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_Embrapa Arroz e Feijdo | Santo Anténio de Goids-GO

Embrapa Agrossilvipastoril | Sinop-MT

Embrapa Pantanal | Corumba-Ms -

.. Embrapa Milho e Sorgo | Sete Lagoas-MG
Embrapa Gado de Leite | Juiz de Fora-MG

Embrapa Gado de Corte | Campo Grande-MS -
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Embrapa Solos | Rio de Janeiro-RJ
Agroindustria de Al | Rio de Janeiro-RJ

Embrapa Florestas | Colombo-PR_

A i ia | é RJ

Embrapa Suinos e Aves | Concérdia-SC ...

Informatica Ag aria | Campinas-SP @ Unidades Ecorregionais
Embrapa Monitoramento por Satélite | Campinas-SpP "
’ Gasth ftorial [ fuls @ Unidades de Produtos
Embrapa Uva e Vinho | Bento Gongalves-RS ... ; 4 . Unidades de Temas Basicos
Embrapa Pecuaria Sudeste | sao Carlos-SP : :
: Embrapa Instrumentacao | sao Carlos-SP @ Unidades de Servico

Embrapa Trigo | Passo Fundo-RS -

Embrapa Pecudria Sul | Bagé-RS -

Embrapa Clima Temperado | Pelotas-RS



https://youtu.be/YrvF4frP7TU
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Harvest Season 2021/22
Bigges tl ought of the last 93 years

Productivity (Ton/ha)
m

Drought
High unpredictability
and high level of
economical damage

Sowed Area

Losses y
R ~24 Million Ton
(US b|II|on) not harvested

(ha x million)

RS 3,300 1,620 -1,680 6,4
SC 3,480 2,880 -600 0,7
PR 3,660 2,040 -1,620 5,7
MS 3,600 2,520 -1,080 3,5

Grain Filing

Source: Embrapa Soybean, 2022
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Soil Structure | Diseases Weed Control | Sowmg Date .
3 ' GE “YRE

So‘jl Fertility Nitrogen Struggle: N Densrt-y# @EN@TYPE

Seed Bank Water Grazing 2] No Tillage

- ;Weed\s . '; Disease/Insect Control

Irrigation

Classical Breeding
GM Plants
GE Plants



Complex Response

Mechanisms
Agrionomic and Physiological

Gas Exchange

ater Translocation

Root system ramifications

Leaves Movement

Flowers and
Legume Abscissior

Photosyntates
Translocation



Plant Responses to Drought

* Drought resistance is a complex

characteristic to express in plants. . . |
Plant-Soill-Atmosphere
* There are many genes and mechanisms Interactions
involved.

Whole Plant Level
N Defenses

Tissue Level
Defenses

Intensity

Duration
Developmental Phase
Other Stresif_gi —_—

Cellular Level
Defenses P raqround

"7 qrs
Genes

Stress Perception

Constitutive
Inducible Genes




Strategies for the drought mitigation in soybean
using Transgenesis and Genome Edition

Genome Edition

Transgenesis

Drought stress SDN1/SDNZ2 strategies Ox A.thaliana genes
Y: g . .
Signal Modmatton of regulatory proteins
perception Appropriate
Y Point mutation promoter
L [ Sonal &
< transduction —
Post-transcriptional v Modification
regulation
¢ - | Transcription + Activation or Pro7 Transgene
factors repression domain
Y ]
Functlgnal Modification of enzymes, Pro Transgene X
proteins
- transporters, chaperones, etc.
Y
Stomatal closure _ Fused enzyme Lﬂﬁﬂﬁ-’
Osmolyte accumulation ” -
ROS-scavenging E + Signal peptide
Protection of membrane

and protein structure

v
Drought tolerance
Adapted

: Umezawa et al 2006, 17:113-122

Current Opinion in Biotechnology
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DROUGHT PHENOTYPING IN THE FIELD 26 pays oF STRESS
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PRODUTIVITY (KG.HA-')

PRODUCTIVITY (KG.HA™1): LOSSES UNDER WATER DEFICIT
FIELD TEST OF TRANSGENIC GENOTYPES FOR DROUGHT TOLERANCE

Porto Nacional, TO, BRAZIL — Oct/22
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Plant Mol Biol Rep
DOI 10.1007/s11105-012-0541-4

Publications

Transgenic Res
DOI 10.1007/s11248-013-9723-6

Overexpression of the ABA-Dependent AREBI Transcription
Factor from Arabidopsis thaliana Improves Soybean Tolerance
to Water Deficit

