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“the central dogma”. DNA-->RNA-->protein

however, many types of functional RNAs are known

- tRNA (transfer RNA): translation
- snoRNA (small nucleolar RNA): Direct rRNA modification
- RNA (ribosomal RNA): Ribosomal RNA is responsible for peptide bond formation in the ribosome
- Group | Introns: class of RNA introns that catalyze their own splicing
- Riboswitches: RNA motifs that control transcript activity by allosteric binding of metabolites
- RNaseP RNA: Component of RNaseP, which edits tRNA
- SRP RNA (signal recognition molecule): part of RNP that transports secreted proteins to ER
- Telomerase RNA: Structured RNA that provides sequence template for telomere sequences
- >50 small ncRNAs in prokaryotes: many are regulatory RNAs
- long “mRNA-like ncRNAs”: Xist, H19, bxd, etc; diverse regulatory or scaffolding functions
* miRNA/siRNA/piRNA: <30nt RNAs in Argonaute effectors
* CRISPR/Cas9: phage defense system in bacteria

and more to come: a still ongoing expansion in the types of
functional non-coding RNAs known across all life forms



RNAI and miRNAs

« how RNAI and miRNAs were found

* basic mechanisms of RNAi and miRNA activity
« defining biological functions for miRNA genes

 using RNAI as a genetic screening tool



in plants: attempts made to produce petunias with deeper pigment
by overexpressing chalcone synthase (Jorgensen and Stuitje)

+ chalcone synthase transgenes

Van der Krol et al, Plant Cell 1990; Napoli et al, Plant Cell 1990

* instead, transgenic plants show random or sectored pigment loss!
» effect termed “co-suppression” or “post-transcriptional gene silencing (PTGS)”
* process related to control of invasive nucleic acids (e.g. TEs, viruses)

» later associated with accumulation of small RNAs (Hamilton, Science 1999)



US 2017/0196177 Al

PETUNIA PLANTS HAVING A UNIQUE
FLOWER COLOR PATTERN

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part
application which claims priority to U.S. Provisional Appli-
cation No. 62/316,271 filed on Mar. 31, 2016, the contents
of which are hereby incorporated in their entirety.

10. Molecular Background of the Spotted Flower Color
Pattern in Petunia

[0070] The Petunia variety ‘Can Can’ as mentioned above
exhibits a bicolor color pattern similar to other star-type
Petunias. In this group (of star-type Petunia), it was shown
that the pattern is induced by sequence-specific RNA deg-
radation of Chalcone Synthase, the first specific enzyme in
anthocyanin pigment biosynthesis. Please see Morita, Y., et
al. “Tandemly arranged chalone synthase A genes contribute
to the spatially regulated expression in siRNA and the
natural bicolor floral phenotype in Petunia hybrida” The
Plant Journal. 70:739-749 (2012). Sequence-specific RNA
degradation occurs during a process called post-transcrip-
tional gene silencing (PTGS) which protects the cell from
viral infection. PTGS is triggered by over threshold-levels of
viral gene mRNA. Also, over threshold-amounts of plant
gene mRNA can trigger PTGS. Please see Baulcombe, D.
“RNA silencing in plants™ Nature. 431:356-363 (2004).




Meanwhile, in animals...

many attempts made to produce gene knockdowns
with antisense RNA
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block translation?

Thymidine Kinase Gene Expression:

Izant, J.G. & Weintraub, H. (1984) Inhibition of Thymidine Kinase

Gene Expression by Anti-Sense RNA: A Molecular Approach to
Genetic Analysis., Cell 36: 1007-1015.
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Effects of antisense RNA were studied carefully by Fire and Mello

Table 1 Effects of sense, antisense and mixed RNAs on progeny of injected animals

Gene  segment Size Injected RNA F; phenotype
(kilobases)
unc-22 unc-22-null mutants: strong twitchers’®
unc22A* Exon 21-22 742 Sense Wild type
Antisense Wild type
| Sense + antisense Strong twitchers (100%) |
unc22B Exon 27 1,033 Sense Wild type
Antisense Wild type
| Sense + antisense Strong twitchers (100%) |

Fire et al, Nature 1998

»  GFP + GFP dsRNA

« critical component for gene knockdown is dsRNA (the “trigger”)
 occasional inhibitory effects of sense or antisense likely
due to contaminating dsRNA



Minimization of dsRNA side products is critical for therapeutics
(eg mRNA vaccines!)

