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Introduction to virology

Introduction   

Viruses
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History

Virology

Lawrence

Adolf Mayer (

Dimitri 

Iwanowski1892

Martinus Beijerinck

Contagious living fluid

VirusToxin

LoefterFrosh

Foot and 

mouth disease virus
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Water (

Yellow fever virus

Holmes (

Stanley (

BawdenPirie

RNAKausche 

Diener

 (

Potato spindle tuber disease

Viroides

 RNA

TMV
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Morphology of viruses

Virions

RNADNA

lipoprotein

Capsid

Capsomers

Helical

 

Rigid rods
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Tobacco mosaic virusX

 

 

HelicalCapsomers

 

Flexuous threads

 XPotato virus XX

Citrus tristeza virusX

Icosahedral
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IsometricPolyhedral

Tobacco necrosis satellite 

virusWound tumor virus

Tomato spotted wilt virus

Geminate

X

GeminiviridaeMaize streak virus

Icosahedral(A)B

 

Bacillus-like

Rhabdoviridae

A B 
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Bacillus

52 ï 75X

Rhabdoviridae

Nucleocapsid

TSWN

29 K

G1, G2
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AB

CBacillusDE

F

E 

A 

D C 

B 

F 

A B 

C D 

E F 
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Chemical structure of viruses

Viral protein

17.6

TMV

TMV
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Capsomers

TMV

 

Nucleases

Viral nucleic acid
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RNA

DNA

RNAssRNA

RNAdsRNA

DNAdsDNADNA

ssDNA

Viral genome properties

DNA

PotyvirusTobamovirus

Nanovirus

1KbNanovirus20 KbClosterovirus
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Infection and virus replication 

 

RNA

DNA

RNA+

Viral RNA 

polymerase

RNARNA

RNA
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RNA+ Agrios, 2004

RNA

RNA

RhabdovirusesRNARNA-

TranscriptaseRNA

RNA+

Isometric viruses

 RNA

Transcriptase 
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RNAAssRNA
+

BssRNA
-

AssemblyRelease

TranscriptionTranslationReplication

DNA(dsDNA)dsDNA

RNAssRNA

dsDNA
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Geminivirus

DNAssDNA

DNAdsDNA

DNA

RNA polymerase II

RepRolling-circle replication

RepdsDNA3-̕hydroxyl

ssDNA

ssDNAdsDNA

Recombination-dependent 

replicationssDNAdsDNA

ssDNAdsDNA

Rep

TrAP

CPNSPNuclear shuttle protein

ssDNACP

Geminivirus

NSPDNA

MP

ssDNAdsDNA
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ssDNAGeminivirus

Early translation
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Late translation

RP

CP

MP

mRNA
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PotyvirusssRNA

Polyproteins350 KDa

Protease

C

RNA-dependent RNA polymeraseNlb

CP

Potyvirus

FurovirusssRNA

RNARNA1

RPRNA2CP

Stop

RNA1RNA-dependent RNA 
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polymeraseRdRpReddthrought

Plasmodiophoromycetes

RNARNA1MP

RNA2

Furovirus

FijivirusRNAdsRNA

 

TMVTobamovirus

126 KDaViral replicase
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stop183 KDa

mRNA

Transcriptase

30 KDa

17.6 KDa

RNA
-

TMV

 

 

Translati

on 

Subgenomic promoters 

Trans

cription 

 from 

RNA (-) 

tRNA-like 

structure 

Leaky stop 

codon 

Transla

tion 
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Translocation and distribution of viruses in plant

Plasmodesmata

Movement 

proteins (MP)

Potato leaf roll
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MP

ER

CP

Tobacco mosaic virus (TMV)

NSPNuclear shuttle protein

ssDNA

MPB

NSP-ssDNA

CP

Squash leaf curl virus

MP

CP

MPTomato 

spotted wilt virus (TSWV)Tobacco ring 

spot virus (TRSV)



36 

 

 

A

MPBssDNANSP

NSP-ssDNAMPBC

MP 

A 

C 

B 
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Transmission of plant viruses

Agrios, 2004
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Transmission of viruses by 

vegetative propagation

Apple 

mosaic virus (ApMV)
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Mechanical 

transmission of viruses through sap

XPotato 

virus XTobacco mosaic virus

Cucumber mosaic virus

Indicator plants

CorborundumCorundum

Celite
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Sap transmission 

Agrios, 2004
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Seed transmission

Squash mosaic virus

Barley stripe mosaic virus

Soybean mosaic virus

Tobacco ring spot 

virus
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Tobacco ring spot virusNepovirus

Cowpea aphid-born virus

 Pollen transmission

Prunus necrotic ring spot virus

Barley stripe mosaic virusHordeivirus

Insect transmission

Homoptera
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Hemiptera

Thysanoptera

Coleoptera

 

Myzus persicae

Beet yellow virus

Citrus tristeza virus

persistent -Non

insect transmission 

Stylet- borne viruses

Acquisition period

Y PVY

PPVCMV
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Potyvirus

(HC) Helper component

Circulative insect transmission

Semi-persistent

Luteoviridae

Propagative insect transmission

Persistent

Tomato spotted wilt virus

Aphid transmission

PotyvirusCucumovirusLuteovirus

Potyviruses
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Non-persistent

Myzus persicae

Stylet ï borne virus (non-persistent)

Circulative (semi-persistent)Propagative (persistent)

 

Whitefly transmission

Bemisia tabaciBegomovirus

CrinivirusClosterovirus

IpomovirusCarlavirus

Cucumber vein yellowing virus (CVYV)
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Tomato yellow leaf curl virus

Lettuce infectious yellows virus 

AMyzus persicaeB

Bemisia tabaci.

