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https://www.youtube.com/watch?v=U3Z4u0DKbx0

[TELPAMATIKN ETTLKALPOTIOLNON YOVLIOLOKNG
AELTOUPYLOG

e OL nebBoodoL ya tnv umnep-ekppacn yovidlwv avarmtuxdbnkav mpwto ME TNV AVATTTUEN
TEXVIKWV VEVETLKNC MNXOVIKNC KOL LOPLAKNC KAwVOTIOLNoNG
o [MeplAapPavouv eva eUPOC TEXVIKWV PE OTOXO TOUC TNV avénon ekppaonc evoc yovidlou amo TLG
1o amAec (omwce ta nmAoaopidla KAwvomnoinonc/ekppaonc) Ewc TLC TLO TIEPUTAOKEC (EmMaywpeEVa
ocvotnpato Ekppaonc, Popeic eKkppaonc Lwv)
e OL nebodot yovidlakne amoowwrnnong ovamtuxonkov apyotepa Kol €XOUV OTOXO TN
LELWON EWC KAl e€adavion TwV LETAYPAPLKWV ETUMTEOWV EVOC yoviOLlou.
e H npwtn nebodoc Ntav n epappoyn aVTL-VONUATIKWY OALYOVOUKAEOTIOLWY, N omola apxLko Oev
ntowv armoteAeoaTIKN (OAAQ OTLC MEPEC EPOPUOLETOL TIEPLOCOTEPO TIAEOV)

o H avakaAuvn touv napepfairopevou RNA (RNA interference, RNAI), odnynoe npaypotika o€ pLo
gTovooTaon ot LeBodouc yovidLaknc amoownnonc.

e CRISPR-cas9



> TPOTNYLKT LA TNV TTPAYUATOTIONGOT)
nelpauarwv SIRNA knockdown

e Yrtapyouv SU0O OTPATNYLKEC VLA TELPAUATA HELWONC TNC EKPPOAONC
(knock-down) evoc ouykekplpevou yovidiou ot peEpec: ta SiRNAs
Kot Ta TAaopidla mou depouv dpoupketec (short hairpin  RNAs,
shRNASs).

« T ShRNA gxouv kamowa mAgovektnuota evavilt twv SiRNA: Mo
entavoANPLpo amoteAEopATA APVNTIKNG pubuionc €kppoonc;
Mrtopouv va xpnotpomnotn®ouv Pe EMOYOUEVO CUCTNHATO EKPPOONC;
MrmopoUv va. cuv-ekppaotoUVv PE yovidla avadopac yLa Tov EAEYXO
NG amoteAeopatikotntac tnc dtapoAuvvonc; Kat tnv tautomolnon
TwWV SLHOAUOUEVWY KUTTAPWV. Elvol OpLwC MEPLOCOTEPO ATIALTNTLKA
TEPQUATLIKA Kal ouvnBwg ta siRNAS rpotipwvtal
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1. siRNA search and selection
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2. Selection of a cell line
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3. Optimization of conditions for siRNA
transfection

¢

4. Transfection of target siRNA
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5. RNA isolation

{

6. Treatment of RNA with DNAse |

. 4

7. Control of DNAse | efficiency by real-time PCR

4

8. cDNA synthesis by real-time PCR

. 4

9. Control of efficiency of cDNA synthesis by real-time PCR

4

10. Evaluation of knockdown of a target gene by real-time PCR

. 4

11. Analysis of the cell line after knockdown



Lentiviral sShRNA library

Experimental approach for cell O OOO0
essential genes. | randuin

The demonstration that sequence-specific RNAi could be triggered by stable
expression of a stem-loop short hairpin RNA (shRNA) that mimicked miRNA
(Paddison 2002) laid the foundation for viral-vector libraries expressing shRNA

that could disrupt expression on a genome-wide level (Paddison 2004, Silva
2005).

An shRNA expression library is introduced into cells such that any particular cell
stably-expresses a single shRNA. shRNA plasmids are packaged into retroviruses J,
and introduced into target cell populations at a low multiplicity of infection to (
achieve ~1 integrant per cell. Over a culture period, time points were collected

early and late after selection. The shRNA are amplified from genomic DNA from HH H“HHM”H ‘ HHI””HHHH
screening pools and sequenced. Representation of ShRNA in late time points are

compared to earlier times to determine depletion. Transduced cells are subjected Phenotype scoring -> j, Calculate depletion
to experimental conditions; a phenotype of interest is scored and which is then - (Farly vs. late passage)
easily linked to an underlying gene via the shRNA harbored within those cells.

Adapted from Silva et al., Figure 1 (2008). I l
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Minimizing false-positives:

Redundancy

e Ontwc oupPaivel cuyxva, n apxlkn eudopio yUpw oo TIC TIELPOALOTLKEC
kot Bepamneutikec duvatotntec tou RNAI €dwoe tn B€on tnc o A
avéavopevn cuveldbntomnoilnon twv noyidwv. Metafv twv o oAEBpLwV
elval ta «poavopeva ektoc otoxou» (OTE), omou €va shRNA dnpuiovupyet
gvav ¢alVOTUTIO HECW €VOC yovidiou otoxou N uwoc dradlkooiog
SLOPOPETIKNG ATIO TOV OPYLKA ETIULOLWKOUEVO OTOXO0. Tetowa Ppeuvdwg
OeTlka UTTOPEL VA EXOUV ONUOVTLKEC CUVETELEC, OTIWC OTTOOELKVUETAL
aro tnv aduvauia Twv PLopNXaVIKWY opadwyv va EMLKUPWOOUV OTOXOUC
dappakwv mou mpoodiopilovral ypnoipornotwvtac ShRNA o€
akadnuaika/epsuvntika epyaotnpla (Prinz 2011).

In order to minimize false positives arising from off-target effects of
RNAI, researchers have proposed rules of thumb to follow - the ‘two
Rs’ (Echeverri 2006). Appropriate experimental controls to minimize
risks of misinterpretation of RNAi data due to off-target effects (OTEs).
siRNAs and shRNAs trigger detectable off-target effects in all major
systems studied to date, from mammalian cells to D. melanogaster and
C. elegans. Simple solutions are available to minimize the risk that an
observed phenotype may arise from an off-target effect rather than the
targeted gene’s loss of function. Adapted from Echeverri et al., 2006.

Rescue and

Sequence-dependent OTEs

(for example, miRNA effects, etc.)

Solution 1: redundancy

Target mMBRNA =TT e AAAAA
SIRNA-1 SIRNA-2
\ same

phenotype?

Solution 2: rescue

Perfect pairing: mRNA degration
Target mRNA - : ' AA

ceereennennt sikNA

X

Dol AAAAA
No pairing: no silencing

Rescue of phenotype?

Resistant version
of target mRNA




Adli, M. The CRISPR tool kit for genome editing and beyond. Nat Commun 9, 1911 (2018). https://

doi.org/10.1038/s41467-018-04252-2
Feasibility

Genome editing systems

Meganucleases Zinc finger nucleases TALEN CRISPR/Cas9

. e A
» Knock-out experiments ) %, %,

e CRISPR stands for clustered regularly interspaced short palindromic repeat

DNA sequences. Although the name CRISPR was coined much later, these
repeat elements were initially noticed in Escherichia coli by Dr. Nakata’s
group. Interestingly, unlike typical tandem repeats in the genome, the
CRISPR repeat clusters were separated by non-repeating DNA sequences
called spacers. It took more than a decade for researchers to recognize the
nature and origin of these spacer sequences. During the human genome
project (HGP), the genomes of many other organisms, including many
different phages, were also sequenced. The computational analysis of these
genomic sequences led researchers to notice key features of CRISPR repeat
and spacer elements. 1) the CRISPR sequences are present in more than 40%
of sequenced bacteria and 90% of archaea. 2) the CRISPR elements are
adjacent to multiple well-conserved genes called CRISPR-associated (Cas)
genes (cas9). 3) most interestingly, the non-repeating spacer DNA sequences
were recognized to belong to viruses and other mobile genetic elements.

Although the idea that it could serve as a bacterial immune system started to
circulate among researchers, the exact mechanism of action was not known.
After a viral challenge, Streptococcus thermophilus bacteria integrate new
spacers derived from the phage genomic sequence into its genome. More
importantly, the spacer sequences of CRISPR dictate the targeting
specificity of Cas enzymes, which provide defense against the phage.
Immediately following this work, other researchers further elucidated the
mechanism of action of the CRISPR system. Within a year after this key
discovery, it was shown that the activity of Cas enzymes is guided by short
CRISPR RNAs (crRNA) transcribed from the spacer sequences and that it can
block horizontal DNA transfer from bacterial plasmids.
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Double strand break

Template

Non-homology end joining (NHEJ) Homology-directed repair (HDR)

"—>
] _0

29
S

Precise DNA editing
gene insertion

Insertions/deletions
gene disruption

The basic working principle of major genome-editing technologies. Meganucleases are engineered
restriction enzymes that recognize long stretches of DNA sequences. Each zinc finger nuclease
recognizes triple DNA code whereas each TALE recognizes an individual base. Unlike protein—
DNA recognition in ZFNs and TALENs, simple RNA-DNA base pairing and the PAM sequence
determine CRISPR targeting specificity. All these tools result in DNA double-strand breaks, which
are repaired either by error-prone non-homology end joining or homology-directed repair. While
NHE]J results in random indels and gene disruption at the target site, HDR can be harnessed to
insert a specific DNA template (single stranded or double stranded) at the target site for precise
gene editing



2nd Generation CRISPR-Cas? gene-editing

tools

« Major application areas of CRISPR-Cas-based technologies beyond genome
editing. While WT Cas9 enables genome editing through its guidable DNA
cleavage activity, catalytically impaired Cas9 enzymes have been repurposed
to achieve targeted gene regulation, epigenome editing, chromatin imaging,

and chromatin topology manipulations.

