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Polyommatus admetus.jpg

Å evolved at least 13 times in animals and plants

Å protozoan green algae, several invertebrates, monocot plant families, eudicot plant families.

https://wikipedia.org

Caenorhabditis elegans

Luzula elegans 
Cuscuta Rhynchospora nervosa 

Cyperus papyrus

Ocurrenceand evolutionof holocentricity
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file://///commons.wikimedia.org/wiki/File:Polyommatus_admetus.jpg


Centromere units, chromosome, microtubule

Centromeresaremadeof centromeric units 

monocentric holocentric
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Centromere units, chromosome, kinetochore, microtubule

monocentric holocentric

Centromeres are made of centromeric units 
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Centromeric unit 

Cell cycle dynamics of centromeres

monocentric holocentric

interphase

metaphase

Hordeum
Rhynchospora 8Câmara et al., 2021



https://youtu.be/mi9WWSy-Nwo Dekker and Mirny, 2016

Subunities
SMC
HEAT
Kleisin

Compactionby loop extrusion

SructuralMaintenance of Chromosome(SMC) protein complex



Compaction by loop extrusion

Sparsestate Compactedstate
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Centromeric units as anchors 

Centromeric units may act as ANCHORS to the extrusion process of SMC proteins.

Sparsestate Compactedstate
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Coarsegrainof chromatinfiber

1.

2.

4. Dampingforceas
solvation

3.
With truncation

~20 Mb chromosome
100,000 nucleosomes
1,000 centromericnucleosomes
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https://youtu.be/kbVRhvzIexI
Câmara et al., 2021

Colocalization of condensin and general 
linear organization

Beads-on-string modelof onechromosomeof 20 Mb.



Colocalization of centromeres and 
condensins 

Ma, W. et al., 2016.

Metaphase chromosomesof the holocentricspeciesLuzulaelegans
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CenH3
Kleisin



Chionographisjaponica

Kuo et al., 2023.

North American Rock Garden Society

Collaborationwith Yi-TziKuo and Andreas Houben, IPK



Holocentricityin clusters

Kuo et al., 2023.



Centromericunitswithin heterochromatin
and satelliterepeats

Kuo et al., 2023.



Stickyfactor
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Attractionand repulsion
of non bondednucleosomes

Distancebetweennucleosomes(nm)
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Ideal distancebetween
centromericnucleosomes

Ideal distancebetween
non centromericnucleosomes



Model of chromocenters

A Chionographischromosome

Satelliterepeats

CENH3-containig 
nucleosomes

20 Mb chromosome

0.4 Mb centromericregion

2.3 Mb non-centromericregion



Model of compactionwith chromocenters



Model of compactionwith chromocenters



Chionographischromosomesformsblobs

Genomic position Genomic position



Prophase chromosomesarenot uniform

Chionographisjaponica Rhynchosporapubera



2x 

WGD

CENH3
Tyba

Size

Spacing

Hofstatter, Thangavel et al. (2022) Cell

Centromereplasticityin the Rhynchospora
genus

Collaborationwith André Marques,
Max Planck Institute, Cologne



Chromosomeplasticityin Rhynchospora

Unpublished



Unpublished

Centromerelengthisconstantbut spacings
growwith chromosomelength



Variedlengthand width of mitotic
chromosomes

Mean chromosomelength: 300 Mb 150 Mb 75 Mb



Axial shortening 

Lateral
compaction

Loop length 

Chromosome length

Measuring compaction in the models



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

Simulated loop extrusion

Unpublished



Update the centromericunit model

centromericunits
SMC complexes



R. rugosa(n = 18)
median chromosomelength= 14 Mb

R. pubera(n = 5)
median chromosomelength= 300 Mb

Unpublished

Width measurement



Measurement of the chromonema width

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

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

Unpublished


