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Importancia y situacion del cultivo de
arroz

* El arroz es el principal cereal de consumo para 3 500 millones de personas alrededor del
mundo.

* El comercio mundial para 2020-2021 se estimo en 48 millones de tm, y para 2021/2022 se
pronostica un consumo per capita de 54.2 Kg (CONARROZ 2021).

* En Costa Rica para el periodo 2020/2021 la produccion nacional fue de 152 721 toneladas
meétricas de arroz con un consumo per capita que ronda los 47 kg, valores que revelan
la importancia de este cereal en la dieta de los costarricense convirtiéndolo en un elemento
fundamental de la seguridad alimentaria y el cual puede recibir los efectos adversos del cambio
climatico (CONARROZ 2021). -
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La productividad de los cultivos (entre ellos el arroz) se ve afectada por alta salinidad, sequia,
frio y altas temperaturas.

A. Hernandesz-Soto et al. Current Plant Biology 27 (202]) 100211
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Fig. 1. Representation of biotic and abiotic stress factors that affect rice production. Created with BioRender.com.

Hernandez-Soto et al. (2021). Current Plant Biology. 27:1-15. https://doi.org/10.1016/L&
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¢Cual es la problematica?

®* Afectan la supervivencia, la biomasa, la produccion y el rendimiento de los cultivos alimentarios
basicos y constituyen una amenaza a la seguridad alimentaria.

®* En el mundo mas de 80 millones de hectareas de las tierras irrigadas (que representan el 40% del total
del area terrestre) han sido afectadas por la sal (Xiong y Zhu 2001).

® El area bajo estrés salino aumenta debido a factores como el cambio climatico, el aumento del nivel
del mar y el riego excesivo sin drenaje adecuado.

* ¢Como conferir tolerancia/resistencia a la salinidad y sequia al arroz?
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Hernandez-Soto et al. (2021). Current Plant Biology. 27:1-15. https://doi.org/10.1016/j.cpb.2021.100211.
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Fig. 2. Schematic representation of different systems used for breeding rice: natural variability, mutation breeding, tissue culture mutation, and new breeding
techniques. Created with BioRender.com.
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¢Cual es la estrategia?

®* La trehalosa, es un azlcar que protege a las proteinas y las membranas celulares de la
desnaturalizacion causada por una variedad de condiciones de estres biotico (sequia, salinidad).

®* La falta de acumulacion de trehalosa en la mayoria de las especies vegetales se ha atribuido en
parte a la presencia de una trehalasa activa (cataliza la degradacion de trehalosa en
glucosa).

® ¢Como lograr la acumulacion de trehalosa en las plantas?
* Sobreexpresion de los genes T6P y TPS
* Inhibicion de la enzima trehalasa

* En arroz GM: el aumento de la acumulacion de trehalosa mostré un mayor nivel de tolerancia

a la salinidad, sequia y a baja temperatura, en comparacion con las plantas no transformadas
genéticamente (Garg et al. 2002).
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Nuestro proyecto en Costa Rica

.

Trehalase gene
editing for drought
and salinity
resistance

Genome

Communicating
gene editing

editing in
rice

:SABIAS QUE SIN LA BIOTECNOLOGIA
NOS PODRIAMOS QUEDAR ?
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Regulation
framework in
Latin America

El cambio climatico te puede afectar de formas inimaginables.
Pero gracias a la Biotecnologia podemos crear plantas resistentes a
cambios como la
iy pronto el arroz no sera una excepcion!

Public
perception

PROYECTO DE EDICION DEL GENOMA DE ARROZ: ALTERNATIVA P
CONTRISUIR A LA MTTICACION BET CAMBIO CLIMATICO Y UXA CONTRIB mvcion
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Cultivo /n vitro

Seleccion 2 en Hg Regeneracion Enraizamiento

subsp. japonica
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Cultivo /n vitro

60 seconds immersion
CR5272 CR1821

1.4 % greening area ' 8.5% greening area

14.5% greening area
Area= 6 415cm? Total= 44 018 cm? Area= 176 cm2 Total= 1 2090 cm?2 Area=1416cm2 Total=17077 ¢
720 seconds immersion

CR18217 CR171713

23% greening area 6 % greening area 6% greening area

Control
CR5272 CR1827 CR1113

subsp. indica

Hernandez-Soto (2022) https://doi.org/10.3390/Plants11030375
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Transfromacion genética

Control

Agrobacterium tumefaciensl

Biobalistical

Aguilar-Bartels et al. (2021) Agron. Mesoam. 32(3):764-778
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Edicion trehalasa en Nipponbare

RNAg1 RNAg2
50 v 100 1508 200 250 300 350 400 450 500 1
1 : 563

H E 200 400
~ Domains & sites : :
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Binding site E |E 1 11 1 | |
Active site E H ® ®
» Molecule processing
» Proteomics - i E -

l I 200 400

Hptll E9 Ubit int NOST U60sC4P FL:GEI RNAg Scaffold U60sCAT

35s: Promoter 35S Ubit int: ubiquitin promoter. U60sC4P: U60s promotor
Hptt: Hygromycin Cas9wt: Cas9 RNAg: binding site
Phosphotransferase (Aptll) 9 9
Gene RNAg Scaffold

