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Formation of heterochromatin in Neurospora

Centromeres: Constitutive heterochromatin?

ChIP-seq of transcription factors involved in

light regulation and the circadian clock
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Example of RIP

Neurospora crf5-1 (homologue of Arabidopsis DDM1)



Control of DNA methylation
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Questions about RIP
and heterochromatin

What controls pairing in RIP?

What is the mechanism for RIP?

How does heterochromatin affect
the life cycle and evolution?



Most RIPed DNA is centromeric

Neurospora crassa LG VII
GC-content
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Adapted from: Amor et al., (2004). Trends Cell Biol.

Outer kinetochore proteins

Core centromere proteins (CenH3, CenpC)

Spindle microtubules

cohesin
nucleosome

Central kinetochore proteins

Centromere and kinetochore proteins



Questions relating to centromere
assembly, maintenance and evolution

Where are the Neurospora centromere cores?

What is required for centromere assembly?
(heterochromatin? siRNA?)

What is required for centromere inheritance?
(same as above and kinetochore?)



Where are the Neurospora
centromere cores?

LG VI LG VIILG VLG IV

LG IIILG IILG I

Is AT percentage predictive for centromeric regions?

K.M. Smith, C. Sullivan, L. Connolly, M. Riquelme, J. Stajich, M. Freitag, in preparation



Locate centromeres by “ChIP-seq”

chromatin

sonication

antibody

immunoprecipitate

Sequence purified DNA on
Illumina Genome Analyzer II

chromatin immunoprecipitation (ChIP) of CenH3 and CenpC
followed by high-throughput sequencing



High-throughput ChIP sequencing

Flowcell

• 3-4 days (~$5k)Illumina/Solexa GAII analyzer: “Sequencing by synthesis”

~200,000 clusters/tile x 100 tiles = 20 million reads/lane

x 8 lanes x 36 nt “reads” = ~5.7 Gb of sequence/flowcell

Neurospora genome: ~40 Mb

(~18x coverage/lane; ~140x coverage/flowcell)
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ChIP-seq read mapping by CASHX
Fahlgren et al., (2009) RNA

LG IV

K.M. Smith, C. Sullivan, L. Connolly, M. Riquelme, J. Stajich, M. Freitag, in preparation

Blue = single read

Green = 2-10 identical reads



Data filtering
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K.M. Smith, C. Sullivan, L. Connolly, M. Riquelme, J. Stajich, M. Freitag, in preparation



CenH3 and CenpC localize
at predicted centromeric regions
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K.M. Smith, C. Sullivan, L. Connolly, M. Riquelme, J. Stajich, M. Freitag, in preparation



What is required for centromere
assembly and maintenance?

Animals

Fission yeast
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Neurospora centromeres
are heterochromatic

LG IV

5MeCH3 K4me2 H3 K9me3
CenH3-GFP CenH3-GFPCenH3-GFP

K.M. Smith, C. Sullivan, L. Connolly, M. Riquelme, J. Stajich, M. Freitag, in preparation



DNA methylation mostly in pericentric regions

5mC
CenH3

Cen VII

K.M. Smith, C. Sullivan, L. Connolly, M. Riquelme, J. Stajich, M. Freitag, in preparation



ChIP PCRs confirm ChIP-seq
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??? ?

??? ?

Model of Neurospora centromeres
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Vitalini et al., (2006) J. Biol. Rhythms

Light and circadian regulation
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K.M. Smith et al., in preparation
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ChIP-seq of WC-1 and WC-2 (WCC)

K.M. Smith et al., in preparation

Blue = single read

Green = 2-10 identical reads

Orange = 11-20 reads
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K.M. Smith et al., in preparation



Weeder SCOPE
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Chromatin remodelers and
transcription factors
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K.M. Smith et al., in preparation



Updated model for light regulation

K.M. Smith et al., in preparation

White Collar Complex
Previously known direct targets: 4

Novel targets: ~120
Transcription factors: 18

Hershey Heaven
“To have one experiment that works,

 and keep doing it all the time.”
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