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accessibility, 84
actin depolymerizing factor-encoding gene

(ADF), 188
actinoporins, 26
adaptive immunity, 17
adhesins, 119
ADP-ribosylation factor guanine

exchange factor (ARF-GEF), 64
aerolysin, 27
Agrobacterium tumefaciens, 190, 225
Agrobacterium tumefaciens-mediated

transformation, 30
Agrobacterium tumefaciens VirE2, 297
Albugo candida, 84, 108
Albugo candida–Arabidopsis thaliana

interaction, 92
allocation process, 91
Alternaria alternata, 229, 236, 302
Alternaria alternata f.sp. lycopersici, 25
Alternaria spp., 242
Alternaria strigosa, 243
alternative oxidase (AOX), 142
amino acid transporters (Uf-AAT2), 90
β-aminobutyric acid (BABA)-induced

defense responses, 302
1-aminocyclopropane-1-carboxylic acid

synthase (ACS), 35
Amoebozoa, 104
animal pathosystems, 11
Aphanomyces cochlioides, 109
Aphanomyces euteiches, 107, 109
Aphis gossypii, 275
apoplastic sinks, 91–2
apoptosis, 4
appressorial development, 80–81
Arabidopsis

AvrPtoB in, 66

Botrytis cinerea spore inoculation sites
in, 236

camalexin accumulation, 247
camalexin secretion by, 240
CaMV in, 142
defence reactions, 229
defense in, 184–6
encoding of RDRs, 152
flagellin perception in, 28–9
H. parasitica infection, 107
infection with TTSS-deficient Pst

DC3000, 37
infiltration of PLD into leaves of,

314
mlo-based resistance, 184
nonhost resistance in, 181
PEN2-associated peroxisomes

accumulation at leaf sites of,
238–9

penetration of Bgh in, 187
phytoalexin functions, 243–4
powdery mildew resistant (pmr)

mutants, in, 88
protoplasts, 36
protoplast transient expression

system, 35
RPS4, role in resistance, 196
TIR-NB-LRR immune receptor, 196
TIR-NB-LRR R protein, 192
transcripts, 92
VAMP721 and VAMP722, 237
X-ray imaging of flower stalks, 233

Arabidopsis ACD5, 304
Arabidopsis At4g12470, At4g12480 and

At4g12490 genes, 316
Arabidopsis (AtRDR1), 151
Arabidopsis att1, 294
Arabidopsis basic region leucine zipper

10 (bZIP10), 205
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Arabidopsis bodyguard (bdg) mutant,
293

Arabidopsis camalexin, 231
Arabidopsis COI1, 309
Arabidopsis cyp79B2 cyp79B3, 244
Arabidopsis DAD1, 313
Arabidopsis DCLs, 145
Arabidopsis FLS2 (flagellin sensing 2)

gene, 28, 235
Arabidopsis functional homologs,

193
Arabidopsis glucosinolate pathway,

243
Arabidopsis HRT gene, 139
Arabidopsis IPS2 (AtSAC1b) gene,

302
Arabidopsis lectin receptor kinase

(LecRK79), 124–5
Arabidopsis LysM-RK (CERK1), 31
Arabidopsis MIN7, 188
Arabidopsis MPK4 MAP kinase, 312
Arabidopsis mutants, 57–8
Arabidopsis Nup107-160 subcomplex,

199
Arabidopsis PEN1, 237
Arabidopsis PEN3/PDR8, 241
Arabidopsis phytoalexin camalexin, 3
Arabidopsis PLD genes, 315
Arabidopsis RIN4, 37, 297
Arabidopsis RISC complex, 145
Arabidopsis RPM1, 296
Arabidopsis R protein RPS4, 56
Arabidopsis TDNA mutants, 64
Arabidopsis thaliana, 272

mutants, 3
in planta in, 94
tobacco etch virus (TEV) in, 138

arabitol, 91
Arachis hypogaea, 227
argonaute (AGO) protein, 145
ascomycete, 104
Aspergillus flavus, 307
Aspergillus spp., 307
aspirin (acetyl-SA), 141
At-βfruct1, 92
AtbZIP10 modulate disease-resistance

responses, 205

AtMIN7
mutant, 64
proteins, 64

AtMIN7, 188–9
AtMLO2, 184
Atmlo2, 88
AtMYC2, 3110
AtNOS1 gene, 34
ATR13, 86

of H. parasitica, 124
ATR1A, 86
AtSNAP33, 186
At-STP4, 92
AtSyp122, 186
AtSyp132, 186
AtVAMP72 family, 185
avenacins, 223
avenacosides A and B, 238
Avena longiglumis, 242
avenanthramide phytoalexins, 25
Avena sativa, 237
Avena strigosa, 237
avirulence (Avr) genes, 6, 49–50,

138
avirulence (Avr) protein, 180
Avr3a, 86, 121
AVR3a-GFPfusion protein, 86
Avr3a transgene, 121
Avr1b, 86
Avr-a10, 86
Avr-a10, 84
Avr-k1, 84
Avr-Pita protein, 86
Avr proteins, 84, 120, 197
AvrPto1, 59, 65
AvrPtoB, 63

in Arabidopsis, 66
AvrPto effector, 298
AvrPto1–Pto interaction, 57
AvrRps4-triggered resistance, 196
AvrRpt2, 57
Avr-triggered defense responses,