Furthermore, the catalytically

impaired nickase Cas9 enzyme has been used as a platform for base editing
without double strand breaks. In addition to DNA-targeting Cas proteins,
novel RNA-targeting CRISPR/Cas systems have been described as well

CRISPR technology: Beyond genome editing
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Bhattacharjee G, Gohil N, Khambhati K, Mani I, Maurya R, Karapurkar
Gohil J, Chu DT, Vu-Thi H, Alzahrani KJ, Show PL, Rawal RM, Ramakrishn
Singh V. Current approaches in CRISPR-Cas9 mediated gene editing
biomedical and therapeutic applications. J Control Release. 2!
Mar;343:703-723. doi: 10.1016/j.jconrel.2022.02.005. Epub 2022 Feb 9. PV
35149141.
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Xapaktnplotika Twv miRNAs ota (wa

e Baon 6edopevwyv mirBase
e 0.5%-1.0% twv miBavwyv yovidiwv ekppalouv miRNAs (!!)

e MLa amto TIC peyaAutepec o€ apBovia KatnyopLeC pUOULOTIKWVY
vovidiwv

e Exouv Loto-eLdKkn (tissue-specific) ekppaon N Ekppaon €LOLKN OE Pl
avarnttuélakn ¢aon (developmental stage-specific) tov opyaviopou

o MeyaAn e€eALKTIKN ocuvTnpnNoN

e To kaBe MiRNA urmtoAoylleTall OTL UIMOPEL VoL OTOXEVOEL YUpw ota 200
MRNA otoyoucg



Homology Between
C. elegans and Homo sapiens

miRNASs
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https://www.youtube.com/watch?v=5YsTW5i0Xro

A miRBase _
miRBase

http:/ / www.mirbase.org/

Home || Search || Browse | Genomics || Help §| Download Submit

miRBase has moved to http://www.mirbase.org/ - please update your links.

The miRBase database has moved to a new location at http://www.mirbase.org/, hosted in the Faculty of
Life Sciences, University of Manchester. All pre-existing URLs should forward to their new locations. Please
update your links, and note the new contact email address (mirbase@manchester.ac.uk).

With release 14, the miRBase sequence database has broken through the 10000 entries barrier!

miRBase: the microRNA database

miRBase provides the following services:

e The miRBase database is a searchable database of published miRNA sequences and annotation. Each
entry in the miRBase Sequence database represents a predicted hairpin portion of a miRNA transcript
(termed mir in the database), with information on the location and sequence of the mature miRNA
sequence (termed miR). Both hairpin and mature sequences are available for searching and browsing,
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Dowr

NetW
Highl
Gene

and entries can also be retrieved by name, keyword, references and annotation. All sequence and annotation data



miIRBase Human let-7a-1

http://www.mirbase.org/cgi-bin/mirna_entry.pl”?acc=MI0000060

Mature sequence MIMAT0000062

] NRGERE

miRBase

Y00 i MIMAT0000062

Home || Search |] Browse || Genomics || Help | Download Submit § hsa-let-7a-1 1>l hsa-let-7a

miRBase has moved to http://www.mirbase.org/ - please update your links.

6 - ugagguaguagguuguauaguu - 27

Sequence

Stem-loop sequence MI0O000060

MI0000060 3% Tl experimental; cloned [1-3,5-8], Northern [1]

hsa-let-7a-1 MICROCOSM: hsa-let-7a

TARGETSCAN: hsa-let-7a
PICTAR-VERT: hsa-let-7a

Predicted
targets

HGNC:MIRLET7A1

Homo sapiens let-7a-1 stem-loop

Minor miR* sequence MIMAT0004481

e L) i MIMAT0004481

u gu uuagggucacac
uggga gag aguagguuguauaguu c
10 6 Y10 VR 00 0 c
auccu uuc¢ ucaucuaacauaucaa a
- ug uagagggucacc

i {» B hsa-let-7a*

57 - cuauacaaucuacugucuuuc - 77

Sequence

let-7a* cloned in [6] has a 1 nt 3' extension (U), which is incompatible with the genome sequence.

2N LTl experimental; cloned [6]

Coordinates (GRCh37) Overlapping transcripts

9: 96938239-96938318 [+] intergenic MICROCOSM: hsa-let-7a*

TARGETSCAN: hsa-let-7a*

Predicted
targets

View flanking features

< 10kb from hsa-let-7a-1 References

hsa-let-7a-1 9: 96938239-96938318 [+]
hsa-let-7f-1 9: 96938629-96938715 [+] "Identiﬁcqtion of novel genes coding for small expressed RNAs"
hsa-let-7d 9: 96941116-96941202 [+] Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl T

Science. 294:853-858(2001).

EMBL: AJ421724
RFAM: RF00027; let-7
HGNC: 31476; MIRLET7A1

"Human embryonic stem cells express a unigue set of microRNAs"
Suh MR, Lee Y, Kim JY, Kim SK, Moon SH, Lee JY, Cha KY, Chung HM, Yoon HS, Moon SY, Kim VN, Kim KS
Dev Biol. 270:488-498(2004).

Database links




Bloyeveon twv WKPORNAS (microRNA, miRNA)

« Taa. MiRNAs eivat povokAwva RNAs (ssRNAs) pnkouc ~22 nt
nou dnuloupyouvtal amo evdoyevn peTaypado o oxNpa

Precursor miRNA Products Form Stem Loop Structures

e T miRNAs Aewtoupyolv wc¢ uopwa odnyol otn peta- § ) "?j;ﬁ,,t;f: LL Lz %Ub ;L
uetaypadiky plvOUON TNC yoviSlakAc puBuone péow e L l i I
(evyopwpatoc Paocswv pe ta MRNAs otoxouc, cuvnBwc otn t ) ' J»\
3’ un-petadppaotikn teploxn (3’ untranslated region, 3’UTR). ot “" /qu

e H mpoodeon evoc miRNA oto mRNA otoxo turmika odnyel os : %‘“ , 2 ”\'g:.
LETOADPOAOTLK OVOOTOAN KOl €EWVOUKAEOAUTLKN \‘C = ;"
artotkodopnon tou MRNA, av kat epocov n npoocdeon €ival ;J :';,- “
€€’ OAOKANPOU OCUUTIANPWMUOTLK MTTOpPEL vo KOTOUV (,’* A ‘,_
eVOOVOUKAEOAUTLKA. ?U J "

% 58 8 876 27

« Exouv kataypadet kat aAAol Tpomol pubuionc, OmMwc n
HLETAPPOOTLKN €vepyomoinon kKat n énuiouvpyia
ETEPOYXPWMATLVNC.



Genomic Organization of miRNA Genes

(a) Independent promoter
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miR-198 W Qp miR-198
Exon 10 Exon 11 * :

Intronic miRNAs often in antisense direction, made from own promoter

*Exonic miRNAs - non-coding (or in alternatively spliced exons)



Bloyeveon twv UIKPORNA
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Box 1 | Biogenesis of miroRNAs and their assembly into microribonucleoproteins

microRNAs (miRNAs) are processed from precursor molecules (pri-
miRNAs), which are either transcribed from independent miRNA
genes or are portions of introns of protein-coding RNA polymerase

Il transcripts. A single pri-miRNA often contains sequences for

several different miRNAs. Pri-miRNAs fold into hairpin structures
containing imperfectly base-paired stems and are processed in two
steps, catalysed by the RNase lll type endonucleases Drosha (also
known as RN3) and Dicer. Both Drosha and Dicer function in
complexes with proteins containing dsRNA-binding domains
(dsRBDs). The Drosha partners are the pasha protein in Drosophila
melanogaster or DiGeorge syndrome critical region gene 8 (DGCRS8)

in mammals. The Drosha-DGCR8 complex processes pri-miRNAs to
~70-nucleotide hairpins known as pre-miRNAs!*2*#*, Some spliced-out %
introns in Caenorhabditis elegans, D. melanogaster and mammals

correspond precisely to pre-miRNAs (mirtrons), thus circumventing the
requirement for Drosha-DGCR8 (REFS 125-127). Plant genomes do not
encode Drosha homologues, and all miRNA biogenesis steps in Arabidopsis
thaliana are carried out by one of four Dicer-like proteins®. In animals, pre-
miRNAs are transported to the cytoplasm by exportin5, where they are cleaved
by Dicer (complexed with TAR RNA binding protein (TRBP) in mammals and the
loquacious gene product in D. melanogaster) to yield ~20-bp miRNA duplexes.
One strand is then selected to function as a mature miRNA, while the other strand

is degraded. Occasionally, both arms of the pre-miRNA hairpin give rise to mature
miRNAs*3##12 Vertebrates and C. elegans contain single dicer genes, but some

other organisms like D. melanogaster and plants express two or more Dicer

proteins that function as heterodimers with different dsRBD proteins and have
specialized functions!*#-,

Following their processing, miRNAs are assembled into ribonucleoprotein (RNP)
complexes called micro-RNPs (miRNPs) or miRNA-induced silencing complexes (miRISCs).
The assembly is a dynamic process, usually coupled with pre-miRNA processing by Dicer,
but its details are not well understood’*?*#*, The key components of miRNPs are proteins
of the Argonaute (AGO) family. Of the many paralogues encoded in plant and metazoan
genomes, usually only some — known as AGO proteins — function in miRNA or
both miRNA and small interfering RNA (siRNA) pathways. In mammals, four AGO
proteins (AGO1 to AGO4) function in the miRNA repression but only AGO2
functions in RNA.. In C. elegans, which expresses 27 Argonaute proteins, RDE1
is involved in RNAi and ALG1 and ALG2 function in the miRNA pathway®'**,
Apart from AGOs, miRNPs can contain further proteins that function as
regulatory factors or effectors mediating inhibitory function of miRNPs"****,
Examples are the fragile X mental retardation protein, FMRP, and its
D. melanogaster orthologue, dFXR, which are RNA-binding
proteins known to act as modulators of translation, particularly
in neurons (reviewed in REF. 128). Some P-body components
such as GW182 and RCK/p54 (see BOX 4) interact with miRNP
AGO proteins and are essential for inducing repression’****,
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Filipowicz W, Bhattacharyya SN, Sonenberg N. Mechanisms of post-
transcriptional regulation by microRNAs: are the answers in sight? Nat
Rev Genet. 2008 Feb;9(2):102-14.
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Figure 3 | Possible mechanisms of the microRNA-mediated post-transcriptional gene repression in animal cells.
Binding of micro-ribonucleoproteins (miRNPs), possibly complexed with accessory factors, to mRNA 3" UTR can induce
deadenylation and decay of target mRNAs**37%%* (upper left). Alternatively, miRNPs can repress translation initiation

at either the cap-recognition stage****3- or the 60S subunit joining stage®’ (bottom left). mRNAs repressed by
deadenylation or at the translation-initiation stage are moved to P-bodies for either degradation or storage. The
repression can also occur at post-initiation phases of translation®®-%, owing to either slowed elongation or ribosome
‘drop-off’ (bottom right). Proteolytic cleavage of nascent polypeptides was also proposed as a mechanism of the
miRNA-induced repression of protein production® (upper-right). A protease (X) that might be involved in the process
has not been identified. The 7-methylguanosine cap is represented by a red circle. elF4E, eukaryotic initiation factor 4E.




