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Evolucao = Melhoramento Empirico = Melhoramento Cientifico

Formacao

Crosta Terrestre

4,5

Origem Primeiras

da Vida Plantas

3,5 2,0

BILHOES DE ANOS ATRA
- \J
66 1,8
MILHOES DE ANOS ATRAS
50 30 15
IL DE ANOS ATRAS
15000 500 Mendel, 1865

ANOS ATRAS

50 Hoje



Melhoramento Classico

] CJ— Caracteristica de Int
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B —Caracteristica Nao Desejada

Variedade Produtiva Variedade Selvagem

Hibrido F, A IH a
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Individuos
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Retrocruzamento

Individuo
A E—
I X H I HH Melhorado




Apartir da Década de 70...

Biotecnologia - Engenharia Genética

L1 —» Caracteristica de Interesse

Identificacao e clonagem

Pais B —» Caracteristica Nao Desejada
H |

v'A introduciao de

genes de interesse Transformacio
¢ pontual U
Regeneracao

vE quebrada a
barreira de espécie

Melhorado

H Individuo

Emaoa
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Bactérias Lacteas
Geneticamente Modificadas
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ib butantan

o butantan produgdo fundacao

vacinas

podios —————ones oo conimedomaliede |
s posuisam Gesmomerts

o

As vacinas 530 recursos indispensavels para a salde
individual e pablica. Através da imunizag3o & possivel
prevenir infecgdes e impedir gue vanas doengas se
espalherm por um territono. Atuam estimulando o
organismo a produzir sua propria protecao (por exemplo,
a producao de anticorpos) contra doengas. E 2 maneira
mais eficaz de controlar e ate erradicar doengas.

O Instituto Butantan € responsavel pela producao de
importantes vacinas: vacina adsorvida difteria, tétanc e
pertussis (OTP), vacina adsorvida difteria e tétano adulto
(dT), vacina adsorvida diftena e tétano infantil (DT,
vacing acisamdei hepatite B (recombinante), {.raclna
influenza sazonal trivalente (fragmentada e inativada) e
vacina raiva inativada (VR/VERQ).

=
»

o s W d

Movas vacinas entraram no calendario nacional de
vacinac3o a partir de acordos de transferéncia de
tecnologia de parceiros privados com o Ministerio da
Salde e o Instituto Butantan:

= HPY, em parcena com a MSD - para meninas de
11-13 anos

= Hepatite A em parcena com a MSD - para
criangas de até 1 ano

+ dTpa em parceria com a GSK (GlaxoSmithKline) -
para gestantes
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Biotecnologia na Agricultura Brasileira

70

Numero de Eventos Aprovados

Lei Antiga de Biosegurancga

Milho (70)

S
%))
[

w
o
[

52/3 Votos

pl aprovagéo
Confilito entre -—;

é
1)

— Antiga Lei de Bioseguranga
X

L Lei Ambiental
i _ Algod3o (12)
E SO
i Reoundup
L REEQ

Nsady Soja (10)
[ |‘— | | | |

1998 2005 2007 2009 2011 2014 2017

Ano de Aprovacao



AREA PLANTADA DE TRANSGENICOS NO MUNDO

(EM MILHOES DE HECTARES)

42 CANADA .
12 EUA . i g 72 PAQUISTAO . 82 CHINA
Soja : .
So'ja Batata Milho Algodado Algodao
M|Ih0~ Alfafa Beterraba Papaya
Alsoddo Beterraba Alfafa Alamo
Canola Papala Canola
Abdbora
Desde 2009, o .

‘ Brasil tornou-se o
22 maior
produtor de
transgénicos do

mundo



CARACTERISTICAS PLANTAS GM
APROVADAS NO BRASIL

1
110

M Resisténcia a Insetos (RI): 12

12 M Tolerancia a herbicidas (TH): 23
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Pldittas RESIStEINES HethiCidd Gif0Sat0
ROUNAUP Ry (RR)
epsps gene da planta Glifosato

