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Qu’est-ce que la
biologie synthetique?
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Quelle est la principale
conquéte technologique des
dernieres decennies?
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Modification du patrimoine

genetique
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Modification du patrimoine
genetique

o Making the cut

CRISPR genome-editing technology shows its power
By John Travis

ILLUSTRATION: DAVIDE BONAZZI/@SALZMANART Travis Science 2015
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CRISPR

Clustered Regularly Interspaced Short
Palindromic Repeats)

2010
type |l CRISPR-Cas
cuts target DNA (67) 2011
type Il CRISPR-Cas
includes tracrRMNA (66)
2005-2006
CRISPRs contain viral 2011
1987 Sequences, cas genes Cas9 is only cas gene
CRISPRs identified, hypothesis needed for type Il
CRISPR biology described (34) (35, 36,35-40,43,44) defense function (68)

o

2012
2007 _ CRISPR-Cas9
CRISPR-Casis is RNA-guided

1985-1991 bacterial immune DNA endonuclease (64)
Zinc-finger system (45)
proteins (25-27)
1979 1996-2003 2009-2010
Gene replacement chl-fmgerf TAL effectors;
in veast (1 nucleases for genome TALE nucl
st engineering (28-30) Gy et
! i
& O (5, (l) O site-specific genome
engineering in human cells,
ae 2003 onward other eukaryotes
Genome editing 1989-1994 i (75. 85, 86)
Genome break ZFNs for genome
repair by MHEJ, engineering
HDR (2: 6-9)
2010 onward
1985-1986 Increasing use of
Human genome TALEMs for genome
editing by HDR (3-5) engineering

Doudna & Charpentier Science 2014
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En quoi CRISPR est-ll

important?

Modification du génome par CRISPR-CAS9

precis, efficace, bon marché, simple
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gene drive

Modification genetique qui se propage
d’'une generation a l'autre dans une
population

(des elements synthétiques sont congus
pour accroitre leur frequence d’'une
generation a l'autre)

-> |es genes artificiels peuvent ainsi se
diffuser plus vite que par I'hérédite
genétique classique
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gene drive

A Gene Drive. . T o WidType
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http://news.cornell.edu/stories/2015/10/new-gene-drive-technology-evokes-hopes-and-fears
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L'homme n’a-t-il pas modifie en
permanence des genomes au
cours de I'histoire?
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Declin de |la biodiversité
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Declin de |la biodiversité

EXTINCT VERTEBRATES, 1500 TO PRESENT

150070 1900
EXTINCIONS: 140
Mammals. Birds Reptiles 13
4 e ~— Amphibians 2
Fish 0
SINCE 1900 Reptiles 24

EXTINCTIONS: 477

Mammals
69

SOURCE: CEballos et al. Sci. Adv. 2015;1:21400253 | GRAPHIC: Amanda Shendruk MAC[[A“
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Declin de |la biodiversité

Global Biodiversity
Outlook 4

A mid-term assessment of progress towards the implementation
of the Strategic Plan for Biodiversity 2011-2020

N
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14 e 2 \fj Biological Diversity

Unlted Natlons Decade on Blodiversity
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Declin de |la biodiversité

Reports

CONSERVATION TARGETS

A mid-term analysis of progress toward international biodiversity targets

Derek P. Tittensor,'.2* Matt Walpole,” Samantha L. L. Hill,' Daniel G. Boyce,34 Gregory L. Britten,? Neil D. Burgess,'.5 Stuart
H. M. Butchart,s Paul W. Leadley,” Eugenie C. Regan,’ Rob Alkemade,? Roswitha Baumung,? Céline Bellard,” Lex
Bouwman,8.10 Nadine J. Bowles-Newark,!" Anna M. Chenery,! William W. L. Cheung,'" Villy Christensen,'" H. David
Cooper,'2 Annabel R. Crowther,” Matthew J. R. Dixon," Alessandro Galli,’* Valérie Gaveau,' Richard D. Gregory,'s Nicolas
L. Gutierrez,16 Tim L. Hirsch,'7 Robert H5ft,2 Stephanie R. Januchowski-Hartley,’8 Marion Karmann,'? Gornelia B. Krug,7.20
Fiona J. Leverington,21 Jonathan Loh,22 Rik Kutsch Lojenga,?3 Kelly Malsch,! Alexandra Margques,24.25 David H. W.
Morgan,26 Peter J. Mumby,2? Tim Newbold,? Kieran Noonan-Mooney,'2 Shyama N. Pagad,2¢ Bradley C. Parks,2? Henrique
M. Pereira,24.25 Tim Robertson,’” Carlo Rondinini,?% Luca Santini,?® Jérn P. W. Scharlemann,.3" Stefan Schindler 3233 U.
Rashid Sumaila,’" Louise S.L. Teh,"! Jennifer van Kolck,? Piero Visconti,?* Yimin Ye?
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http://science.sciencemag.org/content/346/6206/241
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ConservationEvidence

