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“interconnected whole” that must make broad progress on all fronts.
This is not something that appears to be fully understood by some of
the parties that fund research. There appears to be a natural
constituency for biotechnology in Congress, given that everyone grows
old, contracts diseases, and wants new remedies and treatments.

The development of new medicines is one of the most prominent
products of medical research. The development of hew medical
techniques and new drugs relies heavily on contributions from a
variety of sciences. The traditional method of random prospecting
for a few promising chemicals has largely been replaced by
methods based on molecular structures, computerbased images,
and chemical theory. Similarly, synthesis of promising compounds
relies on new chemical methods able to generate pure
preparations in a single molecule or collections of subtle
variants.The exploitation of these new possibilities requires the
contrlbutlons of many disciplines such as mathematlcs physics,

~ and chemistry. In short, advances | -;f depe d,cm-rcr-'-- o2 ¥ gl
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A case in point might be the enormous progress seen in medical
_diagnostics in the past two decades. Medical diagnostics now rely on
imaging technologies such as ultrasound, positron-emission
tomography, and computer-assisted tomography. Magnetic
resonance imaging, for example, considered by many to be one of
the great advances in diagnosis, is the product of atomic, nuclear
and high-energy physics, quantum chemistry, computer science,
cryogenics, solid state physics, and applied medicine.
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Table 1. Sclected recent US applications for field trials of transgenic crops with product quality

traits

Number

Crop

Applicnt

Gene

Trait

261-03N
250-01IN
241-07N
241-15N
241-0IN

240-01N
214-02N
206-03N
158-01IN

Wheat
Corn
Corn
Rapeseed
Corn

Paspalum
Petunia
Pear
Tobacco

Applied Phytologics

Monsanto
Monsanto
Monsanto
Univ F orida

Univ Forida
Scotts

Exelixis

Vector Tobacco

CBI

CBI

CBI

AcylACP thioesterase
ADP-glucose
pyrophosphorylase
O-methyltransferase
CBI

SAM transferase
Quinolinate
phosphoribosyl trans.

Digestibility
Tryptophan
N metabolism
Oil profile
Seed size

Lignin levels
Flower colour

Fruit ripening

Nicotine




Table 2. Accumulation of novel fatty acids by some oil-producing plants.

Fatty acid?

Amount?

Plant species

Uses

- 8:0
10:0
12:0
14:0
16:0
18:0
20:0
22:0
24:0
18:1A6
18:1 a9
22:1A13
18:279,12
«18:3A0,12,15
Y18 :346,9,12
18:1-hydroxy
18:2—epoxy
18:2-triple
18:3-0x0
18:3—conj
20:1/22; 1wax

94
95
94
92
92
65
33
48
19
76
78
58
75
60
25
90
60
70
78
70
95

Cuphea avigera
Cuphea koehneana
Litsea stocksii

Knema globularia
Mpyrica cerifera
Garcinia cornea
Nephelium lappaceum
Brassica tournefortii
Adenanthera pavonina
Coriandrum sativum
Olea europaea
Crambe abyssinica
Helianthus annuus
Linum usitatissimum
Borago officinalis
Ricinus communis
Crepis palestina
Crepis alpina

Oiticica

Tung

Simmondsia chinensis

Fuel, food
Detergents, food
Detergents, food
Soaps, cosmetics
Food, soaps

Food, confectionery
Lubricants
Lubricants
Lubricants

Nylons, detergents
Food, lubricants
Plasticisers, nylons
Food, coatings
Paints, varnishes
Therapeutic products
Plasticisers, cosmetics
Resins, coatings
Coatings, lubricants
Paints, inks
Enamels, varnishes
Cosmetics, lubricants

3Fatty acids are denoted by their carbon chain length followed by the number of double
bonds or nature of other functionalities; bPercentage of totul fatty acids; data are taken
from Murphy (2001b).
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Citoplasma

