecium coryli Seq 4210 Saccharomycotina

WP 042628881.1-337-Burkholderia glum Proteobacteria

KFY40450.1-1420908-Pseudogymnoascus Leotiomycetes

OAA51149.1-1081107-Cordyceps brongni Sordariomycetes

WP 025099970.1-148446-Burkholderia sp A Proteobacteria

Starmerella bombicola JCM9596 Seq 3166 Saccharomycotina

KYQ44283.1-39966-Hypsizygus marmor Basidiomycota

yHMPu5000034884 Peterozyma toletana Seq 5413 Saccharomycotina

GAT55811.1-658473-Mycena chlorophos Basidiomycota

KKK21987.1-308745-Aspergillus rambe Eurotiomycetes

WP 040996118.1-1505946-Mesorhizobium sp Proteobacteria

Sporopachydermia quercuum Seq 4933 Saccharomycotina

KFA45300.1-1280524-Stachybotrys char Sordariomycetes

XP 001885325.1-486041-Laccaria bicolor Basidiomycota

EEH10275.1-447093-Histoplasma capsu Eurotiomycetes

WP 056855729.1-1736561-Pseudomonas sp Ro Proteobacteria

Candida apicola Seq 1633 Saccharomycotina

Debaryomyces hansenii Seq 55 Saccharomycotina
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Additional Figure 32. Maximum likelihood gene tree of genes in an exemplar cluster of tandemly duplicated genes that was horizontally acquired 
by the budding yeast Wickerhamiella domercqiae. The gene used as a query in the BLAST search is shown in red. The other five duplicates of the gene 
form a clade in the gene tree. The tree was midpoint rooted and the branch supports were evaluated with 1000 ultrafast bootstraps implemented in 
IQ-TREE. Detailed information of molecular function and putative donor organisms of horizontally acquired genes found as gene clusters are provided in 
Table S3, whereas the multiple sequence alignments and gene trees are provided in the Figshare depository.

XP 682427.1-227321-Aspergillus nidul Eurotiomycetes

WP 019548082.1-47758-Streptomyces sulp Actinobacteria

WP 022685510.1-257003-Sphingomonas phyl Proteobacteria

Seq 3535-34364-yHMPu5000035650 Trigonopsis variabilis Saccharomycotina

Seq 6087-933994-yHMPu5000034605 Spencermartinsiella europaea Saccharomycotina

Seq 385-756769-yHMPu5000034613 Saturnispora serradocipensis Saccharomycotina

Seq 2582-45581-yHMPu5000035679 Candida rhagii Saccharomycotina

Seq 1076-1111081-Scheffersomyces lignosus Saccharomycotina

OBT40898.1-1622147-Pseudogymnoascus Leotiomycetes

OAV84671.1-630390-Puccinia triticin Basidiomycota

Seq 2692-374461-yHMPu5000035243 Zygoascus meyerae Saccharomycotina

Seq 4397-36911-Clavispora lusitaniae Saccharomycotina

Seq 1418-33165-yHMPu5000034709 Kluyveromyces aestuarii Saccharomycotina

Seq 5458-36036-yHMPu5000034607 Saccharomycopsis capsularis Saccharomycotina

Seq 5240-550978-yHMPu5000034637 Ogataea populiabae Saccharomycotina

KFY40718.1-1420907-Pseudogymnoascus Leotiomycetes

Seq 1077-45788-Wickerhamiella domercqiae Saccharomycotina

XP 016238702.1-91928-Exophiala spinife Eurotiomycetes

OLE55458.1-1803431-Acidobacteria bac other Bacteria

WP 036289292.1-107636-Methylosinus sp P Proteobacteria

XP 001587215.1-665079-Sclerotinia scler Leotiomycetes

WP 066700385.1-1423959-Chryseobacterium BacteroidetesChlorobi

Seq 6104-45597-yHMPu5000035665 Middelhovenomyces tepae Saccharomycotina

KXH40990.1-1460502-Colletotrichum ny Sordariomycetes

KIW66232.1-5601-Capronia semi imm Eurotiomycetes

Seq 4512-979894-Spathaspora arborariae Saccharomycotina

SFR96665.1-474950-Granulicella pect other Bacteria

EME45560.1-675120-Dothistroma septo Dothideomycetes

WP 047898075.1-60547-Paraburkholderia Proteobacteria

WP 063351749.1-1120523-Streptomyces sp M Actinobacteria

SDN69981.1-1166073-Aureimonas jatrop Proteobacteria

WP 010682736.1-39956-Methylobacterium Proteobacteria

Seq 763-58627-yHMPu5000041829 Debaryomyces fabryi Saccharomycotina

Seq 58-304220-yHMPu5000034632 Candida athensensis Saccharomycotina

WP 020472864.1-360055-Zavarzinella form Planctomycetes

WP 071898614.1-83449-Cystobacter ferru Proteobacteria

OJJ83236.1-1160497-Aspergillus glauc Eurotiomycetes

Seq 320-28549-yHMPu5000035296 Priceomyces carsonii Saccharomycotina

XP 007910790.1-1286976-Phaeoacremonium m Sordariomycetes

KFY39086.1-1420908-Pseudogymnoascus Leotiomycetes
KFX93570.1-1391699-Pseudogymnoascus Leotiomycetes