EDITED BY

WiLLiAM J. SUTHERLAND, LYNN V. Dicks,
& NANcY OckeNDON AND ReBeccA K. SMiTH

http://www.conservationevidence.com/
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Principales causes

Perte d’habitat
Maladies

Especes envahissantes
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Principales causes

Maladies

Especes envahissantes
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Oiseaux d’Hawal

The akiapola’au
forages forinsects,
often under bark

The iiwi
feeds on nectar
from ohia flowers

The "Apapane
feeds on insects
and ohia nectar

The Maui parrotbill
tears back bark in
search of beetles

The Nihoa finch
uses its heavy bill
The original species, to crush seeds
now extinct,
probably ate
insects and nectar

The Amakihi .
is a nectar-feeder,
like the iiwi

http://biologyreasoning.wikispaces.com/Darwins+Theroy+of+evolution

33 out of 42 extinct
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Paludisme aviaire: menace
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Culex quiquefasciatus (1826 introduced)

https://en.wikipedia.org/wiki/Scarlet_Hawaiian_Honeycreeper
http://www.uniprot.org/taxonomy/7176



UNI
FREIBURG

« Nous avons peut-étre 10 ou 15 ans avant d’observer
d’autres pertes, mais certaines de ces especes n'ont pas
beaucoup de temps, et je ne voudrais pas assister a
I’extinction d’une autre espece de mon vivant. »

Pete Marra, directeur du Smithsonian Institution’s Migratory
Bird Center.
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Que se passerait-il si....
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Que se passerait-il si....

nous pouvions enrayer le
paludisme?
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LETTERS

nature
biotechnology

A CRISPR-Cas9 gene drive system targeting female
reproduction in the malaria mosquito vector Anopheles
gambiae

Andrew Hammond!, Roberto Galizi!, Kyros Kyrou!, Alekos Simonil, Carla Siniscalchi?, Dimitris Katsanos!,
Matthew Gribble!, Dean Baker?, Eric Marois?, Steven Russell?, Austin Burt!, Nikolai Windbichler!,
Andrea Crisanti! & Tony Nolan!

mosquito Anopheles stephensi

and Anthony A. James®<?

California, Irvine, CA 92697-4500

BPNASN
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Genome Engineering with CRISPR-Cas9 in the
Mosquito Aedes aegypti
Graphical Abstract Authors

Kathryn E. Kistler, Leslie B. Vosshall,
Benjamin J. Matthews

Wild-type Aedes aegypti mosquite

Correspondence
ben.matthews@rockefeller.edu

In Brief

The mosquito Aedes aegypti is
responsible for infecting hundreds of
millions of humans with life-threatening

Sterspectic double-siranded break ingenome < _ITITIL 11> diseases each year. Kistler et al. show

'/—/ that CRISPR-Cas9 can be used to

i engineer precise loss-of-function
Insertions and Homology-directed repair | Deletions between wo " o "
e o ol mutations and targeted integration of
N exogenous sequences, enabling detailed

e == genetic study of this deadly disease
f : \ \ / vector.
PR =

e

CrossMark
&click for updates

Highly efficient Cas9-mediated gene drive for
population modification of the malaria vector

Valentino M. Gantz®", Nijole Jasinskiene™', Olga Tatarenkova®, Aniko Fazekas®, Vanessa M. Macias®, Ethan Bier®?,

