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EPIGENETIC BUFFERING 
OF GENOMIC VARIATION 

PATHWAYS IN CONTEXTPATHWAYS IN CONTEXT



Position effect and gene networks

Geography of the genome and co-regulations of 
the genes

Chromosomal organization and regulation of 
gene expression.

Chromatin structure and regulation of expression.



In bacteria coIn bacteria co--regulated genes are organized in regulated genes are organized in 
operons TRP operonoperons TRP operon E. coliE. coli

Proteins E+D = I° enzyme of the trp pathway

Protein C= intermediate step

Protein A + B = triptophan synthase



The possibility for a gene to be expressed depends on its The possibility for a gene to be expressed depends on its 
position on the chromosomeposition on the chromosome-- i.e. is off at telomeres i.e. is off at telomeres 
or at centromeresor at centromeres



Eliminating histones

Chromosomes are organized in histones,Chromosomes are organized in histones,
Histones pack DNA into the chromosomesHistones pack DNA into the chromosomes



Genomic approaches to the discovery of the genetic 
basis of variation in populations

A …evolution

S1

S2

S3

Genotypic and
phenotypic
diversity

Ancestor

?

Phenotypic diversity is the result of the action of natural 
selection on genetic variation
Genetic variation is the result of mutation in the coding 
sequence or in the number of copies of the genes.

Selection acts on the phenotype



Questions

1. Investigate genetic relatedness of the different strains 
and the extent at which they differ from the type strain

2. Investigate whether there are parts of the genome that 
show different variation rates.

3. Associate genetic diversity with Phenotypic diversity 
in the transcriptome.  



88% of the S288c gene pool derives from EM93, isolated from 
rotten figs in Mercedes, California by Emil Mrak in 1938.

Johnson and Mortimer, Genetics 113:35-43 may 1986 
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Affymetrix S98 oligonucleotide array (285.156 different 25-mers, covers 16% of the yeast genome)
F1 has 2212 polymorphic markers distributed over the genome. 

Affymetrix oligoarrays

ORF DNA arrays

Oligo (70mers) DNA arrays

Genomic variation

Intergenic DNA 
arrays



ORF and INTERGENICS
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CATEGORY variable per category tot variable elements tot n of elements of cat. exp surprise
HDAC_list.dat 101 475 234 0

HDAC intergenics 118 475 284 0
HZAD 43 475 69 0

SDG_TY 32 475 127 2.97E-10
telo_10kb 107 475 163 0
telo_20kb 162 475 309 0
telo_30kb 190 475 464 0

Tfs 10 475 256 0.007500311

CATEGORY of variable elements per cnumber of variable elementsents of that category in who exp surprise
HDAC_list.dat 45 135 234 0

HDAC intergenics 72 135 284 0
HZAD_activator.dat 24 135 69 0

SDG_TY.dat 27 135 127 0
telo_10kbtxt.dat 51 135 163 0

telo_20kb.dat 80 135 309 0
telo_30kbtxt.dat 90 135 464 0

nscription_regulator 1 135 256 0.021896252



Genes

Yeast strains

DNA
RNA



This is a new transcriptional motif, that is probably recognized by ARR1, member of a 
fungus-specific family of basic leucine zipper (bZIP) proteins: Yap1-3-5-6-7-p, Cad1p-Cin5p

Eran Segal, Aviv Regev, http://genexpress.stanford.edu/
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Boundaries between eu- e etero-chromatin are variable

gene duplication can alter gene expression moving the 
gene in a non silenced location

Translocation or inversion events can affect hystone 
deacetylase based control of gene expression



Pathway processor
Pathway Analyzer 

http://www.cgr.harvard.edu/
cavalieri/pp.html

By4743 and the wild strains 
show differential expression 
of 7-10% of the genome

J. S.Oh



http://genexpress.stanford.edu/



3’

Hap1F2

Hap1Ty1R

Hap1F1

Hap1R1

Hap1R2

Hap1R2

722 bp

820 bp

7500 bp

1600 bp

The change in expression is due to a Ty1 insertion in the 3’ end of Hap1.

This insertion causes: a deletion of 13 AA, addition of 32 residues, 
and a reduction of Hap1 activity as a transcriptional activator.