Leafhopper and Planthopper 

transmission

RNAReoviridae

RhabdoviridaeGeminiviridae

Circulative

Propagative

A B 
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Micrutalis malleifera

Tomato pseudo-curly top virus

Maize mosaic virus

Maize streak virus

AGreen 

leafhopperBMicrutalis malleifera

Thrips transmission

TospovirusBanyaviridae

Frankinella 

occidentalisTomato spotted wilt 

virus

A B 
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Frankinella occidentalisTomato 

spotted wilt virus

Beetle transmission

Southern bean mosaic virus

SobemovirusTurnip yellow mosaic 

virusTymovirusCowpea mosaic virus

Comoviridae

Acalymma sp.Phyllotreta sp.
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ADiabrotica 

undecimpunctata howardiBAcalymma vittatum

Mite transmission

ArachnidaAcari

Eriophyoidea

RymovirusTritimovirus

A B A B 
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Aceria tosichella

 

Wheat 

streak mosaic virus (WSMV)Tritimovirus

PotyviridaeAceria tosichella

Helper component ï protein (HC-Pro)

Fig mosaic virusAceria ficus

Nematode transmission

LongidorusParalongidorusXiphinema

Nepovirus
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Grape fanleaf virus (GFLV)Tobacco 

ring spot virus (TRSV)

TrichodorusParatrichodorusTobravirus

Tobacco rattle virus 

Pea early browning virus

Paratrichodorus pachydermus

Tobacco rattle virus
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Fungus transmission

Plasmodiophoromycetes

PolymyxaSpongosporaChytridiomycota

OlpidiumSynchytrium

Zoospores

Resting spores

Olpidium

RNAssRNANecrovirus

Tobacco necrosis virusdsRNA

VaricosavirusLettuce big vein virus

Synchytrium endobioticum

XPotato virus X

Polymyxa graminis

Barley yellow 

mosaic virusBymovirusFurovirus

Soil-borne wheat mosaic virus

Peanut clump virusPecluvirusP. betae

Beet necrotic yellow vein virus

Benyvirus

Potato mop-top virusPomovirus

Spongospora subterranea
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Resting sporesPolymyxa graminis

Dodder transmission

Cuscuta

Haustoria
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Alfalfa mosaic virusCucumber mosaic virus

Tomato spotted wilt virus

 

Cuscuta sp.
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Nomenclature and classification

Johnson

Virus

Tobacco virus 1

Smith

XY

 Smith

Virus

Nicotiana virus I
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Tobacco mosaic virus

Tomato spotted wilt 

virusPotato leaf roll virus

Cryptogram

Tobacco mosaic virus: R/1, 2/5, E/E, S/OR

RNAESO 

International committee on taxonomy of viruses (ICTV)
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Kingdom virusesAgrios, 2005

RNADNA

RNA polymeraseRNA+

DNAReverse transcriptase

RNA-DNA

Monopartite viruses

Multipartite viruses
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DNARNA
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Kingdom of viruses

RNAssRNA+

shaped particles-Rod

Tobamovirus

Tobacco mosaic virus

300 X 18ssRNA+

TMVTomato mosaic virus 

(ToMV)

TobravirusTobacco 

rattle virus (TRV)

190 X2280 ï 110 X 22

ssRNA+

194K29KRNA polymerase

RNA

RNA(CP)
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Trichodorus

Paratrichodorus

Pea early browning virus

Pepper ring spot virus

Hordeivirus

Barley (Hordeum) stripe mosaic virus (BSMV)

RNARNA polymerase

RNA polymerase

Furovirus

ssRNA+

RNA polymerase

Soil-

borne wheat mosaic virusPolymyxa graminis
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Pecluvirus

Polymyxa graminis

Peanut clump virus

PomovirusPotato mop-top 

virus

Plasmodiophoromycetes

Spongospora subterranean.

Benyvirus

Beet necrotic yellow vein virus

Polymyxa 

betae

Filamentous particles

PotexvirusXPotato virus X 

(PVX)

ssRNA+

RNA polymerase
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Carlavirus Carnation latent 

virus

ssRNA+

Capillovirus

Apple stem grooving virusX

Citrus tatter leaf virus

 

Trichovirus

Apple chlorotic leaf spot virus 

(ACLSV)X

ACLSV

AllexivirusFoveavirusVitivirus

ssRNA+Allexivirus

Shallot (Allium sp.) virus X
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FoveavirusApple stem 

pitting virus

VitivirusGrapevine (Vitis sp.) virus A

Isometric particles

ssRNA+

SobemovirusSouthern bean mosaic virus

MarafivirusMaize rayado fino virus

UmbravirusCarrot mottle virus

TymovirusTurnip yellow mosaic virus

ssRNA+

IdaeovirusRaspberry bushy dwarf virus

BacillusBacilliform particles 

ssRNA

OurmiavirusOurmia melon virus
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Virus families

Filamentous viruses(ssRNA)

PotyviridaePotyvirus

IpomovirusMacluravirusTritimovirusRymovirusBymovirus

PotyvirusYPotato virus Y 

(PVY)

ssRNA+

Vpg

RNA

RNARNA

Bean common mosaic virus (BCMV)

Bean yellow mosaic virus (BYMV)

Lettuce mosaic virus (LMV)Plum 

pox virus (PPV)Papaya ring spot virus 
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(PRSV)Zucchini yellow mosaic 

virus (ZYMV)

Potyvirus

IpomovirusSweet potato 

(Ipomea sp.) mild mottle virus

Bemisia tabaci

MacluravirusMaclura mosaic 

virus
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RymovirusRyegrass mosaic virus

TritimovirusWheat streak mosaic 

virus

BymovirusBarley 

yellow mosaic virus

XX

Polymyxa graminis

Oat mosaic virusWheat spindle streak mosaic virus

ClosteroviridaeClosterovirus

Crinivirus

Closterovirus

ssRNA

Beet yellows virus (BYV)Citrus tristeza 

virus (CTV)

Grapevine leafroll ïassociated viruses



67 

 

Crinivirus2ssRNA

Lettuce infectious 

yellows virus 

 

