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What are microRNAs (miRNAs)?

e GeneB e DNA

Transcription

RNA

PROTEIN

MIRNAS are about 22 nt long
RNASs.

They post-transcriptionally
requlate protein coding gene
expression



MicroRNAs are involved
n ...

Development stem cell proliferation
Division Differentiation

regulation of innate & adaptive immunity

apoptosis cell signaling metabolism

human pathologies

Cancer viral infections cardiovascular diseases
metabolic disorders neurological
pathologies

psychiatricdisorders renal disease hepatological conditions
autoimmune diseases gastroenterological conditions
obesity reproductive disorders

musculoskeletal disorders periodontal
pathologies




Specific miRNAs that are currently being pursued as clinical candidates.

miR-103/107

miR-208 ,\,b\\\)fe”

&

miR-451 I8%)
0730 repa\’ ’4thero$o\
miR-33

Evavan Rooijj et al. Circ Res. 2012;110:496-507

d American
” Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.



The microRNA
world

Available miRNA-related Pubmed articles and miRBase entries per year

25000 /

20000

15000

10000

5000 -

2007 2008

2009

2012
M Pubmed Articles L4 miRBase Entries

Vergoulis T, Vlachos IS et al. Nucleic Acids Res. 2012 January; 40(D1)



Annual number of US and European published patent applications and issued patents
related to miRNAs and their applications.

400 -
350 U.S. Patent Publications

— U.S. Patents

3004 - EP Patent Applications
— EP Patents

250 -

200 1

150 -

100 -

NUMBER

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

e American

Heart
Association.

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



MiRNA target prediction

Coding Sequence (CDS) 3’Untranslated Region

MRNA R RNA
@ MicroRNA

Recognition
/ Element
5+G  AUGG MRE~

3'UTR AGC GC AUC GCUACCUCA

[.] LA LL LA |
microRNA 3 UUG UG UGG UGAUGGAGU g

AUA U A “seea |

extended seed 1

RISC complex

dentifying a microRNA-recognition element by comparing the degree of complementarity
of a microRNA nucleotide sequence to an mRNA sequence

{_Print ) ( E-mail ) (Add to Marked List | (Save to EndNal®Web | | Save to EndNal®, RefMan, ProCile | more options

Patent Number(s): WO2005017111-A2; U52007026403-A1
Inventor{s): HATZIGEORGIOU A G, MOURELATOS Z

Patent Assignee(s) and Codes(s):UNIV PENNSYLVANIA(UPEN-C)
HATZIGEORGIOU A G(HATZ-Individual)
MOURELATOS Z(MOUR-Individual)

Derwent Primary Accession Number: 2005-182352 [65]

Citing Patents: 2 Articles Cited by Examiner: 8



Computational identification of
microRNA targets .



V)

G U A
5’ UUGCAC UCUCAGGA 3’ lin-28 5' UUAUACAACC CUAC CUCA 3’ lin-41
[**| 1] ARRRNEN *Peereerer o reer el
3" AGUGUG AGAGUCCU 5’ lin-4 3' GAUAUGUUGG GAUG GAGU 5’ let-7
A C [4) U AU
A C
cu -
AU
5’ UUAUACAACC CUGCCUC 3’ lin-41
*PUEEErerer  rrxrnnd
3' GAUAUGUUGG ERUGGHGU 5" let-7
MmRNA U AU

translation

microRNAs bind the 3'UTR of mRNAs and repress translation



Computational identification of miRNA targets

l

1 35

ATGCCGATCCGGATGCATGCAGCTACCTGCAAGCG

Dynamic programming using free energies of
dinucleotide pairs as scoring matrix.

\ 4 T
A G
) C C 3’
ATGCCGATCCGGATG AGCTACCTGCAAGCG mRNA
000000000 0O0O0O0OO0OO 0000000 O0O0OD0O0O0O0OOO
TACGGCTAGGCCTAC TCGATGGACGTTCGCy microRNA

3

l

Minimum binding free energy score for mRNA window



Adding conservation

For each miRNA:;

A ) Keep targets conserved in human / mouse orthologs.

—_ X Human 3’ UTR
Mouse 3’ UTR

B) Sort all targets based on the minimum free energy binding score

Top 13 targets selected for experiments.




Experimental identification
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Experimental identification of miRNA binding rules
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MRE

m7G —— N — A AAAAAA
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First Binding rules

* Bindingon the 5’ prime of miRNA important
* Length of central bulge can change

e Binding on the 3’ prime of miRNA can be loose



Statistical evaluation of miRNA binding rules

Signal : noise ratio

1. X =# total target site predictions for a set of real miRNAs
2. Y= #total target site predictions for a set of randomized miRNAs
3.  X:Yisthe signal:noise ratio which provides a measure of specificity

Example

1. X=2000
2. Y=1000
3. Signal:noise ratio is 2:1. For every 2 predicted targets, 1 is likely to be false (50% FPR).
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A combined computational-experimental
approach predicts human
microRNA targets

