Gendémica Funcional



Muchos genes, pocas funciones

\4

Gendtmica funcional

“desarrollo y aplicacibn de aproximaciones
experimentales para examinar la funcion de genes utilizando la
informacion proporcionada por la genémica estructural”.

“estudio de todos los genes expresados por una
célula o grupo de ellas y los cambios en su expresion bajo
diferentes condiciones”.



¢, POor gué necesitames genomica
funcional?

% genes con
funcion inferida

ANo de termino
de |la secuencia

Organismo # genes s
E. coli 4288 60 1997
yeast 6,600 40 1996
C. elegans 19,000 10) 1998
Dresophila 12-14K 25 1999
Arabadopsis 25,000 40 240010
mouse ~30,0007? 10-20 2002
human ~30,0007? 10-20 2000




Metodos de |a genomica funcional

Serlal analysis of gene expression (SAGE)
Suppression subtractive hybridization (SSH)
Micro/Macroarrays

RNA interference (RNAI)



Serial Analysis of Gene Expression (SAGE)

Metodo para cuantificar niveles de expresion
genica en muestras de celulas.

Puede revelar sin sesgo los niveles de
expresion de cientos de miles de genes.
Sistema abierto.

Los microarnrays constituyen un sistema
cerrado, solo revelan la expresion de los
genes sembrados en el array.

Velculescu et al., Science 1995; 270:484-487



SAGE

isolate mRNA

1 Add biotin-labeled dT primer:

Synthesize ds cDNA \ ,/ estreptavidin
ds cDNA \4.

=<

cleave with anchoring enzyme (AE)

divide in two, and ligate adapters A and B

biotin

TE AE TE AE



SAGE

TE AE TE AE
l cleave with tagging enzyme (TE)

\ 4

+16 +16 Enzyme cuts 16 bp in
| l | l the 3' direction from its
recognition site, thus
adding the "Tag"
sequence to the linkers

TE AE Tag TE AE Tag

1 ligate and PCR-amplify between A and B

TE AE ditag AE TE

1 cleave with AE, concatenate, clone, sequence, BLAST

tag AE ditag AE ditag AE ditag AE ditag AE ditag AE ditag AE



SAGE
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B CATGLLATALGTTGG
|| CATGATGLAATAAT
CATGTAGCATAATT

| CATGGTTREACCAL

Analisis de datos:

- Frecuencia de cada tag

- Alineamiento con secuencias
en bases de datos




Locate the punctuation “ CATG”
Extract ditags of length 20-26 between the punctuation

Discard duplicate ditags (including In reverse direction) - probably
PCR artifacts

Count occurrences of each tag

TAG COUNT TAG COUNT TAG COUNT

CCCATCGTCC 1286 CACTACTCAC 245 TTCACTGTGA 150
CCTCCAGCTA 715 ACTAACACCC 229 ACGCAGGGAG 142
CTAAGACTTC 559 AGCCCTACAA 222 TGCTCCTACC 140
GCCCAGGTCA 519 ACTTTTTCAA 217 CAAACCATCC 140
CACCTAATTG 469 GCCGGGTGGG 207 CCCCCTGGAT 136
CCTGTAATCC AVIRS GACATCAAGT 198 ATTGGAGTGC 136
TTCATACACC 400 ATCGTGGCGG 193 GCAGGGCCTC 128
ACATTGGGTG 377 GACCCAAGAT 190 CCGCTGCACT 127
GTGAAACCCC 359 GTGAAACCCT 188 GGAAAACAGA 119
CCACTGCACT 359 CTGGCCCTCG 186 TCACCGGTCA 118
TGATTTCACT 358 GCTTTATTTG 185 GTGCACTGAG 118
ACCCTTGGCC 344 CTAGCCTCAC 172 CCTCAGGATA 114
ATTTGAGAAG 320 GCGAAACCCT 167 CTCATAAGGA 113
GTGACCACGG 294 AAAACATTCT 161 ATCATGGGGA 110




SAGE

TABLE 2. The mast abvndant genes i human sheletel muscle of control growf and iheir corresponding leoel of expression
of endwrance alliletes *

Conmol Trained

Now of N of
Tag Lags e LAgs i Descriprion (UniGene clusier, GenBank accession no.)

