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ELS DESAFIAMENTS DE L 'AGRICULTURA

 Augmentar el rendiment de les collites utilizant
menys recursos i protegint la Biodiversitat.

* Aconseguir la Seguretat Alimentaria per mitja
d una agricultura sostenible.



és un proceés continu que ha
anat augmentant la seua velocitat i precisio des de fa deu mil
anys.

Hem seleccionat mutacions favorables produides de
forma natural o induides per substancies quimiques o per
radiacions.

Al llarg del segle XX es generalitza | 'encreuament sexual de
linies pures per aprofitar el vigor hibrid o heterosi.

Al 1982 s’obté la primera planta transgenica

Al 2012 comenca de plantes



To increase variability
Man has been using
physical and chemical
mutagenic agents besides
taking advantage of
spontaneous mutations.

. S
‘ ) nsmen W

B ) TOMATOES
ALY
a A . S

Fotografia
Rafael Ferndndez
CSIC




Les collites actuals son el resultat d’un llarg
proces de domesticacio i millora.

Comparar el fruit de la varietat silvestre
amb el d’'un tomaquet actual

Inicialment la domesticacio va perseguir | augment de la
mida del fruit.
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Enginyer genétic a la natura Transformacio Genetica de plantes
mediada per Agrobacterium.

Agrobacterium alberga un plasmidi

Agrobacterium tumefaciens Plant cel gue porta tant gens de virulencia
com unaregio de I’ADN que es

pot transferir al genomade la

planta

Vir genes

Es poden introduir gens interesants

. per ala millora de les plantes al

T-DNA : T_DNA .

Ti-plasmid

B e T-comple N o Les cel-lules ferides de les plantes
protein TONA produeixen compostos fenolics que
activan |” expressio dels gens vir

d"Agrobacterium. Les proteines VIR

processen el T-DNA.

Bacterial | Agrobacterium fa la transferéncia
Transport channe Nucleus del T-DNA ala cél-lula de la planta.
il Diverses proteines VIR formen un
complex capac de dirigir el T-DNA al
nucli cel-lular vegetal.

Chloroplast




PRIMERA GENERACIO DE CULTIUS
TRANSGENICS.

Plantes resistents a | atac d’insectes.
Plantes tolerants a | 'accio d herbicides.

Plantes resistents a | 'atac d” insectes i tolerants a
"accio d herbicides.




ew FPlant Breeding Techniques

* Genome editing and modification:
* Oligo-directed mutagenesis (ODM)
e Site directed nucleases (SDN)

Plant breeders can introduce a single point mutation
or a new DNA sequence at a specific location in the
genome in contrast to conventional mutagenesis.



Les eines de | edicio genética CRISPR/Cas9
tallen I’ADN en llocs precisos del genoma.
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How CRISPR

works

o The Cas9 protein
forms a complex with
guide RNA in a cell

a matching genomic DNA
sequence adjacent to a spacer
(yellow segment)

s

complex cuts the F— 1

double strands Of  hkkkkbbbbbkkbeeitt ' WARLLLLLLLL

the DNA Programmed DNA

o Programmed DNA may fi— 1t
beinserted at the CUl bbbk | bk

Credit: MRS Bulletin

Francis M. Mojica de |la Uni d’Alacant
descobridor de CRISPR



ETAPES DE L’EDITAT DE GENS AMB CRISPR/Cas9

El sgRNA porta una sequencia guia de 20 nucleotids ( )
complementaria al gen diana.

La proteina Cas9 reconeix una sequencia de tres nucleotids PAM (en
groc) i tallala doble cadena de DNA.

Si lareparacio es produeix amb insercions o delecions s’inactiva
al gen. Si utilitzem un motlle podem dirigir la mutacio.




