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microRNAs

Pequenos RNAs (18-22nt) codificados no genoma de eucariotos
Complementares a mRNAs. Geralmente pareiam com na regiao
3’UTR

Em geral tem mais de um mRNA-alvo.

Regulam pos-transcricionalmente a expressao génica: afetam a
estabilidade do mRNA (aumentam a degradacao) ou inibem a
traducao do mRNA.

Mais de 1000 microRNAs expressos no genoma humano, cada
um potencialmente regulando a expressao de milhares de

genes-alvo.



Biogénese de microRNAs
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Funcoes de microRNAs in vivo

Process microRMNA Targets Function Evidence Key citations
C. slagans
_Davalnprnantaltiming fin-4 micro RNA fin-14, in-28 Stem cell diferentaition LOF Lee et al., 1993; Wightman et al., 1983
Developmental timing I f-F microRNA lin-41, hbl-1, daf- | Stem cell diferentaition LOF Reinhart et al., 2000; Abrahante et al., 2003; Lin et al.,
12, pha-4 2003; Slack et al., 2000; CGrosshans et al., 2005
Developmental timing miF-48, miE-B4, mik- | Abi-1 Stem cell diferentaition LOF Abbott et al., 2005; Lin et al., 2005
241
Developmental timing miF-8, mik-84 Unknown Cessation of molting LOF Abbott et al., 2005
Organagenesis mik-B4 Iaf-G0 Ditferentiation/prolferation | GOF Johnson et al., 2005
Differentiation Izy-8 microRNA cog-1 Left-right asymmetry LOF Johnston and Hober, 2003
Ditferentiation miF-273 die-T Left-right asymmetry GOF Chang et al., 2004
D. melancgasfer
control an bantam microRNA hid Prolferation/programmed | LOF Brennecke et al., 2003
rammed cell death cell death
Programmed cell death |miR-14 Unknown Programmed cell death  |LOF Xu et al, 2003
rming an miR-2a, -2b, &, -7 EfsplibHLH, Motch signaliing GOF Brennecke et al., 2005; Lai, 2002; Lai at al., 2005;
embryogeneasis bearded tamilies Stark et al., 2003
Embryogenesis and miR-2, 5, -11, -13, - | Unknown Programmed cell death  |2-O-Me- |Leaman et al., 2005
programmed cell death 308 RRA
D. reno
Differantiation and miR-430 Unknown Neurogenesis Dicer Ciraldez et al., 2005
organogenesis rescue
M. musculus
Differantiation and miF-1 Hand2 Angiogenesis GOF Zhao et al., 2005
hrganogenasis
Differantiation and miF-181 Unknown Hematopoiesis GOF Chen et al., 2004
hrganogenasis
Insulin secretion miR-375 Myotrophin Exocylosis 2-0-Me- |Poy et al, 2004
{Mipn) RNA
Human disease miF-17, -18, -19a, - |Unknown Tumongenesis GOF He et al., 2005; O'Donnell et al., 2005
20, -19b-1, 9241
H. zapians
I ﬁrmn ﬁn&aa& I mik-32 PFV-1 Viral defense LA Lecellier et al., 2005

This table includes all microRMNAs that have been aralyzed in vive using loss-of-function studies, and microRNAs for which a likely function has been
demonstrated by using an indirect approach, e.g. mis-expression experiments. It table does not contain microRMNAs for which a target mRNA has been
predicted and validated using overexpression experiments, but for which no further functional characterization at the cellular or crganismal level has been

carried out.

Alvarez-Garcia e Miska, 2005 Development 132:4653-4662



Em geral a fita com menor estabilidade termodinamica (maior AG)
na extremidade 5’ do duplex de miRNA é carregada no complexo RISC
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O sequenciamento de pequenos RNAs expressos indica a orientacao
3p ou 5p dos microRNAs que se acumulam na célula/tecido

https://mirbase.org/hairpin/MI0000398

Literature

search ey 27 open access papers mention mmu-mir-298
B (136 sentences)

Sequence

350657 reads, 1278 reads per million, 103 experiments
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Apenas o miR-298-5p é expresso nesse caso
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A interacao do microRNA e o mRNA-alvo depende de pequenas regides
de complementaridade (6 a 8 bases) na extremidade 5" do microRNA

Sequencias “seed”
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Sitios canonicos e sitios atipicos envolvidos no pareamento entre microRNAs e

RNAS alvo
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Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell. 2009 Jan 23;136(2):215-33.