Marianthi Kiriakidow,"* Peter T. Nelson," Andrei Kouranoy,” Petko Fiteiev,™ Costas Bouyioukos,”
Zissimos Mowrelatos """ and Artemis Hatzigeorgion® 5

Departmeris af 'Pathology, ‘Medicine, amd *Genetics, School of Medicine, "Cender for Bioinformaiics, and “Compubes
ared Indormatiom Scivnce, Schoul of Engincering, Undversity of Pennsylvania, Philadelphia, Pennsylvanaa 19104, 1954



MmIRNA:target interaction categories

5'-dominant
site
5 BCI2FUTR 5
L |
A A | A | CCAA T e | 3 | & C T 5 G | T\
B CBOTTATAAATG CACOAGD AT

* Perfect base pairing
to at least 7 nucleotides
starting from the first or
second nucleotide at the
5’-end of the miRNA

3’-compensatory site

LIMT 3 UTH

UGCCUCUGGCCC-CCAAGUCALC

Q o0 o000 OO0 Le] oo 0 Q00 OO

 Imperfect or shorter stretch of
base pairing to at least 7
nucleotides starting from the first
or second nucleotide at the
5’-end of the miRNA

 Extensive binding to the
3’-end of the miRNA in order to
compensate for the weaker
binding to the miRNA 5’-end



miRNAtarget sites & miIRNA:mMRNA

 Predicting individual miRNA:site interactions

3’ UTR of Gene X

ATCGAGTATCATGTTGCCATG

binding?

* Providing a list of mMIRNA:gene interactions

3 UTR of Gene X

MYRE 1 MYRE 2 MYRE 3 MYRE 4

How likely is it that Gene X is atarget of miRNA Y?




New microRNA target prediction : DIANA-microT 3.0

Calculating for each possible binding category conservation scores
including 17 species.

Ratio vs Conservation score for hsa-let-7a

16 = Omer
15 = 8mer

Ratio
&

OFRPNWMUITON®O©

(0] 1 2 3 4 5 6 7 8 9 10 11 12 13

Conservation score



Combined 3'UTR score

3’ UTR of Gene X

Total
Score 10 7.5 1.5 8.5 27.5
’ 9mer 8mer 9mer 7mer 3,
HUMAN |
MYRE 1 MYRE 2 MYRE 3 MYRE 4 j
MOUSE
MYRE 1 MYRE 2 MYRE 3 MYRE 4
Not |/*
conserved
DOG
MYRE 1 MYRE 2 MYRE 3 MYRE 4
Not Not /
conserved conserved

Weighted sum over of all putative target scores per 3'UTR.

BMC Bioinformatics MM Cort
Fesearch artiche m

Accurate microRNA target prediction correlates with

protein repression levels

Manolis Maragkakis® ', Panagiotis Alexiou''3, Giorgio L Papadopoulos’,
Martin Reczko!#, Theodore Dalamagas?, George Giannopoulos™5,

George Goumas’, Evangelos Koukis”, Komilios Kourtis”, Victor A Simossis®,

T e rrm s B bl mdleael T cvm mmim R P NS B o 5 e &M



Evaluation of miRNA target prediction programs

until 2008:

Statistically based on the ratio of real and artificial miRNAtargets
Experimental verified targets

2008 :

pSilac and Silac approach:

Measured the effect of mMiRNAs in the cell on proteinlevels.
(Selbachet.al. & Baek D., Nature, 2008)



Widespread changes in protein synthesis

induced by microRNAs

Matthias Selbach', Bjorn Schwanhiusser'*, Nadine Thierfelder'*, Zhuo Fang', Raya Khanin® & Nikolaus Rajewsky'
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NATURE, 2008

194/294

BMC Bicoinformatics

Research article

Accurate microRNA target prediction correlates with
protein repression levels

Manolis Maragkakis® ', Panagiotis Alexiou™'3, Giorgio L Papado
Martin Reczko'#, Theodore Dalamagas’, George Giannopoulos® 5,
George Goumas’, Evangelos Koukis?, Komilios Kountis®, Victor A
Praveen Sethupathy®, Thanasis Vergoulis*®, Nectarios Koziris?,
Timos Sellis® ¢, Panagiotis Tsanakas” and Artemnis G Hatzigeorgiou



precision

0.7

0.65

086

0.55

0.5

0.45

©
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Does more means also better ?