WP 015664543.1-44255-Bradyrhizobium ol Proteobacteria

Seq 315-148098-yHMPu5000041678 Debaryomyces prosopidis Saccharomycotina

Seq 3665-51927-Candida succiphila Saccharomycotina

KFA67053.1-1283841-Stachybotrys chlo Sordariomycetes

WP 016906123.1-1565415-Streptomyces xiao Actinobacteria

AMH43520.1-1795043-Burkholderia sp P Proteobacteria

EIT75513.1-1160506-Aspergillus oryza Eurotiomycetes

GAQ10090.1-293939-Aspergillus lentu Eurotiomycetes

OGT82846.1-1798300-Gammaproteobacter Proteobacteria

WP 067127377.1-67386-Streptomyces yoko Actinobacteria

WP 030891807.1-1463854-Streptomyces sp N Actinobacteria

XP 013313829.1-348802-Exophiala xenobio Eurotiomycetes

Seq 3081-378046-yHMPu5000034674 Blastobotrys muscicola Saccharomycotina

WP 064653233.1-1825933-Rhizobium sp WYCC Proteobacteria

Seq 3430-147331-yHMPu5000035011 Candida pyralidae Saccharomycotina

Seq 5103-169509-yHMPu5000034887 Ogataea trehaloabstinens Saccharomycotina

Seq 4575-27299-yHMPu5000041693 Debaryomyces nepalensis Saccharomycotina

WP 044240775.1-51-Chondromyces apic Proteobacteria

KFY07591.1-1420902-Pseudogymnoascus Leotiomycetes

KYF81685.1-56-Sorangium cellulo Proteobacteria

XP 001226343.1-306901-Chaetomium globos Sordariomycetes

WP 056508301.1-1736381-Aureimonas sp Lea Proteobacteria

XP 003231235.1-559305-Trichophyton rubr Eurotiomycetes

Seq 2010-45790-Wickerhamia fluorescens Saccharomycotina

Seq 714-29835-yHMPu5000035659 Saturnispora dispora Saccharomycotina

WP 056541318.1-1736432-Rhizobium sp Root Proteobacteria

SHK94820.1-722472-Bradyrhizobium la Proteobacteria

OJJ08930.1-1036611-Aspergillus versi Eurotiomycetes

KOS36167.1-229535-Penicillium nordi Eurotiomycetes

Seq 2414-45788-Wickerhamiella domercqiae Saccharomycotina

Seq 2927-45561-yHMPu5000035031 Candida kruisii Saccharomycotina

SFL85899.1-414703-Methylobacterium Proteobacteria

OBT81247.1-1622148-Pseudogymnoascus Leotiomycetes

Seq 1262-717740-Hyphopichia burtonii Saccharomycotina

Seq 4973-131113-yHMPu5000034979 Cyberlindnera misumaiensis Saccharomycotina

WP 038626527.1-1484157-Pantoea sp PSNIH2 Proteobacteria

WP 056366654.1-1736287-Burkholderia sp L Proteobacteria

QUERY Wickerhamiella domercqiae Seq 748

Seq 2414-54196-Alloascoidea hylecoeti Saccharomycotina

OAA65313.1-1081102-Sporothrix insect Sordariomycetes

WP 038624378.1-1379159-Dyella jiangninge Proteobacteria

Seq 4180-4959-Debaryomyces hansenii Saccharomycotina

CCD53565.1-999810-Botrytis cinerea Leotiomycetes

Seq 418-479095-yHMPu5000035645 Yarrowia divulgata Saccharomycotina

WP 027805169.1-420952-Paraburkholderia Proteobacteria

WP 034198125.1-1506588-Burkholderia sp M Proteobacteria

WP 030885726.1-1463892-Streptomyces sp N Actinobacteria

Seq 2887-391824-yHMPu5000035335 Candida blattae Saccharomycotina

OAL50856.1-765867-Pyrenochaeta sp D Dothideomycetes

WP 015245403.1-466153-Singulisphaera ac Planctomycetes

Seq 2424-1608523-Yarrowia deformans Saccharomycotina

WP 075009532.1-41-Stigmatella auran Proteobacteria

WP 014219737.1-354356-Niastella koreens BacteroidetesChlorobi

WP 028221612.1-614212-Paraburkholderia Proteobacteria

Seq 4667-1194607-yHMPu5000034660 Diddensiella caesifluorescens Saccharomycotina

Seq 1827-409370-Arxula adeninivorans Saccharomycotina

GAO82996.1-91492-Aspergillus udaga Eurotiomycetes

KXH58475.1-1209931-Colletotrichum sa Sordariomycetes

KUL83944.1-198730-Talaromyces verru Eurotiomycetes

KFY84964.1-1420913-Pseudogymnoascus Leotiomycetes

WP 029921426.1-418856-Nevskia soli Proteobacteria

Seq 5390-45509-yHMPu5000035242 Zygoascus ofunaensis Saccharomycotina

XP 016226564.1-212818-Exophiala mesophi Eurotiomycetes

WP 064456715.1-1559982-Streptomyces sp N Actinobacteria

Seq 5207-35629-yHMPu5000034881 Torulaspora pretoriensis Saccharomycotina

WP 055612284.1-1923-Streptomyces phae Actinobacteria

Seq 2581-456365-yHMPu5000034667 Blastobotrys serpentis Saccharomycotina

OAG41046.1-254056-Fonsecaea monopho Eurotiomycetes

WP 044588042.1-1619233-Bradyrhizobium sp Proteobacteria

WP 062092664.1-1232866-Paraburkholderia Proteobacteria

WP 020707207.1-1267533-Acidobacteriaceae other Bacteria

Seq 60-498019-Candida auris Saccharomycotina

OCK77603.1-1314670-Lepidopterella pa Dothideomycetes

KIH93225.1-1398154-Sporothrix brasil Sordariomycetes

Seq 5464-75733-yHMPu5000034646 Wickerhamiella cacticola Saccharomycotina

KFY59027.1-1420909-Pseudogymnoascus Leotiomycetes

XP 016620574.1-1442370-Cladophialophora Eurotiomycetes

WP 015131751.1-99598-Calothrix sp PCC Cyanobacteria

WP 012207437.1-80866-Delftia acidovora Proteobacteria

Seq 4621-56874-yHMPu5000034749 Lipomyces mesembrius Saccharomycotina

XP 016266963.1-215243-Exophiala oligosp Eurotiomycetes

XP 007834172.1-1229662-Pestalotiopsis fi Sordariomycetes

WP 035967964.1-1071679-Paraburkholderia Proteobacteria

SEO30348.1-354355-Niastella yeongju BacteroidetesChlorobi

Seq 5415-49327-yHMPu5000035244 Candida incommunis Saccharomycotina

Seq 3662-46582-yHMPu5000034988 Candida fructus Saccharomycotina

Seq 157-50263-yHMPu5000034899 Ogataea kodamae Saccharomycotina

XP 002486244.1-441959-Talaromyces stipi Eurotiomycetes

GAD92065.1-1356009-Byssochlamys spec Eurotiomycetes

OKL58720.1-1441469-Talaromyces atror Eurotiomycetes

Seq 8-157292-yHMPu5000034892 Ogataea pilisensis Saccharomycotina

Seq 3581-169510-yHMPu5000034885 Ogataea zsoltii Saccharomycotina

XP 001267524.1-331117-Aspergillus fisch Eurotiomycetes

Seq 2520-317047-Kuraishia capsulata Saccharomycotina

WP 011687737.1-332163-Candidatus Soliba other Bacteria

WP 018264463.1-136993-Methylosinus sp L Proteobacteria

Seq 5370-1041608-yHMPu5000035268 Wickerhamomyces hampshirensis Saccharomycotina

SEJ10079.1-408657-Dyadobacter koree BacteroidetesChlorobi

EYE98569.1-1388766-Aspergillus ruber Eurotiomycetes

KJK67148.1-1403190-Aspergillus paras Eurotiomycetes

WP 066275167.1-1768762-Blastomonas sp CC Proteobacteria

Seq 4963-4952-Yarrowia lipolytica Saccharomycotina

Seq 5848-1548389-yHMPu5000034669 Blastobotrys raffinofermentans Saccharomycotina

WP 002623587.1-43-Cystobacter fuscu Proteobacteria

XP 016244107.1-569365-Cladophialophora Eurotiomycetes

CRG89937.1-28573-Talaromyces islan Eurotiomycetes

KKY28826.1-158046-Phaeomoniella chl Eurotiomycetes

Seq 63-51656-yHMPu5000034710 Kluyveromyces dobzhanskii Saccharomycotina

Seq 3944-268492-yHMPu5000035033 Candida cretensis Saccharomycotina

Seq 1498-312227-yHMPu5000035633 Candida hispaniensis Saccharomycotina

WP 044542014.1-1619232-Bradyrhizobium sp Proteobacteria

OJD16178.1-1447872-Emmonsia pasteuri Eurotiomycetes

Seq 3526-135456-yHMPu5000035261 Candida ponderosae Saccharomycotina

OAL36361.1-856822-Fonsecaea nubica Eurotiomycetes

XP 008038504.1-717944-Trametes versicol Basidiomycota

KFZ15721.1-1420914-Pseudogymnoascus Leotiomycetes

SAL21444.1-326476-Paraburkholderia Proteobacteria

WP 063321495.1-294-Pseudomonas fluor Proteobacteria

WP 024879000.1-31993-Methylocystaceae Proteobacteria

Seq 3032-1470396-yHMPu5000034974 Deakozyma indianensis Saccharomycotina

SDT11896.1-255045-Bradyrhizobium ca Proteobacteria

WP 007750926.1-1144310-Rhizobium sp CF08 Proteobacteria

Seq 72-96499-yHMPu5000035045 Barnettozyma hawaiiensis Saccharomycotina

Seq 2823-1245769-Lachancea lanzarotensis Saccharomycotina

Seq 1450-45788-Wickerhamiella domercqiae Saccharomycotina

WP 046246491.1-1629124-Hymenobacter sp M BacteroidetesChlorobi

WP 037524085.1-160791-Sphingomonas witt Proteobacteria

WP 067385431.1-1963-Streptomyces oliv Actinobacteria

XP 007791962.1-1287681-Eutypa lata UCREL Sordariomycetes

XP 002150927.1-441960-Talaromyces marne Eurotiomycetes

KIV79705.1-1016849-Exophiala sideris Eurotiomycetes

WP 044999701.1-1619231-Bradyrhizobium sp Proteobacteria

XP 008715741.1-1220924-Cyphellophora eur Eurotiomycetes

WP 026792713.1-261934-Pleomorphomonas o Proteobacteria

XP 001211095.1-341663-Aspergillus terre Eurotiomycetes

XP 018126302.1-342668-Pseudogymnoascus Leotiomycetes

Seq 1443-36024-yHMPu5000026124 Ogataea henricii Saccharomycotina

XP 016607990.1-645134-Spizellomyces pun other Fungi

Seq 1276-1173061-Geotrichum candidum Saccharomycotina

WP 043833976.1-452982-Roseomonas aerila Proteobacteria

KFY51539.1-1420910-Pseudogymnoascus Leotiomycetes

XP 018738100.1-796027-Sugiyamaella lign Saccharomycotina

Seq 3995-1326888-yHMPu5000035279 Tortispora starmeri Saccharomycotina

XP 006962638.1-431241-Trichoderma reese Sordariomycetes

KZZ93337.1-1081109-Aschersonia aleyr Sordariomycetes

SEV84473.1-1267423-Fabibacter pacifi BacteroidetesChlorobi

CEL06831.1-454130-Aspergillus calid Eurotiomycetes

WP 009026010.1-566679-Bradyrhizobium sp Proteobacteria

WP 056472979.1-1736254-Methylobacterium Proteobacteria

OAL26476.1-979981-Fonsecaea multimo Eurotiomycetes

WP 048443268.1-298794-Methylobacterium Proteobacteria

EEF57782.1-320771-bacterium Ellin51 other Bacteria

Seq 1055-297360-yHMPu5000034610 Saturnispora hagleri Saccharomycotina

WP 067082426.1-285533-Streptomyces endu Actinobacteria

WP 022845190.1-278963-Acidobacteriaceae other Bacteria

WP 007922369.1-363277-Ktedonobacter rac Chloroflexi

SDZ39919.1-418495-Saccharopolyspora Actinobacteria

Seq 3826-45788-Wickerhamiella domercqiae Saccharomycotina

WP 053657640.1-1415544-Streptomyces sp M Actinobacteria

WP 014263357.1-940614-Granulicella mall other Bacteria

GAM43749.1-1472165-Talaromyces cellu Eurotiomycetes

CDO69675.1-5643-Trametes cinnabar Basidiomycota

Seq 1388-4950-Torulaspora delbrueckii Saccharomycotina

WP 064033871.1-980563-Methylosinus sp R Proteobacteria

KFY24764.1-1420901-Pseudogymnoascus Leotiomycetes

OBT54626.1-1622150-Pseudogymnoascus Leotiomycetes

XP 003039802.1-660122-Nectria haematoco Sordariomycetes

Seq 4309-1337056-yHMPu5000034883 Peterozyma xylosa Saccharomycotina

Seq 341-45788-Wickerhamiella domercqiae Saccharomycotina

ENH81628.1-1213857-Colletotrichum or Sordariomycetes

KGO68907.1-40296-Penicillium itali Eurotiomycetes

OGM39776.1-109264-Aspergillus bomby Eurotiomycetes

Seq 4654-5488-yHMPu5000035286 Candida azyma Saccharomycotina

KGO44570.1-27334-Penicillium expan Eurotiomycetes

Seq 4949-58635-yHMPu5000034615 Saturnispora zaruensis Saccharomycotina

Seq 5183-1041607-Wickerhamomyces ciferrii Saccharomycotina

WP 053238056.1-927083-Sandaracinus amyl Proteobacteria

Seq 1243-1232587-Saprochaete clavata Saccharomycotina

Seq 5849-49332-yHMPu5000035691 Candida salmanticensis Saccharomycotina

Seq 875-53488-yHMPu5000026152 Torulaspora franciscae Saccharomycotina

SHH25456.1-1437360-Bradyrhizobium er Proteobacteria

WP 050057631.1-1577686-Silvibacterium bo other Bacteria

XP 018692781.1-1367422-Fonsecaea erecta Eurotiomycetes

XP 013284400.1-1442368-Fonsecaea pedroso Eurotiomycetes

XP 746353.1-330879-Aspergillus fumig Eurotiomycetes

Seq 1757-49329-yHMPu5000035037 Candida montana Saccharomycotina

KFY79251.1-1420912-Pseudogymnoascus Leotiomycetes

Seq 5073-340170-Spathaspora passalidarum Saccharomycotina

Seq 5499-378051-yHMPu5000034671 Blastobotrys peoriensis Saccharomycotina

SEO92770.1-1761799-Methylobacterium Proteobacteria

KFZ02890.1-1420915-Pseudogymnoascus Leotiomycetes

EGD95602.1-647933-Trichophyton tons Eurotiomycetes

WP 026388720.1-639030-Acidobacteria bac other Bacteria

Seq 1953-27304-Candida versatilis Saccharomycotina

WP 029706471.1-1484693-Rhodoferax saiden Proteobacteria

WP 060951953.1-1912-Streptomyces hygr Actinobacteria

Seq 559-45786-yHMPu5000034635 Nadsonia fulvescens Saccharomycotina

SFJ17355.1-269660-Methylobacterium Proteobacteria

Seq 3816-58634-yHMPu5000034612 Saturnispora saitoi Saccharomycotina

SFT43488.1-1324617-Paraburkholderia Proteobacteria

KFY18664.1-1420906-Pseudogymnoascus Leotiomycetes

Seq 5325-34357-yHMPu5000034760 Lipomyces kononenkoae Saccharomycotina

KIN06857.1-913774-Oidiodendron maiu Leotiomycetes

Seq 4289-36016-yHMPu5000035703 Cyberlindnera americana Saccharomycotina

CUV55078.1-305-Ralstonia solanac Proteobacteria

EGE09301.1-559882-Trichophyton equi Eurotiomycetes

OKP10034.1-1316194-Penicillium subru Eurotiomycetes

WP 052842713.1-1894-Streptomyces aure Actinobacteria

Seq 2651-1774708-Spathaspora girioi Saccharomycotina

Seq 2566-1635098-Yarrowia keelungensis Saccharomycotina

WP 026448232.1-1380348-Acidobacteriaceae other Bacteria

XP 015408830.1-1509407-Aspergillus nomiu Eurotiomycetes

WP 062013440.1-1638163-Aureimonas sp AU4 Proteobacteria

WP 060857449.1-196367-Paraburkholderia Proteobacteria

WP 067198450.1-1806885-Sphingorhabdus sp Proteobacteria

Seq 1314-267478-yHMPu5000034675 Blastobotrys mokoenaii Saccharomycotina

ODV91759.1-767744-Tortispora casein Saccharomycotina

OBT74361.1-1622149-Pseudogymnoascus Leotiomycetes

WP 074653020.1-392734-Terriglobus roseu other Bacteria

OBT67850.1-1524831-Pseudogymnoascus Leotiomycetes

Seq 4832-53487-yHMPu5000026137 Ambrosiozyma ambrosiae Saccharomycotina

XP 016591667.1-1397361-Sporothrix schenc Sordariomycetes

OJJ52964.1-1036612-Aspergillus sydow Eurotiomycetes

KMP05601.1-404692-Coccidioides immi Eurotiomycetes

WP 018483307.1-384-Rhizobium legumin Proteobacteria

XP 007299152.1-721885-Stereum hirsutum Basidiomycota

Seq 2859-5480-Candida parapsilosis Saccharomycotina

Seq 2118-1402413-yHMPu5000035643 Yarrowia bubula Saccharomycotina

Seq 2921-460523-Ogataea polymorpha Saccharomycotina

SEU38268.1-83460-Stigmatella erect Proteobacteria

WP 063500427.1-1804984-Burkholderia sp O Proteobacteria

Seq 3033-317048-yHMPu5000034933 Kuraishia molischiana Saccharomycotina

XP 013270412.1-1442369-Rhinocladiella ma Eurotiomycetes

OJT07174.1-154538-Trametes pubescen Basidiomycota

AFD18250.1-5046-Sarocladium stric Sordariomycetes

WP 062011856.1-284037-Streptomyces spor Actinobacteria

Seq 3437-29829-Lipomyces starkeyi Saccharomycotina

KDQ56241.1-933084-Jaapia argillacea Basidiomycota

Seq 4449-53937-yHMPu5000034904 Ogataea nonfermentans Saccharomycotina

Seq 524-4911-Kluyveromyces marxianus Saccharomycotina

Seq 3181-200334-yHMPu5000035652 Torulaspora maleeae Saccharomycotina

Seq 1871-5482-Candida tropicalis Saccharomycotina

WP 026635799.1-231455-Dyella japonica Proteobacteria

WP 045014389.1-1615890-Bradyrhizobium sp Proteobacteria

EZF32958.1-1215336-Trichophyton inte Eurotiomycetes

XP 003067664.1-222929-Coccidioides posa Eurotiomycetes

Seq 1756-45558-Candida homilentoma Saccharomycotina

Seq 3839-1156965-yHMPu5000035639 Wickerhamomyces canadensis Saccharomycotina

Seq 3063-1382206-yHMPu5000034946 Ambrosiozyma oregonensis Saccharomycotina

XP 002384905.1-332952-Aspergillus flavu Eurotiomycetes

WP 062002137.1-1795874-Burkholderia sp P Proteobacteria

WP 010043728.1-114-Gemmata obscurigl Planctomycetes

Seq 565-1337062-yHMPu5000034742 Lipomyces suomiensis Saccharomycotina

Seq 1789-75736-Starmerella bombicola JCM9596 Saccharomycotina

KXH53326.1-703756-Colletotrichum si Sordariomycetes

Seq 762-45794-yHMPu5000034604 Sporopachydermia lactativora Saccharomycotina

GAM90439.1-1603295-fungal sp No 1124 other Fungi

WP 010670146.1-549-Pantoea agglomera Proteobacteria

WP 007562524.1-1096546-Methylobacterium Proteobacteria

KFA76056.1-1283842-Stachybotrys char Sordariomycetes

Seq 2445-1850976-yHMPu5000034681 Blastobotrys americana Saccharomycotina

Seq 1422-45511-yHMPu5000035641 Yamadazyma scolyti Saccharomycotina

Seq 1884-28986-Millerozyma acaciae Saccharomycotina

XP 018063922.1-149040-Phialocephala sco Leotiomycetes
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Additional Figure 33. Two independent HGT events provided osmotolerant budding yeasts the genetic machinery to produce the 
osmoprotectant glycine betaine. (a) Biochemical pathway for the biosynthesis of glycine betaine from choline-O-sulfate. Choline-O-sulfate is first 
converted by the action of choline sulfatase into choline; then, choline is converted by the action of choline oxidase into glycine betaine. (b) PFAM 
protein domain structure and e-values of (left) choline sulfatase and (right) choline oxidase genes present in Wickerhamiella domercqiae (top) and 
Candida (Wickerhamiella) versatilis (bottom). (c) Cartoon gene phylogenies showing support for two independent HGT events of (left) choline 
sulfatase from the phylum Proteobacteria and (right) choline oxidase from the phylum Actinobacteria. Each gene phylogeny was midpoint rooted, 
and the values next to collapsed clades (shown by triangles) correspond to the numbers of included sequences. Branch supports were evaluated with 
1000 ultrafast bootstraps implemented in IQ-TREE. Detailed information of molecular function and putative donor organisms of horizontally 
acquired genes are provided in Table S3, whereas the multiple sequence alignments and gene trees are provided in the Figshare depository.



Additional Figure 34. Maximum likelihood trees of two independent HGT events provided osmotolerant budding yeasts the genetic machinery to produce the 
osmoprotectant glycine betaine. Biochemical pathway for the biosynthesis of glycine betaine from choline-O-sulfate. Choline-O-sulfate is first converted by the action 
of choline sulfatase (a) into choline; then, choline is converted by the action of choline oxidase (b) into glycine betaine. The gene used as a query in the BLAST search is 
shown in red. The other five duplicates of the gene form a clade in the gene tree. Each gene phylogeny was midpoint rooted, and the branch supports were evaluated with 
1000 ultrafast bootstraps implemented in IQ-TREE. Detailed information of molecular function and putative donor organisms of horizontally acquired genes found as 
gene clusters are provided in Table S3, whereas the multiple sequence alignments and gene trees are provided in the Figshare depository.

