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Supplementary Fig. 13 | Local homogenization at the monomer, dimer, and multimer scales.

a, Distribution of CEN155 satellites exhibiting monomer homogenization across the fifteen superfamilies in
70 rice accessions from various taxa. Numbers of dimer and multimer for the top fifteen groups are shown in
b and c. Each rice accession is colored by taxonomic groups at the top, and summed up at the bottom. The
total numbers of monomers, dimers, and multimers are showed on the right.
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Supplementary Fig. 14 | Biased monomer copy number acorss dimers and taxonomic groups. One
monomer has a relatively constrained and stabilized copy number (nearly 1), while the other exhibits variable
copies (forming moHRs) within a diHR, represented by XYm or XmY.
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Supplementary Fig. 15 | Local homogenization of copy number bias within a dimer through tandem
duplication. a-d, Repeat of bias pattern in monomer copy number of dimers in NIP(GJ), NJ11(XIl),

SL022(AUS) and NH265(Ogla).
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Supplementary Fig. 16 | Workflow of SynPan-CEN. (1) Stepwise backbone building. All vs all pairwise
satellite edit distance (ED) values were used to construct the Directed Acyclic Graph (DAG). To
enhance accuracy in constructing synteny, the chain-backbone was built with the most conservative
and highly-ordered monomer pairs by gradually increasing the ED value thresholds until the framework
contained more than 20% of the total monomers or 100 monomers. This framework was then split by
10 monomer pairs within one window for downstream analysis. (2) Local satellite rescuing. DAGs were
used again to rescue chains of syntenic satellite pairs within each window, employing relaxed EDs of
15. The sub-blocks with the highest scores were retained, and any non-overlapping monomer pairs
were added to complete the matches. (3) Blocks from the chain-backbone were iteratively merged.
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Supplementary Fig. 17 | Synteny ratio of CEN155 satellites in rice centromeres against NIP (GJ-tmp)
centromeres.
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Supplementary Fig. 18 | Heat map showing the synteny ratio between NIP (GJ-tmp) and other rice
centromeres across 12 chromosomes, with Chr05 centromeres showing a significantly higher syntenic
relationship between Xl and GJ.
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Supplementary Fig. 19 | Satellite syntenic relationships between centromeres of J4155S, SL148, and
XL628S with NJ11 on Chr05, and CX20, LK638S on Chr10. Tracks show centromere annotation, including
TE families, CEN155 strands, CEN155 superfamilies, and edit distances, respectively.
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Supplementary Fig. 20 | Genomic features of the functional centromere and its flanking regions on
chromosome Chr01. Top, CENH3 ChiIP-seq enrichment (logx(ChlP/input), two replicates) in 10-Kb
windows. Track 1, satellite superfamilies; Track 2, LTRs SZ-22; Track 3, LTRs CRM, Track 4, LTRs RIRE?7,
Track 5, sati (non-canonical satellites).
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Supplementary Fig. 22 | Genomic features of the functional centromere and its flanking regions on

chromosome Chr03. Top, CENH3 ChIP-seq enrichment (logz(ChlP/input), two replicates) in 10-Kb
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Track 5, sati (non-canonical satellites).
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Supplementary Fig. 23 | Genomic features of the functional centromere and its flanking regions on
chromosome Chr06. Top, CENH3 ChiIP-seq enrichment (logx(ChlP/input), two replicates) in 10-Kb
windows. Track 1, satellite superfamilies; Track 2, LTRs SZ-22; Track 3, LTRs CRM, Track 4, LTRs RIRE?7,
Track 5, sati (non-canonical satellites).
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chromosome Chr07. Top, CENH3 ChIP-seq enrichment (log,(ChlP/input), two replicates) in 10-Kb windows.
Track 1, satellite superfamilies; Track 2, LTRs SZ-22; Track 3, LTRs CRM, Track 4, LTRs RIRE7; Track 5,
short intervals (non-canonical satellites).



