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Exercise 2

Chcck the correct answer.

A. In the case of monocyclic cycles, how many development cycles does a pathogen have ?

Can it have in one -growing season ?

l. Zerc

2. One

3. Dozens

B. In a polycyclic cycle, what type of inoculum can be found ?

1. Primary inoculum only

2. Secondary inoculum only

3. Prirnary and secondary inoculum

C. What type of plant resistance to pathogens is the most durable ?

l. Monogenic resistance

2. Polygenic resistance

2

3. Transgenic resistance









Exercise 4

Can yoti explain in detail how pathogens influence plant growtir ?
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The exact role of pectinases is oriented towarcls the terminal bonds of the pectin chain and

releases simple r-rnits of galacturonan, on the other hancl, thc endopectinascs cut the chain at

random sites and release shofier chains'

Cellulases or cellulolyic enzymes produced by plant pathogens degrade cellulose by releasing

glucose. Celhrlases perform different enzymatic reactions :

c1 : is a cellulase that attacks native cellulose by splitting cfoss-links betwecn clraitts,

C2 : is a cellulase that attacks native celhrlose and cuts it into shorter chains,

C3 is a group of cellulases that degradc shorl ccllulose chains into cellobiosc (disaccharide),

B-glycosidase : is an enzyme that cventually brreaks down cellobiose into glucose'

. The degradation of proteins is carricd out by proteinase, protease or proteolÿic cnzymes by

releasing amino acids. The tlegradation of host plant proteins results in disorganization and

dysfunction of host cells'

, Lipids are degraded by pathogen enzymes called lipases or lipolÿic enzymes. The hydrolysis

of host lipid molecules releases tàtty acids that appear to be directly used by pathogens'

Regarding antimicrobial substances such as saponins, they are degraded by enzymes called

saponmases.

Exercise 5

1. Pathogenic tuilgi can produce degradation enzymes like hemi cel1ulase"" In order to degrade

hemicelluloses, they can also degrade hemicelluloses by radicals such as reactive oxygen' the

hydroxyl group, and proline-rich proteins (PRPs), glycine-rich proteins (GRPs)'

2. Lignin is a biomolecule, in fact a family of polyphenolic polymer macromolecr"rles (an

aromatic complex polyrner), which is one of the rnain components of wood along with ccllulose

and hemicelhtlose. Lignin is prcsent mainly in vascular plants and in some algae' Lignin is thc

most resistant polymer to enzymatic degradation' For this reason, phyopathogens are unable to

break down this molecttle for use'

14













of the plant collapses because it can no longer defencl itseit, and the tissue becomes a dead zone

for sporulation.

Exercise 3

1. Initial value (To): 10 unrolCO: . m-2

Final value (T:+r',): 5 umol COz. m-2

Calculates:

Difference: l0 - 5:5

I)ivision: 5/10 :0.5

-t.. -.:- :- -: - _ .:-:- :. -,i

Net photos),nthcsis decreased by 50% aft.er 24 hours.

liote : At T+sr, (2 urnol CO:. m2, the total decrease rclative to To is 80%

2. The early dccrcase in net photosynthcsis (NP) befbrc thc onset of symptoms in a plant

infected with a biotrophic pathogen such as powdery mildcw is explained b1, tr.r.o major

plrysio logical mechanisrns:

A. Stomatal closure (defense response) from the early stages of infection (recognition of
molecular patterns of the fungus), the plant triggers an immune defènse response. One of the

first signals is the production of abscisic acid (ABA) or reactive oxygen species (ROS).

Stomata close to limit entry of the pathogen. Eftbct on NP : Closure drasticaily reduces the

entry of CO2 into the leaf which limits the biochemical phase of photosynthesis, even if the

tissues still appear healthy.

B. The diversion of resources : Although powdery mildew is biotrophic (it keeps host cells alive

to feed on), it installs haustoria (suction organs) in epidermal cells. The infected area goes fi'om

a "source" status (which produces sugars) to a "sink" status (which consumes or loses sugars to

the fungus). The plant increases its cellular respiration to produce the energy required for its

defense mechanisms (slmthesis of PR proteins, wall strengthening).

As NP : Gross Photosynthesis - Respiration, the increase in respiration causes the measured

net value to fall.
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3. The metabolic process diverted by the fungus for its own growth is the flow of carbon from

photo synthes i s (the transport of carbohydratcs or photo synthate s).

A. A biotrophic fungus like powdcry mildew needs the living host coll. It uses spccialized

structures (haustoria) to pump the sugals produced by the plant before they are used by it.

B. By taking carbon on a massive scale, the fungus transfonns the leaf (which is normally a

"source" of energy) into a "sink" (consumer).

C. The drastic drop in the PN you observe (Irom 10 to 2 in 48 hours) is explained by two

phenomena related :

- The fungus directly consumes ttre fixed COz.

- The accunrulation of sugars at the point of infection (not exported to the rest of the plant)

triggers a retro-inhibition of photosynthesis, signaling the plant to stop producing energy that it

no longer controls.

Exercise 4

Pathogens (tbngi, bacteria, r'iruses, nernatodes) intluence the growth ofplants by diverting their

resources, disrupting their phi,siology and altering their hormonal developn,ent, which

generally leads to a slowdown in growth (dwarfism), deformities, or death. This influence

manifests itself through complex attack mechanisms and energy-intensive defense responses

for the plant.

- By causing necrosis (leaf spots), chlorosis (yellowing) or defoliation, fungi and bacteria

reduce the photosynthetic leaf area, thus limiting the production of sugars necessary fbr growth.

