RNA 'Li sy S
g entlm echnnlugles
<\{

““Stem Cell =+ Gene Analysis
A e €T om Serwces

= 2 MlcruRNA Reseﬂrch _—
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e Lentivirus technologies

* RNAI Libraries

« MicroRNA Tools

e Stem Cell Research Travis Antes, Ph.D.

Director, Product Development
System Biosciences (SBI)

E% SBI Tel: 650-968-2200 x108
Email: tantes@systembio.com
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Pioneers in Lentivectors
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Lentiviruses Get In

e Dividing or Non-Dividing Cells
(Retroviruses only infect dividing cells)

e Useful for slowly dividing Primary Cells

 Infect Embryonic Stem Cells and Embryoid Bodies

? +
iy THE
£l e
o
A

* Broad cellular tropism

e Third Generation Biosafe

SBI

System Biosciences



Lentiviruses Stay In

« Stable Integration of Constructs into Host
Chromosome

 Good for Reporters, Knockdown &
Overexpression

 Easily create Stable Mouse Troponin Reporter
Differentiation with Retinoic Acid

cell lines

Ef’ |
3 SBI h9c2 Rat Cardiac Myoblasts
’ Data courtesy of TJ Bartosh and R. Roque - Touro University Nevada.

System Biosciences



Pioneers In Lentivectors
Stably express cDNAS

Strong and ubiquitous expression of the gene of interest
» Single or double expression cassette with choice of reporter gene
» Target gene expressed from CMV, EF1, or MSCV promoter

e Choose from FIV- or HIV-based vectors

SBI

System Biosciences



Pioneers In Lentivectors
Stably express shRNAS

Permanent, heritable gene knockdown Am

 Efficient delivery and permanent
Knock down

pUC ORI
* Analyze the specific effects of Target genes

» Single or Double promoter formats SV40 p0|y_A

+1
I\ﬁ:> siRNA template insert

H1 promoter - i " '
I/ sssss loop antisense terminator

SBI

System Biosciences



Pioneers In Lentivectors

Stably express microRNAS

Permanent, heritable microRNA overexpression RSV 571TR

« Efficient delivery and robust expression AmpR
» Analyze the specific effects of MicroRNAs

» Express single microRNA precursors  pUC ORI
or clusters

Co-expression validation 'Q,ua/nﬂﬂﬂ- SV40 ORI K- REP

Bl AR QuurkFutivn Sricm

Each mature 302 microRNA is produced from the 302 cluster SV4O pOly A
6.0 - b PMIRH302abcdPA-1 3'&LTR

d transfected

(%3]
[==]
1

® 200 ng

B 400 ng
M 800 ng

P~
o

L
o

g
o

=
(=]
L

Relative expression level

o
o

SBI

System Biosciences

miR-302a  miR-302b  miR-302c  miR-302d



Pioneers In Lentivectors

Efficiently create reporter
cell lines

RSV
HIV 5' LTR

pUC ori

pGreenZeo

Sort for GFP/RFP or Zeo/Puro Selection lenti-reporter

e Report transcription network activity AT N Cell-specific
Promoter

» Track cell differentiation ZeoR ),, copGFP

 Quantify transcription response Wl ey o, Multiple
Nanog iPSC Factor Transactivation i Cloning Site
HEK 293 Nanog Reporter Cell Line for TRE

RFP Fluorescence GFP Fluorescence

cPpT Clal

= EcoRI
\Xbal

Spe
: mCMV i

pGreenFire
lenti-reporter

pUC ori

piPSC Nanog

Control

SSBI

System Biosciences

wWrRE | uciferase




High-titer Virus Production

RSV 51TR

- * Produce highly efficient, transduction-ready,
/ and replication-incompetent FIV or HIV-based
eon Lg::svt?-fg;r n pseudoviral particles containing lentiviral
_ X o constructs
L) * Introduce and stably express lentiviral
constructs in virtually any mammalian cell,
+ including hard-to-transfect primary cells,

neuronal cells and stem cells
pPpPACK™ Packaging Mix

Packagi

Plasm
293TN

Producer w
Cells

* SBI's 293TN producer cell line is optimized for
high pseudoviral titers

.03 ©;

“particies O}
©

Ca®




Virus Concentration — PEG-It

Cell culture ..
medium containing 5; F';EtG_'lt
viral particles olution
O} =
/ : H\ 4.00E+07
@ X imhlﬁ E 3.50E+07
ﬁ a:.’_s.oum?
o [y @
— ==l | ‘e 2.50E+07
‘H"' = "fl :g 200E+07
Incubate at 4°C, § LSIEHT
5 Centrifuge S
S supernatant/PEG-it  §
293TN lentiviral producer cells mixture at 1500 x g F 508
(SBI cat# LVO00A-1) for 30 minutes 0.00E+00

Unconcentrated PEG-it Concentrated

Safely concentrate Virus
10- to 100-fold

SBI

System Biosciences



Virus Titering — UltraRapid Titer

Lyse infected cells
(2 minutes, 95°C)

- WPRE UL
st.am:l.ard.'r.fsz //”_
Directly add cleared M
lysate sample to qPCR N\t
Mastermix

Mol

Real-time PCR run
(2 hours)




Lentivector-based RNAI

GeneNet™ shRNA Libraries

 High-throughput gene
knockdown studies on a
genome-wide or pathway-
focused basis.

e Simultaneously identify
multiple genes that alter a .
I\E‘> siRNAtempI:ate inser:t

specific cellular g
phenotype—in a single
experiment.

SBI

System Biosciences

shRNA




How to use Lentivirus Libraries

@ Amplification

of shRNA effectors

@ from selected cells
Transduction ( '

with shRNA Library —

@ Hybridization
Infected to Affymetrix

%. = = ‘% Target Cells GeneChip®

or sequence

inserts

Treatment

to induce phenotype
¢
/\
¢ @ Analyze
= = ~ - Treated with statistical
= D Ya Yl Jadb i Cells software

@ Selection

for phenotype

Selected out

(O = New Target 1000 > siRNAs

Cells with identified
g - % Specific
= — Phenotype

100

Unsorted Cells



SBl's RNAI Libraries
Genome-wide

Knockdown
GeneNet™ shRNA Libraries
Each mRNA targeted

Transcripts b}\' 4-5 separate shRNAs
HIV-based Libraries Targeted # shRNAs
Human 50K 47,400 200,000
Mouse 40K 39,000 150,000
FIV-based Libraries sc_re eh
Human 50K 47,400 200,000 All genes simultaneously
Human 50K 47,400 200,000
Mouse 40K 30,000 150,000

Dissect

Pathwa y—fo CuUu SEd Signaling pathways and

cellular responses
GeneNet™ focused shRNA Libraries

L Targeted Discover
HIV-based Libraries Genes # shRMNAs
Human Apoptosis 579 6,876 New drug targets and

Human Kinase 897 10,453

E’J Human Phophatase 244 2,719

System Biosciences

diagnostic markers
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Travis J. Antes, Ph.D. UEa e i
System Biosciences (SBI)
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’ 3SB]: 48th Annual Meeting
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Areas of Investigation

MicroRNA . &
Background

Knockdown. = .

