H €A &n ™ (wng O€ EXEL WC KEVTPO TNG
TTAEOV TA YOoVLIOLA

o Lot Tavw arto 50 xpovia 0 0poc yovidlo NTAV CUVWVUHOC LLE TIEPLOXEC
rnovu Kwdikomotouv mRNAs.

e MapoAa avuta, mnpoodata (ta teAevtata 10-15 xpovia) €xoupe
avokaAUPeL OTL To avBpwrmivo yovidlwpa petaypadetal OLOYUTLKA
(pervasively) mapayovtac ytAtadec puvOuiotika RNAs (pun -
kwdkorowa). Amo pkpa ncRNAs (20-30 nts), pecaiou peyeBouc
(¥40-200nts) kot peyaia (pokpa) pun-kwodikomorad RNAs pe KPLOLMOUG
POAOUC OTn petaypadn, HETa-peTaypadn, Hetadpaon Kol puluwonc
TNG SOHUNG TNG XPWHOTLVNG



RNA-pecoAaoupevn SLAKUTTAPLKN
ETTILKOLVWVLIA

Ta pun-kwdikomowd RNAs (non-coding RNAsS) €xouv onpavtikoO poAo otn SLAKUTTAPLKN ETUKOLVWVLIO E
arnoteAeopa va Bewpouvtal MAEov wWC puBbuLoteg, otwyv, TNC aAAnAoemnidpoonc LoTwv o€ eminedo
opyoviopoU aAAad kat tng aAAnAoemidpaonc SLadOPETIKWY OPYAVIOUWY HETAEU TOUC.

YIapxeL pLa Kotvn Kot apyxota fLoAoyikn YAwooa TTou avIUTpoowTteVETAL o to poptor RNA.

MeEoa oOToOuC opyaviopouUc, Ta KUTtapo Hopouv va ekkplvouv ncRNAs ta omolo pmopouv va
«taEldePouv» YpNOLLOTIOLWVTAC TO BLoAoyka uypad wWOTE va. GTACOUV OE HOKPLVOUC OTOXOUC Kol T
ETITEAEOOUV TN PUBMLOTIKN TOUC Asttoupyia, SpWVTAC WC CYEVETLIKEC OpPHOVEC». To LOLO LOYUEL Kol
QVOLECOL OE OPYAVIOMOUC

AlapopoL TIAPACLITLKOL OpYAVIOMOL, OTWwC oL, Baktnpla Kol LUKNTEC UITOPOUV VOl TIPOYLOTOTIOL | COUV
KTTELPATELO» OTOUC MNXOWVLOUOUC AUVOC ToU EevioTh, MEoW TwWV NCRNAS. AuTtO To POLVOUEVO UTIOPEL VA
nopotnenBel kal og oxeoelc cupBilwoncg, N oTouc MOAUKUTTAPOUC OPYAVIGUOUC

2TOU TTIOAUKUTTAPOUC OPYAVIGHOUC TO KAAO Tou Kuttapou Buolaletol yia tTnv emBlwon Tou opyaviooU



Table I. Classes of non-coding RNA in mammals

NcRNA class

Characteristics

References

Established ncRNA classes
Long (regulatory) non-coding
RNAs (IncRNAs)

Small interfering RNAs (siRNAs)

microRNAs (miRNAs)

PIWl-interacting RNAs (piRNAs)

Promoter-associated RNAs
(PARs)

Small nucleolar RNAs
(snoRNAs)

Other recently described classes
X-inactivation RNAs (xiRNAs)

Sno-derived RNAs (sdRNAs)

microRNA-offset RNAs
(moRNAs)
tRNA-derived RNAs

MSY2-associated RNAs
(MSY-RNAS)

Telomere small RNAs
(tel-sRNAs)
Centrosome-associated RNAs
(crasiRNAs)

The broadest class, IncRNAs, encompass all non-protein-coding RNA
species >~200 nt, including mRNA-like ncRNAs. Their functions include
epigenetic regulation, acting as sequence-specific tethers for protein
complexes and specifying subcellular compartments or localization

Small RNAs ~21-22 nt long, produced by Dicer cleavage of
complementary dsRNA duplexes. siRNAs form complexes with
Argonaute proteins and are involved in gene regulation, transposon
control and viral defence

Small RNAs ~22 nt long, produced by Dicer cleavage of imperfect RNA
hairpins encoded in long primary transcripts or short introns. They
associate with Argonaute proteins and are primanly involved in
post-transcriptional gene regulation

Dicer-independent small RNAs ~26—30 nt long, principally restricted to
the germline and somatic cells bordering the germline. They associate with
PIW|-clade Argonaute proteins and regulate transposon activity and
chromatin state

A general term encompassing a suite of long and short RNAs, including
promoter-associated RNAs (PASRs) and transcription initiation RNAs
(tRNAs) that overlap promoters and TSSs. These transcripts may regulate
gene expression

Traditionally viewed as guides of rRNA methylation and
pseudouridylation. However, there is emerging evidence that they also
have gene-regulatory roles

