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“Organismo cujo material genetico fol alterado utilizando
engenharia genética”

1. Alimentos que contém um gene adicional
2. Alimentos aos guails fol removido um gene

3. Alimentos/ingredientes produzidos por organismos
OGM

4. Produtos animais derivados de animais alimentados
com forragem OGM



Os componentes do DNA sao iguais em todos 0S organismos.

As sequéncias que codificam as proteinas podem ser transferidas
de um organismo para outro.




esee OS primaordios do melhoramento de espécies

Teosinte Maize
(Zea mays subsp. (Z. mays subsp.
parviglumis) mays)




esee Marcos importantes no desenvolvimento de OGMs
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domesticar animais e a escolhé-

los para procriar e a selecionar
plantas para semear.

Hoje
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Primeiraexperiénciaem plantacdo de colheitas
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Clonagem de animais.




ldentificar o organismo com a caracteristica desejada
Isolar a sequencia genética gue a codifica
Inserir a sequencia no genoma da celula vegetal

Permitir que a célula geneticamente modificada regenere uma
planta

Permitir gue a planta propague



eeee Area agricola

2016

Superficie terrestre: 100%

Area agricola: 37%

*em relagdo a drea agricola
** inclui apréx. 1% de solos em pousio European Bioplatics, 2016




esee Aluguer de area agricola

Agricultural international

land leases
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esee Crescimento populacional

Global population,
estimates and projections (billions)
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esee Fatores que determinam produtividade potencial
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Reduzir a pressao ambiental de recursos
# Culturas crescidas em terreno marginal

#* Resisténcia a seca

#* Resisténcia a salinidade

#* Desenvolver alimentos que utilizem azoto ou outros
nutrientes mais eficazmente

Reduzir a utilizacao de pesticidas e herbicidas
Desenvolver plantas resistentes a pragas
Melhorar o valor nutritivo




esee Estratégias para melhorar a nutricao (The World Bank) @&

Estratégias

* Nutricao comunitaria

* Suplementacao

* Fortificacao

* Ajuda direta (alimentos)
* Biofortificacao




esee Bjofortificacao

Fortificacao

- Enriguecimento de alimentos
durante a colheita ou
processamento de forma a
aumentar o conteudo
nutricional

VS.

Biofortificacao

- Utilizacao de variedades
melhoradas que tém a
capacidade de absorver,
repartir, e/ou sintetizar maiores
niveis de nutrientes durante o
seu crescimento, de forma a
gue os produtos colhidos
tenham conteuddos nutricionals
mais elevados.




esee Quals as principais estrategias?

Variacao natural Biodisponibilidade Melhoramento convencional Engenharia genética

BIOFORTIFICACAO




Utilizamos um vetor para transportar o DNA

Biolistica
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1) Arroz “prateado” (ferro)

2) Arroz dourado (betacaroteno)




Arroz biofortificado com ferro




eeee Deficiencia em ferro: 30% populacao mundial
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CONCENTRATION IN

TARGET RECOMMENDED
CROP TISSUE PDPULA::;;)RIETIES IRON LEVELS
WHEAT Whole grains 30 59 ug/g DW
RICE Polished grains 2 15 ng/g DW
BEANS Whole beans 50 107 ng/g DW
PEARL MILLET Whole grains 47 88 ug/g DW
MAIZE Whole kernels 30 60 ng/g DW
SWEET POTATO | Tuber 6 85 ug/eg FW
CASSAVA Roots 1 45 ng/g FW

Vasconcelos, Gruissen, Buhllar (2016) Current Opinion in Biotechnology 44: 8-15




esee Arroz (Oryza sativa L.)