Studies

- Dlscovery &}
Clonlng *

[ 5 I =" e, B eyt~
i T - - e "
L i, A :
e A
T .-".-."
Fooo
"
miR-35 £ttt "
[ or— i T B < — O !
Al e e A
5 3 mif-41
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MicroRNA Biogenesis

C-.{TOPLASM

Y, Pre-miRNA
Exportin 5-induced

. i . Drosha
ranscription processing * nuclear export
\ J E
*
3

*
5' ﬂ Q E 3" ( | r
RNA >
Dil:er_
@ processing

Translationally
repressed mRNA

Mature miRENA
within RISC

Estimated number of
MicroRNAS in
Humans = ~ 3000

Number of MicroRNA
entries in miRBase
Human = 868
Mouse = 627

| T
miRBase

http://microrna.sanger.ac.uk/




Functional differences
between miIRNA and siRNA

m | RNA miRMNA biogenesis 5iANA biogenesis
. . m'=l--l . 00 T
«  Partial complementarity to target S
 Repress translation of target Dicer ) |
(T ?“ (I |T|| i
« Perfect complementarity to target u_mJ[ |
« Elicit degradation of target G SO W,
e Both are involved in: l
Apoptosis, s ﬁwmm -ARAARA

Differentiation &

Cancer (— 1

e Demonstrate tissue and

temporal-specific ~ ® ~ . 7 T .
expressmn P, et Alag
small RNA-directed transiational inhibition small RNA-direcied miRNA clevage
3SBI microRNA Pathway

Sv*;tem Biosciences



New Paradigm

Translation

MRNA —m——>

Neqgative requlation
* MIRNA - Inhibit translation
§SBI * SIRNA — mRNA degradation

System Bio




MicroRNASs bind to 3' UTRsS
of messenger RNAS

-

O

7))

0p]

o

(®N

g

- Start Stop

2

S | |

o

©

()

o

o

@) Protein coding region 3 UTR
I

MicroRNA binding position in messenger RNA

MicroRNA Targeting Specificity in Mammals:
Determinants Beyond Seed Pairing. Grimson, A. & Bartel,
D. Molecular Cell 27, 91-105, July 6, 2007.

5 stem Biosciences



Preferred binding positions
within 3’ UTRsS

Best repression when microRNA
binds 15 nuc. past STOP and/or
closer to the very end of the 3’'UTR

STOP codon

|

3'UTR

MicroRNA-mediated repression

MicroRNA binding position in 3’ UTR

SSB]: Spatial preferences of microRNA targets in 3' untranslated
regions. Majoros WH, Ohler U. BMC Genomics. 2007 Jun 7;8:152.

5 stem Biosciences



Theory: “Ribosomal Shadow”

microRNAS
bound to 3’ UTR

Messenger RNA



5" Cap Requirement

AYAAAS

MicroRNA Inhibition of Translation Initiation in Vitro
by Targeting the Cap-Binding Complex elF4F
Geraldine Mathonnet, ef al.

Science 317, 1764 (2007);

DOl 10.1126/science. 1146067

RL  Cap- Rlue ———— Poly(A)

RL-6xB  Cap-| Rluc | SRR EEE roya)

EMCV-RL

EMCV-RL-6xB

S

System Biosciences

LAGA,

_ U A

2 LLBCACAGCCUA cUuaCCUCcA.. 3 mMRENA
PeTnrnr rrnenin

¥ UUcAUAUSGUUGGAL GAaUuGGAasU 5 Let-Ta

Eh% Rluc I— Poly(A)

IRES

Ei'i—o{ Rluc  HEHEHE-HB B @ roly(A)

EMCY
IRES
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Mechanisms of MicroRNA
Interference

Translation initiation 3'UTR
Q... .
-L L Translation elongation  J| Transcript
deadenylation
Target mRNA Target mRNA
Translation inhibition Decay
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Expression

 Why profiling matters

« Example study of MicroRNA
Dysregulation in Kidney Cancer

Ko * Tools for expression profiling



Why Profiling Matters Reviews

E—— = brioriy Repo

MicroBRNA Gene Expression Deregulation in Human Breast Cancer Oncomirs — microRNAs with
Marilena V. lorio, Manuela Ferracin,” Chang-Gong Liu.' Angelo Veronese,” Riceardo Spizzo,’ 1
Silvia Sabbioni,” Eros Magri,’ Massimo Pedriali,’ Muller Fabbri,' Manuela Campiglio,’ d rOl € In cancer

Sylvie Ménard.’ Juan I Palazzo,’ Anne linsenberg." Piero Musiani," Stefano Volinia,

, T oy ot 2 .2 ; o g 3 il i Aurora Esquela-Kerscher and Frank J. Slack
Italo Nenci,” George A, Calin, Patrizia Querzoli,” Massimo Negrini. and Carlo M. Croce

The NEW ENGLAND JOURNAL f MEDICINE
‘Comprehensive Cancer Center, Ohio State University, Columbus, Ohio; Dipartimento di Medicina Sper

Interdipartimentale per la Ricerca sul Cancro, Universitd di Ferrara, Ferrara, [taly; *Malecular Targeting
Experimental Oncolagy, Istituto Nazionale Tumori, Milan, ltaly; Departments of *Pathology, Anatomy ar
and Surgery, Thomas Jefferson University, Philadelphia, Pennsylvanio; and “Ce S.L Aging Research Cent ‘

ORIGINAL ARTICLE ‘

Mounti ng evidence A MicroRNA Signature Associated Cel | u | ar d eV6| onpment
indicates microRNAS with Prognosis and Progression p
in Chronic Lymphocytic Leukemia
C an b e C au S at I V e George Adrian Calin, M.D., Ph.D., Manuel|y,, s3a16 janusry 2006/doi101038/naturc0a3s7
tS | N Can cer M ﬁmsehl o "8 2‘)'\5M| " Eh\ﬁ j Gkaﬁfse”
a en j— -asa.ywsI mizu, B.S., 'y:.f'a . o.LI'I , M.Sc., .
J oty . . Tsara e, .. ARTICLES