A mIRNA-mediated post-transcriptional silencing

e JXYNMUOATLKN avamnmoapaoctaocn TNG RNA ot |
dadikaoiag BroouvBeong tou miRNA. Ta (osonanononanes
yovidia mou Kwdikomolovv taa miRNA l
uetaypadovtal o€ pri-miRNA, to omolo SO
OTIN OUVEXELDL METATPETIETOL OE TIPO-
miRNA. To mpo-miRNA petadépetal oto N
KUTTOPOTAQOUO. KOl METOTPETETAL OE B
SikAwvo miRNA, ta omoia, poll pe tnv /  m=e=0
MPWTELVN, SnUIOUPYOUV Eva CUUITAEYUOL o, BN
teAeoTh, emayopevo amnd to RNA e
oUUTTAOKO olynonc. Ev tw petaéy, ta (COicer l
SikAwva miRNA petatpemnovial o€ —®
LOVOKAwva, €va omo To oOTmold
nopopeEVEL WC wpltpo MiRNA. Emtelouc, _l_
10 wWpLHo MiRNA kavel tov poAo Tou otn 2]
artotkodopnon n TNV aAvooTtoAn NG ’ b
netadpoonc tov MRNA pEow TNC i
OECHEUONC OTLC TIEPLOYEC-OTOYXOUC TOUC.

mRNA degradation

Repression of mRNA translation

Zhang, J.; Chen, Z.; Chen, H.; Deng, Y.; L1, S.; Jin, L. Recent Advances in the Roles of MicroRNA and MicroRNA-Based Diagnosis in Neurodegenerative Diseases. Biosensors 2022, 12, 1074.
https://doi.org/10.3390/b10s12121074



MIRNAs Inhibit Translation by Inducing Ribosome Drop-Off

fBox 3 | Steps in eukaryotic translation

Translation initiation
in Eukaryotes

40 S/elf's te'F'S
m’ Gppp AUG UAA —
5-UTR [/ gane 't p transiation 3'-UTR
80S
Initiation complex

cap

ribosome drop-off




The cellular stress response

« The integrated stress response (ISR) is a INTEGRATED STRESS RESPONSE

conserved mechanism by which eukaryotic | | | | |
Stress Amino acid Viral Heme ER

° Autophag|c Ce” death cells remodel gene expression to adapt to signal deprivation infection  deprivation stress
intrinsic and extrinsic stressors rapidly and
. reversibly. The ISR is initiated when stress- - W
* Necrosis activated protein kinases phosphorylate the

major translation initiation factor eukaryotic ISR LA CDY GG uE i G G

« The Heat-Shock response (HSR)  translation initiation factor 2a (elF2a), which  resulator
. globally suppresses translation initiation \ /
° Unfolded protem response (U PR) activity and permits the selective translation Pb L
CReP TN GADD34

of stress-induced genes including important

e DNA damage and repair transcription factors such as activating
transcription factor 4 (ATF4). ISR
respOnse (DDR/R) e Translationally repressed messenger RNAs =

. . (MRNAs) and noncoding RNAs assemble into
° The ReSpOnse to OXIdatIVE Stress cytoplasmic RNA-protein granules and

polyadenylated RNAs are concomitantly

,

. . . . ISR Cap-dependent P
e Switch from Prosurvival Signaling stabilized. iz Tmina 1/ (arFe)
to Ce” Death S|gna||ng . Thus.,.regulated chan.ges. in mMRNA translatior\, transiation
stability, and localization to RNA-—protein
- . granules contribute to the reprogramming of =
o Stress Responses In Disease gene expression that defines the ISR. ISR RIerizatey (/:\}54) —» GADD34
Stat es execution P ) S

—p Gene expression

Pakos-Zebrucka K, Koryga I, Mnich K, Ljujic M, Samali A, Gorman AM. The integrated stress response. EMBO Rep. 2016 Oct;17(10):1374-13935. doi: 10.15252/embr.201642195. Epub 2016 Sep
14. PMID: 27629041; PMCID: PM(C5048378.



Interrelations between the miRNA-bioprocessing

machinery, stress and stress granules

Hypoxia Stress —~ Reactive oxygen species (ROS)
\ , — Phorbol ester
| p3s/MAPK | — UV-radiation
x — Type 1 interferon
Ser387
p
Tyr393 p Dicer levels

Proline 700 | 'QH"‘ AGO2 Dicer

/ PACT TRBP
\ A[ | ER stress
- PKR PERK

" elF20. P Ser51
AGO2 TIA-1
PACT HuR etc.

Stress granule

l
| elF3: some subunits

| TUMOUr SUPPressors

elfdF _—— | elF4E and elF4G are upregulated in many
E€IF4A) | cancers and elF4A activity is possibly upregulated
.- A MKNA
{ (eIF4E) IS AVAVAV Y,

i Hypusinated elF5A

L elF4G) :
elHS \ s/ SRS
- - s overexpressed in

The elF4F complex is PABP‘ T R ; SOMe cancers
upregulated and ribosome g | ™ PPN ; AUGH e ek

recruitment Is inCreasec (elFAE)® - / / / / / 405 _-A.f‘l.e_t_:tRNéJ

IN Mmany cancers A A \t‘.‘iFSA /’_\

_elr3 .
Ribosome biogenesis

S Increased in cancers

\ 435
ribosome

P &
| are oncogenic, {405 _—
| others possible o ) GTE TRGOP)

' \@Qt-tRN&? e”ZB | elF}'.‘

(o) A+ pKR
\\.x; GADD 34 : : PERK ana
phosphatase s + GCN2
E . w Kinases
Global cellular stress . \J
' GDP Stress-induced elF2 inhibition

) IS uncoupled in many cancers
elf2 !

Vicious cycle Protein synthesis inhibition

Nature Reviews | Cancer
Silvera, D., Formenti, S. & Schneider, R. Translational

control in cancer. Nat Rev Cancer 10,254-266 (2010).
https://do1.org/10.1038/nrc2824

Global miRNA activity

Aging over time
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Stress Granules (SGs) & %»«ﬁ ”

o the role of SGs in regulating genes not only involved in /}Q % S
stress-specific needs but as well as compartmental needs
(i.e., the axon of a neuron) during periods of stress. [ »

e Canonical SGs tend to contain pro-apoptotic factors to ) Y G il ;‘\i
suppress their function and prevent apoptosis, while non- “a L
canonical SGs lack these apoptotic factors indicating that stress : &‘%@ i«: K %
programmed death may be activated in these cells metaboiites —» (9 e i

e The formation of either canonical or non-canonical SGs can —1 . .
depend on both the length and type of stress. ‘ g A % ‘;ii’ﬁ,}‘i

» This knowledge of the breadth of SG protein composition ﬁ\ o Ao, m\Q‘g
has allowed researchers to characterize a major difference | / 5T S T—
between SG subtypes based on differences in stress, stress G o *
duration, and canonical versus non-canonical. However, R
understanding that the majority of SG composition is RNA Q SG nucleation
has opened up new avenues in understanding the genesis g R (1 o
of these SG subtypes. RN ey . U :

Q) N 3 ) = %
Campos-Melo D, Hawley ZCE, Droppelmann CA, Strong MJ. The Integral Role of RNA in Stress ] ~ Short 3'UTRs ,—i‘\_ w
Granule Formation and Function. Front Cell Dev Biol. 2021 May 20;9:621779. doi: 10.3389/ < W \ SG disassembly (
fcell.2021.621779. PMID: 34095105; PMCID: PMC8173143. Translation '

SG assembly



Potential network architecture for miRNA
Influence on stress signals

e The cellular response to stressful stimuli is modulated by
miRNAs. (A) A miRNA may be wired in a negative-feedback
loop, inhibiting the expression of a target that is involved
in stress signaling. In this case, miRNA activity dampens Stimulus
the cellular stress cascade activity. (B) However, a miRNA
may contribute to pathway activation via the inhibition of [N s > DA
negative regulators, as part of a positive-feedback loop. (C) ‘
The relative levels of miRNAs and their cognate target
MRNAs determine how much target protein is effectively
produced. Therefore, if the miRNA is in excess, there is B Stress —» miIRNA —] Negative
effective silencing of the target, which activates the stress T Toauidior
cascade with defined threshold. However, either a |
continuous stress stimulus or a dynamic change in the Stimulus
levels of the miRNA may enable adaptation or sensitization
of the cellular stress response. See also reviews by s g
Mendell & Olson (2012) and Leung & Sharp (2007, 2010). T ! ,

Emde A, Hornstein E. miRNAs at the interface of cellular stress and disease. EMBO J. 2014 Jul
1;33(13):1428-377. do1: 10.15252/embj.201488142. Epub 2014 May 27. PMID: 24867813; Stimulus
PMCID: PMC4194087 .

