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Las roturas de doble cadena producen incrementos de ordenes de
magnitud en la eficacia de gene targeting. Pudiendo también generar
mutaciones del tipo insercion/delecion
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El mecanismo CRISPR/cas9
es un sistema de defensa
contra la invasion por fagos y
plasmidos

En el sistema CRISPR tipo II,
un “trans-activating CRISPR
RNA™ (tracrRNA) hibrida con
las repeticiones directas,
formando RNA duplex que es
cortado y procesado por una
RNase Il endogena
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La endonucleasa Cas9 es guiada a su diana (“protospacer’, azul) por una
molécula guia unica que puede sustituir al RNA duplex que actua de forma

natural. La guia contiene una secuencia de 20 nt (verde) complementaria de

la diana. El “Protospacer associated motif” (PAM, rojo) es esencial para la

union inicial de la proteina y se situa 3’ del “protospacer”.

Cas9
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El complejo Cas9-crRNAtracrRNA se asocia en primer lugar con las
secuencias PAM a lo largo del genoma, permitiendo a Cas9 iniciar la

desnaturalizacion del DNA. *

La union a PAM y a Ia,
secuencia Diana dispara la
actividad nucleasa de
Cas9, activando los
dominios HNH y RuvC.

La actividad  off-target 5
afecta de forma diferencial 3

a la wunion y actividad
nucleasa del sistema. En
cualgquier caso es un
problema del sistema que
debera ser corregido o
aliviado
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Cas9 puede modificarse para
derivar 2 nickasas diferentes

La sustitucion de la nucleasa por
2 nickasas disminuye los efectos
off-target

El sistema puede ser muy simple
para la transformacion celular
También es posible inyectar los
componentes (proteina + RNA)
en zigotos para la produccion de
animales transgénicos

O transformar tejidos mediante
vectores virales

Screening genome-wide también
son posibles

a |. variantes de Cas9 sin
actividad nucleasa permiten otras
aplicaciones
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Genética Reversa IV. Genome
Engineering: Un ejemplo

En este trabajo los autores se proponen 3 objetivos muy
ambiciosos:

1. Generar mutaciones en 5 loci gendmicos, individual- o
simultaneamente

2. Editar un gen para modificar una actividad enzimatica

3. Integrar un transgén en una localizacion especifica

Plantphysiol
Volume 169(2):931-945
September 28, 2015

©2015 by American Society of Plant Biologists



Five genomic locations, LIG upstream of the LIG1 gene (A), coding regions of male fertility
genes MS26 (B) and MS45 (C), and two ALS genes (ALS1 and ALS2; D), targeted for cleavage

using Cas9-gRNA and meganuclease systems.
A

LIG LIG-CR2

LIG-CRI1 c
LIG3:4 MN

TGGGAATTGTACCGTACGTGCCCCGGCGGAGGATATATATACCTCACACGTACGCGTACGCGTA
ACCCTTMCATGGCATGCACGGGGCCGCCTCCTATATATATGGAGTGTGCATGCGCATGCGCAT

LIG-CR3

Ems26 MN
MS26 MS26-CR3

GGCCGGCGGGATGGTGACGTACGTGCCCTACTCGATGGGGCGGATGGAGTACAACTGGGG
CCGGCCGCCCTACCACTGCATGCACGGGATGAGCTACCCCGCCTACCTCATGTTGACCCC

MS26-CR2 MS26-CR1

MS45-CRI
MS45 MS45-CR2

CCTCAGTCCGCTGGCCGAGGTCGACTACCGGCCGGTGAAGCACGAGCTCGCGCCGTACG
GGAGTCAGGCGACCGGCTCCAGCTGATGGCCGGCCACTTCGTGCTCGAGCGCGGCATGC

MS45-CR3

D
ALSI1 and ALS2 ALS-CR2

CGATTCCGTCCCCATGGTCGCCATCACGGGACAGGTGCCGCGACGCATGATTGGCACCGA
GCTAAGGCAGGGGTACCAGCGGTAGTGCCCTGTCCACGGCGCTGCGTACTAACCGTGGCT