ORIGINAL PAPER

Elton Gargioni Grisoste Barbosa « Juliana Paula Leite «

Phenotyping soybean plants transformed

Silvana Regina Rockenbach Marin « Juliane Prela Marinho - . .
Josirley de Fatima Corréa Carvalho - Renata Fuganti-Pagliarini WIth rd29A‘AtDREB1A for drought tOlerance
José Renato Bougas Farias - Norman Neumaier in the greenhouse and field

Francismar Corréa Marcelino-Guimaries - Maria Cristina Neves de Oliveira -
Kazuko Yamaguchi-Shinozaki - Kazuo Nakashima - Kyonoshin Maruyama -

Norihito Kanamori - Yasunari Fujita - Takuya Yoshida + Alexandre Lima Nepomuceno Amanda Alves de Paiva Rolla - Josirley de Fatima Corréa Carvalho -

Renata Fuganti-Pagliarini * Cibelle Engels * Alexandre do Rio * Silvana Regina Rockenbach Marin *
Maria Cristina Neves de Oliveira - Magda A. Beneventi - Francismar Corréa Marcelino-Guimaraes -
José Renato Boucas Farias + Norman Neumaier - Kazuo Nakashima -

Kazuko Yamaguchi-Shinozaki - Alexandre Lima Nepomuceno

O Genetics and Molecular Biology, 36,4, 556-565 (2013)
Copyright © 2013, Sociedade Brasileira de Genética. Printed in Brazil
www.sbg.org.br
Received: 13 March 2013/ Accepted: 8 June 2013

Research Article © Springer Science+Business Media Dordrecht 201

Introduction of the rd29A:AtDREBZ2A CA gene into soybean
(Glycine max L. Merril) and its molecular characterization
in leaves and roots during dehydration

. . . & &9 . . o
Cibelle Engels', Renata Fuganti-Pagliarini’, Silvana Regina Rockenbach Marin?,
. 5 X 5 2 ) s o ye S ) e .3
Francismar Corréa Marcelino-Guimaraes”, Maria Cristina Neves Oliveira®, Norihito Kanamori®,
I . 3 . . .34 . 2
Junya Mizoi*, Kazuo Nakashima’, Kazuko Yamaguchi-Shinozaki>* and Alexandre Lima Nepomuceno

= - ‘ ]

c.s\.i\*a{i Molecular,

Plant Mol Biol Rep (2016) 34:410-426
D00 10.1007/511 105-015-0928-0

N
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ORIGINAL PAPER

Characterization of Molecular and Physiological Responses
Under Water Deficit of Genetically Modified Soybean Plants
Overexpressing the At4REBI Transcription Factor

Molecular, anatomical and physiological
properties of a genetically modified soybean
line transformed with rd29A4: AtDREBI1A for
the improvement of drought tolerance

Juliane Prela Marinho ' - Norihito Kanamori® - Leonardo Cesar Ferreira® -
Renata Fuganti-Pagliarini® - Josirley de Fatima Corréa Carvalho® -

Rafaela Alves Freitas™ - Silvana Regina Rockenbach Marin L1,

A.M. Polizel', M.E. Medri', K. Nakashima?, N. Yamanaka?, J.R.B. Farias®, Fabiana Aparecida Rodrigues - Liliane Mircia Mertz-Henning” -
M.C.N. de Oliveira®, S.R.R. Marin®, R.V. Abdelnoor?, F.C. Marcelino-Guimaries®,
R. Fuganti’, FA. Rodrigues’, R. Stolf-Moreira’, M.A. Beneventi‘, A.A.P. Rolla’,
N. Neumaier®, K. Yamaguchi-Shinozak#, J.F.C. Carvalho® and A.L. Nepomuceno®

José Renato Boucas Farias . Norman Neumaier® « Maria Cristina Neves de Oliveira® «
Francismar Corréa }lurl:ﬂ]inn-_ﬁuirrmrﬁes2 + Takuya Yoshida® - Yasunari Fujita® -
Kazukoe Yamaguchi-Shinozaki® - Kazuo Nakashima® + Alexandre Lima Nepomuceno®







OGM: Each @@mﬁa‘y created its own rule

‘ Otimization of C

'structs

Phases and Costs to Development of a GM Crop
Discovery roduct Development
Phases Gene Discovery Prove of Cofept D [Pl D:::I::tr:::nt Pre-Comercialization Lanch
S 31 28,3 136 459 17,2
Years 1 | 2 3 | 4 5 6 | 7 8 | o 0 [ 11 [ 12 | 13 | 1a | 15
Inicial Discovery - Hits I
= 1
Avanced Discovery - Leads GM éf@guati@ﬂ
Patenting and FTO (Freedom to Operate) 30"6@% I

Production and Selection of Commercial

Events

Source: McDougall, 2011; Prado et al, 2014

Introgression, Breeding, Field Tests in Large Scale

Regulatory Science

Deregulation and Registration

Estimated Costs: ~U$136 million

Estimated Costs of Deregulation Phase: ~U$75 million

It can take ~12-20 years from
discovering a gene(s) and placing a
GM Commercial Variety in the Market.

