
S. pombe genome contains several different classes of 
repeat elements

retrotransposon

Transposon-derived proteins
Heterochromatin 



Stable maintenance of gene expression patterns 
during development 

Maintenance of genomic integrity and prohibition of 
inter- or intrachromosomal recombination in 
repetitive DNA sequences

Lineage-specific control of long-range chromatin 
interactions 

Proper segregation of chromosomes

Cancer and other human diseases 

The organization of genome into higher-order structures
has important biological implications



Host genome surveillance for retrotransposons and 
repeats by transposon-derived proteins

CENP-Bs are conserved proteins 
that contain DNA binding and 
dimerization domains 

CENP-Bs are derived from 
transposases of POGO DNA 
transposons

S. pombe genome encodes three 
CENP-Bs that have redundant 
roles in centromere chromatin 
assembly
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CENP-Bs localize to retrotransposons and their remnants in 
the S. pombe genome



CENP-Bs silence LTR-associated genes and Tf retroelements
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Transcriptional gene silencing effector protein complexes



CENP-Bs recruit Clr3 and Clr6 histone deacetylases
to repress Tf2 retroelements
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SHREC activities facilitate positioning of nucleosomes 

required for higher-order chromatin assembly

Micrococcal nuclease 
digestion patterns
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CENP-Bs and their associated HDACs are required for 
clustering of retrotransposon elements
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Heterochromatin coats extended domains associated with a
specific classes of repeat elements in S. pombe

C
hI

P
 fo

ld
 e

nr
ic

hm
en

t

10

20

30

40
H3K4me
Swi6 
H3K9me

IR-L IR-Rmat2P mat3McenH
2.5 kb

mat1
mat locus

Grewal and Klar 
Cell 1996 



Clr4

RdRP

HPHP

Nucleation Spreading

siRNA

RITS

Rik1

Clr4

Repeat elements

H3K9me

Chp1

Ago1 Tas3

HP
HP

HP

HP
Clr4

HP

HP = Swi6, Chp2

Boundary
element

Pol II

Nucleation and spreading of heterochromatin

TFIIIC

Spreading of heterochromatin requires Clr4 chromodomain 
binding to methylated H3K9

Chp1

Ac
HP

Rdp1 H3K9
HMTase

Antisense
transcript

Taz1/Ccq1: tel
Atf1/Pcr1: mat

Clr4Unknown: cen



Clr4HP HP

RDRC

siRNA

RITS

Rik1

Clr4

Repeat elements

H3K9me

Chp1

Ago1 Tas3

HP
HP

HP

HP
Clr4

HP = Swi6, Chp2
Boundary
element

Pol II

Heterochromatin serves as versatile recruiting platform to 
regulate diverse chromosomal processes

Transcriptional 
silencing

Recombination 
suppression

Inhibit “spurious” 
transcription

Centromere and
telomere function

TFIIIC

Chp1

HP Ac
HP

Grewal and Jia
Nat Rev Genet

8:35-46

Effectors

RNAi
HDACs

Cohesin

SMCs



CENP-B

Clr6 and SHREC repressors

HP1

Heterochromatic domainLTR retrotransposon Gene

CENP-Bs and heterochromatin recruit same repressor 
complexes
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Cascade of events at heterochromatin during the cell cycle

HP = chromodomain proteins Swi6 and Chp2
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Transcription coupled loading of heterochromatin factors 
during S-phase

HP = chromodomain proteins Swi6 and Chp2
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RNAi and heterochromatin machineries positively interact 
with factors involved RNA Pol II transcription
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RNAi and heterochromatin factors show negative genetic 
interactions with DNA repair machinery
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Re-wiring of conserved functional modules in 
different organisms
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