. NOST: Nos terminator.
E9: Rbcs-E9 terminator. e e taem

| Unpublished
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Edicion trehalasa en Nipponbare

Trehalase-sgRMA1: GCCTCCATCTCGCCCCTOGAC GG
Trehalase-sgRMAZ: GACTTCGAGCGCGACCCCCCCGSE

Os10gl521000

ATE  Ewon 1 Explant Preculture Callus Induction Sedection |

l—_—-—ll—l——>

Tal‘oal 10 B-COGTCGAGGGGUGAGATGGAGGE-3
Target : S-GACTTCGAGCGELEACCCCCOOGE-F

Figure 1. Sequence of the target site in the first exon of rehalase gens :
Selection Il Plant Regenefanon Rooting

Figure 3. Agrobacteri diated rice
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icion trehalasa en Nipponbare

A) PAM Target 1 Target 2 PAM
GGCG[CCE TCG:AGGGGCGAGATGGAGGCCTACATCTCGAGGTA/ ... /CCCGCCG GACTTCGAGCGCGACCCICCCEGGGTTCCT

T(}17 GGCG CCG TC -} - GGGGCGAGATGGAGGCCTACATCTCGAGGTA/.../CCCGCCG GACTTCGAGCGCGACCCH CCC CGG GTTCCT [ 'GA | p-M1_E98del
GGCG CCG TCG AAGGGG( GAGATGGAGGCCTACATCTCGAGGTA/.../CCCGCCG GACTTCGAGCGCGACCC CCC CGG GTTCCT L +A |p-M1_E98del

-GA | p.M1_g98del

[To-10 GGCG ccG TC -
g o [-ccc| p.128delP

-GGGGCGAGATGGAGGCCTACATCTCGAGGTA/ ... /CCCGCCG GACTTCGAGCGCGACC - : -CC CGG GTTCCT l
| GGCG ccG TCG:AGGGGCGAGATGGAGGCCTACATCTCGAGGTA/ ./CCCGCCG GACTTCGAGCGCGAC - - CCC CGG GTTCCT| -CC | p.M1_203Kdel, N-Terminal, binding site

T0-6 =
' GGCG CCG TCG! AGCGGCGAG/\TGGAGGCCTACATCTCGAGGTA/ . /CCCGCCG GACTTGGAGCGCGA - - -1 CCC CGG GTTCCT -CCC| P.F123L  p.128delP

AGGGGCGAGATGGAGGCCTACATCTCGAGGTA/ ... /CCCGCCG GACTTCGAGCGCGAC - - éCCC CGG GTTCCT | -CC ] p-M1_203Kdel, N-Terminal, binding site

GGCG CCG TC
L] AGGGGCGAGATGGAGGCCTACATCTCGAGGTA/ ... /CCCGCCG GACTTCGAGCGCGA - --:CCC CGG GTTCCT | -CCC| p.128delP

=21 eece ceca TC

T0-11] GGCG CCG TCG | { AGGGGCGAGATGGAGGCCTACATCTCGAGGTAY/ ... /CCCGCCG GACTTCGAGCGCGAC - -1 cCC €66 GTTCCT [ -CC |p.M1_203Kdel, N-Terminal, binding site
GGCG CCG TCG | A(‘ 5GGCGAGATGGAGGCCTACATCTCGAGGTA/ ... /CCCGCCG GACTTCGAGCGCGA - --i CCC CGG GTTCCT [-CCC |p.128delP

70_19 GGCG CCG TCG : AG( GGCGAGATGGAGGCCTACATCTCGAGGTA/ ... /CCCGCCG GACTTCGAGCGCGAC --: CCC CGG GTTCCT | -CC "p.M1_203KdeL N-Terminal, binding site
GGCG CCG TCG : AG(‘C‘(;{‘(‘AGAf(;(:AG\:CCTACATCTCGAGGTA/ . /CCCGCCG GACTTCGAGCGCGA - -+ CCC CGG GTTCCT | -CCC |p.128delP

B) Table 1. Percentage of survival of OsTre1Mutants to 200mM NacCl

Control 200mM NacCl Tolerance

T1-17 86,0 (1/7) 86,0 (1/7) High
T1-10 88,8 (1/9) 80,0 (2/10) Medium
T1-6 88,2 (2/17) 83,3 (3/18) Medium
T1-3 77,7 (2/9) 70,0 (3/10) Low
T1-11 100,0 (0/4) 50,0 (2/4) Low
T1-19 81,8 (2/11) 62,5 (3/8) Low

WT 71,4 (2/7) 40,0 (6/10) Null

Unpublished

)
13 Allanz LJ

Bioversity & CIAT CGIAR



AL 4 Conferencia
CONFERENCIA Internacional de Pyricularia
INTERNACIONAL DE AR Ro z #“s‘fgcﬁééﬂm (/ y  enArrozyTrigo

