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Mini-seminar topics

(1) Basic RNAi tools
~ 60 min (siRNA, miRNA and shRNA)

(2) Long noncoding RNA
~ 30 min (siRNA and Solaris assay)

(3) Gene over-expression
~ 30 min (ORF/cDNA clones)

(4) miRNA workflow and application

~ 30min (MiRNA)

(5) CRISPR/Cas9 Genome Editing
~ 30min (CRISPR)
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Curriculum Vitae

EDUCATION AND POSITIONS HELD

1. Ph.D., Microbiology, National Taiwan University

2. Post-Doctoral Fellow, National Institute of Cancer Research, NHRI
3. Post-Doctoral Fellow, ABRC, Academia Sinica

4. Field Application Scientist, Level Biotechnology Inc
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PUBLICATIONS:
A. Journals

1. Yu-Ching Teng, Cheng-Feng Lee, Ying-Shiuan Li, Yi-Ren Chen, Pei-Wen Hsiao, Meng-Yu Chan, Feng-Mao
Lin, Hsien-Da Huang, Yen-Ting Chen, Yung-Ming Jeng, Qing Yan, Ming-Daw Tsai, and Li-Jung Juan. Histone
Demethylase Retinoblastoma Binding Protein-2 Promotes Lung Tumorigenesis and Cancer Metastasis. and transcriptional activity. Oncogene, 2005.

Cancer Res, 2013.

2. Chih-Hung Hsu, Kai-Lin Peng, Ming-Lun Kang, Yi-Ren Chen, Yu-Chih Yang, Chin-Hsien Tsai, Chi-Shen
Chu, Yung-Ming Jeng, Yen-Ting Chen, Feng-Mao Lin, Hsien-Da Huang, Yun-Yuh Lu, Yu-Ching Teng, Shinn-
Tsuen Lin, Ruo-Kai Lin, Fan-Mei Tang, Sung-Bau Lee, Huan Ming Hsu, Jyh-Cherng Yusend email, Pei-Wen damaging agents in human epithelial cells. Oncogene, 2004.
Hsiaosend email, Li-Jung Juan. TET1 Suppresses Cancer Invasion by Activating the Tissue Inhibitors of

Metalloproteinases. Cell Reports, 2012.

5. Liu MT, Chang YT, Chuang YC, Chen YR, Lin CS, Chen JY. Epstein-
Barr virus latent membrane protein 1 represses p53-mediated DNA repair

6. Liu MT, Chen YR, Chen SC, Hu CY, Lin CS, Chang YT, Wang WB, Chen
JY. Epstein-Barr virus latent membrane protein 1 induces micronucleus
formation, represses DNA repair and enhances sensitivity to DNA-

B. Books

1. Yi-Ren Chen, Pei-Wen Hsiao, Feng-Ming Lin, Guan-James Wu, and
Chin-Hsien Tsai. Evidence-based Anticancer Herbal Medicine for

Prostate Cancer. EVidence-based Anticancer
Complementary and Alternative Medicine:

4. Chen YR, Liu MT, Chang YT, Wu CC, Hu CY, Chen JY. Epstein-Barr virus latent membrane protein 1 Herbal Medicine for Various Cancers Springer
represses DNA repair through the PI3K/Akt/FOXO3a pathway in human epithelial cells. J Vil"0|, 2008. 2011
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3. Wu CC, Liu MT, Chang YT, Fang CY, Chou SP, Liao HW, Kuo KL, Hsu SL, Chen YR, Wang PW, Chen YL,
Chuang HY, Lee CH, Chen M, Wayne Chang WS, Chen JY. Epstein-Barr Virus DNase (BGLF5) induces

genomic instability in human epithelial cells. Nucleic Acids Res, 2010.




= Background of mIRNAS

= Workflow and Tools for miIRNA researches

= Applications of mMIRNASs tools
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= Background of mIRNAS

Jovel”

@ ORIGENE Dharmacon™
5 Your G

YEnTEa part of GE Healthcare




Non-coding RNAs (ncRNA)
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Classes of Non-coding RNAS

1. Housekeeping RNA
- tRNA, rRNA, snoRNA, snRNA
—> Translation, ribosome mature, RNA splicing...etc .
LUrosha curt
2. Small regulatory RNA [
- microRNA (21-24 nt) , piRNA (26-31 nt) Pre-miRNA
—> development and disease  Diosrant g D
T 1A
3. Long noncoding RNA (IncRNA) -
- 2200 nt !
> Most prevalent class of ncRNA Heture miEKA
> XIST, HOTAIR... S

- development and disease

RISC comples

l va’ (1) De Sacco et. al. Int. Journal of Mol. Sci. (2012), 13. ! OR'GENE Dharmacon™
‘2 (2) Taftetal., J Pathol 2010; 220: 126-139, Non-codingZ/RNAS: regulators of disease Your Gene Company ffelelai of GE Healthcare



Endogenous microRNA Pathway

Nucleus
miRNA gene W

pri-microRNA

Microprocessor '

(Drosha/DGCR8) l

pre-microRNA
u Exportin-5

Cytoplasm
@ Dicer complex
Mature microRNA ) RISC

/N
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mRNA degradation/

h s Catalytic mRNA cleavage
translational repression

Pri-miRNA:
1. Capped & polyadenylated
2. full length mRNA Precursors

Pre-miRNA:
1. Product of RNase Il Drosha
2. 70nt hairpin precursor

Mature miRNA:
1. Product of RNase Ill Dicer
2. Functional RISC complex
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Endogenous microRNA Pathway

