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Timeline of MIRNA research

1993 identification of the first regulatory non-coding RNA
(Lee and Ambros 1993)

2001 “MIRNAS” are numerous and diverse

(Lee et al.; Lau et al.; Lagos-Quintana et al. 2001)

2004 1000 are known (miRbase)

6 nt seed-match required (Lewis et al., 2003)

repress / shut off a target gene

2009 total of ~7000 miRNAs are known

rank targets (Nielsen et al.; Grimson et al., 2007)

also fine-tune, oncofetal gene

regulators and reduce “noise”
Noam Shomron — Tel Aviv University
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MIRNA biogenesis

MIRNA schematic view
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Questions | will address

| Do we have a comprehensive set of mMiRNAS?

I How can we determine effective miRNA targets?

Il Can we find new roles for miRNA?

Noam Shomron — Tel Aviv University
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Chapter I: mIRNA annotation

Do we have a comprehensive
set of MIRNAS?

Noam Shomron — Tel Aviv University
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MIRNA expression signature
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MIRNA annotation

~700 human miRNASs

@mmj 100 chimp miRNAS
~200 dog mIRNAs

http://microrna.sanger.ac.uk

Can we find additional mIRNAs
by homology search?

Together with Shay Artzi (MIT) and Adam Kiezun (MIT)

Noam Shomron — Tel Aviv University
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Filtering for ‘real’ mIRNAS

Folding energy — Alignment

/
\ Conserved seed

Base pairing

/ Position of mature miRNA
Hairpin shape

Noam Shomron — Tel Aviv University
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~800 new mIRNAs (7 animals)

Known mouse miR-205

M. domestica

M. musculus
H. sapiens

D. rerio

T. nigroviridis
P paniscus

P, troglodvytes
G. gorilla

A. geoffroyi
L. lagotricha
M. nemestrina
B. taurus

S. scrofa

R. norvegicus
F. rubripes

G. gallus

X. tropicalis

Predicted opossum miR-205

CUCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-VAUCTURAAUCAGADUUC-AGUGGAGUGAAGCAULAGA
CUCUUGUCCUUCAUUCCACCGGAGUCUGUCUUA-UGCC-AACCAGATUUC-AGUGGAGUGRAAGCUCAGGA
CUCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-VACCCAACCAGADUUC -AGUGGAGUGAAGUUCAGGA
AUUCUAUCCUUCAUUCCACCGGAGUCUGUGUAGUUGUUCAAUCAGATUUC-AGUGGUGUGAAGUGUAGGA
————UAUCCUUCAUUCCACCGGAGUCUGUAACUGUUUUUAACCAGATUUUC-AGUGGUGUGAAGUGUAAGR
CUCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-VACCCAACCAGAUUUC-AGUGGAGUGAAGUUCAGGA
CUCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-VACCCRAACCAGAUUUC-AGUGGAGUGAAGUUCLAGGA
CUCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-VACCCRAACCAGAUUUC-AGUGGAGUGAAGUUCLAGGA
COCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-UACCCAACCAGATUUC-AGUGGAGUGAAGU-CAGGA
CUOCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-UACCCAACCAGATUUC-AGUGGAGUGAAGUUCAGGA
CUOCUUGUCCUUCATUCCACCGGAGUCUGUCUCA-UACCCAACCAGATUUC-AGUGGAGUGAAGUUCAGGA
COCUUGUCCUUCAUUCCACCGGAGUCUGUCUCG-UACCCAACCAGATUUC-AGUGGAGUGAAGUUCAGGA
CUOCUUGUCCUUCAUUCCACCGGAGUCUGUCUCA-UACCCAACCAGATUUC-AGUGGAGUGAAGCUCAGGA
CUCCUGUCCUUCAUUCCACCGGAGUCUGUCUUA-UGCC-AACCAGATUUC-AGUGGAGUGAAGCUCAGGA
GUUCUAUCCUUCAUUCCACCGGAGUCUGUAUGUGUADUUAACCAGATUUC-AGUGGUGUGAAGUGUAAGR
CUGAUGCCCUUCAUUCCACCGGAAUCUGUCAGUGCAGA-AACCAGATUUC-AGUGARAAUTGAAGCCCAUCA
CUGCUGUCCUUCAUUCCACCGGAUCCUGUGUARAUAUA-AUCCAGATUCCCAGUGGCAUGAAGUGCAUUA

T ——=— Noam Shomron — Tel Aviv University
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A potential new human miRNAS

HMGA?2 e N

hsa-miR-763 3'UTR

o8 = ]
//// | | \\ //,/ “

P : : \\\ -7 ‘\

o \ nsamiR-75%46 GeTCeAC

N L
N

Human CUWCAGCU&UU

Mouse CULCCAGCUGUUL
J' L AN Rat CULCCAGCUGUUL
TR | P 4 l. i . Dog CULWCCAGCA-CUU

Conservation

Artzi et al., BMC Bioinfo 2008 Noam Shomron — Tel Aviv University



MIRNAMINER

http://pag.csail.mit.edu/mirnaminer

[210 max RNA fold energy (delta G)

|?|J_ minimal length of precursor sequence (nt)

