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The first discovered miRNA: lin-4
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Ruvkun G, Wightman B, Ha I. The 20 years it took to recognize the importance of tiny RNAs. Cell. 2004 Jan
23;116 (2 Suppl):S93-6.

Lee R, Feinbaum R, Ambros V. A short history of a short RNA. Cell. 2004 Jan 23;116 (2 Suppl):S89-92



The biogenesis of microRNAs
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MicroRNAs:

Gene Regulation at the Post-transcriptional Level

MicroRNAs are small (17 to 25 nt.) RNA molecules which regulate gene
expression by degrading mRNAs of certain genes or interfering with

translational machinery of mRNA:s.
MRNA Degradation MRNA Suppression

A Extensive complementarity in B Short complementary segments in 3-UTR
coding region or UTR

.

Cap

Cap ™™ .

RISC - RNA induced silencing complex

UTR - untranslated region of an mRNA

Images from Bartel. (2004) Cell, Vol 116: 281-297



Are All RNAs Regulated by miRNAs?

Conserved Seed Pairing, Often
Flanked by Adenosines, Indicates
that Thousands of Human Genes
are MicroRNA Targets

We predict regulatory targets of vertebrate microRNAs
(miRNAs) by identifying mRNAs with conserved com-
plementarity to the seed (nucleotides 2-7) of the miRNA.
An overrepresentation of conserved adenosines flank-
ing the seed complementary sites in mRNAs indicates
that primary sequence determinants can supplement
base pairing to specify miRNA target recognition. In
a four-genome analysis of 3' UTRs, approximately
13,000 regulatory relationships were detected above
the estimate of false-positive predictions, thereby im-

plicating as miRNA targg e than 5300 human
genes, which represent @ our gene set. Tar-
geting was also detectetNigiyg reading frames. In

sum, well over one third of human genes appear to be
conserved miRNA targets.

Adapter from Lewis BP et. al., Cell 2005.

articles

Systematic discovery of regulatory
motifs in human promoters and 3’ UTRs
by comparison of several mammails

Xiaohui Xie', Jun Lu’, E. J. Kulbokas', Todd R. Golub', Vamsi Mootha', Kerstin Lindblad-Toh', Eric S. Lander'** & Manolis Kellis'~*

'Broad Institute of MIT and Harvard, Cambridge, Massachusetts 02141, USA
*Whitehead Institute for Biomedical Research, Cambridge, Massachusetts 02139, USA
*Computer Science and Artificial Intelligence Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA

* These authors contributed equally to this work

Comprehensive identification of all functional elements encoded in the human genome is a fundamental need in biomedical
research. Here, we present a comparative analysis of the human, mouse, rat and dog genomes to create a systematic catalogue of
common regulatory motifs in promoters and 3’ untranslated regions (3' UTRs). The promoter analysis yields 174 candidate motifs,
including most previously known transcription-factor binding sites and 105 new motifs. The 3'-UTR analysis yields 106 motifs
likely to be involved in post-transcriptional regulation. Nearly one-half are associated with microRNAs (miRNAs), leading to the
discovery of many new miRNA genes and their likely target geng® Ul gsults suggest that previous estimates of the number of
human miRNA genes were low, and that miRNAs regulate at led uman genes. The overall results provide a systematic
view of gene regulation in the human, which will be refined as J%ulide®il mammalian genomes become available.

Adapter from Xie X et. al., Nature 2005.




Target Prediction is often based on...
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5" miRNA

Perfect pairing of miRNA-mRNA seed match

Seed match conservation across different species

Number of predicted sites for the same miRNA on
a certain 3’'UTR

Thermodynamics of miRNA-target pair
Target site accessibility




Cross Species Conserved Seed Match

* MicroRNA targets conserve across species.
(Stark et al. 2003) N——
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X. laevis TCCGCAAAACAAAAGA CCAACAACATGAAACTGCCTAATIGAGATGTAGACCTTCCC

X. tropicalis GCCGCAAAACAAAAGA GAGATGTAAACCTTCCC
H. sapiens CCGATTTCTGCTAAGT IACGCCGTAATTCTTTCT
M. musculus CCGATTTCTGCTAAGT IACGCCGTAATTCTTTCT
D.rerio GACGTAGAAATTA TCCAACAACATGAAACTGCCTATTHATGCCGTAGAATCTCTT
F.rubripes CGTAGCAATTAATG TCCAACAACATGAAACTGCCTATTHATGCCGTTTTAGTATAG

P. hamadryas CCGATTTCTGCTAAGT! CCCAACAACATGAAACTGCCTATTQACGCCGTAATTCTTTCT
B. taurus CCGATTTCTGCTAAGT CCCAACAACATGAAACTGCCTATTUQACGCCGTAATTCTTTCT

R. norvegicus CCGATTTCTGCTAAGT! CCCAACAACATGAAACTGCCTATTQACGCCGTAATTCTTTCT

Mansfield, 2004, Nat Genet; MicroRNA-responsive 'sensor' transgenes uncover Hox-like and other developmentally regulated
patterns of vertebrate microRNA expression.



Accessibility: The Missing Component

What about target accessibility?
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RIS, Incorporating mRNA UTR structure to predict
(U - | o microRNA targets (Robins et al. 2005)
*Make sure the predicted target
~ . “accessible”.
*Not forming basing pairing its self.




Databases for miRNAs and
miRNA-target interactions

- miRBase
- miRNAMap
- miRTarBase



RGERS MANCHE:

Home Search Browse - Download Submit

miRNA count: 15172 entries

We are mapping reads from deep sequencing experiments to miRNA annotations. These
mappings can be viewed from links in the miRMNA entry pages. We will be adding data
over the cnmlrrg weeks and months. As usual, please contact us

(mirbe <ter ac. k) with questions, commenm or problems.

| Go | | Example |

miRBase: the microRNA database

miRBase provides the following services:

is a searchable database of published miRMNA sequences and
v in the miRBase Sequence database represents a predicted
hairpin portion of a miIRMNA transcript (termed mir in the database), with information
on the location and sequence of the mature miRMA st-qu-r(e (termed miR). Both
hairpin and mabure sequences are available for searching and b 3, and eniries
can also be retrieved by name, keyword, r'r-;-rr-_-n':r-r_c‘-s and arno o | secquence and annotation data are also availat
4T .

11 (2004)
0 - Naftre Reviews

= s provides miRMNA gene hunters with unigue Names for Novel MIRMNA genes prior to publication of results. Visit
fc.,r mue information about the naming service.

= The muRBase Targets database and pipeline has been rntra‘n:led as microCosm, and Is now hosted at the EBL. The microCosm
resource continues to be maintained by the Encigl . miRkBase aurrently IIrnk miRMNASs to targets predicted by microCosm,
TargetScan and Blctar, and aims to provide a more »:xtorrive target prediction aggregation service in the fubure.
. ements mailing list. Arwy queries

To receive email notification of data updates and feabure changes
about the website or naming service should be directed at mirbas

r with funding from the BESEC, and was

miRBase is hosted and maintained in the |
previously hosted and supported by the

If you make use of the data presented here, please cite the following articles in addition to the primary data sources:
miRBase: tools for microRRA genomics.

Griffiths-Jones S, Saini HK, van Dongen S, Ervight AJ.

