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ANCESTROS VEGETALES VS VARIEDADES ACTUALES S.WB.I%

LA MODIFICACION GENETICA ES UN CONTINUO

VAR|{-\B||-|DAD MEJORAMIENTO GENETICO
GENETICA

BIOTECNOLOGIA

#
Tlp! Si el ser humano no existiese, tampoco existirian los vegetales actuales
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BIOTECNOLOGIA Y MEJORAMIENTO GENETICO e

L Tip!

En el contexto del mejoramiento genetico, la
biotecnologia ofrece herramientas (transgénicos,
RNA de interferencia, edicion de genes, etc) muy
atractivas para obtener variabilidad y modificaciones
genéticas:

-de forma precisa

-sin afectar otras caracteristicas

-teniendo certeza de qué cambios genéticos ocurrieron
-imitando a las mutaciones espontaneas (en algunos casos)
-en menores tiempos

Protein




TRANSGENICOS Y LOS DESAFIOS CLIMATICOS
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La sformacidn gendtica 3¢ traspasa de especie a especie hasta lograr la caracteristica deseada

Cientifico explica como cred un
maiz resistente a la sequia
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TOLERANCIA A SALINIDAD DR. PATRICIO ARCE
P. UNIVERSIDAD CATOLICA DE CHILE
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e Trigo transgénico
opsuanccsss Freely available online @ PLOS | ONE Trigo no transgénico apto para celiacos

Reduced-Gliadin Wheat Bread: An Alternative to the
Gluten-Free Diet for Consumers Suffering Gluten-Related
Pathologies

Javier Gil-Humanes'*, Fernando Pistén’, Rossana Altamirano-Fortoul?, Ana Real®, Isabel Comino?,
Carolina Sousa?, Cristina M. Rosell?, Francisco Barro'*

1 Instituto de Agricultura Sostenible, CSIC, Cardoba, Spain, 2 Instituto de Agroguimica y Tecnologia de Alimentos, CSIC, Valencia, Spain, 3 Departamento de Microbiologia
y Parasitologia, Facultad de Farmacia, Universidad de Sevilla, Sevilla, Spain
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Critical Reviews in Food Science and Nutrition, 47:335-361 (2007) Taylor & Francis
Copyright © Taylor and Francis Group, LLC T & o, e
ISSN: 1040-8398

DOI: 10.1080/1 040B390600 762696

The Politics and Science Behind GMO
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Los textos pueden ser exagerados o maI interpretados,
falsificados o manipulados y hay que tomarse un tiempo

para contrastar los datos.
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EVALUACION DE RIESGOS DE LOS CULTIVOS TRANSGENICOS 6&!@
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RIESGOS MEDIOAMBIENTALES RIESGOS ECONOMICOS

el e——— g

Dafios a la Biodiversidad Creacion de resistencias Impactos en Polinizacidon cruzada
en Areas protegidas en plagas y malezas insectos beneficiosos y otros riesgos
econémicos

.
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Contaminacion del agua

RIESGOS PARA LA SALUD «Origen *Caracteristicas morfologicas,
«(Caracterizacion molecular fisiologicas y agronomicas
EVALUACION DE LA INOCUIDAD DE LA PROTEINA “NUEVA” *Inserto/copias/integridad «Composicion
sHistoria de uso seguro sEstudios de alimentacion en animales:
*Funcion/especificidad/modo de accion aptitud alimentaria
*Niveles y patrones de expresion *Caracteristicas organolépticas

*Toxicologia/alergenicidad
oHomologia de secuencia
oDigestibilidad
oToxicidad aguda/subcronica

TRANSGENICO CONVENCIONAL PROTEINA
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OoGM
(transgénico)

Incorporar un gen
proveniente de un organismo de otra especie

/

Editar un gen

Producir una proteina que antes no producia

éOGM? \

Modificar proteina

o)
“apagar” un gen % S o1
(dejar de producir

una proteina) \ /

MEJORAR UNA CARACTERISTICA DE LA PLANTA

N
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ORGANISMO GENETICAMENTE MODIFICADO

Organismo vivo que tiene una nueva combinacion de material genético
que ha sido obtenido mediante la aplicacion de la biotecnologia
moderna.

