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Scientific and regulatory advances of genome 
editing in Brazil 



General procedure for a case-by-case consultation at 
CTNBio for a product generated by TIMP, according 
to Normative Resolution nº 16. If the product is 
considered a GMO the developer will have to go 
through all the biosafety requirements and will be 
considered approved only after the CTNBio’s risk 
assessment. If the product is considered a 
conventional, it can be registered using the existing 
procedure.  





Genetically modified 
products approved in 
Brazil from 1998 to 
2019, including 
plants, vaccines, 
microorganisms, 
medicines and 
insects.  



Available: Jan/2020  



No GM No GM GM 

Different strategies for crop improvement  

Huang et al. (2016) Nature Genetics , 48, 109-111 (Adapted) 



Regulatory aspects of genetically modified crops 

- Assays of protein expression (target 
and markers) 

- Risk to animal/human health       
- Compositional equivalence of sugar 

and ethanol (Physical-chemical analyzes 
and quality indicators) – e.g. sugarcane 

-  Industrial processing: comparison 
between GMO versus native  

- Risks to the environment (class I)  
- Risks to the environment (class II)  
- Other relevant characteristics of the 

GMO in question 

Transgenic 
technology 

1:10:100 

CRISPR system 
- Low cost  

- Technology non-GM 
- Integration with  

breeding  programs 



Source: McDougall, 2011; Prado et al, 2014 



 

Source: Whelan, Lema (2019). 



 

Source: Whelan, Lema (2019). 



 

Source: Whelan, Lema (2019). 



Genome Editing in other countries 



Genome Editing at Embrapa 



Edited sugarcane varieties with resistance to 
imidazolinones, sulfonylureas and triazolopyrimidines 

Trp543Leu 

Trp543Leu 

Ser622Leu 

Ser622Leu 

Funding: Embrapa - project CRISPRCROPS 



1st Initiative: 
CRISPR in 
sugarcane  



Low  

Intermediary  

High 

Edited sugarcane varieties with low PPO activity   

Cost of white crystal sugar 5 kg:  
- Consumer  R$ 11,80 
- Manufacturer  R$ 6,00  
< 30% production cost 
> 70% bleaching cost 
< Nutritional quality 

Refining and bleaching of sugar 

Acceptable 

color range  



Increased glucose convertion (BAHD1 gene) 
• More than 70% of the biomass cellulose was converted to glucose; 
• No change in percentage of cellulose, hemicellulose and lignin;  
• ART content of the biomasses Flex was equal to or greater than WT 

Increased glucose in 48 hours of enzymatic hydrolysis 

25.95% 

Ev2.3 Ev4.0 Ev3.1 

18.44% 

11.92% 

Source: De Souza et al., Biotechnology for Biofuels 12, 111 (2019). 
BR10201702383, INPI, 2017 
 



 

Improving plant cell wall deconstruction 



BAHD5 – New gene for sucrose improvement in grasses 

 Metabolic profile (HPLC-HRMS): greatest difference 

observed for the BAHD5 events; 

 Desreplication: sucrose main discriminant 

metabolite in the BAHD5 events; 

 We observed an increase in the sucrose content in 

leaf (Ev. 1.1 = 52.94%; Ev. 3.1 = 85.19%) and culm 

(Ev. 1.1 = 95.80%; Ev. 2.1 = 96.22%; Ev. 3.1 = 

94.05%) in comparison with NT plants. 

 No significant diffences in biomass and structural 

carbohydrate content. 
 

HPLC-HRMS: high performance liquid chromatography-high resolution mass spectrometry Source: Mota et al., (2019) in preparation. 

BR10201702383, INPI, 2017 
 



Putatively edited sugarcane plants (no selection)  

Gene A = 92 shots x ~120 plantlets = 11.040  regenerated plantlets 
Gene B = 86 shots x ~120 pantlets =  10.320 regenerated plantlets 

The expected mutation efficiency ranged from 0,001% to 0,01% 

11 – 110   
10 – 103 

Edited plants 

Bulk PCR products will be sequenced using a NGS approach followed 
by software analysis 