Nucleus
pri-microRNA
Microprocessor .
(Drosha/DGCR8) l

pre-microRNA

Exportin-5

Dicer complex

!
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Cytoplasm é
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microRNA duplex

v

Mature microRNA ) RISC
VRN

mRNA degradation/
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Structure of transient microRNA duplex

Jovel”

Core region of the miRNA
may have gaps, bulges
and mismatches
(15-23 nucleotides long)

Overhang
(2 nucleotides long)

Stemloop
Structure

5' mature
microRNA

3" mature

microRNA

gagc guugga
LI rrrrnd

uucg cgacuu

czCuUgUu gagaggu u

FErerr rrrrenl
cuuua

hsa-miR-128-1-5p

hsa-miR-128-3p
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Endogenous microRNA Pathway

miRNA . — = ——5p
duplexes =S _ - — 3p

RISC

5°UTR ORF1 3*UTR
MRNAl1 @ AUG UAA _%3‘,:‘;_ AAAAAAA

Nature (2005) 433:769 ORE NG

u . MRNA2 @ AUG UAA —f%ry:'-‘y— AAAAAAA
Microarray analysis shows that ORF3 NG
some microRNAs downregulate MRNAS @——sue R 7= 7=
large numbers of target mRNAs
Lee P. Lim', Nelson C. Lau’, Philip Garrett-Engele', Andrew Gri v ull ‘ o
S et Cot e Bon Pt . Lo S 3UTR o
& Jason M. Johnson' 1 T i

seed region

Seed Region: 2-8nt from 5‘ end of mMiRNA <€

Gene silencing
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MicroRNA Biology

microRNAS genes represent 2-3% of
genome (~2000 miRNAs identified in
humans)

Approximately 2/3 of human protein
coding genes are regulated by
microRNAs

Each microRNA regulates ~200 target
genes.

Each gene can be regulated by multiple
microRNAs.

microRNAs are responsible for
proliferation, apoptosis and differentiation

= microRNAs are critical in normal
development and etiology of disease
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Number of miRNA-related Publications

3500 - /
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1993- 1998- 2001- 2003- 2005- 2007- 2009-
1998 2000 2002 2004 2006 2008 2010

Year of Publication

Number of miRNA Publications

% Since then, miRNA has been reported:

»¢ 1993, First miRNA lin-4 in C. elegans 1. Targeted most development related genes

2. Neuronal development and synapse formation.
»%¢ 2000, miRNA let-7in C. elegans = in human 3. Stem cells maintenance and differentiation.

4. Cancer as onco-miR.
3% 3900~ 5000-> 6500-> 7500 5 Heart disease.

6. Viral infections process.

Dharmacon™
13 ! QME‘!WQEEE part of GE Healthcare




= Workflow and Tools for miIRNA researches
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Forwa_lrd Confirm miRNA expression Rever_se
genetics genetics

2

MIRNA expression perturbation

2

Functional validation

Jovel”
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Strategies for a successful miRNA research

Phenotype observation L. L|t_erature
2. Microarray
2 2 3. Websites
Pick mIRNA 4. efc...

| 2

Forwa_lrd Confirm miRNA expression

genetics
| 2

MIRNA expression perturbation

| 2

Functional validation
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On-Line Tools for miRNA-1

http://www.microrna.org

microRNA.org - Targets and Expression

Predicted microRNA targets & target downregulation scores. Experimentally observed expression patterns.

August 2010 Release Last Update: 2010-11-01 [ release notes ]

Target mRNA

You are currently
searching:

Display Options

- (enno Emzizie View target sites of conserved miRNAs with good mirSVR scores ~

- FOX03
- AK301304 NM_201550 = Selected

AK303933 ... miRNAs:

) You may add additional miRNAs to the box above.
miRNA Stats: |

Pl saztsiee 1109 @ hsa-miR-599/FOX03 Alignment
- Mus musculus: 717
Rattus norvegicus: 387 3' caaacuaUUUGACUGUGUUg 5' hsa-miR-5%9 MirSVR score: -0.1021

- Drosophila T
PhastCons 0.7470

melanogaster: 186
34:5" AARACUGACACARAg 3' FOXO3 .
- Caenorhabditis elegans: gaceeue 9 score:

233
Mouseover a miRNA mature name to see the miRNA/FOXO3 alignment.

FOXO3 forkhead box 03

=55

Query Target Sites:

Displayed miRNAs
ordered by sum of
mirSVR scores:
“hsa-miR-217 4207 4843 1 AGGRUCACUGAGGA
- hsa-miR-182 56 895

“ hsa-miR-23a 4442

- hsa-miR-23b 4442

- hsa-miR-495 376 3383
- hsa-miR-381 4395

- hsa-miR-590-5p 1186
- hsa-miR-300 4395

- hsa-miR-340 2021

- hsa-miR-212 149

~ hsa-miR-223 28

- hsa-miR-132 151

rH
(Sl

GGAAGUGGGCARRGCAGACCCUCRRAC

ARGACCUACAGAGRARACCCUUUGE 75

CUUACCCUUGE

CRAGARCUCUARRRAGUAU 325

225

o (&34 Dharmacon™
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http://www.microrna.org/

On-Line Tools for miIRNA-2

TargetScanHuman

Prediction of microRNA targets Release 6.2: June 2012

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

1. Select a species Human v

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 |[mir-128/128ab v
« Select a conserved® microRNA family |conserved microRNA families v

« Select a poorly conserved microRNA family |Poery consened microRNA familiss » Note that these families also include small RNAs that have been misclassified as miRNAs.

