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Extended DataFig. 8| Ty5 cluster centromeresinSaccharomycotinaand
overview of conservation of centromere-linked genes. (a) Survey of Ty5
elements from species with complete genome assemblies. Presence and
absence of Ty5 elements, with the total copy number and genomic distributions
areplotted. See methods for TySidentification. (b-f) Identity heat maps
between putative centromeric regions for the indicated species. Repetitive
sequences correspond to Ty5 elements and Ty5 LTRs. Identity heat maps were
made using the ModDotPlot visualization tool or as for Sa. ludwigiiin the YASS

DNA local alignment program. (g-m) Relative genomic distance of genes
from centromeres grouped by the individual CEN-ALGs compared across
orders. CEN8-ALG was notanalyzed asitis not conserved between the
Saccharomycodales and Saccharomycetales yeasts. Each dot represents
asinglegeneanditsrelative distance fromits nearest centromere. Numbers
in parenthesesindicate the number of species analyzed from each order.

(n) Relative genomic distance analysis of all CEN-ALGs, with the addition
ofthe outgroup order Dipodascales.
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Extended DataFig. 9 |Sequence similarities of Saccharomycodes core
centromeres and Ty5 LTRs. (a) Analysis overview. 975 Ty5LTRs were used as
theinput to AME (Analysis of Motif Enrichment) against the YEASTRACT motif
database. CDEland CDEIlIl motifs are shown for reference. (b) Results of AME
analysis broken down by the class of trans factor whose motifare enrichedin
Saccharomycotina Ty5 LTRs. Example motifs of zinc cluster proteins and bHLH
areshown. Below each are the g-values and the percentage of yeast LTRs that
have the indicated motif. (c) K-mer (k =40) similarity between Sa. ludwigii CEN2
region.K-mersare colored by percentidentity. (d) K-merenrichment between
Sa. ludwigiicore centromeres and TySLTRs from the centromeric CEN2region.

Ascoideales
LTRs

K-merswith significant enrichmentare plotted as afunction of the ratio of the
observed vs. expected counts and are colored by the FDR-adjusted g-values.
(e) Alignment between centromeric CEN2 Ty5 LTRs of the Japanese Sa. ludwigii
strain,and aregionspanningthe upstream LTR and half of the core centromeric
region of CEN2from the South African strain. (f) Dot plot alignment of CEN7
regionbetween Sa. ludwigii and Sa. pseudoludwigii. Ty5 remnant DNA is marked
by thestriped, brown bars. (g) Alignment between the core centromere from
Sa. ludwigii CEN7 and LTR cluster from Sa. pseudoludwigii CEN7. (h) Maximum
likelihood phylogeny of a profile-profile based alignment of yeast Ty5SLTRs and
Sa. ludwigii CDElIls.
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Extended DataFig.10|See next page for caption.



Extended DataFig.10|Presence-and-absence analysis of theindicated
proteinsacross 1,154 genomes. (a) Detailed view of presence and absence of
key genes asshowninFig.4.Inferred Mis18loss events are highlighted by ablue
star. (b) Zoomed inview of the Lipomycetales, showing the conservation of
canonical RNAi-dependent heterochromatin factors. (c) Overview of 2 L Repl
and Rep2 presence and absence analysisin Saccharomycotina -2 pproteins are
only found in Saccharomycetales. The most parsimoniousinterpretationis
that CTF13and the ancestor of proto-point and point centromeres evolved

before 2 pinvasion. (d) Evidence of Ndc10-Scm3 interaction in non-
Saccharomycodales and non-Saccharomycetales species. Left; alignments