NUEVA COMBINACION DE MATERIAL GENETICO

Insercion estable de uno o mas genes o secuencias de ADN que
codifiguen proteinas, ARN de interferencia, ARN de doble hebra,
péptidos de senalizacion o secuencias regulatorias.
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*PLANT BREEDING INNOVATIONS 5]a]
“NBTs”
Grupo de técnicas que permiten:
1. ODM
. . - 2. SDN(-1,-2,-3
v~ Generar cambios en sitios especificos del 3 Cisge(nia )
genoma (edicion del genoma); 4. Portainjertos GM
5. Agro-infiltration
v~ Silenciar la expresion de genes (apagado 6. RdDM
7. Breeding Reverso
de genes);
_ o Costo Conocimiento
v~ Transferir ADN entre individuos Especificidad
. Tiempo specificida
sexualmente compatibles o no. .
Eficiencia

*En la mayoria de los casos, con el uso de NBTs, los
productos resultantes son indistinguibles de aquellos
obtenidos por  técnicas  “tradicionales” de
mejoramiento genético, o de los mutantes
espontaneos.

l
< Desarrollo
J
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MUTAGENESIS DIRIGIDA POR OLIGONUCLEOTIDOS (ODM) [S.WBh.I.%

RTDS
Rapid Trait Development System

GRON
Gene Repair Oligonucleotide

Efw 1 A Gene Repair
Cligonucieotide (GRON) is xf_ _,l The GRON creates a
paired with the plant DNA ~ mismatch with the plant DNA
b) Targeted edit sequence. The pairing only sequence.
sus Wi occurs at the gene target
3PS - 3Ps region.
Phesphergthioate bend DNA Phosphorothioate bond
(c) ’ Ths plant’s native DNA
Targeted edit - rspmr ENZymes recognize
the mismatch and repair
5'Cy3 - idC

the plant's DNA using the
GRON as a template.

DNA

[ 4 1H-‘c»llcwwns;.\ the repair, the GRON is
removed and the cell digests the

GRON. This is all part of the natural a h f RTD.S is complete and
process of cell division and \ " the targeted gene has
multiplication. been repaired.

*Grupo hidroxilo (-OH) en 5°
Para evitar degradacion y
recombinacion
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ALGUNAS TECNICAS DE EDICION DE GENES
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Chen & Gao 2014. Plant Cell Rep. 33(4):575-83.

Table 1 Comparison of ZFN, TALEN, and CRISPR-mediated gen-
ome engineering
ZFN TALEN CRISPR
Binding Protein-DNA Protein-DNA RNA-
principle DNA
Core ZFA-Fokl fusion TALE-FokI fusion | sgRNA
components protein protein and
Cas9
Work mode Pair Pair No
(pair) o DOBLE HesRa
Design Moderate Easy Very FORANED
easy E ADN
Construction  Difficult Easy Very [1] FoRAneo | [ ]
easy
Time for 5-7 5-7 1-3
construction
(days) | DISRUPCION DEL GEN | | EDICION DEL GEN | | INSERCION DEL GEN |
Cost High Moderate Low
Efficiency Variable High High S DN-1
Off-target rate  High but variable = Low High ) SDN-2
Length of ~ 18- to 24-bp ~50-60 bp ~20 bp
target (including (including
sequence 5-7 bp spacer) 14-18 bp spacer)
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Transcription Activator-Like Effector Nucleases R]a[H

oo Biotechnology }  -Mutaciones en 2 genes de acido graso
desaturasa (FAD2-1Ay FAD2-1B)

doi: 10.1111/pbi. 12201

Plant Biotechnology Joumal (2014) 12, po. 934-940

Improved soybean oil quality by targeted mutagenesis of
the fatty acid desaturase 2 gene family

William Haun', Andrew Coffman’, Benjamin M. Clasen', Zachary L. Demorest', Anita Lowy’, Erin Ray’,
Adam Retterath’, Thomas Stoddard’, Alexandre Juillerat®, Frederic Cedrone®, Luc Mathis’, Daniel F. Voytas'~ and

Feng Zhang'-*

acido oleico (w-9) -> acido linoleico (w-6)

(=]
o
5 -MBB
o o aaBB
§ & -Mbh
aal
) -

N A‘._ET. e

mutant at FADZ" TR aabb seeds hc:rn::zygous mutant at boﬁ'l FAD2 TA
and FADZ-1B. Error bars represent the standard deviation from the mean;
n=3.