« Enter a microRNA name (e.g. "mmu-miR-1") e_g has-miR-128

Submit Reset

* broadly conserved = conserved across most vertebrates, usually to zebrafish
conserved = conserved across most mammals, but usually not beyond placental mammals

Dharmacon™
ﬁva’ 18 ! QME‘!.Q:EmEE part of GE Healthcare



On-Line Tools for miIRNA-3

http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/

EMBL-EBI E Terms of Use | Privacyi Cookies
H

Databases | Research | Training | industy | Aboutus | Help Site tndex B
EMBL-EBI
Enright Lab MicroCosm Targets Version §
= Services
MicroCosm Targets Email microcosmi@ebi.ac.uk with queries or problems
Maphi
Sylamer

= MicroCosm Targets Enter
Home
Information ’ FAQ

Targets
R
MicroCosm

Statistics ’

' 4

Search ’
Download ’

Select a Genome
Any hd

Enter miRMA idl

Enter Gene Namel— e_g_ AKT1
EnterEnsEI‘dElLidentiﬂerl

Selecta GO class Function

Enter GO Terml

@ hyphrase

AND ORrR

Keyword Search

(S

Dharmacon™
19 ! QME‘!WQEEE part of GE Healthcare



On-Line Tools for miIRNA-3

Hit information for ENST00000349310

Gene Name AKT1
Transcript ENST00000349310
Gene EMNSG00000142208
Description RAC-alpha serinethreonine-protein kinase (EC 2.7.11.1) (RAC-PK-alpha) (Protein kinase B) (PKB) (C-AKT). [Source:Uniprot/SWISSPROT,Acc:P31749]
|| Mousge over the targets for more information { }
I [ — w " - an [ T '.'. —— =
(I I I YT T O O T T DT T T T T T O I T e w |
100 200 300 400 500 600 700 800
4 m 3
[Alignment View [HTML] [Javall] H. Sapiens ENSTO0O0( UGGACUGC
M. Mulatta ENSMMUT]] U L UGEACUGC
B. Taurus ENSBTAT-----GGGEGCCCEGCUGEECCCRAGCUCAGUACACCECCACGEGER: CRCGEUGC
C. Familiaris ENSCAFIC 7 CGGCUGH.
M. Musculus ENSMUSYGGCCUGGEGET BGC UGGECAGC
R. Norvegicus ENSERHN CCUGGGEGET i UGGECAGC
M. Domestica ENSMODUGUGUGGCCAGCCCGE GGCAUU----CAUUCUGRAGCAAAUACAGACUGUAUTU
D. Rerio o] BECCT
G. RAculeatus
G. Gallus LGUGUUUUCCCAUUCAGRRACAR A -ACAGACUGCAUUUUGGGEGL
C. Latipes
X. Tropicalis ENSXETYCUCCUCGGCRAC UGUCUCUUUUCCATU--GCARC ————ACAGRCAUCAUUUUGGEGE
1
4 m ] m 3
Rfam ID Score  Energy Base P Foisson P Org P Start End Alignment

hsa-miR-501-3p 17.3212-23.25 7.223040e-03 7.197020e-03 7.197020e-03 76 97

hsa-miR-504 17.2211 -29.76 2.168600e-02 2.145250e-02 2.145250e-02 570 591

hsa-miR-502-3p 17.0209 -20.45 1.139990e-02 1.133520e-02 1.133520e-02 76 97

ORIGENE Dharmacon™
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Confirm miRNA expression | gPCR analysis

2

MIRNA expression perturbation

2

Functional validation

Forward
genetics

Jovel”
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MIRNA gqPCR Detection Assay

Step I: PolyA Tailing

Q PolyA

Polymerase

miRNA MiRNA
[ ] - = | J ARAARAARARAAARAR ¥

Step IIl: cDNA Synthesis

mMiRNA

TTTTTTTTTT T T T TTTCGCACTTAGTCTTCAGACTCTATGCGTCTGTACAAGS

O

MMLV
Reverse Transcriptase

Anchor Oligo dT Adaptors

mMiRNA

-1GTTTTCZTlTTTTTTTTTTTCGCACTTAGTCTTCAGACTCTATGCGTCTSTACAAGS

Step lll: qPCR with miRNA Specific Primer

miRNA specific primer

[U——
= § GTTTTTTTTTTTTTTTTTTTCGCACTTAGTCTTCAGACTCTATGCGTCT .'.;']‘A.’,‘AJ\GS:
3' CTCTATGCGTCTGTACAAGS
—_————

Universal primer

Dharmacon™
22 ! ngg.ngmﬁg part of GE Healthcare




Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Forward Confirm miRNA expression

genetics

2

Whole miRNA
gPCR panels

MIRNA expression perturbation

2

Functional validation

Jovel”
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Whole miRNA gPCR panels

petector Certric = | Calirator: iormaicoia =] ata: [arn vs. cycie = Detector Centric | Callorstor: |TumorcDNA | Datm |aFnvs.Cyce  r|
al I I p e S Amglication Pt | Gene Expression Ampification Piet | Gens Expression |