M

o

0.05
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Gene expression

Lost in translation: an assessment and perspective for
computational microRNA target identification

Panagiotis Alexiou'*, Manolis Maragkakis', Giorgos L. Papadopoulos’, Martin Reczka'-2
and Artemis G. Hatzigeorgiou'-

linstitute of Melecular Oncology, Biomedical Sciences Research Center "Alexander Fleming', 168 72 Varkiza,
Greece, “Synaptic Ltd., 700 13 Heraklion, Greece and *Computer and Information Sciences, University of
Pennsyivania, 19104-6391 Philadelphia, LSA

Recehed on Juna 16, Z008; revisad on Septamber 24, 2009; sccapted on Septermioar 27, 2008

Advance Accass publication Saptamber 28, 2009




Experimentally identified binding sites
Limited number -> cannot extract statistically significant features
Specific for few miRNAs

Microarrays (mMRNA level) or proteomics (protein level)

Target genes are specified butbindingsites remain unknown

Targeted mRNAs

-

—

-

CDS

3’UTR

MRNA ——— ? N ? —

MR N A m—— ? e ? I

MRNA

? 7




CLIP data (Chi et al. 2009, Hafner et al. 2010)

Ago Protein

1 Cell Nucl 2 Cro‘;sfm:i#go 3 3 A
ell Nucleus and mRNA \Spemfic Antibody

Immunoprecipitate

. 4 and purify complexes
Sequence mRNA \

6 fragments and map
to genome

5 Reverse Crosslinks
Purify mRNA and prepare
for sequencing

Note
PAR-CLIP (Hafner et al. 2010) , HITS-CLIP (Chi et al. 2009).
T->C mutation on the tags specifies binding sites within a region of 5 nts.



Experimentally identified binding sites
Limited number -> cannot extract statistically significant features
Specific for few miRNAs

Microarrays (mMRNA level) or proteomics (protein level)
Target genes are specified but binding sites remain unknown

Now - Sequencing data (PAR-CLIP, HITS-CLIP)
Specify location of thousands of binding sites
Enable statistical evaluation of several features

CDS 3’UTR

mRNA MRE H MRE _
Targeted MRNAs - mRNA

MRNA . MRE A MRE MRE

—




How CLIP dataare processed

| Sequence reads are mapped o genome _| i

Y ¢ A
Creabsorreassareenies | M o A A

R-124 miR-15 miR-26  miR-124
miR-124

Peaksindicate bindingsites BUT do not specify by which miRNA

For this, the genomic location of the peakis aligned against all known

mMiRNAs and the best matching miRNA is chosen

Out of 17310 peaks 5057 overlap with an MRE at the
UTR and 6057 overlap with an MRE at the CDS.



Feature Extraction and Analysis

Identified bindingsites are divided into 2 categories
1. Positivesites - overlap with PAR-CLIP data
2. Negative sites - do not overlap with PAR-CLIP data

More than 150 features are tested to distinguish:

Flanking AU content

i:EJ ]
T T T T 1
0.4 02 03 04 05

e.g.




MicroT — CDS
A combination of MRE scores In
CDS and 3’UTR regions

MRNA

MRE scores in each region are combined to a region score

Integration of CDS score and 3 UTR score with a generalized linear model



Does targeting in CDS improve prediction performance?

M~
o
W microT
© W microT-3'UTR 07
<@ B microT-3'UTRandRandomCDS
P
- 06
0 \
o DERS
= 0.5
s
= o
B Py
@ > 0.4
2 b —
pid 7]
& 14
@
n 0.3 I5
: %
0.2 =
@
: a
(=]
0.1 O
o
(=]
T T T T T 00
0.0 0.1 0.2 0.3 0.4
false positive rate

Including targetingin CDS improves sensitivity by more than12%
e 300 targets per miRNA that would be lost otherwise




WwWWw. microrna.qr/microT-CDS

Q e * g
ooged i"”'"'" Results: 228 targets for miRNAs mmu-miR-455-star @ Threshold is set to 0.3.
n @ Information about verification experiments
o <] s u and predictions of other programs
Username:
gt ; Ensembl GeneId __ miRNA name miTG score SNR Precision Also Predicted
guest@nothing.com
?"" M e Gene details &
Last query on: Ensembl Gene ID: ENSMUSG00000017412
2011-02-21 21:02:21 Gene Name: Cacnb4
Stored bookmarks: Refseq IDs: NM_001037099, NM_146123
1 Description: Voitage-dependent L-type calcium channel subunit beta-4 (CAB4)(Calcium channel voltage-dependent subunit
beta 4) [Source:UniProtKB/Swiss-Prot; Acc:QBR0S4)
External links: UniProt N . N N
User personal area Kegg pathways: MAPK signaling pathway Pubmed.gov Published papers associated with disease MeSH terms
i Cardiac muscle contractio] us o Ly of Madicne H
statistics, bookmarks, Hypertrophic cardiomyopi] et Fiisdeisuat and miRNAs
histo Arrhythmogenic right ven] g z
ry Dilated cardiomyopathy Dl Cetface: (<) Anrd i}
Chromosome: 2 Cancor Sci. 2010 Jan:101(1):241-9. Epub 2009 Oct 8,
H o O Changes in microRNA exp levels late with cli thological fi and prog in serous
miRNA history miRNA details adenocarcinomas.
Name: mmu-miR-455-star Hiroki E, Akahira J, Suzuki F. Nagase S, Ito K, Suzuki T, Sesanc H, Yaegasi N.
ﬂ Alternative description:  MIMAT0003485 > e Sl spr. sz
Related names: mmu-miR-455 , mmu-miR-455-5p
miRNA sequence: UAUGUGCCUUUGGACUACAUCG
Bibliography search |  External links: miRBase
Related diseases: Cystadenocarcinoma, Serous Endometrial Neoplasms Glioblastoma
Mesothelioma
View targets in UCSC browser ‘ pubiied laje: A | geas | oty
UCSC graphic®
Binding Type 3' UTR position Score Conservation
| 9mer 286-314 0.469198 8 ~

