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BloAoylka pakpopopLa:

DNA, RNA, mpwTtelvec
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DNA: AlkAwvo pOpLO TTOU TTEPLEXEL TIC TTANpOdopieg TTou Kabopilouv OAa ta

XOPOKTNPLOTLKA EVOC OPYAVLIOUOU.

OLmAnpodopieg ival amoBnkevpéveg otnv aAAnAouvyia twv Bacswv A,T,G,C.
Ot 6U0o kKAwvol/aAuoideg eival cupmAnpwHatkes (Zevyn A-T, G-C).
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BloAoylka pakpopopLa:
DNA, RNA, mpwTtelvec ...

RNA: tpoiov petaypadng cuykeKpLUEVWY TteploXwv tou DNA (yovidia)
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https://www.99science.com/what-sugar-is-found-in-rna/
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Ta €dn Twv RNA kot 0 poAhoc touc

* mRNA (kata tn puetappaon, 1o mMRNA «Stafalstal» amno ta
pltBoowuaTa KoL o pAyETaAL TIPWTELVN)

* rRNA (ouotatiko tTwv ptBoocwuatwy)
* tRNA (CUMMETEXEL OTN UETA WP OON )
* snRNA (ouppetexel otnv wpipovon tou mRNA)

* miRNA (cuvdeetal pe mRNA-otoxouc, odnywvtog o€
QVAOTOAN TNC HETAdpOoNnC TOuG N arolkodopnon toug, “post-
transcriptional regulation”)



BloAoylka pakpopopLa:
DNA, RNA, nmpwrtelveg ...
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https://content.byui.edu/file/a236934c-3c60-4fe9-90aa-
d343b3e3a640/1/module3/readings/proteins.html

OL mpwteiveg elval To TPoiov TG
netadppoonc twv mRNA kot
aroteAolvTal amo apLvoEea.

Eibn mpwTteivwv:

e Evlupo ® AOLLKEC ® MeTadOpPLKEC
e KvnTrPLeEC ® ATIOTOLLLEUTLKEC

® INUaToSOTIKEC ® Yrtodoyeic

® PUBLILOTLKEC @ ELOLKEC

actin & myosm

-

immunoglobulin
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https://alevelbiology.co.uk/notes/functions-of-proteins/
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BloAoylka pakpopopLa:
DNA, RNA, nmpwteivec ...

Mupnvikég
PAKENOC

-

EukapuwTikd KUTTOPO

17/ /& DNA
W l DNA j
M NN transeription  (uetaypadn)
\ Mpo-mRNA
. |EnEzeprazia RNA l L r
’
N RNA

mRNA

trapsletion  (Letddpaon)

META®PAXIH \ \

PiBoowpa
d 5 Protein
MoAvmentidio /MpwTteivn




MeTtaypodn

lovidio 2
Mépio
DNA
c’*.[‘;“f"’ﬁ
et
Metaypagpdpevn
aAucida 3’

DNA/{ ABCRECRARARARCRCRGRARGET
TEAGEGETHETHETHEGEGHECHETHECHRA

mRNA 3

v r
Kwdikdévio




‘Evapén, empnNKuvon KoL TEPUATLOUOC TNC
Letaypapng

- H B£on tou umokwvntr) ocnuatodotet tn B€on €vapéng
NG petaypadnc (Transcription start site, TSS)

Metaypadopevn pAucido DNA

EIKONA 12-3 O1 @dosig Tou xikAou
m— l =1 ™S peraypaeris: ‘Evapln, emprikuv.

on xai TeppaTiopds. H eikéva rapou-

01621 TO YevikG axEBI0 Tou KUKAOL ™ms
HeTaypagrs. Ta xapaktnpioTikd Tou
TapovaiGlovral 1IoxGoLvY Ko oTnV me-
piTTwon Twv BakTnpiwv kai oTnV mEpi-
TTWON TWV EVKAPLWTWV. AEV TTapOLaI-
Glovrai o1 GAAoi Taphyovres Tou arrai-
TobvTal yia Ty Evapdn, Ty emprikov-
1 01 Kal TOV TEPPATIONG,

emprixkuvon €]

£mufAkuvon

évapgn

To voukAeoTiBio Tou DNA Trou KwbIKo-
moiel Tv apxtj TNg alvoibag Tou RNA
koheiTan ©éan €vapéng Tng pcm’yp(:-

1 - @Ag kai vTTOBEIVUETAN WG Béon “+17.
w ) . P Ko

L

RNA

TEPHATIONOG

n moAupepdon Y
Teppariler g = |
] N PETaypaPr| Kai aneAeuBEpWVEI TO RNA
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PUBuLoN tnC yovidLlakng ekppaonC

* FlovibLakn €kppaon: petaypadn + HeTaAPpaon TwvV

yovibilwv

e OAa ta yovidia dev ekdppalovtal otov idLo Badbuo
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PUBuLoN tnC yovidLlakng ekppaonC

1. 2to eninedo tnc petaypadng (my. H mpoodeon
netaypadkwyv mapayoviwy (TFs) otov umokvntn KaBe
yovidiou kaBopilel av Ba petaypadel to yovidlo i oxu)

2. Xto emnimedo peta tn petaypadn (“post-transcriptional
gene regulation”) (mx. Apaon twv MiRNAs)

3. 210 enunedo TN peTadpaonc

4. 1o emimedo PeTA TN pLETADPOAON



MmICroRNAS

RISC complex

miRNA M "‘AGO | oy
/\/w - J/\/\M :J ’
mRNA : l |
\ M |

w o

Ribosome , W

] o ‘, 1 lTranscript cleavage and degradation
e b

Translation suppression

transcribed in the nucleus

maturation process in the cytoplasm

small ncRNAs ~22nt

central post-transcriptional regulators

>50% human mRNAs are under miRNA regulation

COoO000D

conserved in species
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Two roles of microRNAs

A) Destabilization and degradation of mRNA
B) Translational silencing

O To miRNA tou cupnmAdkou pmopei
va npocdebel oe onolodrjmote
mMRNA-o1dx0, apkel 1o TEAevTaiO
va ep@avifel SUPMANPWHATIKG-
nta pe 1o miRNA o€ pia
aMnAouyia prjkoug Tou-
Aaxiotov £§) Baoswv.