Choline sulfatase phylogenya

WP 063476041.1-1825934-Rhizobium sp WYCC Proteobacteria

Seq 1147-54551-yHMPu5000035301 Pichia terricola Saccharomycotina

Seq 4459-28986-Millerozyma acaciae Saccharomycotina

KFZ15618.1-1420914-Pseudogymnoascus Leotiomycetes

XP 007724530.1-1182541-Capronia coronata Eurotiomycetes

Seq 3948-304220-yHMPu5000034632 Candida athensensis Saccharomycotina

OBT47107.1-1622147-Pseudogymnoascus Leotiomycetes

WP 031385138.1-1178777-Halomonas zincidu Proteobacteria

KXH68134.1-1209931-Colletotrichum sa Sordariomycetes

XP 003049873.1-660122-Nectria haematoco Sordariomycetes

WP 034859830.1-716925-Ensifer sojae Proteobacteria

WP 049735760.1-1671795-Rhizobium ecuador Proteobacteria

XP 003352803.1-771870-Sordaria macrospo Sordariomycetes

XP 007580803.1-1287680-Neofusicoccum par Dothideomycetes

SDY11593.1-321339-Citreimonas salin Proteobacteria

WP 009806031.1-314255-Pseudooceanicola Proteobacteria

KFH46443.1-857340-Acremonium chryso Sordariomycetes

WP 025732175.1-64323-Carnimonas nigrif Proteobacteria

XP 014655616.1-84753-Moesziomyces anta Basidiomycota

WP 055978364.1-1736420-Aminobacter sp Ro Proteobacteria

XP 007782919.1-1168221-Coniosporium apol Eurotiomycetes

WP 037075683.1-1125979-Rhizobium sp PDO1 Proteobacteria

XP 007914753.1-1286976-Phaeoacremonium m Sordariomycetes

CDQ36621.1-1482-Virgibacillus hal Firmicutes

WP 066003705.1-1850094-Ensifer sp CCBAU Proteobacteria

SDL26679.1-48727-Halomonas pantell Proteobacteria

ENH80321.1-1213857-Colletotrichum or Sordariomycetes

WP 018448562.1-56730-Rhizobium gallicu Proteobacteria

XP 007921777.1-383855-Pseudocercospora Dothideomycetes

WP 027053531.1-1777866-Mesorhizobium erd Proteobacteria

WP 007799558.1-1144312-Rhizobium sp CF12 Proteobacteria

WP 056563671.1-1736481-Mesorhizobium sp Proteobacteria

WP 047516304.1-1500299-Rhizobium sp CF04 Proteobacteria

WP 066997719.1-1854056-Mesorhizobium sp Proteobacteria

WP 027230006.1-1449065-Phyllobacterium s Proteobacteria

EPE03558.1-1262450-Ophiostoma piceae Sordariomycetes

WP 007067020.1-217511-Fulvimarina pelag Proteobacteria

WP 037114837.1-1500307-Rhizobium sp OV20 Proteobacteria

XP 016219436.1-253628-Verruconis gallop Dothideomycetes

XP 007294875.1-1072389-Marssonina brunne Leotiomycetes
XP 018064517.1-149040-Phialocephala sco Leotiomycetes

Seq 4449-933994-yHMPu5000034605 Spencermartinsiella europaea Saccharomycotina

WP 066314964.1-1684425-Halomonas sp G11 Proteobacteria

WP 008531937.1-1223565-Rhizobium sp Pop5 Proteobacteria

WP 035746811.1-366616-Haematobacter mis Proteobacteria

KFY33181.1-1420908-Pseudogymnoascus Leotiomycetes

Seq 1050-50265-yHMPu5000034903 Ogataea naganishii Saccharomycotina

WP 047030598.1-1620421-Hoeflea sp IMCC20 Proteobacteria

WP 070978673.1-657387-Kushneria sp YCWA Proteobacteria

KFY63909.1-1420909-Pseudogymnoascus Leotiomycetes

WP 028750970.1-29450-Rhizobium leucaen Proteobacteria

Seq 4153-489716-yHMPu5000035041 Ambrosiozyma pseudovanderkliftii Saccharomycotina

SEL01090.1-573024-Roseovarius nanha Proteobacteria

WP 037149196.1-1353277-Rhizobium freirei Proteobacteria

WP 012490625.1-29449-Rhizobium etli Proteobacteria

WP 027350236.1-376489-Halotalea alkalil Proteobacteria

WP 056816660.1-1736592-Rhizobium sp Root Proteobacteria

WP 016552448.1-1120045-Rhizobium grahami Proteobacteria

GAM88411.1-1603295-fungal sp No 1124 other Fungi

XP 007759093.1-1182544-Cladophialophora Eurotiomycetes

EQL02896.1-911162-Ophiocordyceps si Sordariomycetes

WP 037098324.1-492774-Rhizobium alamii Proteobacteria

XP 001553029.1-332648-Botrytis cinerea Leotiomycetes

WP 007822140.1-1144314-Rhizobium sp CF14 Proteobacteria

WP 046509674.1-1549748-Kiloniella litope Proteobacteria

WP 027034320.1-381-Mesorhizobium lot Proteobacteria

WP 064699099.1-379597-Halomonas sinaien Proteobacteria

WP 066176367.1-1480615-Hoeflea olei Proteobacteria

WP 055845663.1-1736378-Aurantimonas sp L Proteobacteria

WP 027041573.1-1380350-Mesorhizobium sp Proteobacteria

WP 069459577.1-1752398-Ensifer sp YIC402 Proteobacteria

WP 047461136.1-359-Agrobacterium rhi Proteobacteria

XP 007276233.1-1213859-Colletotrichum gl Sordariomycetes

KXH37141.1-703756-Colletotrichum si Sordariomycetes

WP 057472358.1-1736427-Rhizobium sp Root Proteobacteria

XP 016240624.1-91928-Exophiala spinife Eurotiomycetes

WP 007627634.1-1132836-Rhizobium sp CCGE Proteobacteria

KXT12760.1-113226-Pseudocercospora Dothideomycetes

KJY00019.1-1047168-Zymoseptoria brev Dothideomycetes

OCL03029.1-574774-Glonium stellatum Dothideomycetes

CBQ69301.1-999809-Sporisorium reili Basidiomycota

WP 064701172.1-438744-Halomonas caseini Proteobacteria

KFX89096.1-1437433-Pseudogymnoascus Leotiomycetes

XP 007677586.1-717646-Baudoinia panamer Dothideomycetes

XP 016243006.1-569365-Cladophialophora Eurotiomycetes

WP 058246334.1-441103-Tropicibacter nap Proteobacteria

ETS62413.1-1391700-Moesziomyces aphi Basidiomycota

WP 028286033.1-375761-Pseudooceanicola Proteobacteria

XP 007737592.1-1182542-Capronia epimyces Eurotiomycetes

Seq 5553-44067-yHMPu5000034670 Blastobotrys proliferans Saccharomycotina

CCF51080.1-120017-Ustilago hordei Basidiomycota

OAA68228.1-1081102-Sporothrix insect Sordariomycetes

WP 069385118.1-2746-Halomonas elongat Proteobacteria

SFI53607.1-1798191-Phyllobacterium s Proteobacteria

WP 037130605.1-1500304-Rhizobium sp CF39 Proteobacteria

XP 453961.1-284590-Kluyveromyces lac Saccharomycotina

Seq 2087-1667614-yHMPu5000035688 Cyberlindnera xylosilytica Saccharomycotina

XP 003656496.1-578455-Thielavia terrest Sordariomycetes

EKG12274.1-1126212-Macrophomina phas Dothideomycetes

Seq 1987-51927-Candida succiphila Saccharomycotina
CDF92059.1-1333698-Zygosaccharomyces Saccharomycotina

XP 013287025.1-1442368-Fonsecaea pedroso Eurotiomycetes

CDS01575.1-49012-Sporisorium scita Basidiomycota

KEQ65652.1-1043003-Aureobasidium mel Dothideomycetes

WP 067320852.1-1854058-Mesorhizobium sp Proteobacteria

KDN61621.1-1173701-Colletotrichum su Sordariomycetes

XP 003716132.1-242507-Magnaporthe oryza Sordariomycetes

XP 009856053.1-510951-Neurospora tetras Sordariomycetes

WP 029619109.1-1496690-Rhizobium sp MGL0 Proteobacteria

OHW94119.1-1573173-Colletotrichum in Sordariomycetes

WP 043137807.1-561184-Mameliella alba Proteobacteria

XP 013345041.1-1043005-Aureobasidium sub Dothideomycetes

WP 040485046.1-1358440-Lutibaculum barat Proteobacteria

WP 037259877.1-93683-Roseivivax halodu Proteobacteria

KJS19674.1-1629712-Hoeflea sp BRH c9 Proteobacteria

WP 043747118.1-1461694-Pseudooceanicola Proteobacteria

OAL23567.1-856822-Fonsecaea nubica Eurotiomycetes

XP 008091865.1-645133-Colletotrichum gr Sordariomycetes

WP 019950832.1-504092-Kushneria auranti Proteobacteria

XP 016765592.1-692275-Sphaerulina musiv Dothideomycetes

XP 009160009.1-858893-Exophiala dermati Eurotiomycetes

WP 024709714.1-686597-Martelella sp AD Proteobacteria

WP 007196633.1-244596-Hoeflea phototrop Proteobacteria

WP 050929392.1-1470562-Aestuariivita bos Proteobacteria

XP 003658537.1-573729-Thermothelomyces Sordariomycetes

WP 007674603.1-331869-alpha proteobacte Proteobacteria

WP 047764920.1-1489064-Kiloniella spongi Proteobacteria

WP 056534544.1-1736432-Rhizobium sp Root Proteobacteria

XP 012738541.1-658429-Pseudogymnoascus Leotiomycetes

WP 071024354.1-1848292-Ensifer sp LCM 45 Proteobacteria

WP 019019466.1-453962-Halomonas lutea Proteobacteria

OBT77685.1-1622149-Pseudogymnoascus Leotiomycetes

SFC11715.1-402385-Kushneria avicenn Proteobacteria

OCL00182.1-794803-Cenococcum geophi Dothideomycetes

XP 011391154.1-237631-Ustilago maydis 5 Basidiomycota

KXH63286.1-1460502-Colletotrichum ny Sordariomycetes

XP 016618935.1-1442370-Cladophialophora Eurotiomycetes

KIW65043.1-5601-Capronia semi imm Eurotiomycetes

KZL75175.1-708197-Colletotrichum to Sordariomycetes

XP 016642055.1-563466-Scedosporium apio Sordariomycetes

XP 016294427.1-1365824-Kalmanozyma brasi Basidiomycota

SDA63775.1-1165689-Mesorhizobium qin Proteobacteria

OHE96676.1-1209926-Colletotrichum or Sordariomycetes

KFX94886.1-1391699-Pseudogymnoascus Leotiomycetes

GAP88143.1-77044-Rosellinia necatr Sordariomycetes

WP 035023086.1-69279-Aquamicrobium def Proteobacteria

WP 064684532.1-1138189-Rhizobium banglad Proteobacteria

XP 018135564.1-342668-Pseudogymnoascus Leotiomycetes

XP 013938155.1-452589-Trichoderma atrov Sordariomycetes

WP 036553356.1-390877-Nisaea denitrific Proteobacteria

WP 064826218.1-396-Rhizobium phaseol Proteobacteria

XP 001587506.1-665079-Sclerotinia scler Leotiomycetes

Seq 1394-27304-Candida versatilis Saccharomycotina

KUI58173.1-694573-Valsa mali var py Sordariomycetes

XP 001482670.1-294746-Meyerozyma guilli Saccharomycotina

Seq 4413-45581-yHMPu5000035679 Candida rhagii Saccharomycotina

KIV77266.1-1016849-Exophiala sideris Eurotiomycetes

XP 003857023.1-336722-Zymoseptoria trit Dothideomycetes

SER44769.1-416874-Halomonas subterr Proteobacteria

KEQ85668.1-1043002-Aureobasidium pul Dothideomycetes

WP 015338563.1-398-Rhizobium tropici Proteobacteria

KKY20391.1-420778-Diplodia seriata Dothideomycetes

WP 072371633.1-501024-Rhizobium tibetic Proteobacteria

WP 035471967.1-1492922-Gammaproteobacter Proteobacteria

WP 047506955.1-1500258-Rhizobium sp YR52 Proteobacteria

SFQ97180.1-871652-Poseidonocella se Proteobacteria

XP 016227132.1-212818-Exophiala mesophi Eurotiomycetes

SDJ09998.1-1761787-Halomonas sp DSM Proteobacteria

XP 008078703.1-1116229-Glarea lozoyensis Leotiomycetes

SCB08668.1-411945-Rhizobium miluone Proteobacteria

WP 027022846.1-1298858-Mesorhizobium sp Proteobacteria

OBS27598.1-36050-Fusarium poae Sordariomycetes

WP 047146490.1-1120658-Mesorhizobium sp Proteobacteria

OBT83912.1-1622148-Pseudogymnoascus Leotiomycetes

Seq 121-28549-yHMPu5000035296 Priceomyces carsonii Saccharomycotina

XP 016626251.1-1442371-Fonsecaea multimo Eurotiomycetes

WP 068879583.1-1494590-Paramesorhizobium Proteobacteria

KIH94363.1-1398154-Sporothrix brasil Sordariomycetes

XP 011317305.1-229533-Fusarium graminea Sordariomycetes

WP 074395050.1-1666906-Halomonas sp HL 9 Proteobacteria

WP 018426936.1-1116369-Hoeflea sp 108 Proteobacteria

XP 013427268.1-1043004-Aureobasidium nam Dothideomycetes

XP 012189673.1-1305764-Pseudozyma hubeie Basidiomycota

WP 040400895.1-340680-Amorphus coralli Proteobacteria

WP 040242008.1-223900-Chromohalobacter Proteobacteria

OBT65399.1-1524831-Pseudogymnoascus Leotiomycetes
KFY94217.1-1420913-Pseudogymnoascus Leotiomycetes