Position on chromosome: 2:52289694-52289722
Ci ved speci m4,oryCuni,hg18,panTro2,bosTau3,dasNov1,loxAfrl,monDom4
Binding area: (3' UTR) S5'GUAAUUUAGG CUUA 3 e - o ; 5
GUA  UC AAGGCACAUA Binding site information
11 < T
CAU GG UUCCGUGUAU
(miRNA)  3' A CA U 5

| 7mer 1951-1979 0.274157 8 bl

— — L Worm
MIRNA target prediction and bibliographic miRNA to disease association. Nucleic
Acids Research, 2011.



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

Experimental supported microRNA
targets.
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Vergoulis, T. |. Vlachos et al. Tarbase 6.0: Capturing the Exponential
Growth of miRNA Targets with Experimental Support. Nucl. Acids Res.

2012




Named Entitvy Recognition Process

Abstract link: 20735361 Score: 11

Title: |dentification of microRNAs expressed highly in pancreatic islet-like cell clusters
differentiated from human embryonic stem cells.

Journal: Cell biology international (Cell Biol. Int.),
ISSN: 1065-6995, Date: 01/12 /2010

Identification of microRNAs expressed highly in pancreatic islet-like cell clusters differentiated
from human embryonic stem cells. Type 1 diabetes is an autoimmune destruction of pancreatic
islet beta cell disease, making it important to find a new alternative source of the islet beta cells
to replace the damaged cells. hES (human embryonic stem) cells possess unlimited self-renewal
and pluripotency and thus have the potential to provide an unlimited supply of different cell
types for tissue replacement. The hES-T3 cells with normal female karyotype were first
differentiated into EBs (embryoid bodies) and then induced to generate the T3pi (pancreatic
islet-like cell clusters derived from T3 cells), which expressed pancreatic islet cell-specific
markers of insulin, glucagon and somatostatin. The expression profiles of microRNAs and
mRNAs from the T3pi were analyzed and compared with those of undifferentiated hES-T3 cells
and differentiated EBs. MicroRNAs negatively regulate the expression of protein-coding
mRNAs. The T3pi1 showed very high expression of microRNAs, and

. which down-regulated the expression of LIN28. PRDMI, CALBl GCNT2, RBMA47,
PLEKHHI1, RBPMS2 and PAK6. Therefore, these microRNAs and their target genes are very
likely to play important regulatory roles in the development of pancreas and/or differentiation of
islet cells, and they may be manipulated to increase the proportion of beta cells and insulin
synthesis in the differentiated T3pi for cell therapy of type I diabetics.




Wet Lab Determination of
MIRNA — Gene Interactions

* Specific Techniques
* Reporter genes
* Northern blotting
e gPCR
* Western blotting
e ELISA
* Immunohistochemistry

* High Throughput Techniques
Microarrays

RNA-Seq

Proteomics (such as pSILAC)
CLIP-Seq (HITS-CLIP, PAR-CLIP, iCLIP)
CLASH

PARE-Seq

Degradome-Seq



Analysis of PAR/HITS-CLIP data

\\ HITS/PAR-CLIP
\\ data

e

l map reads in

reference genomes
(hg19/mm9 !
l peak identification
(hg19/mm9 )
- Expressed transcripts
Identification

Thgl9/mm9 | il mRNA 1§

MRE identification




TarBase v6.0 Interface

DIANA LAB

User [nput OV nteligent Analysis

HOME SOFTWARE DATABASES MEMBERS PUBLICATIONS ° Y aLexanocn
mEYN WIS e

Adv. options: o ﬂ

TarBase A (| O ERuls!

Please

TarBase 6.0 hosts detailed Vergoulis, T. I. Vlachos, P. Alexiou, G. Georgakilas, M. Maragkakis, M. Reczko, 5. Gerangelos, N. Koziris, T. Dalamagas, AG Hatzigeorgiou; Tarbase

information for each 6.0: Capturing the Exponential Growth of miRNA Targets with Experimental Support NAR ( Database issue 2012 ) accepted for publication
miRNA-gene interaction, N
ranging from miRNA- and Gene name miRNA name Methods Pred. score
gene-related facts to R Wi (Qf O
information specific to their
interaction, the experimental Gene details »
validation methodologies and
TR T TR Ensembl Gene ID: ENSGO0000099822 .
Gene Name: HCNZ2
st 0 Interaction Info
Description: Potassium/sodium hyperpolarization-activated cyclic nucleotide-gated channel 2 (Brain cyclic nucleotide-gated

channel 2)(BCNG-2) [Source:UniProtkB/Swiss-Prot;Acc:QOULS51]

G I f External links: UniProt
ene n o e Nzlr:ated KEGG pathways.