Lignina transformada

Lignina natursl Ligagdies intermonomeéricas

Plasmmatic Hemb rans e e
Siringilica

Matriz




ALGODAO

(ndo parece muito viavel economicamente)
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Figure 1. Flavonoid biosynthetic pathway. Included are the structures of the major flavonol

isoquercitrin, and kacmplerol-3-rutinoside.

glycosides in tomato: rutin and its precursor
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Fig. 3 Compartmentation of the isoprenoid pathway in
higher plants, showing the plastid location of carotenoid
biosynthesis. Abbreviations: HMG-CoA, hydroxymethyl-
glutaryl CoA; HMGR, HMG-CoA reductase; IPP, iso-
pentenyl diphosphate; GPP, geranyl diphosphate, FPP,
farnesyl diphosphate; GGPP, geranylgeranyl diphosphate;
DXS, 1-deoxy-p-xylulose 5-phosphate synthase; DXP,

\ ~
k)
" Sitosterol
¥

Pyruvate + G3P

» DXS

DXP
\m’ Thiamine
Pyridoxol

CDP-ME

\
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ME- cpp
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GGPP —p Plastoquinone

Monoterpene v Chlorophylis
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)ycopen\

B-Carotene o -Carotene

N

Xanthophylls

1-deoxy-p-xylulose 5-phosphate; MEP, 2-C-methyl-p-ery-
thritol-4-phosphate; CDP-ME, 4-(cytidine 5’-diphospho)-
2-C-methyl-p-erythritol; CDP-ME2P, 2-phospho-4-(cytidine
5’-diphospho)-2-C-methyl-p-erythritol; ME-CPP, 2-C-
methyl-p-erythritol-2,4-cyclodiphosphate; HMBPP, 1-hy-
droxy-2-methyl-2-(E)-butenyl 4-phosphate




Fig. 2 Outline of the
carotenoid biosynthetic
pathway, showing the
biosynthetic steps from
phytoene to astaxanthin, Phytoene
with the names of l
enzymes and encoding

genes. GGPP, Phytofluene l;?:togne desaturase
geranylgeranyl l (Pds, CrtD)
diphosphate

l Phytoene synthase
(Psy-1, CrtB)

{-Carotene

l {-Carotene
desaturase (Zds)

Neurosporene
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Lycopene - Lycopene B-
cyclase (e-Lcy) / \ cyclase (8-Ley)

8-Carotene v-Carotene
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cyclase (f3-Lcy) cyclase (f3-Lcy)

a-Carotene B-Carotene

B-Carotene
l l hydroxylase (3-Chy)

o-and -
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(&Ley, B-Ley)

l B—Carotene
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Lutein Zeaxanthin

l B-ketolase (Ker)
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l B-ketolase (Ker)

Astaxanthin




General Phenylpropanoid Metabolism -
OOH 0-S-CoA
TO [¢]
NH, TH’
CEXEREN = AN
] 4-Coumaroyl o//c\sc A
7 COoA  Malonyl CoA(x 3)
Phenylalanine oH Y
CHalcone
Synthase
ROURY,
(s
OH (o]

Naringenin Chalcone

CHalcone

Isomerase
S OR
Lo Anthocyanins
Naringenin :
DihydroFlavonol
Flavanone 3- Reductase .
Hydroxylase '
HO o H
O — .
DihydroFlavonol Flavanone 3'-
Reductase .- on Hydroxylase | |l
. OH o . .
Anthocyanins Dihydrokaempferol Dihydroquercetin
FLavonol FLavonol
Synthase Synthase

HO o H
O l "

°* Glucosyl Transferase /

OH 0 Rhamnosyl Transferase® _ °©
Kaempfero| Quercetin
Kaempferol-3- R1=H, R2 = O-gluc-rham \ /
rutinoside H N
OH
Rutin R1 = OH, R2 = O-gluc-rham 0\[ P
Isoquercitrin R1=0OH, R2 = O-gluc

OH o

Figure 1. Flavonoid biosynthetic pathway. Included are the structures of the m

ajor flavonol glycosides in tomato: rutin and its precursor
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Tuble 2. Selected recent non-US applications for field trials of ‘ransgenic crops with product

quality traits

Crop

Applicant

Gene(s)

Trait

Canada
Tobacco
Wheat
Flax
Safflower

Australia
Papaya
Pineapple
Lupin
Sugar cane

Opium poppy
Tomato

Japan
Carnation
Torenia
Rice

Lettuce

Soybean
Tobacco

Ag. Canada

Plant Biotech. Inst.

