B

= = = = = e e e e e e e e e e e e e e e e e e e e e e e = = = =

aN al

a2

™~

a3

A. nidulans-H3-6001

C. albicans-H3-54966

C. neoformans-H3-1057
N. crassa-H3-3370

S. cerevisiae-H3-253

S. pombe-H3-1974

U. maydis-H3-9945

E intestinalis-1676

E intestinalis-780

B. meristosporus-314471

B. meristosporus-317396
% . lactiflua-133693

R. allomycis-3849

C coronatus-37182

C coronatus18113-92165

C anguillulae-1426862

ARKAV -

KSKPS -
- -- ~KRVFVPPR-

KNTLNAVTA
RKPSNPPIS

SSSAVP rrrrr

APASGG- - - GA

SRRTYG- - - VK

SRPQHP- -

----- GLKR
-LGKAQ
-MRTRRQ- -

% /. flammicoronaGMNB39-141725
% /. lactiflua-128627
% /. lactiflua-132921
% /. flammicoronahD002-480173
% /. flammicoronaGMNB39-145851
% Endogone sp.-95666
A. macrogynus-4813
S. cerevisiae-3787
C coronatus-23615 -
S. pombe-3799 -
M. verticillata-299 -
M. elongata-88493 -
R. allomycis-4130 -
S. fuscata-447048 -
C albicans57386 -
R. irregularis383834 -

------ -KHPGIGRKTPR----KTAPR- - -
KHPGVGSKTPR----KTAPR- - -
----AQKLK-KAATTP----AKAKKTPV-
-AQKLK-KAATTP----AKAKKTPV-

----- AQKLKAKALPTTSQGASKADAVSG-
ARTTKPKGMAPRIRPAGAAA AAASQPSTQASTAASTPS- - - - - - KTVPAAK-
MSSKQQWVSSA \QSDSSGRSLSNVNRLAGDQQS|NDRALSLLQRTRATKNLFPRREERRRVESS rrrrrr KSDLDIE-
MPPKDDKVTRR- - - -

------- MAKKS - LM

rrrrrrr MVKQPAGKQP - - - -

ARLSSDNRGGQGSSRTSAKTT
MS- - RGGPNSTKT
VRETSTASAGKSYV
ARLSGQSSGRQTGQGTSAEA IRQQREELRRQRELRLQQQQQAERQQQRQQYRTEQS
MNL K= = s m s e s s os e e RIVKRKLATS

R. irregularis-413112 - MARQPRTTSTTS - - -« ------- - --PGTRVAKRRLATV------ KKLPR- - -
K. alabastrina-183796 APGGSVPSRARRGGGPFR- - AKLARKT IPHSQSST- - - - - - NTPEKRS -
A. nidulans-4600 -MPPKGRKPSSAATAGTGS - - - - -SKATSAKTTST------ TTSGASP-
N. crassa-4436 - ---KGGVTK- - - ----SKAVSKKAAAV- - - - - - PTPKATP-
B. dendrobatidis-25278 s R R MV- - EGVFQAI -
S, punctatus-421 VRTTPVKTPTRS - B I KAPVKRTPAT- - - - - - KGKLAKK-
B. meristosporus-358794 ARTKHTNQRPMLAAKSTrrr - -KKFSSKSIQ-T------ PTKSTSK-
B. meristosporus-285929 - TRTKH-NQKSNLAAKSS - - - R R ----KKTVPKPIQRT----- - SPRTS I K-
U. maydis-12783 s MASRARPSLADTSYPESTTYAETYEEASYASS - --SEGGGSAMLSRRAPSILSGIS------ RRRFEEY -

C. anguillulae-1500094 -
C. neoformans-59 - - -

PKARRTVQS - - - - - - PKKSVGG-
EGSRKTKNT------ ARKSTGG-

IARTKTTAS-ASPRTSTT---
ARTVTSPSRGGGRSSIG- - -

-GSGLARRGKIL------ AKGSKFRGGSARGPTPPIRRRPSSDDEDEEGTNSEQGSTTQS ITQTPPIGKSKPGEP -

RSRAGDP -
-GAGNPA -
-VRES -
TFTPTSGKSPSKRITI

ANRTRPGDP- - -
-PAASGSKTTPTGKSRPGDP- - -

KVTKSSRTLGSKALASASVSKSKGSKRPPTAPSDDQSS 1QPGDP- - -
PGRRKSR ---ASSVQPGDP -
----NFPDSSQP-
----SSSRTAPP-
-TLPGTRHP-

<. -SMPEPSLS-
----KGPATGAA -
----KAPRHSGD-

SSRYSQFGIYRNQPGDVVDTLASSLPRRTTTTRP-

-TRRPTRGGKTTPRLSTAARS -

----TTPKTKRTPAK-

- ITKKPHR- -
-- -VRKPHR- - -
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr - -VRKPHR- - -