T7 polymerase makes dsRNA impurities

T7 RNA polymerase
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 potent negative regulatory activity of dsSRNA
soon extended to diverse experimental systems

* reflects a fundamental cellular response to dsRNA

* phenomenon termed RNA interference (RNAI)



RNAI can be recapitulated in vitro using cell extracts

Time(hours): 0051 2 3 0051 2 3
« 32P-target and control mRNA Po-
* targeting dsRNA mRNA m

» cell lysate &
L] LELL

buffer Pp-dsRNA

+— Pp-luc
* (background band)

Rr-
incubate and run on gel mMRNA

(Tuschl G&D 1999; Zamore Cell 2000)

paves the way for biochemical dissection of RNAi mechanism



dsRNA triggers are processed into 21-22 nt segments (“dicing”)

* (+/- target)
« 32P-dsRNA
e cell lysate

incubate and run on gel Wesie B 21-22nt siRNAs
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Zamore Cell 2000



siRNAs determine cleavage sites on target mRNAs (“slicing”)

SiRNA 5' 10-11 3'
ARRRRERERERERERRRERRR
3’ 5' target

J

siRNAs assemble into RNA-induced silencing complex (RISC)

target sequences are cleaved between
positions 10 and 11 from the 5’ end of the guide siRNA

Elbashir EMBO 2001



RNAI can be divided into “initiation” and “effector” phases
(dicing) (slicing)

onLLTTTTTTITY OngXFg:A

\
— « assemble ss-siRNA into RISC
song QO A mste (RNA induced silencing complex)
€L « RISC finds and cleaves targets
« “Slicer’=Argonaute/AGO (RNase H-like)

- AAAN

it is biochemically/genetically possible to bypass the dicing/RNaselll phase



cloning and sequencing of siRNAs from exogenous dsRNA triggers
also identified endogenously-encoded small RNAs

some derived from transposons,
others shared characteristics with some unusual worm genes...
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lin-4 and let-7 mediate negative regulation by forming
RNA duplexes with target 3' UTRs
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 unlike siRNAs, these worm small RNAs have “imperfect” targets
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Gain-of-function alleles of Notch target genes
reveal networks of post-transcriptional regulation by ~7nt motifs

spl’Y ® spl/Y; E(spl)m8P/+
Leviten 1997; Knust 1987

‘ — GUCUUCC (GY box) .= AGCUUUA (Brabox) W = cUGUGAUa (K box)

0 (Dm)
o] Y Y I 1 b
I I E(sp)md L ! YY AATM‘}
Tom ! Y , , AA}AM é‘ , - DVmMTAM
S E E(sphmy 1l
Z| LT m o e §
& B E(sp)mB L 1
M= Ocho ¢ 1550 9
8 ! Y - A % i 8 E(sphm3 | ’ Y ! M
AATAAA
© E(sphmo: 1 1 i = bp
& o % E(sphm5 | , , , '.F ! Il wpen
()] e YAATIAAA AATAAA S
spm2 1 |
m a Di 5 E(spl)m7 L ! Y MTIAAA
E(splm4 @" By s I
Ao | 0 E(sp)m8 L YY M
AATAAA AATAAA
E(sp)mé 1 / 550nt ! !

50 nt

Lai et al, Development 1997, Dev 1998, Cell 1998



“poxes” reveal the regulatory logic of microRNA target sites

26 OCTOBER 2001 VOL 294 SCIENCE www.sciencemag.org

An Extensive Class of Small
RNAs in Caenorhabditis elegans

Rosalind C. Lee and Victor Ambros*

An Abundant Class of Tiny
RNAs with Probable Regulatory
Roles in Caenorhabditis elegans

Nelson C. Lau, Lee P. Lim, Earl G. Weinstein, David P. Bartel*

Identification of Novel Genes
Coding for Small Expressed
RNAs

Mariana Lagos-Quintana, Reinhard Rauhut, Winfried Lendeckel,
Thomas Tuschl*

>

Brd family

bHLH repressor

Bob K1 AS GGUCACAUCACAGAUACU
Bob K2 AS CUCGUCAUCACAGUUGGA
Tom AS CGAUUAAUCACAAUGAGU
Brd AS UCCUCGAUCACAGUUGGA
E(spl)moKl AS GGUGCUAUCACAAUGUUU
E(spl)mo.K2 AS UGUUUUAUCACAAUAUCU
E(spl)m2 AS AUUAGUAUCACAUCAACA
E(spl)m4 AS AAAUGUAUCACAAUUUUU
E(spl)mé AS GUUGAUAUCACAAAUGUA