of Ndc10 domain 1V (Scm3 interaction domain®) and the interacting region

of Scm3 (positions 1-28), positions are given-relative to the sequence of

S. cerevisiae.Right; predicted aligned error (PAE) of the AlphaFold3 interaction
model of Ndc10"-Scm3'2%, iPTM scores and divergence times? from S. cerevisiae
areshown.
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in the Sequence Read Archive (SRA) and are available under the BioProject ID PRINA961205 with accessions SRR32695949-SRR32695985, SRR36083336—
SRR36083338, SRR36267482—-SRR36267484. Assembled genomes are available under the BioProject ID PRINA961205 with accession JBNIMKO0O0O000000,
JBNIMLO0O0000000, JBNIMMO00000000, JBSZQVO00000000, JBSZQW000000000, JBSZQX000000000. Processed MNase and ChIP sequencing data are available at
the Gene Expression Omnibus (GEO) accession GSE294411. Genome sequences were downloaded from NCBI and the accessions are listed in Supplementary Data 7.
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replicates were performed. For Cse4 ChIP a single replicate was performed for each strain, as centromere positions are independently
validated by HiC.

Data exclusions  No data were excluded

Replication All strains were grow in the same batch of media and at the same conditions for each given analysis (e.g., RNA, DNA, ChIP, or MNase
sequencing). For RNA sequencing three biologically independent clones were analyzed, for MNase sequencing two biological clones were
analyzed. All replicates agreed with each other. For yeast growth assays at least three biological replicates were performed, with consistent
results. For movies we performed three independent acquisitions with biologically independent transformants, with consistent behavor.

Randomization  Randomization is not relevant to the growth, microscopy, and sequencing assays used here. All strains used in assays were of the same
genetic background and origin. For comparative and phylogenetic analyses comparisons involved different species, for which randomization is
not applicable.

Blinding Blinding was not done during data collection as all samples were assayed with the same experimental conditions. Blinding was not done
during data analysis as sequencing files contained sample identifiers, and the data were mapped to custom reference sequences relevant to
each sample type. Additionally, experiments and analyses were performed by a single investigator who designed the experimental groups and
treatments.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies |:| ChiIP-seq

|Z Eukaryotic cell lines |:| Flow cytometry

|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

|:| Animals and other organisms
[] clinical data

|:| Dual use research of concern

[] Plants

XX XXX 0] &

Antibodies
Antibodies used ChromoTek mNeonGreen-Trap Magnetic Agarose beads were used to immunoprecipitation of mNeonGreen Tagged Cse4
nucleosomes. These beads contain an anti-mNeonGreen Nanobody conjugated to magnetic agarose beads.
Validation ChromoTek mNeonGreen VHH, recombinant binding protein (ChromoTek Cat# nt-250, RRID:AB_2827558)

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Fungal cultures were obtained from the ARS Culture Collection (USDA)
Authentication Genomes were sequenced
Mycoplasma contamination N/A

Commonly misidentified lines  n/a
(See ICLAC register)

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atuthentication-procedures foreachseed stock- tised-ornovel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.

ChlP-seq

Data deposition

|Z| Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|Z| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE294411
May remain private before publication.  https://www.ncbi.nlm.nih.gov/bioproject/?term=PRINA961205

Files in database submission GEO:
GSM8905036 Cse4-mNG ChlIP tagged sample
GSM8905037 Cse4-mNG ChIP untagged sample
GSM8905038 Mnase-seq repl
GSM8905039 Mnase-seq rep2
SRR32695976 RNAseq of H. uvarum: episomal vector CEN7 bio2
SRR32695984 RNAseq of H. uvarum

SRR32695983 RNAseq of H. uvarum: episomal vector CEN1 biol
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Genome browser session
(e.g. UCSC)

SRR32695980 RNAseq of H. uvarum: episomal vector CEN4 biol
SRR32695981 RNAseq of H. uvarum: episomal vector CEN1 bio3

SRR32695985 Nanopore WGS of H. uvarum
SRR32695978 RNAseq of H. uvarum: episomal vector CEN4 bio3

SRR32695975 RNAseq of H. uvarum: episomal vector CEN7 bio3

SRR32695982 RNAseq of H. uvarum: episomal vector CEN1 bio2

SRR32695977 RNAseq of H. uvarum: episomal vector CEN7 biol

SRR32695971 HiC of H. occidentalis var. occidentalis

SRR32695968 HiC of H. vineae

SRR32695972 RNAseq of H. occidentalis var. occidentalis

SRR32695969 RNAseq of H. vineae

SRR32695965 WGS of H. uvarum: episomal vector bio3

SRR32695970 Nanopore WGS of H. vineae

SRR32695974 Nanopore WGS of H. occidentalis var. occidentalis
SRR32695967 WGS of H. uvarum: episomal vector biol

