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bound, or repressed, by a miRNA).
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miRNA target identification

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

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

» Computational predictions.
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miRNA target prediction
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List of 3" UTRs with conserved complementarity
to miRNA seeds (— "predicted targets").
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target: N_ T ~——

Conservation in evolution

List of 3" UTRs with conserved complementarity
to miRNA seeds (— "predicted targets").

Even high-throughput identification needs to assess
conservation.




False positives in target prediction

Some 3”7 UTR seed matches are conserved for
miRNA-independent reasons.
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https://pubmed.ncbi.nlm.nih.gov/28148562/

False positives in target prediction

Some 3”7 UTR seed matches are conserved for
miRNA-independent reasons.

Seed match is more conserved than the miRNA itself!
(Pinzén et al., 2017)
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Measuring miRNA-independent conservation with control
k-mers (with same G/C content, dinucleotide e
composition, ...; Friedman et al., 2009). tF:rlz:tp:rS;:JIi\ﬁisol:



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

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

After loss of a complete miRNA family (*), how long do its
seed matches persist 7

(*): family: all the miRNAs sharing the same seed sequence
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Binding site evolution after miRNA loss

After loss of a complete miRNA family, how long do its seed
matches persist ?
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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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522 vertebrate genomes:
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Ovalentaria

Eupercaria

. . Paracanthopterygii
Actinopterygii Otomorpha
Holostei
—Vertebrata Sauropsida

Sarcopterygii

Amphibi

Cyclostomata Coelacanthimorpha

More convincing if many species in clade of loss.
>10 species in clade of loss; presence in sister clade + 3
closest cousin clades.




Observed losses

Clade \ miRNA family ‘
Feliformia miR-541
Ferae miR-598
Mammalia miR-456
Eutheria miR-2188
Myomorpha miR-656
Mammalia miR-460b
Feloidea miR-676
Cervidae+Bovidae miR-676
Whippomorpha miR-769
Cervidae+Bovidae miR-509
Protacanthopterygii miR-31
Myomorpha miR-885
Myomorpha miR-3959
Theria miR-458
Pinnipedia+Musteloidea miR-297
Bovidae miR-325-3p
Cervidae+Bovidae miR-514
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Observed losses history
miR-656 family:
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miR-656 family:
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At least 10 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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Align 3" UTR sequences in clade of loss and sister clade.
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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.




miRNA targets
and evolutionary

Evolution of seed match count after loss history

}Myomorpha

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 in a clade vs. rest of tree.
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Evolution of seed match count after loss history

}Myomorpha

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 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:

- nt3320-3325

Cricetulus griseus CDON 3" UTR: ¢
1

In Rodentia:

Site Conservation vs. rest of UTR
p-value
nt 3320-3325 | 0.02815
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After miR-656 family loss:

- nt3320-3325

Cricetulus griseus CDON 3" UTR: ¢
1

Acceleration of evolution in subclades:

p-value
nt 3320-3325 | 0.03585 |

Site Clade of loss
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After miR-656 family loss:

- nt3320-3325

Cricetulus griseus CDON 3" UTR: ¢
1

Acceleration of evolution in subclades:

p-value p-value
nt 3320-3325 | 0.03585 | 0.50000

Site Clade of loss | Sister clade




Evolution of seed match count after loss

Fukomys damarensis
Heterocephalus glaber
Chinchilla lanigera
Octodon degus
Marmota flaviventris

Ictidomys tridecemlineatus
Peromyscus maniculatus bairdii

Peromyscus leucopus
Onychomys torridus
Microtus ochrogaster
Arvicola amphibius
Cricetulus griseus
Mesocricetus auratus
Meriones unguiculatus
Arvicanthis niloticus
Mastomys coucha
Mus pahari

Mus caroli

Mus musculus

Rattus norvegicus
Rattus rattus
Nannospalax galili
Jaculus jaculus

miR-656
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AGUUGUGAUAUUAUGU
AGUUGUGAUAUUAUGU