d-hey/hesr-1 AS AAGACUAUCACACUUGGU

dpn AS UACAAAAUCACAGCUGAA
E(spl)mdK1l AS AGGAACAUCACAUCAUAU
E(spl)mdK2 AS AGAACUAUCACAGGAACA
E(spl)my AS UUAGUUAUCACAUGAACU
E(spl)m3 AS AGUUAUAUCACAGUUGAA
E(spl)m5 AS CAGGCCAUCACACGGGAG
E(spl)m7 AS UGCCCUAUCACAGACUUA
E(spl)m8 K1 AS UGGGCUAUCACAGAUGCG
E(spl)m8 K2 AS GUUGCCAUCACAGUUGGG

K box consensus AS UuAUCACAg

fly miR-2a-1,2 UAUCACAGCCAGCUUUGAUGAGC
miR-2b-1,2 UAUCACAGCCAGCUUUGAGGAGC
miR-6-1,2,3 UAUCACAGUGGCUGUUCUUUUU
miR-13a UAUCACAGCCAUUUUGACGAGU
miR-13b-1,2 UAUCACAGCCAUUUUGAUGAGU
miR-11 CAUCACAGUCUGAGUUCUUGC

worm miR-2 UAUCACAGCCAGCUUUGAUGUGC
miR-43 UAUCACAGUUUACUUGCUGUCGC

human miR-23 AUCACAUUGCCAGGGAUUUCC

Brd box consensus AS UAAAGCU

fly miR-4 AUAAAGCUAGACAACCAUUGA
worm miR-75 UUAAAGCUACCAACCGGCUUCA
miR-79 AUAAAGCUAGGUUACCAAAGCU

UGGAAGAC
UGGAAGACUAGUGAUUUUGUUGU
UGGAAGACUAGUGAUUUUGUUGU

GY box consensus AS
fly miR-7
human miR-7

Lai, Nature Genetics 2002, Genes Dev 2005



Animal miRNAs can have limited complementarity with targets

« as little as 7 bp of seed-pairing can suffice for regulation in vivo
* more pairing can be better, but is not necessarily better

UGUUUCCUGCGUGUU UGUUUCCUGCGUGUU
GUCUUCCA GUCUUCCA
CAGAAGG! CAGAAGGU

UGUUGUUUUAGUGAU UGUUGUUUUAGUGAU

»

3' UTR “box”
v

target 5 T 3'
3'—T 5" miRNA

“miRNA seed”
positions 2-8 from 5’ end

Brennecke et al’ PLoS 2005 Figure 2. The Minimal miRNA Target Site



Different modes of repression by AGO/small RNA complexes

Ago2 Agot-4” )

L IR

x

“siRNA"/Slicer complex: “miRNA"/non-Slicer complex:
target cleavage GW182 (TNRCO) is an essential cofactor
target mMRNA deadenylation/degradation
translational inhibition
relocalization/storage?
etc.

* type of AGO loaded / extent of target complementarity determines regulation
(4 AGOs in mammals, only AgoZ2 is a Slicer)



Canonical miRNA biogenesis pathway

]L DroshaPasha ste pWiSG,
o AMAAARA - compartmentalized,

P T ..  cleavage by
W\ | two RNase Il
Dicer-1 Logs
N enzymes
miRNA miRNA*
AGO degradation

~22 nt, AGO-class host
MRNA translational repression
mRNA deadenylation/degradation

open questions:
* there are many alternative ways to make miRNAs...
* there are many regulatory steps for miRNA biogenesis and function...



Structural biology of silencing

archeal and mammalian Ago:
* MID binds 5' end sRNA

* PAZ binds 3' end sRNA

* PIWI is RNase H-like domain

» seed (~nt 2-8) is splayed out
and adopts a-helix with target

« human Ago2 has tandem
hydrophobic W-binding pockets
to dock GW182

» Microprocessor docks to pri-miRNAs
* Dynamic Dicer structures

Patel, Joshua-Tor, Barford, Macrae, Kim, etc



MiRNA biology: >1000 miRNAs known, but what do they do?