AACATCAAGAT 154 2.83 76 1.40 Actin alpha 1 and 2 (Hs 1288, NM_001100; Hs. 195851, NM_001613)
CACCTAATTGG 109 2.01 188 3.46 ATPase 6 (846074 )
1= 1.99 36 (.66 NADH delpdrogennse 1 {3262-76)
CTAAGACTTCA 102 1.88 42 0.7 16 5 vlRNA (2276-9)
ACTAACACCCT 04 1.73 31 0.57 NADH dehydrogenase 2 (4606-2())
GTTTGGATCTG a3 1.71 32 (.55 Myoglobin (Hs. 118836, NM_005368)
TTCATACACCT =2 1.51 =3 1.53 NADH dehydrogenase 4/4L (11491-5035)
ATGGTGOGOCA 67 1.25 25 .46 Troponin C2 fast (Hs 182421, NM_003279)
TEGGCEECCTT 63 1.16G 34 (.63 Myosin light chain 2 skeletal muscle (Hs 508889, NM_013202)
6l 1.10 23 .42 Cyioclerome ¢ oxidase 2 (F627-41)
Y 1.05 20 0.37 Creatine kinase (Hs 334347, NM_O01524)
a5 1.01 15 .28 Troponin C slow (Hs. 118845, NM_00328(0)
b5 1.01 44 =1 Cyioclerame ¢ oxidase I (6737-51)
TGATTTCACTT 52 0.96 149 (.35 Cyiocierome ¢ oxidase 3 (8726-40)
CCTGTAATCCC 49 .50 28 0.52 More than 50 genes matched
GOGACCGTCAC 48 (.88 9 0.17% Fructose-bisphosphate aldolase A (Hs. 273415, BCO1GR00)
GAGGGCCGGAA 40 (.74 17 .31 Troponin I fast (H= 83760, NM_0D03282)
CAGAGGGTGGE 39 0.72 2 IR b Glyeogen phosphoryvlase (Hs 154084, NM_005600)
GGAGCCAACTA 37 (LG8 10 0.1s Troponin T3 fast (Hs. 73454, ARDSGOG8)
GEEGAGGAACH a6 (1,66 g 017 Troponin TT slow (Hs. 73980, NM_003283)
TTT 32 0.59 8 0.15 Myosin binding protein C slow-type (Hs 169349, NM_002465)
AGGATCGAGGA a2 .59 15 .33 EST enolase 5 beta (Hs 118804, X16504)
GAGGETGTGGE 31 057 16 0.29 Phosphoglyeerate mutase 2 (Hs AGO30, WM _000290)
TCCCTATAAGD 28 (.52 37 (.68 Mo match

-

“The SAGE libraries were synthesized with mBENA pooled from 11 conwol or 7 mained subjecis. alics denoes ags mawching the
i N i | i T e 11k AL LR T AN ag |ispe S ] ] A - S 140% | jiqLe 3 115

Serial analysis of gene expression in the skeletal muscle of endurance athletes compared to sedentary men



Serlal analysis of gene expression

Ventajas

= |dentificacion simultanea de multiples genes y
perfiles de expresion.

= No requiere del conocimiento previo de la
secuencia.

= Utiliza herramientas comunes de la biologia
molecular.

= Cuantitativo



Problemas......

« Procesamiento alternative: >1 tag por gen

« Ausencia de sitio de restriccion: 0 tags por
gen

« Errores en la secuencia (0.7% Velculescu et
al. 1995)



Hibridacion Sustractiva por Supresion

(SSH)
RNA control
(driver)
Transcripcion reversa
CDNA

Digestion
Adicion de adaptadores
Desnaturacion y mezcla

Amplificado, clonado, secuenciado



Hibridacion Sustractiva por Supresion

Preparacion de cDNAs, digestion con Rsa |,

- Driver

Tester (1) Tester (2R)  !lgacion con distintos adaptadores (1, 2R)
Primera hibridacion » Con exceso de driver
Amm a
0 — b
Coum c En este paso ocurre la normalizacion de cada
poblacion de tester, gracias a la formacion de los
d{ q { respectivos hibridos