Bulk of 50 plantlets 



Jansing et al., 2019. Int. J. Mol. Sci. 20(12), 2888 



ahas gene - Glycine max 

CRISPRs Homologous Recombination 

Imidazolinones, Sulfunilureas resistance  

Soybean with Herbicide Resistance 

Funding: Embrapa - project CRISPRCROPS 





Soybean: Protein Quality and Drought Tolerance  

Knock Out 

Candidate genes for Knock Out and HR:  
Stay green1 (D1);  Stay green2 (D2); 

Pheophorbidase (PH2) , DREB, AREB, DRIP, etc 

CRISPR 

Dr. Liliane Henning 

EMBRAPA Soybean Center  - CRISPRs Systems 

Dr. Alexandre Nepomuceno 

HR at promoter elements 

Control Drought stress 

Wild 
Type  

F5-8 

F3-6 

Enhanced 
drought 

tolerance 

REHYDRATION AFTER 2 WEEKS OF DROUGHT STRESS 



Arabidopsis DREB2A-Interacting Proteins Function as RING E3 Ligases and Negatively Regulate Plant Drought Stress–Responsive Gene 
Expression. Feng Qin, Yoh Sakuma, Lam-Son Phan Tran, Kyonoshin Maruyama, Satoshi Kidokoro, Yasunari Fujita, Miki Fujita, Taishi Umezawa, 
Yoriko Sawano, Ken-ichi Miyazono, Masaru Tanokura, Kazuo Shinozaki, Kazuko Yamaguchi-Shinozaki. The Plant Cell Jun 2008, 20 (6) 1693-1707; 
DOI: 10.1105/tpc.107.057380 
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Checking Expression levels of DREB Interacting Proteins (DRIPs) aiming to choose the best(s) targets for CRISPR-Cas9 - SDN1 
system. 
  Objective: Increase DREB expression under drought conditions since DRIP is a negative regulator of DREB. 