« plant miRNAs “easier” to study than animal miRNAs
mostly highly complementary targets: mostly developmental TFs

35S:miR319a
Vector

myB33  CUgGgAaGcucccuucAVuccaal weak moderate strong

LEEEEErr et
miR319a ;cCCUCGAGGGAAGUCAGGUU

TCP4 6AceeeuCcccuucaGcuccagY

A 0 Lo BB B W NN
miR319a U-CCUCGAGGGAAGUCAGGUU

« animal miRNAs “hard” to study since target sites as little as 7 nt
* best understood animal miRNAs came from forward genetics

» clear mutant phenotypes placed them into biological contexts
(independent of their identity as miRNAS)



An example: a fly miRNA+target that controls female behavior

virgin
5(‘\ xﬂ"f"gﬁ
* receptive to males * lay fertilized eggs
 suppress egg-laying « change metabolism

and behavior

Linking behavior with internal state

Garaulet Dev Cell 2020



An example: a fly miRNA+target that controls female behavior

A

Egg-Laying (EL) Larval VNC

100_ I—****—****—**
*khkk =—— kkk =——kkkk q)
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B s0- : =
2 £ < .
% @ ® g
% &% & B
* =
0 e—..... @eneneees ...’ ....... - i .....
o n=l 30 29 39 24 43
virginvs mated: v ™ V. VvV VvV
; N N\
_ N N \v
wild-type §O '\'\\Q N\
¢

mir-iab-4/8 deletions

« knockout of mir-iab-4/8 induces mated behaviors in virgin females
» knockout of mir-iab-4/8 induces misexpression of Hth in the VNC

Garaulet Dev Cell 2020



An example: a fly miRNA+target that controls female behavior

sgRNA sgRNA

e m‘lxz Fo nthiwt] | hth[BSmuf] |
hth-HD =~~~ ——— - — _
(hth-RA, hth-RC) Engneerable S

5.7 kb deletion S LZJ
©
>
X X X X X XX X XXX — -
pA1 pA2 —
T ¥ mir-iab-4-3p/5p site @)
g O mir-iab-8-3p/5p site §
\V4 O % % AV g (OAYAY/ niv= n =
Universal UTR pIA1 Neural extension (Cpég) v Eeur:%%zsg ntt §
| (1537 nt) (2282 nt) -
Egg-Laying
 engineerable platform for 3' UTR alleles 100
* point mutations in hth miRNA binding sites 5 :
induce ectopic Hth in VNC 2 50 H ‘
and induce mated behaviors in virgin females, S 2
like Amir-iab-4/8 NP W
n=| 43 29 53 26 3

V. M V V VvV
\

* hth is a demonstrable key target of miR-iab-4/8 & O S
is it the only such target?? RO

Garaulet Dev Cell 2020



Another viewpoint of animal miRNA function

 conserved seed-pairing provides evidence for
biologically constrained miRNA:target interactions

Seed match

it S UAUGUAUGAAGAAAUGUAAGGU-5' miR-1
Offset 6mer site. « - NNNNNN. . . . . . ... ACAUUCCA Human
e S TRIKIRINNING: % 5 % 5w s ACAUUCCA Chimpanzee
. ACAUUCCA Rhesus
7mer-A1 S|'te. «+»++«NNNNNNA. . ..... ACAUUCC Rabbit
7mer-m8 site. . . . . NNNNNNN. .« « « . . .. ACAUUCC Mouse
Bmersité « « » « » IIHTH?HTJW[TJA D W e ACAUUCC gat
ow
NNNNNNNNNNNNNNNNNNNNN-5'" miRNA Horse
87654321 Dog
Seed ; Elephant

« computational evidence for many (100s) targets per miRNA

» 10,000s of conserved target sites in most human genes,
overall covering most biological processes

Friedman Genome Res 2009



Why so many targets for miRNAs?

experiment: transfect a muscle specific and a brain specific miRNA in HelLa cells,
monitor cellular response by microarrays

100-200 genes went down--most had seed matches in their 3' UTRs

repressed repressed
by miR-124 by miR-1
in HelLa in Hela
~ Brain tissues -: ?