Poten tl al DI ag n O Stl C Claudia Roldo, M.D., Ramiro Garzon, M.D., C\

Laura Rassenti, Ph.D., Hansjuerg Alder, Ph.D.,

develo pment chang-gong L. Ph.D, Thomas ). Koo A brain=-specific microRNA regulates

Massimo Negrini, Ph.D., and Carlo M B .
dendritic spine development

Gerhard M. Schratt'*, Fabian Tuebing’, Elizabeth A. Nigh'**, Christina G, Kane'™', Mary E. Sabatini’,

namnire

Molec“ Ia'I ca“cer Bin_ﬂiﬂaﬂlﬁtﬂer* & Michael E. Greenberg'

Research

Identification by Real-time PCR of 13 mature microRNAs
differentially expressed in colorectal cancer and non-tumoral

tissues Unique microRNA molecular profiles in lung cancer diagnosis

[ Bandrés*!, E Cubedo!, X Agirre2, R Malumbres!, R Zdrate!, N Ramirez'and prognosis

' _.,j A Abajo!, A Navarro3, I Moreno?, M Monzé? and ] Garcia-Foncillas!

Nozomu Yanaihara,! Natasha Caplen,? Bise Bowman,' Masahiro Seike,' Kensuke Kumamoto,' Ming Yi,?

Robert M. Stephens,? Akou Okamoto,® Jun Yokoto,® Tadao Tanaka,* George Adrian Calin,®
: ;B I Chang-Gong Liu.® Carlo M. Croce,® and Curtis C. Harris'+*

System Biosciences



Why Profiling Matters

What can microRNA
expression profiling tell us
about the molecular
pathways affected ?




MicroRNA : mRNA Targeting

How do microRNASs recognize their mRNA targets?

a)
Cseed D
miRNA 3'
8 1
mRNA 5' ' 2
3 7\ A
1.8 [TITTITT1 BM _[TT1 I TT1
7 I8 gy O T
=
08 [TITTTT |8
Lp _[T1{ TT1
2.7 _TTITIT J
(YT (5 |
[TT{_JT1 GUM GUT i

SBI

System Biosciences
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1 mismatch

1GU

[=]

Conservation fold enrichment
%] (9]

o

on

.

—k
T

Il h sapiens
[ d.melanogaster |
[ lc.elegans
Il d.rerio

1-8 1-7 2-8 2-7 GUM GUT BM BT LP

Inference of miRNA targets using evolutionary conservation and
pathway analysis. Gaidatzis et al. BMC Bioinformatics 2007 8:69.



MicroRNA : mRNA Targeting

How many mRNAs are targeted by a given microRNA?

¥ = Oneindividual = h Sap|en5
microRNA o) 05 : :
= #* K
3 * X%
o *
Q * ¥
o 0.4 o * ek ¥ K *
= " W Kk *
S5 0.3 B XX * %
[ .
= *
o
S 0.2
@
w
©
2 011
ke,
3]
-

0 g . ; N .
0 1000 2000 3000 4000 5000
predicted number of targets

3SB:[ Inference of miRNA targets using evolutionary conservation and
pathway analysis. Gaidatzis et al. BMC Bioinformatics 2007 8:69.

5 stem Biosciences



MicroRNA : mRNA Targeting

How many mRNAs are targeted by a given microRNA?

- = One individual h Saplens
Db *##, -
* X%
0.4 FOUX *y !
*
&2 o *| Each

microRNA may
target 300-500
MRNAS

0.3}

O
N

O

fraction of seed hits under selection

0 1000 2000 3000 4000 5000
predicted number of targets

glﬁj
’ JSB:[ Inference of miRNA targets using evolutionary conservation and
pathway analysis. Gaidatzis et al. BMC Bioinformatics 2007 8:69.

System Biosciences



MicroRNA : mMRNA Targeting

TargetScan

Prediction of microRNA targets Release 4.2: April 2008

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

1. Select a species |Human v

AMND

2. Enter an Entrez Gene symbol (e.g. "LIN28"") http://www.targetscan .org/

AMNDIOR
3. Do one of the following:

Select a highly conserved® microRMNA family | Highly conserved microRMNA families v

Select a conserved® microRMNA family | Conserved micraRMNA families »

Select a poorly conserved microRMNA family | Poorly conserved micraRMNA families +

Enter a microRMA name (e g. "mmu-mik-1")

o to TargetScan Custormn if your RMA Is notincluded in the microRMA families listed above.

[ submit ][ Feset ]




MicroRNA Dysregulation
In Kidney Cancer

'? e o o :
miR-35 .ﬁ‘?@f! v Renal Vein

0 e o i — . & wi
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NSBI 1

System Biosciences
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Kidney Cancer

§§BI &

System Biosciences

Stages of Kidney Cancer (RCC)

Stagel

Stagelll

Stagelll

Gerota’s  Vena to other lymph
fascia Cava organs nodes

Normal

$Lir
b IJ' .
.

Histopathological Comparisons

Tumor (RCC)
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Kidney Cancer

Stages of Kidney Cancer (RCC)
Stagel Stage Il Stagelll Stage IV

@k 2

“There are no good screening
tools, and once the cancer
spreads from the kidney, there
are no good treatments.”

B

System Biosciences



Kidney Cancer Samples

Boston University Kidney Cancer
Patient Study

® 8 clear-cell RCC tissue specimens, along with
their patient-matched normal kidney tissue, were
obtained from patients at Boston Medical Center
immediately after radical nephrectomy.

@ |nstitutional Review Board-approved informed
consent for the collection of specimens was
obtained from all patients.