Existem familias de microRNAs evolutivamente
relacionados

 Podem possuir sequencias “seed” conservadas
* Em geral alvejam genes relacionados

EX.:
hsa-miR-30 family

miR-30d UGUAAACAUCCCCGACUGGAAG--
miR-30a UGUAAACAUCCUCGACUGGAAG--
miR-30e UGUAAACAUCCUUGACUGGAAG--
miR-30c¢c UGUAAACAUCCUACACUCUCAGC-
miR-30b UGUAAACAUCCUACACUC--AGCU

miR-30 FI 3 -CATTTGTAGG-5



Devido ao pegueno tamanho, existe uma alta probabilidade de
microRNAS parearem ao acaso com outros RNAs

A predicao de alvos de microRNAs biologicamente relevantes aumenta quando se
considera:

i) a evidéncia de conservacao evolutiva nos sitios de ligacdo e
ii) a presenca de multiplos sitios de ligacao no mesmo mRNA (regulacdo cooperativa)

Whole genome comparison of real versus randomized miRNAs against the complete genomes of D. melanogaster

and D. pseudoobscura Apenas uma fragdo dos  Alguns miRNAs alvejam o mesmo
sitios s&o conservados mRNA em mais de um sitio
Total hits Total conserved hits 1 site = 2 sites

73 D. melanogaster miRNAs (A) 6,864 589 556 33

73 Random miRNAs (B) 5152 204 201 3

Standard deviation (100 experiments) + 132 + 43 + 40 +3
Ratio (A/B) 2.9 2.8 11.0
Estimated false positives (%) 35% 36% 9%

Detected conserved hits (especially those with multiple detected sites in the 3' UTR) are significantly
over-represented (2.8x and 11x as many cases, on average, respectively) in analyses with actual miRNAs compared
to randomly shuffled miRNAs. The thresholds used for this analysis were S: 100; AG: -19 kcal/mol; 1D: 70%.



Caracteristicas de redes regulatdrias mediadas por microRNAs

Multiplicidade: um microRNA alveja diferentes genes
Cooperatividade: multiplos sitios de ligagao de um ou mais microRNAs em um mesmo mRNA alvo

3’ UTR miRNA target locations and conservation
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Critérios utilizados para a Mo =3
predicao de alvos de microRNAs :

Complementaridade entre sequencia “seed” do
microRNA e mRNA-alvo.

Existéncia de conservacgao evolutiva. Em geral ha
uma conservagcao maior na regiao “seed” do alvo.

Propriedades termodinamicas. Formacao de
pareamento estavel entre microRNA-mRNA alvo a
partir de critério (minimizacao de energia livre).

Acessibilidade do sitio de ligagao no mRNA-alvo
(estruturas secundarias podem mascarar e impedir a
ligacao do microRNA)

Presenca de multiplos sitios de ligacao de microRNAs

Modelos preditivos baseados em aprendizado de
magquina que utilizam parametros tedricos
(mencionados acima) e interacdes entre microRNA-
mRNA alvo validadas experimentalmente.

Uma combinacao dos critérios acima.

Sequence complementarity between 3'UTR and
miRNA
Example tool: miRanda

&

Thermodynamic stability of miRNA:mRNA duplex
Example tool: miRanda, RNAhybrid, PITA

at

Sequence conservation of the target sites across
multiple species
Example tool: TargetScan

4

Target site accessibility
Example tool: PITA

"

Multiple targets in the same 3' UTR
Example tool: PicTar

T

MicroRNA

Potential > L
miRNA target

mRNA 3'UTR



Fluxograma para identificacao de genes-alvo de
microRNAs (miRanda)
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Bancos de dados de microRNA e genes alvo

https://en.wikipedia.org/wiki/MicroRNA_and_microRNA_target database

microRNA target gene databases [edi]