Kegg pathways:
Chromosome: 19
Transcirpts: ENSTOO000251287

miRNA details ~ |

m i R N A info &1 Authors Year Methods Regulation  Valid. type Region

Luo X et al. 2008 [R] [N] Wi [Q] [P] M] [A] D] [O] 3 DIRECT  UNKNOWN (Taras] (3 A‘

Cell types: -
Original sources: TarBase 6.0, TarBase 5.0
Comments: We experimentally established HCN2 as a target for reprassion by the muscle-specific microRNAs miR-1 and miR-133 and

established HCN4 as a target for miR-1 only

Other artiCIes ‘ Luv el 2000 [R][N] W [Q] [F] M) [A] O] [O] not specified UNKNOWN  UNKNOWN (A «‘




Growth of interactions per method

TarBase 7.0 vs TarBase 6.0 i TarBase 6.0

M Tarbase 7.0
524,288

262,144 -
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16,384
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1,024
512
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64

32

\\
||
) ||

[y
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Tarbase 7.0
TarBase 6.0



Database of experimentally supported targets:
DIANA-TarBase

* Initially released in 2006

* The first database to catalog published experimentally
validates miRNA:gene interactions

* With more than 500,000 entries, the largest experimentally
validated repository with miRNA:gene interactions

* Last update DIANA-TarBase v7 http://www.microrna.gr/tarbase

S. Vlachos, M. D. Paraskevopoulou, D. Karagkouni, G. Georgakilas, T. Vergoulis, |.

Kanellos, I-L. Anastasopoulos, S. Maniou, K. Karathanou, D. Kalfakakou, A. Fevgas, T.
Dalamagasand A. G. Hatzigeorgiou.

DIANA-TarBase v7.0: indexing more than half a million experimentally supported
miRNA:mRNA interactions. Nucl. Acids Res. (2014)


http://www.microrna.gr/tarbase

Growth of interactions per method

TarBase 7.0 vs TarBase 6.0 i TarBase 6.0
M Tarbase 7.0
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131,072
65,536
32,768
16,384
8,192 -
4,096
2,048
1,024
512

256

128

—_—

3

Tarbase 7.0
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Integration in ENSEMBL,
the European Browser for Genomes in EBI

Scroll: un Track height: HB DragfSelect:
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miRBase

* Interconnects also entries with external resources:

T} MIRTARBASE: hsa-let-7a-5p
(E1 (Sl TARBASE: hsa-let-7a-5p

DIANA-MICROT: hsa-let-7a-5p
MICRORNA.ORG: hsa-let-7a-5p
MIRDB: hsa-let-7a-5p
RNA22-HSA: hsa-let-7a-5p
TARGETMINER: hsa-let-7a-5p
TARGETSCAN-VERT: hsa-let-7a
PICTAR-VERT: hsa-let-7a

Predicted
targets




Long Non Coding RNAs

Gene Id miRNA name miTG score Y]

is the largest available e N i

(n340658)

repository of miRNA LNC RNA [ 2 ™ ey "emeied  osw7

. . ‘ 3 hsalOCGR10010725 (.. cip 103a-3p 0.896
(XLOCD04195)

InteraCtlonS ‘ 4 "'“L?f;gc;%gz'm’ hsa-miR-103a-3p 0.936

Gene details
miRMA details

* The Experimental Module contains vescames |

more than 5’000 |ntera Ctlons mer 3764-3752 0.00868528186563613 4

Position on chromosome: 12:22842684-22842712
Conserved species: panTrol,rheMac bosTaud,dasNovd

between 2,958 IncRNAs and 120

Binding area:

. UAUCG ACAU UACGACGA
m I R NAS [miRMA) 3’ 4 GG i 5'
.

Smer 4151-4179 0.0913826564422251 6
Position on chromosome: 12:226843071-22843095
Conserved species: panTrod, rheMac2 canFam2, dasMNov2,loxafrl,echTell

(Transcript)5'ARUGUGAAD B 3

. . . . ) CAURGU  GUAUARUGCUGCU

* The Prediction Module contains
[miRNA) 3° A GGA 5'

detailed information between

hsal0CG4 10010584

‘ 5 ocoiaae | hsa-miR-103a-3p 0.995

6 09 | d 3 O 8 1 | 6  (CTA-204B4.6)  hsa-miR-103a-3p 0.891
56,097 IncRNAs and 3,078 miRNAs. iy

‘ (RP11-753n8.1.1) oa MiR-103a-3p 0.550

| &  (RPL1-840H4.4)  hsa-miR-103a-3p 0.989

Integration into ( EBI) [o "SIy riosa sy osus

| 1o MselOCGLIO004356 .. o 103a-3p 0.888

Paraskevopoulou, MD, Vlachos, IS, KaragkouniD, Georgakilas, G, Kanellos |, N., Vergoulis, Tsanakas P, FlorosE,

Dalamagas T, Hatzigeorgiou AG. DIANA-LncBase v2: Indexing microRNA targets on non-coding transcripts Nucleic
Acids Res. 2016 Jan 4;44(D1):D231-8. doi: 10.1093/nar/gkv1270.