ALS-CRI

ALS-CR3
Sergei Svitashev et al. Plant Physiol. 2015;169:931-945

©2015 by American Society of Plant Biologists
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1. Generar mutaciones en 5 loci genémicos, individual- o

simultaneamente. Experimentos preliminares en

Table 1. Percentage of at five different target sites

Target and DSB Reagents

LIG (chromosome 2)
LIG3:4 meganuclease
LIG-CR1 gRNA + Cas9
LIG-CR2 gRNA + Cas9
LIG-CR3 gRNA + Cas9

MS26 (chromosome 1)
Ems26 meganuclease
MS26-CR1 gRNA + Cas9
MS26-CR2 gRNA + Cas9
MS26-CR3 gRNA + Cas9

MS45 (chromosome 9)
MS45-CR1 gRNA + Cas9
MS45-CR2 gRNA + Cas9
MS45-CR3 gRNA + Cas9

ALST (chromosome 4) and ALS2 (chromosome 5
ALS-CRT gRNA + Cas9
ALS-CR2 gRNA + Cas9
ALS-CR3 gRNA + Cas9

Controls

Cas9 only
LIG-CRT gRNA only

7 d posttransformation

Total Reads

616.536
716,854
711,047

713,183

512,784
75,671
43,856

538,141

812,644
785,183

728,023

434,452
472,351
497,786

640,063
646,774

No.

Mutant Target Gene Reads

1,211
33,050
16,675

27,959

642
10,073
16,930

13,879

3,795
14,704
9,203

,66Y
O, :n:

QCcac
O,05D

“transitoria”

Mutant Reads in Target Gene

0.20
4.61
35

3.92

0.00
0.00

©2015 by American Society of Plant Biologists



Genética Reversa IV. Genome
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1. Generar mutaciones en 5 loci genémicos, individual- o
simultaneamente. Experimentos preliminares en “transitoria”
y “multiplexing”

Table Il. Read counts and percentage of mutant reads at maize target sites in multiplexed Cas9-gRNA experiments 7 d posttranstormation

Target Site and Cotransformed gRNAs Total Reads Mutant Target Gene Reads Mutant Reads in Target Gene
No
LIGCas3
LIGCas3 645,107 12,631 1.96
LIGCas3 and MS26Cas2 579,992 10,348 1.78
LIGCas3, MS26Cas2, and MS45Cas2 648,901 12,094 1.86
MS26Cas2
MS26Cas2 699,154 17,247 2.47
MS26Cas2, LIGCas3 717,158 10,256 1.43
MS26Cas2 and MS45Cas2 613,431 9,931 1.62
MS26Cas2, MS45Cas2, and LIGCas3 471,890 7,311 55
MS45Cas2
MS45Cas?2 503,423 10,034 1.99
MS45Cas2 and MS26Cas2 480,178 8,008 .67
MS45Cas2, MS26Cas2, and LIGCas3 416,711 7,190 1.73

©2015 by American Society of Plant Biologists
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1. Generar mutaciones en 5 loci genémicos, individual- o
simultdneamente. Mutaciones encontradas en plantas TO.

Table 11l. Mutation an. naize target sites in multiplexed experiments

Null indicates that
deletion; Ins, insertion; mut,

are mutated; het indicates that one allele is mutated and the other allele is the wild type. TS, Target site; Del,
mutation

Stable
Target Sites and TO Plant  gPCR Results LIG3/4 TS M526 TS5 M545 TS Integration
Allele 1 Allele 2 Allele 1 Allele 2 Allele 1 Allele 2 Cas9 gRNA

LIGCas3/MS26Cas2

1 Null/null I-bp Del  2-bp Del + 1-bp ins 1-bp Ins(A) 19-bp Del Yes  Yes

2 Null/null 1-bp Ins (T) 1-bp Del I-bp Ins(A) 1-bp Ins (G Yes  Yes
MS26Cas2/MS45Cas2

) Het/null 1-bp Ins (C} Wild type 2-bp Del  65-bp Del Yes No
LIGCas3/MS26Cas2/

MS545Cas2

4 Null/null/null 1-bp Ins (T) Large mut® I-bp Ins (T} 1-bp Del 15-bp Del Large mut® Yes Yes

) Het/null/null  1-bp Ins (T) Wild type I-bp Ins (A} 1-bp Ins (G) 1-bp Ins (T) Large mut® No No

"Because of the size and nature of the mutation (likely the transformation vector insertion), it could not be resolved by the methods used in the

analysis.