Today, basically, only
four companies can
place GM Crop Varieties
in the Market

Bayer (+Monsanto)
BASF
Corteva (Dow+DuPont+Pioneer)
Syngenta (+Chemchina)

Also, limited the use
of Biotech in
Agriculture to major

crops (Soybean,
Cotton, Corn,
Eucalyptus,
Sugarcane, etc...)



... but eyolution on genetics
keeps moving fast...



... CRISPRs
Technology
brought a
revolution in
Genome Editing
and is
democratizing the
use of
biotechnology In
agriculture

2
Y
~ REVOLUTIONARY GENE MODIFICATION
% Flghting hereditary diseases at the source and
A cléavliig DNA with surglcal precision  PAGE 11
5 BURN'BOOK: SECRETS REVEALED
% ptaco cherichia coli bacterial

[/ Steptocogs
Ly 'ge'mimg insight into genome editing
ON:WE| YS WE WEAR PINK
mmercialization of the Pink Ribbon?




A more assertive global legislation is DEMOCRATIZING the use of
biotechnology allowing more cultures, small and medium companies to
also participate in the Market.

. Identical criteria
. Simmilar outcomes

. In line with official
scientific advice / other
documents

Court decisions that are
contrary to local official
scientific / regulatory
criteria



Genome Edition with CRISPR

Site Directed Mutagenesis type:

SDN1

Clustered SDN2 / /~\\
SDN3 :

Regularly gﬁ

Interspaced e § -
Short ooig 2 st el
P c0000500000200050200 ©0COZ00C00C0500s otranstect cells
Palindromic ~ "7~ T T RN UUNL J‘*/’\ \ r
— —SDN-3
Repeats DY
- Q DOD G WD
| s
DNA cutting is done in LOCOELDOC NN Gene Insersi-c:n
: DX
regions (sequences) DODODDODN DODDI DO

chosen with precision

Gene Disruption

DD

Gene Correction

SDN-2

Similar to mutations that
occur in nature and are
responsible for evolution on
planet earth



Submission (Oct/22) at CTNBIo to evaluate
if a SDN1 mutation made in a Embrapa Soybean
variety be considered a conventional genotype

EMBRAPA SOYBEAN - Genome Edited Soybean for Drought Tolerance

KNOCKOUT OF THE Gene A

13 Plants with edited cells/3 High percentage Analyzes using TIDE and ICE software
Analysis of DO8_7DCah16-10_GM_GO03_F1

gRNA2 Glyma.XXXXXX

74% Edited
26% Wt

CAC 74 092 74

........

B
dveton woten s
i ﬁ

LY

- Regeneration TO lines

T1 - Transgene-free with editing heritable
T2 - Homozygous seeds

Molecular and phenotypic characterization in
greenhouse
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PROJETO Plantas de importancia econédmica com genoma editado

CRISPRevolution pela tecnologia CRISPR visando melhoria da qualidade
nutricional e industrial e tolerancia a estresse hidrico
- Four Crops and Two Strategies
CRISPRevolution P J

N~
Leading project nanging
on Genome
Edition at
EMBRAPA

hanging

Soybean: Anti-nutritional Factors/Drought [ Soybean: Drought
Sugarcane: Cell wall structure (2G Ethanol) Sugarcane: Drought
Corn: Cell wall structure (2G Ethanol) Corn: Drought
Common Bean: Tegument Color Common Bean: Drought
¥ | | ‘ o~ g
P/

Projeto em parceria com as Unidades Descentralizadas: Embrapa Agroenergia, Embrapa Arroz e Feijao, Embrapa E H 2
Milho e Sorgo, Embrapa Recursos Genéticos e Biotecnologia, Embrapa Soja e Unidade Mista de Pesquisa GenClima =




Embrapa Soybean first genome edited evaluated by CTNBIo

Lectin (soybean antinutritional factor) - knockout by SDN1 strategy

o
ILectina
COMISSAC TECNICA MACIOMAL DE BIOSSEGURANGA
PARECER TECNICO N? 1065/2022/SEI-CTHEIC - Membros

Turm Off

PARECER TECNICO: E151/2022
Proceszo: 01243 0089252022-20
Requerente: Embrapa Soja;
Assunto: Carta Consults TIMP;
Data de Protocola: 23/062021;
Presidente da CTBio: Lilizne harcia hlertz Hennima,
Extrato Prévio: 83462022
Decizdo: Deferido