Segunda hibridacion
(Con exceso de driver, y sin desnaturar)

a,bcd+em™

@Completar los extremos (75 °C)

d m—
P — ‘ a, d: no amplifican
o e— A lifi i b:
- mplificacion por -
. { PCR con primers =
— c: amplificacion lineal
€ mm

e: amplificacion exponencial



Hibridacion Sustractiva por Supresion

cDNASs sustraidos
|

v v
Clonamiento Purificacion
Genoteca de Sondas marcadas
sustraccion l

Hibridacion en

Secuenciacion
membranas



Hibridacion Sustractiva por Supresion

Sondas para hibridaciones en macroarrays

Hibridacion con
sonda no-sustraida

Hibridacion con
sonda sustraida




Hibridacion Sustractiva por Supresion

Ventajas

= Permite enriguecer en secuencias poco comunes

Desventajas

= Requiere 1-2 ug de mRNA
= No genera cDNAs de largo completo



Eficiencia de la Hibridacion Sustractiva por
Supresion

« Diatchenkoe y cols., 1996; pudieron enriguecer en
1000-5000 veces transcritos poeco abundantes en la
muestra.

« Un factor critico es la concentracion relativa de un
transcrito en las poblaciones de tester y driver

« Un enriguecimiento efectivo ocurre cuando:
= El transcrito esta presente > 0.01%






RNA interference (RNAI)

e Inhibicion de la expresion de genes especificos
mediada por RNAs de doble hebra (dsRNAS).

e Este mecanismo reconoce dsRNAs como senales
para gatillar la degradacion de su mRNA homologo.

e Evolutivamente conservado entre los eucariontes.
e Probablemente este mecanismo ha evolucionado

para inmovilizar elementos de transposicion e inhibir
RNAs exogenos (virus).



Potent and specific genetic
Interference by double-
stranded RNA In
Caenorhabditis elegans

Andrew Fire, SiQun Xu, Mary K.
Montgomery, Steven A. Kostas, Samuel
E. Driver & Craig C. Mello

Nature 391:806-811, 1998




RNAI en una cepa de C. elegans que expresa el reportero GFP

Control BMA (ds-unc224




Efecto del RNAIi sobre los niveles del mRNA enddgeno de mex-3B

a) Control negativo, sin tincion

b) Wild type, hibridacién in situ

c) Wild type + anti-sense mex-
3B RNA

d) Wild type + dsRNA mex-3B.

« dsRNA causa una interferencia potente y especifica
« dsRNA es significativamente mas efectivo que el antisense



RNA interference (RNAI)
Etapas

Iniciacion

— dsRNA es digerido para formar 21-23 nt small
Interfering RNAs (siRNAs) con la ayuda de una
endonucleasa (Dicer).

Activacion

— SIRNAs son incorporados en un complejo
proteico, RNA-induced silencing complex
(RISC).

— SIRNA sirve de guia a RISC para el

reconocimiento y le ruptura del mMRNA
complementario.




Mecanismo propuesto

La endonucleasa Dicer rompe el
dsRNA para generar fragmentos de
~22 nt.

Requiere ATP

Miembro de la familia de Rnase Il

Los siRNAs son incorporados en el
complejo RISC.
Los siRNAs son desenrollados en

Activation unareaccion dependiente de ATP.
by ATP

Target mRNA
substrate

Esto activa a RISC*, el cual utiliza a
los siRNAs como guias para la
seleccion del sustrato.




RNA-induced silencing complex (RISC)

Reconoce y destruye los mRNAs blanco

Compuesto de:

* SIRNA: Identifica los sustratos mediante apareamiento de
bases.

 Endonucleasa: Dicer

 Exonucleasa: Slicer

* Proteinas Argonaute: Muy conservadas presentan dos
dominios estructurales PAZ (Piwi/Argonaute/Zwille) y Piwi en
el C-terminal. Necesarias para ensamblar el complejo.