>GLYMA_07G213100_promoter_3000bp	

AAACATCTATTAAATAAAATTAATATAATTATAATGCGTAATTTAGTTTGATTTTTTAACAAGAATGGAAATCCAAACCAAATTACAAAAAGTATGTGCTTTTT
GAGATTTTGGCTTATGCAATTTTCTATTTAGTCGATTTTTAATTTTTTGGATCCATTTGATAATTTATAAATGGTTTGATTTAGTTCTAAGCACCGTAGTAAAAT
ATAGGGAGAGTATTTTTTAAAAAACTAAAATCAAATTCAAATATCATTTTTTTTTAAAATGAACGTAAATATGCTTTAAATTCAGTTAAAAATTATTTAAAGTT
CATTTTTATTAAACACAATTTATTTGAAAATTACATTTCAAAACCAAAATAAAGAAAGTCAGCCACCACCCTAAACGGGCACTTCTATCAAGCAAATCGAAACAC
TGGAGTTCCAACTATAACAAACTTTGTTTTTGAGATGCAGATAATGAATTTTGCCTTTTTTGAGCAACATATTTAACGGACTCAACTAATGGCCAATTATAGCAA
ACTTTGTTAGTCTAGATCAGTTGCCACGTTAGGGAGAGCTTTAGTTAAATACTACTCTTAATTGCAGGGTTAATTGCATAACTGTACTATAGGATACCTTCAATG
ACAAAAGATAATTACATAAAAATAATGTTTATTCTTTAAAAAAAAAATATTTAAATTATTATTAATTTGGTCTCTGAAGAAGAAAAGGGAAAATTAAGGGATGA
AAAAACTCGATACCATTTTGTTTTTGCTTGGAGGGACATAACACAAAAGACTTCACACTTTAGAAGTTACAGAGTTAAGTTAGAATTCAATAATTGCTGCTCCTT
TTTTCATCATAACATTAGTGTCAATATCTACTAAATTTGATAATAACTAATTTTTGTCAAAAAAATCCATCTAATTATTTTTTAATTATATTTTTTTTATTTATA
AGCTACAGATCAAAAATCTCATTTAAGGAGATCAAATTCAATTTCATTCGGTCAACAACTTGTTAGTAAAATCAATAATTGCCTTAAAATAGCTTTTTTTATATA
AAAAAGTTCTAATAAGTCTTATATAAAAATGAAGAGAGGAAATAAATGAACAAAGTCACGATTTTTGTTATGTAGTTTAACCAATACTTCAGATAATTGTATTT
TGTAACCAAAGGTGAATGCATTGGGGAGCTAGTAAGAGCCTTGATCCCCTTCAATCCAAAACTTAATTATCGGGGAATGAATATATTTGTTGAACTTTTGCTTAA
TAATTTTGGATTTTTTTTTAAAATTTACTTATTTTTTAATAAATAAATTATTTCAAATATATATAATGCTAAAGATAAATATTCTTATTAATATAGTGAGTTGA
CTGAAAACTAAATTAGGTGTTAAGTTATTTAAACGATGTATCTGTTGACAAAATAAAACTAATAGATTCAAATATTTACATCTAGTCATCTACCTTACCCTGTAC
CGATCGAGGCACCACAGATGGGTTCCAAAAACTTTTTATCATTGAAACAGGTAAAGATAATGTTAAAACAGATAAAAATAAAAAAGGTTAAACGTATAATTTAG
TTCTTATAGGTGTCTTTCTTTAAAAAAAAGTTTTTATAGGTGTCAAACTTTTAATTTGGTCTCTATGGGTGAAAATTTTCAAGTTGGTTCTTATAGGGGTGACAC
ATTTTTAATTTAGTCTTTTATACGTAGGGAACAAATTAAAAATACACCACACATATAGAGAATATATATATACATAGAGAGAGAGAATATATATATATATATAT
ATATATATATATATATATATATATATATATATATATATAATTAAACAGATTAGGATGACATAAACTAAATTGATAATATGTATACATATAAGAATTGTATCCTT
TAAGTTAAAGATCACTATCAACTTGATTTATGATAAGATCAAGTTCGGGTTTTATTCGATCACGCTTACCCGAGTCTTGTAGAGTCCTTACAATATTATATCTCA
CATAACAACACCCCCATATTTTTAGGGGAAGAGACTCATCCTTGAATATTTAGGTAGCATTTGGAGAATAAAAAAACTCAAGGAACAAAGAAGAATGATAGAAG
ACACACTTTAAATGCTTTGGCTAGATCTTCTCAATTCCTAGAGAAAGTTCATACCTGAACATGAATCGATTTGAGTAAATTTTCTATGTAAAGAAACCAAATTGA
AAATTTATAACACAACTAAATTATAAGTATAAGTTAAAAAGAAATGAGTAATGTCAAATCATCTTTTCCTACTCCATTTTCCTACAAATTCTCCTACTACATTTA
ATGCATTTTAATATTGCTTACTGCAAAAAGATAGTAAAATGATTTGTAAGAGGAAGGGATAGGAGGTTTAGAATTAAGAAAGTAAAATGAGACATAAAATGGGG
TATGTTATGGGATGAGTTACATTTTTTTACCTTAAACTTGTAATTTTTAACTAATTTTATATCCAACAAATTAATTTAATATATTTTATTCTTAACTTTTTAAAA
AATATCTATTATTAAGCATAAAAGTTGGAGATACAATTTAAAAAAAAATATGAAAAGTTAAGAATAAAATTCACTAAAAATAAAAAAATGGGTGTAAAATTTAT
CAAAAGAATAAAAAAAATGAGAGATAAAAAATGTAATTATGTGAGAAGTAAATTAAAGAAAATTAAAATTTATAAATTTATAAAAATTAAAAATAAAACACAT
CAAATTAATTTATTGAAAATATCATAAAACCAAATAGGAGGTAAAAAAAAATCCAAAAGGCGCGTGATGATGACAAATGTAAGATGTTGTCGGAAAGCAGCATC
AAGTGCAGTGGATCCTCCCACATTTCGCAACGCAATTGGGAAAAGGTCACATCAAGGATTCAACTCAGTTTCCATTGGTCCACGTTTCGTGATCAGTGTGGTTCCA
TTTTCATTTTCGGAAAATATTTTAATTCGCAGAAAACTCCAATAACAATAATACGATAGTCGCAGCGAGCGAG	

GmAREB 

>GLYMA_15G250100	 Glyma_15G250100;	upstream	from	-3000	to	-1;	size:	3000;	feature	type:gene;	location:	
Glycine_max.Glycine_max_v2.0.38:15:47767068:47770067:D;	upstream	neighbour:	GLYMA_15G249900	(distance:	