@ Six of the tissue specimens were classified as WL A g -\ e
high-grade RCC with a histological Fuhrman grade
of three or four, while two of the specimens were
classified as low-grade RCC with a Fuhrman grade

of two.
Normal Tumor
Kidney Kidney
Tissue Tissue

SBI

System Biosciences



NSBI
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Small RNA Quantitation System

How QuantiMir Works

Single-Tube, 10pg-10ug N
3'step Assay total RNA anchor-tailed*

|

microRNA =~ §' = 3’
poly A
o Tag small RNA ‘ polymerase

polyA-tailed 5 =————nasssssan
microRNA l Incubate at 37°C, 30 min

5" e— 0 AN A A A S
NVTTTTTTTTT I 5

e Anneal adaptor
Anneal oligo-dT adaptor

60°C, 5 min

5 e— A AN A AAAMA S
3 - TTTTTTTTT I 5

RT to create first strand

9 Convert to cDNA cDNAs
42°C, 60 min

c¢DNA pool of anchor-tailed microRNAs

S T TTTTTTT . 5
Single cDNA synthesis i

Profile all microRNAs
cDNA templates ready for qPCR

_
3' I TTTTTTTTT E— 5
——

microRNA-specific
Forward Primer Assay

Universal Reverse
primer (provided)



gPCR Array Setup

Control Sample Test Sample
= ==
_,.r;.;:;. }:,:;;;

Total RNA

QuantMir
cDNA synthesis

';-_I:I

Combine:
QuantiMir cDNA
Universal 3' Primer

2X SYBER Green

Pipet mastermix
into 384-well plates

e, Perform real-time o
g ﬂ% qPCR runs f g

Perform real-time
qPCR runs

Cross-compare AACt measurements
between Control and Tumor Samples



gPCR Runs and Data
Analyses

Easy to use software included

All miR major and
minor miR* forms

Human complets sct M I\
All microRNAs R g

» 8 Patients
» 2 samples

§JSBI - Triplicates

System Biosciences



Heatmap View of Study Data

Tumor[
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MicroRNA expression
Is able to classify normal
Kidney from Tumor

Red = high expression
Blue= low expression

Heat map comparing ratios of expression in
replicate tumor and normal samples using
miR-106b as reference using the 38 down-
regulated and the top 7 up-regulated
microRNA. Note that the tumors seem to split
into two clusters which have the samples
YRO00.17, YR01.19, YR06.37, YR00.11,
YRO06.56, YR05.27, YR06.29 in the first group
and the samples YR01.21, YR01.37,YR07.79
in the second group. The bold samples were
scored as High Grade by pathological
analysis. Thus the natural clustering of the
tumors by microRNA expression does not
seem to assort them by pathological grade.
The normal samples on the other hand show
no discernable organized sub-structure for
these microRNA.

http://www.broad.mit.edu/cancer/

software/genepattern/



MicroRNA Signatures
Stratify Stage

of Kidney
ancer

MicroRNA Signatures Stratify
RCC samples from Normal sam-

ples with High Confidence

0.6 All data Normalized

0.4 - ® e

o
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pal Component
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|
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hsa-miR-137
hsa-miR-597
hsa-miR-634
" hsa-miR-132
hsa-miR-587
hsa-miR-652
hea-miR-189
hsa-miR-93
hsa-miR-203

* hsa-miR-200c
hsa-miR-147
hsa-miR-621
hsa-miR-E41
hsa-miR-579
hsa-miR-671
hsa-miR-625
hea-miR-488
hsa-miR-128a
hsa-miR-613
hsa-miR-515-5p
hsa-miR-519a
hsa-miR-588
hsa-miR-187
hsa-miR-182
hsa-miR-183
hsa-miR-30kb
hsa-miR-651
hsa-miR-15b
UG

* hsa-miR-185
hsa-miR-15a
hsa-miR-542-5p
hsa-miR-545
* hsa-miR-143
hsa-miR-215
hsa-miRk-194
hsa-miR-192
hsa-miR-497
hsa-miR-302d
hsa-miR-146a
hsa-miR-140
hsa-miR-150
" hsa-miR-34a
~ hsa-miR-21
hsa-miR-424
hsa-miR-193a
hsa-miR-609
hsa-let-7h
hsa-let-7a
hsa-let-7¢
hsa-miR-217
hsa-miR-15b
hsa-miR-18a
hsa-miR-186
" hsa-miR-210
hsa-miR-14Eh
* hsa-miR-142-3p
hsa-miR-223



What can microRNA
expression profiling tell us
about the molecular
pathways affected ?




Potential Targets of Kidney
Cancer MicroRNAS

Pathways Associated with Dysregulated
MicroRNAs in RCC

.TC"' eiSccm MicroRNA Target

Prediction of microRNA targets
Prediction algorithms

Already thought to be
involved in kidney
cancer

Ectopic Expression of Wnt-5a in Human
Renal Cell Carcinoma Cells Suppresses
in vitro Growth and Telomerase Activity.
Daniel J. Olsona, Mitsuo Oshimurab, Arie
P. Ottec, Rakesh Kumard.

Tumor Biology 1998;19:244-252

http://www.targetscan.org/

Hypoxia observed in

TGF Beta : infl - RCC kidneys
Gi | |r'|5|..||||'| T ArEn Hypoxia-inducible factor determines
Q ignaling Grawth Mediated I'_'I'lll' sensitivity to inhibitors of mTOR in
5% kidney cancer. George V Thomas Chris
) Factor 'E'ftﬂkln'EE- Tran Ingo K Mellinghoff Derek S Welsbie
Emily Chan Barbara Fueger Johannes
Eﬂ-ﬂ 3% Czernin & Charles L Sawyers
Nature Medicine 12, 122 - 127 (2006).

System Biosciences



MicroRNA gPCR Arrays

Small RNA Quantitation System. PrefO r m atted Caﬂ Cer Prefo r m atted

Design your own microRNA assays — Differentiation
- most commonly found microRNAs inf: MICrORNA assays —
m|CrORNA assays carcinogenesis Monitor renewal, hematopoiesis,

neural progression and tissue-

Plate Array Arrangement
1 i 3 i

i 9 0 1n 12
- at.]. “pu .
Novel MlcroRNAs A famdly  jmiEt RO7  JmiES) elRA0 aniR 1001 iR 100 3 sl 06N 01 . miE-1.1 S p eC Ifl C patter n I n g
| B wiRAZ2a jift-1253 piRAZSh jiRA26_pwiRAZED fniR132_iR-1300 nif134ieiR-A35h iftA06_iiRA37 _miR140
iR 142
ik 141 :::..::) '::m;s mif G P49 iR A5 nifl-151 iR A53 wilt155 _ift15a o lent 96-well Plate Format, segmented Into 4 separate Stem Cell Pathways
Bp by il 1810
|t miktna i 1 £ ] 5 . T O 1 « W
5 N TR T T T T P o e TP e T [T T P Y T T PP R
B [ 454 [ 5%a_[eiR-2080_[1dB. 296|361 _[mif 302l Jorh . WEc_[mif 20 enih 36T i 368l 365
iR 364-0p |mR-OTH  [miR-ITY 3T (373 [betTe (ST LET Y 13 L2
PP T T S T i 38
T T T P R T T P T e Y [ U e TP e T R T
1|t [mit s it anis s (m@on! |mitann  k2z) (s (mity  lmi el lmik it |md12ie
G iR a_JeniRA)JiR1ztaJodk 1280 (w132 [miRA3JuRA35a_ 25 _miB12 [miRA38 Jdk4s 15
Pl 154 PR AEY 2N | 222 [eni-A AR (iR 133a  [milRA33h  miRA95 el 2ee l
[ 1 Stem Coll Signatue So1 [ | Housona | St
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MicroRNA miRNome Profilers

