Expression of macroscopic phenotypes for
miRNA-guided regulation at the molecular
level

Hervé Seitz

IGH du CNRS, Montpellier, France

March 3, 2016

Expression of
macroscopic
phenotypes for
miRNA-guided
regulation at the
molecular level




microRNA target prediction

Expression of
macroscopic
phenotypes for
miRNA-guided
regulation at the
molecular level

Introduction




Expression of

macroscopic

mICI’ORNA ta rget predlcthn phenotypes for
miRNA-guided
regulaticung at the
molecular level

Introduction

_ . 3
miRNA: N NNNNNNNNNNNNNN

target: ~_ - ~—— — the “seed”




microRNA target prediction

Computational programs for target prediction: look for seed
matches in 3 UTRs, select the ones that were conserved in
evolution.
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Such short matches are very frequent (60 % of human
coding genes seem to be targeted: Friedman et al., 2009).
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microRNA target prediction

Computational programs for target prediction: look for seed
matches in 3 UTRs, select the ones that were conserved in
evolution.

Such short matches are very frequent (60 % of human
coding genes seem to be targeted: Friedman et al., 2009).

—> miRNAs are implicated in every physiological process in
animals.

miRNA-mediated repression is very modest (usually

< 2-fold): lower than well tolerated fluctuations in gene
expression (e.g., haplosufficiency). Why have these sites
been conserved if they are not functional?
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Robustness of predicted targets

Baek et al., 2008: quantification of miR-223-mediated
repression in mouse neutrophils.
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Robustness of predicted targets
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Robustness of predicted targets
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Robustness of predicted targets

For 150 predicted targets out of 192:
inter-individual fluctuations across 5 wild-type mice exceeds
miRNA-mediated regulation (p-value < 0.05).
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Every measurable change in gene expression does not
translate into a macroscopic, evolutionarily selectable
phenotype.
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Conclusion: revisiting miRNA target definition

Every measurable change in gene expression does not
translate into a macroscopic, evolutionarily selectable
phenotype.

A central feature of biological systems: their robustness to
external insults. Hard to reconcile with the extreme
sensitivity required for fine-tuning (the “butterfly effect” has
probably been counter-selected).
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Biological robustness
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Published evidence

Targets for a given miRNA often belong to the same
biological pathways.
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Published evidence

Expression domains for miRNAs and their predicted targets
overlap at their boundaries.
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House-keeping genes are rarely predicted to be targeted.

( )
DN~ —{ LN I e e N
miRNA x mRNA for tissue—specific gene
avoidance

N N N N
mRNA for house-keeping gene

cell type 1
N Supplementary
data
( R
[ [ e N e P e N N

miRNA x mRNA for tissue—specific gene
avoidance

N S TSN
mRNA for house-keeping gene

cell type 2
N

J




Expression of

macroscopic

PUbllShed eVldence phenotypes for
miRNA-guided
regulation at the
molecular level

House-keeping genes are rarely predicted to be targeted.

( )
D }— L S e P
miRNA mRNA for tissue—specific gene
avoidance
[ N NP g e N
cell type 1 mRNA for house-keeping gene
N Supplementary
data
( R
(N e e L e N e
miRNA mRNA for tissue—specific gene
avoidance
[ N NI S N V)
cell type 2 mRNA for house-keeping gene
N _J




Reported examples of pseudo-targets

A proposed pseudo-target: PTENP1, that de-repressed
PTEN (Poliseno et al., 2010).
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Reported examples of pseudo-targets

A proposed pseudo-target: PTENP1, that de-repressed
PTEN (Poliseno et al., 2010).

But PTENP1 mRNA is ~ 100 times less abundant than the
PTEN mRNA (Ebert and Sharp, 2010).

Expression of
macroscopic
phenotypes for
miRNA-guided
regulation at the
molecular level

Supplementary
data




Expression of
macroscopic

Reported examples of pseudo-targets i
miRNA-guided
regulationgat the
molecular level

siRNAs against PTENP1

PTEN mRNA _& * *
(NM_008960) !

I i
1 1
I I

nt: 1 869 2080 8229

Supplementary
data

-5
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Reported examples of pseudo-targets

siRNA #2 against PTENP1:
PTEN mRNA (nt 948-961):
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miRNA quantification
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miRNA molecules per cell

5000 10000 15000 20000 25000

0

miRNA quantification

miRNA abundance during C2C12 differentiation

o miR-1 + miR-206

o miR-133
] ¢ T 9
& g E=3 =
T T T T T T
0 1 2 3 4 5 6

Day of differentiation

Expression of
macroscopic
phenotypes for
miRNA-guided
regulation at the
molecular level

Supplementary
data




mRNA quantification

Expression of
macroscopic
phenotypes for
miRNA-guided
regulation at the
molecular level

Supplementary
data




mRNA quantification

Very deep sequencing: three time points (day 0, day 3, day
6) in triplicate; each replicate: between 267 and 333 million
transcriptome-matching reads.
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Very deep sequencing: three time points (day 0, day 3, day
6) in triplicate; each replicate: between 267 and 333 million
transcriptome-matching reads.
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Number of reads per kb (median transcript, excluding
spike-ins):

Replicate 1 | 159.26
Day 0 | Replicate 2 | 140.53
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Pseudo-targets for other regulators?

» Transcription factors: experimentally identified binding
sites are poorly conserved among vertebrates (Odom et
al., 2007 and Schmidt et al., 2010).
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Pseudo-targets for other regulators?

» Transcription factors: experimentally identified binding
sites are poorly conserved among vertebrates (Odom et
al., 2007 and Schmidt et al., 2010).

» RNA-binding proteins are poorly specific (thousands of
experimentally validated targets for each analyzed
protein: Hafner et al., 2010; Lebedeva et al., 2011 and
Hafner et al., 2013).
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