A) Anoikoddpnon tou mRNA l‘lapepno&oa rn:; peTappaong B)

O Avo Baogig Tou miRNA kat tou mRNA glval GURITANPWHATIKES OE
OAGKANPO TO KOG Twv U0 popiwy, To MRNA anoikodopeital
(aplotepd). Av n avtiotoixia dev elval mAirjpng, 1o popto Tou MRNA
TpomoNoLEiTal Katd Tpoéno mou va napepnodiletal n HETAPPQAOT) T, 14



Tapadeyua:
MiRNAS Kol Kapkivoc

a  xapnAf éxgpaon

BCL-2
RAS
ol a D

miR-15a ka1 miR-16
G Let-7a

oykokaraoTaATika miRNA

B évrovn éxgpaon

miR-17-92 c miR-155 3

mRNA oykoyovidiou

PTEN
RB2
A0 -1 G Y e 0 I O |

: : miR-21 c
oykoydva miRNA

MAAIZIO 18-3 EIKONA 1 Ta pépia miRNA @G 0yKoKaTaoToAsis Twv oyxoyovnﬁfwv.ﬁ

mRNA oykokataoToAéag

(@) Ze auT6 1O PoVTEo, va pépio MIRNA,

TO OT10i0 CUVIIBWS PEIIVES TNV EKPPAOT] EVOS OYKOYOVISIo, pTTOpEi va dpaoel weg éva OYKOKGTOOTOATIKG Yovidio. H amrdAsia ™ms

bpaoTikéTnTag Tou MIRNA, Adyw peralayrs fj amaoigpr, Yia Tap&derypa,
k1] £kppaon Tov oykoyovibiou-oTéXou, TO 0TroI0 aKoAoUBwS Ba OUVEITEPEPE
LTTEPEKPPAOT) EV6S MIRNA, T0 0170i0 EATTGVE TRV EKPPOAOT) £VGS OyKOKQTQ

TEXoLY 0N BiaPopoTIoinoT, Ba PTTOPOOE V& GUVEIOQEPE! OTO OXNHATIONG
Eikéva 2. © Elsevier).

Ba propoloe va karadrige oe pic HN QuoioAoyi-
070 ?xq!m‘mopd Tou Gykov. (B) ESw, n evioxuon A
oToAéq, fj GV onpavTIkGy Yovidiwv Tov ouppe-

X ; TOU GYKou, péow Sifye ;
NS ayyeioyeveons kai TS e10PoArs (Emavaoyebiaopévo pe Tnv Gdeia Twv Garzon R. e : L CAT R apemaaiaoyas

tal. 2006. Trends Mol. Med. 12- 580-587,
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Sanger sequencing:

(normal) (fluorescent)
@ Reaction mixture — _—
* Primer and DNA template » DNA polymerase ‘
» ddNTPs with flourochromes*» dNTPs (dATP, dCTP, dGTP, and dTTP) g5 T o7 . O ?- (. I
_OﬁOF’O é’(')(sl)b/o\ _DIF"O::’O'%OEIP};/O\
] 0 0 «g (o4 0 o e g 4 !
Primer A\ “\(';_é
5 T © - A 5 2 T 4
o8 N T H
|
O T 0 g g
E— deoxynucleotide dideoxynucleotide
ddNTPs
ddTTP —@ T
ggﬁTTg : i 3 Capillary gel electrophoresis
ddGTP @ G separation of DNA fragments

@ Primer elongation
and chain termination

'

G B B o e e e e 4
I o B e e e )
5 P T Ty 3'

T e s

5 Py 3

5 Ty

R S I i o e I

5 e e ——— 3

S S o e e e e S

Long fragments

l Capillary gel

Laser +

Short fragments ﬁ

1 s

@ Laser detection of flourochromes
and computational sequence analysis

Chromatograph
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https://en.wikipedia.org/wiki/Sanger_sequencing#/media/File:Sanger-sequencing.svg

Next-geneneration sequencing (NGS)

Using NGS an entire human genome can be sequenced within
a single day.
In contrast, the previous Sanger sequencing technology, used

to decipher the human genome, required over a decade to
deliver the final draft.

All NGS platforms perform sequencing of millions of small
fragments of DNA in parallel. Bioinformatics analyses are used
to piece together these fragments by mapping the individual
reads to the human reference genome.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3841808/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3841808/

Moore’s law in computing: doubling of computing power every two years.

Here we see cost halving each two years.

Cost per Raw Megabase of DNA Sequence

S10K

$1K

$100

Mocre's Law

$10 *

$1 R
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National Human Genome *\'_*‘ :
Research Institute B 2%
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Next-gen sequencing technologies

* Six main technologies

All massively parallel sequencing

—Sequencing by synthesis

—Sequencing by ligation

Mostly produce short reads <400bp

Read numbers vary from 1 million to ~1 billion per run



Next-gen sequencing technologies

Roche GS-FLX

-

IHHlumina HiSeq

{JNANOPORE




Sequencing by synthesis

Illumina Sequencing Technology

DNA
(0.1-1.0 ug)

L

u

Sample
preparation Cluster growth

1 2 4 5 6 7 8 9
4 Ly O] U U 0 % A Ve —
i Base calling

Image acquisition
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Sequencing by ligation

- o R 5
C-T-n-nen-z-22
w + 3‘ G-G-n-n-n-z-z-z 3'_'/+
g Primer pS C-A-fm-n-z = G-C-nen=n-z-2-2
Bead -5 _LLI.LLLIJ.LLLI.LI.LLLLLLLLLLI.LLLLLLLLLLLLLI_3-
Adapter Sequence Template Sequence
g Frimer +
gead s LLLLLLLLLST UL LU
~ Adapter Sequence Template Sequence
v
& > 7 mer 11
g d FTHTEEET CAnnes
Bead gt LLLLLLLLSTLLLLLRLDLLRRRLRLLRTTLLLTIE] o
3 - Adapter Sequence Template Sequence




Sequencing options

Single-end Paired-end
» Cheaper * More information regarding the length
 Suitable for more general purpose « and the position of a read

* analyzes, e.g. Differential Expression <« Useful for spliced junctions, indels etc.

