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NEPIAHWH

H peTaypa@Ikry TPOTTOTTOINCON €ival PO JETAYPOQPIKN/UETA-PETAYPAPIKA dladikaaia, KaTd
TNV otroia éva popio RNA utrékeital otn PeTaAAayry TnG akoAouBiag Tou PEOW TNG
€I0QYWYNG, TNG atTaAoIPAS A TNG ETABOAARG TWV BACEWY TNG. ZTa YETAlWA, N TTAEIOVOTATA
TWV HETAYPAPIKWY TPOTTOTTOINCEWY TIOU OCUMPaivouv a@opd Tn METATPOTI TOU
voukAeoTidiou adevoaoivn (A) o voaivn (I), aivouevo TTou KataAueTal atmo Ta PEAN TNG
OIKOYEVEIAG TV YOVISiwV TWV atTapivacewy Tng adevoaoivng (ADAR) 1Tou dpouv o€ RNA
e OITTAN éAIka (dSRNA). To @aivOuevo TnG METAYPOAQPIKNG TPOTTOTTOINONG EUPAVICE
OXETIKA augnuévn ouxvoTnTa o€ POPIa TTOU QPEPOUV TTEPIOXES peTpOoTpavoTToloviwy Alu
TNV aKoAouBia Toug.

H T1potrotroinon tnNG KWOIKAG TrepIoXNg Twv pre-mRNA utropei va odnynoel otnv
EVOWMATWON OIAQOPETIKOU APIVOELEOG KATA T METAPPACH Kal va CUUBAAEl €101 OTNV
TTOIKIAOTNTA TWV TTPWTEIVIKWY TTPOIOVTWY Kal AsiToupylwv. QoTd00, 01 TTEPICCOTEPESG A-
o¢-l TPOTTOTTOINCEIG ATTAVTWVTAI O€ PN KWOIKESG TTEPIOXESG TwV pre-mRNA kal Twv mMRNA,
KaBwg kal o€ un Kwdikd RNA. O1 pyetarpotrég otnv UTR (un peTagpaldpevn TTepIoxn)
evog MRNA uTTOpOUV va puBuioouv Tn PETAPPACN, TO PATIOPA KAl TNV ATTOIKOOOUNOT)
Toug. ETiong, Tpotrotroiocic o€ akoAouBie¢ microRNA (miRNA) kai long non-coding
RNA (IncRNA), kaBw¢ Kal TPOTTOTTOINCEIS OTIG B€0¢€Ig TTPOCOECG TOUG, UTTOPOUV va
emnpedoouv Tn PIOYEVEDT] TOUG, TNV AVAYVWEICN TwV OTOXWV Toug, TN OOMN Kal TN
o1a0epdTNTA TOUG.

2TOX0OG QUTAG TNG MEAETNG €ival va yivel oUYKPION MIAG OPAdAG €PYOAEiwV yia Tov
eviotmiopd RNA Tpo1ToTroIfoewy, va diaxwpIoToUV Ta TTPAYHATIKG cupBavta HETAAAAYAS
omic 3UTR Twv MRNA Kal va ekTIunBei n emmidpacn Toug oTtnv €18IKOTNTA KAl 0TV
ATTOTEAEOUATIKOTNTA TNG TTPOCDECTG TwV MIRNA.

ApXIKd, xpnoipoTtroinenkav {euydpia ammé oUvoAa dedouévwy aAAnAouxiong Tou RNA kai
Tou DNA Tou idlou deiypatog woTe va eviomioTouv A-oe-I RNA Tpotrotroiiosig o€ 3UTR
TeploxéG. H xprion feuywv €yive pe OKOTTO va €geTacTouv oupBdvra o€ eTTiTedo
dciyparog, aufdvovrag €101 TNV €I0IKOTATA. TO OUVOAO Twv OedOPEVWYV  TTOU
XPNnoIhoTToINenke atroreAouvtav atrd 2 deiypata yia dokiur, 1 ADAR enzyme knockdown
ociyua yia €Aeyxo kalr Tn RADAR, pia T1epiekTikii oUAAoyry A-oe-l1 dedopévwyv oTa
METAYPOPWUATA TOU QvOPWTTOU, TOU TIOVTIKIOU Kal TnGg MUyag, ME Toug OuUo
TTPOAVOPEPBEVTEG TTOPOUG VA ATTOTEAOUV Ta OEQOUEVA AVTIKEIMEVIKNG AARBEI0G yia Tn
MEAETN. ZTn ouvéxela, avalntiinke o KAAUTEPOG aAyoOpIBuUOG oTov eviomiond RNA
TpotroTroiocwyv. To ADAR knockdown &€iyua xpnoigoTtroifnke woTe va emmionuaveouv
Ta UPnAd weudwg BeTIKA TTooooTd. H ouUykpion trepiAdupave To RES-Scanner, 1mou
xpnoigotrolgi Tov Burrows-Wheeler aligner (BWA), To REDItools 1Tou Tpéxel e Tov aligner
GSNAP kai To RNAEditor, 10 otroio ekteAéoTnke 1600 pe Tov BWA (TTpokaBopiopévn
emAoyn) 600 kal ye Tov GSNAP. O1 800 TTpwTol aAyopIBuo! UTTOOTNPICOUV EK KOTAOKEUNG
Ceuydpia RNA-DNA cuvoAwyv dedouévwy, VW) O TPITOG TPOTTOTTOINBNKE WOTE va AauBAavel
uttoYIv kal Tnv DNA tTAnpo@opia. Mo otaBepr) cuptrePIPopd o€ oXEON ME TNV €I0IKOTNTA
Kal TNV euaiocbnaoia ota ammoteAéopara avadeixdnke va €xel To RNAEditor agiotroiwvTag
Tov aligner BWA.