- Cresce em muitos tipos de habitat

- Alimento mundialmente mais consumido

- Portugal: um dos 5 produtores na Europa




esee O problema

O grao de arroz € pobre em ferro
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esee COMO bhiofortificar com Fe

Essential parameters for iron biofortification Iron uptake strategies
: H*
Storage in the endosperm
app | ATP Fe”,
AN
\

Bioavailability = o Crroz >

I 8 WrE .'3.' N

H+ Fe3+-t chelate Fé2+

Strategy | (Non-Grasses)

Translocation within the plant

Intercellular transport

Intracellular transport Cljrom1

Transcription factors regulating iron
homeostasis

Fe*- PS

Effective iron uptake by the roots

Strategy |: Reduction (non-grasses)

Strategy II: Chelation (grasses)

Combination of Strategy | and Il in Rice

Vasconcelos, Gruissen, Buhllar, N. (2016) Current Opinion in Biotechnology 44: 8-15




esee AS diferentes abordagens

_ Natural variation
Mutants with in germplasm -
crossing of high
Fe content variety
to popular variety

high Fe content in
desired tissue

Conventional
breeding

-

- el

A——. ~ A A . e
Initial: f “ Field and Final:
I  TALENs, RNAI, i i
. 30 "‘gfg I CRISPR/Cas9, 1 bioavailability :::2::: F;;T;ir _ 59 Flg-{g
iron in the ' Smart Breeding ; assessment*® iron in the

Genetic
engineering

-

Facilitate efficient : , Alter inter- and intra-
Fe transport - - cellular Fe storage
and transport

Enhance Fe Increase Fe
uptake (strategy | storage in target
orll) tissue

Vasconcelos, Gruissen, Buhllar (2016) Current Opinion in Biotechnology 44: 8-15




esee AUmentar a blodisponibilidade

Inulin
Vitamin C




esee EStratéegia

Introducao do gene da ferritina

- Variedade

- Transformacao
- Homozigotia

- ICP
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esee Resultados

Controlo

Controlo Com ferritina
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oo Resultados

- Arroz transgenico 3.7X mais rico em
ferro e zinco, mesmo depois de
polimento comercial dos graos

- O ferro neste arroz é biodisponivel

- Este material pode colmatar
deficiéencias nutricionals graves,
especialmente em paises em
desenvolvimento- e.g. Mocambigque

Vasconcelos et al. (2003) Plant Science




esee O trabalho continua...

Sacshir &t al.

Table 1 | Summary of different approached undertaken for mineral biofortification of rice.

hdicronutnient bsofortificatson of nce

Gene Promoter Cultivar
AtNAS1+, Puferritind, Afohytase  CaMV 355, Glb-1, Glb-1 Japonica cv. Taipai 303
HvhNAS T ACtin Japonica cv. [ sukmohikan
HwNAST, HYNAST+HWANAAT ID53 Genomic fragments Japonica cv. Tsukinohikari
OsNAST, OsNASZ OsNAS3 CaMVv 355 Japonica cv. Mipponbare
DsNASZ Activation tagging Japonica cv. Dongjin
DsMNAS3 Activation tagging Japonica cv. Dongjin
DsMNAST GluB1 Japonica cv. Xaushium 110
SoyfarH-1 Glu-81 Japonica cv. Kitaake
PuFarmritine rghT Gib-1 Japonica cv. Taipai 209
SoyvFar Glu-B1 Indkcz cv. IHBE144
SovFar Glu-81; Glb-1 Japonica cv. Kitaake
OsFer? OsGiuAZ Ba=mati rice

{indica cv. Pusa-Sugandh Il
TOMT CaMV 355 Japonica cv. Tsukinohikari
DsYSLZ OsSUT1 Japonica cv. [ sukmohikan
OsIAT1 b Japonica cv. Dongjin

OsY5LZ+, SoyFerHZ+, HWNAST 0s5UT1, Glb-1, Glb-1. Glw-B1, Act  Japonica cv. Tsukinohikari

Fold increase in Fe/Zn Reference

B.3/1.6

342 34

LO/LOE, L1711, 1413
22014, 4222 2214
2T

f2.2

1.0/1.3

3.0

208

3714

3.0M1.1

2.11.4

1.21.6
4.4
1.1/1.13

B or 4°/1.6

Wirth etal. {2009)
Wiasuda aetal. (2009)
Wiasuda et al. (2008}
Johmson atal. (2011}
Laa atal. (2011, 20M12b)
Les atal. (20090
Zhang etal. (2010]
Goto atal. (1955)
Lucca et al. {2001)
Vasconcelos et al. (2003)
CQu etal. (2005]