* genes targeted by a brain (miR-124) miRNA
¢ and a muscle (miR-1) miRNA,

. are normally expressed at lowest levels

! in brain and muscle, respectively

Skeletal muscle

(¢
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endogenous expression of genes repressed in Hela
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genetically, best understood miRNAs have a “few” important targets
computationally, most animal miRNAs have “lots” of targets

remains to be seen whether target lists represent

100s of equally (but perhaps mildly) important targets,
or a few very important targets + many subtle targets

« specific mutation of endogenous miRNA sites is needed
to demonstrate causality of miRNA targeting to phenotype

A 350 B

In vivo CRISPR screening for phenotypic

targets of the mir-35-42 family @ o 3 13
L] 4 4 —
in C. elegans _ : @% , §§ % i F way
250 100
Bing Yang,! Matthew Schwartz,? and Katherine McJunkin® g 1 ° s g . o : i 3 C R I S P R
< @ I
2 e = 8 ° 1
. . . . 3 °
An ancient and essential miRNA family controls cellular : mutant
. . . 100 + [l
interaction pathways in C. elegans >« animal!
Emilio M. Santillan’, Eric D. Cormack’, Jingkui Wang?, Binding Si(:e D e ket ot hear pet2 ond @iz rrI/'gY TTWT B ex ox 1ix 1
Micaela Rodriguez-Steube’, Luisa Cochella’* mutations risdiine cans Number of targets with
added 3x  6x 7x 8x 9x 10x 11x 13x mutated binding sites

Number of targets with mutated binding sites



MiRNAs mediate their function via target gene regulation

* there are “lots” of conserved targets (100s/miRNA)

* but do they all make equal contribution?

« are some more "important" for phenotype than others?

* how substantial is miRNA regulation for organismal phenotype?

@(orgstscanfly
T A. Many targets regulated B. A major phenotypic target
== ;) A
A
/\miR/\ miR
HY \/ D D. miRNA is not phenotypically required
\/l\/ \, (in laboratory?)
G F E E

C. Different critical targets in different contexts =
mi
Tissue 1 Tissue 2

miR miR

HY ~o




Applications of RNAI:

» on-demand loss-of-function in diverse species
« genomewide reverse/forward genetics
e custom-designed organisms, human therapies



High-throughput, systematic RNAI screening

* in invertebrates, long dsRNA can be effectively used to initiate RNAI
each dsRNA is converted into many kinds of siRNAs
-important to make dsRNA to nonconserved domains of genes

(untranslated regions, gene-specific regions)

« libraries of dsRNA/inverted repeat constructs screenable in worms and flies

N
PCR from genomic Clone PCR into vector + RNAI each gene
or cONA template transform into E. coll individually
B \':‘ N
. S 3 N, -\.s\_\ -\
/ ,’/ -\—‘ N
Primer pairs Bacterial strains RNAI experiments

genomewide feeding RNAI screens in worms
* multiple genomewide transgenic RNAI collections in flies



RNAI screening in vertebrate/mammalian systems?

long dsRNA in mammals activates the interferon pathway in vivo
sequence independent RNA destruction/global reduction of translation

can be circumvented by directly using siRNAs
« full siRNA libraries now available for screening mouse and human
using transient transfection



Second generation shRNA-mir vectors
endogenous processing using pre-mir backbone, new energy rules

1 COCCUGAAGUCUCUGALUA,
a SIRNA NNGCGGACUUCAGAGACUAAU
v
shRNA UUAAUCAGAGAGUUCAGGCGGUCAACGAY U
(ﬁrs[.generation) ““,'-‘.\,,\H."U JUCUCUGAAGUCCG C/\QJJU‘JCU/\“;“,
i, eeeeeessesmeemeeemeeees|) G UUGA A C -
ShRNA-mir cuc (ZI\(;U(}(;(.(L(:I\‘W CUGAAGUCUCUGAUUAAL A] GUG A
(Second_generatlon) GGC GUCAU CGU GGCOOACUUCAGAGACUAAUUAL CAC G
....................... A ucc ¢ | | cuaca ¢
Brosna o Silva Nature Genetics 2005

« genomewide shRNA-mir plasmids for human and mouse

Third generation shRNA-mir vector
optimized miRNA backbone/prediction classifers for effective single-copy RNAI

d o a B SplashRNA. miR-E
: o $8238831858
* need to validate ST iiiiitniz
) & taaadaaaaca
multiple shRNAs Pon [
give same phenotype Pren | e — Fellman Cell Reports 2013
i ” i ol —— Pelossof Nature Biotech 2017
(rule out off—target ) P ‘:::T-:TZ::': http://splashrna.mskcc.org

SplashRNA 24 181718 161114 161412


http://splashrna.mskcc.org

Do we know everything about miRNA biogenesis,
or still need more mechanistic studies?