Dicer-dependent small RNAs processed from duplexes of two IncRNAs,
Xist and Tsix, which are responsible for X-chromosome inactivation in
placental mammals

Small RNAs, some of which are Dicer-dependent, which are processed
from small nucleolar RNAs (snoRNAs). Some sdRNAs have been shown
to function as miRNA-like regulators of translation

Small RNAs ~20 nt long, derived from the regions adjacent to
pre-miRNAs. Their function is unknown

tRNAs can be processed into small RNA species by a conserved RNase
(angiogenin). They are able to induce translational repression

MSY-RNAs are associated with the germ cell-specific DNA/RNA binding
protein MSY2. Like piRNAs, they are largely restricted to the germline and
are ~26—30 nt long. Their function is unknown

Dicer-independent ~24 nt RNAs principally derived from the G-rich
strand of telomeric repeats. May have a role in telomere maintenance

A class of ~34—42 nt small RNAs, derived from centrosomes that show
evidence of guiding local chromatin modifications

Reviewed in [97,98]

Reviewed in [15—17,227]

Reviewed in [16,17,70]

Reviewed in [15,17]

Reviewed in [38,39]

Reviewed in [228]

131

229-23|

232,233
Reviewed in [44]

234

43

47




Katnyopleg un-Kwotkormolwv RNAS

tRNA https://www.ncbi.nlm.nih.gov/pmc/
MRNA iSRS FERNA _[mnsterm) articles/PMC4104869/

(messenger RNA)
rRNA

(ribosomai RNA)

RN

2 200 nucieotides

INncRNA
nCR NA (Jong non-coding RNA)
(non-coding RNA)
microRNA
regU|at0ry nCRN (19 10 22 nucleotides)
2 sNoRNA

200 nucleotides (small nucieokar RNA)
small ncRN siRNA

(small nterfenng RNA)

Next-Gen sequencing of snRNA

RNA librari f diff t (small nuclear RNA)
IDraries or dairreren leNA

SIZES (PIWA-interacting RNA)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4104869/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4104869/

Mikpa RNAS

o ArtoteAovuvtal amo: Kavovika Kot pn-Kovovika ptkpa RNAS

o Kavovika pikpa RNAS:
e Ribosomal/Transfer RNAs
o Small nuclear RNAs (snRNAs)
 Small nucleolar RNAs (snoRNAs)

« microRNAs (miRNAs),

» endogenous small interfering RNAs (siRNAs) METa-pETAYPAPLKT)
host-gene expression and transposable element transcripts. [ovLD LAKTY) ATTOO LLWJTNOT)

e Piwi-interacting RNAs (piRNAs)

e Mn-kawvovika RNAs:

« Promoter-associated small RNAs (PASRs)

o transcription start site associated RNAs (TSSa-RNAs)
o transcription initiation RNAs (tiRNAs)



Mkpa rtupnviokika RNA (Small nucleolar
RNA, shoRNA)

« Taa snoRNAs, cupBallouv otn Bloyeveon TOU EUKAPUWTIKOU PLROCWHATOC TIOU
Ao pBavel ywpa otov Tupnvioko.

e JUVLOTOUV HLO OLKOVEVELA UN-KwoKoTtolwv RNAS TTou HETEXOUV OTNV ETEEEPYAOTLA KOl
tpomornoinon tou rRNA kot twv SNRNAS Tou cwpaTtiov HoTiopotoc.

e AUO kUplo tumoL: RNA e mAaiowo C/D (RNA C/D box), ta omolo peBuAiwvouv to rRNA
oc pla Beon 2’-O-pBolnc kot ta RNA pe mAaioa H/ACA (RNA H/ACA box), ta omnoia
LETATPETOUV TNV oupLdivn og Peuvdooupldivn oto rRNA.

o 2YNMOTI(OUV OVTLOTOLXOL TO MLKPOL TIUPNVLIOKLKA PLBROVOUKAEOTIPWTIVIKA CUMITAOKQ
(snoRNPs)



META-UETAYPAPLKN
[OVIOLOKT) ATtooLWrNoNM

Post-Transcriptional Gene Silencing (PTGS)



H avakaAuyn Twv HKpwV puBLoTiKwY RNAS
(sSiRNAs, miRNASs)

e TO MPpWTO HUIKPO puBuLoTtiko RNA, lin-4, avakaAudpOnke to 1993 ota vnuoatoeldn
oKOUANKLaL armo touc Lee, Feinbaum & Ambros.

« Mo mpwteivn oto C.elegans, lin-14, puBuiletal amo eva pikpo npoiov RNA tou yovidilou
lin-4, To omolo petaypddetal and éva npoddpopo popLo 61 voukAeotidiwv mou wpLudleL o
eva pnopto RNA 22 voukAeotlbiwv TOU €lval €V HEPEL CUMMANPWHUOTIKA HE TOAAATTIAEC
aAAnAouyiec oto 3’ UTR tou lin-14 mRNA.

