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tricomas SP70-1143

resistente ao carvao
316,6 tricomas/cm
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teliosporos de Sporisorium scitamineum
(Ustilago scitaminea)

NA56-79
suscetivel ao carvao
250,0 tricomas/cm



Genetics and Resistance

Phytopathology 96:171-177, 2006

Epicuticular Wax and White Pine Blister Rust Resistance in Resistant
and Susceptible Selections of Eastern White Pine (Pinus strobus)

Jason A. Smith, Robert A. Blanchette, Todd A. Burnes, Jeffrey H. Gillman, and Andrew J. David
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Comparacéao de selecdes de Pinus suscetiveis (H111 - A) e
resistentes (P327 - B) a ferrugem branca (smith et al., 2006)
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Needle type

Fig. 1. Mean dry gfight measurements (g) of needle wax femoved from 1 g ‘ig. 2. Environmental scanning electron microscopy image of stomata of

of primary (P)4fd secondary (S) needles from seedlingdllof selfed crosses edles of A, susc > clone HI11 (bar = 60 pm) and B, resistant

of white ping@¥lister rust-susceptible and -resistant Pinus[@rrobus selections ‘lone P (bar = 60 um). Notice the > opening to stomatal chamber and

HI11 and 7. respectively. Error bars represent standard @eviation for each ack ax occlusion in A and the complete wax occlusion of stomata in B.
oup. White circles provide outline of a stoma.

Aciculas jovens
Aciculas velhas



Comparacéao de selecdes de Pinus suscetiveis (H111 - B) e
resistentes (P327 - A) a ferrugem branca

Fig. 6. Environmental scanning electron microscopy image of germinating
basidiospores of Cronartium ribicola on primary needles from seedlings of A,
resistant P327 x P327 (bar = 100 pm) and B, susceptible HI11 x HI11 (b
100 um). Notice the few germinating spores with short germ tubes (white
arrow) and the wax-occluded stomata (black arrow) in A and the numerous
germinating spores with longer germ tubes (white arrow) and lack of wax
occlusion of stomata (black arrow).

resistente

188D
19.63

=
e
Pl
h
0
8
==
o
L)
o

suscetivel

e — : . r . . -
3788 3668 3826 3848 3068
19.62 19.63 19.73 19.84 19.94

Time (min)

Fig. 9. Gus chromatography/mass spectrometry (GC/MS) chromatograms
showing peak of a compound found in epidermal wax extracted from primary
needles of A, resistant family P327, but not found in extracted wax [rom
primary needles from B, susceptible family HI11. GC/MS chromatograms
using secondary needles provided similar results. x axis = time (minutes) and
Vv axis = peak intensity.




Mecanismos de defesa pré-formados

Resisténcia a Colletotrichum
acutatum até 8 mm

Controle quimico a partir de 8 mm

Marques (2012)



Mecanismos de defesa biogquimicos pre-formados

Compostos fendlicos
Taninos

Saponinas

Exsudatos fungitoxicos
Proteinas / peptideos

Onion smudge, caused by the fungus Colletatrichum

circinans, develops on white onions but not on colored ones, which,

in addition to the red or yellow pigment, also contain the phenolics
protocatechuic acid and catechol, both of which are toxic to the
fungus. (Photograph courtesy of G. W. Simone.)

Inibicao do crescimento micelial por exsudatos de
sementes e de raizes de rabanete




Mecanismos de defesa bioquimicos pré-formados

Tabela 35.1 - Exemplos de substancias antimicrobianas pre-formadas envolvidas na

resisténcia das plantas contra patogenos (modificado e adaptado de Mansfield, 1983).

Espécie vegetal

Substincia

Forma ativa

Grupo quimico”*

Acer platanoides
(“Norway mapple™)

Allium cepa
(cebola)

Avena sativa
(aveia)

Hordeum vulgare
(cevada)
Triticum aestivum

(trigo)

Lotus corniculatus
(cornichdo)
Tulipa gesneriana
(tulipa)

Malus sylvestris
(magi)

Pyrus communis
(péra)
Solanum lycopersicum
(tomate)

Solanum tuberosum
(batata)

Acido galico
Acido protocatecoico e catecol
Avenacinas
Hordatinas

Glicosideo de
dihidroximetoxibenzoxazinona
(DIMBOA)
Linamarina
Tuliposideos Ae B
Floridizina e floretina
Arbutina

Tomatina

« - Solanina
« - chaconina
Acidos clorogénico e caféico

DIMBOA

Cianeto de
hidrogénio
Tulipalinas A/B

o - Quinonas

Hidroquinona

Fenol
Fenol
Saponina triterpendide
Derivados de

cumaroilagmatina

Hidroxamato ciclico

Lactona

Saponina alcaléide

Saponina alcaléide

Fenol

Teores de alcaldides em

tubérculos de batata mantidos

sob luz durante 24 dias

Tabela 35.2 - Exemplos de proteinas e peptideos anti-microbianos envolvidos na
resisténcia das plantas contra patégenos.