193
AXR1, 309, 311

B. graminis f.sp. hordei, 87, 92, 297
Bacillus thuringiensis (Bt) toxin, 27
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bacterial artificial chromosome (BAC)
libraries, 110

bacterial entry, into plant tissues, 37
bacterial flagellin, 22–3, 28
BAK1 (BRI1-associated receptor

kinase 1), 32–4
barley CC-NB-LRRs, 192, 194
barley mlo plants, 88
barley powdery mildew, 92
barley stripe mosaic virus (BSMV) γb

gene, 156
basal immunity, 11, 18
basal resistance, 11
basidiomycete fungi, 104
basidiomycete species, 103
beet armyworm caterpillars, 266
benzoxazinone aglycones, 225, 231
benzoxazinone glucosides, 223, 225
benzoxazinones, 223, 225, 231, 233
Beta vulgaris, 274
Bgh expression, 192
biotic interactions, of plants, 263
biotrophic cellular pathogens, 3
biotrophic fungal, 77

pathogens, 8–9
biotrophic oomycetes, 123
biotrophic pathogens, 81
biotrophs. See obligate biotrophic

pathogens
BiP2, 181
Bipolaris maydis, 229
Blumeria cepacia LPS, 295
Blumeria cinerea, 247
Blumeria graminis, 81, 241, 294

activity in U. fabae, 94
strains, 84

Blumeria graminis f.sp. hordei (Bgh), 80,
182

BOS1, 311
1,3-β-branched heptaglucosides (HGs),

28
Brassicaceae family, 225
Brassicaceae plant species, 227
Brassica juncea, 84
Brassica napus myrosin cells, 233
Brassica spp., 79
Brassinosteroids, 303

Bremia lactucae, 104, 106, 108
bruchins, 267
Bruchus pisorum, 266
Burkholderia cepacia, 294

C. fulvum, 81
caeliferins, 266
calcium-dependent protein kinases

(CDPKs), 270
callose deposition, 58
camelexins, 229
CaMV, in Nicotiana species, 143
Capparales, 225, 272
carbon metabolites, 137
cardiolipin, 24
Carmovirus p38, 159
cauliflower mosaic virus (CaMV), 136,

149
caulimoviruses, 135–6
CBEL gene, 119
CBEL protein, 119
CC-NBS-LRR proteins, 139

R3a, 123
R proteins, 56

cellobiohydrolase I and II, 80
cellodextrins, 24
cell-to-cell movement, of plant viruses,

136–7
cell wall-degrading enzymes, 2
central peptide (csp22), 22
ceramide synthase, 25
cerebrosides, 295–6
Cf-2-encoded protein, 84
chalcone synthase (CHS), 227
chemical ecology, of plant-insect

interactions
airborne communication, 278–80
cost of defense to plants, 277–8
defense strategies

constructive, 271–3
induced, 273–7
priming and manipulations,

280–82
herbivore-derived signal

compounds, 266–8
mechanical wounding, 264–6
signal transduction, 268–71
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chemokine production and immunity,
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chitins, 19, 105
chitin wall, of appressoria, 79
Chromalveolates, 104–5
CIH1 protein, 80
Cirsium arvense, 280
Cladosporium fulvum, 297
closterovirus citrus tristeza virus

(CTV), 157–8
Closterovirus p21, 159
CMV 1a protein, 144
CMV 2b VSR, 155
Coccinella septempunctata, 280
Cochliobolus carbonum race 1, 6
Cochliobolus victoriae, 25
coenocytic mycelium, 106
Colletotrichum gloeosporioides, 294
Colletotrichum graminicola, 80, 236, 307
Colletotrichum higginsianum, 88, 313
Colletotrichum lindemuthianum, 79, 81
Colletotrichum trifolii, 306
Colletotrichum truncatum, 188
commensalism, 18
compatibility, of plants, 7–8
constitutive photomorphogenic 1

(COP1), 200
CpG dinucleotides, 23
Cryptosporidium parvum, 119
C-terminal leucine-rich repeat (LRR)

domain, 179
C-terminal transmembrane (TM), 181
C-terminal tryptophan-arginine-lysine-

tyrosine (WRKY) domain, 56
Cucumis sativus, 275
Cucumovirus 2b., 158
Curvularia lunata, 229
cutin monomers, 24, 293–4
cyan fluorescent protein (CFP), 193
cyp71A13, 244
cytochrome P450-type fatty acid, 307
cytolytic cell death, by NLPs, 26

DAD1, 181
damage-associated molecular patterns

(DAMPs), 24–5

D-arabitol dehydrogenase
(Uf -ARD1p), 91

dark green islands, 150–51
defense mechanism. See also

intracellular dynamics, in plant
defense

arabidopsis, 184–6
in Arabidopsis, 293
Avr-triggered responses, 193
constructive, 271–3, 335
cost of defense to plants, 277–8
crosstalk between signalling

pathways, 348–53
cutin hydrolysis, 293
effector-mediated resistance, 335–6
induced, 273–7
N terminus influences, 180
PAMP-triggered immunity (PTI), 335
priming and manipulations, 280–82,