Metémeira, 3'UTR 1mou BpéBnkav va @Eépouv TpoTrotroinon d08nkav w¢ €i00d0¢ 0TOoUg
aAyopiBuoug TTPORAewnS oTOXwV Twv MIRNA WOTE va eKTIUNOOUV OTATIOTIKA dIAPOPES
OTIC UTTOAOYIOMEVEG TTEPIOXEC TTPOCOECNG TTOU dnIoupyrRenkav £CaITiOg TWV QAIVOUEVWY
TPOTTOTTOINONG. € AUTO TO OTAdIO N OUYKPION €TTEKTABNKE TTPOCBETOVTAG éva OKOMUA
Ociypa pe @uaoloAoyikn (wild-type) ékgppaon Tou ADAR aTtré 10 idlo Treipaua pe 1o ADAR



knockdown &¢iypa. ZuuBavTta Ta otroia kataypdgnkav o€ 3'UTR xpnoipoTroinénkav woTe
va TTapayxBouv 2 10apiBua ouvola ammd akoAouBieg, amd Tig otroieg 2062 avAkav o€
TTEPIOXEG ME UWPNAS aplBud diadoxikwy eTavaAipewyv Alu kai 144 o€ non-Alu. ETTiong,
xpnoigotroinenkav ta mpwta 50 o€ ékppacn MIRNA yia KA0e deiypa, WOoTE va TTEPIOPIOTEI
TO €UPOG TWV TTEPIOXWV TTPORAEWNS oTOXwvV MIRNA oTnv avdAuon TTou £yIVE UE TOUG
aAyopiBuoug TargetScan kai MIRZA-G. Kal o1 2 ekTeAéoTnKav Xwpic va AauBdavovtal
UTTOWIV ECENIKTIKA XAPOAKTNPIOTIKA, KABAOTI auTtd dev gival duvaTov va UTTOAOYICTOUV YIaA TIG
TTEPIOXEG TTOU UQIcTAVTAI TPOTTOTTOINON.

Ta ammoteAéopata  uTTOONAWVOUV OTI Ol TPOTTOTIOINCEIS KUPIWG METABAAAOUV Ta
XOPAKTNPIOTIKA TWV UPIOTAUEVWY TTEPIOXWV TTPOCOECNG, VW OE TTOAU UIKPOTEPO BaBPO
TIG KABIOTOUV €VTEAWG PN AEITOUPYIKEG 1] dNUIOUPYOUV VEEG TTEPIOXEG. ETTITTPpooBETWG,
TTapaTNENONKe ATTIA YETABOAR TNG KATACTOATIKAG 6pdong Twv MIRNA TTou oToxeUoUV
TpotroTroiNuéveg UTR. =exwpliot avaluon Twv UTR 1ou gu@avidouv uwnAd apiBud
TPOTTOTTOINCEWV OEV UTTEDEICE ONUAVTIKI) CUOXETION ME TO BaBud augopeciwong Tng
KATaoTOANG. To yeyovog OTI N KATaoTOATIKA dpdon Twv MiRNA &€ @avnke va eTnpeddeTal
KABOAIKG TTpOG pia kareuBbuvaon, utTodnAWVEl TTWG O PUBUIOTIKOG poAog Twv RNA
TPOTTOTTOINCEWV OtV AKOAOUBEI €va YeVIKO Kavova, avTiBETwG, dpd WG PNXAVIoOUOS
BeATioTOTTOINONG, KATA TTEPITITWON I0XUPOTTOIWVTAG ] ATTOOUVANWYOVTAG TNV TTPOCdEDN.