*Se ha comprobado que los acidos grasos omega-9 pueden
contribuir a disminuir el riesgo de enfermedades cardiovasculares
y accidentes cerebrovasculares.
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Germinacion a altas temperaturas STal ]

High-Resolution Analysis of the Efficiency,
Heritability, and Editing Outcomes of
CRISPR/Cas9-Induced Modifications of
NCED4 in Lettuce (Lactuca sativa)

Lien D. Bertier,* Mily Ron," Hegiang Huo,*' Kent J. Bradford,* Anne B. Britt,"
and Richard W. Michelmore$?
*Genome Center, 'Department of Plant Biology, *Department of Plant Sciences, Seed Biotechnology Center, and

§Depart111&nts of Plant Sciences, Molecular & Cellular Biology, Medical Microbiology & Immunology, University of
California, Davis, CA 95616

NCED4: Termoinhibicién de la germinacion
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CRISPR/Cas9 en plantas tomate
Tolerancia al calor

Yu et al. BMC Plant Biology (2019) 19:354
httpsy//doi.org/10.1186/512870-019-1939-2

Knockout of SIMAPK3 enhances tolerance
to heat stress involving ROS homeostasis in
tomato plants

Wenging Yu', Liu Wang', Ruirui Zhao', Jiping Sheng?, Shujuan Zhang', Rui Li' and Lin Shen'"

BMC Plant Biology
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Resistencia a oidio e

biotechnology  *La pérdida de la funcién de genes mlo en  *Qidio del trigo causado por

cebada, Arabidopsis y tomate provoca Blumeria graminis f. sp. tritici
resistencia a hongos que producen oidio.

Simultaneous editing of three homoeoalleles in
hexaploid bread wheat confers heritable resistance
to powdery mildew

Yanpeng Wang!3, Xi Cheng??, Qiwei Shan!, Yi Zhang!, Jinxing Liu!, Caixia Gao! & Jin-Long Qiu?

C & d WT tamlo-aabbdd
ﬁ'} G&-bb ..‘;Pb
#  ° ® & @ o
{S-P @.‘5 @‘S’ ﬁ‘@ {3&3 f*ﬁﬁ
WT o W @ 3§ > o

T




CRISPR/Cas9 BiY

www.chilebio.cl

Trigo apto para celiacos elal

Eaieny for
xpeimenial Bickogy

Biotechnology Journal by [ sEs

Explore this journal >
@ Open Access

Research Article

Low-gluten, non-transgenic wheat engineered
with CRISPR/Cas9

Susana Sanchez-Leén, Javier Gil-Humanes =, Carmen V. Ozuna,

Maria J. Giménez, Carolina Sousa, Daniel F. Voytas, Francisco Barro &2

Accepted manuscript online: 18 September 2017  Full publication histary

DOI: 10.1111/pbi.12837  View/save citation

Abstract

Cited by (CrossRef): 0 articles £# Check for updates & Citation teols v

Celiac disease is an autoimmune disorder triggered in genetically predisposed individuals by
the ingestion of gluten proteins from wheat, barley, and rye. The -gliadin gene family of wheat
contains four highly stimulatory peptides, of which the 33-mer is the main immunodominant

a
4,00,000 T oL whe L2 peptide in celiac patients. We designed two sgRNAs to target a conserved region adjacent to the
— 3,50,000 . . T .
E coding sequence for the 33-mer in the -gliadin genes. Twenty-one mutant lines were generated,
F all showing strong reduction in -gliadins. Up to 35 different genes were mutated in one of the
% lines of the 45 different genes identified in the wild type, while immunoreactivity was reduced
by 859%. Transgene-free lines were identified, and no off-target mutations have been detected
in any of the potential targets. The low-gluten, transgene-free wheat lines described here could
BW20E T567 TS573 TS558  TSEL  TS544  TS4A5  TH4E  TS4F TS50 TS53 . 5 5 :
be used to produce low gluten foodstuff and serve as source material to introgress this trait
- +—> > a - o
Plant 14 Plant 12 Plant 10 into elite wheat varieties.
b sgalpha-1 sghlpha-2 >
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Resistencia a enfermedades virales &]alH

MOLECULAR PLANT PATHOLOGY DO 101111 /mpp. 12375

Development of broad virus resistance in non-transgenic
cucumber using CRISPR/Cas9 technology