Univ Calgary
Univ Calgary

CSIRO
Queensland
CSIRO
CSIRO

Glaxo
CSIRO

Suntory, Florigene
Suntory

Japan Tobacco
Mitsui Toatsu

Japan Agric. Coop.
Elec. Power Indust.

DuPont
Sumitomo

?

?

Albumin

Invertase
Polyphenol oxid.
Alkaloid enzyme
Alcohol dehydrog.

9

DFR, Chalcone synth
Antisense glutelin
Antisense globulin
Lactoferrin

Ferritin

Fad 2-1,dap A

GUS

Pharmaceutical
Nutritional change
Pharmaceutical protein
Pharmaceutical protein

Fruit quality
Flowering/ripening
Seed quality
Increased sucrose
Reduced browning
Increased alkaloids
Improved flavour

Flower colour modified
Flower colour modified
Low glutelin

Low allergen
Lactoferrin production
Ferritin-rich lettuce
Oleic acid

GUS enzyme




PRODUCAO DE METABOLITOS SECUNDARIOS
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tryptophane geraniol mevalonate / MEP pathway
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Figure 1. Biosynthesis terpenoid indol: alkaloids in Catharanthus roseus.




Figure 1. The mevalonate and MEP pathways producing different terpenoid classes in the cytosol and plastids, respectively. GA3P,
p-glyceraldehyde-3-phosphate; TPSs, terpene synthases; I1DP, isopentenyl diphosphate; DMADP, dimethylallyl diphosphate; FDP,

farnesyl diphosphate; MEP, methylerythritol 4-phosphate; GDP, peranyl diphosphate; GGDP, geranylgeranyl diphosphate. Broken
arrows represent multiple enzymatic steps.



Tuble 1. Characteristics of some transgenic plant cell cultures overexpressing TDC, STR, or TDC and STR (Canel et al., 1998; Geerlings
et al., 1999; Hallard et al., 1997; Hallard, 2000; Whitmer ct al., 1998; Whitmer, 1999),

" Abbreviations: L — loganin, S — secologanin, T - tryptamine, TDC — t-yptophan decarboxylase, STR — strictosidine synthase.

TDC activity
pkat/mg protein

STR activity
pkat/mg protein

Tryptamine

Strictosidine
uM

Other alkaloids
ng/g DW

Nicotiana tabacum
cell suspension
(TDC and STR)

Morinda citrifolia
cell suspension
(TDC and STR)

Cinchona officinalis
hairy roots
(TDC and STR)

Weigela ‘Styriaca’
hairy roots
(TDC and STR)

Catharanthus roseus
cell suspension
(TDC) (T21)

Catharanthus roseus
cell suspension
(STR) (S1)

Catharanthus roseus
cell suspension, wild type
(CRPM)

12-26 28-104

0.06-0.09 11.0-45.7

Not detectable 148497

16.5-50.0 5.7-167.9

63.1-273.9

12.6 ug/g FW

0.76-1.37 ug/g FW

1200 pg/g DW

20 ng/g DW

0.2-5.7 mg/l

0.1-1.7 mg/l

0.1-1.1 mg/l

40 (after feeding
0.5 mM S4T)

10 (after feeding
0.31 mM S and
044mMT)

1950 pg/g FW

Quinine 500
Quinidine 1000
Cinchonine +
cinchonidine 400

Ajmalicine 1.4
Serpentine 0.2

0.2-7 mg/l

Up to 1200 uM

total alkaloid

after feeding 6.4 mM
L+T

0.9-45.3 mg/l

Up to 688 uM

total alkaloid

after feeding 1.6 mM
L+T




Figure 1. Global area of transgenic crops by crop. Source: James (2000)