5: exon exon  3'UTR exon " exon 3'UTR 3;
— o P e Co— - - C——
— — — — ":::T - -___-_'_-_T
— e e e c——
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Output: fastq file with sequences

Fastq file example

readid 1 @ERROOO589.41 EAS139_45:5:1:2:111/1
sequence 2 CTTTCCTCCCTGCTTTCCTGGCCCCACCATTTCCAGGGAACATCTTGTCAT
3 +
4 3IITIITIITIIIIII>1IIIFFOBGOBEOMOI%IG+&7(4)%00646.C1l#&(
read id O @ERROO0589 .42 EAS139_45:5:1:2:1293/1
sequence 6 AGTTGTTAAAATCCAAGCCAATTAAGATAGTCTTATCTTTTTAAAAGAAAT
7 +
8 TITTIGITI.ATITI=?19G-/I1=+1=47761BA2C9I+5A711+&>15%/1

The information provided per read is:

Line 1: identifier

Line 2: sequence

Line 3: separator (always “+”

Line 4: the quality score for each position of the read (same length as line 1)

Line 5
Line 6
Line 7
Line 8



Quality check

Trim or remove from fastq file reads with low quality, etc. ...

@ rastQC
File Help

Basic Statistics

‘@ Per base sequence quality 3

Low quality ==

bad_sequence. txt | good_sequence_short. txt

Quality scores across all bases (Tlumina =v1.3 encading)

IIIIIIIIIIIII

[TT1 [

11

13 15

17 19 21 23 25 27 29 31 33 35 37 39
Pasition in read (bp)
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Overview of RNA-Seqg

fragmen-
tation
mMRNA RT
sequence library
N, . I
fragmen- - .
tation /
Quality control __—:——_
short sequence reads == ———=—
(fastq file) —