MNAR. 2002 36(Database Issue):D154-D158

miRBase: microRMNA secp e targets and gene nomenclabure.
Griffiths-Jones S, Grocock R, van Dongen S, Bateman A, Ervight A,
MAR 2006 34(Database [ssue):D140-D144

miRBase Database

The microRNA database
http://www.mirbase.org/




miRBase MANCHESTER

—
Latest miRBase blog posts miRNA count: 21264 entries

miRBase 20 is coming By sam (June 12, 2013)| | Release 19: August 2012

miRBase 20 is long overdue, but should finally make an appearance within the next week. As you might expect, the extended period since the last release

means many new entries — over 3000 new stem-loop sequences, and over 5000 new mature sequences. These additions mostly expand the miRNA sets of Search bV miRNA name or keyword

species already in the database, [...] _

Website at risk, Tues 19th March 8am-9am GMT By sam (March 12, 2013) | Go || Example .
The miRBase website may be intermittently inaccessible from 8am-9am GMT on Tuesday 19th March, and all day on Saturday 23rd March, while some
network and electrical maintenance is carried out. Apologies for any inconvenience. Download pu blished miRNA data

Download page | FTP site

miRBase: the microRNA database

miRBase provides the following services: N h - Scien 174

e The miRBase database is a searchable database of published miRNA sequences and annotation. Each entry in the miRBase Hithiqhts. Web watch - Nature Reviews
Sequence database represents a predicted hairpin portion of a miRNA transcript (termed mir in the database), with Genetics 5:244 (2004)

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.

To receive email notification of data updates and feature changes please subscribe to the miRBase announcements mailing list. Any queries about the website or naming
service should be directed at mirbase@manchester.ac.uk.

miRBase is hosted and maintained in the Faculty of Life Sciences at the University of Manchester with funding from the BBSRC, and was previously hosted and supported by
the Wellcome Trust Sanger Institute.

12



MiRNA nomenclature

XXx-bantam Xxx-bantam insect
xxx-lin-4 xxx-lin-4 nematode
XXX-MIir-yyy XXX-miR-yyy

xxx-MIRyyy XXX-miRyyy Plant

xxx: abbreviations of species
yyy: three or four digital numbers and one alphabet

Pre-miRNA Mature miRNA

rno-mir-103-1  chr10: 20695027-20695112 [+] ~ rno-miR-103, rno-miR-103-1*

Mo-mir-103-2  chr3: 118996602-118996687 [+] ~ mo-miR-103, rno-miR-103-2*

has-let-7a-1 chr9: 96938239-96938318 [+] hsa-let-7a-5p, hsa-let-7a-3p

hsa-let-7b chr22: 46509566-46509648 [+] hsa-let-7b-5p, hsa-let-7b-3p

13



Search page

Search miRBase

- By miRNA identifier or keyword
Enter a miRNA accession, name or keyword:

[ REEEW | [ ER | [ Exampl |

By genomic location
Select organism, chromosome and start and end coordinates. Leave the start/end boxes blank to retrieve all miRNAs on the selected chromosome.

Choose species q Chr: T| Start: End: | Get sequences

Select organism and the desired inter-miRNA distance.
Choose species '~| Inter-miRNA distance: 10000 | Get clusters |

By tissue expression

Select organism and tissue.

Choose species Z' Select tissue z Get expenments

= 8y sequence |

Single sequence searches:
Paste a sequence here to search against miRNA sequences. You can choose to search against the intact precursor sequences or just the mature
miRNAs. This search may take a few minutes. (Max size 1000bp's)

Search sequences: Mature mRNAs [~
Search method: BLASTN [~]

Choose BLASTN to search for a miRNA in a longer sequence. SSEARCH is useful for
finding a short sequence within the library of miRNAs (for instance, find a short
motif in a miRNA or precursor stem-loop, or find mature sequences that are related

to your query).
Or: Select the sequence file you wish to use E-valie cutoff: 10
| Maximum no. of hits: 100

| Search miRNAs | [ Eix | | Example




hsa-mir-122

Mature sequence hsa-miR-122-5p
LY MIMAT0000421

Stem-loop sequence hsa-mir-122
LU MI000442

(N ITCR O hsa-mir-122a Previous IDs hsa-mlR-122a,hsa-rniR-122

SO HGNC:MIR122
S - wggacnenvacaaunegneunne - 36

[JUTLIS Tl experimental; cloned [2-3], Northern [2]

="a {008 Homo sapiens miR-122 stem-loop

Sequence

(LR ETUTE MIPFO000095; mir-122

This text is a summary paragraph taken from the Wikipedia entry entitied MiR-123. mRBase and Rfam are fadiitating communi

miR-122 is a miRNA that is conserved between vertebrate species. miR-122 is not pref

comm“'fih" detected. miR-122 expression is specific to the liver, where it has been implicated as 4 .
LLULLERLU (1iR-122 levels are associated with hepatocellular carcinoma. miR-122 also plays an i Mature sequence hsa-miR-122-3 p

LYOREINN MIMAT0004590

Show Wikipedia entry ll View @ Wikipedia

¢ - - R MO (V) hsa-miR-122*
cuuagcag agcugl 1 aalggus gu u
Stem-| FECRRREE TREeer beveeer tevreneenel Il
R ccavceuc ucgana ucacacn wiaccecasac  caa 51 - aacgccauvaucacacnaaana - /72
c a . nan a Sequence -
cadsexperiments (VT Tl experimental; cloned [3]

Deep

raads

COLAWWL ARG OUICUGL AU A GOUCULILIGUG LW LG o s GO R A AU W COUNCUG CL L

DIANA-MICROT: hsa-miR-122-3p
MICRORNA.ORG: hsa-miR-122-3p
MIRDB: hsa-miR-122-3p
RNA22-HSA: hsa-miR-122-3p

(0TI LCE The mature sequence shown here represents the most commonly cloned form from |z




miRNA Known miRNAs

RN N o e PR === Known miRNA targets

Putative miRNA targets
miRNA expression profiles

Filtering criteria for putative
miRNA targets

D @PCR microRNA expression profile

190 [ME-MIR-232 )

1054 )

Caples par ng ANA | x

miRNAMap Database

Nucl Acids Res, Database Issue, 2006
Nucl Acids Res, Database Issue, 2008

An integrated resource to collect experimentally verified microRNAs
and both known and putative miRNA target genes in human, mouse,
rat and other metazoan genomes.

http://miRNAMap.mbc.nctu.edu.tw/

16



Homepage of miRNAMap 2.0

Statistics Downloads

Tutorial

keyword in ® microRNA or O target gene : | Homo sapiens v

mature miRNA count:

'L-\[“\Bl '< new? Homo sapiens 542
Mus musculus 424
% MOI"C SPCCiCB Danio rerio 371
ﬁ More pr‘cdicfion tools Rattus norvegicus 261
a4 Xenopus tropicalis 196
"y =
Gallus gallus 162
% miRNA target accessibility : .
Caenothabditis elegans | 135 .
'& faster and More comprehemsive s 13 [l

1 .RN“?‘JJIL.

Releas 2.0 : j\-"ﬂ 2007 Monodelphis domestica : 111 .
Drosophila melanogaster . 85S .
. Anapheles gambiae 38 I
Previous version - miRNAMap 1.0
Canis familiaris [ I

Department of Biological Science and Technology,
Institute of Bioinformatics National Chiao Tung University, Hsinchu, Taiwan

Contact with: bryan@mail.NCTU.edu.tw

Bk

17



Web interface - Browse

Browse miRNAs @

Browse miRNAs Targets @

7

18



Items 1-20 of 386 displayed.
loadR

form

Species

Mus musculus

The pre-miRNA of MI0000137

Web interface - Browse

EMBL
Gene RFAM -7
MG
Accession no MID000137
o mmu-let-Tg
Species Mus musculs
o Mus tet-7g loop
mmu-mir-23b iencomie 9: 108030541 - 108037028 1+
Location Wige i & =2 Brz-uer

Locate on gene
exonfintron/UTR

mmu-mir-27b

Pre-miRNA
length

Comments

mmii-mir-2ah-1

2nd structure

L

Tha mature Sequence reported in [1]has 3 3 termanal A
from [l]wuﬂulﬂhy

Locate on chromosome

9 :106036941-106037028 : +

show: 20~ Page 1 of 20 | Next]

Locate on gene exon/intron/lUTR Get seq

[ ©ENSMUST00000020490 (intron) |  ©

€/ Ensembl Nlouse 7TransView

YourE
=L ogin or Register Transaript
O about User Accounts B S

ENSMUST00000020490

"=Gene information

W Gene splice site image
=Gene regulation info,

" Genomic sequence

= Genw variation info,

"D history

| ompare transcript SNPs
" Resequencing alignment
"= Transcript information
*Exon information

P rotein information
"SExport transeript data

Chromosome 9
106,073,260 - 106,093,452

*=View of Chromosome 3
" Graphical view
"Graphical overview
"Export from region..