RNA`Isometric 

viruses ssRNA

ssRNA

SequiviridaeTombusviridaeLuteoviridae

Comoviridae

Bromoviridae

ssRNA

BromoviridaeIlavirus

AlphamovirusOleavirus

Bacilliform

Sequiviridae

Sequivirus

Parsnip yellow fleck virus 
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WaikavirusRice waika (stunting) 

virusRice tungro spherical 

virus

Tombusviridae

ssRNA+

Tombusvirus

Tomato bushy stunt virus

Olpidium

AureusvirusPothos latent virus

AvenavirusOat

chlorotic stunt virus

CarmovirusCarnation 

mottle virus

Dianthovirus

Carnation (=Dianthus) ring spot virus
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Machlomovirus

Maize chlorotic mottle virus

NecrovirusTobacco necrosis 

virus A

Olpidium

PanicovirusPanicum mosaic virus

LuteoviridaeLuteus

Yellow

Luteovirus

Barley yellow dwarf virus

PolerovirusPotato 

leaf roll virus

Beet western yellows virus

EnamovirusPea 

enation mosaic virus
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PEMV-1EnamovirusPEMV-2

Umbravirus

RNAPEMV-1

Comoviridae Comovirus

FabavirusNepovirus

ssRNA+

ComovirusCowpea 

mosaic virus

Squash mosaic virusRadish mosaic virus

Nepovirus

Tomato ring spot virus

Tobacco ring spot virus

Cherry leaf roll virus
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Grapevine fanleaf virusRaspberry 

ring spot virus

Longidorus

ParalongidorusXiphinema

FabavirusBroad bean 

wilt virus 

Bromoviridae

BromovirusCucumovirusIlarvirus

ssRNA

ssRNA1ssRNA2

RNAssRNA3ssRNA4

AlfamovirusOleavirusIlarvirus

Bacilliform

RNAssRNA1ssRNA2

ssRNA3ssRNA4

CucumovirusCucumber 

mosaic virus (CMV)

CMV

Tomato aspermy virus 
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(TAV)Peanut stunt virus (PSV)

BromovirusBrome 

mosaic virus

Ilarvirus

Isometric labile ring spot viruses

Tobacco streak virus

Apple mosaic virus

Prunus necrotic ring spot virusPrunus dwarf virus

Citrus leaf rugose virusCitrus variegation virus

Bacilliform

Alfamovirus

Alfalfa mosaic virus

OleavirusOlive latent virus2



73 

 

RNA

dsRNA

Reoviridae

Respiratory enteric 

orphan virus

Phytoreovirus

FijivirusOryzavirusRice 

dwarf virus

Phytoreovirus

dsRNAPhytoreovirus

dsRNA FijivirusOryzavirus

PhytoreovirusWound tumor virus

Rice dwarf 

virusRice gall dwarf virus

FijivirusRice black-streaked 

dwarf virusMaize rough dwarf virus

OryzavirusRice ragged stunt virus

Partitiviridae

AlphacryptovirusWhite clover crypto. virus1
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BetacryptovirusWhite clover crypto. virus 2Varicosavirus

Lettuce big-vein virusPartitivirusChrysovirus

Penicillium

RhizoctoniaGaeumannomycesHelminthosporium

RNAssRNA
-

Rhabdoviridae

Bunyaviridae

TenuivirusOphiovirus

RNA-dependent RNA 

polymerasessRNA(-)ssRNA(+)

RhabdoviridaeRhabdos

Bacilliform

M1M2

(-)ssRNA

RNA

RNA
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RhabdoviridaeVesicular stomatitis 

virus (VSV)

CytorhabdovirusLettuce 

necrotic yellows virus (LNYV)

NucleorhabdovirusPotato 

yellow dwarf virus (PYDV)
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Bunyaviridae

Bunyamwera virus

(-) ssRNA

Bunyaviridae

TospovirusTomato 

spotted wilt virus (TSWV)

ssRNA
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Frankliniella occidentalisF. fusca

Thrips tabaciT. palmi

(-) ssRNA

Tenuivirus

RSV

Rice stripe virus

Maize stripe virus

Rice grassy stunt virus

OphiovirusCitrus psorosis 

virus

DNAdsDNA

Caulimoviridae

DNA



78 

 

RNARNA

DNA

Caulimovirus

Cauliflower mosaic virus

Dahlia mosaic virus

Carnation etched ring virus

Badnavirus

BacillusDNABacilliform DNA 

viruses

Rice tungro bacilliform virus (RTBV)Banana streak virus 

(BSV)

DNAssDNA

Geminiviridae

Circoviridae

ssDNA

GeminiviridaeGeminate

Curtovirus

Beet curly top virus
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ssDNA

MastrevirusMaize streak 

virusssDNA

Bean and tobacco yellow dwarf viruses

Begomovirus

Bean golden mosaic virus

ssDNADNA A or 1DNA B or 

2

Tomato mottle virusTomato 

yellow leaf curl virusSquash leaf curl 

virusTobacco leaf curl virus.

Topocuvirus

Tomato pseudocurly top virus

CurtovirusTree 

hoppers

Circoviridae

Geminiviridae

ssDNA
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Nanovirusnanos = 

dwarf

ssDNA

(BBTV)Banana bunchy top virus

CFDV)Coconut foliar decay virus 

 

 

 

 

 

 

 

 

 

 

 

 



81 

 

 

Management of plant virus diseases

Thermo-therapy (heat treatment)

Isometric

Grapevine leaf roll virus (GLRV)

Citrus tristeza virus (CTV)XPotato virus X 

(PVX)
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Cryo-therapy

̊̊

Cryo-therapyChrysanthemum

 

Chrysanthemum stunt 

virus (CSV)

Chrysanthemum chlorotic mottle virus (CCMV)

CSV

CCMV

 

Meristem tip culture 

In vitro
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RibavarinVirazole

Solanum tuberosum
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White clover mosaic virus (WCMV)

Somatic embryogenesis

Somatic embryos

Citrus psorosis virus (CPsV)

Citrus tristeza virus (CTV)Citrus variegation virus (CVV)