337–8, 354–8
systemically induced resistance, 336

β-defensins, 24
Diabrotica virgifera virgifera, 275
dicotyledonous plants, 26
Dictyostelium discoideum, 115
2,4-dihydroxy-1,4-benzoxazin-3-one

(DIBOA), 224
2,4-dihydroxy-

7-methoxy-1,4-benzoxazin-3-one
(DIMBOA), 224, 232–3, 243

diploid genome, 109
diploid nuclei, 106
diploid oospores, 106
DMR6 gene, 89
downy mildew resistant (dmr) mutants,

88–9
downy mildews, 106–7
Drosophila melanogaster, 19, 156
Drosophila spp., 199
DsRed, 141

E. coli murein transglycosylase D, 31
EDS1, 36, 202, 206
EDS1, 185, 204
EDS5, 185
EDS1-PAD4-SAG101 signaling, 204
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effector-mediated resistance, 179, 335–6
effector-triggered immunity (ETI), 19,

53
AvrRpt2/AvrRpm1 ETI, 37
outputs, 57–8
responses in resistant host plant, 23

effector-triggered susceptibility (ETS),
18–19

EFR (EF-Tu receptor) gene, 30
EF-Tu receptor (EFR) kinase, 22–3,

54–5, 189, 235, 296
in Arabidopsis, 55
from Escherichia coli, 55
and NBS-LRR R protein, 56
from P. syringae, 55
synthetic, 55

egg fungi. See oomycetes, pathogenic
elf18, 32
eIF4E, 138
eIF4G, 138
eIF(iso)4E, 138
ELI12 gene, 299
elicitins (ELIs), 113, 317
ELL proteins, 113
endocytosis, 189–90
endosymbiosis, 104
EPICs, 84
Epoxy- or dihydrodiol polyenoic fatty

acids, 307
ergosterol, 22
Erwinia carotovora, 229

mutants, 26
Erwinia spp., 26
Erysiphe cichoracearum, 88
Erysiphe pisi, 187, 241
Escherichia coli elongation factor Tu

(EF-Tu), 30
ethylene (ET), 35, 66, 266
eubacterial flagellin, 19
eukaryotes, 104
expressed sequence tag (EST), 110
extracellular matrices, 79
extracellular sugars, 93
extrahaustorial membrane (EHM),

82–3
extra-invasive hyphal membrane, 86

F. culmorum, 243
F. solani, 294
Fabaceae, 28
fatty acid amide hydrolase (FAAH),

302
ω-3 fatty acid desaturase (FAD7), 270
fatty acids, 298–9
F-box protein COl1, 268
fibronectins, 24
‘Five Kingdom’ classification, of

oomycetes and fungi, 104
flagellin, 23, 54
flagellin-induced immune responses, 29
flagellin perception systems, 29
FLAGELLIN SENSING 2 (FLS2), in

Arabidopsis, 54
flagellin treatment, 36
flavin monooxygenase (FMO), 197
flg22, 32, 35
fls2-17 allele of FLS2, 32
FLS2-GFP fluorescence, 189–90
FLS2 PRR, 57
fumonisin B1 (FB1), 25
fungal cell wall-derived glucans, 19
fungal chitin, 22
fungal parasites, 2
fungal pathogens, 9
Fusarium avenaceum, 243, 248
Fusarium culmorum, 225
Fusarium moniliforme, 225
Fusarium solani, 293
Fusarium spp., 25
Fusarium verticillioides, 307
Fusicoccum amygdali, 25

G. cichoracearum, 184, 187
G. graminis var. avenae, 249
G. graminis var. triciti, 242, 248–9
G. orontii–Arabidopsis interaction, 193
Gaeumannomyces graminis, 225
Gα and Gβ G-protein subunits, 114
galactolipids, 304–5
Geminivirus AC2/AC4/L2, 159
geminiviruses, 135
gene expression, 135–6
gene-for-gene hypothesis, 5
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GFP (green fluorescent protein)-tagged
plasma membrane, 82

GFP-PEN1, 183
GhKlox1, 306
glucan recognition systems, 28
α-1,3-glucans, 79
β-1,3-glucans, 79, 106
glucohydrolytic activities, 24
glucose oxidase, 266
glucose starvation proteins, 24
β-Glucosidase 1 (Uf -BGL1p), 90
glucosinolate core structure, 225–6
glucosinolates, 223, 272
glucosyltransferases, 233
β-glucuronidase (GUS), 123
glutathione S-transferase activity, 231
Glycine max, 227
glycine-rich proteins, 137
glycolipids, 27
glycosylphosphatidylinositol (GPI)

moieties, 296
Golgi cisternae, 106
Golovinomyces orontii, 87, 184
Gossypium hirsutum, 265, 274
gram-negative bacteria, 19
gram-negative lipopolysaccharides,

294–5
gram-positive bacteria, 19, 22
grapevine, 22, 108, 227
green fluorescent protein (GFP), 141
GRP7 (glycine-rich RNA-binding

protein 7), 62
guanine nucleotide exchange factor

(GEF) protein, 188
GUS-expressing scion, 155

H. armigera larvae, 272
H. turcicum, 243
harpins, 24
haustorial mother cell, 80–81
haustorium, 81–2
heat shock proteins (Hsp), 24
Helianthus annuus, 317
Helminthosporium turcicum, 225
helper component/proteinase

