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Background

Continuity of life depends on cell division
with correct duplication and segregation of
genetic materials
| mproper segregation can result in an
abnormal number of chromosomesin
daughter cells (aneuploidy)

— Mitosis: condition associated with cancer

— Maelosis. congenital disorders,
e.g., Down’s syndrome

Cohesion Between Sister Chromatids
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Source: Nasmyth, et al, Science, 288, May 2000

Cohesion mediated by protein complex called cohesin.




Cohesin Complex: Smcl, Smc3, Sccl, Scc3

Source: Joseph L. Campbell and Orna Cohen-Fix, “Chromosome cohesion: ring around the sisters?’,
TRENDSIn Biochemical Sciences, Vol 27, No. 10, Oct 2002, p. 493

Smc = structural maintenance of chromosomes
Scc = sister chromatid cohesion

Models of Sister Chromatid Cohesion
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Source: Joseph L. Campbell and Orna Cohen-Fix, “Chromosome cohesion: ring around the sisters?’,
TRENDSIn Biochemical Sciences, Vol 27, No. 10, Oct 2002, p. 494




Separating sister chromatids. {a) During mitosis, cohasin is removad
fram chromosomas in two staps. During condensation in prophass,
cohesin is removed along the chromesomea arms by a pathway that
probably involves the phosphordation of cohesin subunits. At the
metaphass to anaphase transition the remaining cohesin, mostly
concantrated at the centromares, is claaved by saparase,

{b) During meicsis, coheslon aleng chromosome arms is dissolved in
tha first reductional division to allow homelogua segragation. Sepsrass
clagvage of cohesin is required for this stop in budding yaast, but may
not b in Xenopus. For saparation of sister chromatids in the sacond
equational divigion, cohesin left at the cantromeres must probably be
claavad by saparasa.

Source: Frank Uhlmann, Chromosome cohesion and segregation in mitosis and meiosis,
Current Opinion in Cell Biology, 2001, 13:754-761

Different cohesin mechanisms exist for mitosis and meiosis.

Cohesin Behavior During Cell Cycle
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Cohesion established in S phase; dissolved completely in metaphase.




Cohesin Sitesfor Sister Chromatids
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Figure 1. Cohesin Sites for Sister Chromatids of Chromosome §n 5
cerevisioe

Colvesin sites {red ovals) are concentrated at the centromere
pericentric region (where the two chromatids are “pinched "), b

also occur along the arms of the chromarids.

Source: Jennifer Gerton, Chromosome Cohesion: A Cycle of Holding Together and Falling Apart,
PLoS Biology, March 2005, p. 371

Features of Cohesin Sites

Large, dense areas of cohesin at centromeres
Not associated with origins of replication
Can be located at telomeres

No consensus sequence in arms

Biastoward regions of high AT content

Bias toward intergenic regions with convergent
transcription

Average distance between sitesis 18 kb

Source: Jen Gerton's Science Club Talk at Stowers




Previous Studies

Cell, Vol 98, 245-259, July 23, 1999, Copyright ©1999 by Cell Press

Cohesins Bind to Preferential Sites along Yeast
Chromosome lll, with Differential Regulation
along Arms versus the Centric Region

Yuval Blat* and Nancy Kleckner

Department of Molecular and Cellular Biology

Harvard University
Cambridge, Massachusetts 02138

“Each peak may represent a single unique consensus binding determinant or acluster ...”
Low resolution (3 kb) study of entire length of chromosome lIl.
Chromosome |11 is sex chromosome in budding yeast; has unusual properties.
Did not address questions about position of cohesin to smaller-scale features.

Previous Studies

The Journal of Cell Biology, Volume 131, 2000

Chromosomal Addresses of the Cohesin Component Mcd1p
Shikha Laloraya,** Vincent Guacci,' and Douglas Koshland**

*Howard Hughes Medical Institute, Department of Embryology, Carnegie Institution of Washington, Baltimore, Maryland 21210;
and ¥Basic Science Division, Fox Chase Cancer Center, Philadelphia, Pennsylvania 19111
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CAR = cohesion-associated region; CEN = centromere; TEL = telomere
CHR = chromosome; SGD = Saccharomyces Genome Database

High resolution (300 bp) over limited regions on certain chromosomes.




