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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 identification False positives n

miRNA targets

False positives in
target
identification



https://pubmed.ncbi.nlm.nih.gov/18955434/
https://pubmed.ncbi.nlm.nih.gov/28148562/

False positives in target identification False positives n

miRNA targets

Some 3 UTR seed matches are conserved for
. . False positives in
miRNA-independent reasons. target

identification



https://pubmed.ncbi.nlm.nih.gov/18955434/
https://pubmed.ncbi.nlm.nih.gov/28148562/

False positives in target identification False positives n

miRNA targets

Some 3 UTR seed matches are conserved for
. . False positives in
miRNA-independent reasons. target

identification

Controversy:

» Friedman et al., 2009: still many predicted targets after
subtracting estimated false positive counts.
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False positives in target identification

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

Controversy:

» Friedman et al., 2009: still many predicted targets after
subtracting estimated false positive counts.

» Pinzén et al., 2017: seed match in many targets is more
conserved than the miRNA itself.
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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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522 vertebrate genomes:

Lepidosauria

Testudinata

Binding site
Perissodactyla evolution after
Artiodactyla miRNA loss

Pholidota

Carnivora

Rodentia
Lagomorpha
9 Xenarthra

3
| Dipnomorpha
Coelacanthimorpha

Acanthomorpha

Polypteridae

—
Cyclostomata ~Chondrichthyes
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] Clade | miRNA family |
Feliformia miR-541
Ferae miR-598
Mammalia miR-456 Bindine ite
Eutheria miR-2188 evolution after
Myomorpha miR-656 miRNA loss
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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After miR-656 family loss:

Binding site
evolution after
miRNA loss

- nt3320-3325

Cricetulus griseus CDON 3" UTR: ¢ 1
1 3962

In Rodentia:

Site Conservation vs. rest of UTR
p-value
nt 3320-3325 | 0.02815
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Acceleration of evolution in subclades:

Site Clade of loss
p-value
nt 3320-3325 | 0.03585 |
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After miR-656 family loss:

Binding site
evolution after
miRNA loss

- nt3320-3325

Cricetulus griseus CDON 3" UTR: ¢ 1
1 3962

Acceleration of evolution in subclades:

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

Site Clade of loss | Sister clade
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After miR-656 family loss:

Binding site
evolution after
miRNA loss

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

Cricetulus griseus ABCD3 3" UTR:
1

1
1372

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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n=2001

miR-656 in
Myomorpha

Binding site
evolution after
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[ : Accelerated evolution in sister clade

[ : Accelerated evolution in clade of loss

[_1: Equally conserved in clade of loss and sister clade
[1: Not significantly conserved in superclade




Percentage among ancestral sites

Evolution of seed match count after loss

Myomorpha (clade of loss

— - = = ==
n=2001 =38 =493 n=1356 n=1281 n=4

n=2184
MRESSIn  mROTeN | mR7EIN | mRASH  mRIKON  mR4SEn  mRIEIpn  miR 593 in miR456in  mR-460bin -541 in
Myomorpha  Feloidea  Whippomorpha  Myomorpha  Myomorpha Theria Bovidae Mammalia  Mammalia Pmtacar\lhoplarygll Fotformia

[ : Accelerated evolution in sister clade

ccelerated evolution in clade of loss

[_1: Equally conserved in clade of loss and sister clade
[1: Not significantly conserved in superclade
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Evolution of seed match count after loss

001 oy — —  — | —] =
0 . .
0

n=2001 I I n=1356 I I I I I I n=2184
0

miRGS6In  mR676in  mR769in  miR-85in  mR-3959in  mR458in mR-325-3pin mR-598in  mR456in  mR-460bin  mR31in  mRS41in
Myomorpha  Feloidea  Whippomorpha  Myomorpha  Myomorpha Theria Bovidae Ferae Mammalia  Mammalia Protacanthopterygii Felformia

Percentage among ancestral sites

[ : Accelerated evolution in sister clade

[ : Accelerated evolution in clade of loss

[_1: Equally conserved in clade of loss and sister clade
[1: Not significantly conserved in superclade

— Most of these seed matches are conserved in a
miRNA-independent manner.
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> activated by p53;
» occasionnally lost in human cancers;
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— Over the last 16 years: a myriad of studies; a clinical
trial (“MRX34": a synthetic miR-34a, administered to
patients with solid tumors).
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P> some oncogenes among its predicted targets.

— Over the last 16 years: a myriad of studies; a clinical
trial (“MRX34": a synthetic miR-34a, administered to
patients with solid tumors).

Failure of the trial (Beg et al., 2017; Hong et al., 2020).
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The miR-34a miRNA is a candidate tumor suppressor:
> activated by p53;
» occasionnally lost in human cancers;
> displays anti-proliferative activity when transfected in

Ce” |IneS, Implications in

molecular oncology

P> some oncogenes among its predicted targets.

— Over the last 16 years: a myriad of studies; a clinical
trial (“MRX34": a synthetic miR-34a, administered to
patients with solid tumors).