http://www2.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics.html



http://www2.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics.html

Map/ align RNA-Seq reads to human genome

971 1601 1811 1821 1@31 1841 1851 1861
E;EEr]()rT]EE TAGGTTTAAT T TCATCTTCTAAT TTAGAATCTTGC CAATCAAGCCCTCTCGAAGT TOGCAATAT CTATAACT CAACCTCTGCTTCTGAGATT CTAAGTACCT TAGATGC CAAGTACATT ACTATAATTGETGT TATCGGGTCTTCCAACTCCTCCATTCAMGACTTAATTGACTCTG
GTTTAATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAAGT TGGCAATATCTATAAC ctgcttetgagattctaagtaccttagatgocaagtacattactataattggtgttategogtetice  ctoctccattcaagacttaattpactctgt
ATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAMGTTGGCAATATCTATAACTCAAC tgottctgegattetaagtaccttagatgocaagtacattactateattgotgttategggtettece cetccattcaagacttaattgactctat
atttcatcttctaatttagaatcttgceaatcaagecctctogaagttggeaatatctataactcaac GCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAATTGETGTTATCGGGTCTTCCAA  cotccattcaagacttaattgactotgt)
atttcatcttctaatttagaatcttgeccaatcaagececctctooaagttoggeaatatetataactcaac GCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAA  cetccattcaagacttaattoactctat)
aatcttgecaatcaagecct ctegaagttpgeaatatetataact caacctetgottetgagattcta CTTAGATGCCAAGTACATTACTATAATTGETGTTATCGGGTCTTCCAACTCCTCCATTCAAGACTTAA ctgt
tcttgocaatceagecctctogaagttggeaatetctataactcaaccictgotictgegatictaay  CTTAGATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCCATTCAAGACTTAA
aTAGGTTTAATTTCATCTT ctigccaatcaagccctotogaagtiggoaatatotataactcaacctcigottctgagatictaagt  TTAGATGLCAAGTACATTACTATAATTOGTGT TATUGGGTCTTCCAACTCCTCCATTCARGALTTAAT
TAGGTTTAATTTCATCTTC TGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAACT CAACCTCTGCTTCTGAGATTCTAAGTAL ATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCCATTCAAGACTTAATTGAC
TAGGTTTAATTTCATCTTCTAAT TGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTAL GCCAAGTACATTACTATAATTGCTGTTATCGGGTCTTCCAACTCCTCCATTCARGACTTAATTGACTC
gtaggtttastttcatctictaatitag TGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTAL CATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCCATTCAMGACTTAATTGACTCTG
sSTAGGTTTAATTTCATCTTCTAATTTAG GLCAATCAAGCCTTCTOGAAGT ToGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTALCC cattactataattggtgttatcgggtcttccaactcctocattcaagacttaattgactctgt
TAGGTTTAATTTCATCTTCTAATTTAG CAATCAAGCCCTCTOGAAGT TGGCAATATCTATAACT CAACCTCTGCTTCTGAGATTCTAAGTALC tottatcgogtcttoccaactocctocattcaagacttaattpactctgt
TAGGTTTAATTTCATCTTCTAATTTAG CAATCAAGCCCTCTOGAAGT TGGCAATAT CTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTT goggtcttecaactocctocattcaagacttaattgactctgt
GTAGGTTTAATTTCATCTTCTAATTTAG gccctotocogaagttggoaatatctataactcaacctotgottctgegattctaagtaccttagatgoc GGTCTTCCAACTCCTCCATTCAAGACTTAATTGACTCTG
s TAGGTTTAATTTCATCTTCTAATTTAGAAT COCTCTOGAAGT TEGCAATATCTATAACT CAACCTCTGCTTCTGAGATTCTAAG TACCT TAGATGCCA ggtcttccaactcctccattcaagacttaattgactctgt
STAGGTTTAARTTTCATCTTCTAATTTAGAATCT ctctegaagttggcaatatctataactcaacctectgettctgagatictaagtaccttagatgecaag ggtcttccaactcctccattcaagacttaattpactctgt
TAGGTTTAATTTCATCTTCTAATTTAGAATCT CTCGAAGTTGGCAAT AT CTATAACT CAACCTCTGETTCTGAGATT CTAAGTACCTTAGATGCCAAGTA GTCTTCCAACTCCTCCATTCAMGACTTAATTGACTCTG
TAGGTTTAATTTCATCTTCTAATTTAGAATCT CGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCT TAGATGCCAAGTACA gtcttccaactoctocattoaagacttaattgactctgt
sTAGGTTTAATTTCATCTTCTAAT TTAGAATCT ARGTTOLCAATATCTATAACTCAACCTCTGETTCTGAGATTCTAAG TACCT TAGATGCCAAGTACATT cttccaactcctccattcaagacttaattgactctagt)
gtaggtttastttcatcttctaatttagaatcttgee CAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAA cttecaactectceatteaagacttaattpactctgt)
TAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCA CTATAACTCAACCTCTGETTCTGAGATT CTAAGTACCTTAGATGCCAAGTACATTACTATAATTGETG
TAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCAA cttctgegatictaagtaccttagatgocaagtacattactataatiggtottatogggtcticcaac
otagotttastttcatcttctaatttagaatcttgocaatcaager cttctoagattctaagtaccttagataccaagtacattactataattogtgttatcoggotecttccaac  tocattcaacacttaattoactctaot)
GTAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCT cttrtgagattetaagtaccttagatqecaagtacattactataattgotgttategggtettocaac tecatteaagacttaattgactctgt
gtagotttastttcetcttctaatttagaatctigocaatcaageoe ttctgegattctaagtaccttagatgecaagtacattactateattgotgttategygtcticcaact tccattcaagactteattgectctgh
TAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCC tgagatictaagtaccttagatgocaagtacattactataattggtgttategggtcttccaactce ccattcaagacttaattgactctgt
TAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTC tgagattctaagtcccttagatgecaagtacattactataattggtottategggtcttecaactect cattcaagacttaattgactctat]
STAGGTTTAATTTCATCTTCTAAT TTAGAATCTTGC CAATCAAGCCCTCTCGAAG tgagattctaagtaccttagatgocaagtacattactataattggtgttategggtettocaacteet tcaagacttaattgactctgt
GTAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAAG gegattctaagtaccttagatgocaagtacattactataattgotgttategggtettocaactecte
ATTTCATCTTCTAAT TTAGAATCTTGCCAATCAAGCCCTCTOGAAGT TGGCAATATCTATAACTCAAC agattctaagtaccttagatgccaagtacattactataattgotgttatcgggtcttccaactcctec cttaattgactctgy
TTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAAGT TGGCAATATCTATAACTCAACCT AGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCC attgactctgt
gattctaagtaccttagatgocaagtacattactataattggtgttatogggtcticcaactecteca
gattctaagtaccttagatgcceagtecattactateattggtgtiatogggtcticcsactoctcca
gattctaattaccttagatgccaagtacattactataattggtgtiatcgggtettccaacteoccea
aagtaccttagatgccaagtacattactataattggtottatcgogtcttocaactoctecattcaag
cttecaactectccattcaagacttaattgactctgt
TTCCAACTCCTCCATTCAAGACTTAATTGACTCTG
TCCAACTCCTCCATTCARGALTTAAT TRACTCTG
caactcctccattcaagacttaattpactctot
caactcctccattcaagacttaattgactctgt
aactcctccattcaagacttaattgactictgt
aactcctccattcaagacttaattgactctgt
tccattcaagacttaattgactctgt]
ccattcaagacttaattgactctgt
ccattcaagacttaattgactctgt




Map/ align RNA-Seq reads to genome
(IGV, Integrative Genomics Viewer)

1GV s
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DIANA miRPath v3

Target-based analysis of miRNA functions

Marios Miliotis, PhD Candidate

Prof. Artemis G Hatzigeorgiou
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Specific miRNAs that are currently being pursued as clinical candidates

miR-103/107

miR-208 \,z;\\\)fe

35

miR-451
Yac repa\ Atheros®
miR-33

Eva van Rooij et al. Circ Res. 2012;110:496-507

e American
Heart 32
Association.

Copyright © American Heart Association, Inc. All rights reserved.
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miRPath purpose

What are the functions/pathways in which one or more
MiRNAs are involved?

= Need 3 things (at least) to answer:
1. miRNA
2. Target genes
3. Biologic process/pathway of target genes

) SEP>
J Hellenic Pasteur Institute DIANA LAB e £ | ?@'\ [niversity of Thessaly
i\ 4 >
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Pathway/Gene ontology definition

= A pathway is

A series of interactions between molecules that lead to a
product or a change in a cell

= A gene ontology is

a representation of a certain term in a cell. It has a name
and can be:
» a cell compartment (e.g. nucleus, mitochondria)
» a molecular function (e.g. binding, catalysis)
» a biological process (e.g. cell cycle)
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Target gene resource

Pick target
genes from
here!

