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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.

Refinements: local AU content, position within
UTR, ... (Agarwal et al., 2015).

https://pubmed.ncbi.nlm.nih.gov/26267216/
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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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Computational programs for target prediction: look for seed
matches in 3 ́ UTRs, select the ones that were conserved in
evolution. Refinements: local AU content, position within
UTR, ... (Agarwal et al., 2015).

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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Inconsequential microRNA/target interactions

I miRNA-mediated repression is very modest (usually
< 2-fold; Baek et al., 2008; Selbach et al., 2008):
lower than well tolerated fluctuations in gene expression
(e.g., haplosufficiency).

I For miR-223 in mouse neutrophils: inter-individual
fluctuations in gene expression typically exceed
miR-223-guided repression (Pinzón et al., 2017).

I In the best studied cases, miRNA-controlled phenotypes
appear to be due to a single target each (Ecsedi et al.,
2015; Title et al., 2018; Aeschimann et al., 2019;
Garaulet et al., 2020; Yang et al., 2020).

−→ Why have all predicted sites been conserved if they are
not functional ?

https://www.ncbi.nlm.nih.gov/pubmed/18668037
https://www.ncbi.nlm.nih.gov/pubmed/18668040
https://pubmed.ncbi.nlm.nih.gov/28148562/
https://www.ncbi.nlm.nih.gov/pubmed/25669883
https://www.ncbi.nlm.nih.gov/pubmed/25669883
https://www.ncbi.nlm.nih.gov/pubmed/30405106
https://www.ncbi.nlm.nih.gov/pubmed/30910805
https://www.ncbi.nlm.nih.gov/pubmed/32579967
https://www.ncbi.nlm.nih.gov/pubmed/32820039
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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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Clade-specific miRNA families
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Comparative genomics yield false positives

Measuring miRNA-independent conservation with control
k-mers (with same G/C content, dinucleotide
composition, ...; Friedman et al., 2009).

−→ not submitted to the same selective pressure than actual
miRNA seed matches (e.g., protein binding sites).

https://pubmed.ncbi.nlm.nih.gov/18955434/
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Practical implications: an example

The miR-34 family is widely perceived as a tumor suppressor
(e.g., Slack and Chinnaiyan, 2019) ...

... probably by mistake (Mockly et al., in review).

https://pubmed.ncbi.nlm.nih.gov/31730848/
https://www.biorxiv.org/content/10.1101/2021.02.11.430795v4
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Conclusion: revisiting miRNA target definition

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

Even phylogenetic conservation is not a great help many
RNA-binding protein recognition elements will fortuitously
match miRNA seeds:
I ≈ 1,500 annotated human miRNA families
I out of 46 = 4096 possible hexamers.

Potential improvements:
I excluding sites more conserved than the cognate

miRNA family;
I evaluating phenotypic robustness to expression

fluctuations;
I “experimental validation” is a genetic knockout, not a

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

Even phylogenetic conservation is not a great help: many
RNA-binding protein recognition elements will fortuitously
match miRNA seeds:
I ≈ 1,500 annotated human miRNA families
I out of 46 = 4096 possible hexamers.

Potential improvements:
I excluding sites more conserved than the cognate

miRNA family;
I evaluating phenotypic robustness to expression

fluctuations;
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Conclusion: revisiting miRNA target definition

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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Supplementary data
Robustness of biological pathways

miR-223-guided repression vs. inter-individual variability

miR-34 and cell proliferation



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

Biological robustness

Substrate Product 1 Product 2 Product 3
enzyme 1 enzyme 2 enzyme 3



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

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

Neutrophil isolation

Blood collection

RNA extraction

cDNA labeling,

array hybridization

Blood collection

Pooled blood

Split in 5 replicates

Neutrophil isolation

RNA extraction

cDNA labeling,

array hybridization



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

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

Neutrophil isolation

Blood collection

RNA extraction

cDNA labeling,

array hybridization

Blood collection

Pooled blood

Split in 5 replicates

Neutrophil isolation

RNA extraction

cDNA labeling,

array hybridization



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

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

Neutrophil isolation

Blood collection

RNA extraction

cDNA labeling,

array hybridization

Blood collection

Pooled blood

Split in 5 replicates

Neutrophil isolation

RNA extraction

cDNA labeling,

array hybridization



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

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

Neutrophil isolation

Blood collection

RNA extraction

cDNA labeling,

array hybridization

Blood collection

Pooled blood

Split in 5 replicates

Neutrophil isolation

RNA extraction

cDNA labeling,

array hybridization



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

p: probability that the difference between two individual
mice is smaller than miRNA-guided repression



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

p: probability that the difference between two individual
mice is smaller than miRNA-guided repression



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

p: probability that the difference between two individual
mice is smaller than miRNA-guided repression



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

p: probability that the difference between two individual
mice is smaller than miRNA-guided repression



Functional
definition of

microRNA targets

The principles of
microRNA target
prediction

Inconsequential
microRNA/target
interactions

Comparative
genomics yield
false positives

Practical
implications: an
example

Conclusion

Supplementary
data

miR-223-guided repression vs. inter-individual
variability

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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miR-34 and cell proliferation
In HCT-116 cells:
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