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News and views:

How comparative genomics can identify functional mRNA targets of 
miRNA ?

How low affinity of a protein to RNA can be useful to distinguish intronless 
from intron-containing genes ?

Main topic:

What role the poly(A) tail and cap play in mRNA degradation in yeast ?
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http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf

Conservation during evolution

List of 3’UTRs for “predicted mRNA targets”

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf
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List of 3’UTRs for “predicted mRNA targets”
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http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf Pinzón et al., Genome Res. 2017

Conservation of “seed” regions can be independent of miRNA 
presence

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf


  

Strategy to identify functional conservation of miRNA sites

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf


  

What happened to the predicted miR-656 target sequence after miR loss ?

Conservation even without the miR...
http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf


  

Conclusions

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.

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf

http://www.igh.cnrs.fr/equip/Seitz/EMBO24.pdf


  

News and views:

How comparative genomics can identify functional mRNA targets of 
miRNA ?

How low affinity of a protein to RNA can be useful to distinguish intronless 
from intron-containing genes ?

42% of the human genome is retroelement*-
derived

Intronless – but not highly expressed! Why ?

Marta Seczynska and Paul J. 
Lehner Trends in Genetics 2023

* mobile DNAs which replicate through an RNA 
intermediate



  
Marta Seczynska and Paul J. 
Lehner Trends in Genetics 2023

Human silencing hub (HUSH) – avoid transcription by binding 
to nascent RNA (?)



  
Marta Seczynska and Paul J. 
Lehner Trends in Genetics 2023

Periphilin binds to nascent RNA from genes without introns



  
Marta Seczynska and Paul J. 
Lehner Trends in Genetics 2023

Periphilin binds to nascent RNA from genes without introns, 
but independent of splicing!

Exon Exon ExonIntr. Intr.
Nascent RNA

Gene with introns

Nascent RNA

Intronless gene

HUSH activation threshold



  

News and views:

How comparative genomics can identify functional mRNA targets of 
miRNA ?

How low affinity of a protein to RNA can be useful to distinguish intronless 
from intron-containing genes ?

Main topic:

What role the poly(A) tail and cap play in mRNA degradation in yeast ?
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Protective structures at the 5’ end (cap or 3P)
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poly(A) tails as mRNA protectors and inducers of RNA 
degradation

bacteria

eukaryotes
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Why the 3’ end of RNAs gets a poly(A) for degradation ?

bacteria

eukaryotes

AAAAAAAA

OH2'

3'

OH2'

3'

5'

P

OH2'

3'
P P

N N N

PPP

OH2'

3'

G

OH

7-methyl

5' 5' 5'

RNA cap

OH2'

3'

OH2'

3'

5'

P

OH2'

3'
P P

N N N

PPP
5' 5'

AA

AAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAA

A few to hundreds of A

OH2'

3'

OH2'

3'
P OH

AA

5' 5'

poly(A) tail



  

poly(A) can give a ‘helping hand’ to 3’ to 5’ exonucleases

Hajnsdorf & Kaberdin, Philos Trans R Soc Lond B Bio Sci 2018



  

Poly(A)-assisted RNA degradation

bacteria
Archaea
organelles
nucleus

cytoplasm

The poly(A) is ancient

 vs poly(A)-protection



  
from Slomovic et al, BBA, 2008

The reversible action of 
an exonuclease ?

Evolutionary origin of the poly(A) tail ?



  

Multimeric 3’ to 5’ exonucleases (exosome)

from Slomovic et al, BBA, 2008

Polynucleotide 
phosphorylase

PNPase



  

The discovery of the eukaryotic exosome was done
in yeast

Dennis Kunkel, coloured SEM



  

A new role of poly(A) in RNA degradation in eukaryotes (2005, 
2008, 2015, 2021)

Is poly(A) length a marker of mRNA instability ? (2024)

Dennis Kunkel, coloured SEM
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200 min.
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mRNA stability

mRNA half-life

TNF-α mRNA stabilisation
 → hyperinflammation

mRNA instability can be crucial for life

TNF-α levels

time

mRNA degradation impaired

normal situation

“Too much of a good thing”
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200 min.