Response

Response

/

Stimulus

Response

Threshold setting

Response



MiKpoRNA-OLapecoAaoupevn
EVEPYOTTOLNOM TNC LETAYPAPNC

Ta miRNAs pnopouUv vo tpoodEVOUV O TIEPLOXEC YUPW aTto tTh B€on
evapénc tnc petaypadnc (TSSs) n 200-1200 Baoelg avodika tng TSS
KOLL VOL EVEPYOTIOLI|OOUV TN yovidLakn Ekppaaon.

Cytoplasm

To ¢awvopevo avto, ovopaletal evepyortoinon RNA (RNA actlvatlon
RNAa) kat T[EpLVpOLCI)EL TN oTPATOAOYNON p.ETOvaOLCI)LK(UV napavovrwv
kKot RNA- no)\uuepaonq 1 OTOUG UTTOKLVNTEC UOTEPA OO OAMEON
npoodeon otnv neploxn evoc miRNAs yia tnv evepyornoinon tTng

y“AGO

L—

miRNA'Duplex -~ S
7’ mlR 51b ~

Edooov ot kUupla Stadikaoio wptpovonc tTwv miRNA AapBavel xywpa

/ N\
0To KuttapomAaopa, ta miRNAs xpsLdletal vo. LETATOTLOTOUV OTOV ; Nucleus Tfanscnptmn )
ruprva yia tn Stadikacio tou RNAa. , AGO1 Factors Tran%cflptloni
Mo TN PETATOMION ATto TO KUTTAPOTAQCUA OTOV Tuprva Xpetddoval \ ‘Q W) / v ,6 3 .7
oL npwteivec AGO proteins Kol L0 OLKOYEVELOL TIPWTEIVWV LE TO N - NA Pol 4 -7

ovopa Kopuodepivec (karyopherin) pe mpoegéexovta poAo tnv - —
Lurtoptivn (importing, IPOS8).

Napadelyua: to MiR551b-3p NMPOOOEVEL OE€ aMn)\ouxLeq OTOXOUG
OTOV UTIOKLVNTA Tou yoviwdiou STAT3 Kol eVEPYOTIOLEL TN METAYPOPN
Tou STAT3.



RNA-Induced initiation of transcriptional
silencing (RITS) .

!
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Cytoplasm r SN Actin dependant
___ S % | i translocation of mature
| - - —— miRNA
Nucleus : e S —
»l [ ™
'o" i |
—""’ : :
il TAR ! :
Cdk inhibitors O ! Chromatin remodelers % =
TAR miRNA H | PE— i‘.
™ I C] ,,:4- . + | >
S RNAi machinery 1“‘4
: /| e
S: :_: ’, | I I
g / : v v
i / | Agol, Ago2, HDACs,
5’ RS sy PELTRLNA 74 | TRBP2 HMTs,
/
YNV/N/8 LTR Integrated provirus ITR BN g i DNMTs
Comad 0 Wil bl b e——) 3' 7
m | /' @ ~ Transcriptional
: i HIV-1 miR-H1 /I %epression
@ cnzes ’ . BUET. :
Hmnscrpt oo 7 TTAVA WAVAVAVAVAN, Genomic DNA

repression ’

In a recent report, Moazed, Grewal,
and colleagues (Verdel et al., 2004)
characterize the RITS (RNA-
induced 1nitiation of transcriptional
silencing) protein complex 1in
fission yeast. They provide a
sought-for link between the small
RNA produced by the RNA
interference machinery and
heterochromatin components,
suggesting a mechanism for how
heterochromatin formation can be
targeted 1n trans to specific
chromosomal regions.



https://www.sciencedirect.com/science/article/pii/S1097276504000577#BIB9
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-complexes
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fission-yeast
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/heterochromatin

Tporol MetaoAncg Ekeppaonc miRNAs

o [EVETLKEC tportortomoaq VOVIOLWMATLKEC EVIOYXVOELC N amaAolPEc, xpwuoowutkeq
ava&ara&stq n HeTaAAatelc smbpouv ota enumeda ekppaonc twv MiRNAs Oomwc kot Tt
NMPWTEIVIKA yovioLaL.

o EAattwpaTa 0TO pnxaviopo Broyeveonc tTwv miRNAs — Metantwoelg otnv ekppocn yovidiwyv 'y
nopouvoia petaAlaéewv o yovidla mou svexovtal otn Ployeveon twv MiRNAs odnyouv o€
VEVIKEVEVN amooTtaBepornoinon twv emumedwv miRNAs.

o Tpomomoinon tou RNA (RNA editing). To RNA editing elval €av KUTTAPLKOC MNXOVLIOUOC UE TOV
OTIOLO OUYKEKPLUEVEG aAAnlouxleq peca o€ eva petaypado RNA umokeltal o€ OLapOpEg
TPOTIOTIOLNOELC. 2Ta (wa, N rpononomon A-oe-| (A-to-I edltmg) elval n mo ouvvnOLopevn KoL
Ttspt)\auBavsL u6po)\uru<r] anouivwon adevivne o€ wvoolvn mou Olopecolofeltal armo
arnoopvacec vootvng mou 6pouv oto RNA (ADARs)

o Eriyevetikec tpomomnotnoelc. Mepumou ta puoa yovidita miRNAs Bpiokovtal o vnoidec CpG Kalt
EMOUEVWC Elval TiBavov va emtnpeadovtal oo peBuiiwon tou DNA.

. I\/Istomtwaaq TWV ETMEOWV EKPpaconC N TNC LKOVOTNTOC TPOCOECNC METAYPAPLKWV
TTOPOLYOVTWV TTOU npooéevouv o€ UToKvNTEC yoviblwv miRNAs. E&wvsvn Kot €vOoyevn
epeBiopata HmopouV va EMNPEACOUV TNV MPOcOECN METAYPAPLKWY TTAPOAYOVTWV.



AvaoTtoAn ™ Broyeveonc twv miRNA otov
KAPKLVO 0TO Brua tng exportin->5.

(a) 2 PUOCLOAOYIKEC OCUVONKEC O OXNUATLOUOC
TOU ETEPOTETPOAUEPOUC OUUTTAOKOU XPO5/
Ran/GTP/pre-miRNA mpokaAel tnv e€aywyn
tou pre-miRNA amo Ttov mupnva oTo
KUTTOPOTIAOOMO VYL TNV TIEPALTEPW
emeéepyaoia tou. (b) 2to KopKivo, OCNUELAKEC
netaAAlaéelc oto yovidlo XPO5 mpokaAouv o€
ot kopevn popdn tng mpwteivne XPOS5 n
ontoitaa Odev avaywvpilel/mtpoocdevel TO
npéépouo LOPLO pre-miRNA ko ETIOLLEVWC
QTIOTPETEL TO OXNUOTLOHO AELTOUPYLKOU
OUTTAOKOU XPOS/Ran/GTP/pre MiRNA Kka
OVOOTEAEL TN METATOTILON TOU ATTO TO MUpNva
OTO KUTTAPOTIAQLCLAL.

a XPO5 wild type b XPO5 mutated

ﬂ
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Ran 4
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ALTERATIONS OF MICRORNAS ARE FOUND IN EVERY
TYPE OF HUMAN CANCER

Jjjj%ﬂj‘i l\)
2 fr)r.—,ejjuﬁ ng 1les

(Calin etal, PNAS 2002; Lu et al, Nature, 2005; Volinia & Calin etal, PNAS 2006; Landgraf et al, Cell 2007)
© George Calin



miRNAs and Cancer — A Summary

miRNAs control cell cycle, cell differentiation and apoptosis
by regulating oncogenes and tumor supressor genes

emiRN As are misexpressed in cancer and are therefore
excellent diagnostic/prognostic markers in cancer

eSome miRNAs e.g. mir-155, can cause cancer and oncogenic
miRNAs may be therapeutic targets in cancer

e Other miRNAs like let-7, may prevent cancer and may be
therapeutic molecules themselves.

e MicroRNAs could augment current cancer therapies.

© Frank Slack frank.slack@yale.edu



Ta miRNAs w¢ oykoyovidla (oncogenes) Kat yoviola
OYKO-KATAoTOAELC (Tumor-supressor Gene, TSGS)




ANNAeTOpaon Twv MIRNAS e oykoyoviola
KAl YOVIOLO OYKOKOATAOTOAELG

miR-24, miR-33b, miR-34a, miR-126.
miR-135, miR-145, miR-185-3p,
miR-196, miR-429, miR-449¢

miR-214

miR-30d miR-125b
miR-380
. ‘ miR-504 l
——— \\ ]// Maturation of miR-15a, let-7
miR-194 iR-16- iR-143. miR-145 miR-17-92
. mfR 16-1, miR 1.4, . miR-145, [ IN28A /28R
miR-215 . miR-199a-3p, miR-122 /\

/ cluster
miR-605 | ~— miR-17-92 miR-15a/16-1 ——» miR-18a/18b
let-7 / ; cluster
etl- '
/ \\“ miR-1246 miR-23a/23b Y <§ e
miR-107 \ miR-1204 cluster \/ miR-22
miR-26
miR-199a-3p miR-200b-200a-429 miR-130a

; miR-29
miR-205 miR-224 ,
: . . miR-221/222
miR-200¢-141 miR-34 family miR-34a fam".\'
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The miIR-17-92 cluster accelerates Myc-induced

lymphomagenesis

MSCV17-18b

MSCV-transduced
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The miR-17-92 cluster Is activated by Myc

17-5p
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Myc represses the expression of many miRNASs