—

) . Aminoacidos
Acucares II# EP enzima II# L.
¢ 2 £ Aromaticos

\ ’ = Phenylalanine
Tyrosine
N\ ‘ Tryptophan
CP4 EPSPS enzima ,
i Proteinas

epsps gene de A.tumefaciens

EPSPS : 5-enolpyruvylshikimate-3-phosphate synthase

Biobalistica
SEM Otimizacao de Coédons
Construcao 35S:CP4-Epsps:T-NOS



Soja - Resisténcia a Glifosato e Insefos

gene RR2 + (IE1E { (Kion 89788 x Mon87701)
epsps gene da planta RELLCEEELe

T

, : Aminoacidos
Aclcares ) EPRS enzimal

Aromaticos

c & Phenylalanine
Soja INTACTA ‘ RR2 Vg | Wi

Proteinas

Agrobacterium tumefaciens
Otimizacao de Codons
Varios Elementos Génicos Trocados



Plantas GM resistentes a outros principios
ativos recentemente aprovados e em
processo de Analise na CTNBIo

Modo de Acao

Inibidores da
Sintese de
Lipidios
(ACCase)

Reguladores de
Crescimento

Reguladores de
Crescimento

Inibidores de
Pigmentos
(HPPD)

Familia Quimica

Aryloxyphenoxy
Cyclohexanedione

Phenoxy

Acido Benzdico

Isoxazole

Ingrediente
Ativo

FOP

2,4-D

Dicamba

Isoxaflutole

Situacao

Aprovado
Comercialmente

Aprovado
Comercialmente

Aprovado
Comercialmente

Aprovado
Comercialmente



Consumo de Glifosato nos EUA apos a
adocaordaplecnologiagRiR

30 1,9

mmm Toneladas de Glifosato

Tm & B B B

1994 1995 1996 1997 1998 1999 2000 2001 2002

Fonte: Departamento de Agricultura dos EUA - USDA; Relatorio de Uso de Quimicos na Agricultura -
“Agricultural Chemical Usage” — 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002.

En@a Ministério da Agricultura
Pecuaria e Abastecimento
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\Fe ljaQ GM da Embrapa
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= A) CTNBIO Decissao n° 3024/2011 — Feljao GM re3|stente ao -

“= virus'do mosaico.dourado - BGMYV), event Embrapa 5:1. -

B

-ﬁﬁ",- 2 ___i_; -

Source: CTNBio, 2014.7



Evento MON 87411: Cry3Bb1, , Cp4-epsps

Aprovado em 2016 Diiabrotica Sp. (vaquinha, Brasileirinho, etc)
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Cana de Acucageii

.

Primeira Cana de A@@@M in Brazil
8 de Junho, 2017

Aprovada para uso Comercial

Centro de Techologia Canavieira - CTC

Diatraea saccharalis
thuringiensis — BT Gene ‘ >

RATENME daiMonsantoRVENCIDATY

= -
>
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Desde 2003, Bilhdes de U$ e Litros de
Fungicidas s@o usados no conftrole da
Ferrugem da Soja

comissao técnica nacional

comissdo téenica nacional Ministério da Ciéncia, Tecnologia, Inovacdes e -
CTNBio ~ Comunicagoes - MCTIC | CTNBIo
Comissdo Técnica Nacional de Biosseguranca - CTNBio de biosseguranca

de biosseguranca . .
Secretaria Executiva

195* REUNIAO ORDINARIA DA COMISSAO TECNICA NACIONAL DE BIOSSEGURANCA - CTNBio
Data: 01 de setembro de 2016

Hordrio: 9h as 13h
Local: Setor Policial — Area 5 Quadra 3 — Auditério - Centro de Convengdes da Policia Rodovidria Federal em Brasilia
Agenda Proposta
A. Abertura da Reuniiio.
B. Aprovaciio da Agenda.
C. Aprovacio da Ata da 194" Reunido Ordiniria da CTNBio.
D. Itens em conjunto com as quatro Subcomissdes Setoriais Permanentes (SSP):
| Legenda de decisdes:

1.37. (URGENTE) (Com informac¢do confidencial) BASF §/A. Processo 01200.001210/2016-05. Liberagdo planejada
no meio ambiente (RN8) de soja geneticamente modificada: “SOJA GM 16/17 — Avaliagdo da soja GM resistente a
fungo™. Os ensaios serdo conduzidos nas Estagdes Experimentais da requerente localizadas nos municipios de Santo
Antonio de Posse/SP e Uberlandia/MG. Data do Protocolo: 12/04/2016. Protons: 20307/16 (ostensivo) e 20314/16
(sigiloso). Extrato Previo: n®. 5212/2016 publicado em 30/06/16. Relatoria definida em julho/2016: Dra. Vania Moda
Cirino e Dr(a). Welington Luiz de Araijo. Assessoria Marcos Bertozo;

Sendo testado a mais de 6

Riad

anos no Brasil @
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Como Funciona o Milho Tolerante a Seca da Monsanto?