Paul etal. (2012]

Nozoya atal. (2011)
Ishurmaru et al. (2010
Laa and An (20049)
Wasuda aetal. (2012]




SCIENTIFIC REP{E}RTS

- Biofortified indica rice attains iron

and zinc nutrition dietary targets In
the field

Kurniawan R. Trijatmiko?*°, Conrado Duenas?, Nikolaos Tsakirpaloglou?, Lina Torrizo?,
Accepted: 07 December 2015 - Felichi Mae Arines’, Cheryl Adeva’, Jeanette Balindong?, Norman Oliva’, Maria V. Sapasap’,
Published: 25 January 2016 - Jaime Borrero?, Jessica Rey?, Perigio Francisco', Andy Nelson®*, Hiromi Nakanishi®,

Enzo Lombi®, Elad Tako’, Raymond P. Glahn’, James Stangoulis®, Prabhjit Chadha-Mohanty?,
Alexander A.T. Johnson?, Joe Tohme?, Gerard Barry* & Inez H. Slamet-Loedin**!

Received: 11 September 2015
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Arroz biofortificado com pro-vitamina A




esee O problema

Arroz

- Nao produz B-caroteno (pro-vitamina A)

- Apesar dos genes estarem presentes no grao, alguns estao
“desligados” durante o desenvolvimento

- Em sociedades qgue consomem muito arroz, a falta de Vit A reflete-
se em cegueira, suscetibilidade a doencas e morte infantil
prematura




Vitamina A

“Todos nos precisamos de vitamina A,
mas as criancas sao as mails
suscetiveis a sua deficiencia. O RDA
para criancas dos 1-3 anos ¢ de

300 pg por dia. Fornecer metade
desta quantidade manteria um nivel
saudavel desta vitamina no sangue.”
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esee Arroz dourado 1

1.6 pug/g




Golden Ricea 1

72 gr de Golden Rice 2 fornece metade do RDA!
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esee Arroz dourado

N Crop Biotech Update
(z?) April I:2)2, 2015 P
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Golden Rice Project Wins Patents for Humanity Award 2015

Section: News from Around the World

bestow the 2015 Patents for Humanity Award tothe Golden Rice Project. Theaward is given topatent ownersworkingto

“bringlife-saving technologies tothe underserved people of the world in the fields of m edicine, sanitation,
household energy, living standards, and nutrition.

Theaward given on April20, 2015atthe White House recognizes the vision of Golden Rice (GR) co-inventors Ingo

Potry kus and Peter Beyer, and GR Hum anitarian Board Secretary Adrian Dubock whose patent application of the project
enabled smallholder farmers tobenefit from Golden Rice.

"Roy alty-free accesstokey technologiesused in Golden Rice hasenabled IRRI and publicinstitutionstocontinue research
and development of Golden Rice on a not-for-profit basis. Through thisroyalty -freearrangement and by breeding Golden

Riceintoalready popularinbred varieties, resource-poor farmers can afford and reuse the seeds when they become
available,"accordingtotheIRRI media release.

For details, see Golden Rice news and the IRRI media release.




esee Biofortificados no campo

- Feljao com Fe
- Republica democratica do Congo
- Rwanda

- Pearl Millet com Fe

- Cassava com Vitamina A

- Milho com Vitamina A

- Batata doce com Vitamina A

- Arroz com zinco

- Trigo com zinco




Novas tecnologias para OGMs
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Nucle;se-induced . .« . .
double-strand break e Utilizam nucleases dirigidas

NHEJ \ para mutar sequencias
especificas no organismo:
Deletions D -
e Y L R | — t {]”i]lrt modlflcando O DNA
. e—— = —— e A y
i * O DNA é reparado:
it | ————————— ——— 1. Atranes. d.e Non homologom’l’s
e e—— end- joining process (NHEJ)"-
S s HDR mutacao
~ Vanabie length \/ 2. Se molécula dadora de DNA
Insertions/deletions ,
Y for fornecida ao mesmo
tempo que o DNA for cortado,
I ] "
Precise insertion or modification ativa-se a “Homology

directed repair (HDR)”