. a

&3

o Mepka xpovia apyotepa, ot Apepikavol ertotnpovec Andrew Fire kot Craig

Mello avakaAvlav OTL N TaUTOXpOovN £yXuon VONUOTOC KoL AvTUTtAnpodopLlokou
dsRNA tou yovidilou unc-22 (to omolo KwOLKOTIOLEL TNV MPWTELVN LUOLVWUOTOC)

oTLC yovadec tou C. elegans odnynoe o€ EVTIOVEC GUCTIOLOELC OTNV ETTOUEVN VEVLAL.

» 0 Bpafeio Nobel otn Ouoioloyia n latpikn to 2006 otouc Andrew Z. Fire kat Craig C. Mello
yia tnv avokaAvyn tnc "RNA nmapeufoAnc— oilyaon yovidiwv peocw SikAwvwyv popiwv RNA”,

o« Mikpa popla RNA «éeyehave” to kUTTOpPO 0TO Vo KOTAoTpEPEL ouykekpLlpeva mMRNA mpv va
TOLPOAYEL TIPWTELVN

o ApxloOv TNV epyacio touc to 1998.

22380338
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H avakaAvyn twv siRNAS

O unxaviopog PTGS kat ta avtivonpatikd RNAs avakaAudOnkav mpwta ota puta

To 1998, ot Andrew Fire kat Craig Mello énuooievoav eva kaBoplotiko yia tn Moplakn BlroAoyia apBpo
avayvwpilovtac dikAwva popta RNA (double-stranded RNAs, dsRNA) w¢ toug popeic Tou pnxaviopou
PTGS oto okouAnkt (Caenorhabditis elegans), eva datwvopevo nov ovopacav RNA interference (RNAI).

o Miukpa poprat RNA «Eeyelave” to kUTTAPO 0TO Vo KataotpeP el ouykekpLlpeva mRNA mtpLv va mopayouv mpwteivn

BloxnuIKEC LEAETEC TTOU akoAovBOnoav peta tnv avakaAvpn tou pnxaviopou RNAI oto C. elegans (Fire et
al., 1998) amnokaAvpav otL pikpa RNAs emeéepyalovtal amnod dikAwva RNAs, dsRNA (Zamore et al., 2000).

Emednn oavta ta dsRNAs upmopoloav va TMPAYUOTOMOLACOUV avooUOoTOON TWV OUMIAOKWYV
ooclwnnong, ovopaotnkov siRNAs.

H yovidiokn puBuion peow SiRNA apytkd euolale va UTTAPYXEL LOVO OE 0opyaviououc rtou €xouv RNA-
etaptwpevn tohvpuepacn RNA (RNA-dependent RNA polymerase, RARP), n omola opwc 6€v umapyeL ota
OnAaoTIKA. ZXETIKA TIPOOoPATEG HEAETEC OUWC £xouV deifeL otL ta SiIRNAs umapyouv kat ota OnAaotika
oAAa o€ oAU xapnAotepa enimeda (Watanabe et al. 2008).

[MoAU ouvvtopa META TNV avakaAvpn touc amodeixOnke otL ta ouvBetika siRNAs pmopouv va
XPNOLUOTIOLNO0oUV ETAEKTIKA VL0l TNV HELWON TwV ETLITESWV YoVIOLOKNC EkPpaonc ota OnAaoTika Kal va
£XOUV EKTETOUEVN EPAPHUOYI OE AELTOUPYLKEC LEAETEC YEVETLKNC UNXOVLKNC.

Amtodeixbnke OTL €xouv TEPLOPLOUEVN KAWVIKA €dappoyn. Ta dappaka mou PBacilovtat ota SiRNAs
nopovolalovv cofapec mapevepyeleg (toflkotnNTa) KoL MLKPR TPooBocluoTnTta O0TOUC LOTOUC TTOU
otoxeVUoouV. NMoAAEC PAPUOAKEUTIKEC ETALPLEC oTAMATNOOV TNV KAWVIKA €peuva amo to 2010 kot HETA.
Potent and specific
genetic interference by
double-stranded RNA in
Caenorhabditis elegans

Andrew Fire*, SiQun Xu*, Mary K. Montgomery*,
Steven A. Kostas*f, Samuel E. Driver} & Craig C. Mel

The RNAI mechanism
RNA interference (RNAI) is an important biological
mechanism in the regulation of gene expression.

s DUIRIETY  Double-stranded RNA

- —

dsRNA "~ (dsRNA) binds to the
l protein Dicer ...

Dice ... which cleaves dsRNA
R into smaller fragments.