- AR vs. Cycle R ARn vs. Cycle

‘ 1.000 42 = 1.000 B2

RNA

E 1o

I |
1000 E1
i

cDNA -

A / i U
{ e i y | e
| / : I
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‘ wwoga LI LIWAIEA L M 1000 £3 LAY i l

| i A " Py & o iy s 0 5 n K n B ) E] ©

Cvele Cyele

1,000 B4
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1000 E2
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(= T - - -

37 38 (39 (40 (41 (42 43 44 (45 (46 (47 48

61 62 (63 (64 (65 (66 (67 (GB (69 (JO (71 (72

73 '74 |75 96 77 (78 ‘TS 'BO 'B1 (B2 ‘B3 ‘B4

T o =

B5 B6 (B7 (88 (B9 /90 /97 52 (93 (24 (95 96

Changes of miRNA

Samples

Dharmacon™
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Confirm miRNA expression

4

MIRNA expression perturbation

2

> Functional validation

Forward
genetics

Jovel”
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Endogenous microRNA Pathway

Nucleus
pri-microRNA
Microprocessor '
(Drosha/DGCR8) l

pre-microRNA

Exportin-5

Dicer complex

!

L & |

Cytoplasm é
l

|

Mature microRNA | ) RISC
VN

s - -
l !

mRNA degradation/

h s Catalytic mRNA cleavage
translational repression

‘I/evé’
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Biological tools for studying microRNA

Nucleus
Y0000
sh-microRNA /\/\jL/\, N l
m|m|C pri-microRNA

Vv

Microprocessor '
(Drosha/DGCR8) l

pre-microRNA

Exportin-5

Dicer complex

!

L & |

Cytoplasm é
l

microRNA
Mimic |
microRNA

|nh|b|tor = > Mature microRNA ¢ ) RISC
VN

s - -
l !

mRNA degradation/
translational repression

Catalytic mRNA cleavage
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Biological tools for studying microRNA

Nucleus

' JOOOOUUX
sh-microRNA \,jth N l
m|m|C pri-microRNA
L

Microprocessor .
(Drosha/DGCR8) l

Vv

pre-microRNA

Gain of function

Exportin-5

!

L & |

Cytoplasm é
l

Dicer complex
microRNA
-1 Mimic — - |
microRNA )
Inhibitor ~ > Mature microRNA | RISC

1 ()
Loss of function ; / \ o ¥
l l

mRNA degradation/ Catalytic mRNA cleavage
translational repression
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Biological tools for studying microRNA

Normal miR function

nul’ n"f\ pre'miRNA

Dicer*

..... * e MIRNA (5P)
miRNA* (3P)

Translational
repression mRNA degradation
) ORF - ~AAA - ORF » AAA

IRIbé;ome

miR inhibition

Single stranded | ... mRNA (5P)
antimiR miRNA*(3P)
vt il ke MIRNA (5P)

MiR inhibitor RISC

¥ Enhanced translation

2 &
—-,'.-}')-[ ORF-—AAA — _—)—[ORF—AM

Ribosome Ribosome

miR enhancement
Double stranded
miR mimics
Jorrroooror
Sy
FARaiasinaiig
S 5P)
: \
Enhanced : w (3P)
repression Enhanced degradation
it }o
J onsh ORF AAA
Rlbosome

Inhibit mIRNA function

Overexpress miRNA level
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Biological tools for studying miRNA

Nucleus
Y0000
sh-microRNA M\ﬁ\m N l
m|m|C pri-microRNA

Vv

Microprocessor .
(Drosha/DGCR8) l

pre-microRNA

Exportin-5

Gain of function

!

L & |

Cytoplasm é
l

Dicer complex
microRNA
Mimic - |
microRNA
|nh|b|tor i > Mature microRNA { ) RISC

2
l !

mRNA degradation/
translational repression
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Structure of transient microRNA duplex

Jovel”

Core region of the miRNA
may have gaps, bulges
and mismatches
(15-23 nucleotides long)

Overhang
(2 nucleotides long)

Stemloop
Structure

5' mature
microRNA

3" mature

microRNA

gagc guugga
LI rrrrnd

uucg cgacuu

czCuUgUu gagaggu u

FErerr rrrrenl
cuuua

hsa-miR-128-1-5p

hsa-miR-128-3p
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Endogenous microRNA Pathway

miRNA . — = ——5p
duplexes =S _ - — 3p

RISC

5°UTR ORF1 3*UTR
MRNAl1 @ AUG UAA _%3‘,:‘;_ AAAAAAA

Nature (2005) 433:769 ORE NG

u . MRNA2 @ AUG UAA —f%ry:'-‘y— AAAAAAA
Microarray analysis shows that ORF3 NG
some microRNAs downregulate MRNAS @——sue R 7= 7=
large numbers of target mRNAs
Lee P. Lim', Nelson C. Lau’, Philip Garrett-Engele', Andrew Gri v ull ‘ o
S et Cot e Bon Pt . Lo S 3UTR o
& Jason M. Johnson' 1 T i

seed region

Seed Region: 2-8nt from 5‘ end of mMiRNA <€

Gene silencing
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Using miIRNA mimics to investigate