Range of 
RNA stability

mRNA half-life

TNF-α mRNA stabilisation

Viral mRNA → degraded by host mechanisms

 → hyperinflammation

mRNA instability can be crucial for life

Fold increase in the 
number
of coronavirus
infected cells

Ctrl. Cellular
RNA degradation
perturbed

Wada et al. PNAS 2018



  

0.5 h

500 h

0.2 min.

200 min.

Range of 
RNA stability

mRNA half-life

TNF-α mRNA stabilisation

Viral mRNA → degraded by host mechanisms

 → hyperinflammation

mRNA instability can be crucial for life

Toh-E...Wickner, J Bact 1978

Superkiller yeast mutant (ski2)

Killer yeast strain

Produces a toxin with the help of a 
defective virus



  

A new role of poly(A) in RNA degradation in eukaryotes (2005, 
2008, 2015, 2021)

Is poly(A) length a marker of mRNA instability ? (2024)

Dennis Kunkel, coloured SEM



  

Nucleus

Cytoplasm

Exosome+
Rrp6
Mpp6
Mtr4...

Exosome+
Ski complex

The major 3' to 5' RNA 
degradation activities 
in yeast 



  

Problem: How to study 
the function of RRP6 
(and nuclear exosome) ?



  

snRNAs

snoRNAs

intergenic SAGE = short 
sequence known to be 
transcribed

SAGE
Serial Analysis

of Gene Expression

rrp6∆
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Problem: Do these 
transcripts exist ?
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Quantitative RT-PCR confirms transcription from 
intergenic regions

Fold increase in ∆rrp6

1000 nt



  

Problem: Are the 
intergenic transcripts 
poly-Adenylated ?
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Oligo-dT chromatography to select 
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NEL025c transcripts have a defined capped 5' end
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112 nt (U6)
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Problem: Why the levels 
of NEL025 increase ?



Nucleosome

Crytptic Unstable 
Transcripts (CUTs)

arise from Nucleosome 
Free Regions.

Associated with gene promoters

Neil, Malabat, … & Jacquier, (2009) Nature



Example of divergent transcription in mammalian cells

Scruggs et al., Mol Cell 2015



LaCava, Houseley, Saveanu et al., Cell 2005

Polyadenylation marks 3’ ends to enhance degradation of pervasive 
transcripts
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A new role of poly(A) in RNA degradation in eukaryotes (2005, 
2008, 2015, 2021)

Is poly(A) length a marker of mRNA instability ? (2024)

Dennis Kunkel, coloured SEM



  

poly[A] tail of mRNAs2017



  

“However, the reviewers also noted that 
the broader field of RNA decay 
pathways, and the roles of 
deadenylation and decapping in these 
pathways, is relatively mature, with 
extensive existing datasets and 
models.”

Letter of rejection from
a reputable journal editor
January 2024



  Slobodin et al., Mol Cell 2020
cited 65 times (as of 2024)

Large scale results and conclusions in science...



  Slobodin et al., Mol Cell 2020
cited 67 times (as of 2024)

“ Interestingly, we observed a positive correlation (r = 0.675, p = 0.001; Figure 1E) 
between the promoter potency to drive mRNA expression and the stability of the
respective transcripts, further confirming the positive effect of
transcription on mRNA stability.”



  

Pearson = 0.03
p value = 0.92

“ Interestingly, we observed a positive correlation (r = 0.675, p = 0.001; Figure 1E) 
between the promoter potency to drive mRNA expression and the stability of the
respective transcripts, further confirming the positive effect of
transcription on mRNA stability.”