¢

typically 20-25 nucleotides in length

One of the RNA strands
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Kupla yapaktnploTika Twv JUKpwV RNAS
(MiRNAs and siRNAS) o Y SESOMr [ Sy et

assembly, ‘ shRNA pre-miRNA

e Eva pikpo napepParopevo RNA eival eva OikAwvo popLo L
I I 14 I I " |
RNA unkoug 20 pe 25 nt pe duo alevyapwta VOUKAOETLOL /
| I 4 I 7 \
oto 3'-akpo kabe aAvaoldba tng EALKAC. ADOTANt
! ! ! ! oo ntermediate ~lils - ‘
e Meoa oto kUttapo, «koBetaw» amo tnv npwteivn DICER ™™ 3 | - |
’ , ’ 4sRN/ Dicer Dicer
KOl EVOWMOTWVETOL OTO OUMITAOKO armoolwrnong Tou e \ J !
’ ’ . . . Dicer
emtayetal arnto RNA (RNA-induced silencing complex, RISC). ; \\v, ey T L L miRNA
, , , , . Silencer LLLLL EI JLLLLL  sIRNA RdRP —— U —TTT-T-TTT‘WNA 'o'
e 2TN OUVEXELDL ML Ao TG oAuotoeg tou siRNA mou \" o T : i, ol e,
! ’ / LLLLLL NENEEEE &"
ovoupadletal srupatnc (passenger) amolkoOOMELTOL KO | j
I I I \ ' "
opaLpELTOL OTTO TO OUUTTAOKO. CHy B "y q |
Torge TTEEELLI T me 8] | i "

RITS RITS RISC RISC o iee

e H aAlvoidba mou pevel, ovopaletal aAvuoida-odnyocg ko
I 7 7 Heterochromatin formation and mRNA destruction or
TMPOCOEVEL OE HULO CUUMANPWHOTLKN TIEPLOXN HE ranscriptional silencing ranslational repression

o MovtéAo mou armelkovilel Stakpltouc poAoug yia dsRNA oe éva Siktuo aAANAETILOPWVTWY LOVOTIOTIWY OLYNG. 2€ OPLOUEVEG

OLVTLVOF]}J.OL‘ELKI"] EV(')C GTéXOU RNA St rand. nepuntwoel to dsRNA Aettoupyel we apxko epgblopa (3 Evavopa), yla mapadelypo OToV ELOAYETAL TIELPAUATIKA EEVO
dsRNA. Ze dA\eg meputtwoelg to dsRNA dpa w¢ evdldpeco, yia mapadelypa otav ta «mapekkAivovia» mRNA avtiypddovral

, , , , , , amno to Kuttaplkd RARP. H petaypadn pmopet va napdyet dsRNA péow avayvwong amo YELTOVIKA HeTaypadriuata, onwc

® EOLV OLUTr] n T[EplO)(r] EWVAL 100% ov I.J.T[)\n p(l) uOLTLKr] TOTE O uropel va cupPel ywa emavalapBavopeveg olkoyeveleg yovidiwv rp ouotolxie¢ uPnAou avtiypddou (UmAe SLOKEKOUMEVA
BEAN). EVaAAOKTIKA, N peTaypodr) UMOPEL va eveEpyoToLNBel MEPAMATIKA 1} avamtuélakd, ywa mapadelypa otnv €kbpaon

GTC')XOC RNA aT[OLKOGOHE 'lTOLL uéo—w TWV T[prET-Vd-)V TwWV yovidiwv kovtn ¢ poupkeETag (ShRNA) kat yovidiwv evdoyevouc dpoupketac (miRNA). Ta pkpd mpoiovta RNA tng avtibpaong

enetepyaoiac dsRNA pe tn pecoAdBnon Dicer odnyouv SLoKkpLtd MPWTIEIVIKA CUMTTAOKO OTOUC OTOXOUC TOUC. AuTtd Tta

Apvovaurwv (ArgO na Ute5) KAl ETOL ET[LTUVXGVETQL r] oUpTAoKa olyn¢G meplhapPavouv to enayopevo and RNA cUurtAoko oynic (RISC), Tto omoio epmAEKeTaL oTNV KATOoTPOdn TOU

6 i ' MRNA Kot TN HETAPPAOCTIK) KATAOTOAN, Kol To emayopevo and RNA ocuumAoko petaypadikns oilynong (RITS), to omolo
VOVL l'aKr] OLT[OGU-UT[FI On . EUMAEKETOL OTN olynon tn¢ xpwpativng. CH3, tpomomnownpévo DNA i xpwpativn. 7mG, 7-pebulyouavivn; AAAA, oupd moAu-
adevooivng; TGA, kwdLkovio tTeppatiopol petadpaonc. Npocappoyn and Mello et al., Ewkova 2 (2004).