In vitro:

Myc :

miR-15a
miR-16

miR-22

miR-26a
miR-26b
miR-29a
miR-29b
miR-29c

miR-34a

miR-146a

miR-150

miR-195

miR-497

U6 snRNA

hang et al. Nature Genetics, 2008

% c;) Exprraet'ission
—
- 0.40
- - 0.35
& 0.18
- & 0.35
- 0.39
- 0.30
- - 0.26
“®| 036
- - 0.57
- 0.23
& 011
- - 0.42
ND 2
Y

In vivo:

miR-15a

mIR-16

miR-22

miR-26a

miR-29a

miR-30b

miR-34a

miR-146a

miR-150
miR-195
let-7a

tRNALYS

MycON

# | MycOFF

EXpression

ratio

0.31

0.37

0.46

0.35

0.57

0.51

0.29

0.34

0.10

0.41

0.83

© George Calin
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cluster1

cluster2

cluster3

cluster4

cluster5

MIiRNAs lvat 1o €10LKol Kat evalodbnrtot BLoOEIKTEC
KATTNYOPLOTTOLNONC UTTO-TUTIWYV KAPKLVOU
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MeBodoL avayvwplong Twv mMIRNAS

o Anuoupyla BLBAL0ONKwV arto pkpa RNA
o Artopovwon pkpwv RNA og mnKTwpato TTOAUAKPUAAULONG
o Anuoupyta BLPAL0ONknc cDNA (tuxatiol EKKLVNTEC)
o AAANAovXLoN ETMTONEVNC VEVLAC (HeEYaANC KALpOKOC)

o [MAgovekTNuoto,/MeloveKTHOTA

e + AvakaAuydn vewv miRNAs

o - TeEXVLKA LoWC SUOKOAN yLoL KATTOLOV KN €LOLKO Kol LOwC aKpLPn yLa Eva ULKPO
epyaotnpLo Technically challenging and expensive procedure

» -Eva pepog tou mAnBuopou twv pikpwv RNAS glval mpoiovia anotkodounong



Small RNA sequencing

lllustration of the four most
common deep sequencing
technologies all starting
with library creation,
followed by some form of
clonal amplification, and
lastly a variety of
approaches to sequencing
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MeBodol avayvwplonc Twv miRNAS

e MegBobolL Baolopevec otnv uBpLdomoinon
o Mikpo-cuotolyiec yioo miRNAs elval epummoplka OLaBECIUEC

o [MAgovekTnpota/MelovekTripata

e +OL UTTOPYOVOEC TEXVOAOYLEC HELWVOUV TN OLakupavon otnv Tm Kat auvéavouv tng
eL0LKOTNTA TWV SELKTWV

e + AgV QMOUTEL EUTTAOUTIOMO TWV HKPWV RNAS
o - [leploplopoc ota yvwotad miRNAS



MIRNA Microarrays

e OLpeBodoL ov Baoilovtal os vPBpLdorolnon yLa TNV AUESH
avixvevon Twv microRNA elval apKeTa evaloOnTeC WOTE va
emiitpePpouv tn onuavon tTwv MiRNA ywpic evioxvon Kol tThv
LETETELTA UBpLOOTTOLNON OU CUUTTANPWHATLKOUC OELKTEC O€

LLKpOouoToLlylec. probes on array

\L Poly-A tail

w— AR OR

\L Ligation of dye polymer
Dye

AAAA .

Oligo dt bridge

3 5

5"

Of gdye

3’

3"

\L Enzymatic addition

microarray



Profiling mIRNA expression using custom
microarrays




mMiRNA RT-gqPCR

e OL puéBodoL gRT-PCR vy tnv aviyveuon MIRNA ,
microRNA meplAapuBAvouv SOKLUEC UE PCR Options
TagMan gRT-PCR kat SYBR green. Ot SOKLUEC

TagMan microRNA PBaocilovtal og €gva ' ; 5 iy
eKKLVNTA-GOoUpPKETA €L8IKO Yo €va pLovadiko b &7 stem toop primer | J rova

MiRNA Kal 0Tn CUVEXELQ OF ULAL CUVIBIOUEVN s gl ) i RARA:: o
PCR. H dokiun pe SYBR meplhapfavel tnv | Ligg;;;‘oi"‘-‘"““’”“g

npoodnkn plac oupac poly-A tail n kamola li‘;;‘:’nff'pﬁ”befep”'“e“* NYYVR

AAANC oONMOVONC WOTE VO HEVOAWOEL TO  iidiiiiiiiil ¢ S—

UAKOC TNC aAAnAouxiac touc wptpou MiRNAs |reverse andmina | Ready-to-use panel
WOTE va eritpeP el tnv mpoodeon Tou LdLKOU e Tommm primes

EKKLVNTN yia auto to miRNA.



MeBodol avayvwplong Twv mMiRNAs |

e YItoAoyLoTikn avayvwplon yovidiwv miRNA
e Xpnotlpormnotouv opoAoyia yia tnv eupeon MiRNAs og aAla €ON
o Avayvwplon cuvinpnuevwy potifwv ota 3’'UTRs
e ZEXWPLOTA CLVINPNUEVA TTPOTUTIA

e MAgovektnpota/MelovekTnpata
o +[pnyopn aAAa «BpwuLlKN» EVPECN KOAN VL0 TIPOKATOPTIKEC MEAETEC
o -ATIOUTEL EKTETAMEVN TIELPOLATLKN ETILKALLPOTIOLNON
e -Baolopevec o€ BewpnNUOTA OUUTIANPWHOTIKOTNTOC
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Tags processing

Clean tags

Tagq length stat
Chromosome stat

Contamination stat

Mapping to genome

Mapped tags

sncRNA calling

ool

24-nt siRNA
phasiRNA

isomiR

novel mIRNA NA

miRscan

miRSeeker

miRAlign

Phylogenetic
Functional annotatione e e ne
of targets

Differential
expression analysis

sNcRNA target genes

ProMiR

Triplet-SVM

miR-abela

RNAmicro

miRFinder
miPred
MIRRim

miRDeep

miRanalyzer

SSCprofiler

HHMMIR

Website

genes.mit.edu/mirscan

bioinfo.au.tsinghua.edu.cn/miralign

bi.snu.ac.kr/ProMiR
bioinfo.au.tsinghua.edu.cn/software/mirnasvm
www.mirz.unibas.ch/cgi/pred_miRNA_genes.cgi

www.bioinf.uni-leipzig.de/~jana/index.php/jana-
hertel-software/65-jana-hertel-rnamicro

www.bioinformatics.org/mirfinder
www.bioinf.seu.edu.cn/miRNA
www.ncrna.org/software/miRRim

www.mdc-berlin.de/en/research/research_teams/
systems_biology_of_gene_regulatory_elements/
projects/miRDeep

web.bioinformatics.cicbiogune.es/microRNA/
miRanalyser.php

mirna.imbb.forth.gr/SSCprofiler.html

http://www.benoslab.pitt.edu/kadriAPBC2009.html

*NGS: Next-Generation sequencing.

Year

2003
2003
2005

2005

2005
2005
2005

2006

2007
2007
2007

2008

2009

2009

2009

Conservation

Structure

xX X X X

xX X X X

Sequence

xX X X X

Machine
learning

X X X X

>

NGS?
application

Sensitivity

(%)

74

75

90

55

73
93
71

90

90
84
70

89

98

89

84

Specificity

(%)

40

98

77

96
88
91

99

98
90

84

88



MiKpORNAS-TtepANYM

e YITAPXEL EVOC TIOAU HEYAAOC aplOpOC amo «ev OUVAUELY OTOXOUC VL
kaBe miRNA, kat n dtadkaoila rmotomoinong evoc €V OUVAUEL OTOXOU
OTO £pyOOTNPLO ELlVOL YpovoBopa Kal kootofopa.

e« Moo umoAoylotikn mpooeyyion v tnv mpoPAsePn miRNA otoywv
OLEUKOAUVEL OTOV TIEPLOPLOMO TWV «€eV OUVAUEL» OTOXWV VyLa
NELPApOTIKN emaAnBevon.

e OL UTTOAOYLOTLKEC TIPOOEYYLOEL MOVTEAOTIOLOUV TOV TPOTO TOU T
MiRNAs otoxevouv ouykekpitpevaa MRNAs kol €vac auéoVOUEVOC
apLOPOC Ao UTTOAOYLOTLKOL EPYAAELO UTTAPXOUV, TO KaBEva pe pa Alyo
OLoLPOPETLKN TIPOCEYYLON.