Slobodin et al., Mol Cell 2020
cited 67 times (as of 2024)
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mRNA degradation in eukaryotes in textbooks

Short poly(A) tail

decapping
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Current view:
mRNA degradation depends on deadenylation speed
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Current view:
mRNA degradation depends on deadenylation speed
Incompatible with large-scale results!

poly(A) length – Subtelny et al., Nature 2014
mRNA stability – Miller et al., Mol Syst Biol 2011



  

Jia et al., Nature Plants, 2022

“mRNAs with short half-lives in 
general have long poly(A) tails, while 
mRNAs with long half-lives are 
featured with relatively short poly(A) 
tails”

Legnini et al., Nature Methods, 2019
negative correlation
stability/poly(A) tail length

Lima et al., NSMB 2017

Long poly(A) tail = unstable mRNA ?



  

Tellurium, Choi et al., Biosystems 2018

Simulating mRNA degradation and poly(A) tails
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Decapping rate variability can explain poly(A) tail 
distribution at steady state
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Eisen et al., Mol Cell 2020

“After their tails become short, 
mRNAs decay at rates that span a 
1000-fold range”

Cao et al., RNA 2001

MFA2pG decapping rate is 17x 
faster than that of PGK1pG



  

Alternative hypothesis: decapping without prior 
deadenylation

AAAAAAAAA

AAAA

AA

AA

kA

kA

kD

PAl

PAm

PAs

decapping

P

kD

kD

Muhlrad & Parker, Nature 1994
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Nonsense-mediated mRNA decay (NMD)

Swisher & Parker, PLoS One 2011

He & Jacobson, RNA 2014

Dehecq et al., EMBOJ 2018



  

NMD substrates (unstable) have longer than average poly(A) tails
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Decapping without prior deadenylation can explain 
steady-state results
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Large scale results explained by a highly variable 
decapping rate in both models
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Deadenylation mutants grow slowly

growth
AAA

A

wt

deadenylase
levels

0

ccr4Δ

What to do ?



  

A degron tool to test mRNA deadenylation effects

growth

“degron” system

inducible protein
instability
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wt

deadenylase
levels

0

15 min.

ccr4Δ



An inducible degron system

Frank Feuerbach



  

Problem: How to 
estimate the effects of 
deadenylation enzyme 
depletion ?



  

Nanopore sequencing estimates of poly(A)
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Workman et al., Nature Methods 2019
Tudek et al., Nature Commun 2021
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Problem: What do you expect in a strain where 
deadenylation is inhibited ?
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Interpretation: poly(A) length is a witness of mRNA stability

stable mRNA

unstable mRNA
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decreased
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Compatible with deadenylation-independent mRNA degradation
Incompatible with a deadenylation-dependent model



  

Reporter mRNA stability
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Decapping is important 
for reporter degradation
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No change in reporter 
stability when slowing 
down deadenylation
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No change in reporter 
stability when slowing 
down deadenylation

poly(A) distribution
affected

min. transcr. repression.
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Conclusions

Deadenylation-independent RNA degradation 
explains:

- long poly(A) of unstable mRNAs

- lack of global effect of deadenylation inhibition

- reporter mRNA unaffected degradation rate

poly(A) length
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Implications

We can:

- estimate deadenylation and decapping rates from 
steady-state poly(A) length results

- re-analyse previous results

poly(A) length

Audebert, … Saveanu, EMBOJ, 2024



  

Decker & Parker,
Genes & Dev 1993
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Decker & Parker,
Genes & Dev 1993

AAAAAAAAAAAAA

AAAAAAAA

AAA

AAA

Pab1

Pab1

Pab1

1
2 3

6
57

4

Pat1

Ccr4/NOT

Ccr4/NOT

Dcp2/1/3

5’>3’exo 3’>5’exo

Ski2/3/8

Lsm1-7

Xrn1

Ribosomes are essential for mRNA stability!



  Herrick, Parker & Jacobson 
Mol Cell Biol 1990

Deadenylation (?)
half-life of 15 mins.

Degradation
half-life of >60 mins.

Reinterpretation:

Deadenylation kinetics and mRNA degradation (published results reinterpretation)



  

Deadenylation+degradation
half-life of 5 mins.

Degradation
half-life of 5-10 mins.

Reinterpretation:

Deadenylation kinetics and mRNA degradation (published results reinterpretation)

Herrick, Parker & Jacobson 
Mol Cell Biol 1990


