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ribosomal RNA (rRNA)

transfer RNA (tRNA)

small nuclear RNA (snRNA)

small nucleolar RNA (snoRNA)
microRNA (miRNA)

small interference RNA (SIRNA)

piwi interacting RNA (pIRNA)
trans-acting siIRNA (tasiRNA)

long interspersed ncRNAS (lincRNAS)
scan RNA (scnRNA)
promoter-associated sRNAs (PASRS)
terminator-associated sRNAs (TASRS)
cryptic unstable transcripts (CUTS)
stable unannotated transcripts (SUTS)
circular RNA (circRNA)
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genetic interference by
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» First, dsRNA segments corresponding to various intron and promoter
sequences did not produce detectable interference.

» Second, we found that injection of dsRNA produces a pronounced
decrease or elimination of the endogenous mRNA transcript.

» Third, dsRNA-mediated interference showed a surprising ability to cross

cellular boundaries. Interference was seen in the progeny.

» Double-stranded RNA could conceivably mediate interference more
generally in other nematodes, in other invertebrates, and, potentially, in

vertebrates. RNA interference might also operate in plants.
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1861
Discovery of
messenger RNA

1990
In vivo injection of mMRNA
to produce protein in mice

1978
Inhibition of RSV
using antisense oligo

to induce immune response

RNA 2549

2002

The first use of RNAI
to destruct HCV in mice

1998 2010
RNA interference The first clinical trial
discovered based on RNAI
2010 2020
1998 2018
The first antisense The first siRNA drug
RNA drug approved approved
1993 2004
Injection of influenze mMRNA The first RNA aptamer

FIG. 1. Timeline of key discoveries in RNA therapy. See the text for details.
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» 2021

2021
MRNA vaccine



Inhibition of hepatitis B virus in mice by

Plasmids
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RNA interference

Nature Biotechnology 2003
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TABLE 1. List of clinically approved RNA drugs by the United States Food and Drug Administration

Brand  Approved Target Treatment Target

Category Ly name year molecule result disease

Antisense RNA (single-stranded RNA)
Fomivirsen Vitravene 1998 IE2 mRNA Binds to IE2 mRBRNA and blocks its trans- CMYV retinitis

lation
Mipomersen Kynamro 2013 ApoB mRNA Binds to ApoB mRNA and induces its Familial
degradation by RNase H hypercholesterolemia

Nusinersen Spinraza 2016 SMN2 mRNA Modulates the alternative splicing of Spinal muscular
SMN2 mRBRNA and increases the SMN  atrophy
protein level

Eteplirsen @ Exondys 51 2016 Dystrophin Induces the exclusion of exon 51 of dy- Duchenne muscular

mRNA strophin mRNA during splicing to pro-  dystrophy
duce a functional protein
Inotersen Tegsedi 2018 Transthyretin Binds to Transthyretin mRNA and in- Hereditary
mRNA duces its degradation by RNase H transthyretin
amyloidosis
Golodirsen  Vyondys 53 2019 Dystrophin Induces the exclusion of exon 53 of dy- Duchenne muscular
mRNA strophin mRNA during splicing to pro-  dystrophy

Small interfering RNA (double-stranded RNA)
Patisiran Onpattro 2018 Transthyretin Suppresses the hepatic production of Hereditary
mRNA transthyretin protein through RNA in-  transthyretin

terference amyloidosis
Givosiran Givlaari 2019 ALAS1 mRNA Reduces the hepatic production of ALAS1 Acute hepatic

RNA aptamer
Pegaptanib Macugen 2004  VEGF protein Binds specifically to the 165 isoform of Age-related macular
VEGF and blocks its function degeneration




Number of companies working on RNA Number of clinical trials by RNA therapeutic class
therapeutics in clinical development

22

102
68 65
7

mRNA  Antisense RNA  miRNA SIRNA RNA aptamer mRNA  Antisense RNA  miRNA siRNA RNA aptamer

Graph |: Companies developing RNA-based therapeutics in the clinic (as of July 2018). Data Graph 2: Number of RNA-based therapeutics in clinical trials (as of July 2018). Data
provided by GlobalData Plc provided by GlobalData Plc
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Screening for RNAI-deficient mutants

The first mutants in the RNAI pathway
identified by Tabara and Mello were

Mutagenize called RNAI deficient (rde). These
; Egl strain original screens were aimed at
Qf PO identifying of viable mutants, resistant
to RNAI targeting pos-1, a gene
* important for viability.
V rde-1_non
Q:f k2 rde-2 Ste/him/mutator
Select on E. coli expressing pos-1 dsRNA rde-3 Ste/him/mutator

rde-4_non
mut-2 Ste/him/mutator
mut-7 Ste/him/mutator

Candidate rde mutants Non-mutants
(viable progeny) (Bag of dead embryos}

Existence of related silencing
pathways with distinct
triggering mechanisms

Tabara H. 1999. Cell, Vol. 99, 123-132,
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Co-transcriptional gene silencing in S. pombe

H3K9 methylation

(Moazed 2009)



Control of alternative splicing through siRNA-
mediated transcriptional gene silencing
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namiRNAs activate gene expression in nucleus

NamiRNAs
Nucleus -
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// mRNA
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RNAI silences a nuclear localized RNA

RNA In situ Science 2008




Mutations of both lin-15a and lin-15b result in
a synthetic multi vulval (Muv) phenotype

lINYob [INYSa
- >
lin-15b lINYoa |
— x ;‘ \ o
no phenotype
lin-15a
_ >

Does RNAI1 of /in-15b give a Muv phenotype?