YrtoAoyLotika epyalela rtpoPAedYnC otoXwv
MIRNAS

Name of the software URL or availability Supported organism(s) Reference(s)

TargetScan, TargetScanS  http://genes.mit.edu/targetscan/ Vertebrates [Lewis 2003] and [Lewis 2005]
miRanda nttp://www.microrna.org/ Flies, vertebrates [Enright 2003] and [John 2004]
DIANA-microT nttp://diana.pcbi.upenn.edu/DIANA-microT/ Vertebrates Kiriakidou et al., 2004
RNAhybrid nttp://bibiserv.techfak.uni-bielefeld.de/rnahybrid/  Flies Rehmsmeier et al., 2004
GUUGIe nttp://bibiserv.techfak.uni-bielefeld.de/quugle/ Flies Gerlach et al., 2006

PicTar nttp://pictar.bio.nyu.edu/ Nematodes, flies, vertebrates [Grun 2005], [Krek 2005] and [Lall 2006]
Microlnspector nttp://mirna.imbb.forth.gr/microinspector/ Any Rusinov et al., 2005
MovingTargets Available by request on DVD Flies Burgler et al., 2005
FastCompare nttp://tavazoielab.princeton.edu/mirnas/ Nematodes, flies Chan et al., 2005

miRU nttp://bioinfo3.noble.org/miIRNA/MIRU.htm Plants Zhang 2005

TargetBoost nttps.//demo.interagon.com/demo/ Nematodes, flies Saetrom et al., 2006

rna22 nttp://cbesrv.watson.ibm.com/rna22.html Nematodes, flies, vertebrates Miranda et al., 2006

miTarget http://cbit.snu.ac.kr/  milarget/ Any Kim et al., 2006
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Kowva XapaKMPLOTIKA TWV EPYAAELWV
avayvwplong otoXwv miRNA

e «Mupnvac» - SEED
. Suvtipnon - CONSERVATION

e EAcUBepn Evepyela - FREE ENERGY
e MMpooBaoipotnta Beonc-otoyxov - SITE ACCESSIBILITY



O kKavovac tou rtupnvac - the seed “rule”

e H rtupnvikn aAAnAovuyia evoc miRNA opilletol we ta mpwta 2—8 voukAeotidia Eekivwvtac to 5’
AKPO KOl LETPWVTOC TIPOC TO 3’ AKPO. ZTO MEPLOCOTEPA EPYAAELD, EVO TOLPLOCUOL OTOV TTUPNVA
elval peow evyapwpotoc Watson-Crick (WC) avapeoa og eva miRNA Kot Tou 0TOXOU TOU 0TV
rtupnvikn aAAnAovyia. Eva (evyapwpo WC avapeoo o eva miRNA kat eva mRNA cupBotvet
otav pla adevooivn (A) (euyapwvel pe plo oupakiAn (U) ko pia yovavivn (G) evuyapwvel Pe
uio kutooivn (C). Eva amoAuto (euyoapwpa SV IEPLEXEL KEVAL OTNV OTOLYLON LECO OTO MUPNVA.

- & ’8'775,5,4 Seed Sequence
GU 7372”709 | |
CAGGUU 87654321 5/ miRNA
T SuALEeeY
CACGACGUUAUGACGA CAUGUCGACACGACGU

. Flank f Flank >
G:U Wobble

5 3’ mMRNA




> UVTIPNOoN

« H ouvtnpnon avadgepetatl otn owatnpnon pwog aAAnAouvyiac ota dladopa
eldn. H avalvon ocuvtnpnonc pmopet va eotialel otic 3' UTR, 5 UTR ko tnv
aAAnAovyxia tou MiRNA, i omowodnmote cuvOUAOUO OO TO TIAPATTAVW TPLAL.
[eVIKA, UTTOPYEL TIOAU peyoaAutepoC Pabuoc ocuvinpnong otnv TUPNVLKN
aAAnAouyia amo Tt SUTAAVEC TIEPLOYEC.

e la eva pKPO T1ooco0oTO TwV MIRNA:MRNA aAAnAemibpacswv UTTAPYEL
ouvvtnpnon oto 3’ akpo tou MIRNA mou woodapilel yia pn (EVUYOPWEVEC
Baoelc otnv mupnvikn oAAnAouxia KoL OQUTEC oL Tteploxec ovopalovtol 3’
OUMTTANPWHOTIKEC TtEPLOXEC (3’ compensatory sites).

e Emiong, umapyxel evdladpEpov ywa TNV OUVINPNON TWV TEPLOXWV TIOU
rnieptBaAlouv to yovidlo miRNA gene kal ta yovidLa-otoxouc Touc (UTOKLVNTEG,
ONOTO EVTIOTILOHOU TOUC)



EAcvOepn Evepyela Free Energy

H eAeUBepn evepyela pumopel va xpnolpomotlnBet yua tnv
eKTLUNON TNC otaBepotntac evoc BLoAoykoU cuoTNUATOC

Eav n nmpoodeon evoc miRNA oe gva vrmoypndlo otoxo
MRNA mtpoBAemnetal va elval otabepn, tote Bewpeltat OtTL
elval mBavotepo va avtlotolel o€ aAnBwvo otoxo Ttou
MIRNA

Aedopevou tTnNC OUOKOALAC uTtoAoylopoU TnC €AeVBepnc
eVEPYELAC, ouvnNOwc xpnowuomotleital n ditadopa
eAevBepnc evepyelog (AG).

Erteldn n apvntikn AG onuaivel Alyotepn EVEPYELA VLA VA
umopel va avildpacel oto HEAAOV, QVTLOTOLXEL OE€
cvoTnpata LE avénuevn otabepotnta .

MpoPAcnovtocg mwc evac miRNA kot ot untogndlol otoyot
tou UBplbilovtal, mepLoxec vPnAng kat YapUnAng
eAevBepnc evepyelac ouvayovtal. Etol n oAwn AG propet
va xpnotpornolnBetl wc deiktnc toyuc npoodeonc.

[ ]/ Region of high free energy

» Region of low free energy

FIGURE 2 | Schematic overview of free energy (A G) analysis of
predicted RNA hybridization structure. A hairpin loop is shown with the
loop corresponding to a region of high free energy (a positive AG) and the
stem corresponding to a region of low free energy (a negative AQG).



[TlpooBacipotnta 6€onC POcdETNC

e H mpooPaoipotnta tnc Beonc elvatl evoc OELKTNG TNC EUKOALAC LLE TNV OTtolaL EVaL
MiRNA pmopetl va tormoBetnBet kat va uBpldomonBbet pe eva mRNA-octoYO0.

e Meta tn petaypadn, to MRNA AapBavel dsutepotaync doun n omola UMoOpEL va
eummAaKeL pe tnv duvatotnta tou MiRNA va nipoocdecel otn BEon-oto)O.

e H uBpldbomoinon MiRNA:mRNA evexel pla dtadikaoia dUuo Bnuatwyv otnv omola
eva MiRNA nipoodevel mpwTta o€ pLa pLkpn kot tpooBaoiun meptoxn tov mRNA.

e 2TNV ouvexela, n 6eutepotaync doun tou MRNA &edutAwvel KaBwc to MiRNA
OAOKANPWVEL TNV TPOOCOEDH TOU LLE TOV 0TOXO0. Emopevwc, yia tnv aétoAoynon tng
riilBavotntac eva MmRNA va esival otoxoc kamowou miRNA, n mpoPAemopevn
TTOCOTNTOC EVEPYELAC TIOU OUTOLTELTOL VLol VO ETILTPATIEL N Tpooaon otn B€on-
OTOXOC, UTTOPEL VO UTTOAOYLOTEL.



/ALYOTEPO KOLVA XOPAKTINPLOTIKA TWV
EPYAAELWV avayvwpLlong otoXwv miRNA

e KaBwc¢ Katavoou e TEPLOOOTEPO TOUC Kavovec tpoodeonc twv MiRNAs
KOLLWVOUPYLOL OTOLYELOL EVOWMATWVOVTOL OTNV UTIOAOYLOTKN TtpoBAedn,
OTIWC:

o AplOLOC TV Beocewv-oTOXWV MIPOodEDNC.

e ZeVyN TtaAaviwonc¢ GU (GU wobble) otov mupnva mou enwtpeEnouv TNV
vTtoAoyLotikn TtpoPAedn (euyapwpoatoc evoc G pe eva U avti yia eva C

e OL 3’ CUUTTANPWHATLKEC TIEPLOXEC TOU TipoPBAEnouv (euyapwpua TOU
OTOXOU ME Ta VOUKAgoTidla 12—17 tou miRNA



Yrniapxouv OpPKETOL TUMOU TUPNVLKOU
(evyapwpatoc. OL KupLOTEPOL Elval:

1.

6mer: Eva amoAuto (euyapwpua WC
avapeoa o€ MiRNA kot mRNA yla €€
VOUKAeOTLOLAL.

7mer-Al: Eva amoAuto C(euvyapwpa
WC yua ta voukAsotidia 2-7 Ttou
MiRNA mupnva Kol emumtpooBeta pa
adevivn amevavilt otn O€on 1 tou
miRNA mupnva.

7mer-m8: Eva amoAuto C(euyapwpa
WC ywa ta voukAeotidia 2-8 tou
miRNA rtupnva.

8mer: Eva amoAuto (evyoapwpa WC
yia ta voukAeotidbla 2—8 tou miRNA
IUpnNVaL Kol EmmpooBeta pa adevivn
artevavit otn B0€on 1 tou mMIRNA
nupnva.

Turtov (EVYAPWMATOC TOU TTupNVaA

Canonical sites

A 7mer-A1 site
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SEERE
NNNNNNN-5' miIRNA
654321

-— ——

B 7mer-m8 site

NNNNNNN
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Atypical sites

F 3-supplementary site
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To mapadeyua tou let-7 yia to mw¢ ta miRNAs puBuilouv UE eva MOAUITAOKO

TPOITO TNV 1Ola TN BLOYEVEDN TOUC KL EVA EUPOC KUTTAPLKWV OLEPYATLWV

(a) "
N |
" pri-let-7
Differentiaton
factors

LIN28

pre-let-7

(ef
o T fzs, |

N
{
iy,
Ul‘/"'

|
mature let-7

cCW182

Acol “
Dicer | » LIN28
i A
Y ; !
HMGAZ2 Cell Cycle IMP-1 — c-MYC -
‘ Regulators
(b)
VANV A\V/\V/\V/A\V} WAV ZANY/ANV/ ANV /A\V/a\V/A\W/A\V/A\V/
<7 :
-
z 3'UTR
non-canonical miRNA target canonical mi RNA target
3UUGA ... G seed
let-7b 3 ‘ot
3 VUGG, 5 cUUGEA— UGAUGGAGU 5 :3: gﬁgggg %ﬁ%%gﬁgz B
AUGCGAUUU -3 : | -
Dicer §'- GGAG - CCOAUUL) o ACUACCUCA-3' | BEHEESAAK A C A-3 HMGA2

A
UA CC

e LIN28 inhibits post-
transcriptionally let7a biogenesis

e Mature let7a targets among
others TRIM-NHL, DICER, cMYC

and LIN28 proteins



> NULAVTLKA UTTOAOYLOTLKA EPYAAEL
ripoAedNC otoxwv MIRNAS

Current version is 3.3a, last updated 8/2010, uses

Table 1 | Profile of miRanda. Table 2 | Profile of miRanda-mirSVR.
Website http://www.microrna.org/ (source code) Website http://www.microrna.org/
Version Current version is 3.3a, last updated 8/2010 Version
Input Usersupplied miRNA sequence and UTR sequence miRBase version 15
for command line Input MIRNA identifier or gene name
Organisms Any Organisms Humans, rats, mice, flies, and worms
User adjustability  Free energy threshold, alignment threshold, weight User adjustability None
of seed region, and gap penalty Features Seed match, conservation, free energy, site
Features Seed match, conservation, and free energy accessibility, and others

Table 3 | Profile of TargetScan.