In plants, silencing can be triggered, for example, by engineered RNA viruses or by inverted repeat transgenes. In
worms, silencing can be triggered by injection or feeding of dsRNA. In both of these systems, silencing is
systemic and spreads throughout the organism. a, A silencing signal moves from the veins into leaf tissue. Green
is green fluorescent protein (GFP) fluorescence and red is chlorophyll fluorescence that is seen upon silencing of
the GFP transgene. b, C. elegans engineered to express GFP in nuclei. Animals on the right have been treated
with a control dsRNA, whereas those on the left have been exposed to GFP dsRNA. Some neuronal nuclei
remain florescent, correlating with low expression of a protein required for systemic RNAI59. ¢, HelLa cells treated
with an ORC6 siRNA and stained for tubulin (green) and DNA (red). Depletion of ORC6 results in accumulation of
multinucleated cells. Stable silencing can also be induced by expression of dsRNA as hairpins or snap-back
RNAs. d, Adult Drosophila express a hairpin homologous to the white gene (left), which results in unpigmented
eyes compared with wild type (right).
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Fig 1 Natural mechanism of RNA interference. The appearance of double stranded (ds) RNA within a cell—for
example, as a result of viral infection—triggers an RNA interference response. The cellular enzyme dicer binds to
the dsRNA and cuts it into short pieces of 20 or so nucleotide pairs in length known as small interfering RNAs or
siRNAs. These bind to a cellular enzyme complex RISC (RNA induced silencing complex) that uses one strand of
the siRNA to bind to single stranded RNA molecules such as mRNA of complementary sequence. RISC then
degrades the mRNA, thus silencing expression of the viral gene. In mammals, other antiviral responses to dsRNA
also exist
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RNA interference (RNAI)
Propiedades

Amplificacion: RNA-directed RNA polymerase (RAdRP)

RARP se encuentra presente en:

Tomate RARP
Arabidopsis SDE1/SGS2

Neurospora QDE-1

C.elegans linea germinal EGO-1
soma — RRF-1/RDE-9

Drosophila RARP



Amplificacion: RNA-directed RNA polymerase (RARP)

Trigger dsRNA

DICER
siRNA

Target mRNA {7 ming
CAP —

E —

jFI-EIFIP

Partial RAARF and RNA ligase?

(A) Al iniciarse el RNAI, una pequeia
cantidad de dsRNA es procesado a
siRNA, el cual es utilizado por la
RARP como partidor.

o) La reaccion de la RdRP genera
nuevos dsRNAs a partir del mRNA
blanco, 10s que a su vez son
procesados para producir nuevos
SiRNAs generondo un ciclo de RNAI.

Mew dsRMNA




RNA interference (RNAI)
Propiedades

Transitividad

La polaridad determinada por la reaccion de
amplificacion de la RARP predice que:

« EI dsRNA sintetizado puede extenderse
mas alla de la secuencia complementaria del
dsRNA inicial, inhibiendo regiones 5 del
MRNA blanco.

Una nueva poblacion de dsRNAs
secundarios puede generarse a partir de la
amplificacion del dsRNA.



Transitividad

Gene 1

—f;igger dsRNA

Primary RNAI

Trigger dsRNA .
Primary RNAi

SiIRNAs secundarios, generados a partir de la amplificacion del dsRNA
(naranja) y la extension hacia la region 5'del blanco primario (azul) mediada
por la RARP, pueden promover la transitividad de la interferencia afectando
secuencias homologas (A) o mensajeros generados por procesamiento
alternativo (B).




Genotype

DVOVOPVHLD OVOTVDOD

*Movement of the signal 3’ to 5’*

UNC-22

Transitividad

Durante la transitividad del RNAI en
C. elegans, el silenciamiento viaja
en direccion 3' a 5' sobre el mRNA
blanco. La demostraciobn mas
simple proviene de la creacién de
transcritos fusionados:

El transcrito de GFP fusionado al
extremo 3' del transcrito de UNC-22.
dsRNA de GFP eliminan la
fluorescencia pero generan un
fenotipo inesperado. Esto ocurre
debido a la generacion de siRNAs
homologos para el transcrito
endogeno  del gene  UNC-22
(miosina).

El transcrito de GFP fusionado al
extremo 5' de UNC-22. Los dsRNA
para GFP eliminan la fluorescencia
pero no generan el fenotipo
alterado.



RNA interference (RNAI)