Focus of this Study

Attempt to resolve some discrepancies between
low resolution and high resolution studies, e.g.,
whether cohesin is found at telomeres.

L ook at cohesin binding across the whole genome
with medium resolution (1-2 kb), since many
aspects of cohesin-DNA interaction remain
obscure.

Looking for potentia correlations between cohesin
binding and genome features, such as base
composition and transcriptional state.

Approach

Use genome-wide application of chromatin
Immunopreci pitation with microarray technology
(ChIP chip)

Study several different growth conditions and three
different strains

Develop “PeakFinder” software to analyze genome
in a consistent way




Peak Finder

http://research.stowers-institute.org/jeg/2004/cohesin/peakfinder/index.html

sy
Sekechions

Feanze Coord
{Exced werksh

—_—

5 S
PeakFinder
Program

Parion from
ENETATAY EXPETEIS
(Excel worksheet)

Configurason

Files

Peak Finder

o Shoee AR i Juty
2 Trenvims

; = LHI' = Shome Funiisa '
e ™ Ghes " x

B 1 Iindkoandg Spavad s

T Shomali s Spang L A

T b BT ke e EH saeriemt @3 Foos
HirLwan | boustiione Chad | 3inle-Froms Dbt ] Fonabr | U stars S| 61600 Sk | ot |

1 '-l"'-""""ll:*ﬂ.-o-t-'-w rad ez ool »
2 dsqerca umug"l.'m.:nm . ol ke Thaai Fles
Iu-lhﬂ ook Frade Lo raee iH Wabxabs [PookfrderiRatn. &

Wwbrwe: [road = !

Wwbrwes LlDS2 dein

Snldi\q
W e [ Gandwn

Piry Conarlians 1

™ Fraliss
LagMan b [150 o2 [FRCT

PSS AL

1 Looronade:

Hirs

1 AR
]

M vl e
]

Uood | Lol | Lm Lrwmomoma | hiorat [LhCcord| Pedpord pdlissisn  Habo

B (2] 1 i E43

[LE] =T 18T

1607 2163

ey ru HE

ETy 4 ol

111 h3357 37956.0 080340

11153412 11160041

L 55
11153386 | 11160308

38308 5 =]

57241
070083

Feature “points’ have variable “width.”
Smooth data and set thresholds interactively.

= R T R P
Fiolosd |

TALLEA B LIS i e
VELDZTC L i"ﬁ-'["h‘.:('.ﬂ‘k&




Peak Finder

Features: Watson,

Peak Finder

Limitation: Did not attempt to detect sites near telomeres




Peak Finder

F e " "ol £ mooding
I S Tephin o ¥ Shw [ Hsmmen
I e

Chrmorm |
Fhiitoadbon [ a5
(E LS8 TETR ] 7 kol e

¥ Logi " wwmn
il

bk pgeedDsts.  RasDuaty

U5 3 Blallgown B = Ao
Pl Cunas | o pbRom Cra FrafeFasalion |=n.i:|um$pr.-g|nl.\‘.v’. T |

Foar—

o Elaag

—_— 1 Bahircad e
Vel =Pk £ 3  Paasig

W dreeme [ 3

[N NEE N

L0 100, 147 1 jonrnal phio DEEG0UL g3

Figure 1. Cohasin Sites for Sister Chromatids of Chrormasome 1in S,
COFRE I

»
S al 1 Odll O

»
0 es0 on Dala

Ficlaliee Mudi




Results: Validation

High-Resolution Data
Laloraya, et al, 2000

Our Medium Resolution Data

“ Qualitatively the results are comparable”

Results: Internal Consistency and Reproducibility

“There is good agreement between the location of cohesin peaks
in different strain backgrounds.”
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Results: Genomic Distribution of Cohesin

Figure 2. Visual Representation of the Interactions between Mcd1-18Myc and the 5. cerevisiae Genome in W303a
[ rtron ablack circle, the smaothed data (based on the logs of the rtio) is indicated
a red line (right y-axis). Vertical grey bars mark 50-kb intervals, Peaks are

L arge regions of intense binding in the pericentric domain

L essintense, smaller regions distributed in semiperiodic
manner throughout the arms