PGDPITPKKPKR- - -
PGDPIAPKKPRR- - -
-ASDEAPPTPKRK- - -

- IVR-TKKR- - - -
- IPRPRKKR- - - -
- IAPARGHR- - - -
-AAAAAKGRR- - -
- IAPEKKHRR- - -
AAKAKQPAKRRR- - -
-EVNRTVPRVKKR- - -
--IRPIKPRR- - - -
- - IRPQKPRR- - - -
-TAVASPSRQKRK- - -
- -TPKGRRHR- - - -
-VPQGKKRR- - - -
---KQTR--R---
---PPPRPHR- - -
RTPGTTKTRR- - -
-STRTPGTTKTRR- - -
- - -NVGQKKR- - -
EKVRAMLKQPGA -
-PKSPAGPKK- - - -

C 64 69Q 7‘27 72- 72- 72- 72R 80- 80- 84F
A. nidulans-H3-6001
C. albicans-H3-54966
C. neoformans-H3-1057
N. crassa-H3-3370
S. cerevisiae-H3-253
5. pombe-H3-1974
U. maydis-H3-9945
E. intestinalis-1676
E. intestinalis-780
B. meristosporus-314471
B. meristosporus-317396
% /. lactiflua-133693
R. allomycis-3849
C. coronatus-37182
C. coronatus-18113-92165
C. anguillulae-1426862
% /. flammicoronaGMNB39-141725
% /. lactiflua-128627
% /. lactiflua-132921
% /. flammicoronahD002-480173
% /. flammicoronaGMNB39-145851
% Endogone sp.-95666
A. macrogynus-4813
S. cerevisiae-3787
C. coronatus-23615
S. pombe-3799
M. verticillata-299
M. elongata-88493
R. allomycis-4130
S. fuscata-447048
C. albicans-57386
R. irregularis-383834
R. irregularis-413112
K. alabastrina-183796
A. nidulans-4600
N. crassa-4436
B. dendrobatidis-25278
S. punctatus-421
B. meristosporus-358794
B. meristosporus-285929
U. maydis-12783
C. anguillulae-1500094
C. neoformans-59

TEGIERETMSS -
AQEFVTGEFAT- -
AQEFVTGEFAT-

VRGEGRTARDILFDEMVGYQTK(VLPPRRLNASPFFPQVK
G- THLLGWVWLRSVAGQMVGYQTKCVLPPRRLNASPFFPQVK|
LLVVAEFFGHD- - - ERGHG-

SLDFVGPSYG- - -
ALEILGPRTD- - -

ASEYVLG-EFSQDQVG
AAEYVLG-EFSQEQVG
ANDFVTSYEHGEYGSG

D 126 132R 136- E

A. nidulans-H3-6001

C. albicans-H3-54966

C. neoformans-H3-1057

N. crassa-H3-3370

S. cerevisiae-H3-253

S. pombe-H3-1974

U. maydis-H3-9945

E. intestinalis-1676

E. intestinalis-780

B. meristosporus-314471

B. meristosporus-317396
% /. lactiflua-133693

R allomycis-3849

C. coronatus-37182

C. coronatus-18113-92165

C. anguillulae-1426862
% /. flammicoronaGMNB39-141725
% /. lactiflua-128627
% /. lactiflua-132921
% J. flammicoronahD002-480173
% /. flammicoronaGMNB39-145851
% £Endogone sp.-95666