En células de mamiferos

A System for Stable Expression of Short Interfering
RNAs in Mammalian Cells

Thijn R. Brummelkamp, Rene Bernards, Reuven Agami
Science 296:550-553, 2002
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The DNA vector-based RNA interference (RNAI) technology. (a) Generation of a hairpin siRNA directed by a Pol
Il promoter. An inverted repeat is inserted at the +1 position of the U6 promoter (-351 to +1). The individual motif
is 19-29 nt, corresponding to the coding region of the gene of interest. The two motifs that form the inverted
repeat are separated by a spacer of three to nine nt. The transcriptional termination signal of five Ts are added at
the 3' end of the inverted repeat. The resulting RNA is predicted to fold back to form a hairpin dsRNA as shown.
The resulting siRNA starts with either a G or an A at the 5' end, dependent on the promoter used (U6 or H1) and
ends with one to four uridines, forming a 3' overhang that is not complementary to the target sequences. (b)
Generation of two complementary siRNA strands synthesized by two U6 promoters. Two U6 promoters either
placed in tandem or on two separate plasmids (not shown) direct transcription of a sense and an antisense
strand of 19-nt RNAs. The two RNA strands are predicted to form a duplex siRNA in the transfected cells, with 3'
overhangs of one to four uridines.
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An intact target recognition sequence is required to suppress CDH1 by pSUPER-CDH1 vector. The
CDH1 19-nt target-recognition sequence was mutated to give a 1-base pair substitution at either
position 9 or 2 of the stem. The predicted secondary structures of the transcripts are shown.
U20S cells were transfected exactly as described in Fig. 1. Whole-cell extracts were prepared after
60 hours, separated on 10% SDS-PAGE, and analyzed by immunoblotting with CDH1-specific
antibody. Cyclin D1 protein was used to demonstrate equal loading.
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, . . Western blot
(A) Immunofluorescence using antibodies

against p53 (green) and against actin, as a B
control (red). (B) Immunoblot analysis for
p53 and control (CDK4). (C) Stable clones
for pSUPER and pSUPER-p53 after 2 months
in culture (lanes 2 and 3) and transiently
transfected cells with 1 ug pSUPER-p53 after
48 hours (lane 1) were analyzed for p53-
specific siRNAs expression. Blots were
probed with a 3?P-labeled sense p53 19-nt
probe corresponding to the targeting
sequence.
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Dykxhoorn & Lieberman. 2005. The silent revolution: RNA Interference
as Basic Biology, Research Tool, and therapeutic. Annu. Rev. Med.
56:401-423.
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e Figure 6 Genomic RNAI screens in mammalian cells.

Create library of veciors fo target multiple genes {for example, all mRMNAs,

Dykxhoorn & Lieberman. 2005. The silent revolution: RNA Interference
as Basic Biology, Research Tool, and therapeutic. Annu. Rev. Med.
56:401-423.
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Transgenic shRMA-mediated Figure 7 Some strategies for in vivo RNAI.
ok mouse (a) Transgenic shRNA-mediated knockdown
mice. The transduced embryonic stem cells
or embryos can be implanted into
pseudopregnant female mice; progeny will
express the shRNA and silence the gene of
interest. (b) Reconstitution of the mouse
hematopoietic  system  with ShRNA-
expressing stem cells. (c) The injection of
viral constructs into the central nervous
system of mice can lead to localized gene
silencing. For example, the intracerebellar
injection of adeno-associated viruses
expressing ShRNAs against ataxin-1 led to a
loss of inclusion body formation and
improved motor coordination (112). (d) The
hydrodynamic (high-pressure, high-volume,
rapid) injection of siRNAs into the tail vein of
mice leads to the uptake ("hydroporation™) of
siRNAs into a variety of tissues including the
liver, pancreas, lung, and spleen (99).
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Dykxhoorn & Lieberman. 2005. The silent revolution: RNA Interference
as Basic Biology, Research Tool, and therapeutic. Annu. Rev. Med.
56:401-423.
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Synthetic small interfering
(si) RNA oligonucleotides
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Fig 2 Targeting disease by RNA interference. Diseases caused by aberrant gene expression include viral diseases
and cancer. A gene implicated in causing the disease state can be silenced by RNA interference. Two of the most
commonly used methods for artificially inducing RNA interference are shown here. Synthetic small interfering RNA
molecules can be introduced into cells by using reagents such as cationic lipids to promote uptake across the cell
membrane. Alternatively, engineered viral vectors can be used to deliver an expression construct to the cell, which will
direct the production of a short hairpin RNA. This is then processed within the cell to form an siRNA. The siRNAs from
either route then use the cellular RNA machinery to degrade mRNA with complementary sequence, in this case
chosen to target the gene that causes the disease
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Table 3

Therapeutic targets of RNAI tested m vivo

Field

Dnsease

Target

Route

Vehicle

References

Meurological

Hearing

Inflammation

Apoptosis

Metabaolism

Amyotrophic lateral sclerosis

Spmocerebellar ataxia
Huntington's disease
Meuropathic pain

Inflammation m eye
AMD
Herpetic stromal keratitis

Autosomal dominant

Rheumatowd arthritis
Sepsis

Acute liver failure
Liver ischemia/reperfusion
Renal ischemiafreperiusion

Lung ischemia‘reperfusion

Obesity
Cholestrol

S50D1
S0D1
Ataxinl
Huntingtin

P2X3 cation channel

TGFB RII
VEGF
VEGF/R

Gap junction B2

THF
THFx

Fas
Caspase 8
Caspase 83
Fas

Heme oxygenasel

AGRP
ApoB

1.1
Intraspinal
1.C

1.
Intrathecal

Loeal
Local
1.%.