La tecnologia CRISPR/Cas9 permet editar diversos
gens simultaniament per inactivacio, per
per activacio

e

Fig. 1 Ediding of Cis-regulaoorny slermmeents o e germesramian of dio sy
effect alled=c In Conrast o o Dhomal edivimeg of codlimg seuesmeres,
edditimg of disregulatony slerments enables the fire—tunineg towsaros
optirmal Qe emrression keeesl Fed coloasr imdicares repressiaes, gneen
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DISPOSAR DE PLANTES MES
PRODUCTIVES | PRESERVAR LA
BIODIVERSITAT:



Sistema TAZ29-Barnasa/Barstar
Sistema ENDJ1-Barnasa/Barstar

Parental androestéril Parental fértil

Antera
estéril

Antera
fertil

Barnasa
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ANDROESTERILITAT

Requeriments per |” ablacio cel-lular

PROMOTOR ESPECIFIC GEN CITOTOXIC
Tabac: TA29, TA56 Proteases
A9, APG Lipases
Tomaquet: LAT51,LAT56 RNases: barnasai RNasa T1
Pesol: END1 Toxines: DTA | exotoxina A

RNAs d’interferencia

GenesrolA,BiC



Restauracio de la fertilitat per mitja de
|"encreuament amb
plantes transgeniques pEND1::barstar

WT PEND1::barnasa PEND1:: barnasa / pEND1::barstar

ACORD EXPLOTACIO AMB PBL UK | ASSAIGS EN SYNGENTA



“Biologiay Biotecnologia del Desarrollo Reproductivo”

THE USE OF GENETIC ™

ENGINEERING TO a8 ?\ | b
PRODUCE <= 210N |Cp
CROPS WITH HIGHER Instituto de Biologia Molecular
YIELDS y Celular de Plantas

Androesterilidady partenccarpiaen tomate mediante Ingeniena Genética Promotor especifico
depolen



L’androesterilitat induceix la formacio de fruits
sense llavors (parthenocarpics) en el tomaquet.

Tomaquet cv. Micro-Tom

Les plantes de tomaquet androesterils Q .

son capaces de quallar fruits - PsENDI:barnasa
Independentment de les oscil-lacions
de temperatura dia/nit que sén un
factor critic per a la fertilitzacid i el
guallat dels fruits en les plantes de
tomaquet.

PsEND1

Roque E, Ellul P, Gbmez MD, Maduefio F, Beltran JP, Cafas LA.

2004. Oficina Espafiola de Patentes y Marcas P200401761.
CSIC. PCT/ES2005/070102.

Cv. Moneymaker




COLLITES RESISTENTS A L'ATAC PER PLAGUES

Tuta absoluta




Lesions causades per [uia absoluta en
fulles i fruits de tomaquet
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. Expressar en tomaquet.<3% dos gens que codifiquen inhibidors
d’enzims digestius, una cisteina-proteasa CPIl i una serina-proteasa CMe
aillats d’ordi gm ‘per dificultar la digestié de Tuta absoluta

Les larves de Tuta
absoluta alimentades amb plantes
transgeniques CMe-CPIl mostren
una reduccio del pes.

Tan sols el arriba a I'edat
adulta | presenten malformacions.

CMe-CP1.3.3 CP1.2.4.5 CMe. 2.1







és un depredador de Tuta absoluta
utilitzat en estrategies de control biologic.

Encara que les plantes transgeniques de tomaquet CMe-
CPl atreuen a , tot 1 aixo no afecten el

seu desenvolupament.

Pot ser factible utilitzar una estrategia de lluita
contraTuta absoluta que combini al mateix temps
|"'us de transgenics i el control biologic.



Institute
de Biologia
Molecular
Y Celular

de Plantas

Modifican tomates para
que sean mas resistentes
a las plagas




Tecnologia CRISPR/Cas9 en fruits

2074 wmaba, alrus

2018 cscasmber, applke, grapes

2017 wakermedonm

2018 Kiwifrul, banana, cacan, Srawbeny,
FEpayR, orearcioeemy

Fig. 2 Timeline of the first apphcation of the custeresd regularky

interspaced short palindrormes repesT-C RS PR-associated (CRISFR-Casd)
SySrern in fruit Ccrops




Argonaute 7 was knocked out resulting in wiry phenotypes; the first leaves of

mutants had leaflets without petioles and subsequently formed leaves lacking
laminae.