W maximal length of precursor seguence (nt)

|55— minimal base pairing percentage in mikRMNA precursor
|T maximal number of gaps in miRMNA precursor alignment
|55— minimal identity percentage in miEMNA precursor alignment

|4 maximal cverlap of mature miENA and hairpin (nt)

Target genomes (hold Ctrl and click to select more than one):

Human (hamo sapiens)

Mouse (mus musculus)

Fat (rattus norvegicus)

Chirnp (pan troglodytes)

Dog (canis familiaris) hd

MiICroRMNA precursor sequence:
|AAUGAUGGAGGUGGAGGCGULJLJCCUGGGGAUUA&UGACD&GCUGGGA#GA#CGAGUGGCCCUCGGCL

Mature microRMNA sequence:
|CG#GCUGGGAAGAACG#GUGGC

When you're ready, press Submit and wait for the result screen (make take about one minute)

Reset | _Subrit | Noam Shomron — Tel Aviv Uni
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MmiRviewer
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Summary — miRNA annotation

e

was complemented with additional miRNAs

miRBase

. i Foling - M Alignment
by genomic searches using known e,
miRNAs and then filtering cese Corseed
V\
/f Position of mature
Hairpin mMiRNA

shape
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Chapter Il: mIRNA targeting

What determines effective mIRNA targets?

Together with Burge lab (MIT)
Noam Shomron — Tel Aviv University
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let-7 mIRNA potential targets

LRIG3  gMARCADL — MAPAKS IGF2BP1
SMARCAD1 LIN28B  MASP1
LIN2sB  PUNC  HMGAZ2
CHR - PRTG  iGRaR Cl4orf28
C14orf28 CCNJ KCTD21 or
YOD1 FigN CCNJ  IGF1R
YOD1 PUNC BUNC MAP4K3
ACVR1C FIGN MGAD
TRIM71 ACVRI1C Cl4orf28 MASP1
YoDy MASHL FIGN TGFBR1
KCTD21 CCNJ | jnogg TGFBRI
HMGA2 PPP1R15B TRIM71 DIAPH2
TGFBR1 KCTD21 APAK3 ARID3B
LRIG3 ARID3B DIAPH2  TRIM71
ACVR1C
PPP1R15B DIAPH? ARID3B PRTG
LRIG3 PRTG IGF2BP1

SMARCAD1 PPP1R15B
Noam Shomron — Tel Aviv University
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MIRNA targeting
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MIRNA-target pairing

seed match 6 mer

87654321 (m)

miRNA  3-AAUGUAUGAAG

mRNA /target 5'-............ CCG CILIAIUIUlcli -3’ | human
S e, AAG CAUUCEB-3’ | mouse
S e, GCG CAUUCQO-3’ |rat
S e, AAG CAUUCC-3’ |dog

only way to predict a miIRNA target

Lewis et al., Cell 2003/2005 Noam Shomron — Tel Aviv University



Noam Shomron — Tel Aviv University

Testing mIRNA targeting

Noam Shomron — Tel Aviv University
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Experimental procedure

Dicer knockout MEFs MIRNA / siRNA transfection

|

extract RNA

|

MiRNA expression microarrays

MRNA / gene expression microarrays

|

analyze data
Noam Shomron — Tel Aviv University
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Profiling and analyzing miIRNAs

In-house printed arrays

Look at 450 miIRNAS

80 miRNAs were strongly
detected in MEFs

Average of 2 fold reduction
iIn MIRNA levels

o
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Profiling mMRNAs / gene expression

MIRNA Moy MIRNA Mmoo, MIRNA Moy
MRNA target set MRNA target set MRNA target set

/\ \ Noam Shomron — Tel Aviv Univérsity
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MRNA expression analysis

+ target / seed site

median LFC (transfected/non-transfected)

Noam Shomron — Tel Aviv University



MRNA de-repression Is associated

with miIRNA sites

Noam Shomron — Tel Aviv University
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Quantitative effect of mMIRNAS
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Hornstein and Shomron, Nature Genetics, 2006 Noam Shomron — Tel Aviv University
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Does site conservation play a role?