Local

Local
1Lp.

hd
hdfp.v.
hd
hd

1.0.

1.c
1.v.

Lentivirus
Lentivirus
AAY

AAV
Mone

Mone
Transit TKO
Ligand directed

Liposome

Mone
Mone

Mone
MNone
10%alipiod ol
Mone
MNone

Mone

Modified

[126]
[127]
[40]
[128]
[39]

[129]
[130]
[131]

[132]

[133]
[44]

[134]
[133]
[136]
[137]
[37]

[45]
[41]

hd, hydrodynamic imjection; 1.v., intravenous; i.no., ntranasal; 1.c., intracramal; L.m., mtramuoscular; AAV, adenc-assoaated virus; AMD, age-related
macular degeneration; AGRP, agouti related peptide.

Uprichard, SL. 2005. The therapeutic potential of RNA interference.
FEBS Letters 579:5996-6007.




Table 4
Anti-cancer RN A1 targets tested i vivo

Target Route Vehicle Relerences

Bel-2 1LV, Liposome [145]
Cxerd V. Nong [146]
Focal adhesion kinase 1.V. None [147]
EphAZ2 1LV, Nong [145]
Polo-like kinase | V. ATA-treated [149]
Colony-stimulating factor 1.1 None [150)]
SUTVIVIN hd DNA [151]
CEACAMG LV, None [152]
EGFR V. Ligand-targeted [49]
Erbb2/neu (HER2)R L. PEI-complex [47]
Skp-2 1.1 Adenovirus [153]
Spimgosing-1 phosphate-B 1.1, Liposome [154]
RhoA 1.1. None [155]
VEGE-R 1.V. Ligand-targeted [46]
VEGFE LAy, Atelocollagen

FGEF4 1.1. Atelocollagen

1.v., intravenous; 1.1, intratumoral; hd, hydrodynamic mjection; ATA,
aurmtricarboxylhic acid; CEACAMG6G, carcinoembryonic antigen-related

adhesion molecule 6, Uprichard, SL. 2005. The therapeutic potential of RNA interference.
FEBS Letters 579:5996-6007.




Table 1 RMNAiI biotechnology companies

Company

Founded

Founders and advisors

Technology focus

Business focus

Acuity Pharmaceuticals 2002
(Philadelphia, PA, USA)

Alnylam Holding Company
(Cambridge, MA, LISA)
2003 merger between
Alnylarm and

Ribogharm AG

Atugen
(Berlin, Germany)

HAyoceal
(sunnyvale, CA, LISA)

Benitec
(Queensland, Australia)

Canix Bioscience
(Dresden, Germany)

Michael Tolenting
and Samuel Reich
(University of Pennsylvania)

Phil Sharp (MIT}),

David Bartel (The Whitehead),
Paul Schimmel (Scripps Institute),
Tom Tushl (Rockefeller University),

and Phillip Zamore (U, Mass Medical

School), Roland Kreutzer and

U=e of RNAI against vascular endothelial
growth factor in ophthalmic diseases

Therapeutic use of delivered RNA
in cells and adult mammals

Stefan Limmer (founders of Ribopharma)

Spin-off from Ribozyme
Pharmaceulicals
{now Sirna Therapeutics)

Mark Kay (Stanford University)

Queensland Department of
Primary Industries

Christophe Echever,

Fierre Gonezy, Anthony Hyman
{European Molecular Biclogy,
Heidelberg, Germany: Max Planck
Laboratory, Dresden, Germany)

Exclusive licensee of Sirna’s RMAI targat
discovery and validation technologies

Exclusive license for expressed RMNAI in
non-embryonic mammals (Stanford
University) and co-exclusive license to
deliver RMAI to non-embryonic mammals

DMA-directed RNAI (ddRMAI)

Genome-scale application of RNAI

Therapeutics against
macular degeneration
and diabetic retinopathy

Therapeutics against viral,

cancer, metabolic, central

nervous system (CMS), and
autaimmune diseases.