ENSUUST

5 ENSMUSTO0000058857

bl Transcript Report

WidrS2 (UG Symbol) To ves o Exsemn yenes e 1 P neme [o0 S

Genomic Location

Description

Prediction Method

B similarity Matches

Exons:¥ pt length: 3728 bps Tmthlbnnkﬂq!‘! Iresaties
This transcriptis a MJ of gene: ENEUL

This transceipt can be found on 280108 053 452
The stact of thas transcript is located in Contg AC 184430 g

WO repaat domain containing 82 Bource MG ASC MG 1824555

Ganes wete annotated by the Ensembl sutomatic analysis ppeing using ether a sodel from protem of 3 setof aligned
cONAS foliowed by an ORF predicton Gara'Wise Exorerate models ant further combeed n\maumm cDNAS 1o annatate UTRs (For mone information
see'/ Corwen et al, Genome Res. 2004 14342-50)

This E bl entry to the i datsbase
UCSC Stable 1D
MG Symbol:
UniProtKB/Swiss-Prot
RefSeq peptide:
RelSeq DNA: 1 g v 200 Sumey e 0 fadgn]
WD repaat doman containing B2 (WarlZ), mRNA
EntrezGene: WarE2
WD repeat domain containing 82
EMBL: AKD35108 lakion! ARDITEZC laten AK145852 taion
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Web interface - Search

Browse miRNA Targets of Mus musculus

/Hrowse targets

Ensembl ID or Gene symbol ENSMUST00000021001

Choose @ oN€ miRNA mmu-miR-107
all miRNAs

#| Criterion 1 Overlap tool numg
| Criterion 2 Hit counts

Set parameter |
Criterion 3 Accessible region

=)

8

Browse by chromosomes

[T HEN ¥

y
i |

4 10 11

=g | |
(T =C 1 ¥

550800,

I Reb 10
R =N SMUST00000021001

(SUGUGERENRGAETIN 12 @ 3247726 - 3309939 : -1
There are 4 miRNA target sites!

RAB10, member RAS oncogene family [Source:MarkerSymbol;:Acc:MGI:105066]

5 dearsc Criterion e
Rank miRNA Mfe Score Start End Tool l':.r!l"—:;;{l]i "” i i3 3 Hybridization
correlatip .
mu- L < 4k
R 17 14.10 158.00 745 766 miRanda - i 4 4 Structure
[ Strucure
mmy- - s . s N mRHA: 3' -ACUAUC-GOOACA----------====="=-- UGUUACGACGA 5'
miR-107 24.10 D pgolanetsan ey s L
T{rget:5' UIGGGCCACCCUGUCCCUGCGUCUCAUCTTTCTGE - AUGCUGCUY 3°
mmu - -
D i7.30 16000 1463 1488 miRanda - & & 8B I srucue
mm- - = 4
mMIR-107 24.40 1481 1488 TargetScan vy Structute
A —

sy oo
(FUTR )

miRanda - - | rrru-miR- 107
TargetScan ] (] & mmu-miR- 107
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MiRNA expression profiles

hsa-miR-122a (liver-specific miRNA)

hsa-miR-23a

microRNA expression profile

“Bead-arr
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MicroRNA Expression Profiles Classify Human (
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Nature 435, 834-838(9 June 2005)

Nature 435, 834-838(9 June 20035)
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PCR express
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“QPCR microRNA expression profile

“QPCR microRNA expression profile

hsa-miR-122a
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Less strong evidences

AT nmm-lzz

- Ss ADAM17
. é é miR-519¢
HUR

miRTarBase

HOXB8

miR-125b
Lin-28

miRTarBase

A database curates experimentally validated microRNA-target
interactions

http://miRTarBase.mbc.nctu.edu.tw/
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The statistics of miRTarBase

No. of MTls are validated by

Species !\Io. of rr!iRNA-target N?. of No. of target No: of ottern T
interactions (MTIs) miRNAs genes articles pSILAC Microarray
blot assay

Human 3521 317 1960 1326 1355 2043 495 1110
Mouse 707 167 460 292 356 535 0 232
Rat 276 1 118 70 109 80 0 177
Chicken 21 " 19 1" 5 20 0 2
Cattle B 2 - 1 0 0 0 0
Zebrafish 104 26 76 32 33 88 0 2
Fruit fly 117 38 71 33 8 116 0 12
Silkworm 2 2 1 1 0 2 0 0
#g;can clawed 1 1 1 3 0 1 0 0
Nematode 36 9 30 21 1 36 0 0
Thale cress 72 28 45 14 T 2 0 12
e 1 6 1 5 1 1 0 0
HHV-8 1 8 1 3 0 1 0 0
VSV B 0 2 1 0 - 0 0
Total 4867 726 2789 1813 1875 2929 495 1547

23



Comparison of miRTarBase with other
MTI databases

TarBase miRecords miR2Disease miRTarBase

RNA(2006), Nucleic Nucleic Acids Res. , ; :
Publications Acids Res. Database Database g:f;i'; sﬁclfssu}:(ezsdog) ;t;smrﬁ(R;(Iﬁ;?e

Issue(2009) Issue(2009) e i Number of
Release version V5 V1 V3.5 records
Last update 2008/06 2010/05/05 2010/06/02 2012/11/01 added

Metazoa x 6 e Metazoa x 9
Support species Viridiplantae Vi 5 Human Viridiplantae x 3

; iruses x

Viruses Viruses x 5
Number of miRNAs 223 381 179 726 + 345
Number of target genes 1028 1057 394 2789 + 1732
Number of articles 154 410 421 1728 + 1307
Number of miRNA-target
s 1264 1513 635 4867 + 3354
Supported by strong experimental evidences
No. of miRNA-target interactions
validated by "Reporter assay” o e e ziid =
No. of miRNA-target interactions
validated by 'Wesgtern blot" d &5 0 1575 i
No. of miRNA-target interactions
validated by "Reporter assay AND 25 123 0 1566 + 1443
Western blot"
No. of miRNA-target interactions
validated by "Reporter assay OR 307 747 635 3239 + 2492
Western blot"
Supported by less strong experimental evidences
No. of miRNA-target interactions
validated by "pSILAC experiments' =i . - 495 .
No. of miRNA-target interactions
validated by "Microarray 343 380 0 1547 + 1167
experiments”




Experimentally verified miR-122 targets

miR-122 target gene list

MIRT00314 Human (Homo saplens)  hsa-miR-122 SLC7AL
MIRT00312 Human (Homo saplens) hsa-miR-122 ADAM17 Dual-luciferase assay, RT-PCR, Luciferase assay, Review
MIRT00312 Human (Homo sapiens) hsa-miR-122 NUMBL
MIRT00312 Human (Homo saplens) hsa-miR-122 EGLN3
MIRTD0212 Human (Homo saplens) hsa-miR-122 TRIBL
MIRT00312 Human (Homo saplens)  hsa-miR-122 SLC7A11  Dual-uciferase assay, RT-PCR
MIRT00311 Human (Homo saplens) hsa-miR-122 FOX13
MIRT0031]1 Human (Homo saplens) hsa-miR-122 XPO&
MIRT00311 Human (Homo saplens) hsa-miR-122 SLCTAL
MIRT0031] Human (Homo saplens)  hsa-miR-122 APIMZ
MIRT00311 Human (Homo saplens) hsa-miR-122 GEPC3
MIRT00311 Human (Homo saplens) hsa-miR-122 GALNT10
MIRT00311 Human (Homo saplens) hsa-miR-122 DSTYK
MIRT0031]1 Human (Homo saplens) hsa-miR-122 TPO52L2
MIRT0031] Human (Homo saplens)  hsa-miR-122 AKT3
hsa-miR-122