©2015 by American Society of Plant Biologists
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2. Editar un gen para modificar una actividad enzimatica

Los herbicidas basados en sulfonil-urea eliminan la sintesis
de aminoacidos ramificados en plantas porque inhiben la
enzima acetolactato synthasa (ALS).

La resistencia a uno de estos herbicidas (clorosulfuron) se
deben a un cambio Pro>Ser en la enzima

De las dos copias presentes en maiz, los autores pretenden
modificar ALS2
Plantphysiol

Volume 169(2):931-945
September 28, 2015

©2015 by American Society of Plant Biologists



Editing ALS2 to confer resistance to chlorsulfuron.

A ALS-CR4 PAM PAM

ALS2: GCGCTGCTCGATTCCGTCCCCATGHTCGCCATCACGGGACAGGTGCCHCGACGCATGATTGGCACCGACG
ALS1: GCGTTGCTCGACTCCGTCCCCATTETCGCCATCACGGGACAGGTECCEHCGACGCATGATTGGCACCGACG

ALS-CR1
B
Target Site | Total Reads | Mutant reads (ALS1) Mutant reads (ALS2)
ALSCas-1 204,230 2704 (1.3%) 5072 (2.5%)
ALSCas-4 120,766 40 (0.03%) 3294 (2.7%)

Sergei Svitashev et al. Plant Physiol. 2015;169:931-945

©2015 by American Society of Plant Biologists



Editing ALS2 to confer resistance to chlorsulfuron.

C
ALS-CR4 TS PAM T

ALS1 (genomic) GCGCTGCTCGATTCCGTCCCCAI'GGIICGCCATCACGGGACAGGTGCCGCGACGC
AL L D s Vv pMV A I TG Q V|(P|R R

Oligol GCGTTGCTCGACTCCGTCCCCATTGTCGCCATCACGGGACAGGTGTCGCGACGC
AL L DSV PTI VATITTGTUOQ V|[S R R
0ligo2 GCGITGCTGGACTCCGTGCCGATGGTCGCCATCACGGGACAGGTGTCCCGACGC

A L L DSV PMVATITGOQ V[ S R R

D

DONOR DNA

DNA vector containing

794 repair template ss Oligo 1 | ss Oligo 2

Embryos bombarded 1000 1000 1000

ALS2 edited events
recovered

Sergei Svitashev et al. Plant Physiol. 2015;169:931-945

©2015 by American Society of Plant Biologists



T1 maize plants with edited ALS2 allele (left) and the wild type (right) tested for resistance to
chlorsulfuron.

Sergei Svitashev et al. Plant Physiol. 2015;169:931-945

©2015 by American Society of Plant Biologists
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3. Integrar un transgén en una localizacion especifica (aguas
arriba del locus LIG1)

Hindl“ Long.PCR-Fl Hind“l
Long-PCR-F2 g
— sl jPCR-F2
¢ jPCR-F1 » ¢
—
‘ Homology arm = UBI:MoPAT = Homology arm _
jPC5-R2
jPCR-R1 MOoPAT probe Long-PCR-R2

< L

genomic probe Long-PCR-R1 genomic probe
Table V. Summary ot gene integration at LIG target site
N r | Events Mutation Frequency Two Junction
systenmvexperiment ; 3 Sors ¥
f Analyzed LIG Target Site PCR-Positive Events
No % No. (%
LIG3:4 meganuclease + donor DNA, separate vectors, and particle bombardment 288 6 2 (0.7)
LIG-CR3 gRNA + CasY + donor DNA, three separate vectors, and particle 480 83 11 (2.5)
bombardment
LIG-CR3 gRNA + Cas9 + donor DNA, all in a single vector, and particle 136 86 14 (4.1)
bombardment
LIG-CR3 gRNA + Cas9 + donor DNA and A. tumefaciens-mediated delivery 192 84 ()

©2015 by American Society of Plant Biologists



Gene integration at LIG locus.
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