JEYABHARATHY CHANDRASEKARAN'"t, MARINA BRUMIN' 1, DALIA WOLF?'t, DIANA LEIBMAN',
CHEN KLAP', MALI PEARLSMAN', AMIR SHERMAN?, TZAHI ARAZI* AND AMIT GAL-ON'-*

' Department of Plant Pathology and Weed Research, ARO, Volcani Center, Bet-Dagan 50250, srael Z Y M V

2Dep.a«'rmenr of Vegetable Research, ARO, Volcani Center, Bet-Dagan 50250, Israel

3Deparrmenr of Fruit Tree Sciences, ARO, Volcani Center, Bet-Dagan 50250, Israel

*Department of Ornamental Plants and Agricultural Biotechnology, ARG, Volcani Center, Bet-Dagan 50250, [srael H at-mut H om-mut C o ntrol

*eif4E esencial parala traduccion de proteinas virales in‘”]}iﬂg

Homozygous T3 progeny fol-
lowing Cas9/sgRNA that had been targeted to both eiffe sites
exhibited immunity to Cucumber vein yellowing virus (|pomovi-
rus) infection and resistance to the potyviruses Zucchini yellow
mosaic virus and Papaya ring spot mosaic virus-W.

CVIV PRSV-W

A o &
Het-mut Hom-mut Control Het-mut Hom-mut Control




CRISPR/Cas 9 en tomate
Aumento productividad

n mant

Bypassing Negative Epistasis on Yield
in Tomato Imposed by a Domestication Gene

Sebastian Soyk,-'° Zachary H. Lemmon,’-'° Matan Oved,? Josef Fisher,? Katie L. Liberatore,’-*# Soon Ju Park,*
Anna Goren,® Ke Jiang,'-? Alexis Ramos,® Esther van der Knaap,® Joyce Van Eck,” Dani Zamir,? Yuval Eshed,*
and Zachary B. Lippman®.3.11.*

'Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, USA

2Faculty of Agriculture, Hebrew University of Jerusalem, Rehovot 76100, Israel

3Watson School of Biological Sciences, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, USA

“Division of Biological Sciences and Research Institute for Basic Science, Wonkwang University, Iksan, Jeonbuk 54538, Rep. of Korea
5Department of Plant and Environmental Sciences, Weizmann Institute of Science, Rehovot 76100, Israel

S|nstitute of Plant Breeding, Genetic & Genomics, University of Georgia, Athens, GA 30602, USA

The Boyce Thompson Institute, lthaca, NY 14853, USA

8Present address: Cereal Disease Laboratory, US Department of Agriculture, St. Paul, MN 55108, USA

9Present address: Dow AgroSciences, Indianapolis, IN 46268, USA

10These authors contributed equally

11Lead Contact

*Carraennnrencs linnman@nehl adin

j2%hybrid
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Resistencia a hongo botrytis SlalH]

Biotechnology

Journal

Plant Biotechnology Journal (2018) 16, pp. 844-855 doi: 10.1111/pbi. 12832

CRISPR/Cas9-mediated efficient targeted mutagenesis in
grape in the first generation

Xianhang Wang'-?%, Mingxing Tu'?%, Dejun Wang'-2, Jianwei Liu'?, Yajuan Li'%, Zhi Li'%, Yuejin Wang'-? and
Xiping Wang'-*

'State Key Laboratory of Crop Stress Biology in Arid Areas, College of Horticulture, Northwest A&F University, Yangling, Shaanxi, China
2Key Laboratory of Horticultural Plant Biology and Germplasm Innovation in Northwest China, Ministry of Agriculture, Northwest A&F University, Yangling, Shaanxi,
China

No editada

#42 Editada
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Tolerancia a la sequia 808

Biotechnology

Journal

Plant Biotechnology Journal (2017) 15, po. 207-216 doi: 10.1111/pbi. 12603

ARGOS8 variants generated by CRISPR-Cas9 improve
maize grain yield under field drought stress conditions

Jinrui Shi*, Huirong Gao, Hongyu Wang, H. Renee Lafitte, Rayeann L. Archibald, Meizhu Yang, Salim M. Hakimi,
Hua Mo and Jeffrey E. Habben

Dufant Foneer, fahnstan, B4, LS4

ARGOSS8: Regulador negativo de la respuesta a etileno

G052 promoter swap

CT53 CT52
—f| amGosepro  [[JsumR| s [——

) =

Template DNA | b s BRI
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EL ENFOQUE DE CHILE SOBRE LA EDICION DE GENES ‘S.WBI@

&
< 1. Procedimiento de consulta >
Aplicabilidad Res. 1523/2001

SAG
(Oficina de Biotecnologia)

3.¢éSe ha ‘l'
utilizado 2. ¢Existe una nueva
transgenes + combinacidon de
en el material genético?

proceso?

