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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/
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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/
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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

(Pinzón et al., 2017)

https://pubmed.ncbi.nlm.nih.gov/28148562/
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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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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).
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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
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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).
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Binding site evolution after miRNA loss

We need to be lucky: loss of complete miRNA families!
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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

We need to be lucky: loss of complete miRNA families!
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After loss of a complete miRNA family (*), how long do its
seed matches persist ?

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

We need to be lucky: loss of complete miRNA families!
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522 vertebrate genomes:
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848 best annotated vertebrate miRNA families.
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Vertebrata

Actinopterygii

Sarcopterygii

Cyclostomata Coelacanthimorpha

Amphibia

Holostei
Otomorpha

Mammalia

Sauropsida

Paracanthopterygii

Ovalentaria

Eupercaria
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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:

Mammalian orthologous locus alignment
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miR-656 family:

Eutheria

Metatheria

Theria

Sauropsida

Amphibia

Mammalian orthologous locus alignment
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miR-656 family:

Hystricomorpha+Sciuromorpha

Eutheria

Metatheria

Theria

Sauropsida

Amphibia

Rodentia

Myomorpha

Mammalian orthologous locus alignment
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miR-656 family:

Hystricomorpha+Sciuromorpha

Eutheria

Metatheria

Theria

Sauropsida

Amphibia

Rodentia

Myomorpha

At least 5 species in
clade of loss

Mammalian orthologous locus alignment
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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

Mammalian orthologous locus alignment
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Evolution of seed match count after loss

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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Evolution of seed match count after loss

Rodentia

Myomorpha

1

2 Hystricomorpha+Sciuromorpha
0

Lagomorpha (cousins)

Primates+Dermoptera (grand-cousins)

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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Evolution of seed match count after loss

Rodentia

Myomorpha

1

2 Hystricomorpha+Sciuromorpha
0

Lagomorpha (cousins)

Primates+Dermoptera (grand-cousins)

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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Evolution of seed match count after loss

Rodentia

Myomorpha

1

2 Hystricomorpha+Sciuromorpha
0

Lagomorpha (cousins)

Primates+Dermoptera (grand-cousins)

PhyloP score: measures probability of selective conservation
of seed match vs. rest of UTR in a clade vs. rest of tree.

−→ 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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Myomorpha

1

2 Hystricomorpha+Sciuromorpha
0

Lagomorpha (cousins)

Primates+Dermoptera (grand-cousins)

PhyloP score: measures probability of selective conservation
of seed match vs. rest of UTR in a clade vs. rest of tree.

−→ 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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After miR-656 family loss:
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Evolution of seed match count after loss

After miR-656 family loss:

GAGGUUAAUAUUUAUU
GAGGUUAAUAUUUAUU
GAGGUUAAUAUUUAUU
GAGGUUAAUAUUUAUU
----------------
----------------
GAGGUUACUAUUUAUU
----------------
UAGGUUAAUAUUUAUU
GAAGUUAAUAUUUAUU
----------------
GUGCCACAUCUCAACC
----------------
----------------
CUGCCACAUCUCGACC
GUGCCACAUCUUAACC
----------------
GUGCCACGGCUCAGCC
----------------
----------------
----------------
UUGCCACAUCUCAACC
GUGCCACAUCUCAA--
GUGCCACAUCUCAA--
----------------
----------------
----------------
GUGCCACAUCCCCA--

Oryctolagus cuniculus
Sciurus carolinensis
Ictidomys tridecemlineatus
Marmota monax
Marmota flaviventris
Chinchilla lanigera
Octodon degus
Fukomys damarensis
Heterocephalus glaber
Jaculus jaculus
Nannospalax galili
Meriones unguiculatus
Acomys russatus
Arvicanthis niloticus
Mastomys coucha
Mus pahari
Mus caroli
Mus musculus
Rattus norvegicus
Rattus rattus
Cricetulus griseus
Mesocricetus auratus
Myodes glareolus
Arvicola amphibius
Microtus ochrogaster
Onychomys torridus
Peromyscus maniculatus bairdii
Peromyscus leucopus

107 years

CILK1 ancestral site #1: miR-656
3´ 5´
...ACUGACAUAUUAUAA
           ||||||

Sister clade
(kept the miRNA)

Clade of loss
(lost the miRNA)