Name Description type Link
starBase is designed for decoding miRNA-IncRNA, miRNA-mRNA, miRNA-circRNA, miRNA-pseudogene, miRNA-sncRNA, protein-IncRNA, protein-
StarBaser? sncRNA, protein-mRNA and protein-pseudogene interactions and ceRNA networks from 108 CLIP-Seq (HITS-CLIP, PAR-CLIP, iCLIP, CLASH) database website g’
datasets. It also provides Pan-Cancer Analysis for microRNAs, IncRNAs, circRNAs and protein-coding genes from 6000 tumor samples
StarScan is developed for scanning small RNA (mIRNA, piIRNA, siRNA) mediated RNA cleavage events in IncRNA, circRNA, mRNA and pseudo genes | web-based )
StarScanc . website &
from degradome sequencing data. software
Cupid is a method for simultaneous prediction of miRNA-target interactions and their mediated competing endogenous RNA (ceRNA)
interactions_ It is an integrative approach significantly improves on miRNA-target prediction accuracy as assessed by both mRNA and protein level o
software
Cupid& measurements in breast cancer cell lines. Cupid is implemented in 3 steps: Step 1: re-evaluate candidate miRNA binding sites in 3' UTRs. Step2: (MATLAB) website &
interactions are predicied by integrating information about selected sites and the statistical dependency between the expression profiles of miIRNA and
putative targets. Step 3. Cupid assesses whether inferred targets compete for predicted miRNA regulators. * Only the source code for step 3 is provided
Predicts biological targets of miRNAs by searching for the presence of sites that match the seed region of each miRNA._ In flies and nematodes,
predictions are ranked based on the probability of their evolutionary conservation. In zebrafish, predictions are ranked based on site number, site type, .
atabase
TargetScand’ | and site context, which includes factors that influence target-site accessibility. In mammals, the user can choose whether the predictions should be b ' website &
webserver
ranked based on the probability of their conservation or on site number, type, and context. In mammals and nematodes, the user can choose to extend
the predictions beyond conserved sites and consider all sites.
microRNA databases [edit]
Name Description type Link
deepBase deepBase Is a database for annotating and discovering small and long ncRNAs (microRNAs, siRNAs, piIRNAs...) from high-throughput deep sequencing data. database | websited?
miRBase miRBase database is a searchable database of published mIRNA sequences and annotation. database | website®

microRNA.org
miRGen 2.0
miRNAMap
PMRD

TargetScan

VIRMiRNA

microRNA.org 1s a database for Experimentally observed microRNA expression patterns and predicted microRNA targets & target downregulation scores.

miRGen 2 .0: a database of microRNA genomic information and regulation
miRNAMap- genomic maps of microRNA genes and their target genes in mammalian genomes

PMRD: plant microRNA database

database | websiter?

database | websiteg?

database | website®

database | websited®

TargetScan7.0 classifies microRNAs according to their level of conservation (i.e., species-specific, conserved among mammals, or broadly conserved among

database | websited

vertebrates) and aggregates them into families based upon their seed sequence._ It also annotates conserved isomiRs using small RNA sequencing datasets [10]

VIRmiRNA is the first dedicated resource on experimental viral miRNA and their targets_ This resource also provides inclusive knowledge about anti-viral

miRNAs known to play role in antiviral immunity of host.

Database | website @




Banco de dados de microRNAs (“hairpin” e sequencia processada)

http://www.mirbase.org/

miRBase MANCHESTER

Home |} Search || Browse || Help [ Download | Blog Submit |:| m.
miRNA count: 38589 entries

MicroRNA Gene Ontology annotations By sam (June 7, 2018) Release 22: March 2018
You might have noticed some additional information on the mature miRNA pages in the last few weeks. See for example: http://mirbase.org/cgi-
bin/mature. pl?mature_acc=MIMAT0000123 http://mirbase.org/cgi-bin/mature.pl?mature_acc=MIMATO000069 The new section "QuickGO function”
contains a set of high quality manual annotations of Gene Ontology terms for mature miRNAs, the vast majority of which come from the work of Rachael Search hv miRNA name or kmrd
Huntley et [...] Go Example
miRBase 22 release By sam {(March 12, 2018)
After repeated and unreasonable delay, miRBase 22 is finally released. As you might expect with such a long gap, the number of sequences in the database
has jumped significantly — by over a third. The vast majority of the increase comes from new microRNA annotations in species not previous represented in
the database. Indeed, there [...] Download page | FTP site

miRBase: the microRNA database

miRBase provides the following services:

+ 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, and entries can also be retrieved by name, keyword, references and annotation. All sequence
and annotation data are also available for download.