Grapevine 
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fan leaf virus (GFLV)Grapevine 

leaf roll associated viruses (GLRaV) 

aCallus

bSomatic embryogenesis

Cd

  

 

Quaternary ammonium ChlorohexidineSodium hypochlorite

a d 
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Tobacco mosaic virus (TMV)
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Mild strain cross protection 

(MSCP)

Acquired immunity 

McKinney

Light green strain

Tobacco mosaic virus (TMV)

Yellow mosaic strain

Mild dark green strain

SalamanXPotato 

virus X (PVX)
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Citrus tristeza virus (CTV)  

Grapevine fan leaf 

virus (GFLV)Barley yellow dwarf virus 

(BYDV)Papaya ring spot virus (PRSV)
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Resistant varieties

Francis 

Holmes

Tobacco etch virus (TEV)Tobacco mosaic virus 

(TMV)

ZaitlinHull



90 

 

Types of resistance to plant viruses 

Immunity

Genotype

Non-host resistance

Biotypes

(ER)Extreme resistance

XPotato virus X (PVX)

Cowpea mosaic virus (CMV)
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Hypersensitivity response (HR)

 

ERHRInnate resistance

HR

Systemic acquired resistance

Age-related resistance

Salicylic acid (SA)

RNA

RNA inhibition (RNAi)

RNAiNepoviruses

TobravirusesRNAi

Cauliflower mosaic virus (CaMV)

Tolerance
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  Grapevine fanleaf

Fanleaf degeneration

Grapevine fanleaf virus (GFLV)

NepovirusComoviridae

ssRNA
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zig zag

 

GFLVA

BC

C 

A B A 

C 

B 
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Xiphinema index X. italiae

Aristolochia clematitis 

 Sonchus oleraceus

Vitis
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 Grapevine leaf roll

 

Vitis vinifera

Grape vine leaf roll-associated viruses 

(GLRaVs) Closteroviridae

GLRaV-1GLRaV-10

GLRaV-1GLRaV-2GLRaV-3

V. vinifera

A B B 
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A

B

HomopteraPseudococcidae

Coccidae

GLRaV-1, 3, 5, 9

A B 
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Apple mosaic  

White, 1928

.

ApMVIlavirus

Bromoviridae

ssRNA

Golden deliciousJonathanWinesapMcIntosh

 

 

ApMVAB

A B A B 
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Apple chlorotic leaf spot 

Rosaceae

ACLSV

TrichovirusFlexiviridae

ssRNA

ACLSV
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A

BCD

EFG

 H

A B 

C E D 

F G H 

A B 

C D E 

F G H 
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Apple stem pitting 

ASPVFoveavirus

RNA

. 
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ASPVA

B

A B B A 
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Prunus necrotic ring spot 

PNRSVIlavirus

Bromoviridae

ssRNA

PNRSVAB

A B A B 
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PNRSV

Prune dwarf 

PDVIlavirus

Bromoviridae

ssRNA

PDV

PNRSV
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AB

Plum pox (Sharka)

PPVPotyvirusPotyviridae

ssRNA

 

A B A B 
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A 

BC

DE

F 

 

A 

E

E 

F 

C D 

B A B 

C D 

E F 
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Myzus persicae

Peach rosette mosaic 

blueberry 

PRMVNepovirus

Comoviridae

ssRNA
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A

B, C

Xiphinema 

americanumLongidorus diadecturus

A 

C 

B A B 

C 
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Citrus tristeza  

Quick decline

Dieback

CTVClosterovirus

Closteroviridae

ssRNA+
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A

BC

D 

A 

A 

D C 

B 
A B 

C D 
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Toxoptera 

citricida

Toxoptera aurantiiAphis gossypii

Citrus psorosis  

ACPsV-AB

CPsV-BConcave gum

CPsVOphiovirus

ssRNA



112 

 

BCitrus Ring Spot Virus ï CRSV

BA

BC

A C 

B 

A 

B 

C 
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  A

AA

B C

 

 

Citrus leprosis 

virusCPsV

CLV

Concave gum

A C B A B C 
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Olpidium 
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Beet necrotic yellow vein (Rhizomania) 

Canova, 

1959

BNYVVBenyvirus

RNA

Root madness 
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A

BC

D

Polymyxa betae

Plasmodiophoromycetes

A 

C D 

B A B 

C D 
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pH=7 ï 8

Polymyxa betae
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Beet yellows 

Chenopodiaceae

BYVClosterovirus

Closteroviridae

ssRNA

A

B

A B A B 
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Myzus persicae Aphis fabae  

Beet western yellow  

Beet mild yellowing virus

BWYNPolerovirus

Luteoviridae

ssRNA

BYV 

Alternaria alternata A.brassicae
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Beet curly top 

BCTVCurtovirus

Geminiviridae

DNA

Circulifer tenellus C.opacipennis
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(Kyle, 1993)

 

Comoviridae Potyviridae  Bromoviridae Family 

Comovirus  Potyvirus  Cucumovirus  Genus 

SqMV ZYMV, PRSV, 

WMV 

 CMV Virus 

 

 

(SqMV)
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Zucchini yellow mosaic

ZYMV

ZYMVPotyvirus

Potyviridae

ssRNA
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ZYMVAB

C

D

Aphis gossypiiMyzus persicae

B 

D C 

A 

A B 

C D 
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Cucumber mosaic 

CMVCucumovirus

Bromoviridae

ssRNA
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CMVAB

C

DE

F

A 

F E 

D C 

B A B 

C D 

E F 
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Squash mosaic

 

SqMVComovirus

Comoviridae

ssRNA

Strain 1

Strain 2

SqMV
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SqMVAB

Acalymma 

trivittataDiabrotica undecimpunctata

 

SqMVAB

B A 

A B A B 

A B 
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Papaya ring spot 

Watermelon 

mosaic virus (WMV)

PRSVPotyvirus

Potyviridae

ssRNA

PPRSV-PW

PRSV-W
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PRSV

PRSV

PRSVAB

CD

 

A 

D C 

B A B 

C D 
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Watermelon mosaic 

 