O milho MON 87460 é um milho GM

33 =T expressando a proteina CspB - Cold shock [GEE
52 ontrol wi . ) o
&7 e | protein B (CspB) obtida da bactéria Al
) 1 se liga a gl
rmitindo G
ativos
N o
b, ==
e e
i3 16,5(%) gﬁ,;
Drought 1 = g_,&_:
CspB protein E;E
=.ﬁw
—
-
ég
—_—
CspB enhances -
the way the I ith
plant uses its -
genetics

(76 BUJAC) (94 BU/AC)

IN COLLABORATION WITH BASF Source, Monsanto 2012
0 ’




Extension of Collaboration With BASF Continues Promising

Discoveries of Higher-Yielding and Stress Traits — Wheat Added

INTENSIFIED YIELD & ..-.. Py
STRESS PIPELINE -f,-.'-'- %0 e
Complimentary discove o®

Z“GDZOM D[m\\_/z@@{iumcém@;
€ 1,2 BilhOes

Em 2011 a Colaboracgo foi prorrogaca
~ € 1,0 Bilhdo

'Iﬂidﬁ frnm ltrnng dm « Expanded constructs for Yield, ensure early testing of the products in conditions
programs of both companies Nitrogen, and Drought as multi-year ~ Most relevant to farmers

- '-Whni!t add&d asa fifth crop to the performance shows repeated efficacy * Second-generation higher-yielding soybean construct
' joint plant - incorporate into testing network lead list expanded

ﬁmmﬂ plpniitle t“ bnng * Drought-tolerant cotton gene lead repeated
biotech benefit to wheat farmers

MONSANTO

performance at product concept level

* Continue Nitrogen-utilization corn testing at product
concept level

Source: BASF, 2006; Monsanto, 2012.




Gene SAT2 Sugarcane
An Embrapa/JIRCAS/CTC partnership
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Soja GM Tolerante a Seca

; -
e




Milho Gene Sat3 GM

Café
D Feijao J
Algodao

60 Dias com 50% irrigacao 120 Dias com 50% irrigacao

Source: Newton Carneiro, Embrapa Maize and Sorghum, 2013.






Anomalias nas Temperaturas do Planeta

qubal MeanlEstimatesl based on Land anq Ocean Data

—a— Annual Mean
0.8 }|= Lowess Smoothing

1.0

0.6}
0.4} 4. A

0.2} ' }‘ ‘n‘q‘

Temperature Anomaly (C)

0 NASA GISS
- 1%80 1900 1920 1940 1960 1980 2000 2020

Source: NASA, 2016 Emwa




Projetos com Eng.Genetica em Instituicoes
Publicas e Privadas Brasileiras

FE%EE,%% ima Espécies: Problemas em Foco:
N p— ‘MA O Citrus Seca
u:‘.c':p IAC E i a Algodao Doencas

—_ . Hortalicas Alagamento
) Coco Valor Nutricional
CTC a8 cnmen EE Mamao Produtividade

Pinhao Manso Nematodides
UnB
Mamona Insetos
Mandioca etc...
‘ Cana
mmn .- ; 1 ¢ Universidade Federal Soja
Milho

unesp‘ w _m 4 Uri-[l_rn Tri go




Plantas Sentinelas para deteccao de Minas Terrestres

Aresa cia.- University of Copenhagen Denmark

A . A
Landmine
Spraengstof-
udsivning _ CH
N, 3 NO, MNO,
P
Reductase

N,

4. 6- TNT
2 4, '5 trindtrotolusng)

Source: Aresa, Jan, 2010.
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Breeding Technologies 4
NBTs &

Edicao de Genomas
ou
Engenharia Genética de Precisao




Clustered
Regularly

Interspaced
Short
Palindromic

Repeats

CRISPR/CAS9

(Mechanism)

! Inwadin wirus
I A Bacteria

| . .
I new invading
FAM DMA segment
; CRISPR

I repeat duplication I

pre - CRISPR RMNA transcription

pre - CrRMA

Cas9
171489 nt 7 “"“—"E'"
Lratrnﬂh

crRNA Maturation -

BAM
Ruw
Strands:
. noncomplementary
Invading DNA [ complementary ol l
=
crRNA \
1 tracrifMA
Source: Nakayama et al, 2014 double-stranded DNA break (DSE)

