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‘Cr mpl > Breaks Out Of the Lab

A catchy acronym for a new gene-editing technology is already fusing with other words in intriguing ways

Che New lork Times
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A Powerful New Way to Edit DNA

By ANDREW POLLACK MARCH 3, 2014
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¢Que son
los sistemas CRISPR?
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Inmunidad CRISPR
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The Heroes of CRISPR
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Mojica, FIM
Tesis Doctoral (1993)

Procariotas "Amantes de la Sal”

GCGAACAGGATGGCGAACCGGTGTCTGCACCAGTT
‘CACGACAATCAAGTCTGGTTGCATGGCGACACG
CTGTGCCTCCAGCGGCCGTCAGACAGTCGCA
AGAAGCCGCTCGCCGTCCTCGATGACG
ACAAGACTCGCGACGAAGCCGAGT

STT? CCTCTTTATCCCTCCTGCCCGAA
TGTCTACGAATATCGTTACAGACGAACCCTAGTTGGGTTGAAGCGAACCCACTGGTGAAGAAA
AAGTTGTAGAGACCCTAGTTACAGACGAATCCCT: GGGTTGAAGCACGACAATCAAGTCT
GGTTACATGGCGACAGGATGGE AAGCTTCCACAACGTC
GGGGAGGGCGAAATTAGCCAAG ‘




1987

Escherichia coli

CGGTTTATCCCCGCTGATGCGGGGAACACCAGCGTCAGGCGTGAAATCTCACCGTCGTTGC
CGGTTTATCCCTGCTGGCGCGGGGAACTCTCGGTTCAGGCGTTGCAAACCTGGCTACCGGG
CGGTTTATCCCCGCTAACGCGGGGAACTCGTAGTCCATCATTCCACCTATGTCTGAACTCC
CGGTTTATCCCCGCTGGCGCGGGGAACTCCCGGGGGATAATGTTTACGGTCATGCGCCCCC
CGGTTTATCCCCGCTGGCGCGGGGAACTCTGGGCGGCTTGCCTTGCAGCCAGCTCCAGCAG
CGGTTTATCCCCGCTGGCGCGGGGAACTCAAGCTGGCTGGCAATCTCTTTCGGGGTGAGTC
CGGTTTATCCCCGCTGGCGCGGGGAACTCTAGTTTCCGTATCTCCGGATTTATAAAGCTGA
CGGTTTATCCCCGCTGGCGCGGGGAACTCGCAGGCGGCGACGCGCAGGGTATGCGCGATTC

Ishino et al., J. Bacteriol. 1987
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1993-1995: Evidencias de actividad

"i “ ARN CRISPR

Mojica, FIM
Tesis Doctoral (1993)




¢Que funcion desempenan?
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Una nueva familia de repeticiones

2000
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Asunto: Re: Acronym
Fecha: Wed, 21 Nov 2001 16:39:06 +0100
De: "Ruud Jansen" <R.Jansen@vet.uu.nl>
Empresa: Diergeneeskunde
A: "Francisco J. Martinez Mojica" <fmojica@ua.es>

Dear Francis
What a great acronym is CRISPR.

I feel that every letter that was removed in the alternatives made it
less crispy so I prefer the snappy CRISPR over SRSR and SPIDR.

Also not unimportant is the fact that in MedLine CRISPR is a
unique entry, which is not true for some of the other shorter

acronyms.

st s o s oo (| USTET @
egularly
nterspaced
hort
alindromic
epeats



2002: Los genes cas

Molecular Microbiology (2002) 43(6), 1565-1575

Identification of genes that are associated with DNA
repeats in prokaryotes

Ruud. Jansen,™ Jan. D. A. van Embden ? VR I \
Wim. Gaastra' and Leo. M. Schouls? Ty ‘ /-
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2005:El origen de los espaciadores

J Mol Evol (2005) 60:174-182

DOI: 10.1007/s00239-004-0046-3 JOURNAL OF ULECULAR
EVOLUTION

© Springer Science+Business Media, Inc. 2005

Intervening Sequences of Regularly Spaced Prokaryotic Repeats Derive from
Foreign Genetic Elements