Tipo

Atividade biolégica

Quitinase; B-1,3-glucanase

Proteinas ligantes de quitina
Tioninas / Defensinas

Proteinas de transferéncia de lipideos
Proteinas inativadoras de ribossomos
Lisozima

Inibidores de proteases

Inibidores de poligalacturonase

Acdo sobre componentes da parede celular do patogeno
Interferéncia na sintese da parede celular do patogeno
Desestabiliza¢do da membrana fungica

Possivelmente desestabilizagéio da membrana fingica
Inibi¢do da elongagdo de peptideos

Digestio dos polimeros da parede celular bacteriana
Inibi¢do de enzimas digestivas de pragas e patdgenos

Inibicdo da agdo de poligalacturonases

GLICOALCALOIDES TOTAIS, mg/%

'BINTJE'

Spoladore et al. (1985)



Mecanismos de defesa pos-formados

CELULAR
<

Papilas (lignina, fendis, silicio, celulose..)
Lignifica(;éio (polimero tridimensional) [EECUES
Glicoproteinas ricas

. em hidroxiprolina (GPRHP)

b) ¢

Fig. 9.16 Penetration of epidermal cell of bean by the

fungus Colletotrichum lindemuthianum. (a) Light
micrograph showing papilla (arrow heads) formed beneath
fungal a S (A). Scale bar = 10 um. (b) Electron
micrograph of section through penetrated cell showing cell
wall (CW) and a small infection hypha (H) encased by a
papilla (P). Scale bar = 1 pm. (c) High-power view of
penetrating hypha (H) and surrounding papilla (P) labelled
with a gold-conjugated body specific for
hydroxyproline-rich glycoproteins. Small black particles

in the outer layers of the papilla:
Scale bar = 0.5 pm. ts courtesy of Richard
O’Connell.)

Formation of a sheath around a hypha (H) penetrating a cell

wall (CW). A, appressorium; AH, advancing hypha still enclosed in
ypha in cytoplasm; S, sheath.



Mecanismos de defesa pos-formados

Glicoproteinas ricas em hidroxilprolinas: marcagcao com ouro em anticorpo
raizes de tomate infectadas com F. oxysporum

Nao inoculadas 120 h apds inoculacao
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(Benhamou et al., 1990)



Mecanismos de defesa pos-formados

r N
Cortica
Abcisao
L Tilose 0 Egi%?:ﬁéﬁia
- ~

HISTOLOGICO <

Fig. 16. The development of tyloses. A, Scanning electron micrograph of small tyloses
emerging from pits in the scalariform wall of a Fusarium-infected vessel in the root of a
resistant banana plant. B, Light micrograph of tyloses arising from a contact cell and
protruding through pits into the lumen of a Verticillium-infected vessel in a hop plant.
C, Tyloses immediately above an inoculum-trapping site in a vessel of the hypocotyl of a
Fusarium-resistant tomato plant (cultivar Improved Pearson VF-11), 48 hr after inoculation
with F. oxysporum f. sp. lycopersici race 1. The developing tyloses are globose; the angular
shapes are tyloses that have completed their growth and have fused to form a tissue that walls
off the vessel above the infection. A courtesy of G. E. VanderMolen; B reprinted, by
permission, from Talboys (542), Fig. 4; C reprinted, by permission, from Beckman et al (50),
Fig. 1C.
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Ll}nﬂﬂ(lu formation of an abscission layer around a di d spot of a Prunus leaf. [After Samuel

Leaf spots and shot holes caused by Xanthomonas arbe

falls




Mecanismos histoldgico de defesa pos-formados

Colletotrichum
acutatum
Estigma de citros

SecrecoOes das papilas
(G, H, 1)

Camada celular de prot

Acumulo de fendis




Mecanismos bioguimicos de defesa pos-formados

PR PROTEINAS — Proteinas relacionadas a patogénese
Presentes na parede celular (baixa concentracao)
Produzidas ap0s estimulo
Quitinase, beta 1-3 glucanase, proteinase, etc.
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FIGURE 6-18 (A) Production and accumulation of a pathogenesis-related protein
(PR10a) in potato tissues either untreated (control) or elicited by treating cut surfaces with
a homogenate of the late blight fungus Phytophthora infestans and incubating for 4 days.
Tu. tuber; Sto, stolon; St, stem; Pe, petiole; Le, leaf. [From Constabel and Brisson (19935).
Mol. Plant-Microbe Interact. 8, 104-113.] (B) Levels of activity of the antifungal protein j3-
1,3-glucanase in the intercellular fluid of barley leaves, either left uninoculated (CJ, O) or
inoculated with the powdery mildew fungus Erysiphe graminis £. sp. hordei (B, @). The two
barley varieties are nearly isogenic, except that one ([J, M) carries an additional resistance
gene that makes it resistant, whereas the other (O, @) is susceptible. [From Jutidamrong-
phan etal. (1991). Mol. Plant-Microbe Interact. 4, 234-238.]




Mecanismos bioguimicosde defesa pos-formados

Fitoalexinas - compostos antimicrobianos de baixa massa molecular, sintetizados e
acumulados nas células vegetais em resposta a infec¢cdo microbiana.

« 350 ja identificadas

« Composicao quimica diversa

» Produzida por 31 familias botanicas

» Induzida por eliciadores ou indutores
bidticos ou abidticos

* Produzidas por diferentes vias metabolicas

Acéo na membrana plasmatica e
metabolismo respiratorio

amplo espectro

r do deide cofelea com orabinasil 5 -0- apiganiniding

Figura 35.10. - Estruturas de algumas fitoalexinas.



MICROFILAMENTS MICROTUBULES INTERMEDIATE FILAMENTS
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} 9 Stages in the development of the necrotic defense reaction in a cell of a very resistant potato variety
m*uud by Phytophthora infestans. N, nucleus; PS, protoplasmic strands; Z, zoospore; H, hypha; G, granular mate-
rial; NC, necrotic cell. [After Tomiyama (1956). Ann. Phytopathol. Soc. [pn. 21, 54-62.]




