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A
abscisic acid (ABA), 24, 42, 48, 87, 243
acetolactate synthase (ALS), 89, 106–108, 110,
123–125

acetylation, 15, 19
adenylation, 7
Aequorea victoria, 92
AgrEvo, 120, 139
agriculture. See cereals; crops
Agrobacterium, 93, 160, 162

See also Agrobacterium-mediated gene
transfer

Agrobacterium-mediated gene transfer, 55–65
crown gall disease and, 55–56
process overview, 59–62
proteins involved in process, 61
Ti plasmid, 56–63
in tobacco, 63–65
vectors used in, 63–64, 65

Agrobacterium rhizogenes, 67
agropines, 56
albumin, 251, 297, 298
alcohols, 85–86
alfalfa, 48–49, 300
allergens, 251–252
alternative splicing, 15–17, 21
amino acids, 9, 11, 113–114, 209, 251–252
aminoacyl-RNA-protein transferases, 20
aminosiloxanes, 68
ammonium ions, 38–39
amplification fragment length polymorphisms
(AFLP), 159

Animal and Plant Health Inspection Service
(APHIS), 320–322

anthers, 45–46
anthocyanin, 244–245
antibiotic resistance, 89, 309–310
antibodies

costs associated with farming, 300–301
custom made, 291–293
against dental caries, 290–291
molecular farming of, 286–298
production systems, 279–280, 290
structural characteristics of, 289

anticodons, 10
antimicrobial compounds, 163, 164–165,
174–175

antioxidants, 227–229
antiport, Na/H, 218
antisense, 194–195, 234–238, 239–240, 241,
274

antivirulence genes (Avr), 164–165, 166–168

apomixis, 313, 315–316
Arabidopsis Genome Sequencing Initiative,
28–31

Arabidopsis thaliana
cold-responsive (COR) genes in, 219–220
Genome Sequencing Initiative (AGI), 28–31
heat shock proteins in, 220
as model plant, 26–28
production of bioplastics in, 276–277, 278,
279

Arabis mosaic nepovirus (ArMV), 190–192
arginine vasopressin, 298
ascorbic acid, 223, 226, 228
Asgrow Seeds, 198
A-site, 12
autodigestion, 287
auxins

Agrobacterium-mediated gene transfer and,
56, 58

in culture media, 40–41, 42
gene expression and, 23, 87
habituation and, 43
organogenesis and, 50–51

Aventis, 121, 139
axillary buds, 50–51

B
Bacillus thuringiensis (Bt), 137–145

Bollgard cotton and, 138, 141–142
cry genes, 98, 132–147
environmental impacts of use, 143–145
history of, 132–133
insecticidal crystal proteins (ICP), 134–136
insect resistance to, 140–143
in maize, 138–139
Monarch butterflies and, 144
pyramiding and, 140
StarLink corn controversy and, 139
toxin as biopesticide, 136–137

beets, 185–187, 270
benzylaminopurine (BAP), 41
betalains, 244–245
bialaphos, 88, 89–90, 120–121
binary vectors. See vectors
biodegradable plastics. See bioplastics
biolistics, 49, 67–72, 282
biopesticides. See Bacillus thuringiensis (Bt)
biopharmaceuticals, 294, 296, 297, 298
bioplastics, 275–279, 287
biopolymers, 275–279, 287
biotrophs, 159
bleomycin, 88, 89–90



Index to Plant Biotechnology
(unpublished, by Samantha Miller, Sciendex)

     2

Bollgard cotton, 138, 141–142
bollworms, 138, 141–142
bombardment, 49, 67–72, 282
border sequences, 58–59, 81
Borlaug, Norman, 246
Brazil nut albumin, 251
breeding, traditional, 158
bromoxynil resistance, 121–122
budworms, 132, 138, 141–142
butterflies, 143–144, 149

C
C3 and C4 pathways, 256–257
CAAT boxes, 15
Calgene, 232–233, 237
callus, 42, 43–46, 50, 69–70
Calvin cycle, 256–257
capsids, 180, 184, 200–201
carbohydrates, 39, 263–270
carbon sources