A. macrogynus-4813

S. cerevisiae-3787

C. coronatus-23615

S. pombe-3799

M. verticillata-299

M. elongata-88493

R. allomycis-4130

S. fuscata-447048

C. albicans-57386

R. irregularis-383834

R. irregularis-413112

K. alabastrina-183796

A. nidulans-4600

N. crassa-4436

B. dendrobatidis-25278

S. punctatus-421

B. meristosporus-358794

B. meristosporus-285929

U. maydis-12783

C. anguillulae-1500094

C. neoformans-59

Treescale: 0.02 —

Hl i MNB39-141725%

R. allomycis-3849

C. anguillulae-1500094
Endogone sp.-95666
C. neoformans-59

M. elongata-88493

C. anguillulae-1426862
U. maydis-12783

K. alabastrina-183796
S. cerevisiae-3787

A. macrogynus-4813
C. albicans-57386

S. fuscata-447048

R. allomycis-4130

M. verticillata-299

S. pombe-3799

C. coronatus-23615

N. crassa-4436

A. nidulans-4600

B. meristosporus-285929
B. meristosporus-358794
S. punctatus-421

B. dendrobatidis-25278

*

J. flammicoronaGMNB39-145851 %
J. flammicoronaAD002-480173 4

E. intestinalis-780

E. intestinalis-1676

C. coronatus-37182

C. coronatus-18113-92165
R. irregularis-413112

R. irregularis-383834

J. lactiflua-133693

J. lactiflua-132921

J. lactiflua-128627

B. meristosporus-317396
B. meristosporus-314471
C. neoformans-H3-1057
U. maydis-H3-9945

S. cerevisiae-H3-253

S. pombe-H3-1974

C. albicans-H3-54966

N. crassa-H3-3370

A. nidulans-H3-6001

% X



Figure S1. Mucorales and Umbelopsidales lack CENP-A. Related to Figure 1. (A)
Schematic of canonical histone H3 and CENP-A shared protein features. (B-D) Multiple
protein sequence alignments of the N-tail (B), Loop 1 (C), and C-terminal (D) regions.
The scale above the comparisons indicates the amino acid positions with S. pombe
sequence as the reference. Red arrows mark relevant amino acid positions. Amino acids
are colored in increasing shades of blue to show conservation within each group. (E)
Neighbor-joining phylogenetic tree (JTT model) of the Histone Folding Domain (HFD),
showing phylogenetic distance (branch length) and branch support (1000 bootstraps).
Branches with < 50% bootstrap support are collapsed. The protein sequences analyzed in
B to E are distributed among three groups: well-studied histone H3 (yellow), rare histone
H3 (blue), and the predicted CENP-A proteins in this study (red). Asterisks (*) indicate

proteins from the Mucoromycotina.
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Figure S2. M. circinelloides histones H3 and H4 are not centromere-specific binding
proteins. Related to Figure 2. (A) Location of all the histone H2A, H2B, H3, and H4-
coding genes in the M. circinelloides genome. Genes are represented by arrows showing
transcription direction; the coding sequence is depicted as larger red blocks, flanked by
smaller blue blocks representing the untranslated regions, and connected by black lines
as intronic sequences. Light-gray arrows indicate neighboring non-histone genes and their
transcription direction. (B, C) Protein alignment of several well-characterized H3 (B) and
H4 (C) histones with M. circinelloides orthologs. A scale indicates the amino acid
positions taking S. pombe sequence as the reference. Histone fold domains (HFD) are
outlined in a diagram below each alignment, as well as the N-terminal tail. Amino acids
are colored in increasing shades of blue and a consensus protein logo is provided to reflect
conservation. (D) Confocal microscopy images of M. circinelloides strains expressing
eGFP-fluorescent fusion histone proteins Hht4, Hhfl, and Hhf3 in 4-hour pregerminated
spores. The fluorescent signal is colored as green. A calibrated scale (white bar) is

provided for size comparison (5 pm).



A hhta-eGFP B

hht4-Ext-R

MU MU MU M
837 838 839 (kb)

MU MU MU MU MU MU MU MU M
851 852 853 854 855 856 857 858 (kb)