Validated reference
controls

RNU43 (snoRNA)

RNU1A snRNA / \\
. \'.f/Human U6 snRNA

Amplification plots

issociation

5SB

System Biosciences

100% miRBase updated

All miR major and
minor miR* forms

T/ g g

Human complete set Mouse complete set
All microRNAs All microRNAs



Other QuantiMir Applications

From the same cDNA:

Quanhtate 5|RNA
shRNA Expreesion Molscule: * *
P53 8IRNA
. "1 Ep53 siRNA
N |__-:-::---r--:-q------.--u-----.-:---~-<-q 4=~ 1-u-l- -"‘" —#=p53 mRNA,
- GATC TG GATICATCARGAT TTGTT TG MRAAACAS. (LT TG0 T DOATCCAGATCITT -8 é !
RN
1 - DOX +CRDE & j
ETT Y Dips3 sRMA | §
: m— — 2001 4
g L 20001 ¥
= _h Measure mRNA
T — 0 hours ) 2 hours ) 4 hours ) 24 hours Knockdown
BoloE B R G
L. 3 3 i‘ i"

Example of siRNA detection and guantitation
from short hairpin RNA expression constructs.

Gel analysis of siRNAs

Srnall RNA Quantitation System

SSBI

System Biosciences




e MicroRNA “Snares”

 Global Amplify & Clone




MIR-SNaRES

Small Non-coding RNA Enrichment Systems

Immunopurify microRNA complexes
and their associated RNAs

HA-tagged
miR Factor

SBI

System Biosciences

Pri-microRNA

e

¢ DROSHA/DGCRS8
processing

HA )
Precursor microRNA &
l DICER

processing

HA
Mature microRNA N AGO2
RITEIIE
v |
HA
RISC loading HAN  Aco2
5’ m7GpppG ——-lmn— AAAA 3’

RISC



MIR-SNaRES

Small Non-coding RNA Enrichment Systems

DGCRS DICER AGO2

« Create SNaRE Cell line E ge B¢ £
« IP pull-down MicroRNAS e -

130KD = - .
e Enrich for RISC-associated mRNAS — —

100kD -

e Discover low abundance microRNAS

pHA-hDGCRE-RFP pHA-hDICER-RFP pHA-hAGOZ-RFP

* Identify new RISC protein factors

Fluor

» Constructs fully sequence-verified
and protein expression validated

SSBI

System Biosciences



MIR-SNaRE
Applications

SSBI

System Biosciences

: HA Iptroduce O
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MIR-SNaRE
Applications

OPEN a ACCESS Freely available online

© pLos one

Systematic Identification of mRNAs Recruited to
Argonaute 2 by Specific microRNAs and Corresponding
Changes in Transcript Abundance

2,39

David G. Hendrickson'®, Daniel J. Hogan?3®, Daniel Herschlag®, James E. Ferrell -, Patrick O. Brown®3*

1 Department of Chemical and Systems Biolagy, Stanford University School of Medicine, Stanford, California, United States of America, 2 Department of Blachemistry,
Stanford University School of Medicine, Palo Alto, California, United States of America, 3 Howard Hughes Medical Institute, Stanford University School of Medicine, Palo
Alto, California, United States of America

May 2008
A HEK293T lysate

small RNA
RMNA amplification

fractionation o % ot
cy3 / Ago2 55 iTAG cy3

labeling RNA labeling

miENA array HEEBOQ array
”’ ) Yo \ l. / cy5
ehaing phenol chloroform e
SBI small RNA ~ RNAisalation o 0 o Slification
’ fractionation

System Biosciences

mRMNAs Associated with Ago2

=
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- mRMNAs Associated with Ago2
mIR-SNaRE Look at all of these new 9
Ap p I | Catl O nS MiR-124 mRNA targets !

OPEN @ ACCESS Freely available online ~ ploS one C

Systematic Identification of mRNAs Recruited to =
Argonaute 2 by Specific microRNAs and Corresponding

Changes in Transcript Abundance

+miR-1 +miR-124

2,39

David G. Hendrickson'®, Daniel J. Hogan?3®, Daniel Herschlag®, James E. Ferrell -, Patrick O. Brown®3*

1 Department of Chemical and Systems Biolagy, Stanford University School of Medicine, Stanford, California, United States of America, 2 Department of Blachemistry,
Stanford University School of Medicine, Palo Alto, California, United States of America, 3 Howard Hughes Medical Institute, Stanford University School of Medicine, Palo
Alto, California, United States of America

May 2008
A HEK293T lysate

small RNA
RMNA amplification

fractionation o % ot
cy3 / Ago2 55 iTAG cy3

labeling RNA labeling

HEEBO array

” ,= ¢y5 \ l. / ey5
ehaing phenol chloroform e
E small RNA ~ RNAlsolation o, . o lification 3
’ BI fractionation e LDgEHEtID

System Biosciences

miENA array
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Global MicroRNA Amplification
and Cloning

1non

band intensity
& ~i
(=1

5s

O Non-amplified |

| B Amplified

UG

181a
150
48b

SBI

System Biosciences

let7a

22

142-3p

124a

5 3 5 3’
®-MAMMMJ'VU‘VGH ®-=|-NH2

Ligation, 1 hr.