Agrobacterium-mediated gene transfer and,
56

callus formation and, 43
in cell culture media, 38–39, 49
selectable markers and, 88, 89–90

carotenoids, 227, 243, 244–245, 247–251
cauliflower mosaic virus 35S promoter

Bacillus thuriengensis (Bt) and, 137
fructan synthesis and, 268
fruit ripening and, 234
in Golden Rice, 248
herbicide resistance and, 117
insect resistance and, 147
structure of, 82–83
tetracycline expression and, 85

cell culture media
callus friability and, 44
gelling agents in, 39–40
growth regulators in, 40–42
macroelements in, 37–38
microelements in, 38–39
for microspores, 45–46
for tobacco organogenesis, 50
use in rice transformation, 70–72

cell-suspension cultures, 43–46
cereals

genome sequencing of, 30–31
and kanamycin resistance, 89–90
kanamycin resistance and, 88
risks associated with modification, 251–252
selectable markers used in, 65
somatic embryogenesis of, 49–50

transformation techniques for, 65, 66, 68, 74
yield of, 246, 281

chalcone synthase genes, 195–198
chaperones, molecular, 221, 290
chemotaxis, 56
chimeric proteins, 140
chitinase proteins, 172, 173
chloramphenicol transferase (CAT), 92
chloroplasts

engineering of, 324–325
gene containment and, 313
genomes of, 2–3
localisation signals, 19
nitrate reductase gene in, 22–23
production of bioplastics in, 276–277
protein targeting to, 117–118, 276–277
role in biosynthesis, 106
stress tolerance and, 212
transformation of, 73–74
use for protein production, 300–301
See also photosynthesis

chlorosulphuron, 88, 89–90
choline monooxygenase (CMO), 212
chorismate, 113–114
chromatin, 4–5, 14
chromosomes, 4–5, 31, 46
cis-elements, 14–15, 22, 23, 24–25
citrus, 185
clean gene technologies, 97–99
cleistogamy, 313
closterovirus, 185
coat proteins, viral diseases and, 188–193
coat proteins, and viral diseases, 199–201
co-cultivation, 64
co-integrative vectors, 93
cold-responsive (COR) genes, 218, 219–220,
221–222, 274

cold treatment, for microspores, 46
colinearity, 31
colour modification, 241–245
commercial products

AgrEvo, 120, 139
antibodies, 291
Asgrow Seeds, 198
Bollgard cotton, 138, 141–142
common traits in, 104
containing Bacillus thuringiensis (Bt),
136–142

Delta and Pine Land Company, 314–315
disease resistant, 124, 170
FlavrSavr tomatoes, 232–233, 237
Florigene, 245
Large Scale Biology Corp, 291–293
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LibertyLink crops, 121
Lightning herbicide, 123–125
Mycogen, 138
pharmaceuticals, 297
Pioneer Hi-bred International, 123–125
Planet Biotechnology, 300
Plant Genetic Systems, 120
ProdiGene, 285–287
StarLink corn, 139
Syngenta, 307
Terminator Technology and, 312–313,
314–315

virus-resistant, 198–199
Zeneca, 237
See also Monsanto

comoviruses, 182–183
compact callus, 43–44
compatible solutes, 209–215
concerns. See risks
constitutive promoters. See promoters
containment, 311–312, 313
copper inducible gene expression, 86
Copy Nature strategy, 145–153
copy number, 96
co-repression, 76, 195–198, 197–198, 325
corn. See maize
corn borers, 132, 138–140
costs. See economic considerations
co-suppression, 237
cotton, 132, 138, 141–142, 161, 306–307
cowpea mosaic comovirus (CPMV), 182–183,
293

cowpea trypsin inhibitor (CpTi), 146–149
Crick and Watson, 1
crops

apomixis and, 315–316
Bacillus thuriengensis (Bt) use in, 141–145
current state of transgenic, 305–309
fatty acid composition in, 272–275
genome sequencing of, 32
Green Revolution and, 246
LibertyLink, 121
losses from plant diseases, 157–158, 159
pests and, 131–132
regulation of, 316–320
Roundup Ready, 116–117, 119, 127
selectable markers in, 88, 89–90
virus resistant, 198–199
yields of, 207, 231–257, 281, 327
See also cereals; herbicide resistance; pollen;
risks

cross-protection, 185
crown gall disease, 56

cry genes. See Bacillus thuringiensis (Bt)
crytogein, 176
cucumbers, 173
cucumovirus, 185
culture conditions, 36, 43–46, 70–72
cyclodextrins, molecular farming and, 264–265,
266

cytokinins
cell cultures and, 43
frequently used, 41, 42
gene transfer and, 56, 58
organogenesis and, 50–51
yield and, 256