RNA-SLapecoAaoupevn YoViOLAKY) QUTOCLWIINOM

Okamura K, Lai EC. Endogenous small interfering RNAs in animals. Nat Rev Mol Cell Biol. 2008 Sep;9(9):673-8. doi: 10.1038/nrm2479
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mRNA translational repression
mRNA deadenylation/degradation

Virus defence
mRNA cleavage

Iransposon silencing
MRNA cleavage

(MRNA cleavage?)

e H yoviblakn puBuion pe tn pecoAapnon pikpwv aAAnAouxltwv VOUKAEIKwY ofewyv, cuumeplAapBavopevou tou pkpou mnapepBailopevou RNA
(siRNA), tou microRNA (miRNA), tou aAAnAembpwvtog pe tic npwteivec PIWI pikpa RNA (piRNA), kat tou pikpouU mapepBariopevou DNA
(siDNA), €xeL amobewxBet otL eilvat n BepeAdwdnc apxn otn pubuwon moAwv Ploloyikwy Olepyaclwy, OCUUTEPLAAUBOVOUEVOU TOU
MOAAQTTAOLCLOCOOU TWV KUTTAPWYVY, TNC dladopormolnong Kol thS opolooctaonC. To Baolko otolyelo evepyol MPWTEIVNC O AUTEC TIC OLEPYAOLEC
elval n olkoyevela Mpwteivwyv Argonaute. OL mpwIeivec auteg Bplokovtoal oxedOv o€ OAOUC TOUC EUKOPUWTEC, TA BaAKINELOL KoL TA apyoilal

o Ta siRNAs dlapecolaPfoulv enionc petaypadikn yovidlakn amoowwnnon (transcriptional gene silencing, TGS) o€ eva eUPOC OPYAVIOUWYV OTIWCE TO
dUTA KOl TOUC MUKNTEC, LECW UNXOVIOUWYV OTtwE N HeBuAiwon tou DNA (Arabidopsis) 1 n pebuAiwon Twv LoTovwy, OMTWCE TIPWTA amodeixOnke otn

(LN OTL EVEXOVTAL OTN oUVAPUOAOYNON ETEPOXPWHATILVNC.



Argonaute-bound small RNAs

e Argonaute proteins lie at the heart of related small-RNA pathways a PA7 MID PIWI
that operate in organisms as diverse as Archaea, plants, and animals. NC..[ S— CL DC

They bind various small RNAs that are < 32 nucleotides (nt) in length,
which guide the Argonaute complexes to their regulatory targets.

e Argonautes are structurally organized into N-terminal, PAZ, middle
(MID), and PIWI domains. Numerous crystal structures of archaeal,
bacterial, and eukaryotic AGO proteins in complex with nucleic acids
have indicated recognition of the 5" monophosphorylated end within
a conserved basic pocket formed by the MID domain, while the 3’
hydroxyl end is anchored in the PAZ domain

« The PAZ (Piwi/Argonaute/Zwille) domain was identified from
structure-function studies as a RNA-binding module, with
subsequent structure-function studies on RNA-bound complexes

defining the principles underlying recognition of a 2-nt overhang at

the 3' end of double-stranded RNA (dsRNA), as well as recognition of
the 3' end of single-stranded RNA (ssRNA

 The piwi domain is a protein domain found in piwi proteins and a
large number of related nucleic acid-binding proteins, especially
those that bind and cleave RNA. The function of the domain is
double stranded-RNA-guided hydrolysis of single stranded-RNA, as
has been determined in the argonaute family of related proteins

5" end of
guide strand
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XapaKTNPLOTIKA

KaVOVIKWYV sSRNASsS

e Evexovtal otnv amoowwnnon N to HeTa-petaypadlko EAeyxo yovidiwv mRNAs

e Evéxovtal otnv emIyeveTIKN pLUOULON .

e JUYKEKPLUEVO pEyeBoc (~20—-32 voukAegotidla)

e [IPOOOEVOUV TIC TIPWTELVEC TNG OLKOYEVELOC APYOVOUTWV

(Argonaute, Ago)

e OL Mpwteiveg Argonaute amoteAoUv eva KUPLO oUoTATLKO TwV RISCs pe pikpa RNA
Kal/ mpooBetec mpwteivec HEOw ApMEONC N EMpEonc SEoHELONG,
ovunepthopBavopevwv twv Dicer, GW182, mpwteivec Bepuikov ook 70 /90
(Hsp70/Hsp90). Autd ta cUTAoKa OXL LOVO gUTTAEKOVTAL OTN BLOYEvEDN ULKPOU

RNA amo obdouc efaptwpevec N oaveédptntec amod tou oUpTAOKou Drosha/

DiGeorge (DGCR8), aAAd napExouv emnionc B€oelc aykupwonc ya pikpad RNAC yla
N pUOULON TNC YOVLOLOKNC EKPPAONC OTO KUTTAPOTIAQLCLLAL.

e 2Tn Owadlkacia avayvwpLong oTtoxou,

oL TIPWTIEiveC Ago umopouv va

nopakappouv tn deutepoyevy Sopn Kol TOUC TIPWTIEIVIKOUC dpaypoUC ylo va
StaxvBoulv Kot HMAKOC TOU UMOOTPWHOTOC KOL VO OOPWOOUV OTTOTEAECUOTIKA
EVOLV KOVOVLIKO OTOXO HEOW YaAapwVv oAANAeTidpAocewv TPWTELVNC-VOUKAEIKOU

o&€oc Kol Slatunpatikne petadopag [22].

e Ev Tw petaly, avadepOnke emionc OtL ol MpwTtelvec Argonaute pmopecav vo
£VTOTILOTOUV OTOV TTUPNAVA, OTIOU EUTTAEKOVTAL OTNV avadlapopdwon XPwHUOTLVWVY