- Bacteria and fungi (e.g. Fusarium) colonize the xylem and phloem, blocking water, mineral

and nutrient transporl. This causes the plant to wilt. desiccate, and die.

- Biotrophic pathogens (which live on a living host) establish speciaiized structures

(haustoriurn) to "pump" directly the plant's sugars and amino acids, depriving young growing

tissues of these resouroes.

- Dwarfism : Viruses and certain fungi disrupt the production of gibberellins, resulting in

reduced stem elongation.

- Root rot : Fungi such as PvThium or nematodes destroy the root systcm, reducing the plant's

ability to absorb water and nutrients. resulting in very low aerial growth.

21.



TD l{4. Mechanisms of plant resistance to disease

Reminder of course

The interaction betu.,een a plant and potentially pathogenic microorganisms is one of nature's

constants. The development of a disease is possible only if the pathogen manages to overcome

the various host barriers. However, this situation remains exceptional because the

microorganisrn is most oilen unable to infect the plant due to the existence of a system of

prefolmed defènses. The other levels of resistance are characterized by thc involvement of

induced (or activated) defense mechanisms. These result fiom the initial recognition between

the plant and the pathogen, which can be general or specific. It follows an activation of signal

cascades leading to the incluction of defense genes and the synthesis of several proteins ancl

other nrolccules that crsate an unfavorable environment fbr the invasion of the parasitc. The

signals emitted during defense can subsequently extend to adjaccnt cclls, leading to local

acquired resistance (LAR), then spread throughout the entire plant, thus preventing potential

secondary infections. We then speak of'systemic acquired lesistance (SAR).
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A. Pref,ormecl Resistances (Passive) : Physical and chemical bar:riers existilg befole the attack

: thick cuticlc, wax, cell walls, involving prcformed constitucnt barriers.

B. Induced Resistances (Active) : Reactions triggcred after detection ofthe aggressoï, involving

newly formed bamiers in responsc to stlcss.

- Hypersensitive Reaction (HR) : The plant causes local cell death to "starve" thc pathogen.

- Systemic Acquired Resistance (SAR) : Generalized defcnsive response to the entire plant after

a first loca1 infection.

2. Genetic Resistance (Qualitative vs Quantitativc)

A. Qualitativc (or vertical) resistance : Linked to one or a few major genes. It is often total

against a specific strain (gene-for-gene).

B. Quantitative (or horizontal) resistance : Controlled by many genes (polygenic). [t is partial,

slowing down the development of the disease without eliminating it cornpletely.

Exercise 5

Preexisting (or passive) defenses in plants are the first line of resistance against vascular

diseases. acting even befbre the pathogen enters tissues. They are particularly crucial against

soil fungi and bacteria (such as Fusarium or Verricilliunt') that seek to invade the xylem. the sap

transporl systent.

1. Preformed Physical Barriers : Plants use thef physical structure to prevent the entry or limit

the spread ofthe pathogen.

- Reinforced Cell Walls : Thick and lignilied cell walls, especiaily in the xylem, pr"ovidc

mechanic,al resistance to pcnetration by fungalmycelium.

- Tyloses (Pre-cxisting or rapid) : Although often induced, certain tylose structures (cell

prottusions) can be preformed or formed very quickly frorn parenchyma cclls associated with

vessels, physically blocking the spread of infection in the xylem.

- Pores of the punctuation membtanes : The pore size of the xylem walls is often too smallto

aliow fungal spores to pass througl,, limiting theil'liorizontal propagation.
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Exercise 1

Thc main phenotypic and physiological changes observed :

- Hairy Roots formation : This is the rnost spectacular modification. It is manifested by the

appearance of adventitious roots, very branched, thin and fast growing, at the site of infection.

- Morphological changes : Transformed roots show a distinct phenotype, plagiotropic growth

(devclops horizontally), an absencc of geotropisnr, and a strong br"anching capacity.

- Synthesis of opines : Transformed cells produce specific molecules callcd opines (agropinc,

manopinc, ctc.), which are used as a soulce of nitrogen and carbon by thc bacteriurn l.
rhizogenes.

Exercise 2

The infèction of plants S;y Agrol:acteriunt tumef'aciens (agent of crown gall) is strongly

promoted by grafting. mainly because this operatior creates an open wound that serves as a

gateway for the bacteria. The main effects and consequences of this process :

- Tumor formation at the gratl site : The bacteria take advantage of the gralling injury to insert

part of its DNA (T-DNA) into plant cells, causing uncontrolied cell proliferation. This resulrs

in woody, brorvn and irregular growths, often called "galls" or tumors, at the u,eld area.

- Faih"Lre of the graft/rootstock junction: The tumor that develops at the union prevents the

normal formation of the callus and thc fusion of tissues (xylcrn and phloem) bctween the

rootstock and the scion.

- Wasting and weakening : Infection can lead to poor gralt feeding, causing growth letardation.

yellowing of the leaves, or even death of the transplanted plant. Systemic infection : Once

established, the bacteria can persist systemically contaminating the entire plant. The infection

of plants by AgrobacTerium tumef aciens (agent of crown gall) is strongiy promoted by grafting,

mainly because this operation creates an open wound that serves as a gateway for the bacteria.

The main effects and consequenccs of this process :

- Tumor formation at the graft site : The bacteria take advantage of thc grafting injury to inscrt

part of its DNA (T-DNA) into plant cells, causing uncontrolled cell proliferation. This results

in rvoody, brown and irregular grou,ths, olien called "galls" or tumors, at the weld area.
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