Francisco J.M. Mojica, César Diez-Villasenor, Jesas Garcia-Martinez, Elena Soria

— I (IR KK (=



Chromosomal DN/

Chromosomal DNA F Plasmid

Relaxasome Transferasome

F Plasmid F Plasmid
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"Phage" by Dr Graham Beards - en:Image:Phage.jpg.
Licensed under CC BY-SA 3.0 via Commons -
https://commons.wikimedia.org/wiki/File:Phage.jpg#/media/File:Phage.jpg Old Donor New Donor

"Conjugation" by Adenosine - Own work. Licensed under CC BY-SA 3.0 via Commons-
https://commons.wikimedia.org/wiki/File:Conjugation.svg#/media/File:Conjugation.svg




Proposicion de una funcion

- Control of both mobility and maintenance of
[ Inl I lunldad extrachromosomal genetic elements could be a rele-

vant task of CRISPR loci, but the homologies found

= Mediada por ARN

activity could be executed by CRISPR-RNA mole-
cules, acting as regulatory RNA that specifically

Mojica et al. J Mol Evol 2005



CRISPR research mini-meeting, Berkeley, CA, July 24, 25 2008
Sponsored by NASA NAI Microbial Systems Biology and Virus working groups

Thursday July 24, 2008

1:30 — 2:30: Kira Makarova "Comparative genomics, protein sequence analysis and evolution
of the Cas system”
2:30 — 3:30: Francis Mojica "CRISPR PAMs: the proto-spacer adjoining motifs”

3:45 — 5:45: Rodolphe Barrangou "Function and Evolution of CRISPR in Lactic Acid
Bacteria”

Friday July 25, 2008

9:00 — 10:00: Alexander Yakunin "Biochemical and structural characterization of CRISPR-
associated ribonucleases”

10:00 — 10:30: Virgis Siksnys "Restriction modification systems: an overview, recent work
on CRISPR systems”

11:00 — 12:00 John van der Oost "A flu shot for bacteria - the CRISPR anti-virus system of
E. coli"

1:30 — 2:30: Blake Wiedenheft “Biochemical characterization of the CRISPR associated
immune response in P. aeruginosa”

2:30 — 3:30 Ekaterina Semenova
3:30 — 4:30: Jill Banfield "The population genomics view of virus-host interactions”
4:30 — 5:30: Mark Young "CRISPR analysis of Yellowstone’s high temperature environments”



El Mecanismo CRISPR
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Mojica & Almendros. Investigacion y Ciencia. 2017



/@\ Infeccion

B ORI (KK (=

/




/@\ Inmunizacion

s |

—-D—H‘ﬂmm KR B -

A5 -
. .
‘ o
-, 220
“ ’
$ WS
’
e T




Bacteria
Inmunizada




Produccion de
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Destruccion




Aplicaciones
de los
sistemas CRISPR...
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Identificacion individual

(B) individual A individual B individual C forensic sample F

3 pairs of homologous
chromosomes
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Figure 10-30 part 2 of 2 Essential Cell Biology, 2/e. (& 2004 Garland Science)
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Identificacion de aislados

EC1
EC6
EC11
ECo
EC3
EC2
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Diez-Villasefor et al. Microbiology 2010



Identificacion de aislados

Mycobacterium tuberculosis
Escherichia coli | Shigella spp.
Salmonella spp.
Corynebacterium diptheriae
Campylobacter jejuni
Legionella pneumophila
Streptococcus spp.

Yersinia pestis

Erwinia amylovora



Vacunar bacterias

 Frente a virus

» Resistencias a antibioticos

» Prevencion de enfermedades

"Conjugation" by Adenosine - Own work. Licensed under CC BY-SA 3.0 via Commons. ttps://commons.wikimedia.org/wiki/File:Conjugation.svg+#/media/File:Conjugation.svg
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Cas9 , » ARN CRISPR
(Tijeras) (Guia)

J. Doudna E. Charpentier
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Science. 2013 February 15; 339(6121): 819-823. doi:10.1126/science.1231143.