Failure of the trial (Beg et al., 2017; Hong et al., 2020).
Mixed results in mouse (encouraging results in pre-clinical
assays; but the miR-34a~/~, miR-34b=/—, miR-34c/~
triple KO does not exhibit abnormal p53 response:
Concepcion et al., 2012).
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Following analyses: published in Mockly et al., 2022.
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Comparison of miRNA expression in primary tumor and
normal adjacent tissue (GDC data portal).
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miR-34a is not repressed or mutated in cancers [EEEgeETw—
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Comparison of miRNA expression in primary tumor and
normal adjacent tissue (GDC data portal):

’ W 110 ] M nos

| Adenocarcinoma, NOS (Cardia, NOS)
Adenocarcinoma, NOS (Prostate gland)
‘ Adenocarcinoma, NOS (Upper lobe, lung)

Adenocarcinoma, NOS (Lower lobe, lung) Implications in

5 ‘ Squamous cell carcinoma, NOS (Larynx, NOS) molecular oncology

Squamous cell carcinoma, NOS (Upper lobe, lung)

Squamous cell carcinoma, NOS (Lower lobe, lung)
‘ Adenocarcinoma, NOS (Lung, NOS)

| | ‘ Squamous cell carcinoma, NOS (Lung, NOS)

‘ Squamous cell carcinoma, NOS (Overlapping lesion of lip, oral cavity and pharynx)

log(abundance in cancer / in normal tissue)
°

Squamous cell carcinoma, NOS (Tongue, NOS)
I Infiltrating duct carcinoma, NOS (Breast, NOS)
|| | | Hepatocellular carcinoma, NOS (Liver)
Renal cell carcinoma, NOS (Kidney, NOS)
‘ Papillary adenocarcinoma, NOS (Thyroid gland)
| Clear cell adenocarcinoma, NOS (Kidney, NOS)

‘ ‘ Papillary adenocarcinoma, NOS (Kidney, NOS)

‘ ‘ I ‘ Renal cell carcinoma, chromophabe type (Kidney, NOS)

miR-34a

(cancer types with > 10 analyzed cases)
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Cell line: HCT-116 Cell line: HAP1
3.5
3_
2.54
2_
1.5
1_
054 ’ p-value = 1.4x10°

Z
,* +++» wild-type clones (T, = 16.8 h)
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— Proliferation arrest may be an artifact of miR-34a
overexpression.
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« ctrl duplex (T4 = 30.6 h)

+ miR-34a duplex (T, = 40.5 h)
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log(number of cells) relative tot = 0 h




miR-34a is not anti-proliferative in cultured

=0h

log(number of cells) relative to t

10 nM mimic:

p-value = 1.99x10"*

« ctrl duplex (T4 = 30.6 h)

+ miR-34a duplex (T, = 40.5 h)
T T T T 1

r T

10 20 30 40 50 60 70

Time (h)

INd
o

N

o

0.5

log(number of cells) relative tot =0 h

1 nM mimic:

p-value = 0.857
« ctrl duplex (T4 = 26.9 h)

« miR-34a duplex (T4 = 27.1 h)
T T T T 1

20 30 40 50 60 70
Time (h)

cell lines
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miR-34a mimic (nM): 0 1 10
Quantified miRNA: miR-34a

1x10'g

1x108

1x10°

1x10%

1x103

Copies of miRNA / ng of total RNA
RN AT T ATl

N
X
a
o
<)
L

1 nM transfection over-expresses miR-34a by >490-fold;
10 nM: by >8,000-fold.
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miR-34a mimic (nM): 0 1 10
Quantified miRNA: miR-34a

1x10'g

1x108

1x10°

1x10%

1x10

w
T M 1 A 111

Copies of miRNA / ng of total RNA

1 nM transfection over-expresses miR-34a by >490-fold;
10 nM: by >8,000-fold.
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1x108

1x10°
1x10*
1x103
1x102- -.

Time post-transfection (h): 1 24 1 24 1 24

miR-34a mimic (nM): 0 1 10 0 1 10
Quantified miRNA: miR-34a miR-21
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T M 1 A 111

Copies of miRNA / ng of total RNA

1 nM transfection over-expresses miR-34a by >490-fold;
10 nM: by >8,000-fold.
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1x10'g

1x108

1x10°
1x10*
1x103
1x102- -.

Time post-transfection (h): 1 24 1 24 1 24

miR-34a mimic (nM): 0 1 10 0 1 10
Quantified miRNA: miR-34a miR-21

Implications in
molecular oncology

T M 1 A 111

Copies of miRNA / ng of total RNA

1 nM transfection over-expresses miR-34a by >490-fold;
10 nM: by >8,000-fold.
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miRNA targets

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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COﬂCIUSIOﬂ False positives in

miRNA targets

Erroneous miRNA target identification can have far-reaching
consequences.

Widely-accepted tumor suppressive function for miR-34a
— failed clinical trial.

In vivo veritas: genome editing may correct a lot of false Conclusion
beliefs.
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Strategy

Ovalentaria
Eupercaria
Paracanthopterygii

Otomorpha
Holostei

—Vertebrata Sauropsida

Actinopterygii
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Cyclostomata Coelacanthimorpha

More convincing if many species in clade of loss.
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Strategy

Ovalentaria
Eupercaria
Paracanthopterygii

Otomorpha
Holostei

—Vertebrata Sauropsida

Actinopterygii

Sarcopterygii

Amphi

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.

False positives in
miRNA targets

Supplementary
data
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miR-656 family:

Supplementary
data

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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CDON mRNA:

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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[RERRE
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AGUUGUAAUAUU--GU
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AGUUGUGCUGUUAUGU
AGUUGUGCUGUUAUGU
AGUUGUGCUGUUAUGU
AGUUGUGCUAUUAUGU
AGUUGUGCUAUUAUGU

AGUUGUAAUGUUGUGU

Binding site evolution after miRNA loss

80 100
% identity

Sister clade
(kept the miRNA)

Clade of loss
(lost the miRNA)
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Binding site evolution after miRNA loss

ABCD3 mRNA:

Fukomys damarensis
Heterocephalus glaber
Chinchilla lanigera
Octodon degus
Marmota flaviventris
Ictidomys tridecemlineatus
Peromyscus maniculatus bairdii
Peromyscus leucopus
Onychomys torridus
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Comparison of miRNA gene loss in cancer (GDC data AllEh
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Comparison of miRNA sequence variation in cancer (GDC
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