Adaptation
stage

Biogenesis
stage

Interference
stage




Biotechnology Journal Qab {{ SEB

i Resistencia ao

Explore this journal »

@ Open Access (€9) () Creative Commons Cancrc C ﬁi@ CO

Research Article

Genome editing of the disease susceptibility gene CsLOB1
in citrus confers resistance to citrus canker

Hongge Jia, Yunzeng Zhang, Vladimir Orbovi¢, Jin Xu, Frank F. White, Jeffrey B. Jones,

Nian Wang & v '
First published: 4 January 2017
' ' ' ' . GFP-p1380N-
D

DOI: 10.1111/pbi.12677 (b) Dios2 D03 D09 D510 ros1 D12 WT Cas9/sgRNA:cslobl

1000bp

850bp

. QN 946

DL(Z:IB2 DLOB3 DLl‘.‘)B9 DLOB1 0 DLC:IB‘1 1 DL(:)B1 2

A specific effector (PthA4) protein from Xanthomonas citri binds to the promoter region of
the canker susceptibility gene CsLOB1 to induce disease symptoms. By utilizing CRISPR
techniques, they target the promoter region or the coding region of the citrus
susceptibility gene to mutate it in such a way to prevent binding of bacterial transducers."
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RNA interferente (RNA1)

Conceito: Mecanismo Natural de Silenciamento Génico

Descrito em 1998, e uma das maiores descobertas na biotecnologia atual,

qgue permite que genes sejam desligados de forma especifica e precisa.

ogy or Medicine 2006

Em 2006 Craig Mello
e Andrew Fire

SEULEINR Nl 1 he Nobel Prize in
Nobel pela Physiology or Medicine

descoberta do RNAI

NOBEL PRIZE
CELEBRATION




PLoS One. 2012;7(10):e47534. doi: 10.1371/journal.pone.0047534. Epub 2012 Oct 11.

Characterizing the mechanism of action of double-stranded RNA activity against western corn rootworm
(Diabrotica virgifera virgifera LeConte).

Bolognesi R1, Ramaseshadri P, Anderson J, Bachman P, Clinton W, Flannagan R, llagan O, Lawrence C, Levine S, Moar W, Mueller G, Tan J, Uffman J, Wiggins
E. Heck G, Segers G.

Author information

Abstract

RNA interference (RNAI) has previously been shown to be effective in western corn rootworm (WCR, Diabrotica virgifera virgifera LeConte) larvae
via oral delivery of synthetic double-stranded RNA (dsRNA) in an artificial diet bioassay, as well as by ingestion of transgenic corn plant tissues
engineered to express dsRNA. Although the RNAi machinery components appear to be conserved in Coleopteran insects, the key steps in this
process have not been reported for WCR. Here we characterized the sequence of events that result in mortality after ingestion of a dsRNA

designed against WCR larvae. We selected the Snf7 ortholog (DvSnf7) as the target mRNA, which encodes an essential protein involved in
activity in artificial diet bioassays. Additionally, 240 bp dsRNAs containing a single 21 bp match to the target sequence were also efficacious,
whereas 21 bp short interfering (si) RNAs matching the target sequence wer

| |
bioassays. DvSnf7 suppression was observed in a time-dependent manner I e C n O I O I a R N AI
level when a 240 bp dsRNA was fed to WCR larvae. DvSnf7 suppression wa
comprise the overall mechanism of action by which DvSnf7 dsRNA affects WCR via oral delivery and provides insighty, as to how targeted dsRNAs
in general are active against insects. A

infracellular trafficking. Our results showed that dsRNAs greater than or equal to approximately 60 base-pairs (bp) are required for biological

uptake of 240 bp dsRNA was evident in WCR midgut cells while a 21 bp siR

dsRNA ingestion. These events (dsRNA uptake, target mRNA and protein suppression, systemic spreading, growtQ Inhibition and eventual mortall
Milho MON 87411
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Usos: Aplicagao /
Topica

Producao em Larga Escala
Estabilidade em Condi¢coes de Campo
Modo de Apllcagao
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Aplicacao Foliar de RNAi para controle de Insetos

Insect
mortality

Reduced
oviposition




Como Novas Variedades Comerciais estao sendo Geradas?

