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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.
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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).
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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.
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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).
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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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Taeniopygia guttata

Monodelphis domestica

Mus musculus

Homo sapiens

Danio rerio

Sus scrofa

Bos taurus

USP9X mRNA miR-134 site

Sarcophilus harrisii

Gallus gallus
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Taeniopygia guttata

Monodelphis domestica

Mus musculus

Homo sapiens

Danio rerio

Sus scrofa

Bos taurus

GACAUAACCAGCAAUGAAGA-UUUU-AGUCUCA

GGCAUGACACUG-AUUCAGG-AUUUCAGUCACA

GGCAUGAC----AAUUCAGG-CGUUCAGUCACA

GACAUGACCCUGAAUUCAGG-AGUUCAGUCACA

AGCAUGACACUGAAUUCAGGAAUUUCAGUCACA

AGCAUGACACUGAAUUCAGGAAUUUCAGUCACA

GGCACUAUGCUGAGUUCUGGAACAACAGUCACA

GGCACUAUGCUGAAUUCUGGAACAACAGUCACA

GAUGUGACGCUGAAUUCUGAAGCCACAGUCACA

USP9X mRNA miR-134 site

Sarcophilus harrisii

Gallus gallus

GGGGAGACCAGUUGGUCAGUGU
5´3´

3´5´

miR-134:

: conserved in 8 or 9 species out of 9 : conserved in 6 or 7 species out of 9 : conserved in less than 6 species out of 9
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Hominidae

Catarrhini

Boreoeutheria

Euteleostomi



In vivo function of
miRNA binding

sites

Introduction

Comparative
genomics yield
false positives

Conclusion

Supplementary
data

Comparative genomics yield false positives

Hominidae

Catarrhini

Boreoeutheria

Euteleostomi

3´ UTR seed matches:

Clade-specific miRNA families

Hominidae Catarrhini Boreo-
eutheria

Euteleostomi
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Hominidae Catarrhini Boreoeutheria Euteleostomi
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Hominidae-specific seeds

Catarrhini-specific seeds

Boreoeutheria-specific seeds

Euteleostomi-specific seeds

Non-seed hexamers
3´ UTR seed matches:
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Predictions by TargetScan 7.0:

Clade-specific miRNA families

Hominidae Catarrhini Boreo-
eutheria

Euteleostomi
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Predictions by miRanda (aug2010):

Clade-specific miRNA families

Hominidae Catarrhini Boreo-
eutheria

Euteleostomi
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Predictions by PicTar2:

Clade-specific miRNA families
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Predictions by microT 5.0:

Clade-specific miRNA families

Hominidae Catarrhini Boreo-
eutheria

Euteleostomi
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Conclusion

Many predicted miRNA binding sites are conserved in a
miRNA-independent fashion.

Eliminate over-conserved sites from predictions.

Assess macroscopic in vivo phenotypes rather than changes
in protein abundance.
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Introduction:
Robustness of biological pathways

Issues with published pseudo-targets

Conclusion:
Pseudo-targets for other regulators?

Propagation of gene expression perturbation
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Biological robustness

Substrate Product 1 Product 2 Product 3
enzyme 1 enzyme 2 enzyme 3
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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).
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Reported examples of pseudo-targets

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against PTENP1
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Reported examples of pseudo-targets

Proposed by Poliseno et al (2010):

PTENP1 mRNA

PTEN mRNA

siRNAs

miRNAs

More probably:

siRNAs

PTEN mRNA
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Reported examples of pseudo-targets

UAAUAAUCAUCAUUCUGGC
 ||||||    ||| |||
GUUAUUA----UAA-ACCU

5´ 3´

3´ 5´

siRNA #2 against PTENP1:

PTEN mRNA (nt 948-961):

UAAUAAUCAUCAUUCUGGC
 ||||||   |||  :| |
AUUAUUAUAUGUAUCGCGG

5´ 3´

3´ 5´
PTEN mRNA (nt 1383-1401):

siRNA #2 against PTENP1:

UAAUAAUCAUCAUUCUGGC
 ||||||       ||||
AUUAUUACC-----GACCU

5´ 3´

3´ 5´
PTEN mRNA (nt 3769-3782):

siRNA #2 against PTENP1:

UAAUAAUC-AUCAUUCUGGC
 ||||||  |:|    |::
UUUAUUACUUGGAAAAAUUA

5´ 3´

3´ 5´
PTEN mRNA (nt 8189-8208):

siRNA #2 against PTENP1:

UCCUAUA--UGAUCUCUGAUG
 ||||||  ||   |||||::
AGGAUAUUGACGUUAGACUGU

5´ 3´

3´ 5´
PTEN mRNA (nt 2192-2212):

siRNA #3 against PTENP1:
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Reported examples of pseudo-targets

siRNAs against AFF1

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against CNOT6L

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against DCBLD2

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against JARID2

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against MBNL1

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against TNRC6b

siRNAs against RBM9

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against TNRC6a

PTEN mRNA
(NM_008960)

1 869 2080 8229nt:

CDS

siRNAs against ZEB2
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Pseudo-targets for other regulators?

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

I 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).

Real molecular events, which are neutral in evolutionary
terms?

Return
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Propagation of gene expression perturbation

+

−

Gene X

Gene Y1

Gene Y3

Gene Y2

Direct miRNA target Indirect miRNA targets

Gene Z1

Gene Z3

Gene Z2

Gene Z4

Gene Z6

Gene Z5

Gene Z7

Gene Z9

Gene Z8

miRNA



In vivo function of
miRNA binding

sites

Introduction

Comparative
genomics yield
false positives

Conclusion

Supplementary
data

Propagation of gene expression perturbation

Direct targets
13.5 dpp

Indirect targets
at 13.5 dpp

Indirect targets
at 15.5 dpp

|lo
g

2(
fo

ld
-c

ha
ng

e)
|

(b
lu

e 
bo

xp
lo

t)

N
um

be
r 

of
 a

ffe
ct

ed
 g

en
es

(r
ed

 li
ne

)

0

2

4

6

8

10

0

500

1000

1500

Zfy overexpression

Pebp4

Tsarg2 Miwi
Sept12

(in collaboration with H. Royo and J. Turner, MRC, London)
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