MmIRNA-regulated gene

microRNA gain of function
experiments

Control  Experimental

Control Soro A — -
/\ Gene B +++ 4+

(+) miRNA X mimics » enrgioFgNe,zo)éjs —| Gene C +++ +
Gene D +++ F4+

" S/ Gene E +++ +
Gene F +++ F4+

Experimental

Gain-of-function phenotype

Dharmacon™
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Design of miIRNA mimics

miRBase Database
at University of Manchester

http://www.mirbase.orqg/

MRGERS MANCHESTER

1824

Home 0 search § Browse l Help M Download B Blog Bl Submit | s--:oh |

Latest miRBase blog posts miRNA count: 18226 entries
miRBase website “at risk”, Thu 10th to Fri 18th Nov By sam (Noverber 8, 2011) | | Release 18: Movember 2011
Due to server room refurbishment, the miRBase website may experience some instability betwsen Thu 10th and Fri 18th November 2011, The plan is for just 30 minutes or so down time at either end of that period, but the website should be considered “at risk”

throughout. spologies far ary Inconvenience Search by MIRNA name or keyword
miRBase 18 released

By sam (November 3, 2011)
Example

After a little more pain than usual, miRBase 18 Is finally released. The datbase contains 18226 entries representing hairpin precursor mikhas, expressing 21643 mature mIRNA products, in 168 species. That represents 1488 new hairpin sequences and 1929 novel
mature products. The full README file is available on the FTF site. s previously discussed, we have [...]

Download puk
miRBase: the microRNA database Download page | ETP site

miRBase provides the following services hisEitelistieanedling
P < MetWatch - Swenge 3031741 (2004)
® The miRBase database is a searchable database of published miRMNA sequences and annotation. Each entry in the miRBase Sequence database represents a predicted hairpin portion of a miRNA franscript (termed Highlights, Web watch - Maire Revians

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 | Ganefics 5:244 (2004
be retrieved by name, keyword, references and annotation. All sequence and annotation data are also available for download,

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

e The miRBase Targets database and pipeline has been rebranded as microCosm, and is now hosted at the EBL. The microCosm resource continues to be maintained by the Enright group. miRBase currently links miRMNAs to targets predicted by microCosm,
Targetscan and Pictar, and aims to provide a more extensive target prediction aggregation service in the future

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 mirbasef@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 [nstitute.
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http://www.mirbase.org/

Functionality of miIRNA mimics (by target gene)
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Functionality of miRNA mimics (by Reporter)

Stemloop 514 u uuc uag cu
Structure gage guugga ggggccg cacugu  gagaggu u

(AR EEE [ERRERE PEerer rrrirnd
cuuua a

uucg cgacuu
u
5' mature hsa-miR-128-1-5p MIMATO026477  15-CGGGGCCGUAGCACUGUCUGAGA-37
microRNA
3' mature hsa-miR-128-3p MIMATO000424 50
GaiccoRNA

1. Insert a complementary target
sequence of a microRNA 5p or
3pin the 3’ UTR of the Renilla
luciferase gene.

2. Firefly luciferase gene serves as
a normalizing control.

3. Co-transfect this dual luciferase
plasmid with mimic, inhibitor, or
control molecules.

BamHI| 4451

F-Luc

Balll 1

¥ -

l Fi
Promoter

%
R-Luc Nhel 684
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Functionality of miRNA mimics (by Reporter)

Cells expressing low levels of
endogenous miRNA

MNon-specific
l:clnF:rol b
"

——
| |
miRMA
Mirnic 5 ’
— p
3p

= Fluc A
) _ Fluc - Rluc 7
RLuc Target b <
Expression of Expression of
Control Reporter  Target Reporter
Fluc
» . Fluc
Rluc Target
miRNA Mimic binds
Target Reporter

Jovel”
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MIRNA mimics design-1

Low function
0.8

o
o

g
s

\4

High function

Normalized Luciferase Expression
o
N

miR-107, 10 nM, Hela
Dual Luciferase Reporter
System

Mimic

Modified
Native-based
miRIDIAN
Mimic
Control

Native-based
Mimic
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2 -O-Methyl-RNA

- show the same behavior as DNA Hv-clﬂz:f*: Ol

- protect against nuclease degradation § |°*

Base
. . . . ] *:J=|I='—f:)—c|-|2 o é
- efficient in blocking targeting RNA oH NH HPIH
- H
functions o [ome
?ase
- can be combined with phosphothioate =TT N
- - i . OH H H
oligonuclotides for further stabilization ? fr
OH OMe
Dharmacon™
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MIRNA mimics design-2
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Active strand or Passenger strand ?

Normal miR function

puuibree(”) pre-miRNA miR inhibition miR enhancement
Dicer*
.... . miRNA (5P) Single stranded /) miRNA (5P) Double stranded
miRNA* (3P) antimiR miRNA* (3P) miR mimics
+ v =
SULLLrry
JAAAALALLLL seee - uuCLu.u m'RNA—(SP) Joooooooy
RISC MiR inhibitor RISC T RISC
: e
Translational ‘ ¥ Enhanced ‘ ‘ : w (3P)
repression mRNA degradation Enhanced translation repression Enhanced degradation
2 \ 2\ 9 9 2 N\
) ORF h,AAA . }o ORF m.', AAA —)[ ORF—AAA _)[onF—AAA -\-)oth }o ORF AAA
IRIbosome Ribosome Ribosome Rlbosome
Overexpress miRNAS
5P? or 3P? Loading
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MIRNA mimics design-3
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MIRNA mimics design : Functionality

—
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Function for 11 human microRNAs was assayed in
Hela and HepG2 cells using a dual Luciferase assay
(normalized to the control - no mimic). 10 nM mimic at
48 hours
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Biological tools for studying miRNA

Nucleus
Y0000
sh-microRNA M\ﬁ\m N l
m|m|C pri-microRNA

Vv

Microprocessor .
(Drosha/DGCR8) l

pre-microRNA

Exportin-5

Dicer complex

!