WT

=
N W s OO

75 s e ) - e w

(MUT) ey .
35 _, - Poeew . - ww
—

(WT) —

D cnpT-eGFP E

cnpT-Ext-F ‘\\:\.:\‘*—.;_ /.—/"‘—V‘ ’
-
- P—
cnpT-Ext-R

MU MU MU MU WT M

657 658 659 660 (kb)
68 10
R — — — 8
(MUT) 6
28 4
(WU - e 3
2
— ]
' 0.5

hhfl-eGFP

hhfl-Ext-R
M MU
oy 661 T
0
8 —
6 — +— (.2
N (MUT)
3 - 22
- - (WT)
e
0.5 —

mCherry-mis12

carRP-Ext-F -

carRP

carRP-Ext-R

mis12-mCherry

pyrG Pzrtl -

CarRP-EXt-F

carRP

carRP-Ext-R

M MU MU MU MU
(kb) WT 840 841 842 843

- e e s

(MUT)
47
(WT)

i

Pon—

N WA oo

0.5

e et IIGEED

C

hhf3-eGFP
hhf3
hhf3-ExtF . Tl 7T
] I
R ]
hhf3 hhf3-Ext-R
MU MU M
662 663 V1 (kb)
- E
6.4 8
MUTS > b 6
4
2.4 - 3
o w )
— 1
w— 0.5

mCherry-dsnl

we  pou ENGED

A A

carRP-Ext-F N
—

carRP

carRP-Ext-R

dsnl-mCherry

e NG

N LA

carRP-Ext-F N
—_—

e carRP
carRP-Ext-R

MU MU MU MU o M

844 845 846 847 (kb)
10
7o, o W W S
(MUT) 6

4.7 -—

wn™—> 4
— 3
2
—_— 1
s 0.5



Figure S3. Generation of mutant strains expressing fluorescent fusion histones and
kinetochore proteins. Related to Figure 2 and Table S2. Diagram (above) and agarose
gel images (below) showing the integration of the hht4 (A), hhfl (B), and hhf3 (C), and
cnpT (D) fusion alleles into their wild-type loci; and the mis12 (E) and dsnl (F) fusion
alleles (both N-terminal and C-terminal fusions) into the carRP locus. Discontinuous
crosses indicate homologous recombination and arrows mark the annealing regions for
specific primers used to confirm the integration by PCR, amplifying both the wild-type
(WT) and mutant (MUT) alleles shown in the gel images. M lanes were loaded with the
GeneRuler DNA Ladder Mix (Thermo Fisher) to estimate the fragment sizes. Red and

green regions indicate mCherry and eGFP genes, respectively.
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Figure S4. M. circinelloides kinetochore protein-bound regions. Related to Figures 3
and 4, and Data S1. IP enrichment (coverage x1) of immunoprecipitated DNA (IP DNA)
from Misl12 and Dsnl mCherry-tagged strains compared to their corresponding input
(Input DNA) and binding controls (beads only DNA), shown as color-coded tracks across
the whole sequence of scaffolds 1-11. Asterisks (*) mark significant peaks (FDR < 5x10°
% fold enrichment > 1.6) in both IP DNA samples that are not present in the controls,
indicating the putative centromeric regions. Each kinetochore-protein data was obtained
from a pool of duplicated IP DNA samples. Black rectangles at either end of the genomic

axis marks a repeated telomeric sequence.



CEN1 CEN2 CEN3

Mis12 Dsn1 25} Mis12 Dsn1 QT ‘1 Mis12 Dsn1 25}
P . A P o P o l
CEN motif b CEN motif b CEN motif b
Annotation HRED [] fam I ot Annotation  EEEEEGHHE [ c— — ] Annotation DU e S e s e s s Y S E— — faf 1]

GC content

?

o
WWWMWWWWW c content
o

06
GC content }
0.0

T X
RPN VSO TOYY Y T YV e Iy O A

Ago- o] ' A A 1d 2d Ago- meenida N e b L POV, Ago- [ IV WY SRR SOV UIURIN SO DO S ST U ‘u..Ju
70 70 70
(ago1n)| - } I (ago1n) | - (agolr)| .. |
L 4 s . e e a L o J TV SV WU O ¥ | .| L o T PO PR S VIO SV VO S VR S PR Y B oy
= SR s
Dicer- [ mRNA w Dicer- | mRNa Dicer-| mRNA I
— . Ak Mama ok ash L) S Y b s . a—— [
@ciia| . (dcl1a o @dclia| o
del2) | ) dcl2d) | o l del2)|
(- o n - . - . - - cam adi - L da
5,610 5,615 5,620 5,625 5,630 5,635 5,540.“; 4,695 4,700 4,705 4,710 4,715 4,720 4,725 4,730 Kb 3,770 3,780 3,790 3,800 3,810 3,820 3,830 3,840 Kb
CEN4 scaffold_1 CEN5 scaffold_2 CENG scaffold_3
Mis12 Dsn1 25} Mis12 Dsn1 25} Mis12 Dsn1 25}
P . P . A P . J
CEN motif - CEN motif b CEN motif b
Annotation HINME D HGIH M @EEDD DIl am CCxX— x> a Annotation  EIHH (e X Dl X ] Annotation ) [ Dl B [