Multiplex Genome Engineering Using CRISPR/Cas Systems

Le Cong’2”, F. Ann Ran'#", David Cox':3, Shuailiang Lin':5, Robert Barretto®, Naomi
Habib', Patrick D. Hsu'#4, Xuebing Wu’, Wenyan Jiang®, Luciano A. Marraffinié, and Feng
Zhang' T

Science. 2013 February 15; 339(6121): 823-826. do1:10.1126/science.1232033. l r

RNA-Guided Human Genome Engineering via Cas9 |

Prashant Mali'®, Luhan Yang'-3:°, Kevin M. Esvelt?, John Aach', Marc Guell!, James E. '
DiCarlo*, Julie E. Norville!, and George M. Church'2"

George Church



Tecnologia
CRISPR

Ill

"Disefio figura: Guilli. Freire y Laura Lépez. Fuente: EncuentrosconlaCiencia.es bajo licencia CCC no comercia



Antimicrobianos selectivos

Genoma

7 RIP

targetting* '9

/'\.

v

Cell death

Adapted by permission from Macmillan Publishers Ltd: Nature Biotechnology
(Bikard et al., Exploiting CRISPR-Cas nucleases to produce sequence-specific antimicrobials 32, 1146—-1150) copyright (2014)



EDICION DE GENOMAS



Editar Genomas

Genoma
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Editar Genomas

Double-strand break

| * HHHLLLLL

Non-homologous end joining
(NHED)
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Gene disruption :
Inversion

(small deletion)
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. Duplication
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Deletion

Homology-directed repair
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Insertion Repalcement

i 4

Deletion Deletion

Base mutation

Yue Mei et al., Journal of Genetics and Genomics, 2016
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Joseph M. Miano. University of Rochester. USA.

v'Facil de programar
v'Varios cambios simultaneos

v“Cualquier” tipo celular y organismo



Hongos
Protozoos : leismaniosis, toxoplasmosis, malaria...
Plantas

arroz, naranjo, trigo, soja, maiz, melon, patata, tomate, lechuga, tabaco...
Gusanos
Insectos
Moluscos
Reptiles
Anfibios
Peces

Aves

Niu et al. Cell

Mamiferos

raton, conejo, cabra, oveja, rata, cerdo, perro, primates...



= Retardar el deterioro de alimentos

= Acelerar la fructificacion

= Cultivos tolerantes a:
Sequia
Hongos
Virus

Gene-edited CRISPR mushroom
escapes US regulation

\ fungus engineered using CRISPR - Cas9 can be cultivated and sold without over sight,

Cultivos modificados genéticamente mediante CRISPR llegaran al ...

Herbicidas
Plaguicidas

= Ganado con mayor masa muscular

AlianzaTex - 13 oct. 2015

Los cultivos modificados genéticamente mediante CRISP...
' Technology Review en espafiol - 12 oct 2015

Los gigantes de |la biotecnologia estan empezando a adentrarse en la

técnica de edicidon genética CRISPR. Afirman que comercializaran ...

Fig 6. Phenotype of lambs 30 days after birth.

Wild-type lamb #48

Knock-out lamb #47

Mot AP, Tewyon L, Bartera N, Coacko et al 2015) Efficiert Ceomtation of Mysstabn Knock-Ou Swep Using
d ¢ o S ONE 10(3). e0136690. &i:10.1371oumalpone 0138690

@ PLOS | one



Cell

Progressive Loss of Function in a Limb Enhancer

during Snake Evolution

Graphical Abstract

snake
snake enhancer - Shh ‘
genome A e freee \
-
mouse \ . |
genome l-u .'—E— — truncated limbs
CRISPR
CACTTCCTLL
eI
resurrected snake i
enhancer l —
o - j—i—— —> Wild type limbs
CRISPR

snake evolution
—’..

ZRS enhancer sequence degradation
I — N — NN EEEm — W

loss of limb-specific
s = enhancer activity

Authors

Evgeny Z. Kvon, Olga K. Kamneva,
Uira S. Melo, ..., Diane E. Dickel,
Len A. Pennacchio, Axel Visel

Correspondence

lapennacchio@lbl.gov (L.A.P.),
avisel@lbl.gov (A.V.)

In Brief

Morphological disappearance of limbs in
snakes is associated with sequence
changes disrupting the function of a
critical limb enhancer.