(HC-Pro), 155

hemibiotrophs, 81
hemibiotrophy, 104
herbivore-derived signal compounds,

266–8
herbivorous insects, 265
Hevea brasiliensis, 227
HG-binding protein (HGP), 28
HopAO1, 60
HopI1, 65
HopM1, 188
Hordeum vulgare, 279
horizontal gene transfer (HGT), 104–5
host–parasite specificity, concept of, 2
hrc genes, 51
HrpA1 pilus protein, 50
HrpF, 51
hrp mutants, 49
HrpN protein, 24
Hrp T3SS apparatus, 51
Hrp type III protein secretion system

(T3SS), 49–50
HrpW1 harpin, 50
HrpZ-binding site

in parsley, 24
in tobacco, 24

HrpZ protein, 22, 24
HrpZ1 protein, 23
HRT system, 140
Hsp70, 25, 28
human NO synthase (hNOS), 34
HvWRKY1/2, silencing of, 193
Hyaloperonospora parasitica, 78–9, 84,

87–8, 104, 107–8, 112, 115, 124,
198, 302

hyaluronan, 24, 28
hydroperoxide lyases (HPLs), 307
2-hydroxy-4,7-dimethoxy-

1,4-benzoxazin-3-one
(HDMBOA), 229

hypersensitive cell death, 8, 49
hypersensitive response (HR), of

plants, 2–5, 49, 141, 180
cell death, 142
mechanism of viral resistance, 142–4
virus-induced, 138

hyphae development, 80
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immune defences, in jawed vertebrates,
19

immune recognition, 19
immunity, defined, 17
immunostimulators, 24–5
inceptins, 266
indole-3-acetic acid in cyp79B2 cyp79B3

plants, 244–5
induced defense mechanism, 273–7

hormonal regulation of, 336–7
resistance signalling

chemically induced, 347–8
against herbivorous insects, 344–7
induced systemic resistance, 341–4
systemic acquired resistance

(SAR), 338–41
INF1, 84
infection process

acquisition of nutrients from host,
89–93

appressorial development, 80–81
contribution of the host, 87–9
extrahaustorial membrane (EHM),

82–3
haustorium, 81–2
induction of infection-related

metabolic genes, 92–4
nutrient transport in the Uromyces

system, 90–91
plant defence responses

effectors triggering immunity,
85–7

suppression of PTI, 83–4
source-to-sink interactions, 91–2
spore adhesion, 78–9

infection-related metabolic genes,
induction of, 92–4

inhibitor of virus replication (IVR),
fromNN tobacco, 143

innate immunity, 11, 17, 178
effector-triggered, 55–7
PAMP-triggered, 54–5

in planta induced U. fabae genes, 92
interleukin-1-receptor-associated

kinase (IRAK), 29
intracellular dynamics, in plant defense

and nucleocytoplasmic trafficking,
190–206

PAMP-triggered resistance, 189–90
primary mechanism

exocytosis, 181–2
localized accumulation of

antimicrobial secondary
metabolites, 180–81

MLO protein expression, 183–5
papillar localization, 182–3
postinvasive responses, 182
response to pathogen attack, 186
role of PEN1, 185
vesicle trafficking and extracellular

secretion, 188–9
intracellular hyphae, 81
ipi genes, 112
ipiO in Arabidopsis Col-0, 125

jacalin-type proteins, 137
JA/ET pathway, 268–70
jai1-3 mutant, 310
JAI3 protein, 309
Jasmonates, 308–12
jasmonic acid, 35, 266
jasmonic acid (JA), 66, 141
jasmonic acid (JA) signaling, 299
JAZ proteins, 310
JIN1, 309
just-in-time defence strategies, 278

Kaps family, 200
Kazal-like protease inhibitors, of P.

infestans, 84
kinase-associated protein phosphatase

(KAPP), 32

Leptosphaeria maculans, 242
lettuce breeding, 106
leucine-rich repeats (LRR), 28, 54, 139
β-(1,4)- linked N-acetylglucosamine,

31
linolenic acid, 266
lipid signals, in plant-pathogen

interactions
epidermal surface, 293–4
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lipases
Arabidopsis AtPLAI lipase, 315
FGL1, 316
GLIP1, 315
phospholipases, 312–15
SOBER1, 315–16

lipid-transfer proteins, 316–18
modification of defense signaling

components, 296–7
signalling functions of plant lipids

brassinosteroids, 303
fatty acids, 298–9
galactolipids, 304–5
oxylipins, 305–12
phospholipids, 299–303
sphingolipids, 303–4

stimulation of plant defenses
fungal sphingolipids, 295–6
gram-negative

lipopolysaccharides, 294–5
lipopolysaccharides (LPS), 19, 189
Lithocarpus spp., 107
LjNFR1 protein, 31
LjNFR2 protein, 31
localisations

of pathogen-induced metabolites,
235–6

of preformed antimicrobial
metabolites, 237–8

loss-of-function alleles, 88
Lotus japonicus, 89, 274

lipochitooligosaccharide, 31
LOX-derived products, 306–7
LOX genes, 306
LRR-protein (LRR-P), 32
LRR-RLK genes, 30
235 LRR-RLKs, 29–30
LSD1, 204
Lymantria dispar, 280
Lysiphlebus testaceipes, 275
LysM (lysin motif) receptor protein