A forward genetic screening identifies Nuclear RNAI
Defective genes (NRDE)

C. elegans Chromosomes

I [l I \Y} V X
+ nrde-3

-nrde-1

T nrde-2
T nrde-4




EEFMERh L INMpEEZ RNA FH <8 EF NRDE-3
(Nuclear RNAIi Defective -3)




Binding siRNA Is required for NRDE-3
nuclear localization and function

Y463A,Y404A

 |IP GFP:NRDE-3

e Extract small RNAs
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nrde-2 encodes a conserved protein required for
nuclear RNAI

O

1 1270

GFP::NRDE-2

~200 cell embryo
Nature 2010
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1.2: nuclear RNAI & transgenerational inheritance
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Exogenous dsRNA trigger
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Nuclear RNAiI T35/ H3K9me3 #1 H3K27me3RILZ{XiREE
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1.3: antisense ribosomal siRNA (risiRNA) and nucleolar RNAI



NRDE-3 transports siRNAs to the targeted pre-mRNA
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SeamCell Ventral Cord Neurons

Yy e

No RNAI No RNAI

m “ Published online 9 June 2021 Nucleic Acids Research, 2021, Vol 49, No. 15 86
https:lidoi.orgl10.1093/narlgkab469
m- Imaging of native transcription and transcriptional
wri-2 RNAi , dynamics in vivo using a tagged Argonaute protein
Amel Toudji-Zouaz “, Vincent Bertrand “* and Antoine Barriere “*

dpy-7 RNAI dpy-7 RNAI
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v vvyy ¥
unc-14 RNAI unc-14 RNAI

Science 2008
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Forward genetic screening identified suppressor of sSIRNA (susi) mutants

GFP::NRDE-3
eri-1(-) suppressor of siRNA:
eri-6/7(-)
ergo-]_(-) susi-1
rrf-1(-) Susi-2
rrf-3(-) susi(-) susi-3
der-1(-) susi-4
rde-4(-) Susi-5
drh-3(-)
mut-2(-)

mut-7(-)

46



IP NRDE-3

R SCAZHEAE NP RNA (risiRNA) B—3

! —
eri-1(mg366);susi-1(ustl);GFP::NRDE-3 Si RNA Seq uenci n g
! ' e i ! 'I Y ' ' sense
ll \IIIII“\I I \I Hllli | } \I [N I‘I”il‘lilll IIIIHIII‘I\I IIIII \‘ Illi I antl-sense
= . 15060k 15065k 15070k
LG I

FMRY/NFHL RNA

| | | | | | | | | | | |
) I B I

F31C3.10 F31C3.7 F31C3.11 F31C3.9 F31C3.8
26S fragment  18S 5.8S 26S 18S

risiRNA: antisense ribosomal siRNA

Nature Structural & Molecular Biology 2017



rsiRNA Is not degradation product of rRNA
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risiRNA ["ZFHETAEYHE

Buhler M, Spies N, Bartel DP, Moazed D. TRAMP-mediated RNA surveillance prevents spurious
entry of RNAs into the Schizosaccharo-myces pombe siRNA pathway. Nat Struct Mol Biol 2008

Lee HC, Chang SS, Choudhary S, Aalto AP, Maiti M, Bamford DH, Liu Y. giRNA is a new type of
small interfering RNA induced by DNA damage. Nature 2009

Cao M, Du P, Wang X, Yu YQ, Qiu YH, Li W, Gal-On A, Zhou C,Li Y, Ding SW. Virus infection
triggers widespread silencing of host genes by a distinct class of endogenous siRNAs in
Arabidopsis. Proc Natl Acad Sci U S A 2014

You C, He W, Hang R, Zhang C, Cao X, Guo H, Chen X, Cui J, Mo B. FIERY1 promotes
microRNA accumulation by suppressing rRNA-derived small interfering RNAs in Arabidopsis.
Nat Commun. 2019



Forward genetic screening identified suppressor of sSIRNA (susi) mutants

111 Vv X MtDNA
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15.07 158
17.49 17.71
20 Mb -

20.92 51
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rsiRNA is important for growth and fertility
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Developmental Cell (2021)

>

An essential role for the piRNA ©Other upregulated sRNAs

© @risiRNAs
- - - :
pathway in regulating the ribosomal 2 100 -
= ~ :
RNA pool in C. elegans s _. |
o) Py -
: . oL ;
Lamia Wahba,! Loren Hansen,'-2 and Andrew Z. Fire':3* £Z L
c X .
-
2o
25
— Gsas..n0n o4 g
5N az-s7e(;ae\;ery non-auxin © g 10
v A Y Transfer to non- £ i
:\ iy — 5 e — auxin plates o L
5 “ o
oY (Gra2) o 2
+ auxin Near-sterile generations %ga;iéetum 2 %
(1-2 generations from Q&
complete sterility) o —
c3
Point of sterility for © O
AlD::prg-1, first c
auxin exposure —AID::prg-1 (remain on non-auxin) o é 1 % x = 5
1 ™~ —AID::prg-1 (second exposure to auxin):] " = () o QE’ E' g
Q -~
' g S &5 3SR ¢
= 0.8 - — © ko) “
r o = e = o
506 = > S S
s * S
504
o 1-
802 e
a
0 . . : )
10 20 30 40

Generations (post first auxin depletion)



Part I1: pIRNA biogenesis
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A Pandas complex adapted for piRNA-guided transcriptional
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Functional proteomics identified a USTC complex
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USTC binds to pIRNA clusters
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Functional proteomics identified TOFU-6 interactors
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Subcellular localization of PICS factors
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TOFU-6, PICS-1, ERH-2 and TOST-1 are required for
chromosome segregation and cell division
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