T7 . . RT and adaptor
5 3 EFS attachment by
template switching,
4 min.
(LY LV VLV VYV VY m—
el — 5"
Denature 10 min., 95°C
Y .
e o — T >
S,H,Yg.-g PCR, 1 hr.
T7
5’ 13’
37K 5’
amplified Biotinylated primer
cDNA (i .
T7 IVT with labeled nucleotides
sense
M RNA

Ready-to-clone

Amplified sense RNA

Microarray ready



Overexpression®

Studies

MicroRNA _
. 4. precursors * MICroRNA Precursor

Clone Collection

¥« Multiplexed Precursor
Virus Library

Dicer
AGO2
3' M 57 SUNNRNRRRRRRATNN TN

miR* separation mMIRISC complexes



Lenti-mIR Precursor Clones

Stable Overexpression

5

Transfection Overexpression

Sample microRNA
expression validation data

1000

® Endogenous levels
m Lenti-miR miRNA expression

:

3 B

o
5

Relative expression levels

-8

Micro EEE:EEE&§E¥E:E

Lenti-miR constructs transfected ]
into HEK 233 cells. MicroRNA i
expression measured using qPCR. ( H -.au E.E.iﬂlf

SBI

System Biosciences

MCF-7 cells transduced with Lenti-miR-205

Ralalive axpressicn kvl
inormalzed to LG

Phase Contrast

miR-205

B miRNA-205

Control

GFP Fluorescence

MCF-7 Cells infected
(MOI 5:1) with Lentivi-
rus made from
PMIRH205PA-1 (pre-
miR-205) construct.
Images taken after 48
hours. Expression of
mature miR-205 was
validated and quanti-
tated using ABI TagMan
assays.



Lenti-miR Multiplexed
Virus Library

HT Screens for MicroRNA Effectors

Recover Precursors
Transduce Lenti-miR

Virus Library cmv MicroRNAs S
@ [ Select for Phenotype] > -
@@ 5'LVL Primer 3’LVL Primer
0 kO } ‘ Tumor migration ‘
. . M 1 2 3 4 5 6
' Hematopoiesis
Metastatic potential | Eirel il I

Apoptosis

Identify MicroRNA Effectors

SBI

System Biosciences



MicroRNA Virus Libraries

nature
cell biology

The microRNAs miR-373 and miR-520c¢c promote
tumour invasion and metastasis

Qihong Huang"'*", Kiranmai Gumireddy"'!, Mariette Schrier>"!, Carlos le Sage?, Remco Nagel®, Suresh Nair?,
David A. Egan’, Anping Li', Guanghua Huang', Andres J. Klein-Szanto®, Phyllis A. Gimotty®, Dionyssios
Katsaros®, George Coukos™”, Lin Zhang™®, Ellen Puré' and Reuven Agami*'’

December 2007 4 miR-Lib

Blasticidine Transduction

s=lection
-
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Irvasion assay

Enrichment
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ldentification of miB-Vec
inserts by microarray

>,
, 3 SBI ldertification of miR-Vec
inserts by ssquencing
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Knockdown ——

Studies

miRZips ™ permanent  Stable & permanent anti-microRNA
microRNA knockdown expresssion

\\ » Select for positive expressing cells
,' with either GFP or Puro selection

e Uncover phenotypes using powerful
anti-microRNA interference

SBI

System Biosciences



MIRZIpS

mMiRZip lentivector constructs can be
used for both GFP sorting and
Puromycin selection for stable cell
lines.

Phase contrast GFP fluorescence

SBI

System Biosciences
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inhibition

Endogenous microRNAs



. . Tumor invasion assay
m I RZI p S with miRZip-21 virus
Uncover Novel Phenotypes Y
using MicroRNA Interference

Media/FBS

lmicroRNA = target protein levels [J Serum Free Media

B Membrane w/8 um pores
e Cells

TPM1 Identified as miR-21 Target Control  miRZip-21

N A

TPM1

Number of invasive cells imaged
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miRZip-21

g Invasive cells reduced by 80%
f BI permanently by miRZip-21 lentivirus

System Biosciences MDA-MB-231 breast cancer cells
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Tools for Stem Cell Biology

SBIlI’s Suite of Tools for

Studying

Stem Cells

- Stem Cell leferentlatlon Reporters

- ES Cell Plurlpotency Ref

- IPSC Reprogramm

- Signaling Pathway}Re

of téﬁ’? e o W% i )
ng Fa ‘} =
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Lincon Stamp, Monash Institute for Medical Research




Tools for Stem Cell Biology

Types of Stem Cells

Cluster of epithelial progenitor cells grown from hES cells.
Ernst Wolvetang, Monash Institute for Medical Research
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Tools for Stem Cell Biology

Stem Cell Differentiation Reporters

- Cell-specific promoters drive GFP and Zeocin
selection in differentiated cells — monitor differentiation
In real time

- Rapidly create transgenic lines and ES reporter cells

Figure: New generation of dual _

reporter vector uses both GFP ALTR Cell-specific

and ZeoR reporters Promoter
ZeoR ;. , COPG FP




Tools for Stem Cell Biology

Stem Cell Differentiation Reporters

Sorting & Selection

Figure: New generation of dual _ .
reporter vector uses both GFP IALTR Cell-specific
and ZeoR reporters Promoter

ZeoR 3,, COPG FP




Tools for Stem Cell Biology

Stem Cell Differentiation Reporters

- Data from collaborator: HUIAT opgivh
Dr. Rouel Roque and TJ
Bartosh

- Testing the effect of retinoic
acid (RA) on cardiomyocyte
differentiation. N
- Infected cells with human
and murine TNNT2 reporter
virus and differentiated with
RA

FI g u re: Card I aC m yO b I aStS h9c2 rat cardiac myoblasts exposed to lentiviruses, then incﬁbated in
Infected W|th TNNT2 reporter |n the presence or absence of ATRA 10 nM for 2 days.
presence or absence of ATRA
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Astrocytes derived from neural stem cells co-express endogenous GFAP
and GFP from a lentiviral mGFAP promoter. Clockwise from top left; DAPI

(blue), mGFAP_GFP (green), merge, GFAP (red). Data provided courtesy of
Dan Hoeppner, McKay Lab, NINDS.
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Stem Cell Differentiation Reporters

| Panel | TargetCelltype | Species | Reporter Gene
Structural  [Chondrocyte [Mouse __ |col2al
Osteoblast
. Osteoblast Osteocalcin
- Avallable as

Hematopoetic __[CD8T-cell __________ [Mouse
prepackaged Hematopoctic  [Erythroid —|Human _[HiADRa |
: : Hematopoetic _[Macrophage, microglia__[Mouse __[cbes |
VIrus or plasmld Hematopoetic  [PanT-cel [human JcD2(ciiy)

[Myogenesis  |cardiomyocyte  [Mouse  facTc
off the shelf Myogenesis — [Cardiomyocyte  [Human MGy ]
v N e 1YY 50 R R TV s
T R G 1YY 50 145 Ly TVt 2 A —
g | vt TR ST T o [ o R—
- Neural ~~ |Astrocyte |Human__ |GFAP |

Custom Neural — Astrooyte — [Mouse [GFAP ]
: Newral — [Microglia — Humen Jcpitp ]
construction for Neural _ |Microglia _____ |Mouse  [EMR1 |
Newral — Microgiia —— Mouse Jiba-1 ]