XP 016585679.1-1397361-Sporothrix schenc Sordariomycetes

QUERY Wickerhamiella domercqiae Seq 3495

WP 062274956.1-379-Rhizobium Proteobacteria

XP 018158794.1-759273-Colletotrichum hi Sordariomycetes

KLU88009.1-644358-Magnaporthiopsis Sordariomycetes

SAM84335.1-307758-Ustilago bromivor Basidiomycota

KXJ86244.1-196109-Microdochium boll Sordariomycetes

KXT06385.1-321146-Mycosphaerella eu Dothideomycetes

XP 007800852.1-1263415-Endocarpon pusill Eurotiomycetes

WP 067646693.1-1763560-Agrobacterium sp Proteobacteria

SCZ22565.1-1120955-Afifella marina D Proteobacteria

CAK96674.1-5061-Aspergillus niger Eurotiomycetes

XP 008725759.1-1279043-Cladophialophora Eurotiomycetes

KXL46589.1-245562-Acidomyces richmo Dothideomycetes

XP 018697244.1-1367422-Fonsecaea erecta Eurotiomycetes

WP 064654768.1-1825933-Rhizobium sp WYCC Proteobacteria

WP 035522003.1-1547437-Hoeflea sp BAL378 Proteobacteria

WP 037188087.1-1500259-Rhizobium sp YR51 Proteobacteria

XP 018660687.1-398673-Trichoderma gamsi Sordariomycetes

XP 007599332.1-1445577-Colletotrichum fi Sordariomycetes

KFY95023.1-1420911-Pseudogymnoascus Leotiomycetes

WP 018898138.1-1246459-Rhizobium sp 2MFC Proteobacteria

WP 020593088.1-454162-Kiloniella lamina Proteobacteria

XP 013254406.1-1182545-Exophiala aquamar Eurotiomycetes

WP 037144606.1-384-Rhizobium legumin Proteobacteria

WP 028795810.1-455360-Thalassobaculum s Proteobacteria

WP 011454618.1-290400-Jannaschia sp CCS Proteobacteria

SDG20119.1-1123362-Thalassobaculum l Proteobacteria

OJD30816.1-236234-Diplodia corticol Dothideomycetes
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XP 016295029.1-1365824-Kalmanozyma brasi Basidiomycota

WP 037932936.1-55952-Streptomyces toyo Actinobacteria

WP 055499069.1-67300-Streptomyces floc Actinobacteria

Seq 3004-104402-yHMPu5000034890 Ogataea ramenticola Saccharomycotina

WP 055546802.1-1621260-Streptomyces sp N Actinobacteria

WP 019066833.1-1306990-Streptomyces hoku Actinobacteria

EZF33977.1-1215336-Trichophyton inte Eurotiomycetes

WP 073759075.1-1718985-Streptomyces sp C Actinobacteria

WP 007239996.1-249058-Gordonia otitidis Actinobacteria

OAJ21555.1-117179-Tilletia walkeri Basidiomycota

Seq 1773-56874-yHMPu5000034749 Lipomyces mesembrius Saccharomycotina

CBQ67832.1-999809-Sporisorium reili Basidiomycota

WP 064947820.1-1834109-Mycobacterium sp Actinobacteria

WP 067076659.1-285533-Streptomyces endu Actinobacteria

KXJ86216.1-196109-Microdochium boll Sordariomycetes

WP 036396252.1-258533-Mycobacterium cos Actinobacteria

Seq 2983-4950-Torulaspora delbrueckii Saccharomycotina

WP 017935052.1-1283287-Nocardioides sp I Actinobacteria

WP 014061396.1-68280-Streptomyces viol Actinobacteria

XP 003043912.1-660122-Nectria haematoco Sordariomycetes

WP 065509634.1-547163-Mycobacterium vul Actinobacteria

KNZ62859.1-27349-Puccinia sorghi Basidiomycota

KUJ66956.1-67257-Streptomyces albu Actinobacteria

XP 011386298.1-237631-Ustilago maydis 5 Basidiomycota

WP 030682528.1-1968-Streptomyces cell Actinobacteria

XP 002565011.1-500485-Penicillium ruben Eurotiomycetes

XP 001398202.1-425011-Aspergillus niger Eurotiomycetes

Seq 2970-933994-yHMPu5000034605 Spencermartinsiella europaea Saccharomycotina

Seq 3759-4956-Zygosaccharomyces rouxii Saccharomycotina

OAA38193.1-1081107-Cordyceps brongni Sordariomycetes

Seq 4827-490708-yHMPu5000034636 Ogataea nitratoaversa Saccharomycotina

GAT29003.1-1069201-Aspergillus luchu Eurotiomycetes

WP 073932650.1-1703944-Streptomyces sp C Actinobacteria

WP 062233222.1-67304-Streptomyces gris Actinobacteria

Seq 3854-1005962-Ogataea parapolymorpha Saccharomycotina

OAA78464.1-1081108-Cordyceps confrag Sordariomycetes

WP 004926816.1-35619-Streptomyces gris Actinobacteria

WP 054242436.1-1592329-Actinobacteria ba Actinobacteria

ODM19872.1-573508-Aspergillus crist Eurotiomycetes

WP 073753694.1-1703937-Streptomyces sp C Actinobacteria

KDN61567.1-1173701-Colletotrichum su Sordariomycetes

WP 062640506.1-1679753-Streptomyces sp N Actinobacteria

XP 006666922.1-983644-Cordyceps militar Sordariomycetes

Seq 4592-267478-yHMPu5000034675 Blastobotrys mokoenaii Saccharomycotina

Seq 3553-87895-yHMPu5000035681 Candida gotoi Saccharomycotina

WP 030916401.1-1476876-Streptomyces sp N Actinobacteria
WP 005313203.1-38300-Streptomyces pris Actinobacteria