¢ The miRBase Registry provides miRNA gene hunters with unique names for novel miRNA genes prior to publication of results. Visit the help pages for more information
about the naming service.




Genes-alvo de microRNAs validados experimentalmente
http://mirtarbase.mbc.nctu.edu.tw/php/index.php

miRTarBase Home Search Browse  Statistics

miRTarBase: the experimentally validated microRNA-target interactions
database

As a database, miRTarBase has accumulated more than three hundred and sixty thousand miRNA-target
interactions (MTIs), which are collected by manually surveying pertinent literature after NLP of the text
systematically to filter research articles related to functional studies of miRNAs. Generally, the collected MTls are
validated experimentally by reporter assay, western blot, microarray and next-generation sequencing
experiments. While containing the largest amount of validated MTls, the miRTarBase provides the most updated
collection by comparing with other similar, previously developed databases.

Major improvments

Features miRTarBase 6.0 miRTarBase 7.0
Release date 2015/09/15 2017/09/15
Known miRNA entry miRBase v20 miRBase v21
Known Gene entry Entrez 2015 Entrez 2017
Species 18 23
Curated articles 4,966 8510
miRNAs 3,786 4,076
Target genes 22,563 23,054
CLIP-seq datasets 138 231
Curated miRNA-target interactions 366,181 422,517
Text-mining technique to prescreen literature NLP Enhanced NLP
Download by validated miRNA-target sites MNone Yes
Browse by miRNA, gene, and disease None Yes

Help Download ContactUs

Current curation
Release 7.0: Sept. 15, 2017

Number of articles: 8,510

Number of species: 23

Number of target genes: 23,054

Number of miRNAs: 4,076

Number of miRNA-target interactions:
422,517

MicroRNA resources
from ISBLAB

miRTar - An integrated web server for
identifying miRNA-target interactions



Anotacao funcional de microRNAs e genes-alvo de regulacao

Experimentos de RNAseq de pequenos RNA (miRNAseq) retornam listas de microRNAs com expressao
diferencial em células ou tecidos.

E possivel fazer uma inferéncia de vias moleculares reguladas por miRNAs de forma direta (pouco
mMiRNAS tem esse grau de anotacao) ou indireta, através da analise dos genes alvos.

A andlise de enriquecimento de categorias funcionais entre os genes alvejados por um conjunto de
MIRNASs pode ser feita usando abordagens apresentadas em aula anterior (gProfiler, GSEA)

EEDR Resnick’s Similarity
miRCancer
A Assoclation Rules
HMDD ME Kappa Statistics
SMZF“!R ppa alistcs
#miRNAs ~{ &= Direct Annotation ~| & Annotations »~{ £ Statistical Test 4 @¥Enrichment
Hypergeometric
TarPMir SEA Chi-Square
TargetScan Fisher's Exact
mirTarget MEA Binomial Probability
Gene Ontology microT-CDS
KEGG Kolmogorov-Smimov
LiDa Z-score
WikiPathways > >
=1 (@ Predicted h GSEA t-Test
HPO
Permutations

1

>4 %8 Indirect Annotation »{ 7" Targets

w1 @ Validated

x

mirTarBase

reate Garcia-Moreno A, Carmona-Saez P. Computational Methods and

Software Tools for Functional Analysis of miRNA Data. Biomolecules.
2020 Aug 28;10(9):1252.