(LysM-P), 30

M. lini Avr proteins, 86
M. truncatula, 274

Magnaporthe grisea, 80, 294
Magnaporthe oryzae, 86
maize (Zea mays), 224
major histocompatibility complex

(MHC), 198
Manduca sexta, 152, 270
mannans, 19
mannitol accumulation, 91
mannitol dehydrogenase (Uf-MAD1p),

91
mannose, 79
MAPKs, 270
mastigonemes, 106
MecWorm, 265
Medicago sativa, 227
Medicago trunculata (MtRDR1), 107–9,

151
Melampsora lini, 5, 86
membranolytic activity, of saponins,

230
metabolites, secondary, antimicrobial

activity of
active and dynamic plant responses

to biotic stress cues
phytoalexin response, 234–7
phytoanticipin activation, 237–9
secretion, 239–41

attenuation of plant defence
responses, 247–8

biological activity
mode of action, 229–32
self-protection mechanism,

232–4
classification

on the basis of mode of
biosynthesis and accumulation,
229

phytoalexins, 226–9
phytoanticipins, 223–6

counterdefence, 248–9
functional significance of

avenacinases and tomatinases,
249–50

genetic approaches, 241–6
methylated bacterial DNA fragments,

19
methyl-JA (MeJA), 309
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microbe-associated molecular patterns
(MAMPs), 22, 53

microbial toxin-induced plant
immunity, 25

miRNAs, 147–8
mitogen-activated protein kinase

(MAPK), 34–5, 53, 178
MLA10-YFP, 193
Mlo orthologues, 87
MLO protein, 88, 183–4
MLO-syntaxin microdomains, 188
mono-ADP-ribosyltransferases

(ADP-RTs), 62
MOS3, 198
MOS6, 199–200
MOS7, 199
MOS6 protein, 200
Mutant pen3 plants, 241

N. benthamiana importin-α genes, 201
N. haematococca pda strain with PDA,

250
N-acetylgalactosamine, 79
N-acetylglucosamine, 79
N-acetylmuramic acid, 31
N-acylethanolamines (NAEs), 302–3
N-acyl-glutamines, 266
NADPH oxidase activity, 298
NahG gene, 185
NahG-transgenic plants, 143
NbImpα1, 200
NbImpαy, 200
NBS-LRR R proteins, 56
NbSYP121, 186
NbSYP132, 186
neckband, 82
necrosis, 25
necrotrophs, 3
Nep1-like proteins (NLPs), 25–7, 113
NF-κB proteins, 192
N-(17-hydroxylinolenoyl)-L-glutamine,

266
Nib- andNIa-expressing sequences, of

PVY, 157
Nicotania tabacum, 187
Nicotiana attenuata, 152, 270, 272, 274–5,

281

Nicotiana benthamiana, 55, 116, 124, 141,
152, 186, 298

Nicotiana benthamiana (Nb), 22
Nicotiana tabacum, 151, 227
nitric oxide (NO), 34, 141

production, 58
NLP-deficient Erwinia, 26
NLP-induced interference, in host

plasma membrane integrity,
27

N-mannosylated glycopeptides, 22
non-host resistance, 7–8, 178

in Arabidopsis–bacteria interactions,
181

NO synthase activity, 34–5
NPR1, 185
NPR1 gene, 205
NPR1 monomerization, 205
N-terminal 22-mer fragment, of

eubacterial flagellin (flg22), 19
N-terminus (CC-NBS-LRR), 139
N terminus influences, in defense

mechanism, 180
nuclear export signals (NESs), 190
nuclear localization, 192
nuclear localization signals (NLSs), 190
nuclear R-protein signaling, 194–6
nucleocytoplasmic partitioning, 191–2
nucleocytoplasmic R-protein regulation

models, 198
nucleocytoplasmic trafficking, 190–206
nucleoporin 96 (Nup96), 198
nucleoporins (Nups), 190–91
nucleotide-binding site (NB), 179
Nup107-160 nuclear pore subcomplex,

198–9

oak death, 107
oat species, 25, 223
obligate biotrophic pathogens, 78, 104
obligate biotrophs, 90
2OG-Fe(II) oxygenase, 89
oligogalacturonide fragments, 24
oligoglucosides, 28
oogamous fertilization, 106
oomycete avirulence genes, 122
oomycete glucans, 22
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oomycete H. parasitica, 79
oomycete pathogens, 9, 77
oomycetes, pathogenic

biology and pathology of, 103–9
diseases and model systems, 106–9
features, 105–6
genes and impact of genomics,

