
Research & development: 
Public institutes investing in 

Plant Breeding
Innovation (PBI)



Expo Milano 2015 – Feeding the Planet, Energy for Life

↑ 649,33%

Prodution

↑ 186,53%

Produtivity

↑ 161,52%

Area

Brazil´s Grain (Rice, Beans, Corn, Soybean and Wheat) Production Area, Total 

Production and Productivity

World’s largest exporter of Beef, Coffee, Sugar, Orange juice, Ethanol, 
Chicken and Soybean in 2017.





Estimated Costs: ~U$136 million

Estimated Costs of Deregulation Phase: ~U$75 million

Source: McDougall, 2011; Prado et al, 2014





CIBio CIBio CIBio CIBio

CIBio CIBio CIBio CIBio CIBio

CIBio CIBio CIBio CIBio CIBio CIBio

MAPA

Anvisa

Ibama

National Biosafety Council
National Biosafety Technical Commission 

Internal Biosafety Commissions 

Registration and Inspection Bodies

Agriculture

Human Health

Environmental

Biosafety Law - 11.105/05  Structure

Risk 
Assessment

Maintenance
of biosafety

Registration and
Inspections agencies 

National interest and 
socioeconomic factors 
(not an obligation)





Americas: >60% of 

world Grains

Countries with regulatory 
policy with exclusions

Countries with pending policies, 
regulations, or legal rulings

Countries with GMO only 
policy with no exclusions

Argentina, Brazil, Colombia, 
Paraguay, Chile: Case by case 
approaches; foreign DNA insertions 
generally regulated as GMO

Canada: Not regulated 
unless product identified 
as novel

Europe: European Court of Justice ruling 
genome editing techniques must be  regulated 
as GMOs

Norway: Proposed; foreign DNA insertion 
regulated; case-by-case tiered approach –
notification, expedited, standard review

Australia: Under review; possibly 
regulated whenever when templates 
involved; case-by-case review

Israel: Foreign DNA 
insertions regulated

China, Korea: 
Issue still being 
debated; no 
formal guidance

New Zealand: Initial “non-GMO” 
ruling for gene editing struck 
down by courts

Philippines, Japan: Under 
consideration; Foreign DNA insertions 
generally regulated as GMO

United States: For plants –
USDA ‘Am I Regulated?’ letters, 
FDA & EPA under review

Global Regulatory Status 

Uruguay: Proposal 
identical to other south
America countries



• Grain/Seed Quality

• Oil Quality

• Protein Content

• Drought Tolerance

• Flooding Tolerance

• Herbicide Tolerance

• Productivity

• Disease Resistance

• etc

Soybean, Corn, Cotton, Sugarcane, 
Eucalyptus, Grapes, Common Beans, 

Pastures, etc







Soybean: Seed Quality, Anti-nutricional factors and Drought Tolerance 

Knock Out and HR at promoter elements

Candidate genes for Knock Out and HR: 
Stay green1 (D1);  Stay green2 (D2); 
Pheophorbidase (PH2) , antitrypsin, DREB, 
AREB, DRIP, etc

CRISPR

Dr. Liliane Henning

Dr. Alexandre Nepomuceno

Control Drought stress

Wild 
Type

F5-8

F3-6

Enhanced
drought

tolerance

REHYDRATION AFTER 2 WEEKS OF DROUGHT STRESS

Dr. Elibio Rech



Sugarcane refinery

CRISPR-CANE PPO and Drought

• The sugar refinement requires addition of chemicals, demands sophisticated physical structure,

requires high cost and results in the removal of >90% of their vitamins and minerals;

• CRISPR-CANE PPO is an promising strategy due to the reduction of costs of refinement and

maintenance of the nutritional characteristics of sugar;

• It can be applied to several commercial cultivars;

• Global expansion of the Brazilian sugar market;

Catec
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(brown pigments)

Dr Hugo Molinari



Dr. Maria 

Fátima 

Grossi-de-Sá

DROUGHT-TOLERANCE AND NEMATOTE RESISTANCE IN 

SOYBEAN, COTTON AND SUGARCANE
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Relative expression of Drought-tolerance-related

gene



COMMON BEAN CRISPR TARGETS:

DROUGHT

TEGUMENT DARKENING (POLIFENOL OXIDASES?)

ANTINUTRICIONAL FACTORS (RAFINOSE,

ESTAQUIOSE, VERBASCOSE, ETC)

PROTEIN CONTENT/QUALITY

Dr. Josias Correa de Faria 

Dr. Rosana Vianello



Development of a tool kit for genome edition with 
new enzymes (Nucleases) from Brazilian biodiversity

ENZYMES ISOLATED FROM BRAZILIAN BIODIVERSITY

( AMAZON FOREST, AMAZON RIVER, BACTERIAS FROM  CERRADO)

AGRICULTURAPECUÁRIAMICRORGANIMOS



Increase the thermotolerance

• By the introgression of genes or mutations associated to heat 
tolerance
• Ex. Slick hair locus derived from cattle breeds like Senepol and Criollo

(Caribean Bos taurus) associated to an increased thermotolerance
• short hair length

• Holstein cows with short hair - more tolerant to heat stress



Increase the rumen digestibility
• Low digestibility of tropical forages – due to high content of 

hemi-cellulose and/or lignin

• Can not be digested by rumen microbiome - lack of enzymes  

• Modification of rumen microbiome to express fibrolytics or 
ligninolytic enzymes: 

• Xilanases (hemi-cellulose), laccases (lignin), etc

Reduce methane emission

• Emission of non-CO2 greenhouses gases (e.g. methane)
• 21% of non-CO2 emission is projected to be from livestock in 2030 



soybean seeds

≈ 40% protein

≈ 20% oil

Embrapa´s Variety Sequencing (BR537) as 

“BioChassis” for a more precise genome 

editing



Reference genome of Phakopsora pachyrhizi
(Soybean Rust)

http://jgi.doe.gov/collaborate-with-jgi/community-science-program/

 Whole reference 

genome

Resequencing: genomic 

wide variations studies of 

Avr/Effectors and 

fungicides targets

44 isolates (29 from 

Brazil)

Monitoring resistance to 

fungicides and Rpp

genes

Bilateral project

Project leaders

Bayer: R. 

Bortolan

EMBRAPA: M. 

Meyer

Public project 

Community Science 

Program

DOE JGI

Project leader: INRA S. 

Duplessis

Bayer: C. Sirven/ Jochen
Kleemann
Embrapa: F. Marcelino-

Guimaraes

University Hohenheim: R. 

Voegele

University Aachen: U. 

Schaffrath

Whole reference genome

Resequencing

Transcriptomics

Small RNAs

http://jgi.doe.gov/collaborate-with-jgi/community-science-program/
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