GC content

o6 o6
M&MWMWWWWWW GC content WWWW% GC content
0o 01

wT 0 WT| %
L W ) . _W oo u.di ...A..klh._.w.lk.u;. H.lL_M I _} . wadi N
S o s
wlow a1 o W ] iy
Ago- o Ago- o] mhu A wud ") Y sl Ago- o h "
(ago1n)| } (ago1n)| } (ago1A) sRNA}
| . J RN L i e L N " P . L o I J A VPP VR . i
15 r 15 r 15
Dicer- [ mRNA } “ _I “.. Dicer- | mRNA }“ Dicer- "‘R“A}
bl s s [ VP SRS NP v S | o a A -y PR
(dcl1a i di ] . - @cia | o - . - s @cnna| 0 b -
dcl28)| .. } I | L dcl2d) | } dcl2a) sw}
L A kil . s SAPSVISPRENY / L o) dem uan N ° L N
2,420 2,410 2,400 2,390 2,380 2,370 2,360 2.350Kb 3,395 3,400 3,405 3,410 3,415 3,420 3,425 3,430 3,435Kb 3,180 3,185 3,190 3.195 3,200 3,205 3,210 Kb
scaffold_4 scaffold_5 scaffold_6
Mis12 Dsn1 *° Mis12 Dsn1 *° Mis12 Dsn1 *°
P P ak 13 J
o o ]
CEN motif b CEN motif S CEN motif +
Annotation  HEBHE KKK K IO > B b  Annotation F—HP 4 ] I H & Annotation e a [
06 o6
oot WMWWWWWWM}\M e content WWMWMWWM o content WWNWMMWWMWWWM
00 00

— — 15

mRNA mRNA

SRNA SRNA
o

— . I WP

l ALL R VW VY B I . }L . _L.I RN VO WO ¥ SO A WA N 1
Y b N | b ”RN:] e A adho .
| y o
}
]

mRNA mRNA

Ago- ™ L R W " el 1 Ago- . I Ago-|  °
(ago1h) (ago1h) (ago1h)
sRNA sANA sRNA
L S VR NI TRy Ty S O VU U A . L olk Ll S U PV VU SR e L ol .a Al A A e ahamn e e
r rs s
Dicer-| mwa al A Adee A "~ A A odd . L — Dicer- | ™A, [ Y IV S SURY P “n A Dicer- | mRNA A ashe .
(dcl1a dclia | [CISEV
@28 l del2n)| .., del2n)| ... I I

180 170 160 150 140 130 120Kb 1330 1335 1340 1345 1350 1355 1,360 Kb 878 880 882 88! 888 890 892 895 Kb

5
scaffold_8 scaffold_9 scaffold_11



Figure S5. M. circinelloides pericentromeric regions. Related to Figure 5 and Table
S3. A genomic view of the pericentromeric regions of all nine centromeres. Each region
shows the kinetochore-binding region enrichment (IP, an average of both IP signals
minus Input and Beads only controls), annotated genes (red blocks) and transposable
elements (light blue blocks), CEN-specific DNA motif position (black vertical line) and
its direction (arrow), GC content, and transcriptomic data of mRNA (green) and SRNAS
(red) in M. circinelloides wild-type strain, and agol and double dcl1 dcl2 deletion mutants
after 48 h of growth in rich media. A black circle at either end of the genomic axis

indicates an abrupt, non-telomeric end of that scaffold.
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Figure S6. Centromere-specific non-LTR L1-like retrotransposable elements. Related to
Figure 5, and Tables S3 and S4. (A) Matrix showing pairwise p-distance (% changes per site)
across all 44 repetitive elements flanking the centromeres of M. circinelloides. Elements
sharing > 95.0% identity are clustered together, generating 10 groups that comprise full-length
elements and incomplete sequences (remnants). Elements belonging to the same centromere
have been clustered together within each separated group. (B) Neighbor-joining phylogeny
(JTT model) of the RVT domain of well-known non-LTR elements. The RVT domain of the
centromere-specific element (Grem-LINEL) identified in this study is marked inside a blue
box. Phylogenetic distance (branch length) and branch support (1000 bootstraps, size-coded
circles) are shown. Leaves within the same clade of non-LTR retrotransposons are collapsed,
forming a scalene triangle (top and bottom corners show the shortest and longest phylogenetic

distance, respectively); except for the L1 clade which contains the Grem-LINE-1.