112–17
clone of genes from proteins,

113–14
domains of genes, 114–15
expression of effector genes,

116–17
isolation of genes from homologs,

114
map positioning of genes, 115–16

genomic resources, 109–12
secretome, 117–25

Oryza sativa, 227
OsMAPK6, 296
oxidative burst, 4
oxylipins, 305–12

P450 monooxygenases (CYPs), 246
P. infestans Avr3b-Avr10-Avr11 locus,

115–16
P. infestans Avr4 ESTs, 115
P. infestans mucin genes, 119
P. infestans Nuk12, 200
P. parasitica var. nicotianae, 306
P. sojae Avr1b-1, 124
P. syringae HrpK1 protein, 52
P. syringae Hrp pilus, 51
P. syringae HrpW1, 52
P. syringae HrpZ1 harpin, 52
P. syringae pathovar, 58
P. syringae pv. maculicola, 181, 231
P. syringae pv. phaseolicola, 58
P. syringae pv. tabaci, 303
P. syringae pv. tomato, 295, 298
P. syringae pv. tomato bacteria, 187
P. syringae pv. tomato strain DC3000, 29,

49, 51, 60, 247
type III effector, 60

P. syringae type III effectors, 50
ADP-ribosyltransferase, 62

affecting ubiquination and/or the
26S proteasome, 62–4

associated with phosphorylation or
dephosphorylation, 60–62

AvrPto1, 65
cysteine protease, 64–5
enzymatic activities and plant targets

of, 58–65
helper proteins, 51–3
HopI1, 65
HopM1, 64
influence on plant hormones, 65–6
translocation into eukaryotic cells, 51

PAD4, 36, 202, 206
PAD4, 204, 244
PAMP ethylene-inducing xylanase

(EIX), 189
PAMP-induced immune responses, 18
PAMP-treated parsley cells, 35
PAMP-triggered immunity (PTI), 18,

29, 83, 189–90, 335
flagellin perception in, 54–5
intracellular signal transduction,

32–6
microbial PAMPs and host-derived

DAMPs that influence, 20–21
outputs, 57–8
suppression, 36–7

PAMP-triggered MAPK pathways, 35
parsley, 22
pathogen-associated molecular

patterns (PAMPs), 19–24, 52–4,
83, 178, 234

‘antigenic’ epitopes of, 26
pathogen-derived toxins, 25–7
Pathogenesis-Related (PR) gene

expression, 180
pathogenesis-related (PR) proteins, 3,

143
pattern recognition receptors (PRRs), 8,

17, 53–4
in animal immunity, 34
in plant immunity, 28–32, 34

pBIN19-35S::GUS reporter gene, 30
PCD in yeast, 58
PcF toxin, 113–14
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PEN1, 36
PEN1, 182
PEN1/ROR2 syntaxins, 185
PEN2, 36, 83, 187–8
PEN2 glucosylhydrolase, 238
PEN3, 36, 186, 188, 241
PEN3/PDR8 transporter, 187
PEN4, 204
penetration resistance, 180
pentapeptide motif, 23
Pep-13 motif, 22
pep-13 triggered salicylic acid

(SA)-dependent cell death, 23
peptaibols, 27
peptidoglycan recognition protein

(PGRP), 31
peptidoglycans, 19, 23, 31
Peronospora destructor, 108
Peronospora parasitica, 4
Peronospora species, 248
Petroselinum crispum, 227
PEXEL/VTS motif, in Plasmodium, 121
Phaseolus lunatus, 265, 274
phenylalanine-derived stilbenes, 227
phenylalanine-glycine (FG) repeats,

190
Phosphatidic acid, 300
Phosphatidylinositol, 300–302
phosphatidylinositol (phosphate)

kinases (GPCR-PIPKs), 114–15
phospholipase C (PLC), 120, 300
phospholipase D (PLD), 120, 300
phospholipase D (PLD) catalytic

domain, 114
phospholipases, 120
phospholipids, 299–303
phytoalexin-degrading enzymes, 2
phytoalexins, 2, 180, 226–9, 231, 234–7

role in resistance, 6
synthesis, 3

phytoalexin synthesis, 58
phytoanticipins, 223–6, 237–9
Phytophthora brassicae, 108
Phytophthora cactorum, 113
Phytophthora capsici, 108

Phytophthora cell wall transglutaminase
(TGase), 22

Phytophthora cinnamomi, 107–8, 114, 119
Phytophthora diseases, 107
Phytophthora EST databases, 114
Phytophthora GeneChip, 115
Phytophthora infestans, 84, 103, 106, 108,

115, 117, 187, 226, 303, 306
Phytophthora megasperma, 113, 234
Phytophthora nicotianae syn., 108
Phytophthora palmivora, 108
Phytophthora parasitica, 108
Phytophthora parasitica var. nicotianae,