Melhoramento Cldssico e Assistido
por Marcadores Moleculares Engenharia Genética

Acessos em Bancos de Transgénicos
Germoplasma Cisgénicos
Linhas de Introgressao Intragénicos

Linhas Recombiantes
MAS, QTLs, SNPs, etc Fenotipo
de Interesse
GWS (Selecao
Gendémica Ampla)

Estratégias evolutivas de
outras espécies

Nova
Variedade

Combinar em espécies comerciais os melhores arranjos génicos
especificos utilizando a base genética da espécie, mas também
agregando caracteristicas de tolerancia a estresses abioticos/bioticos
gerados em linhas evolutivas de outras espécies.
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Diversidade
Biologica
do Planeta

Evolucao

3,8 Bilhoes de anos de uma
unica célula a diversidade de
espécies que temos hoje




Corrida para Sequenciar

o Genoma de todas Espécies
Vivemos uma Revolucao na Genetica

Structural Proteomics Metabolomics
Genomics Transcriptomics o

ESI-MS of Myoglobin

See charge distribution
Heme 17 by addition of H*

wA8L16
\ 1

16,953

B Translated ————
Xpressed Proteins Interactions

RNAs o _ among different
BioinformatiCS compounds

The relation between genes and their products -
Gene Function and Metabolic pathways

Biology, Plant Breeding, Genetic and
Emgipa Metabolic Engineering
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Mais de 70 s

Species narnme

COoOmnmon nanee

Release version

Access

Reference

144EEERROR0OCO AN HEER - 60

Arabidops=sis Ivrata

Arabidopsis thaliana

Brachypodiumy
distachyon

Brassica rapa
Cajanus cajarn

Carica papaya

Chlamydomonas
refimhardtin

Corconmris saliviirs
Fragaria vesca
Gy cine mras
L oturs japoricrs
Malus » domestica
Medicago bruncatwula
Oryza sativa
Physcomritrella patens
Prounos persica
Populus trichocarpa
RICTTUsS COMITiLinis
Sorghoumy bicolor

Solanum tuberosowmn

Selaginella
mroellfendorfifii

Theobroma cacao
Vitis winifera

Zea mMrays

Lyrate rockcress
Arabidopis
Purple fal=e brome
Chine=se cabbage
Pigeonpsa
FPapawa
Sreen algaes
Cucumber
Strawberry
Sowvbean
Lotus
Apple
Barrel medic
Rice
Moss
Peach
wWestern poplar
Castor bean
Sorghum
Potato
Selaginella
Cacao
Srape wine

Maize

wersion 1.0 (Apr
Zo11)

TAIR 9.0 (Jun Z009)
Phytozome w&.0
Wersion 1.1
Mow 2011
Crec 2007
wWersion 4.2
FPhytozome wig.0

Crac 2010

Release 1 (Dec
2008)

Release 2.5
SAug 2010
Mt3.5 w3 (Jun 2011}

AP 2.0 (Mow Z007)

wersion 1.6 (Jan
2008)

Wersion 1.0

SI 2.0 (Feb 2010)

FRelease 0.1 (Mayw
2008)

Shi 1.4 (Dec 2007)

Wersion 3.4

wersion 1.0 (Dec
Z007)
Release 0.9 [(Sep
2010)
Genoscope (Aug
2007)
Release Sa (Mow
2010)

number

32670
27,379
32,255
232,285
48,680
25,536
15,036
21,491
34,809
65,153
42,399
57,386
45,108
30,192
32,272
27,864
45,778
8,613
S4,496
39,031
22,273
28,798
26,345

32,540

JIGI

TAIR

JGI

ITPG

Hawaii

JGI

JGI

PFR

JGI

Kazusa

LASMA

JOCWEI

RAP

JGI

JGI

JGI

JCWI

JGL

PGSC

JGI

CIRAD

Genoscope

AGT

Natwre Gencelics
Natwre
Natore

Natuwre Genelics

Natore
Biotechnology

Nature
Soience
Nalture Genelics
Nature Genelics
Nature
DNA rescearch
Nalture Genelics
Naluwre
Natwre

Soience

Socrernce

Natore
Biotechmnology

Nature
Natwre
Boience
Nature Genelics
Nature

Scicsmose

<

Source: Phytozome (2017) (https://phytozome.jgi.doe.gov/)