Dual Strategies for Argonaute2-Mediated
Biogenesis of Erythroid miRNAs Underlie Conserved
Requirements for Slicing in Mammals

Jee and Lai, 2018

The Menu of Features that Define Primary
MicroRNAs and Enable De Novo Design of MicroRNA

Genes Fang and Bartel 2015

}

Additional features of pri-miRNAs

Previously identified
features of pri-miRNAs ‘

High-throughput analyses of pri-miRNA stem variants

A Drosha/DGCR8-dependent C Drosha/DGCR8-dependent

Dicer-dependent

Dicer-independent

canonical miRNA mir-144

mir-451
pri-miRNA
Drosha
polll Drosha 5 AAAA.3'

5 AAAA..3' DGCR8

miR-486
duplex

/
L 3

Argonaute2 Slicer function

|

Ago2

mir-486/451
loss

Erythroid

sliced
star stranld
removal functional
R —— \ m'i?F\I’-486—> ‘

Red blood cell
development

DGCR8
Defining features of pri-miRNAs ¢
Apical
Basal " g blood autonomous
UG motif r\gf_'néa:“cg'elf UGU motif ﬁ Ago2 Ago2 slicing
5'. . .NNNNN UHLUI\LL% b \a o . Ny < Dicer Slicing deficiency
. NNNNCUGNNNNNNNNNNNNNNNNNNNNNNNNN .
Flanking N T I N pre-miRNA i
CNNG motif gy NG CGN NN NNNNN N NNNNNNNNNNNNNNNNA A Ago2 catalytic dead
3'... .NNNNEUGONNNNN b D‘Ace[h NyNY vs wildtype fetal liver
- 1 —~35 1 bp I | —) Ago2 < * miR-486-3p miR-486/451 expressing
Single stranded (Tolerating several wobbles Single stranded erythroid tissue has
Sdimicmatccs) (00 “1 o dominant Ago2 expression
miRNA/ trimming, e v e
miRNA* E0=0=) Ago1-4 + taih’ng?g Q TR = = =
duplex [ G4 Sy &3
ERS L LeR
De novo design of miRNA genes ¢ ——  Ago2 o | hroid
non-erythroi
o ] iR - "
' miR-451 tissues express
mature ! T ! i

N Ago1-4 0 ’aean \og%ﬂRPM 15 multiple Argonautes D |:|

Functional parameters of Dicer-independent microRNA biogenesis

Yang and Lai 2012

« improved miRNA biogenesis * requirement for Slicer dependency
* reduce off-target silencing ¢ elimination of miRNA* activity




RNAI genetics: some advantages and disadvantages

(+) systematic reverse genetics
directed screening, know identity of each screened target
(+) synthetic screening, pooled screening possible for complex interactions
(+) powerful for both cell lines and animal settings
(+) (can be) fast, (can be) automated
(+) conditional/reversible (animal models)
(-) partial knockdown
(-) simple knockdowns can fail to reveal specific functions
of broadly used genes (temp sens, gof, domain specific alleles)

-) poor targeting of proteins with long half-lives
) specificity issues, off-target effects
)
)

can have limited possibilities for phenotypic assays
-) still often need to make a mutant (CRISPR/Cas9)



Recently, the first 7 FDA approved RNAI drugs

Aug 2018: patisiran, transthyretin-mediated amyloidosis
Nov 2019: givosiran, for acute hepatic porphyria

Nov 2020: lumasiran, for primary hyperoxaluria type 1

Dec 2021: inclisiran, lowers "bad" cholesterol

July 2022: vutrisiran, 2" generation hATTR drug

Sept 2023: nedosiran, also for primary hyperoxaluria type 1
Mar 2025: fitusiran, for hemophilia
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these siRNAs target liver or kidney-expressed genes
ongoing challenges: delivery, potency, on-target activity

others submitted for FDA approval or in Phase 3 clinical trials

National Postdoc Appreci
September 2022

« improved siRNA function (Lee, Science 2024) Seungjae Lee




Summary

* serendipitous discovery of negative regulatory activity of dsRNA

* RNAI is an ancient mechanism degrade transcripts homologous to dsRNA
“triggers”, likely as a genome defense

* miRNAs are an adaption of the RNAI pathway to control endogenous genes,
may have emerged several times in evolution

* RNAI as a powerful reverse genetic tool and a means to control gene
expression, even for human benefit/convenience

« full exploitation of RNAiI and miRNAs requires attention to basic mechanisms,
endogenous biology, and creativity for new uses

interested in small RNA genomics, regulation, biology?

surprising molecular mechanisms, RNAI therapeutics, impacts on disease/cancer
happy to discuss...

laie@mskcc.org



