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I High-throughput molecular biology (finding mRNAs
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miRNA target identification

I Low-throughput genetics (measures in vivo phenotypes).

I High-throughput molecular biology (finding mRNAs
bound, or repressed, by a miRNA).

I Computational predictions.

Example: Ecsedi et al., 2015

https://pubmed.ncbi.nlm.nih.gov/25669883/
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miRNA target identification

I Low-throughput genetics (measures in vivo phenotypes).
I High-throughput molecular biology (finding mRNAs

bound, or repressed, by a miRNA).

I Computational predictions.

Example: Chi et al., 2009

https://pubmed.ncbi.nlm.nih.gov/19536157/
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miRNA target identification

I Low-throughput genetics (measures in vivo phenotypes).
I High-throughput molecular biology (finding mRNAs

bound, or repressed, by a miRNA).
I Computational predictions.

Example: Agarwal et al., 2015

https://pubmed.ncbi.nlm.nih.gov/26267216/
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Even high-throughput identification needs to assess
conservation.
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Even high-throughput identification needs to assess
conservation.
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False positives in target prediction

Some 3 ́ UTR seed matches are conserved for
miRNA-independent reasons.

(Pinzón et al., 2017)

https://pubmed.ncbi.nlm.nih.gov/28148562/


miRNA-
independent

conservation of
3 ́ UTR seed

matches

miRNA target
identification

False positives in
target prediction

Binding site
evolution after
miRNA loss
Strategy

Observed losses

Evolution of seed match
count after loss

Conclusion

False positives in target prediction

Taeniopygia guttata

Monodelphis domestica

Mus musculus

Homo sapiens

Danio rerio

Sus scrofa

Bos taurus

USP9X mRNA miR-134 site

Sarcophilus harrisii

Gallus gallus

(Pinzón et al., 2017)

https://pubmed.ncbi.nlm.nih.gov/28148562/


miRNA-
independent

conservation of
3 ́ UTR seed

matches

miRNA target
identification

False positives in
target prediction

Binding site
evolution after
miRNA loss
Strategy

Observed losses

Evolution of seed match
count after loss

Conclusion

False positives in target prediction

 :|| ||     ||||||| 

Taeniopygia guttata
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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

(Pinzón et al., 2017)

https://pubmed.ncbi.nlm.nih.gov/28148562/
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Seed match “overconservation” could only be precisely
measured for the most recently emerged miRNAs.
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False positives in target prediction

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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composition, ...; Friedman et al., 2009).

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

N
um

be
r 

of
 c

on
se

rv
ed

 k
-m

er
s

actual miRNA
seed match

control
k-mer

Excess conservation

https://pubmed.ncbi.nlm.nih.gov/18955434/


miRNA-
independent

conservation of
3 ́ UTR seed

matches

miRNA target
identification

False positives in
target prediction

Binding site
evolution after
miRNA loss
Strategy

Observed losses

Evolution of seed match
count after loss

Conclusion

False positives in target prediction

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).

N
um

be
r 

of
 c

on
se

rv
ed

 k
-m

er
s

actual miRNA
seed match

control
k-mer

Excess conservation

https://pubmed.ncbi.nlm.nih.gov/18955434/


miRNA-
independent

conservation of
3 ́ UTR seed

matches

miRNA target
identification

False positives in
target prediction

Binding site
evolution after
miRNA loss
Strategy

Observed losses

Evolution of seed match
count after loss

Conclusion

Binding site evolution after miRNA loss

After loss of a complete miRNA family, how long do its seed
matches persist ?

We need to be lucky: loss of complete miRNA families a
long time ago (many species with miRNA loss).
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Binding site evolution after miRNA loss

After loss of a complete miRNA family (*), how long do its
seed matches persist ?

(*): family: all the miRNAs sharing the same seed sequence

After loss of a complete miRNA family, how long do its seed
matches persist ?