Aguilegia coerulea *
Mimrurlus gouttatus +
Saetaria italica *
Violvoos carteri

Theobroma cacao

In gueue {95 genome)

Colorado blue
columbine

Monkey flower
Foxctail millet
“Wolwaon

Cacao

Phytozome w&.0
Wersion 1.1
Wersion 1.1

FPhytozome we.0

Release 0.9 (Sep
Za10)

257584

267138

32095

14497

34997

JGI

JGI

JGI

JGL

MARS -
UsDuA



£er)07 EYSuRY S AnsIasm uepng AE ojorg Euoneimdno;) puE sweisAg 0] 3Iue]) Yarasay Aq padojpaag
e ! m _ : D2Adasa SIERITTY + (30))) WIUHOSUO7) SIMOD) BABSSE) 353U CLIT-1T005) . ;

ser Apuasaid mmuu {o100) me.ahm flg 0 ﬁ_@m ‘pado1q Enaf=i] uo ARy A o) Swpiodde (1 1) 1Eu Auadoid Enyda=ym 21 paseuem pue Swpimg
aqeuresns A1ddns 90D 1o Andap A s23UAE EAIMONEY [eado] Jo AWAPEIY 253ty Jepun ASojotyoalong 3§ saouamsolg Eadol] Jo AMmps]

“20ui2s AJenba uado A]ddns aseqeIEp BABSSED S[qENFRWRI B YHA 25eqw 138 [ 2 SYoEasa)
[EUORRWRIN AL 252YS O] 2] BARSSED 353U 1) Aq AEJE0[0WIa] PR ARIN2I03Y) BABSSE) W JURMRANDE PUR ARRA02Sp Podal AEommaisis a
JSEQEIEp 27] Parepdn AEnUNOD 3q [ (1)) Y] BILRMY [0S pue BIsY BTy Eadon m AEnadsa ppos 3 w dosd pooj juepodun yvs Ay By
W [PUSBIUONG PUR [ANI0IG J[qRAsaUR) 107 d0ID B “(ZIURE) 021252 JoyI]|) PARSSED T sIametn pue sdnoid afeyun ‘sauad ‘sateiqy YN smRIql Ovg
SB [INS S0M0S3} R0 0S[E ‘SWpaaiq IR0 PUR SIH0TRS [BAGINAS “(RA0SP 2U2E TONEWN20E Plod PUE TSNP ‘WSTOGEIAW farls ‘sisatguisojond

e meamrrmadrresrmim Srramemarmm mrmn sasrrmmbos arrraren@ mareisas asmemmen erer o Semaer can Deermirres rreaSrmrrem oo e Jarermierrs reSrmees Slaneemamres

U0 sOMUOdLDSUEN UONEJOUUE pue s2ou2nbas awouai palaaod 2seqeiep sl C (SMOT 15) ANSIAAM[) UOJSUNJSE\\ PUE APSI2ANI[| RGOUENL) APSIZAN |
UEPL] "V U=PIED) [EJMEI0Y BUND) THNOS 'SV SIMUOU=D) JO SMURSU] SURlR{ SV S99U=RS [EJIS0[0HY 107 SSMMHSU] EUSURUY S20UShy SMgmousy
[EdoI] JO AWRPEDY 252UN) WO 2Wod S[ U] J2A0 AqQ papoddns [ ()7 + Yo W P2IYennn sem IR ()0))) WNRI0su0)) SONUOU2L) BABSSE) 253Um])
AQ PRUMO ST]] UD 2MHOU25-BABSSED MMM 2JIS2M [0 23 I [ (7 ] AN[ U0 PRADUNE] SEAL (HOTS 1 g(]))) 2SBqEIR(] 2WO0U2L) BABSSE.) 252UM])