AGUUGUGCUGUUAUGU
AGUUGUGCUGUUAUGU
AGUUGUGCUGUUAUGU
AGUUGUGCUAUUAUGU
AGUUGUGCUAUUAUGU

AGUUGUAAUGUUGUGU

60 80 100

% identity

Sister clade
(kept the miRNA)

Clade of loss
(lost the miRNA)
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After miR-656 family loss:




Evolution of seed match count after loss

After miR-656 family loss:

=1 nt 152-157
=t nt 200-205

Cricetulus griseus ABCD3 3" UTR:

1

Acceleration of evolution in subclades:

Site Clade of loss | Sister clade
p-value p-value
nt 152—-157 0.50000 0.00864
nt 200-205 0.23280 0.50000
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Evolution of seed match count after loss

miR-656
.. .ACUGACAUAUUAUAA
60 80 100

ABCD3 mRNA:

cb3m LI % identity
Fukomys damarensis
Heterocephalus glaber
Chinchilla lanigera Sister clade

Octodon degus

Marmota flaviventris
Ictidomys tridecemlineatus
Peromyscus maniculatus bairdii
Peromyscus leucopus
Onychomys torridus
Microtus ochrogaster
Arvicola amphibius
Cricetulus griseus
Mesocricetus auratus
Meriones unguiculatus
Arvicanthis niloticus
Mastomys coucha

Mus pahari

Mus caroli

Mus musculus

Rattus norvegicus

Rattus rattus

Nannospalax galili
Jaculus jaculus

(kept the miRNA)

_A

L Clade of loss
(lost the miRNA)
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Evolution of seed match count after loss history

\Myomorpha (clade of loss)




Percentage among ancestral sites

100

Evolution of seed match count after loss

n=2001

miR-656 in
Myomorpha

[0: Accelerated evolution in sister clade

[ : Accelerated evolution in clade of loss

[_J: Equally conserved in clade of loss and sister clade
[]: Not significantly conserved in superclade
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Percentage among ancestral sites

100

0

Evolution of seed match count after loss

— i = ==
n=2001 =493 n=1356

miR-656 in
Myomorpha

miR-676 in
Feloidea

miR-769 in
Whippomorpha

miR-885in  mR-3959in  miR458in  miR-325-3pin m\RSQSm miR456in  miR-460b in
Myomorpha  Myomorpha Theria Bovidae Fera Mammalia  Mammalia Pmtacanlhnplurygu FuMDmﬂa

[0: Accelerated evolution in sister clade

[ : Accelerated evolution in clade of loss

[_J: Equally conserved in clade of loss and sister clade
[]: Not significantly conserved in superclade

I I I I I I n=2184
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Evolution of seed match count after loss

1007 pEmm
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g w0
g
o 40
& 2
=2001 =493 =1356 n=2184
0
mRBS6IN  mRE76In  mR769in  mREESIN  mRIGIn  mR4SBI  mR3B53pin MRS mR4SGIn  mR4E0bIN  mR3I  mR54Tin
Myomorpha  Feloidea  Whippomorpha  Myomorpha  Myomorpha Theria Bovidae Ferae Mammalia  Mammalia Pmtacanlhnplurygll Feliformia

[0: Accelerated evolution in sister clade

[ : Accelerated evolution in clade of loss

[_J: Equally conserved in clade of loss and sister clade
[]: Not significantly conserved in superclade

— Most of these seed matches are conserved in a
miRNA-independent manner.
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Conclusion o

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

... but comparative genomics too!

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

Conclusion

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.
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miR-656 family:
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miR-656 family:

onorivarAirahora) 717 spocios wit cortfos

Observed losses
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Marionos unguicuatus
Grictulus gnsous
Mosocricotus auratus
Myodos garootus
Arvicola amphibius
Mirotus ochrogaster
Onychomys toridus
Poromyscus oucopus
Poromyscus manicultus baid
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