4. ¢Posee

transgenes el
producto
final?

@
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v Canada
v EEUU

v' Guatemala
v" Honduras
v Colombia
v' Brasil

v' Paraguay
v' Argentina
v' Chile

v' lIsrael

v' Australia
v Japén
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European Scientists Join Forces to Enable Potential of
Genome Editing

14 EU countries call for ‘unified approach’ to gene editing in

plants 100D

By Gerarde Fortuna | ELRACTIV.com ) 24 may 2019

_GIVII i CHLI wyvinar T VO T & & * LIEGE
HSClentlsts call for modermzatlon of EU gene-
lediting legislation

EHM’J Bamnailienl
Mendel /H | . .
Unﬁm.h.i ffj o 1117 research facilities appeal to the newly elected bodies to remove obstacles for breeding
g new plant varieties

o* mm =""P

- : JULY 29, 2019 NEWS - 14 MAY 2019
e macnss —— —m o ininG i it
A Russiajoinsin global gene-editing =
bonanza

Pressure increases for ECJ rule

in agriculture to be reversed A US$1.7-billion programme aims to develop 30 gene-edited plant and animal :

varieties in the next decade.
Europe could lose its compent.'ve Bdg& in sustainable fOOJ PrOUUTTorT If e TU UUES ITOL TEUTTR 115 TUTE UTT BETTUTTIE | ulbur

editing crop p.f::mrs Researchers across .!he EU issue a fresh call for the ban to be lifted WJ gﬂ e Ercheciogy Pators
= RN T 3GP

2 To feed its 1.4 billion, China bets blg on g"enome editing
of crops

By Jon Cohen | Jul. 29,2019, 8:00 AM
s 1wk EEEmST T - —— NEASTEE TESPH DT PIGNTETOTORY

v
s bt

Source: I1ST Austria
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Tolerancia a Caracteristicas Resistencia Resistencia

Calidad Desafios climéaticos agronémicas a enfemedades aplagas
” AR A

| Edicién de genes 3 anos

ejoramiento convencional / 8-12 anos

13 anos
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NEW BREEDING TECHNIQUES (NBTs) E.WP.I%

DETECCION de una modificacidn genética significa que es posible determinar la existencia de un
cambio en el material genético de un organismo (por ejemplo al nivel de ADN a través de la
presencia de una nueva secuencia de ADN) por referencia a un comparador apropiado.

IDENTIFICACION de una modificacidon genética significa que es posible no sélo detectar la
existencia de un cambio en el material genético de un organismo, sino también que es posible
identificar la modificacion genética intencionalmente introducida por una nueva técnica.
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ORGANISMO GENETICAMENTE MODIFICADO

Organismo vivo que tiene una nueva combinacion de material genético
que ha sido obtenido mediante la aplicacion de la biotecnologia
moderna.



CONSIDERACIONES DE BIOSEGURIDAD ‘B.WB."z

Mutaciones naturales = 0

Cruzamientos dirigidos = 0

Cruzamientos interespecificos = 0

Mutaciones inducidas = 0

“Organismos genéticamente modificados” = Sl

Edicion de genomas = ???



LAS EXIGENCIAS DE UN OGM "4

COSTOS COMPARADOS

ANALISIS REGULATORIOS oGM NBT
Caracterizacion molecular del inserto, vector, construccion Sl Sl

Estabilidad genotipica Si NO
Productos expresados y su mecanismo de accidn SI NO
Caracterizacion fenotipica SI SI

Estudios bioinformaticos Sl NO
Caracterizacion del sitio de insercion Sl NO
Niveles de expresion SI NO
Ensayos regulados a acampo SI NO
Analisis composicional SI NO
Caracterizacion agrondmica SI NO

Estrés bidtico y abidtico SI NO
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