D
dedifferentiation, 43
defences

elicitor responses, 164–166
inducible, 163–170
natural mechanisms for, 162–163
recognition-dependent, 166–168
systemic acquired resistance (SAR), 170
See also disease resistance

defensins, 163–166, 174
dehiscence, 46
Delta and Pine Land Company, 314–315
detoxification systems, 107, 121–122
dexamethasone, 86
DHFR gene, and methotrexate resistance, 115
2,3-dichlorophenoxyacetic acid (2,3-d), 40–41,
47–48, 49

di-haploids, 46
direct gene transfer, 66–76
disease, 161–162, 193–194

See also defences; disease resistance
disease resistance

antimicrobial compounds and, 174–175
antivirulence genes (Avr) and, 166–168
chitinase proteins and, 172, 173
gene expression and, 170–177, 195–198
hypersensitive response (HR), 175–176
mechanisms for, 162–170
non-GM approaches to, 158–159
pathogens and, 159–161, 179, 179–201
propagation of, 185
recognition-dependent, 167–170
risks of, 170–177
systemic acquired (SAR), 170, 171, 175–176
in tomatoes, 176
See also viruses

dispersed repeats, 25
distal regulatory elements, 14
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diversity, lack of, 158
drought. See water stress
dwarfing, 245, 246–247, 255–256, 326, 328

E
ecdysone, 86
economic considerations

of EU moratorium, 322
of Golden Rice, 249
of molecular farming, 298–301
of Roundup Ready soybeans, 127
of transgenic crop development, 305–307,
308

of viral diseases, 161–162, 179, 190–192
edible vaccines, 291–293
elicitor response, 164–165
elongation, 13, 271
embryogenesis, 47, 48–49, 49–50, 50–51
embryos, 46

See also somatic embryogenesis
endoplasmic reticulum, 271, 273, 275, 281, 288
δ-endotoxin. See Bacillus thuringiensis (Bt)
environmental effects, on plant development,
36

Environmental Protection Agency (EPA), 139,
141–142

enzymes, industrial, 285–288
E-site, 12
ethylene, 42, 233–237, 238–241, 242
eukaryotic genomes, 25
European corn borer, 132, 138–139
European Union (EU) regulations, 316–320
exons, 7
explants, 43–46, 51, 63, 64–65, 69

F
farming. See molecular farming
fatty acids, 271–275
FCA gene, 17
Federal Plant Pest Act, 320–322
fireblight, 175
firefly luciferase, 92
fixing heterostasis, 315
flavenoids, 244–245
FlavrSavr tomatoes, 232–233, 237
floral dip, 66
Florigene, 245
flower color, 244–245
fluorescent protein, green, 88, 89–90, 91–92,
98

foods. See cereals; crops; fruits; potatoes;
tomatoes

friable callus, 43–44, 74
fructans, 263, 266–270
fruit

chitinase genes and, 173
fireblight and, 175
grapes, 190–192
papaya, 198–199, 237
softening of, 234–237
See also tomatoes

functional genomics, 27
fungi, 160–161, 171–174
fungicide usage, 157

G
β- galactosidase, 80
gametophytes, 45–46
Gaucher's disease, 296–297
GC boxes, 15
gene expression inducers, 85–87
gene silencing, 76, 195–198, 197–198, 325
genetic analysis of plant breeding, 159
genetic code, 11
gene transfer

