


Genetic and epigenetic feature of human centromere
Genetic feature of centromere

Centromere  
enriched

epigenetic feature of centromere

• In most human, centromere is formed on alpha 
satellite array 

• CENP-A is always associated with functional centromere 
region

• Centromere dip region(CDR) always coincide with 
functional centromere region 

动粒



Neocentromere landscape in human genome 

• 1 people out of every 100,000 contains a neocentromere
chromosome;

• Most neo-centromeres are associated with chromosome 
variant;

• Centromere repositioning can occasionally happen without 
any accompanying chromosome variants.

主持人笔记
演示文稿备注
Neocentromeres are non-canonical centromeres that originate occasionally from noncentromeric regions of chromosomes and are able to form a primary constriction and assemble a functional kinetochore. Normally human centromere from on the α-satellite DNA, while the human neocentromeres are complete absence of normal centromeric α-satellite DNA. Most neocentromere are located on chromosomes accompany Chromosome Variant
, typically the inverted duplication and interstitial deletion. 



3 cell lines choice for this study

10-month-old girl with 
developmental delay

Neocentromere from due to 
chromosome variation 

7-year-old girl with cognitive impairment

The neocentromere homolog is inherited 
from the paternal grandfather 

Chromosome 4 Chromosome 8 Chromosome 13

A male with no phenotypic abnormalities

His aborted fetus also carry a neocentromere
homolog

主持人笔记
演示文稿备注
This study collect three cell lines with neo-centromere form only on one homolog of a single chromosome pair, so that they can compare the neocentromere and normal centromere region. The fisrt cell line contain a neocentromere on chromoeome4. It is derived from a girl whose neocentromere homolog is inherited. Her father and parental grandfather also carry a neocentromere homolog. The second cell line contain a neocentromere on chromosome8. It is derived from a male with no phenotypic abnormalities. This chromosome seems heritable since he has an unborn child also containing the neocentromere homolog. The final cell line contain a neocentromere on chromosome 13.  It is a typical class 1 neocentromere type formed by inverted duplication. For each chromosome, the homolog contain is named as Hap1 and the homolog with normal centromere is named as Hap2. Note Chromosome 13 has two chromosome with having centromere at canonical a-Sat region and named as Hap2A and Hap2B respectively



The comparison of initial centromere region between the two hap 
Chromosome 13 Chromosome 4

Hap2 active

Hap1 inactiveHap2B active

Hap2B active

The epigenetic marker of centromere is 
almost last at the neocentromere
homolog

主持人笔记
演示文稿备注
Next we compare the centromere region of the two homologs. We can see that all Hap2 has epigenetic marker related to centromere. Epigentic marker of centromere often can be characterized via two aspect. One is via  CUT&RUN for CENP-A. CENP-A is a histone that enriched in centreomere region. The peak of CUT&RUN seq is the functional centromere location. Moreover, the a-Sat array is almost hypermethylated. However, there is a region of hypomethylatio, which termed as CDR. CDR and CENP-A peak are always coincide in one loci and used as the centromere epigenetic marker. However, the epigenetic marker is diminished in Hap1.



Large deletion induce the lose of function in original centromere loci 
Chromosome 4

主持人笔记
演示文稿备注
Similar as chromosome 8, the CDR region is also deleted in HAP1. 



The comparison of neo-centromere region between the two hap 

• The neocentromere in Chromosome 8 
containing VNTR, while neocentromere in 
Chromosome 4 and 13 is located in gene 
rich region;

• Centromere epigenetic marker also exist in 
the neocentromere region

Chromosome 8 Chromosome 4

主持人笔记
演示文稿备注
Next we focus on the region the neocentromere formation. Except in chromosome 8, whose centromere is fromed on a VNTR array, the chromosome 4 and chromosome 13 has centromere on 



• The low heterozygous region may be 
preferred via neo-centromere

Where the neocentromere may form
Chromosome 13 Chromosome 4



Centromere is shifted within a 500Kb region

No matter how the centromere is shifted, the 
boundary is always corresponding to a LINE 
element

Where the neocentromere may form

Chromosome 13

Chromosome 4



What is the consequence of neocentromere 

• HSD17B11 is associated with androgen metabolism

• The PROseq cannot determine which homolog the is 
transcriptionally active

Chromosome 4
Hap1



Chromatin state imply that HSD17B11 
is transcriptionally inactive in the 
neocentromere homolog 

What is the consequence of neocentromere: underlying gene may be silenced 

Fiber-seq



Chromatin pattern in neocentromere region

• Nucleosome footprint is maintained in 
neocentromere region. 

CENP-A nucleosome warp less DNA than H3 
nucleosome

Dichromotin is abundant in functional centromere 
region



Conclusion
• Large deletion induce the centromere 

lost in alpha satellite region

• Neocentromere form on low 
heterozygous region and keep the 
centromere epigenetic pattern

• Underlying gene may be silenced due 
to the chromatin pattern in centromere

Remanent Question:
• What SV can induce lost of centromere function in alpha 

satellite region?

• Does all neocentromere form on heterozygous region 
and what feature determine it 
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