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Ocurrenceand evolutionof holocentricity

A evolved at least 13 times in animals and plants

A protozoan green algae, several invertebrates, monocot plant families, eudicot plant families.
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Cyperus papyrus: Luzularelegans
https://wikipedia.org
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Centromeresare madeof centromeric units
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Centromeres are made aentromeric units

monocentric holocentric
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Cell cycle dynamics of centromeres

monocentric holocentric
interphase
\
metaphase
Camara et al., 2021 Hordeum @ Centromeic unit
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Compactiorby loop extrusion
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Not sensitive to locus orientation

Does not distinguish cis and trans
1D scanning
Signal emanating f Element targeted

Sensitive to locus orientation
Strictly acting in cis

Element not targeted

3D diffusion

/\/ =g ﬁp- Not sensitive to locus orientation
; Prote RNA encodet A Does not distinguish cis and trans

https://youtu.be/mi9WWSyNwo Dekker anaMirny, 2016
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Compaction by loop extrusion
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Centromeric units as anchors

Centromeric units may act as ANCHORS to the extrusion process of SMC proteins.
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Coarsagrainof chromatinfiber
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~20Mb chromosome 4. Dampingforce as
100,000nucleosomes solvation
1,000centromericnucleosomes



Colocalizationof condensin and general
linear organization

Starting conformation
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@ Centromeric nucleosomes @ Centromeric nucleosomes Centromeric nucleosomes
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A ) https://lyoutu.be/kbVRhvzlexI
Camara et al., 2021 Beadson-stringmodelof one chromosomeof 20 Mb.
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Colocalization of centromeres and
condensins

4

CenH3
Kleisin

Metaphasechromosome®f the holocentricspecied_uzulaelegans

Ma, W. et al., 2016.
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Chionographigaponica
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Collaborationwith Yi+TziKuo and Andreas Houben, IPK Kuo et al., 2023.



Holocentricityin clusters

Number of CENH3 signals per nucleus
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Logz(ChIP/input)
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Attractionandrepulsion
of nonbondednucleosomes
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Model of chromocenters

20 Mb chromosome | CEI\:I‘Ha:ontainig
0.4 Mb centromericregion nucleosomes

2.3Mb non-centromericregion

m m m m m
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A Chionographighromosome



Model of compactionwith chromocenters
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Model of compactionwith chromocenters

| -
P

Chromatid with centromere units
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Chionographighromosomedormsblobs

Genomicposition Genomicposition



Prophasechromosomesre not uniform

Chionographigaponica Rhynchosporgubera




Centromereplasticityin the Rhynchospora
genus
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Chromosomeplasticityin Rhynchospora
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Chromosomes scaled by physical position

Unpublished

R. corymbosa



Centromerdengthis constantbut spacings
growwith chromosomdength
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Variedlengthandwidth of mitotic
chromosomes

R. tenuis R. breviuscula —2HM__,

Meanchromosomdength: 300Mb 150Mb 75Mb



the models
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Simulated loop extrusion

Rugosa Breviuscula Pubera
Chromosome length 14 Mb 75 Mb 300 Mb
Space between centromeric units 300 kb 450 kb 600 kb
Repeat length 20 kb 20 kb 20 kb
Percentage of centromeric nucleosomes 60 % 60 % 60 %
Simulated region 15 Mb 15 Mb 15 Mb
Number of centromeric units in the model 47 32 25
Number of simulated loop extruders (lifetime) 500 (500) 500 (500) 500 (500)
Mean loop length after equilibration 72.6 kb 75.8 kb 77.6 kb

Unpublished




Updatethe centromericunit model

@ centromericunits
SMCcomplexes

step 00000



Width measurement
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Measurement of the chromonema width

nucleosome to the center of
the plane, or the axis of the
chromonema

Plane between cetromeric units Projection f the chromatin between
centromeric units onto the plane

Unpublished