WMV-2WMV-1

PRSV

WMVPotyvirusPotyviridae

ssRNA

 

A

B

A B A B 
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Tobacco mosaic 

TMVTobamovirus

XssRNA

Tomato mosaic virus

.
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TMVAB

CD

A 

C D 

B A B 

C D 
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Tobacco ring spot 

TRSVNepovirus

Comoviridae

ssRNA

RNAsRNA satellite

TomRSV
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TRSVA

BC

D

A 

D C 

B A B 

C D 
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Tomato yellow leaf curl 

TYLCVBegomovirus

Geminiviridae

ssDNA

Geminiviruses

ssDNA

A B  
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TYLCVA

B

Bemisia tabaci

A B A B 
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Tomato spotted wilt 

TSWNTospovirus

Banyaviridae

ssRNA

N29 K

G178 KG258 K

L200 KTranscriptase

N

G1G2L
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 TSWVA

B

Tomato ring spot 

TomRSVNepovirus

Nepoviridae

ssRNA

A B A B 
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TomRSV

MM106
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A

BC

D

A 

D C 

B A B 

C D 
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E

FG

H

Xiphinema

F E 

H G 

E F 

G H 
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Potato leaf roll 

PLRVPolerovirus

Luteoviridae

ssRNA



146 

 

PLRV

PLRVA

BC

A B 

C 

A B 

C 
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YPotato virus Y (PVY)

Y

PVYPotyvirusPotyviridae

ssRNA

PVY
O

 

 PVY
N

PVY
O

PVY
C

PVY
NTN

 

PVY

PVY
O

PVY
C

PVY
N
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PVY
NTN

 

PVYA B

C

D

A 

D C 

B A B 

C D 
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YPVY
N

PVY

PVY
C

Y

YPVYA

B

A B A B 
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X Potato virus X (PVX)

X

PVXPotexvirus

Flexiviridae515 X 13

ssRNA

X

YPVYAPVA

Melanoplus 
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differentialisTettigonia viridissima

Synchytrium endobioticum

XPVX
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Barley yellow dwarf

 

Barley yellow dwarf 

virusBYDVLuteovirusLuteoviridae

ssRNA+

Barley yellow dwarf virus (BYDV)

Cereal yellow dwarf virus (CYDV)
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BYDV

CM67Elmo
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BYDVA

BCD

   

 

A 

D C 

B A B 

C D 



155 

 

Barley stripe mosaic

Barley stripe 

mosaic virusBSMVHordeivirus

ssRNA

BSMV
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Pea enation mosaic

Pea 

enation mosaic virus (PEMV)

EnamovirusLuteoviridaeDelmer et al., 1996

PEMV-1EnamovirusPEMV-2

UmbravirusPEMV

ssRNA

PEMV-1
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PEMVA

B

 

 

 

 

A B A B 
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 Alfalfa mosaic

Weimer 

Alfalfa mosaic virus (AMV)

AlfamovirusBromoviridae

Bacilliform

B= 56M = 43Tb = 35Ta =30

ssRNABRNA1MRNA2Tb

RNA3RNA4

ssRNA

 

Alfalfa mosaic virus (AMV)

B 
M 

T

b 
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AMV

 

AMVAB 

 

 

A B A B 
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Bean yellow mosaic 

Bean yellow 

mosaic virus (BYMV)PotyvirusPotyviridae

XssRNA

BCMVA

B

A B A B 
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Bean common mosaic

Phaseolus vulgaris

Phaseolus

Bean common mosaic virus (BCMV)

Bean common mosaic necrosis virus (BCMNV)

PotyvirusPotyviridae

750 X 12 

I gene

BCMV
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BCMNV

Fusarium oxysporum f. sp. 

phaseoli

BCMV

 

ABCMV

B

BCMNV

A B A B 
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Plant diseases caused by viroids

Diener

Potato spindle tuber viroid (PSTVd)

RNA

4 ï 20 kb

RNA

RNA
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Potato spindle tuber viroid

Taxonomy of viroids

Conserved central region

AvsunviroidaeAgroup A

The avocado sunblotch viroid group 

(ASBVd)

 Ribozyme

RNA

PospiviroidaeBgroup B

The potato spindle tuber viroid group 

(PSTVd)

International Committee on Taxonomy of Viruses  
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Family Pospiviroidae 

Species Genus 

Potato Potato spindle tuber (PSTVd) Pospiviroid 

Chrysanthemum Chrysanthemum stunt (CSVd) 

citrus, tomato Citrus exocortis (CEVd) 
Columnea, 

Brunfelsia, 

Nemathanthus 

Columnea latent (CLVd) 

Iresine Iresine (IrVd) 

Solanum 

cardiophyllum 
Mexican papita (MPVd) 

Tomato Tomato apical stunt (TASVd) 

Uncertain (tomato?) Tomato chlorotic dwarf (TCDVd) 

Tomato Tomato planta macho (TPMVd) 
citrus, grapevine, 

Prunus spp.
Hop stunt (HSVd) Hostuviroid

coconut palm Coconut cadang-cadang (CCCVd) Cocadviroid

coconut palm Coconut tinangaja (CTiVd) 

Citrus Citrus bark cracking (CBCVd) 

Hop Hop latent (HLVd) 

apple, pear Apple scar skin (ASSVd) Apscaviroid

Apple Apple dimple fruit (ADFVd) 

Apple Apple fruit crinkle (AFCVd)z 

Grapevine Australian grapevine (AGVd) 

Citrus Citrus bent leaf (CBLVd) 

Citrus Citrus dwarfing (CDVd) 

Grapevine Grapevine yellow speckle 1 (GYSVd-1) 

Grapevine Grapevine yellow speckle 2 (GYSVd-2) 

pear, quince Pear blister canker (PBCVd) 
Coleus, 
Mentha spp. 