Primary Sequdc ty as1014 SGU52 SG60 vSGU89 SGU90 SGU114 SGU165 SGU406 SGU407 SGU421 M28  M57 vSK1 vEM93 vW303 By4743 v
YAR009C TY1B -5.1 -10.3 -2.3 -2.0 1.2 1.1 -1.2 1.2 -1.1 1.1 -2.5 -1.2 -1.2 1.0
YAR010C TY1A -11.6 -9.9 -5.6 -2.2 -2.0 -2.2 -1.9 -8.5 -10.2 -10.0 -3.2 -6.2 -1.5 -1.6 1.1 -1.0

YBL005W-A TY1A -4.0 -5.2 -2.2 -1.6 -2.0 -1.6 -1.6 -2.3 -2.4 -3.1 -2.1 -2.1 -1.7 -1.3 -1.0 1.1
YBL005W-B TY1B -2.6 -1.9 -1.4 -1.1 1.1 -1.5 -1.1 -1.2 -1.6 -2.0 -2.2 -1.3 1.0 1.0
YBL101W-A TY1A -1.6 -1.5 -1.5 -1.1 -1.5 -1.2 1.2 1.0 1.1 -1.1 1.1 -1.1 -2.0 -1.3 1.3 1.2
YBL101W-B TY1B -1.2 -1.2 -1.2 -1.1 -1.0 -1.2 1.1 1.1 -1.1 -1.1 -1.5 -1.4 -1.5 1.0 1.0 -1.2
YBR012W-A TY1A -6.6 -5.3 -1.8 -2.0 -2.3 -1.8 -1.9 -6.7 -9.4 -5.9 -3.4 -6.8 -1.4 -1.5 1.2 -1.0
YBR012W-B TY1B -1.3 -1.0 -1.4 -1.5 -1.2 -1.9 1.2 -1.0 1.1 -1.6 -1.3 -1.4 -1.1 1.6 1.0

YCL019W TY2B -1.3 -1.1 -1.0 -1.1 -1.0 -1.2 1.1 1.2 1.1 -1.1 -1.1 -1.0 -1.2 -1.0 1.2 1.3
YCL020W TY2A -1.8 -1.4 -1.6 -1.1 -1.2 -1.1 1.2 -1.1 -1.0 1.2 1.1 -1.1 -1.5 -1.1 1.6 -1.0
YCL074W TY5 1.7 1.9 2.1 1.9 2.0 1.7 1.8 2.2 1.5 -1.1 2.1 2.4 -1.0 1.7 -1.3 1.0
YCL075W TY5 1.6 1.6 1.4 1.5 1.3 1.9 1.8 1.6 1.3 1.0 2.0 1.7 1.0 1.2 -1.1 1.1
YCL076W TY5 1.7 1.8 2.3 1.8 2.0 1.8 1.7 1.7 1.8 -1.1 2.0 2.9 -1.1 1.7 -1.2 -1.0
YER138C RCdelta -1.3 -1.7 -1.4 -1.1 -1.1 -1.4 -1.1 -1.3 -1.2 -1.2 -1.4 -1.5 -1.1 -1.1 1.0 -1.0
YER160C Ty1B -1.4 -1.2 -1.2 -1.1 -1.1 -1.3 -1.1 -1.2 -1.3 -1.2 -1.5 -1.4 -1.2 1.0 1.0 -1.0

YHR214C-B RCdelta -1.3 -1.2 -1.4 -1.4 -1.2 -1.3 1.3 1.1 -1.0 -1.3 1.0 -1.2 -1.2 -1.0 -1.0 1.1
YIL080W Ty3 -7.8 -6.0 1.0 1.1 1.1 1.2 1.1 -3.6 -4.6 -3.6 -2.1 -4.5 -1.4 -2.8 1.6 -1.1
YIL082W TY3 -70.3 -54.9 1.3 1.4 1.3 1.3 1.1 -8.4 -10.0 -53.3 -3.8 -29.9 -1.8 -3.8 1.7 1.1