L & |

Cytoplasm é
l

microRNA
Mimic |
microRNA

|nh|b|tor i > Mature microRNA 4 ) RISC
VRN

mRNA degradation/
translational repression
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Using miRNA inhibitors to investigate

MIRNA-regulated gene

microRNA loss of function
experiments

Control  Experimental

Control /\ Gene A o s
Gene B +++ +++
endogenous _| Gene C +++ +++++
(+) miRNA X inhibitors )
mMiRNA X Gene D T .
\/ Gene E +++ A
Gene F +++ +++
Experimental
" miRNA
. ALLLLELLLRL i
loss-of-function phenotype Reverse B

Complement
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MIRNA inhibitors design

Vermeulen et al., RNA 2007 13: 723-730;

0.78 nM
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Potency and Longevity of Hairpin Inhibitors

12 :

i B Linear 200NV —

| B Hairpin 40 M (yueee—s )
10r I B Linear 40 NM s

\
\
\
\
\
\

\
Chemical modification

v . 4 . 4

Fold Inhibition
(o))

3 5 7 10 12 14
Days After Transfection
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Biological tools for studying miRNA

Nucleus

Y0000

sh-microRNA M\ﬁ\m N l
m|m|C pri-microRNA

Vv

}
Gain of function Wsmemcessnr gy
(long term) L
pre-microRNA
|
n Exportin-5
Cytoplasm l
® Dicer complex
microRNA l
Mimic SR |
microRNA
Inhibitor i > Mature microRNA | ) RISC

2
l !

mRNA degradation/ Catalytic mRNA cleavage
translational repression
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microRNA-based scaffolds

Mature / Targeting

Star / Passenger
Strand / &

Sp or 3p Strand

5l 3|

Flanking regions

* Well known microRNA-based scaffold (ex. miR-30...)

» Contains Drosha and Dicer sites

» Maintain accurate processing

* Less disruptive use of more “natural” microRNA
expression cassette

 High functionality

» Minimal activity of passenger strand

D
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Some background on Lenti-virus

» Family: Retroviridae
» Subfamily: Lentivirus
» Species: HIV type 1

* Integrates genome into dividing
and non-dividing cells

« Mostly intronic integration

* Lentiviruses use host cell machinery
to assemble proteins and
encapsulate RNA genome

» |Infective virions are released to
repeat lifecycle

L0

" Reverse f’y
1r'msr:r|ptlc 14

Trdnbldtlﬂ"l

ntegra> T armcnpt ion"

e

‘“H

Capsid =<
assembly

F '-'rr:&wrua ”

Sh-miRNA

“~ Budding

4 Dharmacon™
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Viral Packaging and sh-miRNA vector design

’ /
Packaging Cell / Target cell
/
Viral Proteins / 0
YO :
Packaging Mix # '/ ﬁ G / LY ‘\\\\\\\\o
S / ; / ANA DNA ‘"i'r"ié'f’RNA\‘ Nuca
— \ J:f Assembly Encoded g
Transfection Af g f RNA & Budding / mlcr([lJFNA &) X) x
£ 9 5 5 % < & ) e
\ P
\ . ’ “8\ Jj‘ “ :: pre-microRNA
Transcription Harvest Viral / ', Exportin-5
Transt Supem%am / :/ 3 Citeglasn
ransrer Y
Vector Titer 1-5x 10°TU/mL // TraRnesvceri’;;m 5{
— (2) Dicer
D | /Replication }( (6)
=== 7T Incompetent Mature
ackaging with the Trans- Virus microRNA Duplex /
Eenlliw!:aIg;JacLZ:ingTsyslem / ~ ~ TfalISdllce ce"s S mRNA
~ N destabilization
~ o & protein
/ T ~ \Mature microRNA (7)  down-regulation
~
~ ~ " N
/ ~ N
/ S N
~ ~ ~
/ ~
H ~
/ JLﬁ sh-microRNA ~.
. . .
mimic
hChMV
— _— #GFP - IRES WPRE
0
:
l |
T™
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Basic anatomy of a lentiviral miRNA plasmid

hCMV
oL {BFP ~ IRES WPRE

L

- O @ «€D

» microRNA-based scaffold for consistent
processing of mature microRNA

» Several promoters (7) for efficient constitutive
expression

» Florescent proteins (2) expression to visualize
expression

* RRE enhances titer by increasing packaging
efficiency of full-length viral genomes 5 ‘

« WPRE enhances the stability and translation ShMIMIC Negative Untreated
of transcripts iins Fone

Dharmacon™
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Importance Of Promoter Activity For
Lentiviral mIRNA Expression

Control Control hCMV Control
> -~ AL

OVCAR-8 (human ovarian adenocarcinoma) Jurkat (human T cell leukemia) A543 (human lung adenocarcinoma)

Control Control ' : Contlfol

NIH/3T3 (mouse embryonic fibroblast) PC-12 (rat adrenal gland) HEK293T (human embryonic kidney adenocarcinoma)

Several cell lines - MOI =15 - 72 hours

Dharmacon™
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Biological tools for studying miRNA

Nucleus
Y0000
sh-microRNA M\ﬁ\m N l
m|m|C pri-microRNA

Vv

Microprocessor .
(Drosha/DGCR8) l

pre-microRNA

Exportin-5

Dicer complex

i
Y
|
Cytoplasm ®
microRNA !
Mimic |
‘ microRNA ‘

|nh|b|tor > Mature microRNA { ) RISC

Loss of function ﬂ/ Nz)

