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Among regulators: miRNAs have a “digital” target
recognition rule.
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CLIP experiments: miRNAs also bind hundreds to thousands
of distinct targets.

−→ In vivo genetics: just a few important targets.
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CLIP experiments: miRNAs also bind hundreds to thousands
of distinct targets.

Regulator Functional target(s)
Mus musculus miR-155 AID and SOCS1

Cænorhabditis elegans let-7 lin-41
C. elegans miR-791 akap-1 and cah-3

M. musculus miR-200 Zeb1
C. elegans miR-35 egl-1

Drosophila melanogaster miR-iab-4/8 hth
M. musculus miR-140-5p Wnt11
Oryzias latipes miR-202 Tead3b

−→ In vivo genetics: just a few important targets.
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(D. Goodsell, Rutgers university)

http://medicalschool.tumblr.com/post/104086970171/the-interior-of-a-eukaryotic-cell-from-the-outer
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Paradox:
I In vivo genetics: just a few targets appear to be

biologically important.
I Comparative genomics: hundreds of distinct mRNAs

have conserved seed matches in their 3´ UTR.

Why have all these sites been conserved in evolution if they
are inconsequential ?
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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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: 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)
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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).

https://pubmed.ncbi.nlm.nih.gov/18955434/
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We need to be lucky: loss of complete miRNA families!
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We need to be lucky: loss of complete miRNA families!
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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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After miR-656 family loss:
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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
           ||||||
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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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: 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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Most of these sites: conserved independently of the miRNA.
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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.
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mir-656 orthologous loci in mammals

Missing statistics

In vivo veritas: pitfalls of GO term enrichment analysis.
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Evolution of seed match count after loss

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

Return
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In vivo veritas

Genome editing in vivo can assess biological phenotypes.
I For miRNAs: Target site mutation

I For transcription factors: Wu et al., 2020.

Long, labor-intensive, expensive, low-throughput, ...

https://pubmed.ncbi.nlm.nih.gov/32601478/
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Trying to infer biological function from enriched annotation
terms (GO, KEGG, ...) in (predicted) targets.

I Agonists and antagonists often counted together.
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I Systematic biases due to inadequate control (Bleazard

et al., 2015).
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Trying to infer biological function from enriched annotation
terms (GO, KEGG, ...) in (predicted) targets.

I Agonists and antagonists often counted together.
I Systematic biases due to inadequate control (Bleazard

et al., 2015).
I Usually fails at predicting the most obvious phenotypes.
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M. musculus miR-33 KO:
changes in cholesterol
and lipid metabolism
(Horie et al., 2010; Kim
et al., 2015), obesity and
liver steatosis (Horie et
al., 2013) and fibrosis
(Nishiga et al., 2017).
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M. musculus miR-96 KO:
hearing loss (Lewis et
al., 2009; Menćıa et
al., 2009), probably due
to deficient differentia-
tion of ciliated cells in the
sensory epithelium (Kuhn
et al., 2011).
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ChIP-Seq-identified targets for LIN-15B:

C. elegans lin-15 KO:
perturbation of vulval de-
velopment (Herman et
al., 1990).

−→ GO term enrichment is a poor predictor of a regulator’s
biological activity.
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