II:E =DIANA-TarBase/LncBase: databases with experimentally supported miRNA-gene pairs ]

= DIANA-microT-CDS: a web-server of in silico predicted miRNA-gene interactions

= DIANA-miRPath: Investigations of the combinatorial effects of miRNAs using semantic

annotation sources
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Target gene resource

Or from
here!

=DIANA-TarBase/LncBase: databases with expérimentally supported miRNA-gene pairs

'::E = DIANA-microT-CDS: a web-server of in silico predicted miRNA-gene interactions 1

= DIANA-miRPath: Investigations of the combinatorial effects of miRNAs using semantic

annotation sources

36



5/12

Inferring biological meaning from gene sets

Two widely utilized resource databases

u KEGG pathwayS http://www.kegg.ip/

v’ Pathway maps
v’ Disease-related lists

v’ Biochemical reactions

u Gene Ont0|0gy http://geneontology.org/

Pick biologic
processes
from here!

v Molecular Function
one step

v’ Biological Process
a series-of-steps

v’ Cellular Component
the space

Ashburner M, et al. Nat. Genetics. (2000) 37


http://www.kegg.jp/
http://geneontology.org/
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Analyze using miRPath v3

Find
miRNA-biologic process
associations!

=DIANA-TarBase/LncBase: databases with experimentally supported miRNA-gene pairs

= DIANA-microT-CDS: a web-server of in silico predicted miRNA-gene interactions

= DIANA-miRPath: Investigations of the combinatorial effects of miRNAs using

semantic annotation sources

38
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Inferring biological meaning from gene sets

Terms interrogated as lists of components

A list under study

v Differentially expressed genes (RNA-Seq/microarrays)
v" DNA targeted by transcription factors (ChIP-Seq)
v Genes regulated by microRNAs (CLIP-Seq, prediction algorithms etc.)

The resource

v' One set of interacting molecules per term (e.g. all genes in a KEGG pathway,
GO-term or Disease)

The guestion (translated in Statistics)

Does the list under study contain more components for a specific term than would be
expected by chance?

Term enrichment analyses apply Fisher’s Exact Test

‘/ p(HO); Term-related components in list under study are no-more than would be expected by chance

Target
genes

Biologic
processes



DIANA-miRPath v3.0

Web-server details

mirPath v3.0 enables:
v’ the functional analysis of a selected miRNA

v’ exploring the combined effect of multiple miRNAs

MiRNA target resources:
v’ TarBase v7.0 (experimentally supported targets)

v microT-CDS & TargetScan (in silico predicted targets)

Available modules:
v KEGG pathways

v Gene Ontologies

Reverse search:
v Query Pathways/GO-terms to find controlling miRNAs

Flexible statistics engine extends functionality

8/12
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DIANA-miRPath v3.0

Web-server details
4 available modules

Genes Union
v targets of all miRNAs under query
Which pathways are enriched by the sum of targeted genes?

Genes Intersection
v genes commonly targeted by >n miRNAs

Which pathways are jointly controlled by more than one miRNAs?
Pathways/Categories Union
v’ significance calculated for each miRNA-pathway separately

v'merged p-value extracted for each pathway (Fisher’s meta-analysis method)
How much does each miRNA contribute in pathway enrichment?
What’s the combinatory significance of enrichment?

Pathways/Categories Intersection

v’ Individual and merged p-values calculated as in Pathways Union

v Only pathways enriched by all queried miRNAs are included
Which pathways are enriched by all individual miRNAs ?
At what combinatory significance?



{'J Hellenic Pasteur Institute ?@\ University of Thessaly

Querying DIANA-mirPath

Paraskevopoulou, M. D., Vlachos, I. S. & Hatzigeorgiou, A. G. DIANA-TarBase and DIANA Suite Tools: Studying
Experimentally Supported microRNA Targets. Current Protocols in Bioinformatics, 12.14. 11-12.14. 18 (2016).

http://www.microrna.gr/miRPathv3/

DIANA LAB
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http://www.microrna.gr/miRPathv3/
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Performing functional characterization of microRNAs with miRPath (I)

1. Navigate to (http://www.microrna.qr/miRPathv3/).

2. In the query box , add the following miRNAs one at a time and press the “+” button:
hsa-let-7a-5p
hsa-let-7a-3p
hsa-let-7b-5p
hsa-let-7b-3p
hsa-let-7e-5p
hsa-let-7e-3p

Alternatively, you can create a text file, paste each miRNA inside, followed by the source of your
choice (e.g. hsa-miR-34-5p | Tarbase) and select “upload a file”.

3. The default mode (Genes union) will perform enrichment analysis of KEGG pathways using all
genes targeted by any of the defined miRNAs. Select “Pathways union” to examine each miRNA
individually and combine the group’s function with meta-analysis statistics.


http://www.microrna.gr/miRPathv3/
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Performing functional characterization of microRNAs with miRPath (ll)

4. In the performed analysis, miRNA targets with experimental validation are retrieved from
TarBase v7.0. To use in silico predicted targets instead, select “microT-CDS” in every miRNA entry
field. Results are updated in real time.

5. Press “details” in “Signaling pathways regulating pluripotency of stem cells” pathway. You can
view the 5 miRNAs exerting regulatory roles in this pathway, the targeted genes (“see genes”)
and their individual significance levels.

6. Press the link on the pathway name to examine the targeted genes in the pathway. Yellow
nodes are targeted be one miRNA and orange ones are targeted by more than one miRNAs.

7. Explore the created graph. miRNAs are clustered based on the pathways/terms they target.
Pathways/terms are also clustered on the basis of shared miRNAs. Significance levels are
displayed with white-to-red gradient (red — the most significant), allowing to estimate the effect
size.