We need to be lucky: loss of complete miRNA families a
long time ago (many species with miRNA loss).
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Vertebrata

Actinopterygii

Sarcopterygii

Cyclostomata Coelacanthimorpha

Amphibia

Holostei
Otomorpha

Mammalia

Sauropsida

Paracanthopterygii

Ovalentaria

Eupercaria

More convincing if many species in clade of loss.
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Vertebrata

Actinopterygii

Sarcopterygii

Cyclostomata Coelacanthimorpha

Amphibia

Holostei
Otomorpha

Mammalia

Sauropsida

Paracanthopterygii

Ovalentaria

Eupercaria

More convincing if many species in clade of loss.
>5 species in clade of loss; presence in sister clade + 3
closest cousin clades.
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Observed losses

Family Clade of loss Family Clade of loss
miR-509 Cervidae+Bovidae miR-451a Paralichthyidae+Pleuronectidae
miR-541 Feliformia miR-509 Yangochiroptera
miR-224 Mustelidae miR-31 Protacanthopterygii
miR-338 Lagomorpha miR-31 Lophiiformes+Tetraodontiformes
miR-338 Syngnathidae miR-885 Myomorpha
miR-460 Serpentes miR-296-5p Lagomorpha
miR-660 Murinae miR-296-5p Canidae
miR-880 Deomyinae+Gerbilinae miR-412 Lagomorpha
miR-452 Mustelidae miR-889 Muridae+Cricetidae
miR-456 Balistidae+Tetraodontidae miR-889 Bovinae
miR-296-3p Lagomorpha miR-458 Theria
miR-2188 Eutheria miR-374 Yangochiroptera
miR-2114 Phocidae miR-513b Bos
miR-656 Myomorpha miR-653 Yangochiroptera
miR-654 Delphinoida miR-1662 Endoglyptodonta
miR-460b Mammalia miR-297p Pinnipedia+Musteloidea
miR-460b Serpentes miR-2131 Psittaciformes
miR-676 Cervidae+Bovidae miR-122b Paralichthyidae+Pleuronectidae
miR-676 Feloidea miR-325-3p Bovidae
miR-187 Serpentes miR-599 Batrachia
miR-769 Yangochiroptera miR-599 Corvides+Passerides
miR-769 Whippomorpha miR-599 Galloanserae
miR-1185 Yangochiroptera
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miR-656 family:
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miR-656 family:

Hystricomorpha+Sciuromorpha

Eutheria

Metatheria
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Rodentia

Myomorpha

At least 5 species in
clade of loss
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miR-656 family:

Hystricomorpha+Sciuromorpha

Eutheria

Metatheria

Theria

Sauropsida

Amphibia

3

2

1

0 Rodentia

Myomorpha

At least 5 species in
clade of loss

In sister clade + at least 3 degrees of cousinhood: miRNA family
with certified presence in >50% of species at each degree
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miR-656 family:

Percentage identity among 470 mammals: 60 80 100
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Percentage identity among 470 mammals: 60 80 100
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miR-656 family:

miR-656-3p
(=miR-656)miR-656-5p

Percentage identity among 470 mammals: 60 80 100

Prototheria
Metatheria

Xenarthra
Afrotheria

Scandentia
Lagomorpha

Rodentia

Dermoptera

Primates

Eulipotyphla

Chiroptera

Carnivora

Pholidota

Artiodactyla

Perissodactyla
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Conclusion

Observed losses

miR-656 family:

Percentage identity among 470 mammals: 60 80 100

Rodentia

Myomorpha

Hystricomorpha +
Sciuromorpha

miR-656-5p miR-656-3p (=miR-656)
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Conclusion

Evolution of seed match count after loss

Align 3 ́ UTR sequences in clade of loss and sister clade.

PhyloP score: measures probability of selective conservation
of seed match vs. rest of UTR

−→ Selects seed matches with selective conservation in
rodents, then compare their conservation in rodent subclades
(clade of loss vs. sister clade).
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Rodentia

Myomorpha

1

2 Hystricomorpha+Sciuromorpha
0

Lagomorpha (cousins)

Primates+Dermoptera (grand-cousins)

Align 3 ́ UTR sequences in clade of loss and sister clade.

PhyloP score: measures probability of selective conservation
of seed match vs. rest of UTR

−→ Selects seed matches with selective conservation in
rodents, then compare their conservation in rodent subclades
(clade of loss vs. sister clade).
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