*9 of 32 telomeres associated with cohesin

*Chromosome |11 cohesin peaks appear to be associated
with origins of replication

*Usually show GC content sinceit islow when AT content
and cohesin binding is high

Results: Peak Statistics

L essintense, smaller regions of binding are
distributed in a semiperiodic manner throughout
the arms

sLower intensity of cohesin binding near telomeres

[

*Number of cohesin-binding peaks per chromosome
correlated with chromosome length (R? = 0.96)
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Results: Peaks and AT Content

*Cohesin peaks strongly associated with AT-rich
regions

810 of 1095 array elements defined as cohesin-
binding sites have AT content above yeast median

LB 0-3-B.B-1

=54

*70% of cohesin peaks are associated with
intergenic regions (27% of genome)

eIntergenic regions in yeast even more AT rich
than open reading frames (ORFS)

*AT content major determinant for cohesin
association
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“We observed local oscillations of AT content in a 5-kb sliding window,
which corresponded to cohesin-binding peaksin chromosome arms...”




Results: Distribution of Cohesin on a
Y east Artificial Chromosome (YAC)

“ The semiregular spacing of cohesin and the correlation with local
oscillations of base composition suggested that AT content and/or
a measuring mechanism might control cohesin distribution ...”

In' Y AC composed of Human DNA fragment:

-Pericentric region does show broad, intense association with cohesin
-Oscillations of AT content not similar to yeast

-Pattern of cohesin does not appear to reflect base composition

“ some property of the sequence, rather than precise location or
context, was responsible for cohesin binding”

Results. Transcription and Cohesin
Cohesin-Associated Regions (CARS) are biased towards
intergenic regions with convergent transcription

Intergenic Regions Observed in CARs

unidirectional ‘,;—’;7 12%

head-to-tail

Watson
converging —,—;—:—l—

tail-to-tail

diverging —:—U—;— 2%

head-to-head

“bias of the intergenic sequences associated with cohesin can be
partly explained by the AT bias of convergent intergenic regions ...




Results. Negative Association
between Transcription and Cohesin Binding

“ One peak of cohesin binding in
glucose was associated with the
promoter of the GAL2 gene,
which was induced 42-fold in
galactose.”

“ Promoter region of GAL2
became a trough of cohesin
binding, and the single peak
observed in glucose was split
into two peaks.”

“high levels of transcription are incompatible with cohesin binding.”

Results: Mechanism of Negative Association
between Transcription and Cohesin Binding

“ Galactose-induced transcription
... disrupted cohesin associated
with the 5’ end of both CARC1 and
CARL2"

“Transcription during G2 can
displace cohesin”

“transcript elongation can displace
cohesin within the G2 portion of a
single cell cycle”
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Results: Meiotic Cohesin

Watanabe & Nurse (1999): “ We propose that the persistence of Rec8 at
centromeres during meiosis | maintains sister-chromatid cohesion.”
Klein et al (1999): Rec8p isa meiactic version of Scclp

* The pattern of cohesin association in
meiotic and mitotic cells appears to
be similar (correlation coefficient = 0.77).

: f * PCD1 has shown to be a cohesin-
JL\«“\,M'\H binding site
g SNl ° Transcription of PCD1 isinduced in
R itk ) early meiosis
Il  Binding of the meiotic complex, like
the mitotic complex, isnot compatible

with transcription

Mitosis

Results: Meiotic Cohesin

» Melotic cohesin tends to be located
in regions that contain low levels of
double strand breaks (DSBSs).

» DSBs initiate meiotic recombination

* Negative correlation (-0.26) between

WA SRR location of meiotic cohesin and
e location of DSBs.
T — « Cohesin has been shown to be required

for formation of the synaptonemal
complex (SC)




Take Home Message

Genome-wide map of chromosome cohesin
IS consistent with many known and predicted
properties of chromatin.

DNA sequences required for the replication and
segregation of chromosomes must be protected
from transcription to function properly.

Cohesin sites are high conserved in meiosis and
mitosis suggesting common underlying structure
during different developmental programs.

Genome-wide analysis of cohesin in yeast provides
useful framework to explore attributes of cohesin
localization and cohesion in higher eukaryotes.

Thank You

Jennifer Gerton