8. Examine the clusters of miRNAs in relation to the significance of their exerted control.
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Performing functional characterization of microRNAs with miRPath (lll)

9. Disable the hsa-let-7a-3p, hsa-let-7b-3p and hsa-let-7e-3p and revisit the Heatmap graph.

10. Re-enable all microRNAs. Select “Show microRNA/Pathway Clusters” to only produce
dendrograms of miRNA and Pathway clustering analysis.

11. Select “Targeted Pathways Clusters/Heatmap”. Press “Show Heatmap”. Examine the graph.
Now the presence/absence of statistical significance is displayed (red/white color) instead of the
effect size of the miRNA regulation.

12. Press “Download Results” in the main analysis page to store the results locally in .csv format.



Indexing promoters for miRNAs
using CAGE datasets

Dimitris Grigoriadis

Y,

Hellenic Pasteur Institute
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Annotation

TSS

|_> Gene

N/ "\
promoter

Transcription Factors

* Transcription is the first step of gene expression.
* Promoter is a sequence of DNA to which proteins bind and initiate
transcription of an RNA molecule.

* Transcription factor is a protein that controls the rate of transcription.

47



CAGE-seq

* TSS with single nucleotide resolution

* Expression

Gene

Transcripts m n
| =

Cage signal _,_ulll; L

48
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ADAPT-CAGE

Machine Learning framework

Identify Transcription start sites

Core Promoter Elements (o}
+1
=40 )' +40
| |
Ol 1] 1 1 MTE
BREY TATA BREd Inr 1 DPE
 — | 1 [ Bridge
TET

[ | OO O |
XCPE1 DCE
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Transcription factors

Control rate of transcription
Binding to a specific DNA sequence.

Form a complex in promoter region

transcription factors

\ RNA polymerase

€—promotor gene —>

DNA

50
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DIANA-miRGen v4

DIANA-miRGen v4: indexing promoters and regulators for
more than 1500 microRNAs

Nucleic Acids Research, November 2020

Nikos Perdikopanis, Georgios K Georgakilas, Dimitris
Grigoriadis, Vasilis Pierros, loannis Kavakiotis, Panagiotis
Alexiou and Artemis Hatzigeorgiou
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DIANA-miRGen v4

Over 1000 samples and 1500 miRNAs

Elmary cells Counts for 1027 analyzed CAGE samples according type and
sample tissue

Tvpe Number of Number of Healthy Disease
P Samples Tissues Samples Samples

Cell lines Primary Cel 543 64 521 22

Tissue 178 85 178 0

Unique and common tissue
among tissues, primary cell and .




TF: miRNA

promoter

TSS
N —* __miRNA .
B | |

TFBS  TFBS  TFBS

Annotation of TSS

® Characterization of miRNA promoter regions
® TFBS annotation in promoters using experimental and computational methods
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miRGen v4 Database (2019)

Input Interface

miRGen v.4

““““

(A)

mMiRNA info ®

B TP p———TTT
mIRNA ISS tuman | Mowse ||| 48| Heattyy O A | ey Ciosest TSS
(C) Sample orented mode | miIRNA orientad me Execule Search

mRNA names

.
I FS I nfo N hsa-et-7a-1 (4 chi9-04175857-84176036 [+] mT TB InE InP mP
(D)
oG4
141

Clusters of TSS
miRGen V4 ®

TFs expression 1027

TFs : miRNA @

TFBS positions - CAA5$
TFBS motifs _

Displays overiaps between selected cluster and the search criteria for the above selected typeftissue.

891 hrS:4166648-04166658 [-]

(G)

90 chr9:841685847-94166370

https://diana.e-ce.uth.gr/mirgenv4
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Annotation

Gene

o
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Index page

DIANA Tools Home Tools

Database Previous Versions ~ Statistics Help

miRGen"

Indexing premoters and regulators for microRNAs
N

Human = Mouse || All | Healthy | Disease | All | Only Closest TSS

miRNA Transcription Factor
Types: 3 Select Sample Types
Tissues: 133 Select Sample Tissues
Samples: 1042 Select Samples

Sample oriented mode | miRNA oriented mode | |

Search by inserting in the corresponding search fields:
% miRNA names (miRBase v22) e.g., hsa-let-7a-1 »Transcription factor names e.g., KLF5 »combinations of the previous

Run our Example £

57
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Index page

DIANA Tools Home Tools

Database Previous Versions ~ Statistics Help

miRGen"

Indexing premoters and regulators for microRNAs
N

Human = Mouse || All | Healthy | Disease | All | Only Closest TSS

miRNA Transcription Factor
Types: 3 Select Sample Types
Tissues: 133 Select Sample Tissues
Samples: 1042 Select Samples

Search by inserting in the corresponding search fields:
% miRNA names (miRBase v22) e.g., hsa-let-7a-1 »Transcription factor names e.g., KLF5 »combinations of the previous

Run our Example £
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10.

Queries

Find in which cell lines/tissues miRNA hsa-mir-32 is expressed.
Filter out disease samples.
Find correlations between hsa-let-7a-1 and SP2 (Transcription factor) in adrenal gland
tissue.
Find samples having same miRNA TSS with hsa-let-7a-1 for Type cell line & adrenal gland
Tissue & neuroblastoma (NB-1) Sample.
Find SP1 TF overlappingwith TSS region with hsa-let-7a-1 for Type cell line & adrenal
gland Tissue & neuroblastoma (NB-1) Sample.
Explore DIANA Links:

i.  MicroT-CDS

ii. TarBase

iii. LncBase

iv. mirPath
View in UCSC browser
Find all clusters miRNA hsa-let-7a-1 is present.
Find samples that have the same miRNA cluster with hsa-let-7a-1 for (type) Cell line and
(tissue) liver.
Find TFs overlapping with miRNA hsa-let-7a-1 cluster for (type) Cell line and (tissue)
adrenal gland, sample neuroblastoma NB-1.
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Institute