MIRNA

SIRNA

_/\ Human
MiRNA \/\ Mouse
\/\

Rat
Dog

Controlled for seed match count, UTR conservation and expression level P<0.05
Noam Shomron — Tel Aviv University
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Additional targeting determinants

tOwW

Noam Shomron — Tel Aviv University
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Hierarchy of extended seed maitch

87654321 mIiRNA

S0
GUAAGG3 6mer
GUAAGGS' Tmer

CGUAAGG3 Tmer

MIRNA CGUAAGGB 8mer

P<104
Noam Shomron - Tel Aviv University
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Sum up expected nLFC scores
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let-7 potential targets

SMARCAD1
SMARCAD1 MAPAKS IGF2BP1

SMARCAD1 GE2BP1
Cl4origs  PUNCCCNJ GEIR LIN28B  MASP1

PRTG  |GF1R

Claorfes  HMGA2 cong  CCN

sy PUNC  PUNC IGF1R

YOD1 ACVR1C MAP4K3
TRIM71
YOD1  FIGN ACVR1C ~ Cl4orf28  MASP1
MASP1 KCTD21
YOD1 HMGA2
KCTD21 FIGN TGFBR1
LIN2gB  LIN28B
HMGA2 PPP1R15B  TGFBR1 TRIM71 DIAPHZ2
TGFBR1 KCTD21 DIAPH2 ~ DIAPH2
RIG3 MAP4K3
PPP1R15B PRTG  ACVRIC
RIG3 ARID3B
LRIG3 IGF2BP1

PPP1R15B PRTG
Noam Shomron — Tel Aviv University
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let-7 ranked potential targets

HMGAZ2

IGF2BP1
LIN28B
CLCN5

Cl4orf28
ARI DBB TGFBR1

DIAPH2 PPP1R15B

SMARCAD1 PRTG KCTD21
TRIM71 MAP4K3 YOD1 IGF1R
ACVRI1C CCNJ LRIG3 FIGN
MASP1 PhUNC

Noam Shomron — Tel Aviv University
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Successful in vivo TargetRank-ing

Rodriguez et al., 2007 Noam Shomron — Tel Aviv University
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Summary — miRNA targeting

New targeting determinants allow ranking of miRNA targets

Q

AU

Nielsen et al., RNA 2007

Noam Shomron — Tel Aviv University
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Chapter lll: mIRNA role

Noam Shomron — Tel Aviv University
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let-7 mMIRNA expression

let-7 HMGAZ2
v 47 O
o o
[ — cC _
@© ©
S 2- 5 -
- HMGA?2 5 | let-7
o o
LL LL
O T T T T T 1
E9 E12 E15
Developmental stage Neoplastic transformation
Shell et al.; Mayr et al.; Lee et al., 2007 Takamizawa et al., 2004; Johnson et al., 2005

Can let-7 exert its activity by preventing re-expression
of a SET of oncogenes?

Is let-7 an oncogene gene regulator?

Together with the Peter lab (Chicago)
Noam Shomron — Tel Aviv University
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let-7 TargetRank targets

HMGAZ2

IGF2BP1

LIN28B
CLCNb
Cl4orf28

ARI D3 B TGFBR1
DIAPH2 PPP1R15B
SMARCAD1 PRTG KCTD21
TRIM71 MAP4K3 YOD1 IGF1R
ACVRI1C CCNJ LRIG3 FIGN
MASP1 PhUNC
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let-7 TargetRank targets

HMGAZ2

IGF2BP1

LIN28B
CLCNb
Cl4orf28

ARI D3 B TGFBR1
DIAPH2 PPP1R15B
SMARCAD1 PRTG KCTD21
TRIM71 MAP4K3 YOD1 IGF1R
ACVRI1C CCNJ LRIG3 FIGN
MASP1 PhUNC

Noam Shomron — Tel Aviv University
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let-7 oncofetal gene (LOG) regulator

TargetRank Top 10
predicted let-7 TargetRank
targets let-7 targets

HMGA2
IGF2BP1
LIN28B
Down-regulated CLCN5

embryonic genes C1l4orf28
(E9.5 to E15) ARID3B

IGF1R

LOC401720

FIGN

PUNC

Down-regulated
genes after let-7
transfection into
cell lines

* 8 are associated with cancer
Noam Shomron — Tel Aviv University
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Proteomic analysis of dicer knockout

Are LOGs among up-regulated proteins after
dicer knockout?

Together with Vinther group (Denmark)
Noam Shomron — Tel Aviv University
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Proteomic analysis of dicer knockout

Down-regulated
embryonic genes
(E9.5 to E15)

TargetRank
predicted let-7
targets

let-7 transfection
into cell lines

Top 10
TargetRank
let-7 targets

HMGA2
IGF2BP1
LIN28B
CLCN5
C14orf28
ARID3B
IGF1R
LOC401720
FIGN

PUNC

Noam Shomron — Tel Aviv University

Up-regulated
proteins after
dicer knockout

AKR1C2
GOLT1B
IDE

HCK

LYN
SERPINE1
HMGA2
UQCRB
IGF2BP1
NOMO2
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Summary — LOG regulator

oncogenes

let-7

Fold change

Neoplastic transformation

let-7 exerts its activity by preventing re-expression
of a SET of oncofetal genes

Cancer Research 2008 Noam Shomron — Tel Aviv University
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MIRNA updates

Do we have a comprehensive set of mMIRNAS?

|dentified hundreds of “new” mIRNAS

miRviewer

Can we determine effective miRNA targets?

We have features of effective targets
TargetRank

Can we find new roles for miIRNA?

Fine-tune their targets, oncofetal gene

regulators and reduce “noise”
Noam Shomron — Tel Aviv University