307
Phytophthora ramorum, 87, 107–8, 110,

117, 121
Phytophthora sojae, 26, 87, 107–8, 110,

115, 117, 121, 234
Phytophthora spp., 109–10, 115, 119, 121,

317
Phytophthora syringae, 148, 244, 307
phytoprostanes, 306
Phytoseiulus persimilis, 279
Pi3.4, 117
Pieris rapae, 272
pisatin demethylase (PDA) gene, 250
Pisum sativum, 227, 267
PLA2 activity, 314
plant cell death, 3
plant defence responses

effectors triggering immunity, 85–7
suppression of PTI, 83–4

plant immunity, concept of, 16–19
plant pathogen

groups, 104
plant pathogen T3SSs, 51
plant pathology

concepts of host–parasite specificity,
2

electron microscopy, development
of, 2

future perspective, 8–11
gene-for-gene hypothesis, 5–7
host versus non-host resistance, 7–8
hypersensitive responses (HR), 2–5

plant recovery, phenomenon of, 150



BLBK039-IND BLBK039-Parker August 5, 2008 19:19 Char Count=

382 � Index

Plasmodium falciparum, 86, 121
Plasmopara halstedii, 108
Plasmopara viticola, 106, 108
plastid loss, 104
pleckstrin homology (PH), 297
Plectosphaerella cucumerina, 241
PMR genes, 88
polyphenol oxidases (PPOs), 272
PopA protein, 24
potato plants, 22, 307
potato virus X (PVX), 139, 201
potato virus Y (PVY), 150
Potexvirus p25, 159
potyviruses, 157
Potyvirus HC-Pro., 159
potyvirus plum pox virus (PPV),

141
powdery mildew, 87, 178

EHM of, 82
infection of, 81

powdery mildew resistant (pmr) mutants,
in Arabidopsis, 88

preinvasion immunity, 178
Pri-miRNAs, 147
programmed cell death (PCD). See

apoptosis
pro-inflammatory cytokine production

and immunity, 19
proteinase inhibitors (PIs), 272
Pseudomonas spp., 23, 295
Pseudomonas syrinage avrPto virulence

gene, 293
Pseudomonas syringae, 49, 89
Pseudomonas syringae-derived harpins,

23–4
Pseudomonas syringae pv. tomato, 181
Pseudoperonospora cubensis, 109
Pst DC3000, 35–6

infections, 30
Pto/Prf-mediated immunity, 56
Pythium aphanidermatum NLP, 26
Pythium spp., 107, 248, 317
Pythium sylvaticum, 229
Pythium ultimum, 109

Quercus agrifolia, 107

Ralstonia solanacearum, 196
Ralstonia solanacearum type III effector

PopP2, 56
Ran accessory proteins, 201–2
RanGAP2, 201–2
Ran guanine nucleotide exchange

factor (RCC1), 200
rapid cell death, 3
Rcr3, 84
RDR NtRDR1, 151
reactive oxygen species (ROS), 4, 25, 58,

141, 178, 231
‘red list’ plant species, 107
residual disease resistance, 11
resins, 272
resistance (R) genes, 3, 6
R gene-mediated resistance, 85
R genes encoding, 179
Rhizoctonia solani, 306
Rhopalosphum padi, 279
rice importin-α1b, 200
RIN4 protein, 57, 60, 64–5, 139
RNA-binding activity, of protein, 22
RNA-dependentRNApolymerase 1

(RDR1), 142
RNA-induced silencing complex

(RISC), 145
RNA polymerases, 135
RNA silencing

as a basal resistance mechanism,
148–50

dark green islands, 150–51
of endogenous transcripts, 147–8
and induced resistance, 151–2
phenomenon of plant recovery, 150
short-interfering, 145–7
viral suppressors, 152–60

ROR2, 183
RpkA, 115
RPM1, 139
R-protein activity, in the nucleus,

192–202
R-protein-mediated resistance, 192
R proteins, 56
R protein Xa21, 56
RPS2, 139
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RPS4, 192, 196, 204
RPS5, 64–5
RPS2 R protein, 60
RRS1-R, 196
RTP1p, 86
Rubia tinctorum, 302
RxLR-dEER class of effector proteins,

103
RxLR-dEER effectors, 112, 116, 120–25
RxLR-dEER proteins, 119
RXLR effector proteins, 87
RXLR motif, 86
RxLR proteins, 124
rye (Secale cereale), 224
rymoviruses, 157

Saccharomyces cerevisae C-Nup145p, 198
SAG101, 202, 204
SAG101, 204
SA-induced expression, 302
SA-induced resistance, to viruses, 142
salicyclic acid (SA), 35, 57, 66, 141, 266
saponin-deficient (sad) mutants, 243
saponins, 223

membranolytic activity, 230
SAR3, 199
Schistocerca americana, 266
Sclerospora graminicola, 109
SEC61a, 181
self-protection mechanisms, 232–4
sensitive factor attachment protein

receptor (SNARE) proteins, 236
Septoria tritici, 81
Ser/Thr kinase, 56
Ser/Thr protein kinase (PK), 54

inhibitor, 36
13(S)-hydroxy octadecatrienoic acid

(13-HOTrE), 306
SID2, 185
signalling events, 268–71
sink-specific expression, of sucrose

transporters, 92
siRNA duplexes, 145–7
siRNA-mediated RNA silencing,

against viruses, 146
siRNA–RISC complexes, 158

SNAP-25-like proteins, 182
SNARE proteins, 181–2, 185, 237
snc1, 198
Solanaceae secondary metabolite, 223
Solanum gene pool, 116
Solanum stoloniferum, 116
Sorghum bicolor, 227
sorghum-derived