Website http://www.targetscan.org

Version Current version is 6.2, last updated 6/2012
Input MIRNA name, gene name or miRNA family
Organism Mammals, flies, and worms

User adjustabllity No

Features Seed match and conservation

Table 4 | Profile of DIANA-microT-CDS.

Website
\Version

Input

Organisms
User adjustability
Features

http://www.microrna.gr/microl-CDS

Current version is 5.0, last updated 7/2012, uses
miRBase version 18

MIRNA name, gene name, Ensembl ID, KEGG
description, or some combination of these

Humans, mice, flies, and worms
None

Seed match, conservation, free energy, site
accessibility and target-site abundance



> UYKEVTPWTLKA XOPAKTINPLOTLKA UTTOAOYLOTIKWV
epYaAelwV ripoAednc otoxwv miRNAs

FEATURES USED IN miRNA TARGET PREDICTION

Tool name Seed Conservation Free Site Target-site Machine References
match energy accessibility abundance learning
miRanda X X X Enright et al., 2003; John
et al., 2004
miRanda-mirSVR X X X X X Betel et al., 2010
TargetScan X X Lewis et al., 2005;

Grimson et al., 2007;
Friedman et al., 2009;
Garcia et al., 2011
DIANA-microT-CDS X X X X X X Maragkakis et al., 2009;
Reczko et al., 2012;

Paraskevopoulou et al.,

2013

MirTarget2 X X X X X Wang, 2008; Wang and El
Naga, 2008

RNA22-GUI X X Hofacker et al., 1994

Miranda et al., 2006; Loher
and Rigoutsos, 2012

TargetMiner X X X X X X Bandyopadhyay and Mitra,
2009

SVMicrO X X X X X X Liu et al., 2010

PITA X X X X X Kertesz et al., 2007

RNAhybrid X X X Rehmsmeier et al., 2004

Kruger and Rehmsmeier,
2006



mRNA (3'UTR) microRNA ]

o 40 l
p re d I Ct I O n Fxtraction of q',]-]lh\lllg.,!llﬁ MENA and miRNA sequences [

l

Ta kUplwat PBApoato mou amewkovidovtal €ilvalt: Me to
napexovtal aAAnAouvyxiec miRNA and mRNA (3'UTR)
Kataokevalovtal PACELC LE TTOPOUOLEC AAANAOUYLEC Ao =
ouyyevn €16n (ev duvapel opBoAoyec).

Complete pairmg at seed region?

Optimal thermodynamic stability?

OL B¢goelc mpoodeonc twv MIRNA avayvwpilovtal
avoAvovtac To TPOTuTo (suyapwpatoC Pacswv Ttwv =
MiRNAs kat mRNAs cupdpwva pe TN CUMIMTANPWHATLKOTNTO
TOU oTLC mpokabBoplopuevec mepLoxec (Bapa 1);
KaBopiletalr n toxuc mpoodeonc tou OKAwWvou MiRNA-
MRNA vmoloyilovtac tnv €AeuBepn evepyela (BRupa 2);
Duloyevetikn ocvykplon tTwv aAAnAouylwyv (BApna 3); TEAoC
vTtoAoyiletatl o aplBpoc twv Beocewv MPOodeoNC CTOXWV
yia KaBe petaypado mRNA (BApa 4). =

Conserved in related specie(s)?

Multiple target sites per target mRNA?

Potential miIRNA targets




O alyoplOuog TargetScan (Lewis et al 2003)

2TOYOC €LlVOL N KATAaoKeLN pLac aéloAoynuevnc Atotac vrmoyndlwyv
VYOVLOLWV OTOXWV.

BAua 1: Eupeon UTRs o€ €va opyaviouo

e Baoelc 2-8 tn¢ mupnvikng aAAnAouyxtac tou miRNA = “miRNA seed”
o JUpNANpwpatikotnta Watson-Crick

e OxL (evyn Tahavtwoewc Baocswv (wobble pairs; G-U)

e 7nt (evyopwpa = “Cevyapwpa tupnva”

2-0 nt seed match mikMNA,

target UTR
3' Bl PP S'



TargetScan Algorithm

Bua 2: Eméktoon tou {Euyapwuatog mupnRva

o Eritpemel Tt (VYN TAAVTIWOEWC Baocswv G-U (wobble pairs)
o Kat mpoc¢ ta duo akpa

o JTOHATAEL OTAV PpeBel pla avavtiotowyilo Baocswv

seed extension mikMNA

=y 3
‘ ‘ l l l target UTR
3 o




TargetScan Algorithm

Bpa 3: BeAtiotonoinon {(evyapwpatoc Bacswv
e AvaAuon tTnc neploxne 3’ aKkpou TToU EXEL ATTOMELVEL
e 35 Baoelc meploywv UTR armo to 5’ akpo kabe (evuyopwpatoc mupnva

e Epappoyn tou npoypappatoc RNAfold (Hofacker et al 1994)

39 hase pairs of UTR matched to remaining miRNA 3' region MiRMA

3' SI




TargetScan Algorithm

Bua 4: EAeUOepn evepyela (G) avadinAwong yia KOs mpoBAeyn
miRNA:otoyovu

o AéloAOynon kaBe neproxnc UTR

o EmtavaAnyn tnc dtadikaoiog yio kKabBe aAAo eld0oC opyavioLoU YL TO
omolov untapyouv aAAnAovyiec UTR



O aAyoplOpoc DIANA-microT (Hatzigeorgiou

Lab)

(A) ZYnuoTikn Anemovmn ToU a?\vopteuou H aAAnAovuyia ocSrwoq
XOLpTOVpOLCI)EL‘EOLL O€ €va KUALOpEvVo TapaBupo pnkouc 9 voukAeoTidilwv Katd
ULAKOC TNC¢ aAAnAouyioc 3'UTR. H aéloAoynon t™n¢ aAAnAemidpaonc
aAAnAouxiac odnyou: otolkeio amokpwong oto MIRNA (miRNA Response
Element, MRE) kaBopiletal amno tov aplBuo (evyapwpuatoc Baocswyv avapeoa
oTlc SUo aAAnAouyiec.

. Zeuvapwua Baocswv ra}\avrwcnq G:U r] )\Lvorepo amno 7 cuvexoueva
(evyapwparta Bacewv WC emutpenovtal povo eav n eAevbepn evepyela tou
npoBAenopevou stepoﬁtk)\wvou MiRNA:MRE eivol Katw amo to KatwddAl
npoPBAenopevnc eAeVBepnc evepyelac. Taa MREs BaBpoAoyouvtat cUppwva
LLE TOV TPOTO Ttou Tpocdevovtal, 1o BaBuo eAeVBepnC eVEPYELOC KL TO
BaBuod ouvtnpnonc touc oe AaAAa €idn. To TeEAKO okop MITG elvol To
?taeu)touévo aBpolopa OAwv twv MREs oto yovidlo-otoxo tou miRNA

miTG).

(B) H kopudatia aMn)\ouxLa (I\/IRE) elvat pépoc tou 3'UTR tou miTG. H
aAAnAovyxlo Twv 9 nts kovtd oto 5 akpo tou MiRNA (a)\)\n)\ouxta oSrwoq) OL
aAAnAovuxlec ou avtiotoLyouV OTLG Bcoelc 1-6, 2-7 kat 3-8 amo 1o 5’ akpo tou
MiRNA ovopaloviol oVTL-TIUPNVLKEG aMn)\oustq anti-seed 1, anti-seed 2 kau
anti-seed 3 avtiotouwya.

(I Eva mapadeypa vrtoAoylopov okop miTG. H avw ypappr aviloTtolxel otnv
aMnAouxia 3'UTR evog yovidiou tou avBpwrmou mou meplexet MREs pe
Sdladopetikouc Babuouc ouvrnpnonq Mepovwpeva okop MRE umoAoyilovtal
ue Paon to PBabuo ocuvtipnong, to Poabuo. To abBpolopa OAwv TwV
otaOulopevwy okop MRE kaBopilouv to teAko okop miTG score.

b CUACCU anti-seed 3
Mapping of miRNA driver sequence on UACCUC anti-seed 2
3'UTRs G AUGG A ACCUCA anti-seed 1
miTG 5' AGC GC AUC GCUACCUCA3' MRE
| . | A 1 ST
miRNA 3' UUG UG UGG UGAUGGAGU 5!
|Identification of MREs AUA U A I eed |
according to binding rules driver sequence
c catgégs 8mer 7mer 9mer
Weak human ——) ——— ———)
driver:MRE  yes Binding energy filter
binding mouse NS
2 rat [r——— ) e————
i 2 dog S —
T ———
Score MREs based on conservation e
(Hnigifzg 12 2 0
———— Seore ; ’ :
Combine MRE scores into the miTG score e s e
_— (3x6) o (2x3) + (4x1) = 29

Score

To aBpolopa OAwv Twv otabulopevwy okop MRE kaBopilouv 1o TeAko okop miTG score.