LECW TPOTIOTIOLNONG LOTOVNC,

neBuliwonc DNA,

EVOAANOKTLKOU HATIOMOTOC

npodpopwv MRNA kat ditepyaociwv amokataotaong Bpavonc DNA SutAic €AKocC.

e ErutA€ov, ol mpwtelveg Argonaute ocuvOEOVTOL EMLONCG OTEVA TOV KOPKLVO

Wu J, Yang J, Cho WC, Zheng Y. Argonaute proteins: Structural features, functions and
emerging roles. J Adv Res. 2020 Apr 29;24:317-324. do1: 10.1016/j.jare.2020.04.017.
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Sources of Endogenous dsRNA

. . Activated/phosphorylated PKR (pPKR) suppresses global translation by
« There are three main sources of endogenous dsRNA: 1. phosphorylating eIF2a on Ser51, which blocks translational initiation by

mitochondrial transcripts, 2. repetitive nuclear sequences, preventing the GDP-to-GTP exchange of eIF2 by eIF2B
including short and long interspersed elements (SINEs, LINEs),

and 3. endogenous retroviruses (ERVs) as well as natural sense— - s FoutRNAS | PKR Ab 15 b
antisense transcript pairs. ; \'j '4->§ f"f%l 9= ﬂ /___<Y }

« Human mitochondria have a circular genome of 16,566 bp, with 3,‘/ Lysis s 2 s
a guanine-rich heavy strand and a guanine-poor light strand, | Formaldehyde-mediated CLIP & sequencing
depending on buoyant density. Both strands are equally
transcribed, resulting in complementary transcripts that may @ Nuclevs J =ICOBONGUE NG M TRCLIG ORI
bind to each other, though the light strand undergoes rapid } ?“ 4 j,
degradation. Complementarity encompasses the length of the ; fg
entire mitochondrial genome, as shown by electron microscopic . ool IRAlus, LINEs, LTRs itk
analysis. The mitochondrial DNA encodes 13 genes, 12 of which Satellite RNA,
are encoded by the heavy strand and one by the light strand. @ Mitochondria ey P“C'S:"fa‘i“‘f’
Under physiological circumstances, the light strand is rapidly S < > J
degraded by two enzymes, polynucleotide phosphorylase MIRNAS PP1, PP2A

(PNPase) and the helicase HSuv. AN P B 1P

In infected cells, PKR recognizes long viral double-stranded RNAs (dsRNAs



A Formaldehyde-mediated CLIP procedure B

o S phase M phase
@ Arestcellsat @ Formaidehyde @) Cell lysis v ks S f
S or M phases crosslinking Input l. 'l-ll .l ll- | Collectively, these findings established
| Input RNAs  PKR Ab J2 Ab a-PKR -I ||| | - | that mltochonera are an 1mportant. sous
—»> ©O p':‘g;:;fjgbm j-\"ﬂ 0 @ Q - of dsRNA which may be released into t
e J2 l I . I cytoplasm upon stress-mediated
Sze-matched PKH bound RNAs  dsRNAo . . ‘13 .
| ' ' PRI o i SN miEINA Sine wes uths mem utns | Mitochondrial permeabilization [32].
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Repetitive DNA Sequences

e For dsRNA originating from nuclear DNA, A-to-l editing provides an accurate readout to assess
genome-wide dsRNA formation. In humans, 62.9% of all edited sites map to repeat regions,

including SINEs, LINEs, endogenous retroviruses, and DNA transposons, whereas protein- Left Monomer Right Monomer

coding transcripts are hardly edited at all. Overall, editing shows distinct species’ variability l'] [ AA AAA

and depends on the nature of the repetitive elements rather than the complexity of the A| |} BoxA %30..\:8 a1t Inssrtion .

organism. ;
t ~ 0.3 kb i szl

« Alu repeats are commonly found in intergenic regions (autonomous) as well as in introns and
UTRs of genes (mMRNA-embedded elements) [38]. Autonomous Alu elements constitute a
small portion of the repetitive genome and are highly induced by viral infection, heat shock
and cycloheximide treatment [39]. Stress enhances the activity of the RNA polymerase |l ‘
(viral infection) or increases the chromatin accessibility of Alu elements (heat shock), which is ‘ ST E—

reversed with recovery from stress. As compared to autonomous Alus, embedded Alu SLTR _ GAG _ POL __ENV__ 3'LTR S P i g s
elements represent a higher proportion of repeated sequences. Because of their enrichment ERV _ J l :
in UTRs, embedded Alus play an important function in gene expression via the stabilization of ~ 9 5kb
MRNA, as well as its localization and translation

.-
-

« ERVs: Human endogenous retroviruses share a comparable structure with exogenous
retroviruses, the protein coding genes gag, pro (protease), pol and env flanked by two
terminal repeats (5’ and 3’ LTR) (Figure 1). ERVs comprise up to 8% of the human genome;
however, most open reading frames (ORFs) are mutated [45]. Nevertheless, ERV-related 5UTR ORF1 ORF2 3' UTR AT\ |
transcripts can be detected in most human tissues [46], particularly when repressive DNA | INE 1 - | AAA (3 ‘ T
methylation is inhibited. In contrast to the mutated protein coding genes, ERV-related LTRs ’
have retained their promoter activity and provide alternative transcriptional control elements
for cellular genes or drive the production of non-coding cellular RNA. LTR promoters are bi-
directional and can lead to widespread dsRNA formation [48,49]; alternatively, two adjacent
ERVs in opposite orientations could fold back and form a hairpin structure.