Figure 2. Global area of transgenic crops by crop trait. Source: James (2000).
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3 Vacma viva contra Escherichia coli (prevengao da
colibacilose) causa por um numero limitado de sorotipo.
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SEMIOQUIMICOS

ALELOQUIMICOS

FEROMONIOS

ALOMONIOS

CAIROMONIO

APNEUMONIO

AGREGAGAO

SEXUAL

ALARME

TRILHA

OUTROS



Farorrorlio Saxuz|

Faroglonio da Agragzcelg

HsC

Farormnornio cda Alzrpre

Faromonio ca Trilrz

CH,

CH,



missor Receptor * Sonora Cigarras, grilos

Informacio

e Visual —— Vagalumes

Decisi e T4t —— Formigas
Meio Ambiente Efeﬁan

Resposta o — :
d Jeolliiylle-Reumnd A maioria dos insetos

Desvantagens

1. Especifico . Especifico

2. Reduz uso de inseticidas 2, Uso em culturas com

multiplas pragas chaves
3. Favorece os inimigos

naturais 3. Exige maior

4. Custo relativamente conhecimento do produtor

baixo




Nome comercial

Pl'ﬂgn- alvo

Cultura

Eio Bieudo
Izcalure Bw/10

Bicudo do alzodosmo
(Anthonomus
grandis)

Algodio

Nome comercial

Pl'ﬂgn-n]\'n

Cultura

Bio Ceratitis

Mosca-das-trutas
iCeraritiz capitara)

Ciros, goiaba,
IMANZga, MAamao

EBio Trimedlure

Mosca-das-frutas
( Cerarirs capitata)

Ciros, golaba,
MANZE, MAMAD

Bio Spodoptera

Lagarta-do-carmche
(Spodoprera
frugiperda)

Algodio, amendoim,
arroz, batata, cana-
de-agucar, milho.
pastagens, s0ja soIgo,
tomate, trngo

Bio Cydia
Iscalure Cydia

Bicho-da-maca
(Cydia pomonella)

Macga, pera,
marmelo e
nozes

Bio Trbolinm

Besourg-castanho
(Tribolium
Castanenm)

(GTdos de cereas

Bic Grapholiza/
Iscalure Grapholita

Manposa-onental
i Grapholita melesta )

Maca, nectarina
& Pessezo

Biolifa

Manposa-onental
( Grapholita molesta)

Maca, nectarina
e pessego

L osmolure

Molegue-da-
bananeira
{(Cosmopolites
sordidus)

Banana

Bio Meo

Broca-peguena-do-
tomaterro

( Neoleucinodes
elegantalis)

Tomate,
bermjela,
prmentio

(rachon

Tragas

cautella
elutella .
interpunctella)

(Ephestia
Ephestia
Flodia

Graos de cereals e
se1s subprodutos

Migde

Broca-da-cana
{(Migdelus fryanus)

Cana-de-agncar

Bic Pectimophora

Lagarta-rosada
(Pectinophora
gossypiala )

Algodio

Bio Tuta/
Iscalure Tuta

Traca-do-tomatero
(Tuta absoluta)

tomate

Lagarta-rosada
(Pectinophora
gossypiala )

Algodao

Ferocitrus Furae

Bacho-furdae-dos-
citros
(Gymnandrosoma
auraniana)

ClTos

Broca-do-olho-do-
coguelro

i Ehynchophorus
palmarum)

LCoco, dende

Iscalure Bonagota

Lagarta-enroladeira-
da-magd, (Bonagota
salubricola)

Broca-do-olho-do-
CcogueIro

i Ehynchophorus
palmarim)

LCoco, dende

Splat
Grafo+~Bona*

Manposa onental
{(Grafolita molesta) e
Lagarta enroladeira
(Bonagora
salubricola)

Bio Semco

Bicho-do-fume
(Lasioderma
serricorne)




EXPORIAGOESIBRASIIEIRASIDERUTASH@DDS 20 09)

VARIAGAO
2004 /
2003
PRODUTOS
ussMil |t | uss/t | ussmil |t | ussst
1

590 153,043 474,05 I, 1001

MACAS 37.834 76.466 494,78 72.