Seq 3883-169509-yHMPu5000034887 Ogataea trehaloabstinens Saccharomycotina

XP 006958789.1-671144-Wallemia mellicol Basidiomycota

Seq 5488-36023-yHMPu5000034897 Ogataea glucozyma Saccharomycotina

QUERY Wickerhamiella domercqiae Seq 3595

WP 054227406.1-1592328-Actinobacteria ba Actinobacteria

GAQ12038.1-293939-Aspergillus lentu Eurotiomycetes

WP 062928685.1-1783515-Streptomyces sp S Actinobacteria

Seq 3423-456365-yHMPu5000034667 Blastobotrys serpentis Saccharomycotina

KNF04868.1-1165861-Puccinia striifor Basidiomycota

WP 030384110.1-1463896-Streptomyces sp N Actinobacteria

WP 064456157.1-1559982-Streptomyces sp N Actinobacteria

EXK93982.1-1089458-Fusarium oxysporu Sordariomycetes

WP 030966763.1-1463859-Streptomyces sp N Actinobacteria

KXH51543.1-1209931-Colletotrichum sa Sordariomycetes

OBS21153.1-36050-Fusarium poae Sordariomycetes

XP 018150364.1-1380566-Pochonia chlamydo Sordariomycetes

Seq 365-4923-yHMPu5000034891 Ogataea pini Saccharomycotina

WP 020135689.1-1172180-Streptomyces sp 3 Actinobacteria

WP 015658340.1-348043-Streptomyces dava Actinobacteria

XP 018665448.1-398673-Trichoderma gamsi Sordariomycetes

KYH45208.1-1807500-Branchiibius sp N Actinobacteria

OAA51509.1-1081105-Metarhizium riley Sordariomycetes

WP 031141927.1-67385-Streptomyces xant Actinobacteria

WP 030891492.1-67373-Streptomyces vars Actinobacteria

WP 037645793.1-1912-Streptomyces hygr Actinobacteria

OJI84271.1-767770-Aspergillus tubin Eurotiomycetes

OJJ99541.1-690307-Aspergillus acule Eurotiomycetes

WP 030024058.1-371720-Streptomyces mono Actinobacteria

Seq 2440-29829-Lipomyces starkeyi Saccharomycotina

Seq 5426-1548389-yHMPu5000034669 Blastobotrys raffinofermentans Saccharomycotina

WP 043677259.1-285514-Streptomyces xylo Actinobacteria

OHW91058.1-1573173-Colletotrichum in Sordariomycetes

CDW95517.1-49012-Sporisorium scita Basidiomycota

WP 055918723.1-1736341-Leifsonia sp Leaf Actinobacteria

Seq 1804-1378263-yHMPu5000034893 Ogataea philodendra Saccharomycotina

KUM58745.1-48697-Penicillium freii Eurotiomycetes

WP 067843042.1-59750-Mycobacterium wol Actinobacteria

OCW33703.1-158607-Diaporthe heliant Sordariomycetes

WP 062023577.1-67340-Streptomyces phae Actinobacteria

WP 020131091.1-1172181-Streptomyces sp 3 Actinobacteria

XP 006969373.1-431241-Trichoderma reese Sordariomycetes

AEK38025.1-858619-Corynebacterium v Actinobacteria

XP 007287591.1-1213859-Colletotrichum gl Sordariomycetes

WP 033280130.1-1463861-Streptomyces sp N Actinobacteria

Seq 3487-169510-yHMPu5000034885 Ogataea zsoltii Saccharomycotina

WP 051243872.1-1370121-Mycobacterium sp Actinobacteria

XP 001210107.1-341663-Aspergillus terre Eurotiomycetes

XP 011323898.1-229533-Fusarium graminea Sordariomycetes

XP 014530383.1-1170230-Penicillium digit Eurotiomycetes

XP 009260677.1-1028729-Fusarium pseudogr Sordariomycetes

WP 033321866.1-66378-Streptomyces yere Actinobacteria

Seq 3725-157292-yHMPu5000034892 Ogataea pilisensis Saccharomycotina

WP 048424324.1-1807-Mycobacterium obu Actinobacteria

WP 062010573.1-284037-Streptomyces spor Actinobacteria

WP 037718945.1-68239-Streptomyces mira Actinobacteria

CCG84257.1-1097556-Taphrina deforman Taphrinomycotina

Seq 4306-537810-yHMPu5000034932 Kuraishia ogatae Saccharomycotina

XP 007833846.1-1229662-Pestalotiopsis fi Sordariomycetes

WP 057584586.1-1736503-Streptomyces sp R Actinobacteria

WP 055573050.1-382503-Streptomyces emei Actinobacteria

KFY49338.1-1420908-Pseudogymnoascus Leotiomycetes

EYE95921.1-1388766-Aspergillus ruber Eurotiomycetes

WP 030613620.1-1957-Streptomyces scle Actinobacteria

WP 037953410.1-1158056-Streptomyces sp P Actinobacteria

KPM38008.1-78410-Neonectria ditiss Sordariomycetes

Seq 2102-271357-yHMPu5000041863 Candida gorgasii Saccharomycotina

OHE94123.1-1209926-Colletotrichum or Sordariomycetes

OJJ88902.1-1160497-Aspergillus glauc Eurotiomycetes

XP 001261955.1-331117-Aspergillus fisch Eurotiomycetes

XP 007799415.1-1287681-Eutypa lata UCREL Sordariomycetes

KGO65598.1-40296-Penicillium itali Eurotiomycetes

XP 013244658.1-1037660-Tilletiaria anoma Basidiomycota

Seq 4702-75736-Starmerella bombicola JCM9596 Saccharomycotina

WP 028245680.1-452623-Pseudoclavibacter Actinobacteria

WP 030407432.1-1463873-Streptomyces sp N Actinobacteria

CCT64188.1-1279085-Fusarium fujikuro Sordariomycetes

Seq 974-36026-yHMPu5000034902 Ogataea minuta Saccharomycotina

ENH82084.1-1213857-Colletotrichum or Sordariomycetes

WP 046261544.1-1415558-Streptomyces sp W Actinobacteria

WP 028812268.1-67298-Streptomyces flav Actinobacteria

XP 013961059.1-413071-Trichoderma viren Sordariomycetes

XP 013328719.1-1408163-Rasamsonia emerso Eurotiomycetes

XP 003018167.1-663202-Trichophyton verr Eurotiomycetes

WP 019055664.1-67348-Streptomyces prun Actinobacteria

KZZ89322.1-392613-Ascosphaera apis Eurotiomycetes

WP 055692550.1-67345-Streptomyces pras Actinobacteria

XP 001276512.1-344612-Aspergillus clava Eurotiomycetes

GAP84772.1-77044-Rosellinia necatr Sordariomycetes

WP 031506281.1-44060-Streptomyces mega Actinobacteria

XP 007590929.1-1445577-Colletotrichum fi Sordariomycetes

XP 010756335.1-502780-Paracoccidioides Eurotiomycetes

OGM40990.1-109264-Aspergillus bomby Eurotiomycetes

WP 014177335.1-379067-Streptomyces bing Actinobacteria

Seq 5367-53937-yHMPu5000034904 Ogataea nonfermentans Saccharomycotina

WP 030009909.1-1914-Streptomyces lave Actinobacteria

WP 057602969.1-1736452-Streptomyces sp R Actinobacteria

CCF54172.1-120017-Ustilago hordei Basidiomycota

OJJ71531.1-767769-Aspergillus brasi Eurotiomycetes

KZL70077.1-708197-Colletotrichum to Sordariomycetes

WP 048475226.1-66430-Streptomyces rose Actinobacteria

WP 036430372.1-53462-Mycobacterium mag Actinobacteria

XP 747216.1-330879-Aspergillus fumig Eurotiomycetes

WP 066588517.1-1737425-Corynebacterium s Actinobacteria

KZP05170.1-436010-Fibulorhizoctonia Basidiomycota

CRL28414.1-5075-Penicillium camem Eurotiomycetes

WP 019884216.1-1951-Streptomyces purp Actinobacteria

WP 069424726.1-39693-Mycobacterium por Actinobacteria

Seq 1245-130810-Candida arabinofermentans Saccharomycotina

SCD65645.1-1838281-Streptomyces sp S Actinobacteria

WP 064904936.1-1834101-Gordonia sp 85200 Actinobacteria

CEO58541.1-104259-Penicillium brasi Eurotiomycetes

WP 055630042.1-66884-Streptomyces cyan Actinobacteria

WP 060952808.1-1883-Streptomyces Actinobacteria

XP 018706278.1-1081104-Isaria fumosorose Sordariomycetes

Seq 2470-29830-Candida apicola Saccharomycotina

WP 007384201.1-285530-Streptomyces svic Actinobacteria

WP 044573877.1-576784-Streptomyces iran Actinobacteria

WP 053802831.1-1927-Streptomyces rimo Actinobacteria

XP 009161607.1-858893-Exophiala dermati Eurotiomycetes

WP 010984864.1-33903-Streptomyces aver Actinobacteria

KEY67259.1-1280523-Stachybotrys char Sordariomycetes

OKO94300.1-1316194-Penicillium subru Eurotiomycetes

SCZ01530.1-1172182-Streptomyces sp 1 Actinobacteria

KKK13200.1-308745-Aspergillus rambe Eurotiomycetes

KPA42332.1-179993-Fusarium langseth Sordariomycetes

GAA89388.1-1033177-Aspergillus kawac Eurotiomycetes

Seq 4541-50265-yHMPu5000034903 Ogataea naganishii Saccharomycotina

XP 018748711.1-334819-Fusarium verticil Sordariomycetes

WP 049698919.1-122202-Gordonia jacobaea Actinobacteria

WP 065960734.1-67365-Streptomyces spar Actinobacteria

XP 003236175.1-559305-Trichophyton rubr Eurotiomycetes

WP 055606244.1-33009-Streptomyces bamb Actinobacteria

Seq 1968-36024-yHMPu5000026124 Ogataea henricii Saccharomycotina

Seq 877-460523-Ogataea polymorpha Saccharomycotina

WP 006369734.1-84595-Gordonia polyisop Actinobacteria

WP 058923659.1-1725411-Streptomyces sp C Actinobacteria

GAB40083.1-1089453-Gordonia sputi NB Actinobacteria

XP 008092234.1-645133-Colletotrichum gr Sordariomycetes

XP 002846860.1-554155-Arthroderma otae Eurotiomycetes

Seq 2654-36043-yHMPu5000034761 Lipomyces lipofer Saccharomycotina

OJJ31817.1-1073089-Aspergillus wenti Eurotiomycetes

XP 016595443.1-27334-Penicillium expan Eurotiomycetes

SDN00982.1-1761904-Streptomyces sp c Actinobacteria

WP 062828792.1-146020-Mycobacterium bri Actinobacteria

ODA71757.1-1737066-Streptomyces sp A Actinobacteria

Seq 5876-44067-yHMPu5000034670 Blastobotrys proliferans Saccharomycotina

Seq 4398-1194607-yHMPu5000034660 Diddensiella caesifluorescens Saccharomycotina

XP 015402378.1-1509407-Aspergillus nomiu Eurotiomycetes

WP 030860600.1-1463843-Streptomyces sp N Actinobacteria

WP 053690008.1-1415555-Streptomyces sp W Actinobacteria

XP 008598338.1-655819-Beauveria bassian Sordariomycetes

OKH78610.1-1490482-Mycobacterium sp Actinobacteria

Seq 2738-28549-yHMPu5000035296 Priceomyces carsonii Saccharomycotina

KIL83609.1-40199-Fusarium avenaceu Sordariomycetes

WP 056551193.1-1736457-Mycobacterium sp Actinobacteria

WP 055694008.1-67344-Streptomyces pras Actinobacteria

KXG51125.1-5078-Penicillium grise Eurotiomycetes

Seq 715-27304-Candida versatilis Saccharomycotina

WP 030939966.1-1935-Streptomyces viol Actinobacteria

XP 001826642.1-510516-Aspergillus oryza Eurotiomycetes

KXH44482.1-703756-Colletotrichum si Sordariomycetes

WP 020118658.1-58343-Streptomyces canu Actinobacteria

GAC73655.1-1151754-Moesziomyces anta Basidiomycota

WP 037626768.1-193461-Streptomyces aure Actinobacteria

SAM69295.1-307758-Ustilago bromivor Basidiomycota

WP 073680658.1-1490483-Mycobacterium sp Actinobacteria

XP 018156223.1-759273-Colletotrichum hi Sordariomycetes

XP 009265878.1-1299270-Wallemia ichthyop Basidiomycota

XP 013942945.1-452589-Trichoderma atrov Sordariomycetes

SEC08216.1-67327-Streptomyces mela Actinobacteria

OAV90879.1-630390-Puccinia triticin Basidiomycota

WP 030317057.1-1463836-Streptomyces sp N Actinobacteria

XP 012189043.1-1305764-Pseudozyma hubeie Basidiomycota

Seq 1032-409370-Arxula adeninivorans Saccharomycotina

XP 018181252.1-33203-Purpureocillium l Sordariomycetes

KKK23778.1-138278-Aspergillus ochra Eurotiomycetes

CDM36196.1-1365484-Penicillium roque Eurotiomycetes

WP 037974521.1-1298880-Streptomyces sp T Actinobacteria

WP 053697210.1-1519475-Streptomyces sp N Actinobacteria

WP 052874126.1-1463850-Streptomyces sp N Actinobacteria

CVL00493.1-192010-Fusarium mangifer Sordariomycetes

KHN95878.1-1081103-Metarhizium album Sordariomycetes

KKO98033.1-5544-Trichoderma harzi Sordariomycetes

Seq 3837-34357-yHMPu5000034760 Lipomyces kononenkoae Saccharomycotina

KUI64537.1-105487-Valsa mali Sordariomycetes

XP 008083656.1-1116229-Glarea lozoyensis Leotiomycetes

Seq 4252-50263-yHMPu5000034899 Ogataea kodamae Saccharomycotina

WP 055473955.1-1650571-Streptomyces path Actinobacteria

WP 049747995.1-134601-Mycobacterium goo Actinobacteria
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Additional Figure 34. (continued)

Choline oxidase phylogenyb
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Nitronate monooxygenase

Additional Figure 35. Two independent horizontal gene transfer events provide two independent budding yeast lineages the genetic 
machinery for protection against the mitochondrial toxin P3N. (a) Biochemical pathway for the oxidation of the mitochondrial toxin 
propionate-3-nitronate (P3N). P3N is converted into malonic semialdehyde via the action of nitronate monooxygenase. Malonic semialdehyde can 
then be converted into acetyl-CoA, acetate, or 3-hydroxypropionate for downstream use in various pathways. (b) PFAM protein domain structure of 
nitronate monooxygenase in (left) Candida (Wickerhamiella) versatilis and Wickerhamiella domercqiae and in (right) Kluyveromyces lactis, 
Kluyveromyces dobzhanski, and Kluyveromyces marxianus. (b) Cartoon gene phylogenies showing support for the independent acquisition of 
nitronate monooxygenase by C. versatilis and W. domercqiae from Pseudomonas donors in the phylum Proteobacteria (left) and by Kluyveromyces 
from Acinetobacter donors in the phylum Proteobacteria (right). Each gene phylogeny was midpoint rooted and values next to collapsed clades 
(shown by triangles) correspond to numbers of included sequences. Branch supports were evaluated with 1000 ultrafast bootstraps implemented in 
IQ-TREE. Detailed information of molecular function and putative donor organisms of horizontally acquired genes are provided in Table S3, 
whereas the multiple sequence alignments and gene trees are provided in the Figshare depository.



Additional Figure 36. Maximum likelihood trees of two independent horizontal gene transfer events provide two independent budding yeast lineages the genetic 
machinery for protection against the mitochondrial toxin P3N. Biochemical pathway for the oxidation of the mitochondrial toxin propionate-3-nitronate (P3N). P3N is 
converted into malonic semialdehyde via the action of nitronate monooxygenase. Gene trees of the nitronate monooxygenase enzymes in (a) Candida (Wickerhamiella) 
versatilis and Wickerhamiella domercqiae and in (b) Kluyveromyces lactis, Kluyveromyces dobzhanski, and Kluyveromyces marxianus, show that both genes were 
acquired from proteobacteria. The gene used as a query in the BLAST search is shown in red. The other five duplicates of the gene form a clade in the gene tree. Each 
gene phylogeny was midpoint rooted and the branch supports were evaluated with 1000 ultrafast bootstraps implemented in IQ-TREE. Detailed information of molecular 
function and putative donor organisms of horizontally acquired genes found as gene clusters are provided in Table S3, whereas the multiple sequence alignments and gene 
trees are provided in the Figshare depository.