MIRT00311 Human (Homo saclens)

Target gene information

miRNA information

per-mRNA D

Luciferase assay, Western blot, Northemn biot

Dual-luciferase assay, RT-PCR e ¥ torm Fom large g st
Dual-luciferase assay, RT-PCR <
Dual-lucferase assay, RT-PCR &

o™ &

g 3
(LN # rYl o b
“uuerueseve reerre 2T e

Dual-luciferase assay, RT-PCR
preesrrrter aded

Dual-luciferase assay, RT-PCR
Dual-luciferase assay, RT-PCR
srase assay, RT-PCR
drase assay, RT-PCR
srase assay, RT-PCR
Prase assay, RT-PCR
trase assay, RT-PCR
srase assay, RT-PCR
srase assav. RT-PCR

[ R R R R R

FUNDC2

Gene Symbol

Ensembl Gene

Expression LinkQut: [ BoGPS |
Putative miRNA Targets

1 CGTGCAGICCCACCCACCAL
B1 GCCTCAGGATCAGCTCACA
161 GTCCCTTGRTTTACTCATC!
241 GOOOCCAGCAGRAGGAGE!
321 GCCCATGTGLACACTCOAGH
401 ATCCCAGCGAGGAAGCATE!
481 CCCACATCTTACTECTTTCY
561 (GGTGTGAGCCGTTCAGGTC
641 ATGAGALGGLCAGCTCAGLC
721 TECTCTTGRC6CTTGTCC
801 TCTTCTARAGTTCTTCAGA
881 TTTTACATCTAAGGAGTACT
961 TGTTACCTTGGAAGATAGCC

84N EASTTRAAETIFTATIAST)

SeTat LinkOut: { Exkez Geoe | BoGPS | Wipeda | Hog |

ESMSONOMISN Lk P 2 Experimental evidence of miRNA/Targets
[E TR FY R ST 5149138986 - 149211480 (-) LinkOut: [ UCSC Genome Browssr )
Sysonys 4EMOBKO1R, AMATASA, A1, Ave!, Cat, R, Ree!, mCAT- - :

Description solute carrier family 7 (cationic amino acid ransporter, y+ system), member 1 Gene

LinkOut:  TargeiScan § 1| MroCosm | mRAM3p20)

>51cTal | ENSMUSTEO0060481 1< ' 2

 Validated by |

Luciferase assay,

e least e won

nal Description Mg 0
ed from the (18%) Thess results s

s \Western blotting T
.| SLC7A1 expression proﬁle e mirncions A e =__

Tnswe deoerndend sared erdresinn of mRNA
«Ro, S Park, C. Yo D. Sanders. K. M. Yan, W.
- Nucleic Ackds Res. 7

215570 _n_at

i bl
i i ®
|

Hablty of the §'-strand and the J-strand n the stem-loop
T less stable one (caled the miRNA or

E

PRNA becggearias B Larpel selecton proceus
LinkOut: [PAID 17726050)
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Tools for identifying miRNA-

target interactions

-miRTar
-miRTarCLIP
-miRGator
-TargetScan
-microRNA.org
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Different mRNA isoforms of one gene |

—_—
Intron Base pairing on this reg|0n mwmh

s CS Exon
s AS Exon

:Transcmpt I -"'-__""‘h Degrade !
|Transcript II wmw—  wli ®8 Degrade!
. | Transcript 111 smm—  —smNot Degrade !

1
- \ Transcript Il will not be degraded !

Transcript I

miRNA target sites in 5’UTR, CDS, 3'UTR :@ ___________________ mRNA
i = = is

I
, Transcript I Degrade ! :
Base pairing on this region B 1 : a b P!
: : : ’?')‘?Q'L _ :Transcrlpt I - Degrade ! !
i i i Ng (Transcript Il mmm— @@ Degrade!
Cap % start ; end i PolyA tail | !
5 UTR \ All of the transcripts will be degraded ! |
1

The structure of a typical human protein coding mRNA including the untranslated regions (UTR) Multiple T
The biological roles of the miRNA
@ e Ask different questions ?

"
O miRNAs --| genes ?

*n miRNAs tom genes
o YEu e *all miRNAs to gene group
*n miRNAs to selected KEGG map

MmiRTar

A web server for identifying miRNA targets for human

. MiRTar. .um.n.
http://mirtar.mbc.nctu.edu.tw

BMC Bioinformatics, 2011




The system flow of miRTar

| | EXON RECOGNITION: :
| | THREE TOOLS SIM4, SPLIGN AND

L —— .

| ———— e —— ]

| EXON TYPE DEFINITION; |
CASSETTE EXON, ALTERNATIVE 5’

L S5/3' $5. MUTUALLY EXCLUSIVE .. :

—I—II ! -
Candidate map s  O€ne enrichment analysis



Multiple scenarios of miRTar

Single miRNA to single gene (1:1)

Single miRNA to multiple genes (1:N)

Mu

Mu
—T
— A

tiple miRNAs to single gene (N:1)
tiple miRNAs to multiple genes (N:M)
ne miRNAs in one of the pathway

| miRNAs to one/multiple genes



The biological roles of miRNA in metabolic pathway

* Aninteresting gene group will be targeted by a single miRNA
* These genes will be involved in different metabolic pathway
* Using gene enrichment analysis of metabolic pathway

Sort by P-Value

miRNA' hsa-miR-21

SN Title [ID] #maltched genes #genes in pathway

- Apoptosis - Homo sapiens (human){
1

ENDOGL1; TRAF2, PRKAR1A; PIK3RS; PIK3R3; PIK3R2; PIK3R1; PIK3CG; NFKB1; IL1R1; IL1B; IKBKG; EXOG; ENDOGL1; CHUK; CFLAR; CAPNZ; BIRC2
BCL2;, AKT3; AKT1

Small cell lung cancer - Homo sapiens (human)[hsa05222] 1.18578e-
TRAF2; PIK3R5; PIK3R3; PIK3R2; PIK3R1; PIK3CG; NFKB1; IKBKG; CHUK; BIRC2; BCL2; AKT3; AKT1
Acute myeloid leukemia - Homo sapiens (human)[hsa05221] 2.41585e-1 10 59
PIK3R5; PIK3R3; PIK3R2; PIK3R1, PIK3CG; NFKB1; IKBKG, CHUK; AKT3; AKT1

Prostate cancer - Homo sapiens (human){hsa05215]
PIK3R5; PIK3R3; PIK3R2, PIK3R1; PIK3CG, NFKB1; IKBKG; CHUK; BCL2; AKT3, AKT1

§

Metabolic Pathway

Pancreatic cancer - Homo sapiens (human)[hsa05212] 3.303

PIK3R5; PIK3R3; PIK3R2; PIK3R1; PIK3CG; NFKB1; IKBKG; CHUK; BCL2; AKT3; AKT1

Toll-like receptor signaling pathway - Homo sapiens (human)[hs ]
PIK3RS5; PIK3R3; PIK3RZ; PIK3R1; PIK3CG; NFKB1; IL1B; IKBKG; CHUK; AKT3; AKT1

B cell receptor signaling pathway - Homo sapiens (human)[hs304662 4.12520e-16 10 75

PIK3RS5; PIK3R3; PIK3RZ; PIK3R1; PIK3CG; NFKB1, IKBKG, CHUK; AKT3; AKT1

PIK3R5; PIK3R3; PIK3R2; PIK3R1; PIK3CG; NFKB1; IKBKG; CHUK; AKT3; AKT1

T cell receptor signaling pathway - Homo sapiens (human)[hs204560]

PIK3R5; PIK3R3; PIK3R2, PIK3R1; PIK3CG; NFKB1; IKBKG; CHUK; AKT3; AKT1

@ Pathways in cancer - Homo sapiens (human)[hsa05200] 3.50114e-13 13 332 30
" TRAFZ; PIK3RS5; PIK3R3; PIK3R2; PIK3R1; PIK3CG; NFKB1; IKBKG; CHUK: BIRC2; BCL2; AKT3; AKT1



The biological roles of miR-21 in metabolic pathway

* hsa-miR-21 might target in 5’UTR, CDS or 3’UTR of genes’ transcripts.