SRR32695966 WGS of H. uvarum: episomal vector bio2

SRR32695963 WGS of H. uvarum: episomal vector CEN1 bio2

SRR32695973 HiC of H. uvarum

SRR32695964 WGS of H. uvarum: episomal vector CEN1 biol

SRR32695955 WGS of H. uvarum: episomal vector CEN7 bio3

SRR32695959 WGS of H. uvarum: episomal vector CEN4 bio2

SRR32695961 WGS of H. uvarum: episomal vector CEN1 bio3

SRR32695954 Mnase-seq of H. uvarum-10U

SRR32695962 Mnase-seq of H. uvarum-1U

SRR32695957 WGS of H. uvarum: episomal vector CEN7 biol

SRR32695958 WGS of H. uvarum: episomal vector CEN4 bio3

SRR32695960 WGS of H. uvarum: episomal vector CEN4 biol

SRR32695956 WGS of H. uvarum: episomal vector CEN7 bio2

SRR32695952 ChlIPseq of H. uvarum: Cse4-mNG

SRR32695949 RNAseq of H. uvarum: episomal vector bio3

SRR32695953 ChlIPseq of H. uvarum: Cse4-WT

SRR32695951 RNAseq of H. uvarum: episomal vector biol

SRR32695950 RNAseq of H. uvarum: episomal vector bio2

SRR36267484 lllumina sequencing of Saccharomycodes pseudoludwigii CBS 12643
SRR36267483 lllumina sequencing of Saccharomycodes pseudoludwigii CBS 12644
SRR36267482 lllumina sequencing of Saccharomycodes pseudoludwigii CBS 12645
SRR36083336 ONT sequencing of Saccharomycodes pseudoludwigii CBS 12645

SRR36083337 ONT sequencing of Saccharomycodes pseudoludwigii CBS 12644
SSRR36083338 ONT sequencing of Saccharomycodes pseudoludwigii CBS 12643
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Methodology

Replicates

Sequencing depth

Antibodies

Peak calling parameters

Data quality

Software

MNase mononucleosome maps were done in duplicate. Each Cse4 ChIP experiment (Untagged/tagged) was performed in single as
they were confirmatory data of HiC and Genome synteny data that identified putative centromeres.

H_uvarum_Cse4-ChIP-mNG: total mapped reads: 11,078,906 Mapped: 9,198,483 Unique mappers: 4,648,240 Average length: 74bp
H_uvarum_Cse4-ChIP-WT: total mapped reads: 10,200,996 Mapped: 8,503,373 Unique mappers: 4,317,728 Average length: 74bp
H_uvarum_MNase10U: total mapped reads: 2,716,892 Mapped: 2,689,379 Unique mappers: 1,352,714 Average length: 77bp
H_uvarum_MNase1U: total mapped reads: 13,595,874 Mapped: 13,510,647 Unique mappers: 6,776,105 Average length: 77bp

ChromoTek mNeonGreen VHH, recombinant binding protein (ChromoTek Cat# nt-250, RRID:AB_2827558)

Mononucleosomes were called using the DANPOS v2 program. Cse4 nucleosome dyads were called using deepTools (v3.5.2) using
the function “bamCoverage —Mnase”.

mononucleosomes were called based on minimum occupancy (-q 25) with default false discovery rate (FDR) performed. Cse4 dyads
were called using deeptools -bamCoverage -Mnase.

Read mapping: BWA
Nucleosome calling: danpos.py dpos SSAMPLE.bam$ -m 1 -u 1e-5 -q 25 -0 SOUT.bw$
Dyads: bamcoverage -b SSAMPLE.bam$ -0 SOUT.bw$ --normalizeUsing CPM -bs 1 --MNase
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