97643)	
ATCAATTAGTTTTCTGCAATTGATGTAAACAGATCAGTTCTAAAATTAAGAAGCCAAGAG	

GAGAGAGAGAACAAAGGCAAATAGACAATTGAAAAATTATACATCCCAAAAGTTATATAC	
ATTAATAAAAGAATAACAATAAATTGTTAGTCAGATTCATCGGACTAGCTAGACTGGATC	
TTTTTAATTAAAATCTTAAATTTCATCTCCTTAGTCTACACAATAAAGAAAAAAATAAAA	

CAAAGAAATAAAATAAAAAAGAGAAGTACAACATAAAATAATTGATAAAATGAAAGAAGA	
TAAAAAAAAATGGTATTATATAAATTAAAAGCGTTATATAATATTAAACAATATTAAGAA	
CCCCAAGAGTTTTTATACCTATGATATATAATTTTTTAAAAGTAAACTTCATTTTCTTTC	

CTTAAAAGATGGTTGAATTACATTATTCTCTCCCCATTTTTATTAAAAAATTACATTCTT	
CTCTTTAATATCAAAGGAAAATAATATATATAATGCACTTTAATTCATTTTAACGAGCTT	

GCTATCGATCATTTAAATAAACCTATACACGGTGAATTATTACAATTTTTTTTCTATGCT	
ATATATGTGTTTGGCTTTGGGTTAATTAACTAGTTTGCAGCAATCATATGTAACTTTAGT	
ACTAGAATAAATTAAAAGAAAACCAAAAAGCTTAGGAAAAAAAGAAAGAAAGAAAATAAC	

TAAGAATCCAACAGTTGAACGTGTGAAAGGAAGTTTAACCGGCCACAACTTTGAAGGTTA	
TATATCTTTGAGTCCCTTGTATCGATCGATGTTTGCCATGTTTGATTGAGATGCCTATCT	
ATATATATATATATATTTTTACTTACTTCCTAATTAATTTCTATGCAAATGGAGTTATGA	

CAACACAAAACGCGCGTCCATTACAACCTGGTCCACTCTAGTAGATGCTACCAGAGCTTC	
TGTATGTTGTGATTATGATGTATTTATCCATTGGCCATTAGACATAAAGAAACAAGAAAT	

AATATCTCTTCTAATGGTTCATTGTTTAGTTGCATCATGTCTTACATCATTTTGTTCATT	
CCTTTCATTAGTCACCAAGGGTTTTAATTAATTTGTATATACCTGTGCAAATTTCTGTGT	
ATTGAAATGGAGATGAAAAATATCATATATATATATATATATATATATATATATATATAT	

ATATATATATATATATATATATATATATATATATATATATATATATATATATATACGTAT	
CCATATATATATATATATATATATAGCTATGAGTCTATTTTTGTCTACATTTATCCTGCC	
ATATGACAGAAATATTGTATGCATATATAGCTCCAAGACTTTGAAAAGTTTATGAGAATG	

AAAGATGGTCATAATTTTTGTTTTTCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN	
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN	

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN	
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN	
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAAAATTAATAAATATA	

TTGTTGAATGAAAAAACTGTATTAGAAATCATAATAAAAATATATTGATAATACTTTTAA	
CAAAATTATTTTAATTCCTTAAGTAGTGTCTTAAGTATATTTATTAATATACTCGGTGTG	

GTGTATATATATTTTTACACCCTTAAATTTTCCTTTTCAACCACTAAACATCCTTTATAA	
CTTCCACTATTTTAATATCCATATTCTAAAATATGATATAATCAACAAGTAATATGGTGT	
TATATATACATGTAGATAGATAATTCGAGAGGGAGCATATAAAGAATATTTTGAAATATA	

TTAATTTTCATTCAAAAAAGGACAATGAATAATTAGCTTTACTTTTTTTAGAAGAACGAA	
TAATTAGCTAACTAAAATTCAAGATAAGTTTAATTTTTTAAATACTGTTAATATAAAAAG	
TTTTATACTATTACTTAAATAAAATTTTATTGATAAATTTTTGAAAATAATTTATATAAC	

AATCAACATATTTATTTTAAACAAGTATAACTATTTATAATTAAATGATAATATAAAATA	
TTTTACACAATAAATATGTTGAACATTGAATTTAATAATCATAAACTAACAATATAAAAT	