Focus on different target region

of the transcripts

APOPTOSIS : miRkMNA Target Gene

:Targeton 3' UTR
[5] :Vargeton5'UTR
[E :Target on Coding Sequence

Extrinsic Pathway

hsa-miR-21 target genes
in KEGG Map
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mMiRNA target on alternatively spliced exons

Assumption: one gene has three different transcripts

O--- e

| Transoript ] mm— el *  miRNA base pairing on the purple exon
:Transcript Il smm o @B

!
\Transcript Il mem——mm ! — Transcript | and Il will degradation/translation

\ Transcript Ill will not be degraded ! inhibition
@--------mmeoee- ety — Transcript Il will produce the protein product
|Transcript I s = il

:Transcript - s

'+ miRNA base pairing on the green exon
\Transcript Il mmm— = :

. — None protein products will produce from the gene
\ All of the transcripts will be degraded !

[r— 3

MiRNA protein miRNA target on mRNA MRNA
miR1 @ r. <---DELMBL BRI _______ Isoform 1
miR2 @2 €0 Isoform 2
_ ()]
miR3 [ JE R T 111 S — Isoform 3 ®
™
@ r4 <---DBLMB3 ___________ Isoform 4
@ 5 € -----mmmmmmeo Isoform 5 37




Case study of miRNA:target duplex on alternatively spliced exon
Dnmt3b will be regulated by hsa-miR-148a

Detailed information of Dnmt3b

m i RTa r.Humln

Gene Symbol DNMT3B

Aweb servet for identying miRMNA Largets

- Full Name DNA (cytosine-5-)-methyltransferase 3 beta
Descripti DNA (cytosine-5)-methyltransferase 38 (EC 2.1.1.37) (Dnmt3b) (DNA methyltransferase
alIIB) (DNA MTase HsaIIIB) (M.H=allIB). [Source:Uniprot/SWISSEROT;Acc:QSUBC3]
hsa-miR-148 indeed will base pairing on the transcripts ICF, M.HsaIIIB
of Dnmt3b ein-coding . )
U — romoscme 20: 30,803,852 - 30,870,823 (Gene length=66972 bps.) forward strand

table view of MIRNNAS will Target on which franscripts PART II: the graphical view of the protein function will be regulated by miRNAS
—npt 1ID | hsa_mir-148a | hsa_mir-148b
> > = CmIRNA protein
- -
st e mir-148a = _ T e e e e :
- - R . - Lo PEPTOO0000 g G
hsa-mir-148b mm"‘_ — _. PEPTOOOOOO0O31280 - TRANOOOOOOSS80S
- - - FPEPTOO000031282 - - TRANOOOOOO9S794
. -

Which transcripts of Dnmt3b have miR-148 target sites \.‘::};ICh protein function of Dnmt3b might be regulated by miR-

T RANOOOOOO95803

= -y o o oy o T - o =
Gene — — I - =
Gene structure — Ty Y Y Y Y I e e Yy e e
I Exon cluster ; Fi'iiﬂ::on
. UTR region ™ tarEet
] CDS region .
I Exon miR-148a base pairing on alternatively spliced exon
‘——\
1
1
1
- ] —

= B30 149 25
RANOOOO0095 794

Exon Type, [ |
SES EOn Ok c?!:;?.:-edkcx;:?imy LA Jms{"::::m ANgiinaid '?:;ik::i::l:ility
S'UTRCDS3'UTR| CS [ AS |

miRNA Pos. on Gene| Ti

miRNA 3 -ugUUUCAAGRCAUCACGUGACU=-5"
hsa-miR-148a | 53913 - 53934 [TRANOOOOOO95T9H 603 - 624 b} ~ cons. 0.027 -25.60 180.00 sl dprshRReinbnnnnt Emer 0.000
mRNA %' -aaGATGTTTIGTGGTGCACTGa-3"

18000) | e |sme| 0000 The duplex structure

hsa-mift-148b | 53913 - 53934 [TRANOOOODO95794 603 - 624 ~ ~ cons. 0.027 -25.90
mRMA 5’ -aaGATGTITIGTGGTGCACTGaA-3"
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CLIP-seq/PAR-CLIP raw data (NGS sequencing reads)

miRTarCLIP program

. 4

Core algorithm

|NGS Quality Control |
|Align to 3'UTR |
[cluster calculation |
[Find Target site |
|Create Web viewer |

Functional web

Database / Tools

Create Web server
Web Tomﬁto
(HTML, CSS)

Web Viewer
(PHP, Javascript

server in user local machine

¥

CLIP-Seq/PAR-CLIP and miRNA target map in 3'UTR

miR-31123588-5p
miR-462 b

MRNA it

NonComserved ( Tmer-m8) (NULL)
NonCoeserved (Tmer.m8) (NULL)
NenCoeserved (Tmer-1a) (NULL)
NemConserved (Tmes-1a) (NULL)
NonComserved { Tmer-1a) (NULL)

IR 103a 107 107ab

Comserved { s3]

[miR-1 Sabe 161 6abe 198322424,

Connerved (Tmer-m¥) (0.65)

G ene oGT i.".'.'.IBL;I;;.I‘” NSt
I.ndtlnfo_

Reads loid=o

| Target info and score

miRTarBase match lists

ADORA2B (NM_000676) : hsa-miR-27b,
M1 (NM_004068) : hsa-miR-224,
AP2MI (¥M_001025205) : hsa-miR-224,
APP (NM_000484) : hsa-miR-520c-3p,hsa-miR-106a, hsa-miR-20a,
APP (NM_001204301) : hsa-miR-520¢-3p,hsa-miR-20a hsa-miR-10{
APP (NM_001204302) : hsa-miR-520c-3p hsa-miR-106b hsa-miR-1
APP (NM_001204303) : hsa-miR-520¢-3p,hsa-miR-106b,sa-miR-1

NM_001136016) : hsa-miR-520c-3p hsa-miR-17 hsa-miR-2

mima_name  site_type
bsa-miR-103a 2
lsa-miR-107 2
bsa-miR-497 2
haa-miR-195 2
bsa-miR-1%a 2
samiR-15b 2
Isa-miR-424 2
bsa-miR-16 2

hea-miR-486-3p 2

miRNA Name  site_hpe mirms_start mima_end prime_pairing local_AU position TA 5PS  score scorep o
593 501 0016 0042 0063 0029 -0.115 0199 65 A

Comserved A
mima_stant mima_end prime_pairing local AU position TA SPS  score score_p
906 912 <0.02% 0032 0066 0.010 -0.036 -0.137 55
06 12 -0.02% 0032 0066  0.010 -0036 -0.137 38
907 913 0.003 0032 0067 0019 0048 0011 S0
907 913 -0.007 0032 0067 0019 -0.045 -0.121 53
907 913 0.003 0032 0.067  0.019 -0.045 -0.111 49
%07 913 0.003 0032 0067 0019 0048 0111 45
907 913 0,030 0032 0067 0019 0045 0088 39
07 913 0,003 0,032 0067 0019 -0.048 -0.111 51
Nomoomserved

MiRTarCLIP

miRNA-Target Interactions Analysis in CLIP and PAR-CLIP Sequencing Data

http://mirtarclip.mbc.nctu.edu.tw/
BMC Genomics, 2013

MmiRTarCLIP
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Major Features

 The conventionally approaches to verify MTls
such as the reporter assay are still time
consuming and incapable of handling the large-
scale screening.