~ 6 kb :

-

 LINEs: Long interspersed nuclear elements (LINEs) are 6—7 kb in size and constitute up to 20%
of the human genome. Full-length copies contain two open reading frames (ORF1 and ORF2)

which encode proteins essential for retro-transposition [52] (Figure 1). ORF1 makes a 40-kDa
RNA-binding protein (RBP 40) which plays an important role in activating the host innate  Sadeq S, Al-Hashimi S, Cusack CM, Werner A. Endogenous Double-Stranded RNA. Noncoding

immune system, while ORF2 encodes an endonuclease and the reverse transcriptase [53]. RNA. 2021 Feb 19;7(1):15. doi: 10.3390/ncrna7010015. PMID: 33669629; PMCID: PMC7930956.
Transcription is driven by a promoter that harbors several transcription factor binding sites as

well as a CpG island. Most LINEs are inactive because of truncations, mutations and

rearranged copies; however, a small number of elements are functional [54].



Natural antisense transcripts (NATSs)

, , , RNA Pol ||
« Natural antisense transcripts: According

to the gencode biotype definition, 3:“,"“"’57——- I ﬁ'*w"; -~ T3  DNA
antisense transcripts are “transcripts that ~ | -

overlap the genomic span (i.e., exon or T mRNA
introns) of a protein-coding locus on the —-[———1/——
opposite strand”. This definition excludes

protein-coding antisense transcripts and Antisense transcript

read-through transcripts from tail-to-tail

arranged gene pairs; if those are included, / \

40-70% of loci show bi-directional

transcription [58,59]. Hence, if a sense/ Somatic cells Male germ cells /
antisense transcript pair is co-expressed low levels of dsRNA Early embryonic cells
in the same cell, dsRNA structures are

potentially formed (Figure 2). To what

extend hybridization actually occurs is - RNA interference - Chromatin modifications
controversial and .rather challenging to - RNA masking - RNA interference
demonstrate experimentally. - RNA editing

- dsRNA signalli -
dsRNA signalling —» Genome wide effect,

—» Gene specific effect quality control (?)
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e A SIRNA vs a mIRNA mediatec
degradation of mMRNA
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Piwi-interacting RNAs (piRNAs) and piRNA-guided transposon
control, transcriptional gene silencing (TGS), post-transcriptional
gene silencing (PTGS)

« Ta piRNAs avayvwpiotnkav mpwta w¢ Hkp&d RNAs mou

aAAnAoemidpouv €LOKA ME TIC MTPWTELVEC Piwi oL OToLleEC avnKouV
OTNV OLKOYEVELO TWV TIPWTEIVWV ApyovauTwy, OE YEVVNTIKA KUTTAPO
QO TIOVTILKOUC Kal oapoupalouc. Metenewta peAetec €6eéav oOtl
Bplokovtal KUpLwC o€ YaMETEC (AAAA KOl CWHOTIKA KUTTAPA) OAWV . |
Twv BnAaotikwv. 2e avtiBeon pe taa mMiRNAs kat ta siRNAs, ta piRNA precursors > ——\ /- ;
PiRNAs eival 24-31 voukAeotidla. Emtionc og avtiBeon pe ta miRNAs,
taa piRNAs petaypadovtat ano tnv RNA moAvpepacn Il amo
Stayovidlokou¢ tomouc mou ovopalovtal cuotolxlec piRNAs (piRNA Export from nucleus
clusters) w¢ peyaAou HNAKOUC CUVEXOUEVO HOVOKAwva Tipodpopa
netaypado ta onota enefepyalovrol xwpic tnv Dicer og pikpa RNAS 5 3
TWV OTtoleC Ta 3™ akpa Tpomormolovvtal pe 2'—0-peBulopadec.

RNA Pol Il nucleus ~ cytoplasm

v

Dicer-independent processing

e Ta piRNAs TPOEPYOVTALL Kuptwq Qo neptoxsq enava)\r]LIszv OTIWC And 2-O-methylation

TEPLOXEC METAOETWY csrmxstwv KOLL Tteptoxeq stspoxpwuatwnq KOLL . .
6pouv yLOL TNV QTTOCLWTINGCN TETOLWV TIEPLOXWV LLE EYWLOTLKO OTOLXELDL Mature piRNA P OCH,
ylatli n ekppaonc touc amootabepormolel To yovidlwpa. Amouoia
PiIRNAs €xeL BpeBel OTL 0ONYEL OE PELWUEVN YOVIHOTNTA OE TTOAAQ
eldn (wwv.