Name Sequence Use
mCherry-F | ATGGTGAGCAAGGGCGAGGA mCherry and eGFP
amplification
mCherry-R | CTTGTACAGCTCGTCCATGC mCherry and eGFP
amplification
[‘;E:e"y'R' gaatagagtiggtagggageaT TACTTGTACAGCTCGTCCATGC | Fo P 1209 with marker
leuA3kbFow | TGCTCCCTACCAACTCTATTC leuA amplification
leuA3kbRev GTCGAGTTGACCAGAATGTAC leuA amplification
pyrGFow2kb | TGCCTCAGCATTGGTACTTG pyrG amplification
pyrGRev2Kb | GTACACTGGCCATGCTATCG pyrG amplification
Pzrtl-F cgatagcatggccagigtacATCATCATCGATGTTTGTGCTGTC Construction of pMAT1915
Pzrt1-R CTCGAGATTTAGTTATTTTG Construction of pMAT1915
carRP-Inv-F caagtaccaatgctgaggcaCCATATTGAGTCATCCTGCAACG Construction of pMAT1915
carRP-Inv-R TACCACACATTGCAGACAGG Construction of pMAT1915
hhtd-1 tacatgggcccTCGCAATCATCCATGAAGTG gf‘tte“r:r‘;"i%ﬁ';‘g with eGFP at
hht4-2 tcetegeccttgetcaccatAGAGCGTTCACCACGAAGA gﬁﬁrﬁ%ﬁ?g with eGFP at
hht4-3 gtacattctggtcaactcgacATCATCATCTGATGTCTTTCTT giﬁﬁ%ﬂ?g with eGFP at
hht4-4 tacatccgcggATGGCTCTGAAGTGATCCAC giﬁﬁ%ﬂ?g with eGFP at
hhf1-1 tacatgtcgacACCAACAAACGTCACCTAGAGTAG gf‘gﬁ?‘igﬁ'sng with eGFP at
hhf1-2 tectegeccttgetcaccatTCCACCGAAACCGTAGAGGG gf‘gﬁ?‘igﬁ'sng with eGFP at
hhf1-3 gtacattctggtcaactcgacATCAAATCCCTCTGCTCATTCAC gf‘gﬁ?‘iﬁ%‘:g with eGFP at
hhf1-4 tacatctgcagCAACACGGGTGGTTTGGAG ghtfelrrﬁ%%g‘g with eGFP at
hhf3-1 tacatgtcgacCCTAAAAGGGACAAAGATTATGGC gf‘:jﬁ%ﬂg‘g with eGFP at
hhf3-2 tcctegeccttgetcaccatTCCACCGAAACCGTAGAGGG grlfesrrﬁ%%?g with eGFP at
hhf3-3 gtacattctggtcaactcgacATGCAATTCATCATGCTTCTCAC gklfesrrﬁ%%?g with eGFP at
hhf3-4 tacatctgcag TGACAGGGCTTTCGCTTAGC gf‘:jﬁ%ﬂg‘g with eGFP at
: CENP-T tagging with eGFP
cnpT-1 cgaggtcgacggtatcgataCACGGCAGCAGCAGCAACATAC at C-terminus
cnpT-2 tectegecctgeteaccatTTCGTCTTCATTATCGTATCCACCG | CENP-T tagging with eGFP
at C-terminus
cnpT-3 gtacattctggtcaactcgacCTGTGATTGGTTGCCATGGTGG CENP-T tagging with eGFP
at C-terminus
cnpT-4 caggaattcgatatcaagcTTGCTCGTGTATAGAACGAATCCAG | CENP-T tagging with eGFP
at C-terminus
mis12-1 tcctegeccttgetcaccatTGGATCTGATGGCTGCTGG Mis12 tagging with mCherry
at C-terminus
mis12-2 caaaataactaaatctcgagGATGCAAACCGACGAAAGCTA Mis12 tagging with mCherry
at C-terminus
mis12-3 cctgtctgcaatgtgtggtaTAGTTTGAGAAGATTGTGGAGC Mis12 tag.glng with mCherry
at N-terminus
. Mis12 tagging with mCherry
mis12-4 ggcatggacgagctgtacaagATGCAAACCGACGAAAGCTA at N-terminus
dsni-1 tcctegeccttgetcaccatTGGATCCTCCATCACAGAAGAT Dsnl tagglng with mCherry
at C-terminus
dsni-2 caaaataactaaatctcgagATGTCGGATAGACGCTTAAG Dsn1 tagging with mCherry