* Alarge amount of miRNA-target interactions
(MTlIs) have been identified by the crosslinking
and immunoprecipitation (CLIP) and the
photoactivatable-ribonucleoside-enhanced CLIP
(PAR-CLIP) along with the next-generation
sequencing (NGS).
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MmiRTarCLIP

Crosslinking immunoprecipitation sequencing
CLIP-seq

Argonaute protein

d ORF == == AAAA 3
@ Ternary complex miRNAa'_—MIES'

3» UV Crosslink immunoprecipitation

- \ Wm! — / | Argonaute * | Cleavage by RNAse
2 IORE. | o - AANAA 3 *5* ORE_ X - AAAA 3
miRNA 3'l L

miRNA 3’ 5

/NN
Extraction RNA
Next generation sequencing | Argonaute p

the specific sequence

\ 4

Identify miRNA Target Site

5'

Chi et. al., Nature, 2009
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Search:

Gene symbol: ARHGDIA Gene accession:

ARHGDIA (NM_001185078) : hsa-miR-15a,

miRNA name: hsa-miR-15a

Browse:

O w >

N 4 ene

A

A1CF (6)

A2LD1 (2)

AADACL3 (2)

AADAT (2)

AAGAB (1)

AAKI1 (1)

AANAT (2)

AARS (1)

AASDHPPT (1)

Viewer:

Go Back

Cluster List : 207~233 722~750 1004~1032 1119~1140

miR-15abc/16/16abc/195/322/424...

miR-182
miR-96/507/1271
miR-375
miR-133abc
Clusters U cucc UGuUC
Ruler St e e srets - 2 e e e e
3'UTR(9606) C————- GGU~———CUCC——— UGHE—
Reads Info
Read Number:1 C GGT CTCC TGTC
Read Number:1 C GGT CTEE TGTC
Read Number : 2 T CTCC TGTC
Read Number : 2 T CTCC TGTC
Read Number : 1 T CTCC TGTC
Read Number : 1 TC
Read Number : 3 TC
Read Number : 1 TG

UCGUUGCUGCUUCUGCCU

TCGTTGCTGCTTCT 1
TCGTTGCTGCTTCTG 2
TCGTTGCTGCTTCT 2
ACGTTGCTGCTTCTIG 1
TCGTTGCTGCTTCTG 1
TCGTTGCTGCTTCTGCCT
TCGTTGCTGCTTCTG 1

Conserved (7mer-m8) (0.74)
Conserved (8mer) (0.59)
Conserved (7Tmer-1a) (0.74)
Conserved (7mer-1a) (0.00)
Conserved (7mer-m8) (0.83)




Search: ; :
WMI = Input Gene gene accession or mMiRNA name
Gene symbol: PAG1 Gene accession: ' miRNA name:
Chi et al., Nature, 2009
- PAG1 (NM_018440) : hsa-miR-107, hsa-miR-103a, hsa-miR-15a, hsa-miR-15b, hsa-miR-424, hsa-miR-16, hsa-miR-11|
BrainA_130_50
BrainB_130_50 iR TarB p— Search result
BrainC_130_50 ‘ arBase match lists:
Hafner et al., Cell, 2010 ADORA2B (NM_000676) : hsa-miR-27b,
AP2M1 (NM_004068) : hsa-miR-224,
e AP2M1 (NM_001025205) : hsa-miR-224,
SRR048975 APP (NM_000484) : hsa-miR-520c-3p,hsa-miR - 106a,hsa-miR-20a hsa-miR - 17 hsa-miR-106b,
S APP (NM_001204301) : hsa-miR-520c-3p hsa-miR-20a hsa-miR-106a,hsa-miR-106b,hsa-miR-17,
SRR048078 APP (NM_001204302) : hsa-miR-520¢-3p, hsa-miR-106b hsa-miR-17 hsa-miR-20a hsa-miR-106a,
SRR048979 ' APP (NM_001204303) : hsa-miR-520¢-3p,hsa-miR-106b,hsa-miR - 106a,hsa-miR-20a hsa-miR-17,
Go Back :
- = Select location
Chuster List : 74103 816~831 1582~1597 2021~2036 5234~5253 82508266 85298543 8649~8663
AGO binding site
Cluster List : 74~103
miR-668 AGUGA—————- CA NonConserved (Tmer-1a) (NULL)
miR-1640 AGUGA------ Cha NonConserved (7mer-m8) (NULL)
miR-597/1970 GUGA—————— CACA NonConserved (8mer) (NULL)
miR-592/599.m Yhapsss=ss CACA--A NonConserved (8mer) (NULL)
miR-2361/2444 B CACA--AA NonConserved (7mer-1a) (NULL)
mi RNA miR-2345/2390 B CACA--AR NonConserved (7mer-1a) (NULL)
miR-669n e CACA--AA NonConserved (7Tmer-m8) (NULL)
miR-4464/4748 CA--RACCUA NonConserved (8mer) (NULL)
miR-1815 A--AACCUA NonConserved (7mer-1a) (NULL)
miR-1816 A--ARCCUA NonConserved (7mer-m8) (NULL)
miR-562.b GCUGCUU NonConserved (7Tmer-m8) (NULL)
miR-4422 UGCUUUA NonConserved (7mer-1a) (NULL)
miR-592/599 GRS CACA--AA Conserved (8mer) (NULL
| miR-103a/107/107ab UGCUGC Conserved (7mer-m8) (0.62)
miR-15abe/16/16abe/195/322/424 UGCUGCU onserved (7mer-m8) (0.73)
Clusters A CACA AACCUAUACUUCAURUGCUGCUUUA
Ruler S iote el Tt SO S Bl o 1| e as e s A R Sl i
Gene PAG1 | 3UTR(9606) ~AGAAGAAGUGA-————- CACA--AACCUAUACUUCAURUGCUGCUUUAGUCACCUGAAG-———Al
Reads Info
Read Number : 1 T CACA AACCTATACT 1
Read Number : 9 A CACA AACCTATACT 9
Read Number : 1 A CACA AACCTATACTTCATATGCTGCTTTCGT 1
Reads Read Number : 2 A CACA AACCTATACTTCATATGCTGCT 2
Read Number : 2 CTATACTTCATRTGCTGCTTTA 2
Read Number : 1 CTATACTTCATATGCTGCTT 1
Read Number : 1 GTACTTCATRTGCTGCTTTAG 1 38
Read Number : 5 ATACTTCATRTGCTGCTTTA 5
Read Number : 2 ATACTTCATATGCTGCTTTAG 2




GEO SRA ~ TCGA miRNA-Target " Studies
Relations MR-l =T 3 T
Gl
G2
G3
Mapping Curation
ALIDAD 2 v e
' miRNA-mRNA Pairs

~38.di miRNA-mRNA
— —— i .mmm‘. Expression

miR-seq Browser l ( . 73 studies
| 4665 samples

miRBase = |
l Ensembl 1 Heart | - D) miRNA-Target Network
Liver |HEM
m m Lung  +ER— Enrichment p-value, q-value, lists
Known miRs NovelmiRs [0 3 * GO process/function
Pathway

A) Deep Sequencingbased  B) miRNA Expression - EVPRNA trgets/expremion

miRNA Analysis by Disease & Anatomy E) Gene Set Analysis

miRGator

A microRNA portal in deep sequencing era
http://mirgator.kobic.re.kr
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Major Features

* miR-seq Browser

* miR-target & Expression

— Correlation Heat Map
— Network Viewer

* Gene set analysis (GSA)



miR-seq Browser

1. Search a miRNA or upload a BAM or MSB file

miR-target & Expression

Home Search

Search keyword(s) : hsa-eq

miR-seq Browser

GSA

of Import your own data in BAM file fomat (fie size < 2wB}.W1ﬂnm}
*Note: To avoid long upload time, we using the BAM algr file only for the miRNAs of interes]
Piease use 'samitools view' to select the genomic loci for mRNAs and merge the resull using ‘samiools merge’

File select | Import |

of Upioad the miR-seq browser file (*.msb) to recal any previous views saved. [msb_sample.msb]