“e12 2wou2s 150d 21 I UOLM 2ANRIOGE[OD [EUOTRILIIN MO U0 PISEq UONNjOs21 PUNOT 24 [l W21l Jo [ s2umu2d jsed
U BARSSED UI SUIP2310 [PUORU2ATOD 21 PaX{22Ua[10q 2WOUE INs05AZ0I2121 PUTY PI[EIAL U23q) JARY BABSSED J0 [0S U2LEG PUR JUYSN0JP 0} 20URI[0] ‘SISIPUALS
[orels pue sisapuAso1oyd Jo WSMeIa JEMII[0W U0 35Pa[Mmoin] Maf A3 4 "S355210S DNOIGE 12710 PUR JYEN0IP 01 20URIS[0] ARUANX2 PUR “UONEMIINIOE [IIels
pue sisauisojoyd YSn] wawo JO YoM SONSURI0RIRYD [E50]01q [errads SB ALOWY BABSSET) UONEINSIWOP 5 Jeai (. F2a0 W uonesedord onemos pue SWssomn
-0 Jo Isnedaq Ansodizoraiey ysSn ykw (gE=uy) projdip st 2wWouas BARSSED) VI PUR VD TR J0 NUBqQ JU2E W PRAS2SUOD SUCISSIIIE ()00 F2A0 PUB

"BILRIT WAIN0S PUNOIE SUOIS2I PUE IZEIT W PAINGINSIP NS U1 JET JOy U]y JO snuasd 2 w saads g4 MOgE 208 2327 “S[ELRIEWOIq PUE [21J0lq J[qEMaul
0] 20mos I[qeRs2p e ose pue 2jdoad woymu (), J2A0 JOJ BOURWY TNOY PUE EISY “Balgy Jidon w doio poo] 2[deis B sI(ZJUBL)) DIUS[NI52 Ji) BABSSE))

i WNIHD - HSVEVIVA |
MON I3y | U] udig | djey | 1SV'Id | 2seqeie( | sasmorg awouan | woy ﬂ :ﬂmmﬁc *

w7 @ °




Brasil possui entre 15 a 25%
da Biodiversidade do Planeta

Distribuigdo Geografica da espécie Bowdichia virgilioides Kunth
e precipitagiao media anual
Regido do Cerrado
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Genes for Drought Tolerance

Resure_ction Plant

Sequencing of Vellozia spp.
genomes could reveal novel
genetic variability and metabolic

pathways involved in the
tolerance to desiccation and

drought.

The genome comparison
between a desiccation-tolerant
and an evergreen Vellozia
species could reveal specific
mechanisms associated with
the dismantle and
reconstruction of the
photosynthetic apparatus during

water loss and rehydration.

Sequencing of Vellozia
genomes could reveal novel
genetic variability and metabolic
pathways involved in the
acquisition and use of sail
nutrients such as phosphorous,
which is characteristically little
available in campos rupestres’
soils.

v el BRRE [ Y N== _ .

Campos rupestres and the Vellozia species targeted by this proposal. (A)
Distribution of campos rupestres (grey) in Brazil (adapted from Silveira et
al., doi 10.1007/s11104-015-2637-8, 2015). (B) Vellozia intermedia
individuals on a campo rupestre landscape near Serra da Canastra
National Park (MG, Brazil). (C) V. nivea and (D) V. intermedia individuals
under cultivation in a greenhouse at the State University of Campinas

zil).
(Brazil) Fonte: Isabel Gerhardt, Embrapa




Emm)a KnowlHow

Pode levar até 20 anos
Do descobrimento de um Gene(s)
a colocacao de uma tecnologia de

Eng.Geneética no Mercado.
Ex: Soja Cultivance Parceria
EMBRAPA/BASF
Primeiras Plantas GM no Programa de
Melhoramento da Embrapa em 1997

Entrada no Mercado Brasileiro
Safra 2015/16




Pipeline para Desenvolvimento de PGM

> U$75 milhoes em desregulamentacao

Descoberta Desenvolvimento de Produto
Fasesde P&D | Descoberta de genes Prova de Conceito IR, D A VOW ¥ edo Pré-comercializagio
vangado
Custos
Extim 2dos(U5$ M) bl | 283 45.9 17.2
Anos 1 2 3 4 5 8 9 0 | 11 | 12 | 13 | u
I.| Descoberta inicial - Hits

Il.| Descoberta Avangada - Leads

o[ e o G i Prado et al., 2014

Iv.| Otimizagdo de Construgdes

u] Produgio e Selegao de Eventos

e Introg 0. Melhors to & Testes de Campo em Larga E scal

i) Ciéncia Regulatéria

VI, Deregulamentagdo e Registro

Custo Estimado Hoje: ~ U$140 milhoes




Merc;io de Se‘entes no Brasil: SOJA

Impacto L& Pﬁ’@ﬁé Cultivares + PGV ?

