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Post-genomic vs traditional experiments:

Genes or gene products: 1 2 3 ... n

Gene cloning

Horizontal approach

Gene expression
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The global view...




Global map as an approximation of reality:
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Gene expression data

Evolution has carried out the perfect functional

genomic experiment:

a multi-million year, genome-wide conditional
knock-out mutagenesis, accompanied by
exhaustive phenotypic screens.

The results are recorded 1n gene expression

programs activated under various conditions.



Microarrays: Principle of Differential Hybridization
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Three main projects:
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Cell cycle control of gene expression

e Umiversal level of regulation
* Budding yeast: 400-800 periodically expressed genes

 Fission yeast: ~35 periodic genes reported

» Genome-wide overview of cell cycle-regulated gene
expression in fission yeast

» Conservation of periodic gene expression programs?



Periodic Gene Expression during Cell Cycle:

DNA microarrays to study
stage-specific gene expression
during fission yeast cell cycle

Synchronization of cells in
different ways:

- centrifugal elutriation
- conditional cell cycle mutants
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Identification of periodic genes: autocorrelation script
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Combination of wavelet analysis and Fourier
Significance: Randomizations
Confirmation by visual inspection



lly expressed genes
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Expression ratios

4 major waves of transcription:
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Expression ratios
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4 major waves of gene expression:
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Major cell cycle transcription factors

Budding yeast:

Mcm1p

Ace2
SW|5p

Cln3p

Forkhead

SBF




Regulation of periodically transcribed genes

TF deletion vs wt TF overexpression vs wt
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Transcriptional regulation of clusters 1 and 2
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Transcriptional regulation by Seplp and Ace2p:

sep1A cde2b block-releasa

timepoints of synchronized cultures



Mutant phenotypes




Identification of regulatory promoter motifs:

motif logos:
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Regulatory gene expression networks:

Budding yeast: Fission yeast:

Mcm1p

Ace2
SW|5p

Cln3p

SBF




Core cell cycle-regulated genes:

S. pombe 8. cerevisiae
(high amplitude) (Cho + Spellman)

S. pombe S. cerevisiae
(all periodic) (Spellman only)

2981 orthologs in total



Core cell cycle-regulated genes:

Mitosis and cell division:

CDC5, IPLI, KIN3
CDC20
SPO12
KAR3, KIPI
MOBI, DBF?2
MYOlI

BUD4

ACE?2

HOFI

DSE4

CHS?

1087

plol, arkl, finl
sipl

wis3

kip5, kIp6, kipS

mobl, sid?2
myo3

mid2

ace?

imp2

engl

chs2
macl

Polo, Aurora, and NimA kinases
Activator of APC

Putative cell-cycle regulator
Kinesin microtubule motor
Proteins involved in MEN/SIN
Myosin II heavy chain

Protein involved in cytokinesis
Transcription factor

Protein involved in cell division
Glucanase for cell separation
Protein involved in septum formation
Putative role in cell separation



Core cell cycle-regulated genes:

DNA replication:
POLI, POL2 poll and cdc20 DNA polymerases o and €
RFAI ssbl Single-stranded DNA-binding protein
CDC6 cdcl8 Regulator of DNA replication initiation
MRCI mrcl DNA replication checkpoint protein
RNRI cdc22 Ribonucleotide reductase
SMC3, MCD1  psm3 and rad21 Cohesins
HTZ1 phtl Histone variant

8 histone genes 9 histone genes Histones H2A, H2B, H3, and H4

Others:
mikl SWEI Kinase inhibiting cyclin-dependent kinase
cig? CLBI-CLB6 B-type cyclins
msh6 MSHG6 Mismatch-repair protein
rhp51 RADSI DNA repair protein
Human and fission yeast only: Human and budding yeast only:

cdc2 kinase and cdc25 phosphatase MCM complex DNA replication genes



Major Conclusions

4 major waves of transcription,
3 clusters concentrated in M-S phases (~30% of cell cycle)

~400 periodic genes (8% of genome), 136 of which are of
high amplitude; less periodic transcription than S. cerevisiae

Conserved transcription factors but differences in

regulatory circuits between fission and budding yeasts:
rewiring during evolution to accommodate differences
in cell cycle phases

Periodic transcription not necessarily conserved, but
core set of universally regulated genes with basic functions
in cell-cycle progression



Expression Profiling During Sexual Differentiation:

L

F;an Mata

Synchronized meiotic cultures

Transcription factor mutants
and overexpressors

Dissect global gene expression
program and its regulation



Fission yeast life cycle:

Zygotic ascus

Meiosis and
sporulatioV \

© © Dormant
Sexual differentiation &s

Q ascospores
Zygote formation \

D

Conjugatlon

Re-supply nutrients

Nutrient deprivation[j

Vegetative cell cycle
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Early: S-phase/prophase
7
Late: sporulation
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Mean expression ratio

Average Expression Profiles: 4 main clusters

BN -N/pheromone
of successive gene expression waves
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Functions of early genes
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Expression ratio
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Known meiotic transcription factors are themselves regulated:

repl

res’?

0 1 2 3 4 5 6 7 8 10 12 q 1 2 3 4 5 6 7 8 9 10 11




100 ]

Expression ratio
i

Other transcription factors up-regulated during meiosis:
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Characterization of atf21/atf31 during meiotic differentiation:
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1000

100+

0.1

Genes regulated by Atf21/31:

-2

001 2 3 4 5 6 7 8

10
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atf21 atf31

~55% of late genes are
atf21/31 dependent



Regulatory Network During Meiosis

Pheromone

response Early Middle Late

Glucose
metabolism



Inactivation of Stell transcription by Repl
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Accumulative distribution
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Nitrogen starvation:

Induced transcripts encode proteins with less nitrogen
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Comparison with meiotic transcriptome of budding veast:

S. pombe 8. cerevisiae .
Genes in common:

- B-cyclins

- polo, flp1

- APC+ regulators
- recombination

. L. - chrom. cohesion
Core meiotic genes

Meiosis and sporulation similar in the two yeasts, but:
- small overlap in transcriptomes

- regulatory mechanisms not conserved

» primitive meiosis in common ancestor,

regulatory mechanisms evolving later?



Stress Response Mechanisms:

Dongrong Chen

Mark Toone, Nic Jones (Paterson, Manchester)

e various stresses: heat, osmotic, toxic metals, ...

e oxidative stress: time, dose, different oxidants

» general vs specific stress responses

» acute vs adaptive stress response

» long-term adaptation to stress

» regulatory sequence motifs and circuits



Eukaryvotic stress-activated protein kinase pathways

Vertebrates Drosophila S. cerevisiae S. pombe
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1682 Genes

CESR: Core Environmental Stress Response

H,0, Cd Heat  Sorb. MMS
015’60’ 015°60° 0 15°60° 015°60° 0 15°60°

Average Expression Profiles

CESR induced

= AN

Expression ratio

S
;I'\

CESR repressed

0.24

)

H,0, Cd Heat Sorb. MMS

>8x induced NN >8X repressed



The transcriptional response to stress consists of
general and stress-specific gene induction:

(B



Regulation of stress response genes:

wild-type stylA atf1A
H,0, Cd Heat Sorb. MMS H,0, Cd Heat Sorb. MMS H,0, Cd Heat Sorb. MMS

140 CESR genes
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Different regulation of stress response genes in two yeasts:

Budding Yeast Fission Yeast

stress 1 stress 2 stress 3 ... stress 1 stress 2 stress 3 ...

Stress activated
MAPK pathway

core stress response genes core stress response genes
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Expression ratio
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Increasing cell density and stress gene expression
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Growth curve:

Increasing cell density and stress gene expression

600

500

400

300

200

100

0.8

0.6

OD of cell culture

0.4

0.5+

onjes uoissaidx3y

Time (minutes)

1.0

0.1



Expression ratio
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Growth media influence stress gene expression:

CESR induced
CESR repressed

Meiotic divisions
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Adyversity has the etfect of eliciting
talents, which in prosperous
circumstances would have
lain dormant.

Horace



Expression profiling:  direct vs indirect effects?
functional role

ChIP-chip:
- chromosome ‘tiling” array of all intergenic regions

- immunoprecipitate DNA bd. protein,
use bound DNA as target for hybridization

- map protein binding sites globally
along chromosomes
direct
functional?
divergent genes?

» Integrate expression and ChIP-chip data




Microarrays and 1?

» Even if you are not equipped to do microarrays yourself,
you can make good use of available data

» Examples:

Genes expressed at stage of interest:
Toth et al. (2000) Cell 103:1155

Genes co-expressed with genes of interest:
Colman-Lerner et al. (2001) Cell 107:739
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