Nitronate monooxygenase phylogenya

KOS43310.1-229535-Penicillium nordi Eurotiomycetes

Seq 1453-27315-yHMPu5000034661 Dipodascus albidus Saccharomycotina

WP 051507128.1-456493-Saccharibacillus Firmicutes

XP 002544312.1-336963-Uncinocarpus rees Eurotiomycetes

WP 025700651.1-44251-Paenibacillus dur Firmicutes

XP 018133101.1-342668-Pseudogymnoascus Leotiomycetes

WP 018450685.1-157691-Leptotrichia shah Fusobacteria

OBT81299.1-1622148-Pseudogymnoascus Leotiomycetes

SAM07735.1-4829-Absidia glauca other Fungi

WP 039709102.1-715-Actinobacillus pl Proteobacteria

BAO39899.1-1003335-Kluyveromyces mar Saccharomycotina

OGE57451.1-1835702-Penicillium arizo Eurotiomycetes

WP 046094338.1-28901-Salmonella enteri Proteobacteria

XP 002147815.1-441960-Talaromyces marne Eurotiomycetes

XP 018076449.1-149040-Phialocephala sco Leotiomycetes

WP 014081638.1-1625-Lactobacillus san Firmicutes

CZT13648.1-914237-Rhynchosporium co Leotiomycetes

Seq 1204-456365-yHMPu5000034667 Blastobotrys serpentis Saccharomycotina

OAX81069.1-1658172-Emmonsia sp CAC 2 Eurotiomycetes

OJJ55252.1-1036612-Aspergillus sydow Eurotiomycetes

WP 054709688.1-240427-Lactobacillus par Firmicutes

Seq 2256-1470396-yHMPu5000034974 Deakozyma indianensis Saccharomycotina

WP 021743423.1-1227267-Leptotrichia sp o Fusobacteria

KFY73052.1-1420912-Pseudogymnoascus Leotiomycetes

WP 044327980.1-35703-Citrobacter amalo Proteobacteria

WP 045140130.1-553-Pantoea ananatis Proteobacteria

CRL26413.1-5075-Penicillium camem Eurotiomycetes

Seq 4183-51930-Tortispora caseinolytica Saccharomycotina

XP 011117802.1-756982-Arthrobotrys olig other Pezizomycotina

ODH51042.1-121759-Paracoccidioides Eurotiomycetes

WP 057802635.1-331679-Pediococcus stile Firmicutes

Seq 710-166050-yHMPu5000034865 Zygosaccharomyces kombuchaensis Saccharomycotina

OCK84439.1-1314670-Lepidopterella pa Dothideomycetes

GAO82579.1-91492-Aspergillus udaga Eurotiomycetes

WP 047911841.1-1499968-Paenibacillus sp Firmicutes

WP 003680287.1-1610-Lactobacillus cor Firmicutes

WP 014278003.1-159743-Paenibacillus ter Firmicutes

OJI99643.1-1036611-Aspergillus versi Eurotiomycetes

Seq 5003-45603-yHMPu5000035282 Trigonopsis vinaria Saccharomycotina

WP 062319805.1-1472-Paenibacillus pab Firmicutes

Seq 1052-45786-yHMPu5000034635 Nadsonia fulvescens Saccharomycotina

XP 003069887.1-222929-Coccidioides posa Eurotiomycetes

OAG37861.1-254056-Fonsecaea monopho Eurotiomycetes

WP 039292016.1-867080-Paenibacillus sp Firmicutes

WP 023320841.1-571-Klebsiella oxytoc Proteobacteria

XP 013429782.1-1043004-Aureobasidium nam Dothideomycetes

XP 004200495.1-559304-Millerozyma farin Saccharomycotina

WP 050969460.1-1313-Streptococcus pne Firmicutes

Seq 2385-45597-yHMPu5000035665 Middelhovenomyces tepae Saccharomycotina

Seq 2482-4918-Pachysolen tannophilus Saccharomycotina

WP 034674956.1-236814-Chryseobacterium BacteroidetesChlorobi

EPH92747.1-1260358-Enterococcus faec Firmicutes

WP 015735231.1-481743-Paenibacillus sp Firmicutes

WP 024485642.1-47917-Serratia fonticol Proteobacteria

GAD91835.1-1356009-Byssochlamys spec Eurotiomycetes

Seq 5205-75733-yHMPu5000034646 Wickerhamiella cacticola Saccharomycotina

WP 066533037.1-32013-Comamonas terrige Proteobacteria

Seq 2717-374461-yHMPu5000035243 Zygoascus meyerae Saccharomycotina

XP 007696517.1-665912-Bipolaris sorokin Dothideomycetes

Seq 4191-1232587-Saprochaete clavata Saccharomycotina

QUERY Wickerhamiella domercqiae Seq 1589

WP 012073264.1-67854-Actinobacillus su Proteobacteria

WP 042363443.1-1288-Staphylococcus xy Firmicutes

WP 055467167.1-29494-Vibrio furnissii Proteobacteria

XP 016216881.1-253628-Verruconis gallop Dothideomycetes

KJK68075.1-1403190-Aspergillus paras Eurotiomycetes

XP 014534329.1-1170230-Penicillium digit Eurotiomycetes

WP 056037745.1-1736234-Paenibacillus sp Firmicutes

ODM20009.1-573508-Aspergillus crist Eurotiomycetes

WP 051878640.1-286-Pseudomonas Proteobacteria

KMK59600.1-1437362-Aspergillus fumig Eurotiomycetes

WP 052004831.1-398555-Lactobacillus com Firmicutes

XP 016619207.1-1442370-Cladophialophora Eurotiomycetes

XP 002793961.1-502779-Paracoccidioides Eurotiomycetes

Seq 3571-44067-yHMPu5000034670 Blastobotrys proliferans Saccharomycotina

WP 073505225.1-61015-Staphylococcus su Firmicutes

XP 013344663.1-1043005-Aureobasidium sub Dothideomycetes

XP 016609925.1-645134-Spizellomyces pun other Fungi

OJD19214.1-1447872-Emmonsia pasteuri Eurotiomycetes

WP 033768475.1-549-Pantoea agglomera Proteobacteria

AGH37331.1-1171377-Bibersteinia treh Proteobacteria

CFQ85065.1-29484-Yersinia frederik Proteobacteria

OJI81850.1-767770-Aspergillus tubin Eurotiomycetes

WP 056998119.1-1614-Lactobacillus fru Firmicutes

KUL84912.1-198730-Talaromyces verru Eurotiomycetes

XP 002565351.1-500485-Penicillium ruben Eurotiomycetes

WP 036631487.1-225917-Paenibacillus mas Firmicutes

Seq 2976-409370-Arxula adeninivorans Saccharomycotina

Seq 3087-1326887-yHMPu5000035654 Tortispora ganteri Saccharomycotina

XP 016233661.1-91928-Exophiala spinife Eurotiomycetes

WP 052165116.1-287-Pseudomonas aerug Proteobacteria

XP 018185850.1-1328760-Xylona heveae TC1 other Pezizomycotina

WP 016912364.1-71237-Staphylococcus vi Firmicutes

Seq 33-49332-yHMPu5000035691 Candida salmanticensis Saccharomycotina

WP 005622520.1-723-Actinobacillus ur Proteobacteria

CDH10030.1-1355161-Zygosaccharomyces Saccharomycotina

WP 018379553.1-55085-Streptococcus tho Firmicutes

WP 056983702.1-1632-Lactobacillus ori Firmicutes

OKL64562.1-1441469-Talaromyces atror Eurotiomycetes

XP 002482020.1-441959-Talaromyces stipi Eurotiomycetes

WP 066802672.1-200413-Moraxella oblonga Proteobacteria

WP 054756121.1-259059-Lactobacillus sat Firmicutes

XP 007581327.1-1287680-Neofusicoccum par Dothideomycetes

WP 061828403.1-1406-Paenibacillus pol Firmicutes

Seq 1439-45509-yHMPu5000035242 Zygoascus ofunaensis Saccharomycotina

WP 047768438.1-47493-Lactobacillus pan Firmicutes

WP 070557698.1-1715020-Enterobacter sp H Proteobacteria

CZT41024.1-38038-Rhynchosporium se Leotiomycetes

OGM45250.1-109264-Aspergillus bomby Eurotiomycetes

XP 016223872.1-212818-Exophiala mesophi Eurotiomycetes

WP 018499251.1-157687-Leptotrichia wade Fusobacteria

GAQ09454.1-293939-Aspergillus lentu Eurotiomycetes

WP 034293590.1-153491-Alysiella crassa Proteobacteria

WP 051685592.1-1449050-Clostridium sp KN Firmicutes

EKG18899.1-1126212-Macrophomina phas Dothideomycetes

WP 042137553.1-1536769-Paenibacillus sp Firmicutes

WP 029195040.1-59839-Paenibacillus alg Firmicutes

Seq 5313-378046-yHMPu5000034674 Blastobotrys muscicola Saccharomycotina

XP 001242720.1-246410-Coccidioides immi Eurotiomycetes

WP 012884105.1-204042-Dickeya zeae Proteobacteria

KRK64617.1-1423811-Lactobacillus tuc Firmicutes

WP 053907943.1-158849-Moellerella wisco Proteobacteria

WP 000431631.1-1280-Staphylococcus au Firmicutes

WP 011241590.1-542-Zymomonas mobilis Proteobacteria

CEL04250.1-454130-Aspergillus calid Eurotiomycetes

CRG87304.1-28573-Talaromyces islan Eurotiomycetes

Seq 3310-1116880-Candida infanticola Saccharomycotina

XP 015402223.1-1509407-Aspergillus nomiu Eurotiomycetes

XP 007688700.1-930090-Bipolaris oryzae Dothideomycetes

XP 012746410.1-658429-Pseudogymnoascus Leotiomycetes

OJD32982.1-236234-Diplodia corticol Dothideomycetes

XP 011111273.1-1284197-Dactylellina hapt other Pezizomycotina

KKK26685.1-308745-Aspergillus rambe Eurotiomycetes

WP 042177066.1-1536773-Paenibacillus sp Firmicutes

WP 034965954.1-1233951-Epilithonimonas s BacteroidetesChlorobi

XP 008078538.1-1116229-Glarea lozoyensis Leotiomycetes

WP 069729979.1-472705-Pantoea conspicua Proteobacteria

Seq 4364-1326888-yHMPu5000035279 Tortispora starmeri Saccharomycotina

OBT77727.1-1622149-Pseudogymnoascus Leotiomycetes

KEQ84633.1-1043002-Aureobasidium pul Dothideomycetes

Seq 1706-1194607-yHMPu5000034660 Diddensiella caesifluorescens Saccharomycotina

XP 014081838.1-665024-Bipolaris maydis Dothideomycetes

KKY22721.1-420778-Diplodia seriata Dothideomycetes

KEQ63939.1-1043003-Aureobasidium mel Dothideomycetes

WP 019520716.1-346665-Moraxella boevrei Proteobacteria

XP 018698107.1-1367422-Fonsecaea erecta Eurotiomycetes

OJJ41750.1-1073089-Aspergillus wenti Eurotiomycetes

CDH58854.1-1263082-Lichtheimia corym other Fungi

XP 007289064.1-1072389-Marssonina brunne Leotiomycetes

WP 006805326.1-157688-Leptotrichia hofs Fusobacteria

WP 069816959.1-246432-Staphylococcus eq Firmicutes

WP 039834017.1-373687-Paenibacillus son Firmicutes

WP 005821916.1-51047-Actinobacillus mi Proteobacteria

WP 054662663.1-381742-Lactobacillus cam Firmicutes

WP 052271585.1-1690502-Pantoea sp CFSAN0 Proteobacteria

KXS94319.1-321146-Mycosphaerella eu Dothideomycetes

GAM36171.1-1472165-Talaromyces cellu Eurotiomycetes

WP 018651139.1-717-Actinobacillus ca Proteobacteria

WP 040080866.1-75985-Mannheimia haemol Proteobacteria

XP 007717421.1-930089-Bipolaris zeicola Dothideomycetes

XP 016603373.1-27334-Penicillium expan Eurotiomycetes

WP 039875681.1-1536772-Paenibacillus sp Firmicutes

WP 029759536.1-851-Fusobacterium nuc Fusobacteria

WP 052283272.1-580-Kluyvera cryocres Proteobacteria

WP 007430567.1-1050222-Paenibacillus sp Firmicutes

WP 074111875.1-1349436-Paenibacillus sp Firmicutes

WP 060531181.1-1616788-Paenibacillus bov Firmicutes

Seq 3707-34364-yHMPu5000035650 Trigonopsis variabilis Saccharomycotina

GAP92479.1-77044-Rosellinia necatr Sordariomycetes

BAE63750.1-510516-Aspergillus oryza Eurotiomycetes

GAA86174.1-1033177-Aspergillus kawac Eurotiomycetes

KFZ14888.1-1420914-Pseudogymnoascus Leotiomycetes

OJJ80640.1-1160497-Aspergillus glauc Eurotiomycetes

WP 053488287.1-1581029-Bacillus sp FJAT Firmicutes

WP 045482265.1-1450694-Bacillus sp TS 2 Firmicutes

WP 042738715.1-1293-Staphylococcus ga Firmicutes

WP 010335037.1-72360-Bacillus mojavens Firmicutes

OJJ48442.1-1073090-Aspergillus zonat Eurotiomycetes

XP 007837105.1-1229662-Pestalotiopsis fi Sordariomycetes

WP 046314529.1-400092-Pontibacter korle BacteroidetesChlorobi

XP 002383709.1-332952-Aspergillus flavu Eurotiomycetes

XP 682070.1-227321-Aspergillus nidul Eurotiomycetes

WP 050546795.1-1589-Lactobacillus pen Firmicutes

OJJ72434.1-767769-Aspergillus brasi Eurotiomycetes

XP 001259728.1-331117-Aspergillus fisch Eurotiomycetes

WP 065360697.1-1776081-Megasphaera sp DI Firmicutes

WP 057914980.1-264697-Bacillus muralis Firmicutes

WP 056948610.1-480930-Lactobacillus odo Firmicutes

WP 050583953.1-1590-Lactobacillus pla Firmicutes

Seq 3748-267478-yHMPu5000034675 Blastobotrys mokoenaii Saccharomycotina

KIN04883.1-913774-Oidiodendron maiu Leotiomycetes

SCU90090.1-1266660-Lachancea dasiens Saccharomycotina

KXG50103.1-5078-Penicillium grise Eurotiomycetes

XP 008714453.1-1220924-Cyphellophora eur Eurotiomycetes

XP 013276367.1-1442369-Rhinocladiella ma Eurotiomycetes

WP 004121120.1-1134687-Klebsiella michig Proteobacteria

XP 002628384.1-559298-Blastomyces gilch Eurotiomycetes

Seq 3003-1173061-Geotrichum candidum Saccharomycotina

WP 014991648.1-716-Actinobacillus su Proteobacteria

XP 001274093.1-344612-Aspergillus clava Eurotiomycetes

Seq 3530-28986-Millerozyma acaciae Saccharomycotina

CZT13931.1-914238-Rhynchosporium ag Leotiomycetes

Seq 5786-933994-yHMPu5000034605 Spencermartinsiella europaea Saccharomycotina

KZZ98157.1-392613-Ascosphaera apis Eurotiomycetes

XP 018733608.1-796027-Sugiyamaella lign Saccharomycotina

WP 074934819.1-37734-Enterococcus cass Firmicutes

WP 048022096.1-412384-Bacillus aryabhat Firmicutes

WP 053393061.1-712357-Leptotrichia sp o Fusobacteria

WP 027073466.1-85402-Mannheimia granul Proteobacteria

WP 010247248.1-697871-Pantoea sp SL1 M5 Proteobacteria

XP 007911561.1-1286976-Phaeoacremonium m Sordariomycetes

Seq 2670-1548389-yHMPu5000034669 Blastobotrys raffinofermentans Saccharomycotina

WP 046514347.1-1455638-Bacillus sp SA1 1 Firmicutes

XP 013314412.1-348802-Exophiala xenobio Eurotiomycetes

WP 002466401.1-1292-Staphylococcus wa Firmicutes

WP 056950813.1-944671-Lactobacillus nas Firmicutes

Seq 2295-1850976-yHMPu5000034681 Blastobotrys americana Saccharomycotina

Seq 2395-27304-Candida versatilis Saccharomycotina

KUM56826.1-48697-Penicillium freii Eurotiomycetes

EYE90320.1-1388766-Aspergillus ruber Eurotiomycetes

XP 013282363.1-1442368-Fonsecaea pedroso Eurotiomycetes

WP 031374877.1-1522060-Pantoea sp 3 5 1 Proteobacteria

WP 057864821.1-179838-Lactobacillus dio Firmicutes

WP 065256517.1-477-Moraxella lacunat Proteobacteria

CZR57170.1-576137-Phialocephala sub Leotiomycetes

Seq 1266-49327-yHMPu5000035244 Candida incommunis Saccharomycotina

WP 052122445.1-505317-Chelonobacter ori Proteobacteria

XP 001215668.1-341663-Aspergillus terre Eurotiomycetes

KIW68332.1-5601-Capronia semi imm Eurotiomycetes

WP 060397969.1-1423-Bacillus subtilis Firmicutes

KGO65295.1-40296-Penicillium itali Eurotiomycetes

WP 037406206.1-1639108-Chania multitudin Proteobacteria

OCL09336.1-574774-Glonium stellatum Dothideomycetes

OCK90085.1-794803-Cenococcum geophi Dothideomycetes

WP 029103473.1-90240-Moraxella caprae Proteobacteria

XP 001391412.1-425011-Aspergillus niger Eurotiomycetes

23

96

100

100

64

77

100

100

99

100

76

93

94

100

98

100

100

85

100

83

40

100

89

98

98

63

99

100

65

100

100

100

100

99

100

80

99

94

66

100

67

99

55

95

87

7047

87

76

100

63

61

26

100

100

94

100

47

68

100

61

47

79

100

100

34

75
85

100

100

97

78

82

100

100

99

97

100

98

100

100

100

42

97

100

95

63

100

58

100

29

100

68

100

51

100

95

98

91

60

95

100

100

100

38

100

50

88

100

100

90

98

100

93

100

42

100

100

97

95

100

100

100

51

100

99

54

78

85

80

58

100

100

100

100

100

13

97

100

83

49

100

98

99

100

100

92

98

99

76

71

66

100

100

82

100

100

79

32

99

99

20

71

92

72

79

95

37

100

100

100

68

85

70

83

100

94

95

86

100

100

34

64

100

97

16

100

100

96

100

100

100

100

78

81

98

100

100

99

99

100

100

100

100

100

56

100

90

100

100

87

100

63

98

100

98

100

100

98

86

100

100

100

53

88

100

57

100

100

34

79

100

100

100

Taxonomy

Saccharomycotina

Other fungi

Bacteria

Other

Tree scale: 0.1



Additional Figure 36. (continued)