DIANA-mirExTra: DEA suite for (s)RNA-Seq data
revealing important miRNAs and TFs

http://www.microrna.gr/mirextrav2

Vlachos, 1. S. et al. DIANA-mirExTra v2. 0: Uncovering microRNAs and
transcription factors with crucial roles in NGS expression data. Nucleic acids

research, gkw455 (2016) -
DIANA LAB | , I



http://www.microrna.gr/mirextrav2

DIANA-mirkExTra v2.0

DIANA-mirExTra v2.0 (http://www.microrna.gr/mirextrav2) is an online web
server dedicated to uncovering miRNAs and TFs playing important regulatory
roles between two investigated states

mirExTra offers:

= An extensive suite for differential expression analysis (DEA) of RNA-Seq and
small-RNA-Seq read count data

= Advanced methodologies for quality checking of NGS expression data and
replicate homogeneity tests, including PCA and sample clustering

= A comprehensive database of ready-to-use NGS expression experiments
v’ 350 small-RNA-Seq and 65 RNA-Seq in-house analyzed libraries
v’ covering more than 70 different tissues, 100 cell types and 90 conditions in 4 species

(Homo sapiens, Mus musculus, Drosophila melanogaster, Caenorhabditis elegans)
61


http://www.microrna.gr/mirextrav2

DIANA-mirkExTra v2.0

= >450,000 experimentally supported miRNA:gene interactions from DIANA-TarBase 7.0
= >2 million TF binding sites (TFBSs) derived from miRGen v3.0 and OregAnno v3.0

= Predicted miRNA:gene interactions from DIANA-microT-CDS

= Advanced visualizations, including heat-maps and interactive network graphs

= Exported results enhanced with rich metadata
v normalized read counts for each sample and group,
v’ fold changes, P-values, FDR levels,
v’ database identifiers (i.e. miRBase and Ensembl accessions),
v’ genomic locations
v’ gene descriptions

Intuitive user-friendly interface available without any login requirements

DIANA-mirExTra v2.0 can be utilized as a one-stop-shop for differential expression, functional or
investigative analyses

Vlachos, 1. S. et al. DIANA-mirExTra v2. 0: Uncovering microRNAs and transcription factors with crucial roles in NGS
expression data. Nucleic acids research, gkw455 (2016) 62



Combined differential
expression of NGS data

Predicted &
Experimentally supported
interactions with
RNAs/TFs

Functional Enrichment
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DIANA-mirExTra v2.0 interface B

DIANA TOOLS

1 Help(?)

mIrEXTI'a 2.0 Data Sources |

Select the type of analysis that you want to perform

Differential expression Find miRMNAs and TFs
analysis with crucial roles

Discover microRNAs with central roles between conditions and analyze microRNA fmRMNA expression data from NGS experiments with DIANA-miRextra v2.0! The
server enables sophisticated analyses from an easy to use online interface, without requiring bisinformatics expertize of HPC infrastructure.

Differential Expression Analysis Module (DEA): Select and compare groups of microRNA or mRMA expression samples (e.g. Normal Stomach samples vs Stomach
Adenocarcinoma) from the extensive DIAMA expression database. Hundreds of RNA-Seq and mRNA-Seq libraries with billions of reads have already been analyzed in-house
and uploaded! Upload your own expression data from sequencing experiments (RNA-Seq or small-RNA-Seq) and analyze them enline. The interface enables powerful analyses and
visualizations including differential expression analysis with DESeq, Limma and edgeR., heatmaps, dimentionality reduction (PCA), clustering and more!

Central microRMNA Discovery Module (CmD}: Combine microRNA and mRMNA expressicn data, in erder to identify functional microRMAs rezponsible for changes in mRNA
expression. You can also upload your own differential expression results or import them from a previcus miRExtra analysis! CmD performs a state-of-the-art cverrepresentation
analysis and identifies important microRMNAz in your data. It utilizes in silico predicted interactions frem DIANA-microT-CDS, a5 well 3z more than 600.000 experimentally
validated interactions from the DIANA-TarBase v7.0. mRNA and microRMA Differential Expression results are concurrently analyzed and important regulators are found bazed

an functional analysis of their targets.
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DIANA-mMirExTra v2.0 interface- DEA module

New analysis @ Backe ]4‘ um -‘m irExTra 2 -~ O 15‘ D‘h m*Data Sources @ Help@

Perform differential analysis on miRNAs, genes, or both!

Your miRNAs expr. file @ or use stored

Your genes expr. file @ or use stored

Species | Human
Statistical method | LIMMA
Differential expression analysis miRNAs FDR threshold 0.05

Genes FDR threshold 0.05

Create comparison graphs
Create group homogeneity
graphs

Results format | text (.csv)
9 FWM Ambs‘s Find miRNAs Find TFs Find TFs
o controlling mRNAs controlling mRNAs controlling miRNAs
i 7. Download
10‘ KEGG/GO Anlym «* Run mirPath for Top-20 Run mirPath for Top-20 Run mirPath for .

UP-regulated miRNAs DOWN-regulated miRNAs Top-20 miRNAs
miRNAs & cl“ph *Graphs @ Download @ Genes 5. Resnh Pm Graphs Download @
Name Group1 Group2 Crf:::]e P-value FDR ame Group1 Group2 Cth?rI\cée P-value FDR