at C-terminus




Dsn1 tagging with mCherry

dsnl-3 cctgtctgcaatgtgtggtaCCCAACAGTAGAGCATCTTGG at N-terminus

dsnl-4 ggcatggacgagetgtacaagATGTCGGATAGACGCTTAAG Den! 1agging with mCherry

hht4-ext-F GCTACCTTGGATACCTGGAACA hht4 PCR confirmation

hht4-ext-R CGAGTAAGGACGCCGTAGAC hht4 PCR confirmation

hhfl-Ext-F GCTTCTTGACACCACCAGTAGAG hhfl PCR confirmation

hhfl-Ext-R GAATAGGTGGACAAGATGGGACT hhfl PCR confirmation

hhf3-Ext-F TATCTGTGAGGCTTCTTGACACC hhf3 PCR confirmation

hhf3-Ext-R CGCTAAGTCCAAAGCAACTCTC hhf3 PCR confirmation

cnpT-Ext-F CTTTTACCCTCTCAACCACGAG cnpT PCR confirmation

cnpT-Ext-R GCCTGTTTCAGATTGAGGGAAT cnpT PCR confirmation
mis12 and dsnl integration

carRP-Ext-F GGGCACATTGACGTAGAAGG in the carRP locus PCR
confirmation
mis12 and dsnl integration

carRP-Ext-R | GCTGTTGCTGTGCTAACATCAT in the carRP locus PCR
confirmation

CEN2 core-F | GTTTCCTGAACGGGCTATTTG 104 bp amplicon for ChlIP-
gPCR

CEN2 core-R | ACTGACAAAGTGTCCAAACCGA 104 bp amplicon for ChlP-
gPCR

CEN2 1L-F GTACTGATGAAGCAAGAGGCG 118 bp amplicon for ChiP-
gPCR

CEN2 1L-R AGCTCTTTGTTCTCTGCTACCTTG 118 bp amplicon for ChIP-
gPCR

CEN2 2L-F CCTTCCTGTTTTGATTGGCGG 99 bp amplicon for ChlIP-
qPCR

CEN2 2L-R TTGGCTTGCTAGAAGCACTTG 99 bp amplicon for ChlIP-
qPCR

CEN2 1R-F GCAAACGTTCATGGTAGTGCAAG 123 bp amplicon for ChiIP-
qPCR

CEN2 1R-R CTTCAGGTTGTGACAGATGTATGCA 123 bp amplicon for ChiP-
qPCR

CEN2 2R-F TGGGAAATTCATCAAGGCCAGTGC 98 bp amplicon for ChlP-
qPCR

CEN2 2R-R GAACCTCCTTTAGGGCCATGTTG 98 bp amplicon for ChlIP-
gPCR

CEN2 ORF- AAATTGCAGGACAGAAAAGACGC 126 bp amplicon for ChIP-

L-F gPCR

CEN2 ORF- CATGTCCAGCGCATCGCTTGATA 126 bp amplicon for ChiP-

L-R gPCR

CEN2 ORF- CAATTGACACGATGGGACTTTGAC 102 bp amplicon for ChiP-

R-F gPCR

CEN2 ORF- CAGTTTGACGCCGTATTGGAATG 102 bp amplicon for ChiP-

R-R gPCR

Far-CEN CCTTGCCACTACCATCTGCTTC 107 bp amplicon for ChiP-

ORF-F gPCR

Far-CEN ATCATCCATTCCCTCTTGTGCC 107 bp amplicon for ChiP-

ORF-R qPCR

Table S2. Primers used in this study. Related to Figure 2, 5, and S3.

3L owercase bases do not anneal to the the gene locus indicated in the table
bunderlined sequences are restriction sites