Nitronate monooxygenase phylogenyb

SCU82826.1-433476-Lachancea sp CBS Saccharomycotina

Seq 1081-1156965-yHMPu5000035639 Wickerhamomyces canadensis Saccharomycotina

KOM21823.1-268505-Ophiocordyceps un Sordariomycetes

Seq 1750-96499-yHMPu5000035045 Barnettozyma hawaiiensis Saccharomycotina

OCF33541.1-1296120-Kwoniella heveane Basidiomycota

WP 008940910.1-469-Acinetobacter Proteobacteria

WP 062846518.1-1785092-Acinetobacter sp Proteobacteria

XP 016226113.1-212818-Exophiala mesophi Eurotiomycetes

XP 007409278.1-747676-Melampsora larici Basidiomycota

Seq 2876-4924-Scheffersomyces stipitis Saccharomycotina

WP 067864113.1-1805634-Acinetobacter sp Proteobacteria

KFY85461.1-1420911-Pseudogymnoascus Leotiomycetes

ODV79058.1-984487-Candida tanzawaen Saccharomycotina

Seq 4457-273371-Candida orthopsilosis Saccharomycotina

GAV28955.1-4926-Pichia membranifa Saccharomycotina

KOC10261.1-1392242-Aspergillus flavu Eurotiomycetes

Seq 1313-45561-yHMPu5000035031 Candida kruisii Saccharomycotina

XP 011324528.1-229533-Fusarium graminea Sordariomycetes

Seq 2419-46584-yHMPu5000034986 Candida oregonensis Saccharomycotina

Seq 1035-391826-yHMPu5000034990 Candida corydali Saccharomycotina

Seq 4223-4927-Wickerhamomyces anomalus Saccharomycotina

WP 009511199.1-903918-Acinetobacter sp Proteobacteria

Seq 1195-27291-Saccharomyces paradoxus Saccharomycotina

Seq 3516-27304-Candida versatilis Saccharomycotina

ENW03183.1-1217648-Acinetobacter bei Proteobacteria

WP 053578112.1-1646498-Acinetobacter sp Proteobacteria

Seq 3721-36914-Lodderomyces elongisporus Saccharomycotina

XP 014574558.1-1276143-Metarhizium majus Sordariomycetes

WP 023272122.1-1219382-Acinetobacter nec Proteobacteria

GAB01976.1-1071390-Acinetobacter sp Proteobacteria

XP 007736821.1-1182542-Capronia epimyces Eurotiomycetes

WP 019457684.1-651305-Acinetobacter sp Proteobacteria

WP 004786292.1-1217710-Acinetobacter sp Proteobacteria

KIH90867.1-1398154-Sporothrix brasil Sordariomycetes

BAP71381.1-4911-Kluyveromyces mar Saccharomycotina

OBT90538.1-1622148-Pseudogymnoascus Leotiomycetes

WP 004663312.1-1217711-Acinetobacter sp Proteobacteria

WP 034583228.1-1509403-Acinetobacter sp Proteobacteria

OJJ79121.1-1160497-Aspergillus glauc Eurotiomycetes

Seq 2080-27311-yHMPu5000034999 Cephaloascus fragrans Saccharomycotina

XP 018134160.1-342668-Pseudogymnoascus Leotiomycetes

KGQ12487.1-1245745-Beauveria bassian Sordariomycetes

KFY59286.1-1420909-Pseudogymnoascus Leotiomycetes

Seq 2717-487108-yHMPu5000035707 Candida heveicola Saccharomycotina

Seq 2599-268492-yHMPu5000035033 Candida cretensis Saccharomycotina

Seq 2717-374461-yHMPu5000035243 Zygoascus meyerae Saccharomycotina

Seq 1028-45511-yHMPu5000035641 Yamadazyma scolyti Saccharomycotina

SEL87508.1-346222-Acinetobacter sp Proteobacteria

Seq 4752-51656-yHMPu5000034710 Kluyveromyces dobzhanskii Saccharomycotina

Seq 1680-1470396-yHMPu5000034974 Deakozyma indianensis Saccharomycotina

Seq 2278-53646-yHMPu5000034594 Starmera quercuum Saccharomycotina

XP 001827617.1-510516-Aspergillus oryza Eurotiomycetes

Seq 3917-28549-yHMPu5000035296 Priceomyces carsonii Saccharomycotina

WP 049066549.1-1530123-Acinetobacter sei Proteobacteria

ERS01111.1-1397525-Acinetobacter sp Proteobacteria

Seq 2033-1173061-Geotrichum candidum Saccharomycotina

EGC45571.1-544711-Histoplasma capsu Eurotiomycetes

WP 038342009.1-1561217-Acinetobacter sp Proteobacteria

KID86951.1-1276136-Metarhizium guizh Sordariomycetes

WP 054581846.1-1324350-Acinetobacter equ Proteobacteria

WP 005322973.1-1217701-Acinetobacter sp Proteobacteria

WP 064785791.1-471-Acinetobacter cal Proteobacteria

WP 005197857.1-1217692-Acinetobacter sp Proteobacteria

WP 034431192.1-1144669-Acinetobacter sp Proteobacteria

WP 004752401.1-1217714-Acinetobacter sp Proteobacteria

XP 013267482.1-1442369-Rhinocladiella ma Eurotiomycetes

WP 049594498.1-470-Acinetobacter bau Proteobacteria

XP 009254455.1-1028729-Fusarium pseudogr Sordariomycetes

XP 016262854.1-215243-Exophiala oligosp Eurotiomycetes

WP 062034745.1-1795629-Acinetobacter sp Proteobacteria

Seq 1524-54196-Alloascoidea hylecoeti Saccharomycotina

Seq 4987-147331-yHMPu5000035011 Candida pyralidae Saccharomycotina

CEL03751.1-454130-Aspergillus calid Eurotiomycetes

WP 060464834.1-1609919-Acinetobacter sp Proteobacteria

WP 005104368.1-28090-Acinetobacter lwo Proteobacteria

SCU82021.1-1230905-Lachancea miranti Saccharomycotina

ODV64600.1-984485-Hyphopichia burto Saccharomycotina

WP 047426771.1-1561068-Acinetobacter sp Proteobacteria

OJJ55380.1-1036612-Aspergillus sydow Eurotiomycetes

XP 016211895.1-253628-Verruconis gallop Dothideomycetes

Seq 5644-45609-Babjeviella inositovora Saccharomycotina

EUC60571.1-1086054-Rhizoctonia solan Basidiomycota

WP 018677074.1-202955-Acinetobacter tje Proteobacteria

QUERY Kluyveromyces lactis Seq 335

Seq 2614-391823-yHMPu5000041855 Candida ascalaphidarum Saccharomycotina

Seq 2571-53643-yHMPu5000035658 Starmera amethionina Saccharomycotina

OAL23583.1-979981-Fonsecaea multimo Eurotiomycetes

Seq 279-522693-yHMPu5000041824 Debaryomyces subglobosus Saccharomycotina

Seq 767-4903-Cyberlindnera jadinii Saccharomycotina

XP 018286006.1-763407-Phycomyces blakes other Fungi

WP 004861660.1-202952-Acinetobacter ger Proteobacteria

WP 005263131.1-1144662-Acinetobacter sp Proteobacteria

WP 005178872.1-1144671-Acinetobacter sp Proteobacteria

XP 014169207.1-655863-Grosmannia clavig Sordariomycetes

Seq 3282-130808-yHMPu5000041833 Candida tammaniensis Saccharomycotina

WP 004670373.1-40373-Acinetobacter sp Proteobacteria

WP 005231791.1-1217697-Acinetobacter sp Proteobacteria

KXJ89186.1-196109-Microdochium boll Sordariomycetes

WP 067671630.1-1806892-Acinetobacter sp Proteobacteria

KDE08310.1-683840-Microbotryum lych Basidiomycota

Seq 2563-1136883-yHMPu5000035651 Torulaspora microellipsoides Saccharomycotina

KYK58102.1-98403-Drechmeria conios Sordariomycetes

Seq 1952-45354-Candida intermedia Saccharomycotina

Seq 4657-35629-yHMPu5000034881 Torulaspora pretoriensis Saccharomycotina

Seq 3909-1194607-yHMPu5000034660 Diddensiella caesifluorescens Saccharomycotina

Q12723.1-907340-Cyberlindnera sat Saccharomycotina

OHC24748.1-1802006-Pseudomonadales b Proteobacteria

Seq 4685-4934-Lachancea kluyveri Saccharomycotina

KFY32235.1-1420906-Pseudogymnoascus Leotiomycetes

KJK67215.1-1403190-Aspergillus paras Eurotiomycetes

Seq 4497-53647-yHMPu5000035271 Wickerhamomyces bovis Saccharomycotina

WP 004770311.1-1217712-Acinetobacter sp Proteobacteria

SEO27121.1-1761742-Acinetobacter sp Proteobacteria

KZZ95660.1-392613-Ascosphaera apis Eurotiomycetes

WP 034426809.1-1144663-Acinetobacter sp Proteobacteria

Seq 5423-1111081-Scheffersomyces lignosus Saccharomycotina

WP 005184180.1-1217703-Acinetobacter sp Proteobacteria

Seq 4644-27299-yHMPu5000041693 Debaryomyces nepalensis Saccharomycotina

XP 014542530.1-1276141-Metarhizium brunn Sordariomycetes

Seq 2868-58627-yHMPu5000041829 Debaryomyces fabryi Saccharomycotina

WP 039622730.1-1353941-Acinetobacter har Proteobacteria

XP 007817611.1-655844-Metarhizium rober Sordariomycetes

XP 451144.1-284590-Kluyveromyces lac Saccharomycotina

KJK82895.1-1291518-Metarhizium aniso Sordariomycetes

EPE02916.1-1262450-Ophiostoma piceae Sordariomycetes

KXN71385.1-796925-Conidiobolus coro other Fungi

Seq 3091-392264-yHMPu5000035032 Candida gatunensis Saccharomycotina

Seq 4772-46582-yHMPu5000034988 Candida fructus Saccharomycotina

WP 005288231.1-1217698-Acinetobacter sp Proteobacteria

XP 001831241.1-240176-Coprinopsis ciner Basidiomycota

XP 007720643.1-1182541-Capronia coronata Eurotiomycetes

Seq 3010-271357-yHMPu5000041863 Candida gorgasii Saccharomycotina

WP 034169964.1-1501691-Acinetobacter sp Proteobacteria

SAL95908.1-4829-Absidia glauca other Fungi

WP 050040644.1-134533-Acinetobacter par Proteobacteria

OAL30237.1-856822-Fonsecaea nubica Eurotiomycetes

WP 048882267.1-1675902-Acinetobacter sp Proteobacteria

Seq 665-45587-yHMPu5000034643 Candida schatavii Saccharomycotina

CDS14127.1-688394-Lichtheimia ramos other Fungi

EHN03978.1-1095631-Saccharomyces cer Saccharomycotina

XP 007810382.1-655827-Metarhizium acrid Sordariomycetes

EIE77075.1-246409-Rhizopus delemar other Fungi

KXS97476.1-321146-Mycosphaerella eu Dothideomycetes

OAD05203.1-747725-Mucor circinelloi other Fungi

XP 002546748.1-294747-Candida tropicali Saccharomycotina

SDY61141.1-595670-Acinetobacter kyo Proteobacteria

OBT74820.1-1622149-Pseudogymnoascus Leotiomycetes

XP 018221448.1-1080349-Saccharomyces eub Saccharomycotina

WP 069123831.1-48296-Acinetobacter pit Proteobacteria

WP 022575292.1-106654-Acinetobacter nos Proteobacteria

Seq 1780-130814-yHMPu5000035689 Candida mycetangii Saccharomycotina

OFW44779.1-1797234-Acinetobacter sp Proteobacteria

Seq 451-1072105-Lachancea dasiensis Saccharomycotina

Seq 1705-114525-Saccharomyces mikatae Saccharomycotina

WP 070069705.1-1262585-Acinetobacter qin Proteobacteria

WP 005296068.1-1217708-Acinetobacter sp Proteobacteria

WP 034428080.1-1144668-Acinetobacter sp Proteobacteria

WP 004790768.1-520708-Acinetobacter sp Proteobacteria

Seq 421-27297-yHMPu5000041713 Debaryomyces maramus Saccharomycotina

XP 009268701.1-1299270-Wallemia ichthyop Basidiomycota

KIW71820.1-5601-Capronia semi imm Eurotiomycetes

WP 005221699.1-1144661-Acinetobacter sp Proteobacteria

Seq 4085-36036-yHMPu5000034607 Saccharomycopsis capsularis Saccharomycotina

WP 016541252.1-134534-Acinetobacter gyl Proteobacteria

XP 018701805.1-1081104-Isaria fumosorose Sordariomycetes

WP 004693493.1-40214-Acinetobacter joh Proteobacteria

KJY01249.1-1047168-Zymoseptoria brev Dothideomycetes

WP 009393610.1-903915-Acinetobacter sp Proteobacteria

WP 004812543.1-108981-Acinetobacter sch Proteobacteria

Seq 4380-147334-yHMPu5000035018 Candida canberraensis Saccharomycotina

KFY88588.1-1420913-Pseudogymnoascus Leotiomycetes

Seq 4250-340170-Spathaspora passalidarum Saccharomycotina

CCE45318.1-5480-Candida parapsilo Saccharomycotina

XP 006955755.1-671144-Wallemia mellicol Basidiomycota

KFY08009.1-1420902-Pseudogymnoascus Leotiomycetes

WP 070076837.1-1776741-Acinetobacter pro Proteobacteria

Seq 3936-44092-Saccharomycopsis malanga Saccharomycotina

WP 056481404.1-1736269-Acinetobacter sp Proteobacteria

Seq 1543-1774706-Spathaspora hagerdaliae Saccharomycotina

Seq 445-230603-Saccharomyces uvarum Saccharomycotina

WP 005010497.1-202951-Acinetobacter bou Proteobacteria

WP 053469660.1-1661746-Acinetobacter sp Proteobacteria

WP 004831505.1-106648-Acinetobacter ber Proteobacteria

WP 067762088.1-1443941-Acinetobacter gan Proteobacteria

WP 044109670.1-1507807-Acinetobacter sp Proteobacteria

OAA48347.1-1081107-Cordyceps brongni Sordariomycetes

Seq 4451-374178-Candida carpophila Saccharomycotina

Seq 2881-53645-yHMPu5000035046 Barnettozyma populi Saccharomycotina

SDB85125.1-1226327-Acinetobacter koo Proteobacteria

EGA80275.1-764098-Saccharomyces cer Saccharomycotina

WP 005145043.1-1217707-Acinetobacter sp Proteobacteria

Seq 4045-114524-Saccharomyces kudriavzevii Saccharomycotina

OCK92909.1-794803-Cenococcum geophi Dothideomycetes

EME50298.1-675120-Dothistroma septo Dothideomycetes

Seq 1411-36016-yHMPu5000035703 Cyberlindnera americana Saccharomycotina

WP 074947852.1-1435036-Acinetobacter boh Proteobacteria