Chr08
Obar NH284 Chr08: 10449274-12583772

g 8-
£ 6-
a8 4-
=
S22 e AT
[=2]
k<)
| I I

= _ Ogla NH265 Chr08: 10265719-11592112
2 8-
g 6-
s 4- /VVWM
=
‘Nz S_L L L ik MA‘ P A .
o I |
g 4. Or-4 CWO3 Chros: 12945862-14598615
g &-
o
s 5
g 0= M“AAWA.AWALMAWM.. .
2 I 1

I
g 4.Or-3 CWI5 Chros: 13717567-15895585
£ 6-
S 4-
=
S Blain MBS WN
k)

I
= GJ-trp SL177 Chr08: 12278218-14118558
g & ChlP-seq — Replicate 1
£ 6-
s 4- M M J — Replicate 2
£z ™
%, 0 =An “A ‘ ‘ K ‘ Y “L“‘"“ I Satellite family . A . B c D . E
1 - B W N T F

__ GJ-tmp SL170 Chr08: 12395075-14200094
El g' B« W v [~ Ho
2 g-
s 4-
= - -,
g2 MM\AMM . LTR W sz
e I I I CRM

I | |
= g GJ-tmp NIP Chr08: 12486891-14162557 W rier
£ 6- Other sati
: i [ol™
=
g2 M,
j=2)
o I I

| I I
g g.Or2 CWLL Chrog: 12711003-16085466
= g-
£ 6-
£ 4 . ., L
820 AN O e
jo2)
o 11T I I I | | 1

I I [ I
Or-1 CW06 Chr08: 11552044-13943041

21 N A s

log2(chip/input)
N

8 AUS SL121 Chr08: 12527918-14924594

éﬂ WLW« WM\W\L b

XI-1A'NJ11 Chr08: 11885185-14254909

log2(chip/input)

log2(chip/input)
oONAO®
%Zi

L} L} L}
0e+00 1le+06 2e+06

Supplementary Fig. 25 | Genomic features of the functional centromere and its flanking regions on
chromosome Chr08. Top, CENH3 ChiIP-seq enrichment (logx(ChlP/input), two replicates) in 10-Kb
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Supplementary Fig. 26 | Genomic features of the functional centromere and its flanking regions on
chromosome Chr09. Top, CENH3 ChIP-seq enrichment (logx(ChlP/input), two replicates) in 10-Kb
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Supplementary Fig. 27 | Genomic features of the functional centromere and its flanking regions on
chromosome Chr10. Top, CENH3 ChIP-seq enrichment (logx(ChlP/input), two replicates) in 10-Kb
windows. Track 1, satellite superfamilies; Track 2, LTRs SZ-22; Track 3, LTRs CRM, Track 4, LTRs RIRE?7,
Track 5, sati (non-canonical satellites).
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Supplementary Fig. 28 | Genomic features of the functional centromere and its flanking regions on
chromosome Chr11. Top, CENH3 ChIP-seq enrichment (log>(ChlP/input), two replicates) in 10-Kb
windows. Track 1, satellite superfamilies; Track 2, LTRs SZ-22; Track 3, LTRs CRM, Track 4, LTRs RIRE?7,
Track 5, sati (non-canonical satellites).
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Supplementary Fig. 29 | Genomic features of the functional centromere and its flanking regions on

chromosome Chr12. Top, CENH3 ChIP-seq enrichment (logx(ChlP/input), two replicates) in 10-Kb
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Track 5, sati (non-canonical satellites).
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Supplementary Fig. 30 | Correlation between the length of CENH3 enriched regions and CEN155-defined
centromere size for each chromosome.
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Supplementary Fig. 32 | Correlation between the chromosome length and CEN155 array
length across the 12 chromosomes.
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Supplementary Fig. 33 | Correlation between chromosome length and CENH3 enrichment length across

the 12 chromosomes.
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Supplementary Fig. 34 | Correlation between CEN155 array length and neocentromere
formation tendency (NFT) across 12 chromosomes.
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Supplementary Fig. 35 | Correlation between TE density in the CEN155 array and neocentromere
formation tendency (NFT) across 12 chromosomes.
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Supplementary Fig. 36 | Correlation between chromosome length and neocentromere formation

tendency (NFT) across 12 chromosomes.
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Supplementary Fig. 37 | Comparison of profiled DNA methylation probability from ONT sequencing data
and HiFi data. Each point represents a randomly selected base C.
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