YIL082W-A Ty3 -6.9 -3.5 1.3 1.4 1.4 -1.0 -1.1 -1.8 -2.4 -2.9 -2.2 -2.0 -1.7 -1.8 1.3 1.1
YJL113W Ty4B -1.2 -1.3 -1.4 -1.3 -1.1 -1.5 -1.0 -1.0 -1.1 1.2 -1.6 -1.4 -1.4 -1.1 -1.1 1.1
YJL114W TY4B -49.8 -36.3 -23.1 -36.2 -54.3 -48.9 -23.6 -34.1 -31.7 -37.5 -4.9 -78.0 -61.1 -2.3 -1.5 1.0
YJR026W TY1A -21.6 -16.8 -2.6 -2.3 -2.4 -2.3 -1.9 -11.8 -13.9 -19.9 -4.3 -14.9 -1.6 -1.7 1.1 1.0
YJR027W TY1B -2.2 -1.8 -1.8 -1.3 -1.4 -1.5 -1.4 -1.2 -1.3 -1.4 -1.4 -1.2 -1.5 1.0 -1.2 1.3
YJR028W TY1A -25.1 -21.4 -2.6 -2.4 -3.1 -2.0 -2.1 -18.5 -25.6 -22.8 -4.6 -24.5 -1.6 -1.6 1.0 1.0
YJR029W TY1B -4.6 -3.4 -2.4 -1.9 -1.8 -2.2 -1.1 -2.0 -2.0 -2.3 -2.3 -2.0 -1.9 -1.1 1.1 -1.4
YML039W Ty1A -4.2 -3.9 -2.0 -1.5 -1.5 -2.2 -1.6 -2.0 -1.9 -2.9 -2.2 -2.0 -1.6 -1.2 -1.0 -1.0
YML040W TY1A -20.2 -12.9 -2.4 -2.2 -2.3 -1.9 -2.2 -9.5 -9.1 -12.0 -3.9 -10.4 -1.7 -1.8 1.0 -1.4
YML045W TY1A -56.9 -31.8 -2.6 -2.7 -2.8 -2.4 -2.5 -41.9 -29.8 -38.2 -4.9 -42.1 -1.5 -1.7 1.2 1.1
YMR045C MRCdelt -1.3 -1.2 -1.1 1.2 -1.3 -1.2 1.1 1.0 1.1 1.0 -1.0 1.1 -1.1 1.3 -1.3 -1.0
YMR046C MRCdelt -9.9 -8.8 -2.1 -2.3 -2.2 -1.8 -2.0 -9.1 -10.5 -7.2 -3.9 -8.6 -1.5 -1.5 1.2 1.2
YMR050C Ty1A -1.4 -1.6 -1.4 1.1 1.1 -1.5 -1.2 1.1 1.1 -1.1 -1.3 -1.3 -1.3 1.0 -1.1 -1.0
YMR051C TY1A -62.3 -30.2 -2.5 -2.7 -2.9 -2.2 -2.7 -23.0 -13.0 -39.9 -4.2 -25.8 -1.6 -1.6 1.0 1.1
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Conclusions-1

• HDAC and SIR-SAS gene expression control provides the cell 
with a mechanism of epigenetic buffering of variation.

• These regions could be used to acquire new genes trough 
horizontal gene transfer, accelerate evolution.

• Genomic variation could be accumulated and kept silent, 
expression in HDAC domains is stochastic and can be 
selectively uncovered in permissive or extreme conditions.

• Gene duplications, moving genes from a silenced to a non 
silenced region, could give advantage under selective 
conditions, and be then fixed in the population. 



• CHIP genomic DNA from selected wine strains with HDAC, 
SAS, SIR2  to selectively discover “new” genes of 
environmental interest.

• Study regulation of HDAC, SAS, SIR2 in wine strains and 
the evolution of these regulatory systems in different strains 
and species.

• Control of modulation of expression of Genes in HDAC 
regions is important to Understand the connections
between genetic networks involved in production, 
adaptation, and resistance to stressors.

Perspectives



A single genotype may produce many
differents phenotypes environment

dependent

A single phenotype may be produced
by many differents genotypes

environment dependent

Genotype
Phenotype 1

Phenotype 2

Phenotype 3

Phenotype

Genotype 1

Genotype 2

Genotype 3