2€ autl TN MEAETN Ouykpivaue epyaAcia yia Tov eviomond RNA TPOTTOTTOINCEWVY,
KataAAgape pe éva ouvoAo TpotroTroinuévwy 3'UTR Kal TTpayuatoTroifoaue avaiuon yia
TNV TTPORAewn oT1éxwv Twv MIRNA o€ auTég, n oTroia UtTédeIge AANOTE evioyxuon Kai
AaAAote €€aoBévnon TNG KaTaoTaATIKAG dpdong Twv MIRNA OTOUG OTOXOUG TOUG, ME
évraon ave¢dptntn Tou apIBUoU TwV OCUPPBAVTWY TPOTTOTTOINONG OTNV  TTEPIOXN
TTpocdeong. MNMepaitépw avaAuoeig e TTepIccdTEPa deiyuaTa Kal KataoTaoelg 6a gavouv
XPNAOIMNEG WOTE va eMPBERAIWOOUV KAl va KATAOTOUV OTATIOTIKA ONUAVTIKOTEPA TA
EUPAUATA TNG TTAPOUCAG EPYATiag.

OEMATIKH MNMEPIOXH: BiotrAnpog@opikr, YTroAoyioTikr) BioAoyia

AEZEIZ KAEIAIA: RNA tpottotroIfoelg, aAAnAoUXIoN ETTOPEVNG YEVIAG, HETAYPAPWHA, A-

oe-l yeratpotrh, TTPORAewn oTéXWvV MIRNA



ABSTRACT

RNA editing is a co/post-transcriptional process, during which an RNA molecule is
undergone an alteration of its sequence by insertion, deletion or modification. The
majority of such changes in metazoans is comprised by adenosine (A) to inosine (1)
nucleotide transitions, which are catalyzed by members of the adenosine deaminase
gene family (ADAR) acting on double-stranded RNA (dsRNA). RNA editing is relatively
widespread in Alu-containing mRNA molecules.

Editing of the coding sequence in pre-mRNAs can modify codons and lead to the
incorporation of different amino acids during translation, contributing to protein function
diversity. However, most A-to-I editing events occur in non-coding regions of pre-mRNAs
and mRNAs, as well as in non-coding RNAs. Editing in the UTR (untranslated region) of
MRNAs can regulate their translation, splicing and degradation. Also, events in microRNA
(miRNA) and long non-coding RNA (IncRNA) sequences, as well as their binding sites,
can affect their biogenesis, target recognition, structure and stability.

The goal of this study was to compare a set of RNA editing identification tools, distinguish
true substitution events in 3’UTR of mMRNAs and assess their impact on miRNA specificity
and binding efficacy.

Initially, we used matching RNA and DNA sequencing data to identify A-to-I RNA editing
events in 3'UTR regions. This was done to investigate event calls in individual level,
increasing specificity. Our dataset consisted of 2 test samples, 1 ADAR enzyme
knockdown control sample and RADAR, a comprehensive collection of A-to-l editing
events in human, mouse and fly transcripts, with the last two resources being used as
ground truth. Then we went on to find the best algorithm to identify events. The ADAR
knockdown dataset was useful to pinpoint high false positive rates. The comparison
included RES-Scanner employing the Burrows-Wheeler Aligner (BWA), REDItools
running with GSNAP aligner and RNAEditor which was run with BWA (default option) and
GSNAP. The first two approaches natively support paired/matched RNA-DNA datasets,
while the latter was modified to include DNA information. The most robust behaviour in
terms of sensitivity and specificity was observed from RNAEditor with BWA aligner.

Edited and non-edited 3'UTR were subsequently used as input in miRNA target prediction
algorithms to statistically assess differences in the computed binding sites that arose due
to the editing phenomena. The wildtype counterpart of the ADAR knockdown experiment
was employed here to further enhance the comparison. Events annotated in 3'UTR were
used to generate 2 equally numbered sets of sequences, 2062 of which belonged to
highly repetitive Alu regions and 144 in non-Alu. The top 50 expressed miRNA in each
sample were used to confine the target prediction analysis that was performed using
TargetScan and MIRZA-G algorithms. Both of them were run without incorporating
evolutionary features, which cannot be effectively measured in the case of the edited
sequences.

The results show a strong preference towards modification of binding site feature
distributions, rather than generating new or depleting existing sites. Moreover, we
observed a mild alteration of the repressive action of miRNA targeting edited UTR. A
separate analysis of highly edited UTR, i.e. UTR subjected to multiple editing events, did
not indicate any correlation with the degree of the change. The lack of a global trend in
the alteration of miIRNA repressive activity implies RNA editing can serve distinct roles in
MiRNA efficacy, fine-tuning their targeting action on a case-by-case basis.



In this study, we did a benchmark of RNA editing identification tools, we came up with a
set of edited UTRs and performed miRNA target prediction on them. This analysis
indicated alteration of the targeting efficacy by miRNA, irrespective of the number of
editing events in the region. Further analyses of more samples and conditions will be
useful to validate and empower our findings.

SUBJECT AREA: Bioinformatics, Computational Biology

KEYWORDS: RNA editing, NGS, transcriptomics, A-to-l substitution, miRNA target
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