AGATATATCCTATCATATAATCATAAATCAAAGTTGAATATTTGTAATTAAAGACAATAC	
AGAATTATTTTATATTATTTATGTTAACATGTACAAATATTTATTTTTGTGTAGAATACT	
CCTTCCGTTCTCATATATAAAAAATAATTTTGAAAATAATTCTCTTTTTTATAAGATGTG	

ATCTCAGTTATCTTATATACTAATTATTTTTTATTTGAATATTTCGAATTATCTTTTTCT	
TTTTTCTTATGGAAATTAGAGTATAATTATAGATAAATTTAATACTAATAATTAAATTAA	
TTAACTTTTTTAATAAGTATAAATTAATAAATAAAAAATATCATGTAATTAGGGACGGAT	

GATGAAATATTTTCTAACGAAAAAACAAACTTGTGAAGTGAAGTTCAAGTTAGACTTGGT	
AATCCATAAACGTGCAAGAGATGAAAGAAAAACGAAAGAAGAAGGAAGGTTTAGAATGGA	

AGGGGGGGGGGGCAAGCGTGTGGGGCAATGGGATGTGACGTGACCAAAGATTGGAAGGAG	
AAGAAGAGAGAATTGGCCACGTGTAGGGGGGAGTCACACTCTCATTGAGGGAGCAACGCG	
GGGTTCGACGTGTGCAAAATAACAAATGCCTTCCCCACTCAAAGGCAAGGCAATTAGGCA	

AAGCCATGAATCAAAAGCCCATTACATATTCCTCCCTCCCTAAACTAATGGGCCAATAGA	

GmNCED 

      On target score    Off-target score 

1827 + TATATATAATTAAACAGATT AGG 41.1*    50.8 

 