Diferentes microRNAs alvejam conjuntos de genes
enriquecidos em diferentes categorias funcionais

GO molecular function class

Binding activity

Transcription regulator activity
Enzyme activity

Translation regulator activity
Chaperone activity

Structural molecule activity
Transporter activity

Cell adhesion molecule activity
Signal transducer activity
Enzyme regulator activity
Motor activity

Apoptosis regulator activity
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Diferentes classes de RNAs podem atuar como competidores enddgenos
de microRNAs (ceRNAS) e cooperar para o controle do nivel de
expressao de genes alvo

Possiveis
ceRNAs

ceRNAs

Coding RNAs

/NN

Non-coding RNAs

Pseudogenes

iy
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NS W= —s

Circular RNAs (ciRs)

O

v

ceRNAs possuem sitios de
ligacao de microRNAs
reduzindo a disponibilidade
destes para se ligar no mRNA-
alvo

miRNAs

Gene-alvo de microRNA

Kartha and Subramanian, Front. Genet., 30
January 2014 |
https://doi.org/10.3389/fgene.2014.00008



https://doi.org/10.3389/fgene.2014.00008

Redes de co-expressao de miRNAs-ceRNAs envolvidas no
ajuste fino da expressao génica (controle pos-transcricional)

A Overexpression of Target, Knockdown of Target,
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Time Time
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Understanding microRNA-mediated gene regulatory networks through mathematical modelling
Nucleic Acids Research 44(13):6019-6035 - June 2016



https://www.researchgate.net/journal/0305-1048_Nucleic_Acids_Research
https://www.researchgate.net/journal/0305-1048_Nucleic_Acids_Research

Bancos de dados de interacoes microRNA-ceRNAs

http://cupidtool.sourceforge.net/

Cupid: simultaneous reconstruction of miRNA-target and ceRNA networks

Cupid is a method for simultaneous prediction of miRNA-target interactions and their mediated il 'm:“i:"s e
competitive endogenous RNA (ceRNA) interactions. We showed that our integrative approach @ e @ L
significantly improves on miRNA-target prediction accuracy as assessed by both mRNA and protein
level measurements in breast cancer cell lines. ¥
Cupid is implemented in 3 steps: ST
R;{Pu
o Step 1: re-evaluate candidate miRNA binding sites in 3' UTRs, as inferred by TargetScan, m-\-""' s e
miRanda and PITA by integrating their scores, location in the 3' UTR, and cross-species RNA 1\\’ > /
conservation. & —I:l-a-lﬁ':r ¥ i
o Step2: interactions are predicted by integrating information about selected sites, their sl el i
multiplicity, and the statistical dependency between the expression profiles of miRNA and cross-species conservation
putative targets. Likelihoods for each predictive feature are computed based on a positive gold '.
standard set. Step Il: Interaction Prediction
o Step 3: Cupid assesses whether inferred targets compete for predicted miRNA regulators. -
RNA1 e . o=
© Download Cupid v1.0 and its user guide 5 —d;:\-: * ';»*';_%
© Download Cupid poster presented in Symposia on Cancer Research 2014 llluminating RNz " K
Ml n . H " 5 _E'Q":"Q' ¥ SVM model
Genomic Dark Matter "NcRNA in Disease and Cancer’ Anstes: sunmarzed s scorsand gty
co-expression between miRNA and target

References: 'v

Step IIl: Functional Interaction Prediction

o Hua-Sheng Chiu*, Maria Rodriguez Martinez* et al. 2018. The number of titrated microRNA species dictates

ceRNA regulation. Nucleic Acids Research (accepted). Competition for requlation by a miRINA \
o Hua-Sheng Chiu et al. 2017. High-throughput validation of ceRNA regulatory networks. BMC Genomics 18: RNATT, RNAZT Wild Type ruatt, Ruaz b
418. s @R | 5 S g:gﬂgi
o Hua-Sheng Chiu*, David Llobet-Navas™®, et al., Cupid: simultaneous reconstruction of microRNA-target and v -c'-ﬂ-_ 2
ceRNA networks. Genome Research. 2015 Feb;25(2):257-67 S
o Pavel Sumazin®, Xuerui Yang”, Hua-Sheng Chiu*, ef al., An extensive microRNA-mediated network of RNA- 5::8: ¥ S.E_.:a_. P
RNA interactions regulates established oncogenic pathways in glioblastoma. Cell. 2011 Oct 14;147(2):370-81 e— | —
Method: weighted Fisher's exact test, conditional mutual

information, Brown's methed for p-value integration
K Evidence for co-regulation




Tutorials - microRNAS

» Tutorial na pasta de atividade do moodle