“RNA

Examples: RNA, Homo sapiens, miRBase, HOTAIR, Escherichia*

X)) Expert databases~ API~ Sequence search Downloads Help Contact

: A AR ENA provides a comprehensive
RNAcentraI IS a New ENA record of the world's nucleotide
resource that provides sequencing information.

. 6,989,739 sequences (example)
unified access to the ncRNA

sequence data supplied by
the Expert Databases. Leam

more c{ln‘ Rfam is a database containing
l‘ n m infAarmatinn akhnank A~DANA familiae

W RNAcentral Expert Databases

Currently the RNAcentral Consortium is formed by 32 Expert Databases, 10 of which have already
been integrated into RNAcentral (marked with a ° below). If you run an ncRNA database and
would like to join RNAcentral, please contact us.

Explore ENA entries

CRW Site @ comparative sequence and structure information for ribosomal, intron, and



Connecting microRNAs to pathways



KEGG cell cycle pathways with miRNA targets of miR-495
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) www.microrna.gr/mirpath/

DIANA miRPath

Integrating human and mouse microRNAs in pathways

microRNA

microRNA

KEGG targets
targets

Small overlap - Not significant Large overlap — Significant

Thion 1250 306
let-Te_mmieraT_4 723 166
miR-100_micoT 4 35 11
miR-1_mimoT 4 562 147
Ftersection Hia i
DOWHNL0AD RESULTS

Adherens junction hsaD4520 19 1924 6 206 1 071 13 21.79 0 =
Glioma hsa05214 14 1023 7 428 2 662 8 7.62 0 =
Type II diabetes mellitus hsaD4930 10  9.38 [} 6532 1 147 3 1 0 =
mTOR signaling pathway hsa04150 11 8.83 = 278 1 1.2 7 548 0 =
Colorectal cancer hsaD5210 16  B.63 7 232 3 13.19 8 46 0 =
MAPE signaling pathway hsa04010 34 8.61 22 8.89 2 1.23 13 159 0 =
Eladder caneer hsaD5219 10 8.27 [ 563 1 136 & 419 0 =
Focal adhesion hsa04510 27 7.59 16 571 1 0.01 16 7.54 0 =
Wt signaling pathway hsaD4310 22 T.44 9 134 3 748 13 7.01 0 =
Frostate cancer hsa05215 15 653 7 213 2 468 9 6.05 0 o
Ielanioma hsaD5218 13 6.48 8 504 1 0.71 7 429 0 =
Caleinm signaling pathwiy hsaD4020 23 6.34 15 656 2 228 7 024 0 =
Huntington's disease hsad5040 7 5.88 2 024 0 = 5 727 0 =
Chronic myeloid lenkemia hsaD5220 13 575 8 454 0 = 7 3.86 0 =
Pancreatic cancer hsad5212 12 4.87 7 329 0 = ] 262 V] =
Amyotrophic lateral sclerosis (ALS)  hsa05030 5 475 4 63 1 3 1 021 0 =
P53 signaling pathway hsaD4115 11 4.32 9 775 0 - 6 3.04 i -



DIANA-miRPath v3.0
www.microrna.gr/miRPathv3

Pathway Viewer — Pathway Non-small cell lung cancer' (hsao5223)

Notations
[0 :gene contained in 1 list
O :genecontainedin > 1 lists I NON-SMALL CELL LUNG CANCER
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Vlachos IS, Zagganas K, Paraskevopoulou MD, Georgakilas G, Karagkouni D, Vergoulis T,
Dalamagas T, Hatzigeorgiou AG. DIANA-miRPath v3.0: deciphering microRNA function with
experimental support. Nucleic Acids Res. 2015 Jul 1;43(W1):W460-6.
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microRNA Biogenesis & Function

Pol Il E microRNA gene

Pri-microRNA
Pre-microRNA

NUCLEUS  Droshe

CYTOPLASM
helicase
-~ Dicer
AGO1-4 \ Mature miRNA
RNA g6 6
m MRNA s {MW
AGO2 AGO1-4 AGO14
Nucelolytic Cleavage Translational Repression

.small ribosomal unit

initiation factor(s)

large ribosomal
subunit

microRNA and RISC

&
N

mature
protein

. Q.4
dgl RNA
by

Hammond et al. Dicing and slicing: The core machinery of the RNA interference pathway. Febs Letters,

Volume 579, Issue 26, 2005, Pages 5822-5829



miRNA classification
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whatisepigenetics.com

Chromatin structure and transcription

Chromosomes
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Chromatin ImmunoPrecipitation Sequencing (ChIP-

Seq)
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ChlIP Sequencing Visualization
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Drawback: wide range of predictions




How do we validate a miRNA TSS prediction ?