3-deoxyanthocyanidins, 231
source-to-sink interactions, 91–2
spe genes, 117
sphingolipid biosynthesis, 25
sphingolipids, 295–6
Spodoptera exigua, 266
Spodoptera frugiperda, 266
spore adhesion, 78–9
26S proteasome-mediated degradation,

62–3
19SRNA, 136
35SRNA, 136
SSI2, 299
Staphylococcus pneumoniae-derived

cytolytic pneumolysin, 27
steroidal glycoalkaloids, 223
sterol auxotrophy, 106
sterol metabolism, 303
stilbene synthase (STS), 227
stramenopiles, 104
STS mRNA, 247
sucrose, from source cells, 91
sucrose transporter (Vf-SUT1), 92
symbiosis (SYM) genes, 89
sym mutants, 89
synteny, 110
SYP121-3 protein, 185
systemic acquired resistance (SAR),

9–10, 53, 180, 302, 336
mechanism of viral resistance, 142–4

tamarillo mosaic virus (TaMV)RNA,
151

tannins, 272
tasiRNAs, 148
TAV 2b protein, 158
TCV-interacting protein (TIP), 139–40



BLBK039-IND BLBK039-Parker August 5, 2008 19:19 Char Count=

384 � Index

TD2 in tomato leaves, 274
terpene-type antimicrobial metabolites,

227
Tetanops myopaeformis, 274
Tetranychus urticae, 279
TGase activity, of the protein, 22
Thalassiosira pseudonana, 117
threonine deaminase (TD), 272
TIR-NBS-LRR R protein, 56
TL1-binding activity, 206
TMV 126/183-kDa replicase protein,

139
TMV replicase protein, 140
tobacco αDOX, 308
tobacco black ring virus (TBRV)

infection, 150
tobacco mosaic virus (TMV), 136, 140,

234, 303
toll-like receptors (TLRs), 28, 139,

179–80, 189
αα-tomatine, 223
tomato bushy stunt virus (TBSV), 143
tomato R protein Pto, 56
tomato R proteins, 189
tomato Tm-1 semidominant resistance

gene, 138
Tombusvirus p19, 158
toxicity mechanism, 272
toxin-induced immunity, 27
toxins, 2
transcription factors (TFs), 191
translocators, 50
Trichoderma, 27
Trichoplysia ni, 272
triterpenes, 223
triterpenoid saponins, from oats, 223
tritimoviruses, 157
tritrophic systems, 275
trypsin proteinase inhibitors (TPIs), 272
tryptophan-derived alkaloid

phytoalexins, 227
tubular mitochondrial cisternae, 106
tunnel vision, 7
type III-secreted proteins. See P. syringae

type III effectors
type III secretion system (TTSS), 24

Ub-activating enzyme (E1), 63
Ub-conjugating enzyme (E2), 63
Ub-protein ligase enzyme (E3), 63
UDP-Glc:phenylpropanoid

glucosyltransferases (UGTs), 232
Uf-HXT1, 90
Uf -THI1, 90
Uf -THI2, 90
Umbelliferaceae, 29
Uromyces, 91
Uromyces fabae, 80–81
Uromyces loti, 89
Ustilago maydis, 87

V. faba–U. fabae interaction, 90
vesicle-associated membrane proteins

(VAMPs), 182
Vf-STP1, 92
Vicia faba, 90
Vigna sinesis–Uromyces vignae

interaction, 83
Vigna unguiculata, 266
viral movement, through the phloem,

137
viral replication, 135–6
viral suppressors

detection of silencing suppressors,
154–6

pathways, 157–60
properties of, 156–7
of RNA silencing (VSRs) of plant

viruses, 153–4
virus-induced HR, 138
virus interactions, in plants

cell-to-cell and systemic movement,
136–7

infection and propagation through
susceptible host plants, 135–7

plant-virus association, 134–5
resistance

active, 141–2
genetically defined, 137–41
mechanisms in HR and SAR,

142–4
passive, 138

RNA silencing
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as a basal resistance mechanism,
148–50

dark green islands, 150–51
of endogenous transcripts, 147–8
and induced resistance, 151–2
phenomenon of plant recovery, 150
short-interfering, 145–7
viral suppressors, 152–60

viral replication and gene expression,
135–6

viral suppressors
detection of silencing suppressors,

154–6
pathways, 157–60
properties of, 156–7
of RNA silencing (VSRs) of plant

viruses, 153–4
virus protein genome linked (Vpg), 138
vitamin B1 (thiamine pyrophosphate)

biosynthetic pathway, 90
Vitis vinifera, 227
volicitin, 266
VSP2, 309
Vsv1 gene, 119

wheat streak mosaic virus (WSMV),
157

wheat (Triticum spp.), 224
wound-induced protein kinase (WIPK),

270
wounding, mechanical, of plant tissues,

262–6
WRKY70 DNA-binding protein, 312

X. campestris pv. campestris, 295
X. campestris pv. vesicatoria-infected

leaves, 316
Xanthomonas campestris, 51–2, 306
Xanthomonas campestris pv. vesicatoria

(Xcv), 197
Xantomonas campestris, 227

Yersinia YopB and YopD, 51
YFP–SV40NLS fusion, 201

Zea mays, 266, 274
ZmLOX3, 307
zoospores, 106

of P. infestans, 115
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