AAACATCTATTAAATAAAATTAATATAATTATAATGCGTAATTTAGTTTGATTTTTTAACAAGAATGGAAATCCAAACCAAATTACAAAAAGTATGTGCTTTTTGAGATTTTGGCT

TATGCAATTTTCTATTTAGTCGATTTTTAATTTTTTGGATCCATTTGATAATTTATAAATGGTTTGATTTAGTTCTAAGCACCGTAGTAAAATATAGGGAGAGTATTTTTTAAAAA

ACTAAAATCAAATTCAAATATCATTTTTTTTTAAAATGAACGTAAATATGCTTTAAATTCAGTTAAAAATTATTTAAAGTTCATTTTTATTAAACACAATTTATTTGAAAATTACA

TTTCAAAACCAAAATAAAGAAAGTCAGCCACCACCCTAAACGGGCACTTCTATCAAGCAAATCGAAACACTGGAGTTCCAACTATAACAAACTTTGTTTTTGAGATGCAGATAATG

AATTTTGCCTTTTTTGAGCAACATATTTAACGGACTCAACTAATGGCCAATTATAGCAAACTTTGTTAGTCTAGATCAGTTGCCACGTTAGGGAGAGCTTTAGTTAAATACTACTC

TTAATTGCAGGGTTAATTGCATAACTGTACTATAGGATACCTTCAATGACAAAAGATAATTACATAAAAATAATGTTTATTCTTTAAAAAAAAAATATTTAAATTATTATTAATTT

GGTCTCTGAAGAAGAAAAGGGAAAATTAAGGGATGAAAAAACTCGATACCATTTTGTTTTTGCTTGGAGGGACATAACACAAAAGACTTCACACTTTAGAAGTTACAGAGTTAAGT

TAGAATTCAATAATTGCTGCTCCTTTTTTCATCATAACATTAGTGTCAATATCTACTAAATTTGATAATAACTAATTTTTGTCAAAAAAATCCATCTAATTATTTTTTAATTATAT

TTTTTTTATTTATAAGCTACAGATCAAAAATCTCATTTAAGGAGATCAAATTCAATTTCATTCGGTCAACAACTTGTTAGTAAAATCAATAATTGCCTTAAAATAGCTTTTTTTAT

ATAAAAAAGTTCTAATAAGTCTTATATAAAAATGAAGAGAGGAAATAAATGAACAAAGTCACGATTTTTGTTATGTAGTTTAACCAATACTTCAGATAATTGTATTTTGTAACCAA

AGGTGAATGCATTGGGGAGCTAGTAAGAGCCTTGATCCCCTTCAATCCAAAACTTAATTATCGGGGAATGAATATATTTGTTGAACTTTTGCTTAATAATTTTGGATTTTTTTTTA

AAATTTACTTATTTTTTAATAAATAAATTATTTCAAATATATATAATGCTAAAGATAAATATTCTTATTAATATAGTGAGTTGACTGAAAACTAAATTAGGTGTTAAGTTATTTAA

ACGATGTATCTGTTGACAAAATAAAACTAATAGATTCAAATATTTACATCTAGTCATCTACCTTACCCTGTACCGATCGAGGCACCACAGATGGGTTCCAAAAACTTTTTATCATT

GAAACAGGTAAAGATAATGTTAAAACAGATAAAAATAAAAAAGGTTAAACGTATAATTTAGTTCTTATAGGTGTCTTTCTTTAAAAAAAAGTTTTTATAGGTGTCAAACTTTTAAT

TTGGTCTCTATGGGTGAAAATTTTCAAGTTGGTTCTTATAGGGGTGACACATTTTTAATTTAGTCTTTTATACGTAGGGAACAAATTAAAAATACACCACACATATAGAGAATATA

TATATACATAGAGAGAGAGAATATATATATATATATATATATATATATATATATATATATATATATATATATATATAATTAAACAGATTAGGATGACATAAACTAAATTGATAATA

TGTATACATATAAGAATTGTATCCTTTAAGTTAAAGATCACTATCAACTTGATTTATGATAAGATCAAGTTCGGGTTTTATTCGATCACGCTTACCCGAGTCTTGTAGAGTCCTTA

CAATATTATATCTCACATAACAACACCCCCATATTTTTAGGGGAAGAGACTCATCCTTGAATATTTAGGTAGCATTTGGAGAATAAAAAAACTCAAGGAACAAAGAAGAATGATAG

AAGACACACTTTAAATGCTTTGGCTAGATCTTCTCAATTCCTAGAGAAAGTTCATACCTGAACATGAATCGATTTGAGTAAATTTTCTATGTAAAGAAACCAAATTGAAAATTTAT

AACACAACTAAATTATAAGTATAAGTTAAAAAGAAATGAGTAATGTCAAATCATCTTTTCCTACTCCATTTTCCTACAAATTCTCCTACTACATTTAATGCATTTTAATATTGCTT

ACTGCAAAAAGATAGTAAAATGATTTGTAAGAGGAAGGGATAGGAGGTTTAGAATTAAGAAAGTAAAATGAGACATAAAATGGGGTATGTTATGGGATGAGTTACATTTTTTTACC

TTAAACTTGTAATTTTTAACTAATTTTATATCCAACAAATTAATTTAATATATTTTATTCTTAACTTTTTAAAAAATATCTATTATTAAGCATAAAAGTTGGAGATACAATTTAAA

AAAAAATATGAAAAGTTAAGAATAAAATTCACTAAAAATAAAAAAATGGGTGTAAAATTTATCAAAAGAATAAAAAAAATGAGAGATAAAAAATGTAATTATGTGAGAAGTAAATT

AAAGAAAATTAAAATTTATAAATTTATAAAAATTAAAAATAAAACACATCAAATTAATTTATTGAAAATATCATAAAACCAAATAGGAGGTAAAAAAAAATCCAAAAGGCGCGTGA

TGATGACAAATGTAAGATGTTGTCGGAAAGCAGCATCAAGTGCAGTGGATCCTCCCACATTTCGCAACGCAATTGGGAAAAGGTCACATCAAGGATTCAACTCAGTTTCCATTGGT

CCACGTTTCGTGATCAGTGTGGTTCCATTTTCATTTTCGGAAAATATTTTAATTCGCAGAAAACTCCAATAACAATAATACGATAGTCGCAGCGAGCGAGATG 

Use of at(n) insertions (CRISPRs - SDN2 system) in the promoter elements for controlling the expression levels of coding 
sequences. 