WP 005158021.1-1217704-Acinetobacter sp Proteobacteria

Seq 3484-54194-yHMPu5000035670 Phaffomyces opuntiae Saccharomycotina

Seq 2929-706196-Saccharomyces arboricola Saccharomycotina

KKA27756.1-72032-Thielaviopsis pun Sordariomycetes

OBS21713.1-36050-Fusarium poae Sordariomycetes

Seq 1842-115786-yHMPu5000035673 Candida orba Saccharomycotina

XP 006674765.1-983644-Cordyceps militar Sordariomycetes

KHN94956.1-1081103-Metarhizium album Sordariomycetes

WP 039047389.1-40215-Acinetobacter jun Proteobacteria

WP 005208215.1-1217702-Acinetobacter sp Proteobacteria

GAN02751.1-91626-Mucor ambiguus other Fungi

KIV78152.1-1016849-Exophiala sideris Eurotiomycetes

Seq 3688-45596-Candida tenuis Saccharomycotina

Seq 800-36028-yHMPu5000035325 Cyberlindnera petersonii Saccharomycotina

XP 007754103.1-1182544-Cladophialophora Eurotiomycetes

CDH53190.1-1263082-Lichtheimia corym other Fungi

CEI92873.1-58291-Rhizopus microspo other Fungi

XP 018032292.1-1460663-Paraphaeosphaeria Dothideomycetes

OAA34242.1-1081105-Metarhizium riley Sordariomycetes

Seq 1332-56415-yHMPu5000034597 Candida stellimalicola Saccharomycotina

XP 018688240.1-1367422-Fonsecaea erecta Eurotiomycetes

KFZ07839.1-1420915-Pseudogymnoascus Leotiomycetes

WP 049175246.1-108980-Acinetobacter urs Proteobacteria

WP 004652056.1-1217713-Acinetobacter sp Proteobacteria

WP 045794888.1-756892-Acinetobacter ind Proteobacteria

XP 018176801.1-33203-Purpureocillium l Sordariomycetes

Seq 3022-52254-yHMPu5000035302 Candida fragi Saccharomycotina

WP 016166707.1-202954-Acinetobacter tan Proteobacteria

Seq 710-166050-yHMPu5000034865 Zygosaccharomyces kombuchaensis Saccharomycotina

Seq 3416-979894-Spathaspora arborariae Saccharomycotina

WP 035265516.1-466088-Acinetobacter sp Proteobacteria

OAA70201.1-1081108-Cordyceps confrag Sordariomycetes

WP 033133381.1-1513354-Acinetobacter sp Proteobacteria

KIK64298.1-944289-Gymnopus luxurian Basidiomycota

Seq 4420-29831-Lachancea cidri Saccharomycotina

Seq 2889-45501-yHMPu5000035297 Priceomyces castillae Saccharomycotina

WP 026094041.1-52133-Acinetobacter ven Proteobacteria

OCF73297.1-1296123-Kwoniella mangrov Basidiomycota

OBT52556.1-1622150-Pseudogymnoascus Leotiomycetes

XP 009152338.1-858893-Exophiala dermati Eurotiomycetes

EDK39397.2-294746-Meyerozyma guilli Saccharomycotina

CEJ89752.1-1531966-Torrubiella hemip Sordariomycetes

Seq 359-121466-yHMPu5000035667 Kurtzmaniella cleridarum Saccharomycotina

WP 004948584.1-487316-Acinetobacter sol Proteobacteria

Seq 4234-300276-Lachancea meyersii Saccharomycotina

WP 005406528.1-40216-Acinetobacter rad Proteobacteria

Seq 910-1774708-Spathaspora girioi Saccharomycotina

WP 005217723.1-1217705-Acinetobacter sp Proteobacteria

GAO16493.1-1159556-Ustilaginoidea vi Sordariomycetes

WP 008305410.1-1173062-Acinetobacter sp Proteobacteria

Seq 5059-148098-yHMPu5000041678 Debaryomyces prosopidis Saccharomycotina

WP 005307419.1-1217688-Acinetobacter sp Proteobacteria

OCT46058.1-86049-Cladophialophora Eurotiomycetes

WP 004973046.1-202956-Acinetobacter tow Proteobacteria

CDF88714.1-1333698-Zygosaccharomyces Saccharomycotina

WP 005259028.1-1217706-Acinetobacter sp Proteobacteria

WP 046759565.1-1646532-Acinetobacter sp Proteobacteria

WP 005171319.1-1217709-Acinetobacter sp Proteobacteria

WP 067729452.1-1608473-Acinetobacter sp Proteobacteria

WP 004801407.1-1144672-Acinetobacter sp Proteobacteria

OBZ86834.1-101091-Choanephora cucur other Fungi

KPA45907.1-179993-Fusarium langseth Sordariomycetes

WP 005269820.1-1217695-Acinetobacter sp Proteobacteria

XP 011274874.1-1041607-Wickerhamomyces c Saccharomycotina

CCE29083.1-1111077-Claviceps purpure Sordariomycetes

XP 016606832.1-645134-Spizellomyces pun other Fungi

Seq 2202-5488-yHMPu5000035286 Candida azyma Saccharomycotina

KXT09936.1-113226-Pseudocercospora Dothideomycetes

XP 016237814.1-91928-Exophiala spinife Eurotiomycetes

XP 001911014.1-515849-Podospora anserin Sordariomycetes

Seq 2129-66948-yHMPu5000035662 Meyerozyma caribbica Saccharomycotina

KXS22190.1-1344416-Gonapodya prolife other Fungi

XP 014177130.1-1186058-Trichosporon asah Basidiomycota

CDR40452.1-36022-Cyberlindnera fab Saccharomycotina

EMG47560.1-1245528-Candida maltosa X Saccharomycotina

XP 013256262.1-1182545-Exophiala aquamar Eurotiomycetes

KFY34228.1-1420907-Pseudogymnoascus Leotiomycetes

WP 042874207.1-29430-Acinetobacter hae Proteobacteria

XP 013286791.1-1442368-Fonsecaea pedroso Eurotiomycetes

XP 018142459.1-1380566-Pochonia chlamydo Sordariomycetes

WP 032012242.1-1310790-Acinetobacter sp Proteobacteria

Seq 2769-45502-Priceomyces haplophilus Saccharomycotina

Seq 3845-45506-yHMPu5000035252 Yamadazyma nakazawae Saccharomycotina

WP 045793095.1-396323-Acinetobacter bri Proteobacteria

Seq 331-54046-yHMPu5000035672 Phaffomyces thermotolerans Saccharomycotina

KZZ96598.1-1081109-Aschersonia aleyr Sordariomycetes

CEP09583.1-35722-Parasitella paras other Fungi

XP 002498653.1-4956-Zygosaccharomyces Saccharomycotina

OBT43476.1-1622147-Pseudogymnoascus Leotiomycetes

WP 016656970.1-632955-Acinetobacter rud Proteobacteria

KQC42839.1-252598-Saccharomyces sp Saccharomycotina

XP 016586450.1-1397361-Sporothrix schenc Sordariomycetes

Seq 3156-304220-yHMPu5000034632 Candida athensensis Saccharomycotina

WP 067723434.1-1805632-Acinetobacter sp Proteobacteria

WP 016651657.1-1217696-Acinetobacter sp Proteobacteria

XP 016761785.1-692275-Sphaerulina musiv Dothideomycetes

ENU85017.1-1144664-Acinetobacter sp Proteobacteria

Seq 4930-36038-yHMPu5000035044 Barnettozyma californica Saccharomycotina

SDB85178.1-281376-Acinetobacter seo Proteobacteria

WP 019836704.1-1209355-Acinetobacter sp Proteobacteria

XP 456573.1-284592-Debaryomyces hans Saccharomycotina

WP 013197110.1-1148157-Acinetobacter ole Proteobacteria

XP 011123617.1-756982-Arthrobotrys olig other Pezizomycotina

Seq 2298-1337058-yHMPu5000035048 Barnettozyma salicaria Saccharomycotina

WP 046739762.1-348388-Acinetobacter sp Proteobacteria
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Additional Figure 37. Examination of the 878 horizontally acquired genes using the Approximately Unbiased (AU) 
test of phylogenetic tree selection. To assess whether the topology inferred by the unconstrained maximum likelihood 
(ML) gene tree (i.e., the tree with the highest ML score, which shows that the horizontally acquired budding yeast gene was 
nested within a clade of non-fungal donor genes) was statistically significantly different from a constrained ML tree in 
which all fungal and yeast genes were forced to be monophyletic, we performed the AU test. The gene trees of 33 of the 
878 (4%) horizontally acquired genes did not contain any other fungal sequences and could not be tested. From the 
remaining 845 horizontally acquired genes, the gene trees of 616 (~73%) were significantly different from the constrained 
ML trees (p-value <0.05) and 229 (~ 27%) were not. The percentage of HGT-acquired genes supported by the AU test in 
our study is very similar to the percentage of significantly supported genes identified in previous studies in budding yeasts 
(15 / 21 or ~71%; Table S3). 
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Additional Figure 38. Time of origin and sequence divergence of the 878 genes that were horizontally acquired in 
budding yeasts. The identification of the 365 events that gave rise to the 878 HGT-acquired genes coupled with the 
generation of a robust timetree for the budding yeast subphylum enabled us to time the origin of each HGT event in the 
budding yeast phylogeny. (A) Distribution of 365 HGT events over evolutionary time. (B) Distribution of sequence 
identities between the protein sequence of each of the 878 HGT-acquired budding yeast protein sequences and the protein 
sequence of their closest non-fungal donor.
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Additional Figure 39. Gene overlap between genes inferred to have been horizontally acquired by budding yeasts when using two 
different thresholds in the workflow of HGT identification. (a) The overlap between the 1,806 genes identified as HGT candidates using 
the cutoffs of AI score ≥ 0.1 and outg_pct ≥ 90%, and the 1,806 genes identified as HGT candidates because they had the highest AI scores 
for the cutoff outg_pct ≥ 10%. The two lists of candidates shared 1,030 / 1,806 genes (or 57%), suggesting that the implementation of a strict 
outg_pct cutoff (i.e., the percentage of non-fungal species in the list of the top 300 BLAST hits that have different taxonomic species names) 
did not greatly influence the identification of top HGT candidates. (b) Among the set of 878 strongly supported cases of HGT identified in 
our study, the gene overlap between the two sets shown in panel (a) was even greater (605 /878 or 69%).
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Additional Figure 40. Distribution of sequence lengths of genomic contigs used to examine the incidence of 878 
horizontally acquired genes in the budding yeast subphylum. We investigated a total of 8,792 contigs with sequence 
lengths ≥ 100 kb from 329 yeast genomes; of these, 480 contigs contain one or more horizontally acquired genes, whereas 
the remaining 8,312 contigs do not contain any genes that were acquired via HGT. (A) Distributions of sequence lengths of 
genomic contigs based on whether they contain HGT-acquired genes. The green distribution is that of sequence lengths of 
contigs that contain HGT-acquired genes, and the orange distribution is that of sequence lengths of contigs that do not 
contain HGT-acquired genes. (B) We used different cutoff values of contig sequence length (from ≥ 100 kb to ≥ 1,500 kb 
with steps of 100 kb) to create 15 different bins of contigs. For each bin, we then calculated the percentage of 
HGT-acquired genes over total number of genes examined. We find that increasing the cutoff value increases the 
percentage of horizontally acquired genes. (C) For each contig bin, we calculated the number of HGT events and their 
average age (MYA: million years ago).
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Additional Figure 41. Comparisons of the percentage of horizontally acquired genes found in different subsets of 
budding yeast genomes. Examination of the 1,538,912 genes present in 8,792 genomic contigs with sequence lengths ≥ 
100 kb led to the identification of 878 HGT-acquired genes. (A) Comparison of the number of HGT-acquired genes present 
in the 217 newly sequenced genomes versus the number present in the 112 publicly available genomes did not identify a 
significant difference (based on Fisher’s exact test). (B) Comparison of the number of HGT-acquired genes present in the 
164 genomes with the highest N50 values (i.e., the contig or scaffold value above which 50% of the total length of the 
sequence assembly can be found) versus the number present in the 165 genomes with the lowest N50 values was 
significantly different (based on Fisher’s exact test), with genomes with higher N50 values containing higher numbers of 
HGT-acquired genes . Note that each one of the percentage values reported is scaled for the total number of genes 
examined.
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