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Functional Genomic Screens in the RNAI Platform

‘Functional genomics’
— Gene function in context.... in cells

“What to expect if you go down this road”

.  Overview

Il. Perturbations

Ill. Planning a screen — the idea & all the key ingredients
V. Optimization/Execution

V. Data analysis

VI. Gene function, putting it all together: “Figures 3-7”



What’s the gene that causes 5g- syndrome?



What is 5g- syndrome? - myelodisplasia

5¢g- syndrome patients:
Severe anemia

* Reduced erythroid development
* Normal numbers of megakaryocyte Sei5.3
* Hypolobated micromegakaryoctes Srisen
* Normal/elevated platelets

* Normal/low neutrophils
*Occasional progression to AML

b

.-

aaoa aoa L7 W T P T
e 4 0 D b TOD
T R e e e e e
WO M =TT 00 W BB

R R TR PRI AR

& .00

Distinct haematological disorder with
deletion of long arm of No. 5 chromosome

van Den Berghe, Nature, 251, 437-438 (1974)

Deletion (1.5Mb)
40 genes, which one?

(Haploinsufficiency)

A 40-year hunt among 40 genes

....but no luck Nature 2008

Ben Ebert, Todd Golub



Focused screen of common deleted region

A key to screen design: a model for disease
Hemopoetic progenitor differentiation - increased megakaryocyte/erythrocyte ratio

Differentiate hemopoetic progenitor cells while suppressing a candidate gene
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Hairpin targets g, Ebert, Todd Golub



RPS14 overexpression ‘reverts’ 5q- patient cells

H5q- patients BNon-5q- MDS patients
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Which host cell genes restrict flu infection?



Knock down genes and monitor flu infection levels in U20S cells

IFIT3 was noted as an interferon-induced gene.
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Follow-up shows IFITM family are all flu restriction factors.
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Systematic gene function discovery:
- Perturb each gene and look for change in cell behavior
- Knockdown, overexpression, re-engineer, etc.
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Functional genomics
- Probe function by perturbing gene activity in cells

It can be complicated...
- Multiple functions per gene
- Multiple isoforms, protein modifications
- Context-dependence functions:
cell type, cell state, environment



Cell-based loss-of-function screens
Human and mouse

What happens
$g to the cells?

Reagents to perturb | | Good tissue culture Good readouts of
every gene model cell state




Screen projects

* Define question: “Find genes that do XYZ”

Define project

* Define biological model system

» Define assays to read out phenotypes of interest

Primary screen — feasibility and execution

* Optimize model system, assay(s); positive and neg

ative controls

to the cells?

* Select gene set to interrogate
¢ Execute pilot and primary screen — select hits

What happens

Follow up on interesting genes/pathways

e Confirm assay result
* Confirm target gene specificity — multiple RNAi reagents, target KD
* Elaborate the biological effects,

e.g. mechanism generality/context, biomedical sig?

The screen is just one early step of a project



Gene perturbations

Genome-scale in mammalian cells

* RNA interference — last 10 years
* Overexpression — possible for decades, rare in practice
* Insertional mutagenesis in haploid cells — a few years
* Other strategies: (scale varies)
Genome engineering: Zn fingers, TALENS, CRIPR
MiRNA sponges, antisense



Disease models

Cancer

— Barbie, D. A., P. Tamayo, et al. (2009). "Systematic RNA interference reveals that
oncogenic KRAS-driven cancers require TBK1." Nature 462: 108-12.

— Boehm, ). S,, J. ). Zhao, et al. (2007). "Integrative genomic approaches identify IKBKE as a
breast cancer oncogene." Cell 129: 1065-79.

Anemia

— Ebert, B. L., J. Pretz, et al. (2008). "Identification of RPS14 as a 5g- syndrome gene by
RNA interference screen." Nature 451: 335-9.

Osteoporosis

— Jones, D. C.,, M. N. Wein, et al. (2006). "Regulation of adult bone mass by the zinc finger
adapter protein Schnurri-3." Science 312: 1223-7.

Mitochondrial Dysfunction

— Pagliarini, D. J., S. E. Calvo, et al. (2008). "A mitochondrial protein compendium
elucidates complex | disease biology." Cell 134: 112-23.

Immunology and systems immunology

— Amit, I., M. Garber, et al. (2009). "Unbiased reconstruction of a mammalian
transcriptional network mediating pathogen responses." Science 326(5950): 257-63.

— Oberdoerffer, S., L. F. Moita, et al. (2008). "Regulation of CD45 alternative splicing by
heterogeneous ribonucleoprotein, hnRNPLL." Science 321: 686-91.



Challenges to the systematic functional
annotation of the genome

Cell-based screening:
e Tissue culture model, phenotypic assay

Genetic perturbations issues, for example RNAI:
e Delivery — efficiency, effects
e Gene knockdown effectiveness m i d

e Specificity: Off-target, non-specific effects

e Follow-up bottleneck
e Cost

Partly an ‘art’ — experience helps a lot!
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RNAi Platform — what do we do?

Genomic screening projects — fct. genomics
expertise

R & D in functional genomics tools, strategies

Infrastructure for maintaining, distributing,
employing gene perturbation reagents

Libraries, reagents creation



The Broad RNAi Platform

~35 People

Informatics and

Production of shRNA computational biology

+ ORF libraries; others .
Research on functional

genomics methods; design

Screening collaborations of new reagents

Researchers

: : The research world
in Broad community
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RNAIi Platform

Get information at our Broad site:
https://iwww.broadinstitute.org/rnai/db/

Come see us about:

* Screen project ideas — gene discovery

* How to use gene perturbation tools for non-screen based projects

* Projects to investigate new strategies, technologies for fct. genomics