Cancer therapeutics, pathway
analysis and target validation

Therapeutics against
chronic hepatitis B and G

Therapeutics against cancer,
autoimmune, HIV/AIDS and
chronic viral disease

Custom design of larpe-scale
RMNAI libraries (offered by
Ambion), target discovery
and validation




Table 1 RMNAI biotechnology companies

Company Founded

Founders and advisors

Technology focus

Business focus

CytRx 2002
(Los Angeles, CA, LSA)

Devgen
(Ghent, Belgium)

Intradigm
(Rockville, MD, LUSA)

Mucleonics
(Malvern, PA, USA)

Polgen (Cambridge, UK), 2000
a division of Cyclacel
{Dundee, UK)

Sequitur (Natick, MA,

LSA) (The company was
acquired in November by
life sciences product and
services company Invitrogen
(Carlsbad, CA, USA).)

Sirna Therapeutics
(formerly Ribozyme
Pharmaceuticals)

(Boulder, CO, USA)

Merger with Global Genomics,

changed company
focus to RNAI

Thierry Bogaert

(MRC, Cambridge, UK),
Michael Hengartner
(University of Zurich)

Martin Woodle
{Novartis, Cambridge,
MA, USA)

. Satishchandran and
Catherine Pachuk

{Thomas Jefferson University,
Philadelphia, PA, USA)

David Glover
{University of Cambridge,
Cambridge, UK)

Tod Woolf,

Craig Mello (U, Mass
Medical School), and
Richard Wagner (Phylos,
Lexington, MA, USA)

Ralph ‘Chris' Christoffersen
i{Morgenthaler Ventures,
Boulder, CO, USA)

Monexclusive licensee of U Mass Medical

School patents covering gene silencing of

specific diseases using RNAI

Genome-wide Casnorhabditis. alegans
RMAI feeding library

Gene delivery and gena therapy vectors
developed at Genetic Therapy for use
with RMAI (subsidiary of Movartis)

Expressed long interfering RMNA (2iRMNA)

Identifies cell cycle targets from whole
genome screens using RMNAI in
Drasophila cell lines

Froprietary ‘stealth’ RNAI technology

Therapeutic use of RNAI and expression
of sSIRMNA in cells. (Max Planck, MIT,

U Mass Medical school, Whitehead).
Chemically medified siRNA and RNA,
EMA synthesis and manufacturing

Therapeutics against abesity,
type 2 diabates and
amyotrophic lateral sclerosis

Therapautics against
metabolic and CNS disorders

Therapeutics against cancer

Therapeutics from expressed
interfering RNA

Cancer targets and pathways,
Phenotypic characterization after
genatic Knock down and small
molecule inhibitors

Therapeutics against hepatic
insufficiency, respiratory syncitial
virus, asthma and breast cancer

Therapeutics against hepatitis C,
macular degeneration (VEGF
pathway), oncology, inflammation,
metabolic diseases and CHS




Table 2 Websites offering RNAI selection tools

Site URL

Ambion's siRNA Target Finder hitp://www.ambion.com/techlib/misc/siRNA_design.html
Cold Spring Harbor’s RNAI OligoRetriever  http://katahdin.cshl.org:9331/RNAI/

Dharmacon'’s siDesign Center http://www.dharmacon.com/

Qiagen's siRNA Target Sequence Design:  http://www.giagen.com/|p/siRNA/sirna_design.asp

Sirna's Emboss http://www.biobase.dk/embossdocs/sirna.html

Tuschl Laboratory siRNA User Guide hitp://www.rockefeller.edu/labheads/tuschl/sirna.htmi.

The Whitehead RNAI Selection Program http://jura.wi.mit.edu/pubint/http://iona.wi.mit.edu/siRNAext/




Summary points

»RNA Interference is an ancient natural antiviral mechanism that directs
silencing of gene expression in a sequence specific manner

»RNA interference can be exploited artificially to inhibit the expression of
any gene of interest

» The principal systems for achieving RNA interference are short synthetic
double stranded RNA molecules and gene expression vectors that direct
their production in the cell

»Libraries of RNA interference molecules have been constructed that
allow the analysis of gene function on a genome-wide scale

»RNA interference systems could be used clinically to suppress gene
expression as a therapeutic strategy in many diseases characterised by
elevated gene function