Drosha null/conditional-null
(DroshatacZ/e4COIN) mouse
model that has been
generated using the
conditional by inversion
(COIN) methodology from
Aris Economides @
REGENERON
Pharmaceuticals

Pol : microRNA gene

Pri-microRNA
Pre-microRNA

NUCLEUS ~ Prosn

Exportin



Normalizedread count (RPKM)

Comparison other RNA-Seq experiments

RNA-seq coverage over the Mirl7hg

IncRNA locus
8,856 bp
Drosha -/- mESCs with 27M
reads
“‘__‘_‘_‘M Drosha +/+ mESCs with
19M reads
s m‘.ﬂ‘_ GSM973235 WT mESCs 180M
reads
T Mz, Mir20 | Mi .
[ MBI TE ™ Midzhe N RNA-seqread depthis
Mir Mir19Mirl9b-1 essential!

18 a



Deep RNA seq is not enough
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ChlP-seq information can effectively
reduce putative TSS’s
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'.., Raw RNA-seq

reads
Map reads on

N e
(_mm1o ) thereference

l genomes

First step of theAlgor/thm

Reads tend to cluster
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genomic regions
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Mormalized read count (RPKM)

Algorithm - second step

H3K4me3/Pol2 distribution around protein coding
TSSs

150bp  Right flank 1150 0p
(negative)

An algorithm than can learn
from data: machine learning

saszanse iy, H3K4mel

o S " Here we used Support Vector
1150bp (positive) 1150 bp Machines
A supervised machine learning
algorithm
950bp  Right flank 950 bp for each chip seq set of data.
(negative)

850 b 950 b

e et R Poll Learns from
* positive examples (known

TSS)

TSS

e TSE . * negative examples (random
gs0bp  (POSItIVE)  gep b

intergenic locations, flanking
positions)



microTSS overview

Algorithm overview

pre-miRNA

S

Upstream region scanning for
RNA-Seq enrichment

.

RNA-Seq

First step

Nomination of 5' of each enriched region as a
putative TSS & quantification of overlapping

ChIP-Seq signals

putative TSS (1) . putative TSS (N)
H3Kdme3  Polll . H3Kdme3  Poll
ChiP-Seq  ChIP-Seq DNau-ch ChiP-Seq  ChIP-Seq DNm-Soq
Second step l l | l \ }
“3233"3 PollSVM  DGF SVM ”3;‘\‘,?3 PollSYM  DGF SVM
SV model  model S model  model

Score assignment to each
prediction
final score (1) s final score (N

\“/

Final prediction assembly

Final step

final TSS
prediction




Comparison with existing methods

Performance on test set:
47 miRNA TSS derived from Drosha depleted mice.

mESCs (N=47)

Predictions < 1,000 bp Sensitivity Precision
from the validated TSS are
considered True 54% (20/37)  64.5% (20/31)

o 78.7% (37/47) 25.4% (95/373)
Precision="TP / (TP+FP)

76.5% (36/47) 18.8% (77/409)
Sensitivity =

Correct Predictions / Total
Correct

93.6% (44/47)  100% (44/44)




RO-Seq analysis

GRO-Seq analysis revealed
* 727TSSs in hESCs
¢ 81 TSSs in IMRI0 cells

GRO-Seq distribution on validated
hESC miRNA TSSs

—_

Pri-miRNA
body

o

Antisense
_qfpstreamregion,, 0 2000 4000

Distance from miRNA
gene TSS

Normalized read count (RPKM)

GRO-Seq distribution over protein
coding TSSs with divergent pri-miRNAs

Coding region

pri-miRNA
region

Normalized read count (RPKM)

-4000 -2000 0 2000 4000

Distance from protein
coding TSS



Refining non-coding gene annotation

Nespas non-coding locus
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Pre-miRNA spatial classification
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ARTICLE
A microTSS: accurate microRNA transcription start site
— identification reveals a significant number of divergent
pri-miRNAs

Georgios Georgakilas, loannis S. Vlachos, Maria D. Paraskevopoulou, Peter
Yang, Yuhong Zhang, Aris N. Economides, Artemis G. Hatzigeorgiou
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Refining Gene Regulatory Networks

Evolution of Gene Regulatory
Networks




Identifying biomarkers



microRNAs and Epithelial Ovarian Cancer

Identify cause / markers for ovarian cancer progression and malignancy
MRNA expression by microarray

microRNA expression by microarray

Genomic and epigenetic alterations deregulate
microRNA expression in human epithelial
ovarian cancer

Lin Zhang®"®*, Stefano Volinia®, Tomas Bonome®, George Adrian Calin?, Joel Greshock™?, Nuo Yang®, Chang-Gong Liud,
Antonis Giannakakis®", Pangiotis Alexiou’ Kosei Hasegawa® Cameron N. Johnstonel, Molly 5. Megraw®,

Sarah Adams™", Heini Lassus', Jia Huang', Sippy Kaur', Shun Liang® Praveen Sethupathy® Arto Leminen'

Victor A. Simossis|, Raphael Sandaltzopoulos", Yoshio Naomoto™, Dionyssios Katsaros®, Phyllis A. Gimatty®,

Angela DeMichelel, Qihong Huang?, Ralf Butzow', Anil K. Rustgil, Barbara L. Weber"9, Michael J. Birrer=,

Artemis G. Hatzigeorgiou®"¥, Carlo M. Croce~?, and George Coukos™ ="




Numerous miRNAs and protein coding genes are
downregulated in late stage ovarian cancer.