Agrobacterium-mediated, 55–65
cell culture media, 36–42
to chloroplasts, 73–74
containment of, 311–312, 313
culture conditions in, 36
diagram of, 61
direct, 68
electroporation, 72–74
floral dip, 66
genetic considerations, 20–23
particle bombardment, 67–72
PEG (polyethylene glycol) mediated, 44–45,
72

to plant tissues, 51
silicon carbide fibres used for, 74–75

genomes
Arabidopsis thaliana, 28–31
cowpea mosaic comovirus (CPMV), 182–183
definition of, 1
masking of, 199–201
rice, 30–32
size and organisation of, 25, 26, 31
structure in organelles, 2
structure of plant viruses, 180, 182

gfp (green fluorescent protein), 88, 89–90,
91–92, 98

gibberellins, 41–42, 241–243, 245–247, 326,
328

globular embryos, 47
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glucanases, 173
glucocerebrosidase, 296, 297
glucocorticoids, 86
β-glucuronidase (GUS), 88, 89–92, 120–121
glufosinate, 119–121
glutamine synthetase (GS), 120
glutathione S-transferase (GST), 122, 226
glycine betaine, 209, 212–213, 214–215
glycosylation, 19
glyphosphate, 112, 113–114, 114–119,
119–121, 127

Golden Rice, 247–250
green fluorescent protein (gfp), 88, 89–90,
91–92, 98

Greenpeace, 250
Green Revolution, 245–246
growth regulators. See phytohormones
GUS (β-glucuronidase), 88, 89–92, 120–121

H
habituation, 43
halophytes, 218
harvest index, 231
health considerations, 139, 157

See also risks
heat-shock elements, 86, 221–222, 223
herbicide resistance, 104–129

commercial products, 123–124, 306–307
detoxification system use for, 107, 121–122
environmental impacts of, 125–129, 308
glyphosphate, 112, 114–119, 127
homologous recombination and, 125
imidazolinone, 123–125
Monsanto and, 119, 123–125, 307
phosphinothricin and, 119–121
regulation of, 321
strategies for engineering, 107
super weeds and, 311

herbicides
biological processes and, 105–106
environmental impacts of use, 127
modes of action, 106, 108–109
as selectable markers, 88, 89–90
structures of, 110–111
use in agriculture, 104–105
See also herbicide resistance

heterologous encapsidation, 199–201
heterologous promoters, 24–25
heterostasis, fixing, 315
high dose/ refuge-resistance management,
142–143

hirudin, 282–285, 297

histones, 4–5
homologous recombination, 125
horizontal resistance, 146
hormones. See phytohormones
human serum albumin, 298
hydration shell, 209
hygromycin, 69–70, 72, 88, 89–90
hyperplasia, 179
hypersensitive response (HR), 164–165,
166–168, 175–176

I
illegitimate recombination, 62
immunoglobulins (Ig). See antibodies
indole-3-acetic acid (IAA), 40–41, 58
induced systemic resistance (ISR), 170, 171
inducers, gene expression, 85–87
industrial enzymes, 285–288
insecticidal crystal proteins (ICP). See Bacillus
thuringiensis (Bt)

insects, 131–132, 137–140, 141–142,
143–144, 149
See also Bacillus thuringiensis (Bt); pest
resistance

integrated pest management (IPM), 140–143
intellectual property, 249–250
International Rice Genome Sequencing Project,
30–32

International Rice Research Institute (IRRI),
246

introns, 7, 17
isocore, 97
isopentenyl transferase, 58, 88, 89–90
2-isopentyl adenine (2-iP), 41

J
jellyfish, 92

K
kanamycin, 65, 87–88, 89–90
kinases, disease resistance and, 169–170
kinetin, 41

L
lacZ, 80
Large Scale Biology Corp, 291–293
latex allergens, 165
lauric acid, 273, 274, 275
leaves, 50, 64–65, 207–208, 253, 256

See also photosynthesis
legumin RNA, 16–17
LibertyLink crops, 121
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light, 24, 253–256
See also photosynthesis

Lightning herbicide, 123–125
lipids, 270, 271–275, 276, 277–279
localisation signals, 19, 62
luciferases, 92
lycopenes, 233, 235, 241–243, 248
lysine acetylation, 15