Newal —Mullergiis——— Wouse —Jcod ]
any Reporter Newral ——Newron——— [human JeMss ]

Neural —— TNawron ——— Mouse — [CAMIGE ]
Gene also offered T e e
T T T I T —
Nebrel — TNetron————— Mouse— [Tal oiubuin
Neursl —oligodendrocyte—[Mouse —[M8B. ]
e L T T e [ e T T
5 ey M— T E— 1R 1Y 3] T —

Undifferentiated
Undifferentiated
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Stem Cell Differentiation Reporters

| Panel | Targetcelltype | Species| Reporter Gene

Structural  |Chondrocyte [Mouse __ |col2al

Osteoblast

Osteoblast Osteocalcin
Hematopoetic _ |[CDBT-cell ~ |Mouse |cpg |
(Hematopoetic___|Macrophage, microglia___ |[Mouse  |cDeg8 |

Hematopoetic ___|PanT-cell _____ |Human _ ICD2 (ciii) |

Myogenesis  |cardiomyocyte  [Mouse  |acTc ]
Myogenesis ____|Cardiomyocyte __ [Human _ [MLC-2v |
Myogenesis ____ |Cardiomyocyte __ [Human _ [Tnnt2 |
Myogenesis ____|Cardiomyocyte __ [Mouse _ [Tnntz |
Myogenesis ____ |Smooth muscle myocyte [Mouse  [SM22a |
Neural ~~ |Astrocyte |Human__ |GFAP |
Neural _ |Astrocyte  [Mouse  [GFAP |
Neural _ |Microglia __ [Human _[cDilb |
Neural _ [Microglia ___ [Mouse _ [EMRL |
Neural ____ |Microglia __________ |Mouse _ Jiba-i ]
Neural —— [Muller glis——— [Mouse D4 ]
Neural —— [Neuron —— [Human |eM8S ]
Neural —— INewron —— [Mouse __|CAMKZE ]
Beta cell Neural —— INeuron —— [Mouse |GAD6T ]
Neural —— INeuron — [Rat —INSE ]
Meural @ INeuron === |[Mouse  |Tol c-tubulin
Neural —_ |Oligodendrocyte — [Mouse  [MBP |
Rep orter Neural _ |Photoreceptor ____ [Human _ [Opsin |
Secretory _ |Betacell  [Human [Insulin |

Undifferentiated




Yo .
riSBI Tools for Stem Cell Biology

System Biosciences

cel Cell Stem Cell

PRESS

Potency and Fate Specification
in CNS Stem Cell Populations In Vitro

Rea Ravin,!:5 Daniel J. Hoeppner,1:5 David M. Munno,! Liran Carmel,2 Jim Sullivan,? David L. Levitt,? Jennifer L. Miller,!
Christopher Athaide,® David M. Panchision,* and Ronald D.G. McKay'-*

Laboratory of Molecular Biology, National Institute of Neurclogical Disorders and Stroke, National Institutes of Health, Bethesda,

MD 20892, USA

2National Library of Medicine, National Institutes of Health, Bethesda MD 20894, USA

3EYE Biomachines, Houston, TX 77005, USA

4Center for Neuroscience Research, Children’s Research Institute, Children’s National Medical Center, Washington, DC 20010, USA
SThese authors contributed equally to this work

*Correspondence: mckay@codon.nih.gov

DOl 10.1016/j.stem.2008.09.012

SUMMARY A complete stem cell lineage remains to be determined for the
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MGFAP Reporter used to trace Astrocyte Differentiation

A

CNTF
Pulss ™
N2 bFGF
=
CNTF ™ <55

Pulse

GFP Scale
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0 e
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&
Cell Fate
Unspecitied
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Astrocyte
Qligndendrocyte
Losl
Death

mGFAP_GFP

Figure 6. GFAP Reporter Expression in
MNeural Stem Cell Lineages Validates Early
Astrocytic Fate Specification

(A) Lineage fate map from a single infected founder
cell. The vertical colored lines represent fate. The
colored ovals indicate GFP expression level at
each point of fluorescence imaging. The GFP
scale represents mean fluorescence, in arbitrary
units, as discrete colors. Example fluorescence
micrographs and corresponding DIC micrographs
demonstrate the background-subtracted signal
for each cell. Scale bar, 100 um. Media conditions
and CMNTF pulse chase are shown o the left (black
boxes represent the duration of CNTF pulse).

(B) AF/F at the indicated time points. The inset
magnifies the low values centered at day 2.5. Error
bars reflect SEM.

ablation discussion above). There is
significant interest in the mechanism of
reprogramming somatic cells to apluripo-
tent state after viral transduction (Taka-
hashi and Yamanaka, 2006). It has also
been demonstrated that it is harder to
reprogram fully differentiated B cells in
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mGFAP_GFP all cells




Tools for Stem Cell Biology

Stem Cell Pluripotency Reporters

- Reporters for Human and Mouse
Nanog & Oct4 allow easy monitoring of
undifferentiated ES cells

pGreenZeo
lenti-reporter

Figure: New generation of dual
reporter vector uses both GFP
and ZeoR reporters

Cell-specific
Promoter

ZeoR 3,, COPG FP
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Nanog & Oct4
Reporters

: : " l pGreenZeo {
available in 3 lenti-repo rt
Cell-specific

different
backbones:

pGreenZeo

P RedZeo Ienti—report Ienti-report
B Cell-specific N Cell-specific

pPRedTK
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Stem Cell Pluripotency Reporters

- Data from collaborator: Dr. Tim Kamp and Chad Koonce

mOCT4-pGreenZeo H9 hES cells

pGreenZeo-mOct4

pGreenZeo-mNanog
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pGreenZeo-CMV pGreenZeo-mOct4 pGreenZeo-mNanog
49 hES cell Transduced Transduced Transduced
CElS H9 hES cells H9 hES cells H9 hES cells

Phase
Contrast

GFP

H9 hES cells were transduced with pGreenZeo reporter constructs containing specific
promoters for CMV, mOCT4, or mMNANOG. Cells were cultured for 8 weeks on Matrigel
coated plates with MEF conditioned medium containing 1 ug/ml Zeocin. Cells
photographed here were split and grown on MEF feeders layer for four days. Data
courtesy of Dr. Timothy Kamp and Chad H. Koonce, UW-Madison Medical School &

WiCell Research Institute.