3 MELOES 58.316 149.758 389,40 3.251] 142,587 3,9 -4 5

4 UVAS 59.939 37.601 1.594,09 52.755 28,512 . =12,0 23,4

9 3,0 9,7

 votatmums |ssan
T cresconewo o | 391



PRODUTOS RN BA PE CE PB Pl SE MA Nordeste BRASIL NIE;BR
Melao 45.470.193 774.923 177.698 | 16.743.807 63.166.621 63.251.151 99,87
Manga 2.461.855 | 30.133.709 | 28.356.395 1.133.185 73.824 49.896 0 62.208.864 64.187.221 96,92
Uva 1.680 | 31.716.503 | 20.632.974 81 52.351.238 52.755.494 99,23
Banana 14.812.680 105 38.783 14.851.568 26.983.243 55,04
Maméo 4.590.010 2.032.242 8.892 17.936 | 889.020 7.538.100 26.563.343 28,38
Abacaxi 215.962 221.631 6.666 3.551.759 37.470 7.680 4.041.168 6.063.468 66,65
Melancia 2.627.301 1.150.332 3.777.633 4.003.153 94,37
Limao 2.431.956 92.451 378 666.035 | 83.856 3.274.676 18.298.500 17,90
Coco 46.735 125.316 14.876 3.813 190.740 326.137 58,48
Goiaba 4.527 1.052 328 5.907 116.534 5,07
Figo 1.555 2.246 3.801 2.109.274 0,18
Outras 143.415 881.154 540.676 2.188.446 3.753.691 111.764.738 3,36
Total 70.371.386 | 68.324.312 | 49.831.680 | 24.828.848 | 1.000.314 | 715.931 | 83.856 | 7.680 | 215.164.007 | 376.422.256 | 57,16%
% S/Brasil 18,69% 18,15% 13,24% 6,60% 0,27% 0,19% | 0,02% | 0,00%
%SINordest

e 32,71% 31,75% 23,16% 11,54% 0,46% 0,33% | 0,04% | 0,00%




Manga

Uva 2,4%
2,7%
Outras

Coco 11,1%
3.7%

Melancia
4.4%

Abacaxi

4,5% Banana
22,5%

Tangerina

Uva 3.0% Outras

Mamﬁoa’n o 11.4%

3,9% T
Laranja Melancia
48.7% 3.7%
Abacaxi
6.8% Coco
T, 7%

1950 1951 1992 19593 1554 1555 15596 15957 1595 1595 2000 2001 2002 2003 2004 2005 2006













No Brasil, grande garte dos danos econdrmicos causacdos gor insstos el
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Culturzl]
Bloldgico
Aljtocicle)
Lazll
Tratzanio gos-colpleite)
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Fo gy } .
scas-das-frutas

 Método '~ Custo
4 | (hectare/ano)
Técnica do I\7I_osquito - U$ 30,00
+ + Esteéril |

- Pulverizacdo com - U$ 25,00
Agrotoxico g=r
Trimedlure -~ | U$ 15,00

Proteina Hidrolisada | U$ 10,20

§77 g ~ FEROMONIO
Torula U$ 12,00 ' .
Metil-Eugenol . | |
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PRODUTO COM AMPLA ACEITA(;AO NO '
TRIMEDLURE iMERCADO PODENDO SER SINTETIZADO

CO5C(CHa3)3

CIIM"\;

4, ou 5-c|or6-2-metiIcicloexanoqi'?carboxilato de terc-butila

SORDIDINA° —— » O GRUPO JA TRABALHA NA SINTESE DESSE COMPOSTO
FEZ-SE COMPROVAR SUA VIABILIDADE DE MERCADO .
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Danos Causados: erradicacao da
planta e eventualmente do coqueira





