FQV W innovacion para alimentar al mundo
Edicion genética in planta

Panama. 10 al 14 da iunin de 2074

Eficiencia de edicidon
(4/17) = 23,5%

(4/96) = 4,2%

*’7 949 959 269 979 9¢

ETTFCCAGTGAACTGACCATEGERGCCCEGEGIEIGATAAGGAAGTELIGCGAT
OsTRE LOC4349141 CDS
C720-2  =FTCCAGTGAAATGACCATTGTTGCCCTGTGTTTGATAAGGAAGTTGCGAT-

C720-38 =FTCCAGTGAACTGACCATTGTITGCCCTGTGTTTGATAAGGAAGTTGCGAT-

C720-64 - 7%
7 o 4 e TTCCAGTGAAC TGACEAT TG TTGCEETGTGITTTGATAA  AAGTTGCGAT -

(720111 =FTCCAGTGAACTGACCATTGTTGCCCTGTGTTTGATAAGGAAGTTGCGAC -

Control =FTCcCAGTGAACTGACCATTGTTGCCCTGT ITTTGATAAGGAAGT TGCGAT -
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Edicion genética in planta

C720-38

v
5’-TTATCAAA | CACAGGGCAACAATGGTCAGTTCACTGGAAGAGC-3"  OsTRE1

5’-TTATCAAA | CACAGGGCCTACAATGGTCAGTTCACTGGAAGAGC -3"  OsTRE1 1387A>Cy OsTRE1 1387 _1388insT

TTATCAAACACAGGGCAACAATGGTCAGTTCACTGGAAGAGCA

* Mutacion Heterocigota
* PlantaQuimeérica
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Percepcion de la edicion genética: Costa Rica

Table 2
What is your level of agreement with GE being used for the following?
Scenario Against Neither in favor of, nor In favor of I don’t know/choose not to
(%0 against (%) (%a) respond (%)
To produce climate proof food 23 2 67 8
To save animal species in danger of going extinect 14 0.6 77 8
To eliminate mosquitoes as disease vectors 10 1 a2 8
To reduce the use of fertilizers in agriculture 11 2 79 9
To create animal species with different characteristics 67 3 22 9
To prevent birth defects 16 1 74 9
To produce food resistant to pests 14 0.6 77 9
To cure diseases in animals 7 2 83 9
To eliminate antibiotic resistant diseases 6 0.7 84 9
To produce food with a better nutritional profile 12 1 78 9
To solicit babies with specific characteristics like gender, eye 72 0.7 18 9
colour, intelligence, etc.

Note: Against = Very against + Against; In favor of = In favor of + Very in favor of.

Macall et al (2023) https://doi.org/10.1016/j.heliyon.2023.e19173
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Percepcion de la edicion genética: Costa Rica

Table 3
Expected benefits once GE is available in Costa Rica.
Expected benefit Against (%) Neither in favor of, nor against (%) In favor of (%) I don't know/choose not to respond (%)
Agricultural productivity will increase 14 3 68 15
Will benefit animals in the country 14.3 3 68 15
It will improve the health of Costa Ricans 15 3 68 14
The nutritional profile of food will increase 13 4 70 14
Note: Against = Very against + Against; In favor of = In favor of + Very in favor of.
Table 4
Perception of potential risks of GE by Costa Rican consumers.
Potential risk None (%) Low (%40) Medium (%) High (%) Don't know,/No answer (%)
Risk of harming animal quality of life 19 37 4 24 16
Risk of producing environmental damage 19 4 4 25 16
Risk of agricultural products harming human health 19 35 3 28 16
Risk of negative effects on descendants 18 36 3 27 18

Macall et al (2023) https://doi.org/10.1016/j.heliyon.2023.e19173
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Percepcion de la edicion genética: Costa Rica

Table 5
Scenario under which Costa Ricans would consume GE rice or beans.
Scenario Yes No Don't know,/No answer
If they were available in the country 52 38 10
If the price was the same to conventional rice or beans 65 26 9
If the nutritional value was better than conventional rice or beans 70 21 9

Macall et al (2023) https://doi.org/10.1016/j.heliyon.2023.e19173
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Foro “Edicion de Genomas en Cultivos Tropicales: Foro «Biotecnologia y su importancia para
perspectivas para paises en desarrollo” (julio Costa Rica» (marzo, 2018)
2017).

Foro “Nuevas biotecnologias (CRISPR/Cas9): perspectivas CUrso teorico: «Introduccion a la edicion de

para la agricultura y la salud en Costa Rica (julio, 2018) genomas mediante la. tecnologia
CRISPR/Cas9» (julio, 2018)
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Universidad de Costa Rica Ao
Centro de Investigacion en Biologia Celular y Molecular
Escuela de Biologia

iMuchas gracias por su atencion!

Por favor agradecemos su ayuda a participar en encuesta sobre edicion de genomas

Dr. Andrés M. Gatica Arias
andres.qatica@ucr.ac.cr
Red Latinoamericana
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