Meganuclease

Zinc-finger
nucleases i 2”21 ToTNiger
monomer
W
Example target sequence: GAC
Fokl
TALENSs e
RVD: NI HD NH NG NN N*
DNABase: A C G T R N
c
Cas9
CRISPR/Cas

Meganucleases: bactérias, eucariotas;
reconhecem sequéncia de 12 nucleétidos;
reparacao por NHEF e HDR; dificil modificar
sequéncia alvo

Zinc-finger nucleases: podem manipular-se
para se ligarem a seq. especificas

TALENs: Xanthomonas; facilmente modificados
para se ligarem a sequencias especificas; ligam-
se a promotores das plantas para inibir
resisténcia ao patogéneo; ligam-se a dominio
Fokl

CRISPR/Cas9: mais recente; bactérias possuem
CRISPR como defesa contra virus; insere-se
DNA entre as seq. repetitivas do locus CRISPR
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Gene-Editing Breakthrough Partially Restores Sight To
Blind Rats
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MLO mlo

MLO
TALEN

A- Trigo codifica gene MLO
dominante (poliploide, 3 loci
homologos) que confere
suscetibilidade a fungo é editado
usando TALEN

AA BB CC aa bb cc

B-Trigo wt (esq.) é suscetivel, triplo
mutante (dir) é resistente

Wild-type Triple mutant
MLO-AA, MLO-BB, MLO-DD mio-aa, mlo-bb, mlo-dd



Wild Type

Edited

Genome
Edited

A.B A WidType ATGCAAATTGCATCC
Genome Edited ATGCAAAGTGCATCC

B Wild Type  ATGCAAATTGCATCC

Genome Edited ATGCAAAGTGCATCC
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Alinhar o genoma de interesse com o
genoma de referencia;

Descobrir variacoes induzidas pela
modificacao genetica;

Detetar alteracoes no epigenoma,
metaboloma, proteoma e transcritoma
Descobrir novos alelos, funcoes

Pouco dispendioso, permite muitas
buscas

Limitagoes: qualidade das sequencias;
coverage; assemblagens diferentes, etc



esee Avaliacao das culturas utilizando as omicas

Current ” 3l
varieties g g

—-Omics analyses

Tier 2 Tier 3

No d|fferences leferences that cannot
be interpreted

Jnderstood differences Understood differences
with no expected with potential for
health or environmental health or environmental
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New
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No further testing Further testing




esee Melhorados, mutados, editados ou transformados? o

Conventional breeding Genetic modification Genome editing

Cisgenesis CRISPR/Cas9
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Elite variety with desirable tralts Trans-GMO

Huang et al. (2016) Nature




Melhorados, mutados, editados ou transformados? (50

B 2016 Nature America, Inc. All rights reserved,

COMMENTARY

A proposed regulatory framework for
genome-edited crops

Sanwen Huang'+, Detlef Weigel”, Roger N Beachy® & Jiayang Li™®

Crop breeding is being revolutionized by rapid progress in DNA sequencing and targeted alteration of DNA
sequences by genome editing. Here we propose a regulatory framework for precision breeding with ‘genome-edited
crops’ (GECs) so that society can fully benefit from the latest advances in plant genetics and genomics.

Crops provide food, feed and fiber for human-
kind, with the top 60 species covering 96% of
arable land in the world. The survival and
well-being of our species critically depend on
the output of these crops. The growing human
population faces a plethora of challenges, from
degradation and loss of arable land and dimate
change to the sensible demand for more sus-
tainable agriculture practices. These are multi-
faceted problems, but crop breeding surely has
an essential role in meeting the goals of agri-
culture and food production. To address these
challenges, it is essential to fully exploit the
latest developments in all scientific disciplines.