Coleus blumei-1 (CbVd-1) Coleviroid

  Coleus blumei-2 (CbVd-2) 
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Ocimum basilicum, 

Melissa officinalis 
Coleus blumei-3(CbVd-3) 

Family Avsunviroidae 

Species 

Genus 
Avocado Avocado sun blotch (ASBVd) Avsunviroid 

Chrysanthemum 
Chrysanthemum chlorotic mottle 

(CChMVd) 
Pelamoviroid 

peach, nectarine Peach latent mosaic (PLMVd) 

Eggplant Eggplant latent (ELVd) Elaviroid

Replication of viroids

RNA

RNA polymerase

Avsunviroidae

Symmetric rolling circle mechanism

(-) RNARNA polymerase II (RNA pol.II)

Ribozyme

(-)RNA

RNA ligase

(+)RNA
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Pospiviroidae

Asymmetric mechanism(+) RNA

RNA

(+)RNARNA pol.II

RNAseRNA

RNA

Pospiviroidae

AsymmetricAvsunviroidae

Symmetric

Transmission of viroids
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PSTVd

ASBVdPSTVd

Tomato planta macho viroid (TPMVd)

TPMVd

Myzus persicaePhysalis foetens

Control of viroid diseases 
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 Potato spindle tuber

Potato spindle tuber 

viroid (PSTVd)

RNA

A

B
A B 

A B A B 
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(PSTVd)

PSTVd

PSTVd

Macrosiphum euphorbiae

Aulacorthum solaniDe Bokx and Pirone, 1981

PSTVd

Potato leaf roll virus (PLRV)Salazar et al., 

1995PLRV

PSTVd
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Citrus exocortis

Citrus exocortis viroid (CEVd)

RNA

 

Citrus medica
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CEVdA

Citrus latifoliaC. macrophyllaB

CCEVd

Citrus medicaD

 

A B 

C D 

A B 

C

 A 
 

D 
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Introduction to Bacteriology 

and Bacterial Plant Diseases 
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Antoni van Leeuwenhoek

Louis 

Pasteur (1822-1895)

Voronin 

Burril 

Arcangeli

Erwin Smith
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Xanthomonas campestris pv. oryzea

Erwinia amylovora 

Pseudomonas 

syringae pv. persicae

Clavibacter 

michiganensis subsp. michiganensis

Pseudomonas syringae pv. lachrymans

 Pseudomonas syringae pv. savastanoi

Erwinia carotovora subsp. atrosepticaRalstonia 

solanacearum 
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Agrobacterium tumefaciens 

Pseudomonas syringae pv. savastanoi

Erwinia carotovora subsp. carotovora
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Disease triangle

Inoculums 

sources 
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Pseudomonas syringae 

pv . phaseolicola

Pseudomonas syringae pv. tomato

.Xanthomonas campestris pv. malvacearum 

Ewinia carotovora subsp . carotovora

Erwinia carotovora subsp. 

atroseptica

Xanthomonas campestris pv. 

citri
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Xamonthomonas campestris pv. malvacearum

Erwinia amylovora

Pseudomonas syringae pv. savastanoi 

Bacterial exudates 

Erwinia amylovora 
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 Erwinia amylovora 

P. 

syringae pv. savastanoi

P. syringae pv. phaseolicola 

Xanthomonas campestris pv. phaseoli 

Epiphytic bacteria
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P. syringae pv. 

savastanoi

P. syringae pv. morsprunorum

Agrobacterium  tumefaciens

Pseudomonas solanacearum
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Xanthonionas ampelina

Envinia carotovora subsp. atroseptica

Erwinia carotovora subsp. carotovora

 

Clavibacter 

michiganensis subsp. michiganens
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Erwinia amylovora

Dacus oleae

Pseudonionas syringae pv. savastanoa

Methionine Thiamine
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Agressivity

Penetration by natural openings

 Stomata

0.50.711.5

Panapolus Schroth Pseudomonas syringae 

pv. phaseolicola

Lenticel
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Leaf scares

 

Erwinia amylovora

Hydathodes

Xanthomonas campestris pv. campestris

)
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Xanthomonas campestris pv. campestris

 

Periderm

Erwinia carotovora subsp.carotovora

 Pseudomonas 

solanacearum
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Erwinia carotovora subsp.carotovora

Pseudomonas syringae pv. syringe 
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Spores

Pseudomonas syringae pv. tomato

Temperature

Erwinia amylovora

WiliamsLaxton superb

Wiliams

Laxton superb
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Nutrition

Aeration 

 Necrose

Erwinia

Erwinia carotovora subsp carotovora

Light

Pseudomonas syringae pv. 

glycinea
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Water ï soaking

 Necrose

Incompatible pathogen

Non pathogen



196 

 

 Susceptible host-plant

Lectin

Lectins

AgglutinatePercipitate

PolysaccharidesGlucoprotins

Glucolipides

Lipopolysaccharides (LPS

LPS

LPS

Lectins

Lectins LPSLectins

Agglutinate
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Pseudomonas solanacearum

EPS) Extrapolysaccharides

EPS

Pseudomonas solanacearumXanthomonas  campestris 

pv campestrisErwvinia amylovora

E. amylovoraEPS

EPS

EPS

LPSLectin

EPS
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Resistance to bacterial pathogens 

Morphological expression of resistance 

Erwinia amylovona

citriPseudomons

Corynebacterium insidiosum

cortex 

 Biochemichal resistance factors

Semiquinon 
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Necrose

QuinonesHydroquinon

Postinfectional - physiological resistance factors 

Hypersensitivity

Incompatible

Phytoalexins

Pseudomonas syringae pv. pisi pv tomato  P.syringe pvp. 

syringae pv. glycinea p. syringe pv. phoseolicolaj p. syringae 

pv. solanacearum

phytoalexinglyceolin
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Immunisation

Virulence

 

Bacterial envelopement
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Agrobacteriurm  tumefaciensErwinia amylovora

Erwinia carotovora subsp. atroseptica

Xanthomonas campestris pv. pelargoni

Erwinia salicis
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X. 