File select

OR

o Upload the miR-seq browser fie (*.msb) o

| File select

). (sample.bam) [insiruction
BAM alignment file only for the miRNAS of nterest
/rnﬁw and merge the resull using "samiooks merge’,

Inwgwf
recal any previous views saved. (msb _sample msb]
Upload |

|choose a premature miRNA ]
Show |10 v entries Sean:h:]
No. *  Accession miRNA ID Source DB Source Ver
000948 | bsaiet7ad il . mRBme B
KPO01373 haa-let-7a-1 miRBase 18
Showirlif1 to 2 of 2 entries First| | Previous | |1]  Next| | Last
| ' 3. Selecting a study will show the list
show RQisx] envies of samples in the selected samples pow—
- Study ID Sample
Sewec e shudy ard Lampie [0 10 acivate T T Leg Browser
GSEE0A0 .
Show |10 ¥ | enties Search: |
2 GSEIET2 No. “  Sampie D Anatcemy Disease Coll Line Sampls Tiie
1
. : 1= T
: : H |
& 1k |
s T
& GSERN09
Showing 1 1o 10 of 30 entries First | Previous 2 (3! [Next! [Last
7 GSE2119]
B GSEIN060 Sample © .
~ —_— w1 4. The deep sequencing reads
— _— of the selected samples are
10 GSE27404 . . .
L kg o o ready for display in the miR-
" : Total Count : i
Showing 1 to 10 of 54 entries } - seq Browser 41
Muq&wsw (=




miR-seq Browser

miR-seq Browser

miRNA locus & "hsa-let-7a-2" | Location / Position : chr11:122,017,230-122,017,301 Length: 71 bp. Strand :

Navigation Move [<<|[<||> ][> Zoom in | + | Zoom out | - | ( # of allowed mismatch <= o, ) | Refresh_
Pre-miRNA Secondary Structure T X Read counts of ‘each
VEo,0 G unique reads for the

samples & the sum.

Summary Track
Scale e

Alignment Viewer
(50 bases )

Normalized Read Count

Histogram --F ' ; u_': . I
= | - - . w = 3
Genome @ c E T ﬂ chAclr F TR A T AT A GAT AAM T § 5 A
2nd. Str. | S-upsrean ] } ] i

hia-lt-7a-2-5 o
gl Click to order the 1
Pre-miRNA AGCCUUCACCUACULACCUUCU AUACUUVUUAC bt

reads by count ‘ ;
: B : TP S i o 0 ] 1]~
| Tracks for Unique Reads @& Interactive highlighting Ie . : n_:l
e = by clicking a nucleotide position I, ) A N |
NT CAGCGTEGTAGGTTGT AT on the secondary structure K 0 0 0 :-I
YYGACGT'.‘.'GTACG‘ITQ'!!TAG '] 1 1 [} 3
AT CAGGCTHIGTIACGTITCT AT AGT |1 | 3 1 1 d|
. S S S S S S S S S S S
TTGCAGCGGCGTIAGT AGGTTGT ATAGTT o 2 2 1 1
TCAGGTAGTAGGTTG l. 58 47 YT |
‘ICAGCT(:CTACG‘ITCY ]
TGAGGTAMGTAGGTTGT A
TCACGTHMGT ACGTTGT AT
AGCGCT
WMGCT AGGTTGT AT

¢ TTGCAGGT
T[TCAGGTMIGT AGGTTGT AT AG
a r-------------3--------------------
|

TTGCAGGTAGT AGCGGTTGT ATAGT

R S S R

TIT CAGGCGTEHAGT AGGTTCGCGT AT ACGCTT
RGN el C C T AGT AGGTTG »

You can save the current data and configuration by the clicking save button. | Save Save Data




miR-target and Expression

- Correlation Heat Map

Validated & Predicted
miRNA-Target relations

/

hsa-miR-100-5p hsa-miR-100-Jp

Correlation Hea

|| Heat Map
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The degree of consensus Click a cell shows the The number of datasets
among validated/predicted scatter plot of miRNA & showing strong negative 43
miRNA-target DBs mRNA expressions correlation (< -0.5)



miR-target and Expression
- Nework viewer

SelectmiRNA-target DBs Select study & samples

Network Viewer
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Gene Set Analysis (GSA)

ublic
Lic L 3. Select target DBs for GSA
Gene Set Analyss ——— EeTrnr — - . — T . e T— — -
Check Annotation DB Update Date Organism £ Unique Gene Set 2 Unigue Gene
Input . — . KEGG 2011-07-25 Homa sapiens. 268 5193
= 1. Input the list of genes for GSA GO MolecutarFuncaon 20111221 Homo sapiens 325 15101
GOBlclogcalPromes M1102:21 Homo sapiens 7878 14489
o Text input (paste gene names 10 analyss) Clear et TarBase 2011-02-16 Homo sapiens. 240 1145
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Tqrge’rScanHuman

Prediction of microRNA targets Release 6.2: June 2012

v

Search for predicted microRNA targets in mammals [Go to TargetScanMouse]
[Go to TargetScanWorm]
[Go to TargetScanFly]
[Go to TargetScanFish]

1. Selecta species  Human  [~¥]
AND
2. Enter a human Entrez Gene symbol (e.g. "LIN28A")

AND/OR

3. Do one of the following:

Select a broadly conserved* microRNA family | Broadly conserved microRNA families [~]

L]

Select a conserved” microRNA family | Conserved microRNA families [ ]

-

Select a poorly conserved microRNA family ' Poorly conserved microRNA families [=] Note that these families also include small RNAs tf

+ Enter a microRNA name (e.g. "mmu-miR-1")

Submit | [Reset

TargetScan

Prediction of microRNA targets
http://www.targetscan.org/
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MicroRNA Target Prediction

~ seed match

3/ regon |

Perfect pairing of miRNA-mRNA seed match (2-8mer).

Thermodynamic stability of miRNA::mRNA regulation element
duplex.

Conserved miRNA targets.
Target site accessibility.

Order of target proficiency in different mRNA region is that:
— 3’UTR > ORF >> 5’UTR. .



TargetScan: Context+ scores

Seed-type contribution
— 8mer >>7mer-m8 > 7/mer-Al >> émer > no site.
3' pairing contribution
— additional Watson-Crick pairing at nucleotides 12—17 enhances miRNA
targeting.
Local AU contribution
— Out of seed region is prefect AU rich sequence.
Position contribution

— two ends of long UTRs generally were more effective than those near
the center.

TA and SPS contribution
— TA: target-site abundance
— SPS: seed-pairing stability
Context+ score is sum of these contribution.



Seed-type contribution

6mer 7mer-Al
mMRNA
5' B \,m— = = AAAA 3 4 ORF AssiEm= == AAAA 3
R ¢ w5 miRNA 3 - wao > miRNA
Q... s
2 to 7 mer perfect match 2 to 7 mer perfect match and position 1
in MRNA must be nucleotide A
7mer-m8 8mer
mRNA mRNA
=l [seed

2 to 8 mer perfect match and position 1

2 to 8 mer perfect match
in MRNA must be nucleotide A

8mer >> 7mer-mS8 > 7mer-Al >> 6mer > no site.
49



3' pairing contribution

—— = AAAAS

Standard Seed
loop

additional Watson-Crick pairing at nucleotides 12-17 enhances miRNA targeting

50



Local AU & Position contribution

e Local AU contribution

— Out of seed region is prefer AU rich sequence.

e Position contribution

— Two ends of long UTRs generally were more
effective than those near the center.

MRNA

o B el

eed match

IS I S . AAAAg’

5" miRNA



Targetscan web interface

TargetScanHuman

Prediction of microRNA targets Release 6.2: June 2012

Search for predicted microRNA targets in mammals [Go to TargetScanMouse]
Human | 7] [Go to TargetScanWorm]
el [Go to TargetScanFly]

Mouse

gat [Go to TargetScanFish]
09

) Chicken
1. Select a species  Human (=] Chimpanzee

Rhesus
Cow

AND Opossum
Frog

2. Enter a human Entrez Gene symbol (e.g. "LIN28A")

AND/OR
3. Do one of the following:
» Select a broadly conserved® microRNA family | Broadly conserved microRNA families E’

* Select a conserved* microRNA family ' Conserved microRNA families [+ ]

* Select a poorly conserved microRNA family | Poorly conserved microRNA families (¥ | Note that these families also include small RNAs
that have been misclassified as miRNAs.