M
macroelements, 37–39
maize

carbohydrates in, 266, 269–270
chloroplast genome map, 3
cyclodextrins and, 266
herbicide resistant, 117, 121–124, 128
insect resistant, 132, 137, 138–139, 147, 151
Southern corn leaf blight and, 158

mannitol, 209
mannose, 88, 89–90
marker-based breeding, 159
markers. See selectable markers
matrix-attachment regions (MARs), 96–97
media. See cell culture media
Medicago falcata, 48–49, 288–298
MeJa (methyl jasmonate), 21
meristem cultures, 45
mesophyll cells, 44
metabolomics, 27
methotrexate resistance, 115
methylation, 15
methyl bromide, 157
methyl jasmonate (MeJa), 21
microcarriers, 70
microelements, 38–39
microsatellites, 159
microspores, 45–46
mitochondria, 2–4, 19
molecular farming, 261–301

antibodies, 286–298
bioplastics, 275–279
carbohydrates and lipids, 262, 263–270
economic considerations of, 298–301
of hirudin, 282–285
industrial enzymes, 285–288
lipids, 270–279
phytase, 287–288
proteins, 279–288
proteins for medical use, 288–298
trypsin, 285–287

Monarch butterfly, 143–144
monocultures, 158

Monsanto, 307
bioplastics and, 277–279
herbicide resistance and, 115, 119, 123–125,
124–129

pest resistance and, 138–139, 141–142
Moondust flowers, 245
Mycogen, 138
mycoplasma, 160

N
necrotrophs, 159
Nicotania tabacum, 50, 63
nitrate reductase gene, spinach, 22–23
nitrates, in cell culture media, 38–39
nopaline, 56, 57, 58, 82
Novartis, 124, 138–139
nptII, 87–88, 89–90
nuclear localisation signals (NLS), 19, 62
nucleocapsids, 180
nucleosomes, 4–5
nutrition, 37, 251–252

O
octopine, 56, 57, 58, 59
oestrogen, 86
oil bodies, 281–285
oleochemicals, 271, 273, 274
oncogenes, 58
operons, 2
opines. See octopine or nopaline
organic supplements, 38–39, 46
organogenesis, 50–51
origins of replication, 93
osmoprotectants, 211, 212–214, 216–217
osmotic adjustment, 208, 209, 215
osmotic potential, 208, 209
osmotic stress, 209, 215–216
overcoat system, 286
ovules, 46
oxidative stress, 228
oxygen, reactive species (ROS), 222–229
ozone layer depletion, 157

P
parenchyma cells, 43
particle bombardment, 49, 67–72, 282
pathogen-associated molecular patterns
(PAMP), 168

pathogen-derived resistance (PDR), 179
pathogenesis-related (PR) proteins, 164–165,
166

pathogens
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causing economic losses, 161–162
disease resistance and, 159–162, 179–201
prokaryotic, 160
proteins in, 169–170
responses to attack by, 164–165, 167
See also disease resistance; viral diseases;
viruses

pBin19, 93, 95–96
pectin methylesterase, 237
peptide bonds, 12
pest resistance, 131–153

artificial diet bioassay for, 145
commercial products, 306–307
Copy Nature strategy for, 145–146
cowpea trypsin inhibitor example, 146–148
damage from pests, 131–132
plant genes engineered for, 150–151
promoters for, 147
See also Bacillus thuringiensis (Bt)

pectin methylesterase (PME), 233
petroselenic acid, 299–300
petunias, 196–197, 245
pGreen, 95–96
pHAG, 69–70
pharmaceuticals, 294, 296, 297, 298
pharming. See molecular farming
PHB (polyhydroxylbutyrate). See bioplastics
phenolics, 61
phenylureas, substituted, 41
phosphinothricin (PPT), 119–121
phosphoenolpyruvate carboxylase (PEPC), 257
phosphorylation, and gene expression, 19
photosynthesis

crop yield and, 231, 255–256
enhancement of, 252–257
methyl jasmonate (MeJa) and, 21
pathways, 256–257
process overview, 254
proteins involved in, 2–4
water stress and, 209

phytase, 287–288
phytoanticipins, 164–165
phytochromes, 253–256
phytohormones

abscisic acid (ABA), 24, 42
cytokinins, 41
ethylene, 42, 233–237, 238–241, 242
gibberellins, 41–42, 241–243, 245–247, 326,
328