campestris pv. pelargoniErwinia 

carotovora subsp. atroseptica

The influence of bacterial 

infection on photosynthesis 

Xanthomonas Pseudomonas

Pseudomonas syringae pv. glycinea 

RNA

Water stress
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Thylakoid 

proteins

The influence of bacterial infection on 

respiration 

P. syringae 

pv. pisi Pseudomonas syringae pv. tabaci

Peudomonas fluorescens

Cytochrome oxydas

Phenol oxydase
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Pentose phosphate cycle

Alteration on cell wall 

composition caused by bacterial pathogens 

Cutin and suberin degradation

Pseudomonas solanacearum
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Galactoronic acid

Pectin degradation

 

)pectate lyase

oligogalacturonase pectin methylesterasepolygalacturonase 

pectin lyase

Erwinia 

aroidae Pseudomonas syringae pv. syringae

 E.aroidae

P. sgringae pv. syringae

Suberized 

cells
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Cellulose and hemicellullose degrading enzymes 

CellulaseHemicellullase

Pseudomonas solanacearum

Pectin lyase

Protein and lipid degradation in the plant cell wall and plasmamembrane  
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Proteinases  Proteases 

Phospholipase Phosphatidases

The effect of bacteria on metabolism in infected plants 

Pseudomonas syringae pv. phaseolicola

OrnothineHistidine

Pseudomonas 
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syringae pv. tabaci

NH3

Pseudomonas solonacearum

Lï phenylalanineI. A.AIndol acetic acid

IAA oxidase

Erwinia  amylovora

 Isoflavon  Aurones 

Agrobacterium

tumefaciensT-DNA

Ti

Opines

Opines

Agrobacterium tumefaciensPseudomonas syringae pv. 

savastanoi IAA

IAACytokinin
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Pseudomonas solanacearum

 XanthomonasErwinia

P..solanacearum

The effect of bacterial toxins on plant 

ToxinToxicon

Phytotoxins

Tabtoxin 

Pseudomonas syringae pv. tabaci

Glutamin synthetase
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Glutamic acid

GlutaminNH3

Glutamine sunthetaese (G.S)                          

L ï glutamineglutamic acid + NH3

 NH3

G.STabtoxin

Pseudomonas syringae pv. coronajaclens

2- serine 

 tabtorinTabtoxin

 Iso- tabtoxin

pH

Phaseolotoxin

Pseudonionas syringae pv.  phaseolicola

Ornothine - carbamy transefeaseO.C.tase

Ornithine
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  - amino - levulinique

precurseur

2- serine 

phaseolotoxin

Alanine

Homoargenine  Ornithine

Syringomycine

Pseudomonas  syringae pv. syringae

DNA ï polymerase

RNA polymerase

SerinePhenylalanineArgenine 

Syrngotoxine

Syringomycine 

Geotricum candidum
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SyringotoxineThreonineGlycine

Ornothine

Coronathine

Pseudomonas syringae pv. tomatoP. 

syringae pv. glycinea  P. syringae pv. atropurpurea

Tagetotoxine 

P. syringae pv. tagetis

Erwinia amylovoraAmylovorine

Pseudomonas solanacearumXanthomonas campesiris pv. 

oryzaeClavibacter michiganens subsp. insidusumClavibacter 

michiganens subsp. michiganensClavibacter michiganens subsp. 

sepedonicus

 

p.syringae pv.atropurpurae
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P. syringae pv. phaseolicola

Phaseolotoxine

 

p.syringae pv. tomato

Syringomycine

Phaseolotoxine̊

p. syringae pv. 

phaseolicolå

Phaseolotoxine

Tabtoxine Micrococcus luteus  E.coli

SyringomycineSyringotoxine

 

 

 



214 

 



215 

 

Control of bacterial plant diseases

 

Resistant varieties
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Biological control
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Antagonist bacteria

K84

Agrobacterium radiobacter

Agrocine

P. syrigae pv. syringae

̊

ice

ice

ice

Bacteriophage
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Chemical control

 

Antibiotics

BacteriostaticBactericide

PenicillinVancomycinNovobiocin 
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PolypeptidesPolymexineTherethricine

DNA

MitomycinNalidixic acid 

RNA Polymerase

ActinomycinRifamycin

RAN

ErythromycinOleandomycin

Streptomycin

C.M.I

Consentration Menimal Inhibitrice

Mg/ml

Minimal Bactericidal 

Concentration (MBC)

Mg/ ml
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DNA

DNARNAARN
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Classification of Phytopathogenic Bacteria
 

 Antony van leewenhoock

Flagella

Procaryotes

cynobacteria
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Phyla 

Actinobacteria FirmicutesmProteobacteria 

ClassesOrders

FamiliesGennesSpecies

Isolates

Type isolat 

Phenotypic

Erwinia carotovora

Erwinia carotovera subsp carotovora

Erwinia carotovera subsp. atroseptica 
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Biotype Biovar 

Serotype Serovar 

Pathotype Pathovar 

Phagotype Phagovar 

Morphotype Morphovar 

RNA/DNADNA/DNA

Sequencing

C + G %

Numerical taxonomy
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ns                                          

S

ns + nd

ns

 nd

a +b 

S

a +b + c + d  

a

b
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C

d
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G-C% 

DNANucleotides 

Adenine(A ) Guanine 

( G )Thymine ( T )

Cytosine (C)

Desoxyribose

DNA

ATGC

CGDNAG-C%

G-C%
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DNADNAHybridization of DNA / DNA

DNA

pH 

DNADNA

DNA

DNARNA /  

DNARNA

RNADNARNA

RNA

DNARNA

DNA

DNADNA
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Plasmid 

Transposon 

Transformation DNA

DNA

DNA

DNA 

DNA

Receptor

DNA

Nucleases 

           

           

  

 

DNA(Transformation)
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Conjugation

Pilli

plasmid-FFertility factor

F
+

F
-

Pilli

F

F 

 

Conjugation

F

F

http://en.wikipedia.org/wiki/F-plasmid
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F

Hfr

Transduction

DNA 

 

