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Modifying the Mammalian Genome
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The most relevant and distinctive feature
among all gene modifying methods Is

RANDOM INTEGRATION VERSUS HOMOLOGUS RECOMBINATION
IN TRANSGENIC MICE

Slides from 1991

Random versus Targeted genetic modification



Genomic Editing Tools : 2 elements
to precisely target a gene modification

Seqguence
Homology



Genomic Editing Tools: 2 pathways
to fix the Double Strand Break (DSB)
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Genomic Editing Tools: 3 flavours

Seqguence Homology Double Strand Break

Zinc-Finger Nuclease PROTEIN PROTEIN

(ZFN) 1 Zinc finger (3AA) A 3 bp Fokl

TALEN PROTEIN PROTEIN
2AAA 1bp Fokl

CRISPR-Cas9 RNA PROTEIN
1 ribonucleotide A 1 bp Cas9

The Watson&Crick base pairing champions CRISPRs
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Transcription at different salinities of Haloferax

mediterranei sequences adjacent to partially modified

Pstl sites

F.J. M. Mojica, G. Juez and F. Rodriguez-Valera*
Departamento de Genética Molecular y Microbivlogia,
Apartado 374, Universidad de Alicante, 03080 Alicante,
Spain,

Summary

Two genomic sequences from the halophilic
archaeon Haloferax mediterranel, where we had
found Pstl restriction-pattern modifications depend-
ing on the salinity of the growth medium, have been
studied. A markedly salt-dependent differential ex-
pression has been detected in the nearby regions.
Two of the open reading frames characterized corre-
spond to two of the differentially expressed tran-
scripts, In both cases the Psfl sites were included in
purine-pyrimidine alternancies suggestive of Z-DNA
structures and located In non-coding regions with
frequent repetitive motifs. A long alternating ade-
nine-thymine tract also appears In the upstream
regions of one of these open reading frames. A possi-
ble role of local DNA configuration in asmoregulation
in this organism Is discussed.

is effected at transcriptional level and is being extensively |

studied (Csonka, 1989, May et al, 1989; Mizuno and

Mizushima, 1990; Sugiura et al, 1992). A role lor the I
topology of DNA and intracellular K* concentrations in 5

osmorequlation has been suggested (Sutherland et al,
1986, Higgins et al., 1987, 1988; Graeme-Cook ef al,
1989; Ramirez and Villargjo, 1991). In the case of
halobactena there is little evidence of the effect of salinity
on gene expression. To our knowledge, the only refer-
ence to the subject concerns a markedly different expres-
sion of the mc-vac gene encoding the major gas vesicles
protein of Haloferax mediterraneéi a1 different salinities
(Englert ar al., 1990).

We previously described the existence of certain Psi
sites in the H. meditarranei genome which appeared to be
more susceplible to cleavage, or less, depending on the
salt concentration at which the cells were grown (Juez et
al, 1990). At least 5% of the clones from a genomic
library of the organism usad as probes revealed restric
tion-pattern modifications which appeared to be consis-
tently associated with the salinity of the growth medium
To clarity whether this phenomenon could have any bio
loaical significance implicated in the adaptation of the

Francis J.M. Mojica
University of Alicante
Spain

CRISPRrraysdiscoveredby Mojica et al. (1993) MoleculaMicrobiology, in archeas



The CRISPR-Cas system Iin prokaryotes
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Scheme by Francis Mojica



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

Francisco J.M. Mojica, César Diez-Villasenor, Jesas Garcia-Martinez, Elena Soria
Division de Microbiologia, Departamento de Fisiologia, Genética y Microbiologia, Universidad de Alicante, Campus de San Vicente,

E-03080, Spain

Fable 2. Distribution of CRISPR-spacer homologs

No. of spacers with homologs in

Striun No. of spacers nnalyzed Phages* Plasmads NE®

Chlorabium tepidem TLS o |

Clostrudin terani Massachusetts ESS 62 I 3

Corvmebacterium efficiens YS-3147 2 | 2

Excleerichia coli ECOR42 4 1

Excherichia coli ECOR44 10 | . . .
Excherichia coli ECOR4T 17 | (Kawarabayasi et al. 2001). Indeed, the preferential
e it . ) : occurrence of CRISPR spacers derived from genetic
Lty snvoyioyeiin B4 $ ! elements that fail to infect the corresponding spacer-
Methanothermobacter thermoantomraphicim AH 164 9 it Vi %

M ycoplasma gallisepsicum R 7 1 carrier strain, but not from those successf Ul]y prop-
Nelsserla meningitiois 22491 (serogroup A) 16 “ . ¥ X

Photorhabdis loninescens Imondii TTOI 63 7 3 agdted n the populatlon, Strongly SuggeStS a rela—
Parphyromonas gingivalis WH3 4 4 tionship between CRISPR and such immunity. Most
Pyrobacuhion aerapiilum IM2 129 I 3 ¥ -3 e , o " i 194
Salmonelta rypleimeium LT2 SGSC1412 57 1

Stagetla sormwi 530G 3 I

Streprococens agalactior NEM316 13 | I

Streplococens agulactiae 2603V/R 28 1 | 3

Streprococeny pyogenes M1 GAS SF370 9 8

Silfolobus solfararicus P2 44 6 3

Sidfodotws tokodai 7 an 2 2

Thermoanaernbacter tengeongensis MBST 3o 5

Yersimia pestis CO-92 (Biovar Onientalis) 16 4

Yersimia pestis KIMSP12 (Biovar Medievalis) 10 |

"Prophages are included
"Number of spacers with homology to chromosomal sequences not directly reluted 1o forcign DNA (prophages are excluded)

CRISPR assystemfirst suggestedoy Mojica et al. asmmunity system(2005) J. MolEvol



A Immunization
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The CRISFRas System: targeting nucleases to specific DNA sequ
a binary system: Cas9 protein and sgRNA

Cas9 programmed by Cas9 programmed by
crRNA:tracrRNA duplex single guide RNA
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Fig. 3. Evolution and structure of Cas9. The structure of S. pyogenes Cas9 in the unliganded and RNA-DNA-bound
forms [from (77, 81)].

Emmanuelle Charpentier Doudna& Charpentier(2014)Science



sgRNA
binding to
Cas9

Matching DNA £ CR.4 PAM
target sequence - =) sequence

CRISPR-Cas9 development CRISPR-Cas9 applicati%g

B— DNA deletion B Biological research

B=— DNA insertion B Research and development
B— DNA replacement B— Human medicine

B~ DNA modification B~ Biotechnology

B— DNA labeling B— Agriculture

B— Transcription modulation ...

B— RNA targeting




CRISPR-Cas9 tools & Animal Models

Deletions , Inversions , Disruptions , Editions, Knockins



We use the Tyrosinase gene ( Tyr) in mice as experimental
model to study mammal i an gene
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The non -coding genome

DNA coding sequences represent 2% genome
DNA non -coding sequences represent 98% genome

M coding sequences

B non-coding sequences

DNA repetitive elements, mobile elements and
DNA requlatory elements




The known DNA regulatory elements at the mouse  Tyr locus
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Deleting mouse Tyr intergenic regions is challenging
due to the presence of repetitive DNA elements

301 NS 501 NS