Reunido: 254* Feanio Ordinaria ocorrida em 01092022

Enderego: Rodovia Carlos Jodo Strass, Acesso Orlando Amaral Distrito ds TWarta - Caixa Postal 231, Londrina PR,

Descricao: .-\Cmmmlnmmdeﬂmseemm;adnmmhaunmlde?emde%]a Embrapa Soja - enderegow, a esta Comizs3o, uma Carta Consulta sobre 2
possvel qualificagio rezulatdria de uma soja geneticaments editada pela tenologia CRISPE/Cas, visando o silenciamento do gene da lactina (LE1), 2muma Temalogia
Inovadarz de Melboramento de Precisio, isto &, azpirando-s2 2 afirmacio da ndo se tratar de um Organismo Gensticaments Modificade, conscants & Fesolugio Monmstiva
0°16 de 15 de janeiro de 2018;

F‘unﬂ:m.nh;mTetm:LCnmuﬁtopubhcoemmquBrssﬂpcemg;’sndedatx.quenapmdu;anee:qmdxq:nd!csmeemﬂmsda‘nmdemmsmmm-
a citar, frango & porco, por sxemplo - ea:bjasemnsnhﬂnu{mmfm&epmdasm;besdednmmpemmas A;emrdeaeueleﬁmmrdemmaasnja
apresents almums fatores antinutricionais no gréo, reduzinds, portanto, seu potancial mutritive - menor aproveitamento da rag3o - zendo aqueles mais prefudicizis oz
mhdmesdemmele:una.lmdmamgemls.ﬁmd!mduznal:omcmn'al;anEhsezﬁxmammmummglmmmwommdasmapma
fabricagio de ragio. Nio obstante, esse mﬁmmnomdewﬂnepoderﬁdmmpadademmudmememMmmpmmedm&
soja. Decorrente do exposto, 3 eliminarso senétics dessas compostes prajudiciais - antinutricionais -, racorends 2 Eemdeica, torma-2 uma estrategia notivel O
sistema CRISPF.'Cas de adicio gendmica se baseia am dois componentes importantas umanudeasequedlﬂuDhAdw]aﬁmeumpequmK\mgmqmm
(gR}A) que dirige s:2 enzima 3 uma sequéncia ds DIA-alvo no genoma. Por conssquéncia, a consecugao da edicio se da pela introdug3o da quebra da dupla-fita de

Parecer:

Diante da anilize realizads pela CTNEio nos dados aportados pela requerente, considera-s2 que a ediro pendmica que resultou na soja geneticaments editada pela

tecnolozia CRISPR Cas visando o silenciamento do zene da lecting (LE1) foi realizads utilizands tacnicas inovadaras dz melhoramento de pracisio previstas na Resohagdc
Wormativa 16 da CTNEio. Portanto, s0ja geneticamenta editada pela tacnologia CRISPR.'Cas visando o silenciamento do gene da lectina (LE]) ndo 2 enquadra como wn
novo OGM nas definigbes do artige 3o da Led 11.105 d= margo d2 2005,

Data: 05082022
{assinado eletronicamente)

Dr. Paulo Augusto Vianna Barroso
Presidente da CTMEio

Bocurmenta assinada cletrenicaments por Paulo Augusto Visnna Barroso, Presidente da Comissao Temica Macional de Biossegurangz, om 06/0%/2072, 35 10:17
(harario oficial de Brasilial, com fundamenta no § 32 do art. 49 do Degrete n® 10,543, de 13 de novembro de 2020,

ENTRE OU

2 CANALRURAL

SADPAULO/SP ¥ 13'C/23°C + NOTiCIAS ~ PECUARIA  LEILOES TEMPO  COTAGAO  AGRICULTURA

MELHOR DIGESTIBILIDADE

Soja com reducgao de fatores antinutricionais é aprovada

pelo CTNBio

Orgao considerou a vari

omo nao transgénica, o que evita o complexo processo de desregulamentagdo comercial

CADASTRE-SE

A\~ VER COTAGAO|

FOLHA DE S.PAULO

* kX

Vaivém das Commodities

A coluna € assinada pelo jornalista Mauro Zafalon, formado em jornalismo
e ciéncias sociais, com MBA em derivativos na USP.

SEGUR @

TECNOLOGIA

A agricultura brasileira entra
na fase da edicdo génica, de
menor custo

Novo sistema ja coloca no mercado pelo menos trés dezenas de
empresas pequenas, médias e startups focadas na tecnologia




Thank you!

Alexandre.Nepomuceno@Embrapa.BR

General Head Embrapa Soybean
Cel/WhatsApp +55 (43) 99667 4425
~ BRAZIL
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