. Resistencia al” estres biotic.
1. Resistencia a |'estres abiotic
1. Qualitat de la fruita

V. Domesticatio del tomaquet



Table 2 Current applications of CRISPR-Cas® in fruit crops

Crop species Target genes Target traits
Re-Srsrancs 1o DE0lic siresses
Tomaro CP and Rep of wirus Resistance against wormato yellow leafl owd vines Virosis
Tomato [ w i susceptibility o polato vinus X, tobacod mosaic vines, and tomato
ISR WifUs
Tomato (AR Resistance against dowrny mildew
Tomato MLOT Rasistance against powscery mildesws
Tomato FiRd Resistance against powsdery mildesws diversos fongs
Tomato SohycDBgOF 5770 susceptibility o Fusadum wilt disease fitopat(‘)gens
Tomato MAPKT susceptibility o gray mold disease
Tomato mzr2 Resistance against bacterial speck disease  tacat bacteria
Banana ORF region of vins Resistance against banana streak wvinus
CusCurribesr elF4dE Resistance against cucurmiber vein yaellowing vines, 2ucchini yeliow
mMosalc vinus, and papaya ing spol mosaic vins
Grape MLO7 Resistance against powsdery mildesws
Grape WREYSS? Rasistance against gray mold disease
Cacan MPRT Resistance against Praytophrhom ropicalis
Fapaya EFTCH Resistance against Pratophrhom salmifong
Citrus LOBT promorer Resistance against cirus canker
Apple AT, 2, 4 Resistance against fire blight disease
Resistance to abiolic siresses
Tarmaro B8R Decrease in heal stress olerance .
Tormato CBF? Decrease in chilling stress tolerance estres per Calor’
fred o sequera
Tomato MAPKT Decrease in drowght stress tolerance
Waterrnedon ALS Resistance against harbacide



Fruit quality impeovernent

Tofnato

Tofnato

Tomato
Tomato
Tomato
Tamato
Tamato

Taimato

Tomato
Tomato
Tomato

Tomato

CLV3 ke

PEFT

MYB12

ANT2 {gene insertion)

A

ALC

MPKAD

ANT2 {gene insartion)

GADZ, GAD3

GABA-TPT, GABA-TR2, GARA-TP3, CATS, 55404
8GRI, LCY-E, Ble, LOY-B1, LCY-2
ALMTg

Fruit crop domestication

Tomato

Tomato

AGLE
(AAT

Fruits with increasing kocule numbers mida
Yellow-colored tomatd

Pink-colored [omato
Purple-colored tomat coloracio
Lang-shelf life tomato
Long-shelf life tadmata durada
Repression of ganes contalling sugar metabalism
Incraase in anthocyanin content
Increase in GABA content

augment de

Increase in GABA coniet — metabolits d interés

Increase in topene content
Decrease in malate content

Production of pahenocanpic fruir fruits sense

I
production of pathenocargic frdt.



Table 2 continued

Crop species

Tamato
Tomato
Tamato
Tomato

Tomato

Tomato

Tomato
Cururmiba
Geoundchedry

Kiwilruit

Target genes

ARF7

MEP21

GAl

BOPI, BOPZ, BOF3

56, SPSG, CLV3, WS, GGPI

8¢, OVATE, JMULT, FA3, Cyef

3P5G
WPl
37, SPSG, LV

CEN4, CEN

Target traits

Production of pamhenocanpic fruir
Ganeration of Jointess” fruit stem
Generation of cwarf tomato plants
Early flowering with simplified inflorescences

Iniroduction of traits associated with morphology, flower and fruit
production, and ascorbic ackd synthesis

Inroduction of traits associated with morphology, flower number,
tamato size and number, and hropene syrithesis

Ganeration of koss of day-lengthvsensitive tomato plants

Ganeration of gynoedous plant
Inirodluction of traits associated with morphology, flowes

production, and frulr size

Ganeration of & compact plant with rapad terminal flower and fruit

desvekopment

plantes nanes

augment Vit C

Refs.

117
118
119

floracié primerenca

130
121

112

133
124
125

126

CRISPR-Cas clustered regularly imterspaced short palindramec repeat-CREFS-associated, OAF open reading fame, GABA y-aminobutyric add



Malalties croniques: el potencial de
la medicina preventiva utilitzant
dietes millorades.



Malalties cronigues:

[ Malaltia Cardiovascular (CVD)
M Diabetis

[ Obesitat

[ Cancer

[ Malalties respiratories



Tomé U obtlnguts per Cathle Martin (JIC,
UK) introduint dos gens reguladors de la biosintesi

d"antocianines o :
EIs tomaquets porpratenen proplet‘joxida%.




Els Consumidors europeus | nord-americans prefereixen el
mentre que el tomaquet rosat és mes

popular als paisos d Asia, particularment a la Xina i al Japo.