(long term) . |
l |

mRNA degradation/

h s Catalytic mRNA cleavage
translational repression

‘I/evd’
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microRNA Sponges

(1671 10 2en ans  EERREN
7 S miRNA gene

Y

e §

Pre-miRNA

Nucleus

Cytoplasm

ITTTITT

miRNA duplex

Mature miRNA

TTITTT RISC/mIRNA

d miRNA sponges / RISC

ORF TIrIrTT T

sy G }

Sponge construct Target mRNA 3 UTR
ORF \
111111111!11 1113
Target mRNA 3" UTR

Modified picture from Nature Reviews Drug Discovery
9, 775-789 (October 2010)
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Confirm miRNA expression

2

MIRNA expression perturbation

4

Functional validation | Ex. Invasion assay

Forward
genetics

Jovel”
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Confirm miRNA expression

2

MIRNA expression perturbation

2

Functional validation

Reverse
genetics

Jovel”
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= Applications of mMIRNASs tools
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

2

Confirm miRNA expression

2

MIRNA expression perturbation

2

Functional validation

Forward
genetics

Jovel”
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5 ! QrIEIGENE

YEnTEa part of GE Healthcare




Phenotype observation (ex. EMT in Cancer)

Epithelial to 1. Critical for embryogenesis
Mesenchymal Transition "“2“ Plavs a role in cancer
i :: (EMT) & A
-——____q__q_h _fﬂfﬂ—f
R"‘“——._f

e

]-j-\.]] 7

Epithelial

Adherens Junctions Metastable Mesenchymal

Stationary Disassembly of Junctions  No Junctions

E-cadherin Residual Cadherin Motile and Invasive
Vimentin
Fibronection

__ﬁ'———_hq___ﬂh
— = Mesenchymal to
. ; Epithelial Transition
~— (MET)
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Model Cell Lines : MCF7 and MDA-MB-231

Epithelial
-
Jop)
Mesenchymal
Invasive
MDA-MB-231 //..e:\

F-ACTIN E-CADHERIN  VIMENTIN

« F-Actin : cytoskeleton protein
« E-Cadherin : marker for epithelial cells
+ Vimentin : marker for mesenchymal cells

Dharmacon™
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Strategies for a successful miRNA research

Phenotype observation

Pick miRNA Literature

‘ or

Forward " . . Website

genetics Confirm miRNA expression (e.g. ZEB1)
2

MIRNA expression perturbation

2

Functional validation

Ig 334 Dharmacon™
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MIRNA website-1

" lizme sa 2 TieE Ul @ hsa-miR-200a/ZEB1 Alignment
- Mus musculus: 717

- Rattus norvegicus: 387 . . ] mirSVR -0.9509
- Drosophila 3 uguagcaf?ETGGEICTTT(IETIJCE%(?%u 5' hsa-miR-200a j , a- .
melanogaster: 186 :

 Caenorhabditis elegans: | 1760:5' uaacuucUA-UAARACAGUGUUg 3' ZEB1 EQ;;:FU"S 0.7035

233

- Mouseover a miRNA mature name to see the miRNA/ZEB1 alignment.
Query Target Sites:

ZEB1 zinc finger E-box binding homeobox 1

11k-144 miE-200

Displayed miRNAs
ordered by sum of miR-101
mirSVR scores: 1276 UGUGCRACRUUUUUGUACUGUAUGUCUUCARRCCU

- hsa-miR-429 354 449
8§78 1229 1299

- hsa-miR-200b 354 449
881 1229 1300

* hsa-miR-200c 351 448
880 1228 1299

- hsa-miR-200a 766 1520
1760

- hsa-miR-539 872 1070

- hsa-miR-141 766 1519
1759 =

* hsa-miR-139-5p 1410 TR S
1551

“ hsa-miR-494 1165

- hsa-miR-101 1277 1406

- hsa-miR-144 1279 1409

* hsa-miR-873 1798

- hsa-miR-340 408 1251
1346 1372

- hsa-miR-590-3p 1449 -
- hsa-miR-128 1654 1651 CUURRRUUUUGARAUUCRCUG
~ hsa-miR-186 1242 1377

- hsa-miR-150 402

1350

LR ATUUGEARACUUGAUARCAUTUARRGUAGRERUEE 1500

28

1501 ARUUGGUUCUCCUGCAUUG UUUGAUIURACEGUGUUATRIUARCATIUATACTUTGCCUN

1576 GRACUURRRUG

"~ hsa-miR-361-5p 739 172§ CRACUCUCEUDUCCUURGUAAGCCARRUUAGGAUUAACUUCUAURRA
* hsa-miR-381 951 1417
- hsa-miR-300 951 1416

1800

o (&34 Dharmacon™
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MIRNA website-2

I 1
|| E=ER || Rfam ID Score  Energy Base P Poisson P OrgP Start End Alignment
“ hsa-miR-148b* 172006 -22.8 1.782740e-02 1.766940e-02 1.766940e-02 1558 1581 ]I I-I- ]I FEEE TEEETLLnd I-
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hsa-miR-374a* 171061 -21.6

hsa-miR-125b-1* 16.7281 -28.26 1.094780e-02 1.088810e-02 1.0858810e-02 895 916

hsa-miR-600 16.564 -23.35 3.200810e-02 3.150130e-02 3.150130e-02 859 882 III 1 [RRERRRRRRY