Crop genome sequencing
Genomics is beginning to provide a holistic
perspective from which to dissect the orga-

nization and regulation of biological circuits,
and this knowledge is greatly accelerating
crop breeding. It has been 16 years since the
first reference genome sequence of a plant,
the model species Arabidopsis thaliana, was
finished in 2000 (ref. 1); two years later, the
genome sequences of two important crops,
the two major types of cultivated rice (Oryza
sativa ssp. indica and japonica)®3, were
published. The advent of next-generation
sequencing accelerated crop genome sequenc-
ing: the first crop with a short-read genome
assembly was cucumber®, which has since
been followed by assemblies for approxi-
mately 50 other crops (Supplementary
Table 1). Among the crops that remain to be
sequenced are those with very large genomes
such as onion (16.4-Gb haploid genome size)
and very complex, polyploid genomes such as

predetermined locus using a sequence-specific
nuclease. Three types of sequence-specific nude-
ases are in general use, namely zinc-finger nucle-
ases (ZFNs), transcription activator-like effector
nucleases (TALENs) and dustered, regularly
interspaced short palindromic repeat-associ-
ated endonucleases (CRISPR/Cas). The trad-
eoffs between these three systems, in terms of
efficiency versus off-target effects, are still being
investigated. Sequence targeting using ZFNs and
TALENs is mediated by protein-DNA interac-
tions, whereas CRISPR/Cas recruits a guide
RNA to direct an endonuclease to a target DINA
sequence via base-pairing. The type I1 CRISPR/
Cas9 system from Streptococcus pyogenes is cur-
rently the most widely used, owing to its high
efficiency and simplicity, with alternatives
such as the recently described CRISPR-Cpfl
system'’ promising further improvements. By

Huang et al., 2016
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Alimentos OGM nutricionalmente melhorados

Rice

Wheat

Soybean

Beta-carotene
Folate

Alpha-tocotrienol
Protein/amino acid

Fatty acids

Starch
Flavonoids

Fe

/n
/n
Low phytate

Fe
Fatty acids
Protein/amino acids

Tocopherol
[soflavone

Malize

Potato

Cassava

Canola

Beta-carotene
Ascorbic acid
Folate
Vitamin E
Protein/amino acid
lron
Anthocyanin
Aminoacids
Carotenolds
Zeaxanthin
Carbohydrate
Protein

lron

Fatty acids
Carotenolds

Lettuce

Carrot
Tomato

Folate
Resveratrol
[ron
Calcium
Antioxidants
Carotenoids
Poliamines
Folate
[soprenoids



CONTEXTO SOCIO-
POLITICO E CULTURAL

CLIMA DE
INFORMACAO

CARATERISTICAS
INDIVIDUAIS

Religiao
Instituicoes
Aspetos socio-economicos

 Cobertura pelos media

* Mensagens de marketing
 Televisao, filmes, documentarios
* Mensagens educacionais

Atitutes relativas a ciéncia
Consideracoes morais

Percecao de risco e beneficio
Conhecimento sobre o tema
Experiéncias pessoais

Confianca no fornecedor de informacao
Deferéncia a comunidade cientifica



Consideracoes finais

v'Sdo alimentos seguros. Apesar da incerteza, ndo ha evidencias
em contrario.

v'Mas protegem contra insetos e ervas daninhas.

v'Tolerancia a herbicidas e introducdo de Bt diminuiram o uso de
pesticidas, embora diminuicoes tenham ocorrido precocemente
e algumas nao tenham sido duradouras.

v'O aumento do uso de glifosato levou a ervas daninhas
resistentes ao glifosato.



Consideragoes finais

v Beneficios econdmicos para agricultores bem documentados,
mas resultados individuais variam.

v' Dificuldade em perceber esses ganhos econdmicos por causa
do preco das sementes

v As conversas publicas sobre culturas transgénicas devem
transparentes e informadas.

v’ Regulamentacdo adequada é imperativa e essa regulacao
deveria basear-se nas caracteristicas da cultura, e nao na
técnica utilizada para desenvolvé-la, seja ela ou nao OGM.
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Pseudomonas spp. In drinking waters
diversity and antibiotic resistance
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