Makpa pn-Kwotkortolta RNAs w¢ artoyyol

UKPORNA

e Makpa pn-kwokortotad RNAs (IncRNAs)
UTTOPOUV val AELTOUpyoUV wC odouyyapLa
n doAwpata ywa tnv nmpoocdeon Tou Ao
MiRNAs Kol EMOMEVWC MTTOPOUV v
pvOpuioouv tov dLabeoipo apltbuo
avtiypadwv mMiRNAs mou umopouv va
otoxevoouv MRNAs. Autoc o mpoodata
LETA-ULETAYPADPLKOC HNYXOAVLIOMOC
HeETABAAAEL T ocuoTATIKA €VOOYEVWV
puOuLoTIKwWY OLKTUWV. NcRNAs Tmou
notpalovtat mMiRNA response elements
(MREs) pe mRNAs evexovtal o€ auto TO
LNXOVIOMO TtoOU TeEpLYpAPETAL WC
AVTIAYWVLOTLKOC o0& evdOoyevny RNA
(competing endogenous RNA, ceRNA)

%
»
lnm:my

_‘.‘.f.‘i.)n“ | o
\ i 3
! l) ; o
\ | 2
:
et MREs /
_— —
. mMRNA 4 /\/W g
: - pseudogene IncRNA
pseudogene

M~ INCRNA

Fig. 1 Overview of the ceRNA activity in nucleus and cytoplasm. miRNAs loaded in the RISC complex pos
transcriptionally regulate protein coding genes through mRNA cleavage, direct translational repression and/
mRNA destabilization in the cytoplasm. IncRNAs compete with mRNAs for miRNA binding by acting as “spongt
molecules in both cell compartments



Competing endogenous RNAs (ceRNAs): new entrants to the intricacies of gene

regulation

ceRNA
Cis regulation trans requlation
o~ — “.- — . - =3 -
mRNA X MRNA'Y
mMRNA-Y
-, i - -
> = ]“\' .
/ /
Y W o W
N N " N
MICroRNAS
- MREs

Expression
levels

MRNAS

Pseudogenes

Long non-coding RNAs
Circular RNAs are involved in
ceRNA networks



O aAyoplOpoc MiRscan

e« O aAyoplOpoc MiRscan avaAuel yvwplopota tne
DOUPKETAC

e To oUVOALKO okop uttoAoyiletat aBpoilovtoc Ta
OKOPC OO TO KOBE XapaKTNPLOTLIKO

e TO okop yLa KaBe yvwplopo vrnoAoyiletal
SLoLPWVTOC TN OouXVOTNTA E£UPAVIONC TOU OTNV
opada ekmaAlOEVONC LLE TN OCUVOALKN TOU EpUdavLIoN

3' conservation
(1.9)

5' conservation
(2.2)

Initial pentamer
(0.7)

Distance from
100p (0.6)



[leptAnn peBodoAoOYLWYV TTELPAUATIKNG AVAYVWPLONG OTOXWV
MIRNAS

mmmmmmmmmm

¢ z X r] Ll OATLK r] JTE p L)\ r] LI) r] TWYV u £ 6 O 6 0) )\ 0) V lU.) V RNA , ,,,,, F — W M-‘?"-l '
TTE l-p a uath n C oV OLVV(JL) p LO r] q 0) TOX(L)V mi R N AS H \ _ « oy M
puBUON NG petadpaong amd ta MiRNAs eival o e ¥ b e e
rmoAv-enimedn: (1) AvaAuon twv mMRNAs mou
OLT[O&O“OUVTOLL WG OLT[OTE)\EOHO‘ UTLEP- EKCIDPOLGHC Translation repression MRNA degradation @

tou MiRNA kat avaAvon twv pOTIfwvV
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Thousands of microRNAs act in multiple
biological events

Developmental ) Differentiation Aging
_ timing
Apoptosis Metabolism

Cell fate/differentiation, Cell cycle...
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|0TO-ELOLKN 1) OTAOLO-ELOLKN EKPpaon MIRNA

e Tt yovibiwpato twv OnAaoctikwv pepouv XALladec yovidltar miRNA,
aA\a auta yapaktnpllovtat ano OLoPOPETIKA LOTO-ELOKA 1N oTAdLO-
eLOLKAL TtpOTUTIAL EKPpaONC.

e EToLl povo pa urno-opada yovidlwv miRNA ekdpaletal og Bloloyika
onpovTka smimeda. 2 peAetec puOuonc twv MiRNA auto gival KATL
onpovTko va AndBOet v’ ognv.

e OL MANBwpa cuvdbuoopwv ovAPECO OTO TIPOTUTIOL EKPPOONC TWV
MiRNA kol tTwv oTtoYwv Touc¢ (TOmo¢ Kol aplOpoc TwV TUPNVIKWV
aAANAOUXLWV) ETUTPETIEL EVA ELOLKO Kol evaloOnto puOULOTIKO EAEYYO
O€ €VO LOTO N O€ plo Kataotoon. YrmoAoyiletatl ot nepimov 1/3 tou
OUVOAOU TWV MPWTEIVIKWYV Yovidlwv puBpuiletol oo ta miRNAs.
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Ta MIRNAS w¢ un-emepatikol BLOOELKTEC

e Exouv to00 otaBepn doun mouv KUKAOPOPOUV EKTOC KUTTAPOU ATTO Hova
TOUC N LECA O€ EEWOWHLATAL.
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Research Paper

miR-210 links hypoxia with cell cycle regulation and is deleted
in human epithelial ovarian cancer
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e2f3 was the direct target of miR-210

Table 2 GOstat analysis of the biological processes that miR-210-predicted target genes are principally involved in.
GO Number miR-210 Targets GO Category P-Valve
G0:0019222 33 regulation of metabolic process 4 .35E-09
G0O:0050794 41 regulation of cellular process 6.04E-09
G0:0031323 29 regulation of cellular metabolism 1.90E-06
G0:0019219 27 regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolism 1.04E-05
GO:0006350 27 transcription 1.82E-05
GO:0006351 25 transcription, DNA-dependent 1.95E-05
GO:0032774 25 RNA biosynthetic process 1.95E-05
G0O:0045449 26 regulation of transcription 1.95E-05
G0:0048869 20 cellular developmental process 2.69E05
GO:0030154 20 cell differentiation 2.69E-05
GO:0048468 17 cell development 3.35E-05
G0O:0006355 24 regulation of transcription, DNA-dependent 3.78E-05
G0O:0043231 45 intracellular membrane-bound organelle 3.97E-05
G0O:0043227 45 membrane-bound organelle 3.97E-05
GO:0048519 15 negative regulation of biological process 6.28E-05
GO:0016070 27 RNA metabolic process 6.28E-05
GO:0005634 35 nucleus 7.22E-05

(4567) Sspl ——

(4449) BamHl
(4442) BspDI - Clal —

(4356) Mfel

(4347) Hpal ——
(4327) Psil — _
(4291 .. 4310) SV40pA-R ~~~

arowoid ydwy, “‘A
Mg~

N

7

y

psiCHECK2-miR-34 WT

<=

z
6271 bp g
@
=H
ST
5/ |
]/ /
/&/
% & §/ g
N\ Y <
X

-

EcoRlI
BstBI

Apal (2560)

(3648) BstXI

(3517) Afel

BsrGl (3020)
(3148) BtgZl Alel (3028)

EcoRV (1179)

Nrul (1355)
Zral (1389)
PfiIFI - Tth111l (1390)
Aatll (1391)

_ AsiSl (1640)
~— PaeR7I - PspXl - Xhol (1643)
~ Notl (1672)

7 BspQl - Sapl (1872)

~—— BssHIl (1976)
_— TspMI - Xmal (2017)

<~ Smal (2019)

Sacll (2034)
PpuMI (2054)
BstZ171 (2078)

(2384)

(2388)
Afllll - Miul (2448)

PspOMI (2556)

A B p=0.001
ﬁ
p=0.160
_
p<0.001 ‘g‘ 1.0
D @
g3 200 3% p=0.001
Xa 150 % =0.013
2E 100 - .
L .
€ 50
0 0.0
PEF-210 pEF-30a pEF
pEF1 (pg) 0.5 - 0.5 2 .
psiCHECK-2 (ug) 0.5 0.5 - - "
pEF1/miR-210 (pg) - 0.5 - 0.5 1.0
psiCHECK-2/target (ug) - - 0.5 0.5 0.5
- 18 p>0.05
(8]
3
-d
=
=k
xeoe 08
=
o
=
&
0.0 '
pEF (ug) - 025 0.50 0.75 1.00
psiCHECK-2/target (ug) 0.50 050 0.50 0.50 0.50




-

Avg estimated copy number
o

Frequent miR-210 gene copy loss In ovarian
cancer

&
(=

g
o

g
(=)

-
o

o) 0.5 1.0 1.5 2.0 2.5 3.0
miR-210 estimated copy number

mOoV2 Oovs ® Healthy donors
B PEO1 — PEO4 HOSE cell lines
W 2780 w OV8
BOWA42 w200

UPN251 ~= SKOV3
mC30 CP70
Bmov7 Oov4

2008 —— 1847

ov10 w— OV3

4.5 ( 4.0 Pearson correlation = 0.525 (p<0.01)
»
0 v 3.5
3
3.5
v £ 30
3.0 >
A & 25
2.5 / O
2 20
20 Normal copy number g
(2.0 £ 0.8) =
15 @ 1.0
e
1.0 g 1.0
==
0.5 Copy number loss E 0.5
0 =3 0
0 20 40 60 80 100 120 -1.0 O 10 20 30 40 50 60 7.0

Ovarian cancer samples

Relative expression (miR-210/U6)
(n=114)



e http://www.mirbase.org/
e http://www.targetscan.org/vert 72/

e http://diana.imis.athena-innovation.gr/DianaTools/index.php?

r=microT CDS/index


http://www.mirbase.org/
http://www.targetscan.org/vert_72/
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index

