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How biology may fuel precision medicine
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Genome editing: the (short) path from discovery to the Nobel prize

17 AUGUST 2012 VOL 337 SCIENCE

A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Immunity

Martin Jinek,>2* Krzysztof Chylinski,>** Ines Fonfara,* Michael Hauer,?t
Jennifer A. Doudna, %% Emmanuelle Charpentier®t

50 | NATURE | VOL 495 | 7 MARCH 2013

NEWS & VIEWS

BIOTECHNOLOGY

Rewriting a genome

A bacterial enzyme that uses guide RNA molecules to target DNA for cleavage has been adopted as a programmable tool
to site-specifically modify of cells and isms, from bacteria and human cells to whole zebrafish.

EMMANUELLE CHARPENTIER
& JENNIFER A. DOUDNA
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THE NOBEL PRIZE
IN CHEMISTRY 2020
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Emmanuelle Jennifer A.
Charpentier Doudna

“for the development of a method
for genome editing”

THE ROYAL SWEDISH ACADEMY OF SCIENCES




Streptococcus’ natural immune system
against viruses: CRISPR/Cas9
Aintoit. If the

CRISPR DNAizcopiedto W
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The CRISPR/CASS9 tool was derived from a naturally
occurring genome editing system in bacteria serving
as an adaptive immune system

Bacteria capture snippets of DNA from invading
viruses and use them to create DNA segments known
as CRISPR (‘Clustered Regularly Interspaced Short
Palindromic Repeats’) arrays which serve as a sort of
‘immune memory’

If the virus attacks again, bacteria produce RNA
segments from the CRISPR arrays to target the virus'
DNA. Bacteria then use the Cas9 endonuclease to cut
the DNA apart, disabling the virus
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How the CRISPR/CAS9 genome editing toolbox works
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CRISPR/CAS9 applications in basic and translational research

Gene editing applications of CRISPR technology Non-editing applications of CRISPR technologogy
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The manifold CRISPR/CAS9 applications

PROGETTO EMATOLOGIA - ROMAGNA Rrvenna, 10 ottobre 2020



The CRISPR/CASS9 revolution: first clinical applications

THERAPEUTICS
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CRISPR/CAS9: remaining obstacles and open issues

" |[mprove delivery systems
" |ncrease the rate of gene correction

= Short- and long term effects and safety (e.g., ‘genotoxic’ off-
target effects; immunogenicity of the Cas9 nuclease;
carcinogenic effect of CRISPR complex components....)

= Ethical issues: e.g., genetically modified embryos
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How novel technologies make discoveries easier

THROUGHPUT:
genome-
transcriptome-
proteome-wide
VS

candidate
RESOLUTION:
DEPTH: bulk-cell
low sensitivity analysis
VS VS
high sensitivity single-cell
analysis
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Metabolomics: Mass Spec,
NMR

Proteomics: Mass Spec

Transcriptomics: RNA-seq,
microarrays

Genomics: WES, WGS,
SNP-arrays, array-CGH
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Multi-omics integration of single omics layers

Old (‘candidate’) Single Omics Multi-Omics
approach
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Bulk cell vs single-cell complexity

= Single-cell trascriptomics has been the forerunner of single cell analyses

» |t enables to dissect transcriptional heterogeity, identifying distinct and/or rare cell
subtypes, functional or evolutionary states

o Reveals heterogeneity and
Each ce.ll type has distinct subpopulation expression
Single Cell Input expression profile variability of thousands of cells

METHOD OF THE YEAR

y
Methods to sequence the
DNA and RNA of single cells
are poised to transform
many areas of biology and
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How can we isolate and study individual cells

DROPLET-BASED METHODS
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The ultimate frontier: single cell multimodal omics

Single-cell multimodal omics
selected as 2019

Method of the Year

work is ongoing to develop more
and more methods to profile
multiple sources of information in
the same cell

Nine double-modality sequencing Three triple-modality sequencing

RNA. . Sequencing techniques developed SENTAT-seq

expression o ) RNA Chromatin DNA
! Missing techniques expression  accessibility = methylation

scTrio-Seq and scTrio-Seq2
Chromatin RNA g DNAcopyg ~ DNA
accessibility expression number methylation
scCOOL-Seq and scCOOL-Seq2
DNA DNA copy+ Chromatin + DNA
methylation number accessibility ® methylation
One quad-modality sequencing
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RNA Protein
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Trends in Biotechnology

DNA copy
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Protein
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PROGETTO EMATOLOGIA - ROMAGNA Ravenna, 10 ottobre 2020




Today’s program

10:30 — 12:00 LE CONOSCENZE IN BIOLOGIA CORRONO!

Introduzione S. Soverini
Limpatto delle nuove tecnologie nella diagnostica
e terapia personalizzata delle leucemie S. Bruno

Dalla biologia alla terapia: una storia a lieto fine
per la leucemia mieloide cronica e una storia ancora
tutta da scrivere per la mastocitosi sistemica M. Mancini
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“Ask not what disease the person has,
but rather what person the disease

)

has

“The good physician treats the
disease; the great physician treats the

patient who has the disease”
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Sir William Osler