3Section of Cell and Developmental Biology, University of California, San Diego, La Jolla, CA 92093-0349; ®Department of Molecular Biology and
Biochemistry, University of California, Irvine, CA 92697-3900; and ‘Department of Microbiology and Molecular Genetics, School of Medicine, University of
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A practical guide to genome-engineering with CRISPR-Cas9 in
the mosquito Aedes aegypti

Kathryn E Kistler, Leslie B Vosshall, and Benjamin J Matthews *
February 4, 2015

Abstract

The following protocol is designed to help researchers generate precise genomic alterations in the
mosquito Aedes aegypt using the CRISPR-Cas9 system of RNA-guided nucleases. A companicn
pre-print can be found at http://biorxiv. org/content fearly,/2014,/12/30/013276.



Oiseaux insulaires
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I 'B I The International Journal ‘fh
of Avian Science BOU

Ibis (2010), 152, 443-458

Review article

The catastrophic impact of invasive mammalian
predators on birds of the UK Overseas Territories:
a review and synthesis

GEOFF M. HILTON'™ & RICHARD J. CUTHBERT?
" Wildfow! and Wetlands Trust, Slimbridge, Gloucestershire GL2 7BT, UK
2Ft'oyal Society for the Protection of Birds, The Lodge, Sandy, Bedfordshire SG19 2DL, UK

@ CrossMark
&click for updates

Invasive mammal eradication on islands results in
substantial conservation gains

Holly P. Jones*®, Nick D. Holmes¢, Stuart H. M. Butchart®, Bernie R. Tershy®, Peter J. Kappes, llse Corkery?,
Alfonso Aguirre-Mufoz", Doug P. Armstrong', Elsa Bonnaud!, Andrew A. Burbidge*, Karl Campbell"

Franck Courchamp/, Philip E. Cowan™, Richard J. Cuthbert™, Steve Ebbert®, Piero Genovesi®", Gregg R. Howald<,
Bradford S. Keitt, Stephen W. Kress®, Colin M. Miskelly®, Steffen Oppeln Sally Poncet", Mark J. Rauzon",
Gérard Rocamora™, James C. Russell’?, Araceli Samaniego-Herrera", Philip J. Seddon®?, Dena R. Spatz“®,

David R. Towns™<, and Donald A. Croll°

https://de.wiktionary.org/wiki/Wanderratte



Extermination de rats

UNI

http://www.antarcticabound.com/blog/wp-content/uploads/helicopter_resupply.jpg.size .xxlarge.letterbox.jpg
http://www.galapagos.org/wp-content/uploads/2012/01/rat-eradication-on-rabida.jpg
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Empoisonnements

https://ajh57 files.wordpress.com/2013/01/striated-caracara3.jpg

UNI

FREIBURG



UNI

Que se passerait-il si....
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Que se passerait-il si....

Nous pouvions endiguer les
especes envahissantes”?
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Evaluation du risque

Avantage
++

(prévention de I'extinction, retablissement du milieu
naturel)
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Evaluation du risque 9
_a_
2
Avantage Su-
++
(prévention de I'extinction, retablissement du milieu
naturel)

Risque lié a la non-utilisation

Perte d'espéces (manque de temps)
Risque

Propagation vers le continent
Hybridation avec d’autres especes



https://loonylabs.org/201 5/06/25/synthetic-biology-biochemicals/
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Deux cultures
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“... identifié deux cultures: celles des e tWo_QUIUFES o e
intellectuels littéraires et des scientifiques S§ ’ntiflc (e. ' !un
naturalistes, entre lesquelles il prétend |
observer une suspicion et une
incompréehension mutuelles profondes,
ce qui a des incidences prejudiciables
sur la perspective d’appliquer la
technologie a I'attenuation des
problemes de la planete »

1959

(Extrait de l'introduction de (Snow 1998).

http://blogs.britannica.com/wp-content/uploads/2009/07/snow-book.jpg



Préserver — Modeler ?