Highlights
e Activity of the critical ZRS limb enhancer is highly conserved
across vertebrates

e 7RS enhancer has progressively lost its function during
snake evolution

e Snake-specific nucleotide changes contributed to the loss of
ZRS enhancer function

e Resurmrection of snake enhancer function in vivo



Injected Cas9
plus guide RNAs
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Unedited barcode

(array of CRISPR
targets)

Genome
editing during
zebrafish
development

Adult Zebrafish

Heart-—
(cardiomyocytes \»
and blood)

Computer
modeling
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Reconstructed cell lineage from barcodes

Science...
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Genome editor CRISPR helps trace growth of
embryos—and maybe cancer next

By Kai Kupferschmidt | May 26, 2016  2:00 PM

McKenna, G. M. Findlay, J. A. Gagnon, M. S. Horwitz, A. F. Schier, J. Shendure.
Whole organism lineage tracing by combinatorial and cumulative genome editing. Science, 2016



Estudiar, prevenir y curar enfermedades infecciosas

La tecnologia CRISPR/Cas9 vencera a la malaria

IM Medico Hospitalario - 11 dic. 2015

Esta se basa en la disrupcién del gen mediante la endonucleasa
CRISPR/Cas9, un enzima que puede ser disenado para cortar
. secuencias ...

Logran eliminar el VIH utilizando CRISPR

Quo.es - 23 mar. 2016

Utilizando el tan de moda método de edicion genética CRISPR, un
equipo de cientificos ha demostrado cémo eliminar el VIH del ADN
de ...

Consiguen eliminar el VIH de las células del sistema inmune

La técnica Crispr/Cas9 limpia los virus porcinos para un p...

Diario Médico (Comunicado de prensa) - 15 oct. 2015

., Un equipo multicentrico de cientificos ha empleado la téecnica de

» edicion genética Crispr/Cas9 para inactivar las 62 copias de un
retrovirus en ...




Estudiar, prevenir y curar trastornos genéticos
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CRISPR/Cas9-mediated somatic correction of a
v Enfermedades hepaticas novel coagulator factor IX gene mutation
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v Trastornos neu rod egeneratlvos Yuting Guan™', Yanlin Ma**'", Qi Li2, Zhenliang Sun®, Lie Ma™, Lijuan Wu?, Liren Wang", Li Zeng”,

Yanjiao Shao®, Yuting Chen®, Ning Ma?, Wenging Lu®, Kewen Hu®, Honghui Han?, Yanhong Yu?,
Yuanhua Huang?, Mingyao Liu*®" & Dali Li*™

v' Autismo

La superedicidon genética restaura la visién en animales ciegos
v Ceguera Cadena SER - 16 nov. 2015
Una nueva técnica que mejora el CRISPR ha logrado que | www«
parcialmente. Esta investigacién internacional ha sido lide B
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Logran por primera vez modificar el ADN de embriones humanos
unocero - 26 abr. 2015
Logran por primera vez modificar el ADN de embriones humanos. El dia de ...

{/ A Fa Ahora cientificos de la Universidad SunYat-sen de Guangzhou en China han ...
" “’w ello, se ha empleado una técnica de edicion genética llamada CRISPR/Cas9, ...
v .,A 5"

Cientificos de China crean embriones inmunes al VIH-SIDA
ElPeriodico.com.do - 14 abr. 2016

Cientificos de China crean embriones inmunes al VIH-SIDA ... que todos los embr
. modificacion se realizé6 mediante una nueva técnica llamada CRISPR-Cas9, ...

Investigadores de EE.UU. logran modificar genéticamente ...

Efesalud - Noticias (Comunicado de prensa) - 28 jul. 2017

UU. logran modificar genéticamente embriones humanos ... numero de embriones
unicelulares con la técnica de edicion de genes CRISPR.

Modifican genoma de 41 embriones humanos en GB

La Jornada en linea - 21 sept. 2017

Modifican genoma de 41 embriones humanos en GB ... Con ayuda de la
tecnologia de edicion genética CRISPR/Cas9, los cientificos ... el gen que provoca la
enfermedad sanguinea beta talasemia (0 anemia mediterranea) y ...

China corrige grave enfermedad de la sangre en embriones

La Jornada de Oriente - 28 sept. 2017

La talasemia es una enfermedad genética que impide la produccion ... Utilizando
una nueva técnica de edicion genética, que modifica de forma quimica el ... una de
las variantes de esta mutacion en embriones humanos no viables. La técnica
utilizada esta adaptada del método CRISPR/Cas9 (o “tijeras ...