Golden Rice and, 248
tomato ripening and, 233, 241–245
See also auxins

Phytophthora infestans, 160–161

phytoplasma, 160
Pioneer Hi-Bred International, 123–125, 138
Planet Biotechnology, 300
Plant Genetic Systems, 120
plantibodies. See antibodies
plasmids. See vectors
plasmolysis, 209
plasticity, 35–36, 206–208
plastics, biodegradable. See bioplastics
plastids, 2, 73–74, 106, 263

See also chloroplasts
pleiotropic effects, 119, 156
polerovirus, 185
pollen

herbicide resistance and, 127–128
risk of gene transfer through, 312, 324–325
risk of toxicity, 139, 143–144
use for cell culture, 45–46

polyadenylation signals, 97
poly(A) sites, 7
polyethylene glycol (PEG)-mediated
transformation, 44–45

polyfructans, 263, 266–270
polygalacturonase (PG), 233
polyhydroxylbutyrate (PHB). See bioplastics
polymerase chain reaction (PCR), 159, 190–192
polyploidy, 31
polysomes, 9
post-transcriptional gene silencing, 76,
195–198, 236, 325

post-transcriptional processes, 16–17, 18–19,
76, 185
See also post-transcriptional gene silencing

potatoes
blight, 160–161
disease resistance and, 174–175
edible pharmaceuticals and, 280
as example of traditional breeding, 159
polyfructan production in, 268–269
prp1 promoter in, 172
Pusztai affair and, 152–153
starch in, 266
sweet, 251
virus resistant, 199

potyvirus, 185, 196
precautionary principle, 322–323
pre-mRNA, 7, 15–17
ProdiGene, 285–287
prokaryotes, pathogenic, 160
promiscuous DNA, 4
promoters

affecting gene expression, 14–15
considerations for transformation, 20–23



Index to Plant Biotechnology
(unpublished, by Samantha Miller, Sciendex)

     8

constitutive, 82–83, 172
for engineering pest resistance, 147
examples of, 24
inducible, 84–87
protein production and, 6–7, 282
tissue specific, 84
in vector optimisation, 95–96
See also cauliflower mosaic virus 35S
promoter

propagation, and viral resistance, 185
protein localisation signals, 19
proteins

conferral of pest resistance by, 145–153
molecular farming of, 279–298, 288–298
plant production systems in, 280–288
reactive oxygen species (ROS) and, 222–223
stable expression of, 281–282
tobacco mosaic tobamovirus (TMV) and, 294
transcription units and, 6–7
transient expression of, 285, 293
turnover of, 19–20
water shell and, 210–211
See also coat proteins; protein targeting

protein targeting
to chloroplasts, 117–118, 276–277
to endoplasmic reticulum, 290–291
to oil bodies, 281–285
as technology, 24
to vacuoles, 269

proteomics, 27
protoplasts, 44–45
P-site, 12
Pto protein, 169–170
Pusztai affair, 152–153, 320
pyramiding, 140

Q
quantitative trait loci (QTL) maps, 159
quarantine as antiviral measure, 185

R
random amplified polymorphic DNA (RAPD),
159

reactive oxygen species (ROS), 222–229
recognition-dependent disease resistance,
167–170

recombination, risk of, 199–201
refuge-resistance/ high dose management,
142–143

regeneration, 47–52
regulations, 317–323, 320–322
regulators, plant growth. See phytohormones

regulatory elements, 14–15, 22, 23, 24–25
relative water content, 208
repeats, tandem and dispersed, 25
reporter genes, 22, 88, 91–92