Formation of piRISC

v

e Yotepa amo tn ouvappoAoynon tou cupmnAokou piRISC sloepyetol
oTov Tupnva Kat kabodnyel tn neBuliwon tnc totovne 3 otn Aucivn
9 (H3K9me3) oe yevetlkoUC TOTOUC METOOETWY OTOLELWV yLa TN
SNULOUPYLO ETEPOXPWHOTIVNG g —f— OCH,

PIRISC




piRNA biogenesis. Two pathways, primary piRNA biogenesis and the Ping-Pong cycle, have
been implicated in generation of piIRNAs in Drosophila germ cells, whereas only primary
piRNA biogenesis operates in follicular cells. Long RNAs transcribed from piRNA cluster
regions are exported from the nucleus to nuage granules, where many protein components
involved in the piRNA pathway localize and where piRNA biogenesis is believed to occur.
During primary piRNA biogenesis long piRNA precursors are cleaved by an endonuclease,
possibly Zucchini, located in the outer membrane of mitochondria, generating the 5" end of the
future piIRNA. The cleaved transcript 1s loaded into Piwi proteins (Piwi and Aub) and then
trimmed from the 3’ end by an unidentified trimmer nuclease to its final length. In the Ping-
Pong cycle, Aub loaded with piIRNAs recognizes and cleaves complementary RNASs such as
transposon (TE) mRNAs or transcripts derived from the opposite strand of the same piRNA
cluster. This cleavage produces the 5" end of a new piRNA that is loaded into Ago3 and in turn
can induce cleavage of complementary RNA. This generates a new piRNA that is identical in
sequence to the piIRNA that initiated the cycle.
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KUkAoc Ping — Pong

Nucleus

e 2TO YOUETLKO KUTTAP TNC Drosophila, ta mpwtoyevn piRNAs
Stapopdpwvouv ta piRISCs pe tic Piwi kat Aub mpwteivec.[7]
[8] Ta ocupmntAoka Piwi-piRISCs €xouv wc Aettoupyia tnv
QTOCLWTINCN OTOV MUPNVA OTIWC KOL OTOL CWHATIKA KUTTOPAQ,
evw ta cuuAoka Aub-piRISCs edpalovtal oto
KUTTOPOTIAQLO AL KOl KOTOLOTEAAOUV T peTaBeta otoyeia. O
LLOPLOLKOC NXOVIOMOC QUTHC TNG KATALOTOANC OLOLAEL LLE AUTO
ToU oupmAeypatog Ago2-siRISC, pe tn dladopd OTL oTNV
KATOOTOAN pEow ocupmAgypatoc Aub-piRISC to RNA otoxoc¢
dev amolkodopeital AAAQ XpNOLUOTIOLELTOL WC UTTOOTPWOL VLA
tnv tapaywyn 6eutepoyevwy piRNAs. Ta teAsutaia Crml
ouvdeovTal HE TNV NPpwTteivn Ago3 kat cuvBETouv TO *
oupmAgyua piRISC- Ago3, to omoto kKoPeL ta RNAS otoyouc “J
TTOU TIEPLEXOULV TLC aAANAovXieC TwV PETABETWY OTOLKELWV ' p.
oTOV avTloTpodo ipocavatoAlopo. Autn n aviibpaon OLVEL | P
KOTOTILV YEVEON oTtal avTLKwOLKA PiRNA, Tta omola ¢
doptwvovtal otic Aub, SnULoUPYwWVTAC EVOV UNXOAVIOUO
euntpooBlac tpododotnonc (feed-forward). Autn n
Stadkaola elvall yvwotn Kol w¢ 0 KUKAOC Tou ping-pong.[6][9] Q H3K9me3
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Auto- and hetero-silencers evolve at different
rates

SIRNA gene MIRNA gene Target gene

No conservation Selection and conservation



Kowva yapaktnplotika tTwv siRNAs kat miRNAs

e Taa pkpa pNn-kwdikomowad RNAs (smRNA) ocuvppetexouv otn pubuilon NG

avamtuénc, Kuttaplkn Oladopormoinon, mpooapuoyn oto TnepLBallov Ko
AUV ATTO LoUC Kol Baktnpla.

e PuBuilouv apvnTikd TN YyovwoLakn E€kppoon META-PETAYPAPIKA N HE TO
OXNUOTLOHNO ETEPOXPWHOTIVNC

o Anuioupyouvtal amo nipodpopec OlKAwvec €Akec RNA (dsRNA) oL ormolec
koPovtat o 20—-24 nucleotide dsRNAs amo ptovoukAeaocec tumou |l 1mou
ovopalovtal DICERs.

e H pla aAvotda tnc SikAwvnc eAkaC PopTtwVeTOL O SPAOTIKA CGUUTTAOKO TIOU
rniepLexovv Oladopetikec mpwtetvec ARGONAUTE (AGO).