-Pink trait results from the absence of yellow-colored flavonoid naringenin chalcone

(NarCh) in the peels controlled by the yellow (y) locus encoding SI MYB12 an R2R3-
MYB transcription factor. CRISPR/Cas9 del gen SIMYB12 :

CR-simyb12/TB0O249
HI3-4 #HT-9 #HO-20

TBO249




Spontaneous mutations

Deleccion de 2 Substitucion C > T Insercion de 1 nucledtido  Substitucion A > T
nucledtidos \
— — | I — —

\/

Deleccién de 1163
nucleétidos

CRISPR-mediated mutations

Insercion de 1 Deleccion de 1, 3,40 6
nucledtido \nWs
— — | I | -
Deleccion de 123 Deleccion de 20 nucleotidos
nucleotidos
Traditional tomatoes showing the GF chocolate
colour phenotype: Chocolate lines «a la carte»:

GF1 CRISPR edited “Money Maker”




La planta editada presenta la insercidé d’un nucleotid en la sequiéncia
d’un gen necessari en el procés de formacio del pol-len



- arquitectura compacta i sincronitzacio
maduracid: SP self pruning

- Insensibilitat a fotoperiode: SP5G

- Augment tamany fruit: SICLV3 i SIWUS
- Augment Vit C: SIGGP1

SP
v SP5G

/ SICLV3

‘ Multiplex editing ‘
Wild tomato = Domesticated tomato

Fig. 2 De-novo domestication of tomato by CRISPR/Cas®-mediated multiplex editing. By simultaneously editing four genes involved in plant
architecture (SP), flowering time (SPSG) and fruit size (SICLV3 and SIWUS), Li et al. [57] achieved accelerated domestication of wild tomato. Figure

design according to Li et al. [57] Li et al., 2018 Nature Biotechnology




CONCLUSIO

Gracies als avencos en les tecniques de
seqlenciacio | d'edicio de genomes podriem ser
sobre un futur biotecnologic per
aconseguir la seguretat alimentaria.

Pero per a que aixo sigui possible s hauran de
produir



i () AT soms  [LVO B rLEGE
ee SHTBAMY AUSTRM University of — Foest
université
GREGOR MENDEL WSTITUTE Technology GHENT
OF MOLECULAR PLANT 810LOGY "’B m s § st of e o Tkl =3 BCEITEC UNIVERSITY ¥ UCLouvain
(G_M_M_ NATIONAL INSTITUTE OF BIOLOGY IEO ;:' ’: VNI\)’E[’éITAT VRUE
x @ ,;:"’ DEVALENCIA untanirt UNIVERSITEIT
»f?) CHARLES UNIVERSITY ® enyen ‘“'m‘ & ™ b, ABI B [ BRUSSEL z
- Eesti Maalikool insttutCurie CRG ‘J ﬂ(IT % :'/
(BRI Escoveon Lrwrsiy of Lk S AARHUS o u:t’::hnuln#PAN Estonian
Mendel V UNIVERSITY é@ I EB Kabrube i o Invedony III|III TALUNNA TEH\JIKAULIKOOL 0 Crop Research
en e MAX DELBS ENTER lnStitUte
UnIVCI'Slty .ﬁ UNIVERSITY of TARTU ‘ MDCI ﬁ:l“ll.!ld)lu CENTRE NATIONAL
in Brno == Institute of Technolog\ qu r\:n ’I\F‘: :l'icl‘m Hi "1 UN'VERSITY
m F’QV Q ““m".“m V.uunen:h ‘m&m — OF TURKU
£r Molekulare Pllanzerpryysioogie
o CRHRh EMi @”psc /3 3
i Caech Academy ANCER %
‘ochnische Universitat Minchen Helmrollxlenuum muﬂ(hen Of SCI@NCES odileh M ? NST fhj';: on, ﬁ e (;Q /
: | ) ¢
. . Z Fraunhofg: ' ooy ’ S PS , \w\? 4 1=
B'_ote(hndogy M Cluster of Excallence on Plart Scances @;: ;!;\'?l;(lﬁ.‘.,;:y .v? 5. m NdVA UNIVERSITAT IO 28 PUANTER C A mm::::“h 7

ASSOCIAZIONE
cen"e. fOf @ LUCA COSCIONI
Organismal

Clbn:lol
Studles Ulishoo
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GRACIES per
la seua
atencio




