Conservation of tissue-specific
gene expression predicts
transcription factor binding sites
in human and mouse
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A talk of two parts

= Using gene expression to predict conservation
of transcription factor binding sites (TFBSs)

= Using conservation of TFBSs to predict gene
expression



Genome wide TFBSs

= ChlIP-chip, ChIP-Seq experiments
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Genomic Arrays
(www.chiponchip.org)

Binding site identification Array data analysis



Genome wide TFBSs

= ChlIP-chip, ChIP-Seq experiments
= Widespread binding of TFs
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pluripotency in mouse embryonic stem cells
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Genome wide TFBSs

= ChlIP-chip, ChIP-Seq experiments

= Widespread binding of TFs

= Functional significance of TFBSs?
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Genome wide TFBSs

= ChlIP-chip, ChIP-Seq experiments

= Widespread binding of TFs
= Functional significance of TFBSs?
= Low degree of conservation between species

= Regulation and function of a gene decoupled?
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Conservation of TFBSs in liver

- Liver | -
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= Compare TF binding sites

= ChIP-chip
Tissue-specific transcriptional
* 4022 homologous genes regulation has diverged

significantly between human
and mouse
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Poor Conservation of TFBSs
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P(H|M) = probability of observing TFBS in Hs if TFBS in Mm
= #fconserved TFBS / #Mm TFBS



Higher Conservation Expected for

Genes Expressed in Both Species

= Functional aspects not considered

= Conservation of TFBS for genes not expressed
in tissue?

= Binding not expected for genes not expressed
= These TFs are known to be activators in liver



Higher Conservation Expected for

Genes Expressed in Both Species

= Functional aspects not considered

= Conservation of TFBS for genes not expressed
in tissue?

= Binding not expected for genes not expressed
= These TFs are known to be activators in liver

Hypothesis: Greater conservation for subset
of genes which are expressed in both species

P(THS‘TMm’EHS’EMm)>P(THs‘TMm)



Microarray Expression Data

= GNF SymAtlas for liver
= Microarray data from
human and mouse

= 3051/4022 pairs
with expression for both
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Subsets of TFBSs

THs EHs

THs TMmEHs EMm
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Predicting Expression from TFBS

= Use linear regression to predict expression

= Real value for expression E of gene i
= Binary variable /for binding of TFjat gene I

log B; = ) a;I; logE; = ) )_r asly,
7=1 1=1 =0
(4 parameters) (8 parameters)




Predicting Expression from TFBS

= Use linear regression to predict expression

= Real value for expression E of gene |
= Binary variable | for binding of TF | at gene |

4 4 1
log B; = ) a;l; logE; =Y Y aSlf
7=1 7=1 =0
(4 parameters) (8 parameters)

4 1
log F; = Z [{1 Lij + Z kaz:k] log Fv; = ZZ [ ajli; + Z @ji 13‘“]

k=j+1 j=1 e=0 k=j+1
(10 parameters) (20 parameters)



Predicting Expression from

TFBSs
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Model complexity

= Adding parameters «
iImproves prediction

= Use AIC to penalize

model complexity £ .
AIC = 2k + nlog(RSS/n)

L o exp(—AAIC/2) = MGy
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= Coeffs for conserved
TFBSs 8 times higher



= Combined several studies containing TF
binding and gene expression data

= Genes expressed in both human and mouse
twice as likely to have conserved TFBSs

= Expression proxy for function

= Conserved TFBSs have a significantly greater
impact on expression

= Prediction of expression levels increased by ~30%
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