I hsa-miR-653-3p . 3,952.80 21,166.40 5.354 1.3e-10 2.5e-7 rf132 . 8.80 1,336.60 140.00 8.1e-12 5.7e-8 }
I hsa-miR-30d-3p . 309.40 3,032.80 9.774 1.3e-9 1.2e-6 ‘ ! AKR1D1 . 0.40 160.40 120.00 8.2e-12 5.7e-8 ‘
I hsa-miR-3168 @ 1,683.00 38.20 0.023 9.9e-9 6.3e-6 H or2w3 @ 94.60 829.60 8.70 7.1e-11 2.5e-7 ‘
| hsa-miR-383-5p . 3,842.40 10,054.20 2.616 1.6e-8 7.7e-6 I ‘ CBLB . M 305.20 70.00 7.1e-11 2.5e7 ‘
| hsa-miR-4677-3p @ 4.60 171.60  30.821 5.4e-8 1.8e-5 H Aco1r @ 590.00 2,962.00 5.00 9.3e-11 2.6e-7 ‘
I hsa-miR-3914 @ 37.60 507.40 13.171 5.6e-8 1.8e-5 H RNF165 @ 10.40 0.0e+0 0.09 1.4e-10 3:.3e-7 |
| |

hsa-miR-3116 . 80.00 1.40 0.030 8.3e-8 2.1e-5 H pGeD3 @ 76.60 996.80 13.00 4.7e-10 9.3e-7




DEA module — File setups

miRNA Expression Files

1st line: Setup and Group names for each sample separated by tabs.

Sel_’?upthatient Patient Patient Patient Patient Healthy Healthy Healthy
ealthy

2nd line: ID and Sample names separated by tabs. The number of groups above and
sample names have to be equal

ID P1 P2 P3 P4 P5 H1 H2 H3 H4 HS5

3rd line till end of the file: miRBase MIMAT or miRNA name (miRBase 18+
nomenclature (-3p / -5p) and read count (raw read count / not normalized or RPKM).
One number for each sample, separated by tabs.

MIMATO0000680 15 25 14 12 50 2 1 4 6 10

MIMAT0000104 200 210 250 230 260 30 32 41 56 42
g/III\/ISTé)%000253 1000 1050 1200 1500 1090 8099 8015 8150 818
MIMAT0005824 0 1 0 O O 100 110 310 120 201



DEA module — File setups

Gene Expression Files

1st line: Setup and Group names for each sample separated by tabs.
Setup Patient Patient Patient Patient Patient Healthy Healthy Healthy Healthy

2nd line: ID and Sample names separated by tabs. The number of groups above and sample

names have to be equal.
ID P1 P2 P3 P4 P5 H1 H2 H3 H4 HS

3rd line till end of the file: Ensemble Gene ID and read count (raw read count / not normalized or
RPKM). One number for each sample, separated by tabs.

ENSGO0000000003 15 25 14 12 50 2 1 4 6 10

ENSGO0000000005 200 210 250 230 260 30 32 41 56 42
ENSGO0000000419 1000 1050 1200 1500 1090 8099 8015 8150 8189 8400
ENSGO0000000457 O 1 O O O 100 110 310 120 201



DEA module — Selecting groups from mirExTra
Expression DB

CLOSE X
Please select or Import the groups to compare.
Indiwidual growps can be user uploaded or selected from the mirexTra cxpression databasa.
Compatblke file formats for upload can be found in the Help secon

uuuuuu

or | Browse... | Mo file selectad. *—3]@0“6]‘0@& ‘Z,BBGI‘MA

Group

or | Browse.. | Mo file selectad. *‘5, Inm]'tcl’m]ph “4. nBcroan
(cal =6, Finalize Selection
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Heatmap of 100 miRNAs with lowest PValues

Graphs (expression heatmap) = —
| 6 ==, [
Annotated expression heat map for ; e —
100 entries with the lowest p-values. |~ == —_.
e Each line =1 gene/miRNA HE . ——
e Each column =1 sample =
* Color = level of expression of é _=_ N
gene/miRNA in the sample [E - =
(compared to mean expression of ﬁ —
gene) i = e

* Vertical dendrogram = clustering of

|

||
* Horizondal dendrogram = clustering .-_ ——
of samples -,
genes/miRNAs




Graphs (group homogeneity heatmap)

Group homogeneity heat -
map, based on mRNA or .
miRNA expression. "

Samples with similar
MRNA or miRNA
expression patterns are
clustered together.

This figure can be used to
identify distinct
subgroups within the
data or samples having
dissimilar behaviors.

T

H1 H4 H3 H5 H2 P3 P5 P1 P4 P2
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Querying DIANA-miIrExTra

Vlachos, I. & Hatzigeorgiou, A. Functional Analysis of miRNAs Using the DIANA Tools Online Suite. Methods in
molecular biology (Clifton, NJ) 1517, 25 (2017)



Performing Differential Expression Analysis for microRNAs (1)

1. Navigate to mirExTra v2.0 page (http://www.microrna.gr/mirextrav2/).

2. Select “Differential Expression Analysis”. In this protocol, we are using pre-analyzed expression data
integrated from the extensive mirExTra database. Select “Use stored” in the miRNA expression file menu.

3. In the pop-up window, choose:

Species: “Human”

Group A: “Healthy Stomach Tissue from Cancer Patients”

Group B: “Stomach Adenocarcinoma”


http://www.microrna.gr/mirextrav2/

Performing Differential Expression Analysis for microRNAs (ll)

4. Press “Go!” and proceed to DE settings:
Species: “Human”

Statistical Method: “EDGER”

miRNA FDR threshold: 0.05

Gene FDR Threshold: 0.05

Create comparison graphs: tick

Create group homogeneity graphs: tick

Results format: .xls

5. Select “Differential expression analysis”. When the analysis is completed, the list of de-regulated miRNAs will appear;
Significantly up-regulated and down-regulated miRNAs are marked with green and red respectively.

6. Press the “Graphs” button to examine the created graphs. To save the results file, select “Download” next to “Graphs”
button.

7. Use the (i) button next to the miRNA name on the top de-regulated miRNA. Access its relevant entries in (a) microT-
CDS, (b) TarBase, (c) LncBase Experimental/Predicted, or (d) miRPath to view in silico predicted and experimentally
validated targets of the selected miRNA, its experimentally supported/predicted interactions with long-noncoding RNAs
and perform functional analysis with miRPath.