See also green fluorescent protein (gfp)
resistance

antibiotic, 309–310
horizontal vs. vertical, 146
management plans for, 141–142
systemic acquired (SAR), 170, 171, 175–176
See also Bacillus thuringiensis (Bt); disease
resistance; herbicide resistance; pest
resistance; viral diseases

respiration, tomato ripening and, 233
restriction fragment length polymorphisms
(RFLP), 159

rhizosphere, 56
ribosome inactivating proteins (RIP), 173,
173–174

ribosomes, 10, 12, 173–174
ribozymes, 194–195
rice

genome of, 30–32
Golden, 247–251, 252
insect resistant, 132, 147, 148, 150–151
mould resistant, 173
particle bombardment of, 69–70
phosphoenolpyruvate carboxylase (PEPC)
and, 257

viral diseases and, 162
ricin, 275
ripening. See fruit; tomatoes
risks

altered protein expression and, 251–252
antibiotic resistance, 309–310
Bacillus thuringiensis (Bt) and, 139, 143–144
disease resistance, 170–177
edible vaccines and, 295–296
flower colour manipulation and, 245
Golden Rice and, 250
herbicide resistance and, 125–126, 127–128,
308, 311

latex allergens, 165
particle bombardment and, 69
pleiotropic effects, 119
pollen-mediated gene transfer, 312, 324–325
pyramiding, 140
recombination, 199–201
regulation of, 316–324
virus transformation and, 199–201

RNA interference (RNAi), 76, 234–238
RNA (ribonucleic acid), 197

in capsids, 184, 201
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in elongation, 12–14
as genome for tobacco mosaic tobamovirus,
181–182

interference (RNAi), 76, 234–238
modification of, 15–18
polymerase II, 7, 8, 15
post-transcriptional gene silencing (PTGS)
and, 185, 195–198

stabilisation of, 7–8
in translation, 7–12
types of, 6–7
use of antisense for manipulation of fruit
softening, 234–238

viral diseases from, 180–182, 190–192
as virus, 190–192, 199–201

root cultures, 45
Roundup, 112, 113–114, 114–119, 119–121,
127

Roundup Ready crops, 116–117, 119, 127
Rubisco, 17, 256–257

S
safety, 148, 152–153, 174

See also risks
salt tolerance, 215–218
saprophytes, 160
SARS (scaffold-associated regions), 5
satellite DNA, 25
satellite RNA, 181, 185, 193–194
seeds, 69–72, 315
selectable markers

in Agrobacterium-mediated gene transfer, 65
clean gene technology and, 99
concerns about GM crops and, 309–316
in plasmids, 79–80, 93–94
in plastid transformation, 73–74
types of, 87–90

senescence, 87, 256
senescence activated genes (SAG), 256
sequence tagged sites (STS), 159
shell, water, 210–211
shoot tip cultures, 45
signal peptides, 19
signal transduction, disease resistance and,
164–165, 169–170

silencing, 76, 195–198, 236, 325
silicon carbide fibres, 74–75
siRNAs, 76
sodium antiport, 218
solutes, compatible, 209–215
somatic embryogenesis, 47, 48–49, 49–50,
50–51

somatotrophin, 300–301
soybeans, 299–300
spectinomycin, 88, 89–90
spinach nitrate reductase gene, 22–23
splicing, 8, 15–17
spores. See Bacillus thuringiensis (Bt)
starch, 263–266
StarLink corn, 139
sterility, 313
steroids, 86
stomatal conductance, 208
stress tolerance, 205–229

antioxidants and, 227–229
choline monooxygenase (CMO) and, 212
cold, 219–220, 221–222
heat, 220–222
osmoprotectants and, 212–213, 216–217
reactive oxygen species (ROS) and, 222–229
salt tolerance, 215–218

substantial equivalence, 322–323
sucrose, 36, 268–269
sugar alcohols, 209
sugar beets, 185–187, 270
superoxide dismutase, 223–227
super weeds, 126–128, 311
suppression of gene silencing, 197–198, 236
sweet potatoes, 251
symbiosis, 159
Syngenta, 124, 307
synteny, 31
systemic acquired resistance (SAR), 170, 171,
175–176

systemic infection, 184

T
tandem repeats, 25
targeting. See protein targeting
TATA boxes, 15
T-DNA (transfer DNA), 56–63, 80–81, 99
Technology Protection System (TPS), 314–315
temperature stress, 218–222
terminators, 82–87, 95–96, 312–313, 314–316
Terminator Technology, 312–313, 314–315
tetracycline, 85, 233–241
thrombosis, 283
tissue culture, 35–52
tissue-specific promoters, 24
tobacco