H. Sapiens EN-—— U
P. Troglodytes En- hsa-miR-200c 16.564 -26.86 3.194860e-02 8.856540e-04 8.856540e-04 1299 1320 1 1| . (AR NAREN I_I
M. Mulatta EN- -
B. Taurus EN-

C. Familiaris EN-— GRRRAT A
M. Musculus CRRR-—— hsa-miR-200c | 16.4699 -16.71 3.471230e-02 5.8565402-04 8.8565408-04 1228 1250 [ 1: 1111z (1111111
G. Gallus ENAUGRAUAGUUUUUUCUAUAUGGARAARAAT x

hsa-let-7f-2* 16.4445 -21.28 3.385890e-02 3.320210e-02 1.338350e-0271 92 | [I[] ILILIL  DLIL] Ir

hsa-miR-200b J 16.4445-21.8 3.621550e-02 6.8565408-04 8.8565408-04 13001320 11 111 111 LILIIILITI

hsa-miR-586 16.35  -10.38 6.324010e-02 6.128190e-02 5.441890e-03 1905 1926

hsa-miR-429 1635  -17.47 3.722480e-02 7.350480e-05 7.350480e-05 354 376

hsa-miR-200b J§ 16.2555 -15.61 4.268000e-02 8.856540e-04 B.856540e-04 1228 1250 |

hsa-miR-429 16161 -17.23 4.388200e-02 7.2350480e-05 7.350480e-05 1229 1250 [RRRREN [RRRRERNI

T @Y 4 Dharmacon™
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The miR-200 Family

e are regulators of EMT-MET

* miR-200A, -200B, -200C,141 and 429

 Target genes: ZEB1 & ZEB2, which are

transcriptional repressors of E-cadherin

* is quite low expression in advanced cancer and
metastasis (Lee, 2006; Mohammadizadeh,

2009; Park, 2008)

» Absence of E-cadherin from a tumor biopsy
indicates a poor prognosis and possible

metastasis

miR-200

|

/EB1 & ZEB2

|

E-cadherin
(M—>E)

AR
AR

level”
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Strategies for a successful miRNA research

Phenotype observation

2

Pick miIRNA

L 4

Confirm miRNA expression | qPCR

2

MIRNA expression perturbation

2

Functional validation

Forward
genetics

Jovel”
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The expression of miR-200 Family in two cell lines

Invasive
MDA-MB-231

F-ACTIN

E-CADHERIN  VIMENTIN

MIRNA gPCR assay

Epithelial MiR-200
QQQ High
Mesenchymal
/\ Low

MCF7 / MDA-231
Fold Change JANOVA P*-value
hsa-miR-141 19 6.66E-07
hsa-miR-200c¢ [8 2.13E-08
hsa-miR-200a 8 3.97E-07
hsa-miR-200b 6 0.00001
hsa-miR-429 5 3.17E-06
Jovel” . @ ORIGine P



Strategies for a successful miRNA research

Phenotype observation

Pick mIRNA
Forwa_lrd Confirm miRNA expression
genetics
MIRNA expression perturbation
'} MIRNA Mimic
_ o or inhibitor
Functional validation

Jevel . [EENRChormacon-



MDA-MB-231: Transition to Epithelial Phenotype

E-cadherin Morphology
miR-200 (Low)

ZEB1 & ZEB2 (High)

Invasive E-cadherin (Low)

Add miRNA mimics for 1

. .
MiR-200 family
100%
=]
w o= 80%
£ 5
o
wZ
=5 60% 4
= 2
e
.S 40% 1
o
El<|
g5 20%
1

Not invasive

Untreated
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MCF-7: Transition to Mesenchymal Phenotype

E-cadherin Morphology

Add miRNA inhibitors

miR-200 (High)

ZEB1 & ZEB2 (Low)

E-cadherin (High)

8
for miR-200 family g ¢
o 7 - 6 days
2
§8°7
# 55
2o
/ D D3-
w5
“ ~ I:J, g 2 -
8 <
e 17
(5]
. . £ -
I nvaS Ive E hsa-miR-200b cel-miR-67 Untreated
inhibitor Nontargeting
Control
NI ODharmacon™
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The function of miR-200-Zebl-E-cadherin axis

In vitro miR-200
The miR-200 family plays an essential L
role in tumor suppression by inhibiting
epithelial-mesenchymal transition (EMT) ZEBljZEBZ
E-cadherin
(M—>E)
In vivo ? ;‘ga

Non-invasive

Jovel”
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MIiR-200-Zebl1-E-cadherin axis is deregulated

IN metastatic tumors.

21 ot Al B E-cadherin miR-200

ZEB1 & ZEB2
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MIiR-200 Expression Inhibits Metastasis

MDA-MB-231-GFP
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RNAI innovation-Summary

MicroRNA
tools Long-term _
RNAI function development target New SIRNA
and potency knockdown delivery
Off-target method for
Chemically effects difficult to

synthesized reductions transfect cell
SiRNA ' types

2002 2003 2004 2005 2006 2007 2008 2009

S o 205 206 2007 2000 20,

AQvanced _SiRNA microRNA-based
design algorithm and
pool technology

scaffold

uptaked siRNA

conventional technology
SiRNA MicroRNA
synthesis mimics/inhibitors
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Who to contact with Questions?

Thank You for Your Attention

Aaron Chen, Ph.D.

Field Application Scientist,
Level Biotechnology Inc.

aaronchen@mail.level.com.tw
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