« Enter a microRNA name (e.g. "mmu-miR-1")

Submit

broadly conserved = conserved across most vertebrates, usually to zebrafish.
conserved = conserved across most mammals, but usually not beyond placental mammals.
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Targetscan search results

Human LIN28A 3'UTR

i L i

% T T

k 1k 2K

Gene
Human LINZ8A NM_02d674 3" UTR length:3270

Conserved sites for niRNA fanilies broadly conserved among vertebrates
b.|'1R-125&-59!125&1-5;!/351!5?0/4319
l;il?— 103a/107/107ab

:et ~7/98/4458/4500
miR-33ab/33-5p

:ciR-iﬁobc:’lﬁ/i66bcf195/322/424/49?/190?I - i
= - - =10abc/10a-5p TiR-25K32K926bCK363/363-3p/36?

’ miR-148ab-3p/152
:ri R-128/128ab
' miR-196abc
:1'R—130ac/301alh/301hf301h—3pf454f?21f4295f3555
riR-ld 6ac/146b-5p

:iR-383 :\iR-MdeFfM-Spfm -5p

miR-181abcd/4262
?iR—SOabcdeFHSOabe—ﬁp/m—ﬁp
miR-9/9ab
:li'R-lslabcdf 4262

All putative miRNA target sites in Human LIN28A 3" UTR

Conserved Target sites in different species

sensenesesSB80cinnasns
Hsa  CCUG------ CUGCU-CUAU
Ptr CCUG------ CUGCU-CUAT
1
Oga CCUG------ CUGCUCCUGA| . .
Te Target prediction rank and others parameter
Mmu CCUG===—-- CUGCCCACA-
o CC:-.?'C._:‘ ------ EL?(EE:JCCCI&- predicted consequential pairing of target | seed site-t!y!:ue o pailli_ng Iocalti}U posittic'm TA SPS context+ CoeX co;sprv:d
€po CCUG------CUGCU CCUA~ region (top) and miRNA (bottom) match EZ:;:_] ::J:;:_I ;ﬁ:;:_l ;32;; contribution|contribution| score pe“:::'ﬁﬂe Inla:;fh
Ccu CCCG-====- CUGCUCCUG-
Position 558-564 of LIN28A 3' UTR s* .GARCAGCUGCAGACCUGCUGCUC.
A=———m GCUC-AA-]
Sax j o e 5 (ARRRNR Tr;;r -0.120 0.003 0.075 0.017 0.019 1.324
Een UCUG------ CUGCUU-AR-| |50 miR-424 3t ARGUUUUGUACUUAACGACGAL
o CC.UC ------ CU : ,: JC=BA  |psition 558-564 of LIN28A 3 UTR S' .. .GAACAGCUGCAGACCUGCUGCUC. . . —
Fca CCUG------ CUGUUC-~--~ RILIRL mg 0120 0.003 0.075 0.017 0.019 -0.048 -0.05 27 1324
Eca CCCU------ CUGCUC-AA-| |hsa-miR497 3t UGUUUGGUGUCACACGACGAC
Bta CUUG------ CUGCUU-AA-| |Position 558-564 of LIN2BA 3’ UTR 5' ...GAACAGCUGCAGACCUGCUGCUC... —
Dno CUUA------ CUGCUC--—— (HRNRUR m8 -0.120 0.003 0.075 0.017 0.019 -0.048 -0.05 27 1.324
ERTIICEUG——~———— cuccuc-aa-| [hsa-miR-15b 3! ACAUUUGGUACUACACGACGAU
Fra e e Position 558-564 of LIN28A 3" UTR 5* .. .GAACAGCUGCAGACCUGCUGCUC... o
cuy il | ARRRER -0.120 0.003 0.075 0.017 0.019 -0.048 -0.05 27 1.324
I;do CERGLLCTLIOCDe hsa-miR-15a 3 GUGUUUGGUAAUACACGACGAU m8
B Position §58-564 of LIN28A 3 UTR S .. . GRACAGCUGCAGACCUGCUGCUC. v 4
=3 Ll s 0120 o021 0.075 0.017 0.019 -0.048 -0.04 22 1324
Gga CCUC AU hsa-miR-195 30 CGGUUAUARAGACACGACGAU n
KEL  —————————omm oo Position 558-564 of LIN2BA 3 UTR S' . . .GAACAGCUGCAGACCUGCUGCUC. .. 4
WiR-15abc/16/16akc/195/322/424/497/1907) (RNRUN 3 -0.120 0.021 0.075 0.017 0.019 -0.048 -0.04 22 1.324
lcon ccuG...... CUGCUC. .a.] [hsa-miR-16 30 GCGGUUAUAAAUGCACGACGAU L
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Appendix: other miRNA resources
Table 1. Online Resource for miRNA Target Prediction

Category

Website

Genome of different species

NCBI FTP(ftp://ftp.ncbi.nih.gov/genomes/) UCSC FTP(ftp://hgdownload.cse.ucsc.edu/goldenPath/

Homologous gene information UCSC (http://genome.ucsc.edu/) NCBI(http://www.ncbi.nlm.nih.gov/sites/entrez?db=homologene)
Sequence and information of miRNAs miRBase(http://microrna.sanger.ac.uk/sequences/index.shtml)

Experimentally validated miRNA targets TarBase(http://diana.cslab.ece.ntua.gr/tarbase/) miRecords(http://miRecords.umn.eduw/miRecords)
Computational predicted targets miRecords(http://miRecords.umn.eduw/miRecords)

Table 2. Support Organisms and Websites of miRNA Target Prediction Algorithms

Name of the Program Supported Organisms ‘Website
TargetScanS Mammals, worms, flies http://www targetscan.org/
miRanda Humans, mice, rats http://www.microrna.org/microrna/ releaseNotes.do
PITA Humans, mice, flies, worms http://genie.weizmann.ac.il/pubs/m 1107/mir07_browse.html
DIANA-microT Humans http://diana.cslab.ece.ntua.gr/
RNAhybrid Any http://bibiserv.techfak. unibielefeld.de/rnahybrid/
microlnspector Any http://www.imbb.forth.gr/microinspector/
MovingTargets Flies Available on DVD by request
Nucleus Flies N/A
PicTar Nematodes, vertebrates, flies http://pictar.mdc-berlin.de/
miTarget Any http://cbit.snu.ac kr/~miTarget/
mirTarget Any N/A
ma22 Any http://cbesrv.watson.ibm.com/rma22 html
SVMicro Any N/A
Targetboost Worms, flies https://demol.interagon.com/targetboost/
GenMiR++ Any but require both miRNA & mRNA expression profile http://www psi.toronto.edu/genmir/code/
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Thanks for your attention



Useful resource for miRNA research

miRNA database

miRBase

http://www.mirbase.org

miRNAMap

http://miRNAMap.mbc.nctu.edu.tw

miRTarBase

http://miRTarBase.mbc.nctu.edu.tw

miRNA target prediction tools

TargetScan

http://www.targetscan.org

miRTar

http://mirtar.mbc.nctu.edu.tw

microRNA.org

http://www.microrna.org/microrna/home.do

miRTarCLIP http://miRTarCLIP.mbc.nctu.edu.tw
miRGator http://mirgator.kobic.re.kr
MicroCosm http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5

RNA secondary structure folding tools

mfold

http://mfold.rna.albany.edu/?g=mfold/RNA-Folding-Form

RNAfold

http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi

Example of this class

Example

http://mirtarbase.mbc.nctu.edu.tw/example.txt