Cousin clade

?
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After miR-656 family loss:

miR-656
3´ 5´
...ACUGACAUAUUAUAA
           ||||||

AUGUUUAAUAUAACAU
AUGUUUAAAAUAAGGAHi_Dave!
AUGUUUAAAAUAAGGADrop_me_an
----------------email_when
----------------you_read
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Oryctolagus cuniculus
Sciurus carolinensis
Marmota monax
Marmota flaviventris
Chinchilla lanigera
Octodon degus
Jaculus jaculus
Nannospalax galili
Meriones unguiculatus
Acomys russatus
Arvicanthis niloticus
Mastomys coucha
Mus pahari
Mus caroli
Mus musculus
Rattus norvegicus
Rattus rattus
Cricetulus griseus
Mesocricetus auratus
Myodes glareolus
Arvicola amphibius
Microtus ochrogaster
Onychomys torridus
Peromyscus maniculatus bairdii
Peromyscus leucopus

Sister clade
(kept the miRNA)

Clade of loss
(lost the miRNA)

Cousin clade

107 years

SOX4 ancestral site #2:
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: not selectively conserved compared to its UTR

: no significant acceleration in either clade

: acceleration of evolution in clade of loss

: acceleration of evolution in sister clade

Most of these sites: conserved independently of the miRNA.
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Reasons for missing statistics

Most of these sites: conserved
independently of the miRNA.
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: no significant acceleration in either clade
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Bovinae
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Muridae+Cricetidae

n=898

miR−325−3p in
Bovidae

Most of these sites: conserved independently of the miRNA.
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Conclusion

High-throughput experimental target identification captures
many false positives...

... but comparative genomics too!

Improvement: identification of miRNA-independent
conservation of binding sites.

On the analyzed examples: most conserved seed matches are
not conserved because of the miRNA!

−→ A large part of the miRNA literature probably needs a
cleanup.

May be generalized to other regulators (transcription factors,
RNA-binding proteins; Seitz, 2024).

https://pubmed.ncbi.nlm.nih.gov/39149906/
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Supplementary data

mir-656 orthologous loci in mammals

Missing statistics



Overestimated
number of miRNA

targets

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

Supplementary
data

Observed losses

miR-656 family:

Percentage identity among 470 mammals: 60 80 100



Overestimated
number of miRNA

targets

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

Supplementary
data

Observed losses

miR-656 family:

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

Percentage identity among 470 mammals: 60 80 100



Overestimated
number of miRNA

targets

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

Supplementary
data

Observed losses

miR-656 family:

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

Xenarthra
Afrotheria

Scandentia
Lagomorpha

Rodentia

Dermoptera

Primates

Eulipotyphla

Chiroptera

Carnivora

Pholidota

Artiodactyla

Perissodactyla
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Percentage identity among 470 mammals: 60 80 100
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Family Seed Clade of loss Reason
miR-451a AACCGU Paralichthyidae+Pleuronectidae <10 ancestral sites
miR-224 AAGUCA Mustelidae Under-studied sister clade
miR-338 ACAAUA Syngnathidae <10 ancestral sites
miR-460 ACAGCG Serpentes <10 ancestral sites
miR-880 ACUCCA Deomyinae+Gerbilinae Under-studied sister clade
miR-452 ACUGUU Mustelidae Under-studied sister clade
miR-456 AGGCUG Balistidae+Tetraodontidae Under-studied sister clade
miR-2188 AGGUCC Eutheria <10 ancestral sites
miR-2114 AGUCCC Phocidae Under-studied sister clade
miR-654 AUGUCU Delphinoida Under-studied sister clade
miR-460b CCUCAU Mammalia <10 ancestral sites
miR-460b CCUCAU Serpentes <10 ancestral sites
miR-676 CGUCCU Cervidae+Bovidae Under-studied sister clade
miR-676 CGUCCU Feloidea <10 ancestral sites
miR-187 CGUGUC Serpentes <10 ancestral sites
miR-509 GAUUGA Cervidae+Bovidae Under-studied sister clade
miR-31 GGCAAG Protacanthopterygii <10 ancestral sites
miR-31 GGCAAG Lophiiformes+Tetraodontiformes <10 ancestral sites
miR-458 UAGCUC Theria <10 ancestral sites
miR-374 UAUAAU Yangochiroptera In progress
miR-513b UCACAA Bos <10 ancestral sites
miR-653 UGAAAC Yangochiroptera In progress
miR-1662 UGACAU Endoglyptodonta Under-studied sister clade
miR-297p UGUAUG Pinnipedia+Musteloidea Under-studied sister clade
miR-2131 UGUUAC Psittaciformes Under-studied sister clade
miR-599 UUGAUA Corvides+Passerides Under-studied sister clade
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