15% |

Empresal
5%

EMBRAPA
(Public)
80%




Quem Faz (“Fazia”) Inovacao em Biotecnologia
Agropecuaria no Brazil?

Empresas/Instituigdes (VAN
Privadas Nacionais COO' =TEC
00000 CTC

Empresas/Instituicoes . -
Privadas Internacionais ® Universidades
00000 ‘

Empresas/Instituicoes Estratégias

Publicas Nacionais‘ de
0000 Engenharia

Genética

EMBRAPA ©
00000
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Big Six control 75% of the
global pesticide market

~75%
JIEILCIEN Syngenta 20%

with 4
Cia

Bayer CropScience 18%
4

Monsanto = 2 6 0/ o

BASF 13%
DuPont
+ -~ 1 6 0/ 0

Dow AgroSciences 10%

All others 25%

Seven firms control 71%
of the global seed market

~29%

Monsanto 26%

-
Bayer

DuPont (Pioneer) 21%

Syngenta 8%
Limagrain 5%

29%

w
=
@
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Milhoes

O Mundo de Olho no Brasil

Brasil: area colhida, producao e produtividade dos graos
Arroz, feijao, milho, soja e trigo

— Area (he) s Produgaolt s Prodividade (Kgha)
| 1 186,53% o2
Produtividade
0 + : A
0 .

| VAl ' 649,33% I
) 2 PP = 4 1.500

Ve Nep” Producao
./ é -
o3 ¥ 00 4 1.000

x 'lvﬁj
Area

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv



Conservation Agriculture in Brazil
-

Double Cropping Systems - Corn after Soybean

Two-crops.in the,s
year without irrj f_.__»-f z

Harvesting Soybeans
First Crop '

No-tillage system
Environmentally friendly
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61%

T GOITE Enps smesiiiiss Aris.

NATIVE VEGETATION
IN INDIGENOUS LANDS
13%

WATERS .
20%

NATIVE VEGETATION
IN UNITS OF
CONSERVATION
17%
NATIVE VEGETATION IN
RETREATING LANDS,
RELIEVES, INTERIOR

‘”II llllll"h|

ENERGY
INFRASTRUCTURE,
MINING AND OTHER

11,3%

CITIES,

Others (11,3%)

sal349d0.d |einy

Sources: Embrapa, IBGE, CNA,
MMA, FUNAI, DNIT, ANA, MPOG.




Human 9 billion

Population

e Since the early 1800s,
the human population |
on Earth has been
growing exponentially.

e Sept 2017 world
population reached:
7,500,000,000.




BALANCA COMERCIAL DO AGRONEGOCIO
BRASILEIRO

PIB = 20 a 25% -

7,5 78,3

Exportacoes
totais: 40 - 45%

///0/42,3
~  Total de empregos
23,3 25,9

19, 30-35% T T

14,8

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

™= ExportacOes ™ |mportagcdes =@=Superavit




Investimento em C&T: Setor

Publico e Privado
PUBLICO* PRIVADO %do PIB

Corela do Sul PrAsRy 74 5% 4,23%
Japdo WAL 3,49%
Alemanha FeLiiZ 65,8% 2,87%
Estados Unidos BElReEz 64,1% 2,78%
% em relacao
Ol 253% 7470 2,06 a0 PIB

BRASIL [yl SR YALAN 1,27%

Fonte: MCTIC, 2017



Ciencia Brasileira

em Colapso

Fuga |
de Cérebros

2,400,000
s Investimento em R$ (x mil) em

Bolsas de Estudo no Pais, i
200,000 . : .

Exterior e em Projetos de
L500.000 Pesquisa L e W Audics i Pesguisa
1.200.000 | ] 145 ! | Bolsas n Exterior

e i el T 508.005 Bolsas no Pais
800,000 : G4mO _ _ . f—
01129
e M L3I

400000 | 39503 - 350403 - 42182 - - 47108

%567

0

2001 2002 2003 2004 2003 2008 2007 2008 2009 2010 2011 12 2013 2014 2015 2016 2017

_ _ 2014 — 2017
Fonte: CNPq / Dados atualizados ate junho/2017




'Meditai se so as nacoes fortes
podem fazer Ciéncia,
Ou se é a Ciencia que as fazem fortes”

Oswaldo Cruz

Alexandre Nepomuceno
alexandre.nepomuceno@embrapa.br