44 miRNAs
Downregulated
in late EQC

\ o 948 ws 15212
UP wvs OTHER

MIRNA downregulation affects mRNA transcripts?
(MIRNA=DOWN & targets = UP)

Early EOC cells

s
Late EOC cells




Calculating the hexamer distribution in the UTR’s of genes that gain

expression(UP) and genes that do not change(OTHER)

CCCCCG
CCCCCC

CCCCCG -
CCCCCC -

: 0,0,1,5,2,0,1 ...
P 1,120,012 ...

: 1,3,2,0,0,0,2 ...
: 1,0,0,0,1,0,2 ...

Hormalizs
divide by 3'UTR langth

: 0.02343,0,0,0,0.00021,0,0.007462 ...

e 0,0.0001207,0.00072,0.1,0,0 ...

0-004;0.0667,0,0.1,0,0.0004 ...

0.12,0,0,0.00031,0.21109,0.005301 ...
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0.0Z2400 o, 14281
0 . 00054 . GO543
0.000232 o, 0432
D.00323 3. F0935
0. 71533 &. 0043
0. 00640 B 4540
0. 06443 3, 0T4E2
0. o0and 3. 0432
D.004d 3. 0245
0.00%3% @, 05540

2. 50434

0, 45D

&, 05343

G, 04320

G.F1L1E2

. 00112

3. 32450

%. 1323
& s 8 s B Bl EE S
BOTEDIL0 1234567

p - value

W

=



Calculating P-Values of hexamer distribution in two groups
of genes (UP vs OTHER) through Wilcoxon Rank Sum test.

fa) H;A=B | | ) H:A>B

distrilution A = distribution B distribution B distribsirion 4

&bl -
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AGTGRAT
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Linking hexamers to downregulated miRNAs.

GTTTGT Hexamer 3
TTTGT T Hexamer 2
TTGTTT Hexamer 1
TrGTar
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The majority of the downregulated miRNAs are located at
a big miRNA cluster (< 36) at the DIk1-Gtl2 domain of chr. 14.
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Downregulation of miRNA cluster at DLKI-GTL2 domain is associated with
poor survival.
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DIANA-mirEXTRA v2.0

B it DOWN
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Vlachoset al DIANA-mirExTra v2.0: Uncovering microRNAs and Transcription
Factors with crucial roles in NGS expression data. NAR 2016



Software on microRNA.gr
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oftware
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Username *

Web Services at DIANA-LAB

DIANA-LAB enables access to the tools and data resources via Web Service Technologies. REST services are now provided for mirPath, microT v4,
Password * micraT-CDS and Tarbase v6.0. All REST Services can be accessed directly from the website, programmatically, by downloading our DIANA Taverna

Plug-in. Our REST Services have also been deposited in the BioCatalogue repository, where detailed information for their usage is provided (here).

Remember me next time
SOFTWARE TO DOWNLOAD
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Forgot your password?

* Sign up for free!
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users:
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o History
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DIANA Taverna Plug-in

WEB APPLICATIONS

microT-CDS
Search for targets of annotated
miRMAs based on microT-CDS algo.

LncBase
Elaborated info for predicted & exp.
verified miRNA-IncRNA interactions.

mirPub - NEW!
Search for
publications.

miRNA-related

OTHER WEB APPLICATIONS

DIANA microT v3.0

TarBase v7.0 - NEW!
A database of published exp.
validated miRNA:gene interactions.

Automated Pipelines

Pipelines to analyse user data from
small scale & high-throughput
experiments.

Tarbase v6.0
Older version of TarBase database.

DIANA mirExTra

mirPath
A miRNA pathway analysis Web
SErver.

MR-microT (beta) - NEW!
MNear-real time miRNA target
prediction on the Cloud.

microT v4
Older version of microT application
& algorithm.

DIANA miRGen 2.0
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Editing of tissue specific adenosine to inosine
(A->1) of mir-376 cluster.
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Redirection of silencing targets by adenosine-to-inosine editing of miRNAs.Science Feb 23;315(5815):1137-
40.



Analysis of expression levels of mir-376a-5p targets in the WT and
ADAR2-/- mouse.
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* Increase of PRSP1 levels cause a human disorder characterized
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SNPs & mIRNASs



Polymorphic disease associations and microRNASs.
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Experimental validation in vitro.

* Invitro luciferase assay to test the prediction

o P=0.0015
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Fibroblast cells from monozygotic twins discordant for trisomy 21.
In vivo evidence of mir-155 and ATGRI1.
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(2006) Human microRNA-155 on chromosome 21 differentially interacts with its polymorphic targetin the AGTR1 3'
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