Ensayos clinicos en humanos

Title

in the Treatment of HPV-related Cervical Intraepithelial
Neoplasia#

Safety of Transplantation of CRISPR CCRS5 Modified
CD34+ Cells in HIV-infected Subjects With Hematological
Malignances

Examining the Knowledge, Attitudes. and Beliefs of Sickle
Cell Disease Patients. Parents of Patients With Sickle Cell

in Clinical Care

A Study Evaluating UCARTO019 in Patients With Relapsed
or Refractory CD19+ | eukemia and Lymphoma

PD-1 Knockout Enaineered T Celis for Advanced
Esophageal Cancer

PD-1 Knockout Engineered T Cells for Muscle-invasive
Bladder Cancer

Prostate Cancer

PD-1 Knockout Engineered T Cells for Metastatic Renal
Cell Carcinoma.

small Cell Lung Cancer

Recruitment

Not yet recruiting

Recruiting

Not yet recruiting

Recruiting

Recruiting

Not yet recruiting

Not yet recruiting

Not yet recruiting

Recruiting

Study Results

No Results Available

No Results Available

No Results Available

No Results Available

No Results Available

No Results Available

No Results Available

No Results Available

No Results Available

Conditions

*Human Papillomavirus-
Related Malignant
Neoplasm

*HIV-1-infection

«Sickle Cell Disease

*B Cell Leukemia
B Cell Lymphoma

*Esophageal Cancer

«Invasive Bladder Cancer
Stage IV

*Hormone Refractory
Prostate Cancer

«Metastatic Renal Cell
Carcinoma

*Metastatic Non-small Cell
Lung Cancer

Interventions

*Biological: TALEN
«Biological: CRISPR/Cas9

*Genetic: CCRS5 gene
modification

*Biological: UCART019

*Drug: Cyclophosphamide
«Drug: Interleukin-2
*Other: PD-1 Knockout T Cells

*Biological: PD-1 Knockout T
Cells

+*Drug: Cyclophosphamide

*Drug: IL-2

*Biological: PD-1 Knockout T
Cells

*Drug: Cyclophosphamide

*Drug: IL-2

«Biological: PD-1 Knockout T
Cells

«Drug: Cyclophosphamide

*Drug: IL-2

*Drug: Cyclophosphamide
*Other: PD-1 Knockout T Cells
*Drug: Interleukin-2






Gene editing applications of CRISPR technology

Generation of
small indels

Point mutations

Taglarge
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Large fragment
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Chromaosomal
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Applications

* Gene inactivation
+ Modeling loss-of function
mutation

* Pracise mutagenesis
» Modeling gain-of-function

mutation

* ProteindncRMA tag labeling

* Flucrescance reponer
inserion

+ Recombination signal
(LoxP/Ft) insertion

* [nsertion of transcriptional
STOP signal

+ Gene Deletion

* Invastigating highar-order
chromatin structune

» Chromosomal
rearrangement

= Regulation of gene expne-
ssion by cis-regulatory
element

» DNA-guidad DNA editing
» Multiplexed gene targeting
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Non-editing applications of CRISPR technologogy

Transcriptional
regulation

Chromatin
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Visualizing
genomic loci

Targeting ssRNA
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DOI 10.1007/s00439-016-1713-3

Applications

» Precise regulation of gena
axprassion

+ Epigenetic regulation on
ois-regulatory elements
+ DNA methylation

+ Visualizing repatitive and
non-repetitive genetic
alements

+ Rewaaling chromatin
dynamics by Ivecell
imaging

+ Targeting specific RNA
» Modulating
non-coding RNAS

Reference
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The present and future of genome editing in cancer research

Xiuoyi Li'? - Raymond Wu'- - Andrea Ventura'©®
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Manipulation of nuclear architecture through
CRISPR-mediated chromosomal looping

Stefanie L. Morgan'?, Natasha C. Mariano'?, Abel Bermudez?, Nicole L. Arruda®, Fangting Wu®, Yunhai Luo'?,
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Fl primer ser vivo con un GIT grabado en su genoma

Cientificos de Harvard insertan imdgenes de un caballo al gnlope en el ADN de bacterins
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