Agrobacterium-mediated gene transfer of,
63–65

antibody production in, 290
arabis mosaic nepovirus (ArMV) resistant,
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190–192, 194
choline monooxygenase (CMO) gene and, 212
cowpea trypsin inhibitor, 148–149
fungal pathogens and, 173
glyphosphate resistant, 116
mosaic tobamovirus (TMV), 181–182,
188–190, 294

organogenesis of, 50
oxidative stress and, 225–228
pharmaceutical protein production in, 297,
298

photosynthesis and, 255, 255–256
polyfructan production in, 268
vaccine production in, 291–293
yield enhancement of, 256–257

tobacco mosaic tobamovirus (TMV), 181–182,
188–190, 294

tocopherol, 226
tomatoes

antisense technology and ripening
characteristics, 234–238

chitinase genes in, 173
disease resistance and, 169–170, 175, 176
FlavrSavr, 232–233, 237
manipulation of colour in, 241–243
ripening of, 231–249
salt tolerant, 218
softening of, 234–237
yield improvement, 232–247

totipotency, 35–36
toxicity

edible vaccines and, 295–296
herbicide resistance and, 125–129
maize and, 174
in modified castor oil crops, 275
nut genes and, 251
of saline conditions, 218
See also Bacillus thuringiensis (Bt)

T-pilus, 62
trans-acting factors, 15, 24–25
transcapsidation, 199
transcriptional gene silencing, 21, 76
transcription factors, 16, 221–222, 247
transcription units, 6–7
transcriptomics, 27
transencapsidation, 199–201
transformation. See gene transfer
transgene copy number, 96
translation, 8–12, 18, 21, 183
transpiration, 207–208
trehalose, 209, 217, 264, 270
trichosanthin, 296, 297
trypsin, 285–287

trypsin inhibitor, cowpea, 146–149
tumours. See Agrobacterium-mediated gene
transfer

turgor potential, 208
turnover, protein, 19–20

U
United Kingdom (UK) regulations, 317–318
United States (US) regulations, 320–322
untranslated regions, 7
U.S. Department of Agriculture (USDA),
314–315, 320–322

U.S. Environmental Protection Agency (EPA),
139, 141–142

V
vaccines, 285, 293–296
vacuoles, 19, 263, 266–267, 269
vasopressin, arginine, 298
vectors

in Agrobacterium-mediated gene transfer,
63–64, 65

basic features of, 80–82
binary, 93, 95, 97
for chloroplast transformation, 73–74
clean gene technology and, 97–98
desirable features of, 79–80
optimisation of, 94–97, 98
for particle bombardment, 69–70
promoters and terminators in, 82–87
selectable markers in, 88–91
viruses as, 190–192, 294

vegetative propagation, 185
vertical resistance, 146
VIDE database, 179
viral diseases

antisense approaches against, 194–195
Arabis mosaic nepovirus (ArMV), 190–192
in beets, 185–187
coat proteins and, 188–193
commercial crops resistant to, 198–199
comoviruses, 182–183
economically important, 161–162, 185
gene silencing against, 195–198
genome structures of, 179–180
infection mechanisms of, 183–184
resistance to, 186–201
RNA, 181–182
satellite sequences and, 193–194
tests for detecting, 187
traditional approaches to, 184–187
VIDE database, 179
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virulence (vir) proteins in, 59
See also disease resistance; viruses

viruses
obligate biotrophs, 159
risks of creating, 199–201
and satellite RNA, 193–194
use for protein production, 286, 294
See also disease resistance; viral diseases

vitamins, 36, 223, 226, 247–251

W
water content, 208
water potential, 208, 209
water shell, 210–211
water stress, 207–222
Watson and Crick, 1
weeds, 105, 126–128, 311
wheat, 245–246
WHISKERS, 74–75
wounds, 86, 163, 172

X
xylose, 88, 89–90

Y
yield. See crops

Z
zeatin, 41
Zeneca, 232, 237
zinc finger transcription factors, 16