 Objective: increase the expression of native genes involved in defenses against cell dehydration, without the use of DNA 
elements considered transgenic such as 35S promoter 

Embrapa Patent 



Oleic acid  Linoleic acid 
Δ12 desaturase 

FAD 2 gene 

Palmitic acid 
Palmitoyl thioesterase 

Fat B gene 

EMBRAPA Genetic Resources Center 

Dr. Elíbio Rech 

CRISPRs Systems 



Dr. Maria 

Fátima 

Grossi-de-Sá 

PROMOTER MODULATION OF DROUGHT-TOLERANCE RELATED 

GENE WITH dCas9 CONFERS DROUGHT TOLERANCE IN Arabidopsis 

thaliana 

EMBRAPA Genetic Resources Center 



 COMMON BEAN CRISPR TARGETS: 

 Post Harvesting Darkening (PHD) 

 Drought stress 

Dr. Josias Correa de Faria  
Dr. Rosana Vianello 

EMBRAPA Rice and Bean Center 

CRISPR in Common Beans 



• Drought tolerance 

• Herbicide tolerance 

• Aluminum resistance 

• Disease resistance 

• Disease resistance 

• Flavor alteration 

• Disease resistance (coconut lethal yellowing disease) 



Beta-lactoglobulin (LGB) is the main whey protein of cow’s milk 
– 13-76% patients can react to this protein 

• Mainly infants 

– Milk processing does not eliminate the allergy completely 
• Processed milk has high costs 

Project aim: knock-out the the BGL variant A and B using TALENs 
/CRISPR 

– Targeting the promoter region and exon 1 or 2 

– Generate cows producing LGB-free milk 

 

Dr. Luiz Sérgio Camargo 

Cow´s milk allergy 



Heat stress in dairy cows 

• High producing dairy cows: low conception and milk 
production under high temperatures (summer) –  
caused by the heat stress 
– The predicted increase of global average temperature is likely to 

aggravate  the effects of heat on animal production  

– Some individuals and some breeds are more tolerant to high 
temperature than others 

• Project aim:  
– Short and medium term: identification of polymorphism/mutations 

associate to thermotolerance for genome selection 

– Long-term: edition of the genome using CRISPRs, accordingly to gene 
function and the SNPs found previously in the project 

• Generate high producing dairy cows more tolerant to high 
temperatures  

 
 



Organisms with edited genome 
evaluated by CTNBio according to 

RN16 that were considered Not GM 



Saccharomyces cerevisiae  Belgian-Brazilian biotechnology startup 

Yeast Germplasm Bank: 80 Strains tested for 

high alcohol and low glycerol production 

Development Procedures 

Three S. cerevisiae strains  chosen and crossed 

by classical breeding  

Excellomol 

A Forth strain with very high alcohol production was 
identified. Mutation in 4 genes are responsible for this 
high efficiency. 

 
 

Excellomol 4.0 Next 

All four mutations were 
introduced by CRISPR/Cas9 
into the Excellomol strain 

June 2018 

First microorganism 
Edited in Brazil 

Estimated cost savings: R$ 1.5 million 



Brazil: December 2018 

Uses of Waxy corn: 
- Essential functions in food 

industry to improve uniformity, 
stability, and texture in various 
food products; 

- Binding qualities for the 
papermaking process; 

- Additional applications in the, 
corrugating, textile and adhesive 
industries. 

First Edited Plant considered non-GM in Brazil 

Considered non-GM in 
USA, Canada and 

Argentina. 



PRECISION GENETICS FOR IMPROVING 
PRODUCTION TRAITS OF TILAPIA 

August 2019 

This precision breeding approach has successfully increased the 
fillet yield by 25% without negatively impacting growth rate, feed 
efficiency, or nutritional quality of the fillets. An increased fillet 
yield will provide producers an opportunity to either (i) shorten 
the production cycle while maintaining the same amount of 
saleable meat, or (ii) maintain the production cycle with more fillet 
to sell to the market. This technology can be used to improve 
other production traits and can be used in other species of finfish. 



Meat quality 

Myostatin (MSTN) – restrain muscle growth 
– Some breeds have natural mutations (ex. 

Belgian blue) that causes muscle hypertrophy 
called double-muscle 
• Superior carcasses (less bone and low fat) 

– Myostatin can be edited in zebu breeds to 
improve carcass quality 

 

 

 

 

Image: http://www.progressivegenetics.ie/Store/Beef-Sires/Belgian-Blue 



 

• Myostatin mutation 
• TALENS  

• Cattle (Nelore) and ovine - Proudfoot et al., 2015 

• CRISPR/Cas9 
• Ovine – Crispo et al., 2015 

 

 

Meat quality 



Hugo Bruno C. Molinari 

Embrapa Agroenergia (CNPAE) 

hugo.molinari@embrapa.br 

Thank you for your attention! 