* fne tWO_ culful'es AND THE
scientific revolution

o 1
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Biologie synthétique

Qu’est-ce que la biologie
synthétique?
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Biologie synthétique
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Biologie synthétique: application de la
science et de la technologie au
developpement, a la production et/ou a
la modification de matériel genétique
dans des organismes vivants

http://www.synthetic-bestiary.com/tag/synthetic-biology/ 4



US biotech revenue ($ billions)
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Biologie synthétique

Application aujourd’hui:

Ardmes, parfums, produits pharmaceutiques,
textiles, produits chimiques

En laboratoire:
Grandes cultures, insectes, animaux
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Recherche
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-> Thérapie génique sur cellules souches chez I'étre
humain (p. ex. National Academy of Sciences, 2015)

-> recherche embryonnaire humaine (GB)




Biologie de la conservation

Biologie de la conservation: cette
discipline « de crise » s’intéresse a la
protection de la diversité biologique des
especes, des milieux et des
écosystemes (1978)
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https://www.conservationjobsuk.com/conservation-biology-jobs.cms.asp
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I Opinion: Is CRISPR-based gene drive
% a biocontrol silver bullet or global
E conservation threat?

Bruce L. Webber®®, S. Raghu®, and Owain R. Edwards™’
4

-

Cheating evolution: engineering
gene drives to manipulate the fate
of wild populations

Animal Conservation &L

ISSN 1367-9430

EDITORIAL

Is there a future for genome-editing technologies in
conservation?

J. A. Johnson', R. Altwegg? D. M. Evans®, J. G. Ewen®, I. J. Gordon®, N. Pettorelli* & J. K. Young®



Désextinction

Bottleneck

Restoring Diversity

http://reviverestore.org/annual-report/#2016AnnualReport
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Désextinction

Bottleneck Struggling with Disease

Restoring Diversity Engineering Resistance

http://reviverestore.org/annual-report/#2016AnnualReport
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Désextinction

Bottleneck Struggling with Disease Extinct in the Wild

Restoring Diversity Engineering Resistance Assisting Reproduction

http://reviverestore.org/annual-report/#2016AnnualReport
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Désextinction
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Endangered Critically Endangered

2
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Bottleneck Struggling with Disease Extinct in the Wild Extinct

Restoring Diversity Engineering Resistance Assisting Reproduction De-extinction

http://reviverestore.org/annual-report/#2016AnnualReport



Synthetische Biologie und
die Biodiversitatskonvention (CBD)

Flnf Schllisselentscheidungen fiir die COP 13 und die COP-MOP 8
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https://www.boell.de/sites/default/files/synthetische-biologie-und-die-biodiversitaetskonvention-cbd.pdf
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Déefis éthiques
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1 2\%1310)

reports

Science & Society

No time to waste—the ethical challenges
created by CRISPR

CRISPR/Cas, being an efficient, simple, and cheap technology to edit the genome of any organism, raises
many ethical and regulatory issues beyond the use to manipulate human germ line cells

Arthur L Caplan®, Brendan Parent®, Michael Shen? & Carolyn Plunkett™?

Embryo engineering study
splits scientific community

First test of gene-editing technique on human embryos
illustrates clinical risks

By Jocelyn Kaiser and Dennis Normile | the CRISPR-Cas9 system, a new technology




Avenir

Alternatives:

Agir ou ne pas agir
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genetic -> genomic -> synthetic
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genetic -> genomic -> synthetic

Importance d’'une interaction precoce
entre les domaines de recherche
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genetic -> genomics -> synthetic
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Nous devrions:

- collaborer étroitement avec les biologistes
synthétiques,

- selectionner soigneusement les études de cas,
- assumer notre responsabillite...

... et epargner en méme temps certains
domaines.



Le génome est-il le nouvel « état

sauvage » 7
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Le génome est-il le nouvel « état

sauvage » 7
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s [t Time for Synthetic
Biodiversity Conservation”?

217

Antoinette J. Piaggio,”'"* Gernot Segelbacher,
Philip J. Seddon,®'" Luke Alphey,”* Elizabeth L. Benneit,®
Robert H. Carlson,” Robert M. Friedman,® Dona Kanaw,®
Ryan Phelan,’ Kent H. Redford,”"® Marina Rosales,®
Lydia Slobodian,™ and Keith Wheeler'1®

UNI

FREIBURG



