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Epigenetic Inheritance

s the DNA the only molecule that transmits
information across generations?
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Major challenges to epigenetic inheritance

Epigenetic reprogramming in the embryo!

Histone modifications
DNA methylation
RNAs

sperm Proteins oocyte

small RNAs § ?

\/ @ Heritable epigenetic functions?

Embryo

Erasure of epigenetic memory INSTITUT
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. Germline
small RNAs

Nobel Prize, 2006 I B
small RNAs | ? . .
. . . |
Eplgenetlc Inherltance RNAI is heritable!
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RNAI is an epigenetic phenomenon

RNA interference (RNAi) Nobel Prize, 2006 (Works in Mello and Fire labs)
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Foreign double strand RNA
(dsRNA)
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Dicer 1 small interfering RNAs (siRNAs)
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Transgenerational inheritance
of gene silencing

Fire et al., Nature 1998 i i ' '
ire et al., Nature Multigenerational silencing

Grishok et al., Science 2000 INSTITUT
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How is RNAI silencing transmitted across generations?

RNA interference (RNAi)
GFP reporter

f%’%% Nematode C. elegans
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Genome defense mechanism against transposons

Functions?

small RNAs

small RNAs ) ? 0iRNAs %‘( sterility
Epigenetic Inheritance
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Genome defense mechanism against transposons

Functions? A~
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Functions? A
" Germline gL
small RNAs
piRNAs are required to initiate the silencing of REs PiRNAs M sterility
I
More than 15,000 individual piRNA sequences
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Genome defence mechanism against transposons

| Functions? Y
\ Germline Giorgiaﬂarucci

PhD Student
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How are histone mRNAs silenced?

D

More than 15,000 individual piRNA sequences
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More than 15,000 individual piRNA sequenes
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Does the removal of histone 22G-RNAs

restore the fertility of piwi mutant?
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Inheritance of small RNAs antisense to histones

Functions?
™ Germline ot S
| " small RNAs
More than 15,000 individual piRNA sequences SIRNAs (Pl sterility
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Genetic + Epigenetic = Sterility

F I Giorgia Barucci
L \ Germline PhD Student
small RNAs

small RNAs) piRNAs 27( sterility
Epigenetic Inheritance |

small RNAs can transmit heritable
phenotypes across generations

NELFA drives a 2C-like state in ESCs

Energy stress regulates ferroptosis

Barucci et al., Nat Cell Biol 2020
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How are small RNAs inherited
across generations?
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Argor]_ga”utes and small RNA biogenesis fqgt}gf‘-sﬁ,(Rd RPs)
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Germ granules are maternally inherited

Germ granules s s .

Germ granules are essential for

small RNA inheritance in embryos
Ouyang et al., Dev Cell 2019 Dodson et al., Dev Cell 2019 Lev et al., Curr Biology 2019



Germ granules are maternally inherited

Germ granules

Germ granules might protect small RNAs and mRNA
templates from other biochemical activities in embryos



RdRP-dependent de novo maternal RNAS are not
small RNA synthesis degraded in granules

*
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Germ granules might protect small RNAs and mRNA
templates from other biochemical activities in embryos



Small RNA processes are highly organized in germ granules

Germ granules

\ ’, ,' . '- [}

small RNA synthesis MRNA silencing

(RARPs) "
MRNA expression
Argonautes
__________________ ..Are condensates dynamically organized?
““““““ A
nucleus

Wan et al., Nature 2018



Dynamic organization of germ granule compartments

Argonaute *'
Small RNA synthesis '; mitotic nuclei
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Spermatogenic mMRNAS
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Do piRNAs directly silence spermatogenic

transcription?
Eric Cornes |
(postdoc) Nascent transcription in piwi or hrde-1 22G-RNAs antl.sense
mutants (GRO-seq) to spermatogenic genes
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Novel function of piRNASs in repressing spermatogenic
transcription to allow sperm differentiation

Eric COMNeS o eeeeememmmemTTIIIII
(postdoc) PR

Developmental Cell cornes et al., 2022
» . pPiRNAs initiate transcriptional silencing of
spermatogenic genes during C. elegans germline
development

Graphical abstract

PIWI-interacting RNAs (piRNAs) are
known to repress foreign transposable
- - elements in animal germlines. Comes
____________ " : - : Bt et al. report that piRNAs trigger the
== RARS l defect transcriptional silencing of endogenous
<2 spermatogenic gene expression program

-
P | W | eX p re S S LO n during animal development to promote
: - sperm differentiation and functions.
i I AG o:;

Genome defense mechanisms can be co-opted
to regulate essential developmental functions




How does nuclear Argonaute initiate and
maintain nuclear silencing?

1©
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Heterochromatin-dependent

silencing
H3K9me3 ?Q
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HRDE-1 mediates transcriptional silencing
independent of heterochromatin

Arantxa Rojas Rojas et al., Biorxiv (2025)
Postdoc
Depletion of HRDE-1 (GO) RNA-seq GO - H3K9me3 in absence of HRDE-1
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-1 mediates transcriptional silencing
independent of heterochromatin

Arantxa Rojas Rojas et al., Biorxiv (2025)
Postdoc

GO — RT-gPCR in absence of SET-25 or HRDE-1 GO - H3K9me3 in absence of SET-25
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Arantxa Rojas
Postdoc

How does nuclear Argonaute initiate and
maintain nuclear silencing?

