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Highlights

» Generated two near-complete genome assemblies of genetically divergent
hexaploid triticale lines (ZX830 and PT).

» Development of subgenome-specific antibodies revealing dual loading of
wheat and rye CENH3 at all functional centromeres in triticale.

» R-subgenome centromeres undergo size convergence, repeat turnover, and
locus repositioning during post-polyploid evolution.

» ldentified the R subgenome as the primary source of structural and
centromeric divergence in hexaploid triticale.

» Centromeric divergence is associated with meiotic defects and reproductive
isolation.



4: Near-complete assembly of hexaploid triticale ZX830
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* We first generated a near-complete chromosome-scale assembly for the hexaploid triticale cultivar ZX830,

spanning 15.9 Gb with a scaffold N50 of 755.7 Mb.



4 Centromere evolution and post-polyploid remodeling
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* Functional centromeres in hexaploid triticale are defined
by dual loading of wheat and rye CENH3 on evolutionarily
divergent sequences.

* Post-polyploid evolution drives extensive centromere
remodeling, including size convergence, repeat turnover,
and locus repositioning.




L E Distinct centromere evolutionary trajectories

(H) 7X830 _ Langdon _Weining ()  CENH3 ChIP-seq at CEN1B reveal centromere repositioning
AABB RR
CemE ’Cen4B Mb 0 100 200 300 400 500 600

Gene LR UL TR (LA
Simple repeat
Cen LTR-RTS (N N EERT IR} I T N ey 1 TR T T R T N A T L T R SN "o 1 [N T [T ]

~ KK
AABB RM

3 Svevo
CENH3-ChIP 363

— Langdon
— Asperis

Jif; e
NTH1888 -
AABBRR P1628657

WH10-4 ,
ZX830 -
S3

() w /

[ Cen3B [ Cen4B Mb 180 185 190 195 200 205

Gene | (Fa ] ' [ i 1 U A I R 118 wmoom ' g o4 (S
Simple repeat WELWIE ED S WU WL R AU R — 0 VRN BCE LD R R we o T ¥ 1 T
Cen LTR-RTS [T ] (L O TR A NN T TR TR Y T ] LRETE TR T T T TR T T T T T LI RN R TI

- KK e bt B it
RM R TT RP TN PX e
S AABB = SveVO ane o aludliy o oL,

SR v“&\(b ¢ CENH3-ChIP 363 S ——
~ Langdon — - - - P SIS IS P A Py
3 5x [Oincreased [l Decreased - Asgeris . -

2.7% Jin
D 258 NTH1888
O 13 12« AABBRR | PI628657

120191165 . T — i .
05 ] . CENH3-ChiP 120191165 i PP R :
0.4 4% WH10-4 - st cctiaiii il . =

ZX830
S3

EoER

uopbBue Bululepp

oy

EVEFFERE

0€8XZ

adavv

[
3

o

N W b
o O

Percentage (%)
IS

o

Lk E
E
1

=N whH

Fold Change

o

) N
SN NG S
O @

* Distinct evolutionary trajectories reveal remarkable plasticity of centromere identity.
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* Population-wide pan-centromere analyses reveal that the R subgenome is the principal axis of population

divergence and centromeric diversification in hexaploid triticale.



"
=
o
D

R-subgenome structural and centromeric divergence
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* PT exhibited the strongest structural and centromeric divergence relative to ZX830, particularly in the R subgenome.
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Summary

[ This study generated two near-complete triticale genomes and the first pan-
centromere landscape, providing a valuable resource for studying centromere
evolution in allopolyploids.

1 Functional centromeres are defined by dual loading of wheat and rye CENH3
on divergent sequences, demonstrating that centromere function relies on
epigenetic compatibility.

1 Post-polyploid evolution drives extensive centromere remodeling, especially in
the R subgenome, which is associated with meiotic defects and reproductive
isolation, establishing a genomic barrier during polyploid diversification.
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