Tools for Stem Cell Biology

Stem Cell Pluripotency Reporters

- Data from collaborator: Dr. Tim Kamp

pGreenZeo-CMV transduced cells

pGreenZeo-mOct4 transduced cells

Figure: GFP-Reporter and Oct4-Immunostained Double Positive Cells
LEEEEEEE——————————
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Stem Cell Pluripotency Reporters

- Data from collaborator: Dr. Tim Kamp

pGreenZeo-CMV

Figure: Embryoid bodies
transduced with lentivirus




Tools for Stem Cell Biology

Stem Cell Reporters

- Also can use positive control (CMV promoter) to
create Tracer Lines for tracing cell lineage

Figure: Human Mesenchymal
Stem Cell Reporter Line

pGZ-CMV
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Pluripotency
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Factors

Image: Christina Ullman
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Induce Pluripotency with IPSC Factors

Reprogram adult cells to create IPS cells with
SBI's pluripotency factor constructs

IPSC Factor Expression Vector Six iPSC Factors for Stem Cell
Reprogramming

Octd o SOX2

PUC o Pluripotency Vector .'_"i NEII‘IDQ e KLF4
j-'f;'— EFlc

\ o Lin-28 e c-Myc
G40 Rl
ST s

sl — \ o

RFP . -
"The Ilagic Brew ™ - Rossant, 2007

Click here to download piPSC vector
Sequence
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Mouse with
sickle cell anemia

- Transplant __—\— —4

Collect skin cells _ //I_/:‘ J

Ditferentiate ma.:) J J
) 9
blood stem cells J

. .-.._-—-
-~ L (-3 |
F;" r_/ . - - Genetically
¥ ° ecoversd mouse comected iPS cells
Octa, Sox2
KIf4, c-Myc
Reprogram Viruses
into ES like-
iPS cells — e
Correct mutation

Genetically identical
iPS cells -~

Wurstratsoen by Tom Del esace




Translontly expressed proteins In 293 cells
Western Blot probed with o-HA Antibody
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Induce Pluripotency with IPSC Factors

Nanog iPSC Factor Transactivation
HEK 293 Nanog Reporter Cell Line
RFP Fluorescence GFP Fluorescence

piPSC Nanog
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pGreenFire Pathway Reporters

- Accurately monitor activity of transcriptional factors natively
- Easily construct stable reporter cell lines

- pGreenFire: New generation of dual reporter vector uses both
GFP and Luciferase reporters

V. S1TR Multiple

| Cloning Site
Q. v forTRE
cPPT . Clal
pGreenFire /. f Yo
lenti-reporter “momv e
; : Ell:al'rlHI
Figure: New generation of dual | COpGFP

reporter vector uses both GFP
and Luciferase reporters

T2A peptide
Luciferase
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pGreenFire Pathway Reporters

Sorting & Quantitation

Multiple
Cloning Site
for TRE

‘

cPPT Clal
. ¢ .+% EcoRl
pGreenFire e "'f{::::é.m

lenti-reporter “momv e

Ell:al'rlHI
Figure: New generation of dual CopGE?
reporter vector uses both GFP

. T2A peptide
and Luciferase reporters

Luciferase
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pGreenFire Pathway Reporters

Example of NFkB Reporter Structure
used to create Stable Cell Lines:

_'-.
Minimal (MY pramoter |—>( R
N Fh. E is imaGtive without HF- = NEgE = NFxB = NFxB = HFaxBE = mCMy = GFP Repomes [

B activation
—I—I
Reporter

ME-ul Trarucriphion Factor Respare Elemsrits
MNF-xB Signal transduction

Structure e pathway activalion

NFa B NFaB T NF B T NFa B

et el el r_h-
Promoler ks active e T e N

Figure 1. whon NF-<B pathway = NF-xB = NFaB = NFaB = NFB — mCMV =  GFP Repoder  —

G"i"EI’UiEﬁ' GI: thE NF‘HE i% Juithedbid I

transcriptional reporter system NF-xB Transcription Factor Response Elements
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pGreenFire Pathway Reporters

Easily Sort cells based on Transcriptional Activation:

Robust GFP Signaling for Distinct Sorting by FACS

104

30X Increase
in GFP Signal

Figure: _
Jurkat/NFkB/GFP M NoTNFo added
reporter cells

- B+ THFo

sorted after
treatment with

TNF-alpha FL1-H: GFP rigure 2.
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LXRE GreenFire™ Transactivation

GFP

pGreenFire-LXRE
Sample Data +TO.901317

Luciferase

OnM 5nM
TO-901317 (nM)
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high-throughput siRNA library screen identifies
osteogenic suppressors in human mesenchymal

stem cells

Yuanxlang Zhao* and Sheng Ding®

Tissue-specific (or adult) ste

source for normal tissus hom

provdide tremendous promise for rege

their capacity to proliferate and di jiate into & wari

mature cell types. Human mesenchymal stem cells (hM5SCs)

differantiate into osteocytes, adip

cells, and neurons. However, the molacular mechanisms und
se5 are poorly understood.

a synt h'-'tl{ siRMAL library targeting 5000 human

r the endogenous r-pressc-rs of as nic specification,
when silenced could initiat of hMS5Cs into
. . c-st-:-.-blasrs Th|5 SCIEen yie essors, and 12
Figure: Example of |
pressing

sis ws. adipo-

screen using an — "
SiRNA library

mism function-
idual mRMA by ST : i m b of the alpha subunit
MNAs ; ase 8 I
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MicroRNA Profiling
S Cell tem
mltl?:?;ﬂ Iﬁﬂ C geﬁ-ﬂgiwal Set
Panel '

Hematopoietic Set /\ Organ specific

Neural Set ﬂ ?i NS
UnER
]

gPCR Array for 95 miRNAs involved In
self-renewal and development.
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SBI Launches New Website!

System Biosciences
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WA DOYOU ASCB 2008 NEWS: Please join Dr. Travis Antes at 5Bl's Exhibitor Tutorial on Monday,
THIMK OF QUR D mebr 15th from 4-6pm in Room #105 for a close look at SBI's new miR-5NaRES and
NEW WEBSITE? miRZips product lines.

S System Biosciences (5Bl) specializes in developing unique, innovative technologies to provide researchers

with the tools to investigate and understand genomic and proteomic function. 5Bl offers solutions for
lentiviral mediated gene delivery and knockdown, high-throughput RMNAI screens and preducts for Stem
Cell and MicroRNA research.
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Fesbeme: July 2005 Application Overview
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System Bilosciences (SBl)

Spend less time making your tools and
more time making discoveries.
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