Rojas et al., Biorxiv (2025)

Heterochromatin-dependent silencing

nucleus
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Environment

ﬂ "k '\ Germline
Infection TR .. small RNAs
gfl' Chemicals small RNAs| Embryo
ézﬂ Epigenetic Inheritance
Diet

Stress, Infection, nutrition
Heritable germline small RNAs control
animal fertility and embryonic development

Barucci et al., Nature Cell Biol 2020
Quarato et al., Nature Comms 2021

Singh et al., Nature Comms 2021
Cornes et al., Dev Cell 2022

INSTITUT
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Soma-to- germlme small RNA transfer?
Enwronment

Somatic small RNAs
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L 4
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2y ~_ Germline
; small RNAs

Infectlon

Qf]— Choemlcals small RNASl Embryo
éjg Epigenetic Inheritance
Diet

33 | Germano CECERE | Saclay 2025|

INSTITUT

Qasteur



Soma-to-germline small RNA transfer?

Somatic small RNAs

auEEEEEEE NNy, W i
llllllll

small RNAs | Embryo
The Yolk Pathway Epigenetic Inheritance
Intestinal cell
~RNA?
Yolk @ 00000 R~NLA"
® @® @ Yolk endocytosis
? ’Y ® Italian Journal of Anatomy and Embryology
(0 0% - - — ewmmme
0® gfNA | RNA
® ® Origine dei mitocondri durante lo sviluppo embrionale di Rana
Yok @ @ Yolk ¥ * . . . .
esculenta. Studio al microscopio elettronico
Oocytes Embryos G Lanzavecchia, A Le Coultre - Arch. ital. anat. embriol, 1958
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The Yolk Pathway

Intestinal cell
~RNA?
Y NYT;
@ ) ~o~ A
©® ‘B'\{A BNA
Oocytes Embryos
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small RNAs | Embryo

Epigenetic Inheritance
STUDIES ON AMPHIBIAN YOLK

III. A RESOLUTION OF YOLK PLATELET COMPONENTS

ROBIN A. WALLACE”
Biology Division, Oak Ridge National Labovatory™*, Oak Ridge, Tenn. (U.S.4.)
(Received November 3oth, 1962)

SUMMARY

Intact isolated yolk platelets have been analyzed for nucleic acids, lipid, hot tri-
chloroacetic acid-extractable carbohydrate and water-extractable constituents. It is
concluded that yolk platelets i» sit# contain no RNA, but the amount of DNA which
they contain is still uncertain. Also, no evidence thus far has been obtained for a
readily extractable polysaccharide. When dissolved in strong salt sclutions under
non-oxidative conditions, the main part of the yolk platelet (water-insoluble) resolves
as two components in the ultracentrifuge. A method for separating these two com-
ponents in quantitative yield is indicated.
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Soma-to-germline small RNA transfer?

V., Somatic small RNAs

The Yolk Pathway

Intestinal cell
~RNA?
Yolk @ 00000 R~NLA"

¢ ® @ Yolk endocytosis
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Yolk platelets isolated from Xenopus gastrulae
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Fig. 8. Autoradiograph of platelets isolated from mid-gastrula cells cultured in
Huridine for 1 h. x 33000.
PHuridine for Kelley et al., Development 1971
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Soma-to-germline small RNA transfer?

Meetali Singh Névé Aupérin
---------------- Postdoc Ph.D. student
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small RNAs| Embryo
The Yolk Pathway Epigenetic Inheritance
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Soma-to-germline small RNA transfer?

Meetali Singh Névé Aupérin
------------------- Postdoc Ph.D. student
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small RNAs| Embryo
The Yolk Pathway Epigenetic Inheritance

Oocytes

Yolk GFP
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Soma-to-germline small RNA transfer?

Somatic small RNAs

Meetali Singh Névé Aupérin

w..’ miRNAs
Embryo = 1 Germline
The Yolk Pathway Yolk purification % 2= small RNAs
[ Intestinal cell j (ultracentrifugation) g 2
RNA7 — %)
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® | s T 1\
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Epigenetic Inheritance

',’: "*:*"34

Caenorhabditis elegans

s

MiRNAs | ? microRNAs are global negative
regulators of gene expression during
animal development

~70 nt m
Precursor
i Dicer
il)lm\‘il\IIL;: Elmehed © Nobel Prize il)lm\lil\.l&;: Elmehed © Nobel Prize ~22 nt
Victor Ambros Gary Ruvkun microRNA
Prize share: 1/2 Prize share: 1/2 ‘
Lee et al., Cell 1993 (/in-4) e r
. . : lin-143' UTR

Wightman et al., Cell 1993 (/in-14, target) @
Reinhart et al., Nature 2000 (/et-7)

Adapted from Ambros, Cell 2001 INSTITUT
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Meetali Singh Névé Aupérin

Postdoc Ph.D. student
Intestinal cell
MiRNAs
Yolk 0009000
.? ? @® @ Yolk endocytosis
ye
o‘b -~
‘ ~ RNA mlRNAs
(@ | D
Yok @ @ Yolk'( .
Oocytes Embryos
INSTITUT
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Intestinal cell
miRNAs

MIRNA-seq

2-cell embryos
(before ZGA)

rme-2 degron

Oocytes Embryos

RME-2 depleted

XX

Control
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Meetali Singh
Postdoc

Névé Aupérin
Ph.D. student
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Are miRNAS transferred from the intestine?

Intestinal Drosha/Pasha Degron

pri-miRNA

MIRNAS e, et
*..
Drosha/Pasha Embryo
(DP) -
'S 67 o DE miRNAs (28)
Intestinal cell e ® DE miRNAs and yolk-enriched (25)
Q
As 2 4- 4
Yolk 0000 .. ' B
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pri-miRNA .
Meetali Singh Névé Aupérin
Postdoc Ph.D. student
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