Lytic cycle virulent 

virus

DNA Capsid 

Generalized transduction 

Lysogenic cycle

Prophage

LyticLysogenic

Temperatephage 

http://en.wikipedia.org/wiki/Virulent
http://en.wikipedia.org/wiki/Temperateness_%28virology%29
http://en.wikipedia.org/wiki/Temperateness_%28virology%29
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Specialized transduction 

 

Lytic cycle Lysogenic cycle 
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Phyla

FirmicutesActinobacteriaProteobacteria 

Corynebacterium

CrynebacteriumActinobacteria

Curtobacterium Rhodococcus Arthrobacter 

ClavibacterStreptomyces  

 

Corynebacterium 

Curtobacterium  flocumfaciens pv. betae.Corynbacterium betae 

Rhodococcus fasciens    Corynbacterium fasciens   

 Ilex opacaArthrobacter ilicis     Corynbacterium ilicis          

 Corynbacterium michigane            Clavibacter michiganensis 

subsp. michiganensis     

Clavibacter michiganensis subsp.Corynbacterium sepedonicum 

      sepedonicus   
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Firmicutes

BacillusSpiroplasma Candidatus Phytoplasma 

 

 Proteobacteria

Alpha  Beta Gamma Delta   Epsilon  

AlphaproteobacteriaAgrobacteriumSphingomonas

Candidatus Liberibacter 

BetaproteobacteriaAcidovoraxBurkholderiaRalstonia

Xylophilus 

GammaproteobacteriaErwiniaPseudomonasXanthomonas

 Xylella 

 

Pseudomonas

Pseudomonas

King B

Fluorescence
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PseudonomasPseudonomas Fluorescent

LELLIOTTPseudomonas

LOPAT

LLevan

OOxidase

PPectinase

AArgenine

TTobacco hypersensitivity

Pseudomonas

LOPATLelliott1966
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Pseudomonas syringae

Pathovars

Pseudomonas syringae pv.syringae

P. syringae pv. tomato 

P. syringae pv. phaseolicola        
                  

Pseudomonas veriditlana 

 

Pseudomonas cichorii

Pseudomonas marginalis pv. marginalis

Pseudomonas marginalis pv. pastinaceae

Pseudomonas marginalis pv. alfalfa  
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Pseudomonas tolasii 

P. aeruginosa

P. fluorescens P . pulida

Pseudomonas Pseudomonas non fluorescent 

Pseudomonas amygdale 

P. caryophylli 

P. corrugate 

P. gladioly   

P. solanacearum  
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Xanthononas 

Xanthomonas

Xanthomonas campestris 

Pathovar (pv)

 

 X. campestris pv. campestris

 X. campestris pv. citri

X. campestris pv. malvacearum

X. campestris pv. translucens 

 Xanthomonas allbilineans             

 Xanthomonas ampelina                  

Xanthomonas fragaria                           

Xanthomonas populi                   

Xanthomonas axanopodis                  

        

Agrobacterium
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Agrobacterium tumefaciens

 Agrobacterium rhizogenes

A. radiobacter

Agrobacterium rubi 

Erwinia

Erwinia 

Amylovora

Erwinia amylovora 

Erwinia salicis 

Erwinia tracheiphila 

Carotovora
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E. carotovora subsp . carotovora

E. carotovora subsp. atroseptica 

Herbicola

 Erwinia stewartii

Erwinia herbicola pv. herbicola
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Olive knot disease

(Metastase)
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(Hypertrophy)

(Hyperplasia)
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Indol  acetic acid (I .A . A)

Pseudomonas savastanoi pv. savastanoi 

(Pseudomonas syringae pv. savastanoi)

. X Spores

̊

(I.A.A)

TryptophaneIndolacetamide

I. A. A)

Tryptophane monooxygenaseIndolacetamide hydrolase

Epidemiology
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Pathogenicity

1

Ligustrum

Phillyrea
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Myrtus 

communis1

Phillyrea

I. A. A.

Pseudomonas savastanoi pv. nerri 

Pseudomonas savastanoi pv. fraxini

 

Geographical distribution
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Pseudomonas savastanoi

   1 2 3 
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TetracyclinPenicillinNovobiocin

Crown gall
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Agrobacterium 

tumefaciens 

 

Agrobacterium tumefaciens

Spores

  

  

1 2 

3 4 
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̊Biovar

Biovar III

Agrobacterium vitis

Disease cycle

̊
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Acetylsyringone 

Acetosyringone)  

 

vir T-DNA

Tumor Inducing) Ti

 

T-DNA 

T-DNATumor Inducing) 

T-DNA
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T-DNA

IAA

Opines

Ti 

NopalineAgrocinopine AOctopineAgropine
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Ti A. 

radiobacterTi 

T- DNAIAA 

 

 

 

Ti
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Host Range and Geographical 

distribution

Control

̊

Biological ControlNewKerr

k84Agrobacterium radiobacter
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Antagonism

K84

K84

Agrocine - 84 K84 

Agrocinopines

Agrocinopine permease

Agrocine - 84

DNA

K84

k84
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Hairy root

Agrobacterium rhizogenes 

Agrobacterium tumefaciens

RiRoot 

inducingTiRi

Rhizobium

Rhizobium radiobacter

Rhizobium rhizogenes

Agrobacterium rhizogenes

Agrobacterium tumefaciens 
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Agrobacterium rhizogenes

Fire Blight

 

 

 

 

1 2 
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Dr. W. 

NAFFAA 

 1 
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Erwinia amylovora

Peritrichous flagella
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Erwinia amylvora
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̊

Erwinia amylovora

PomoideaeRosaceae 
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Flumeqiune

Streptomycine

Billing
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Blossom blight of pear

 Pseudomonas syringae pv. syringae 
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Toxins

 Pseudomonas syringae pv. syringae

  

  

1  
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Epidemiology

P. syringae pv. syringae

Microlesion

P. syringae pv. syringae

̊



265 

 

̊

ice +

ice

ice
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Pear decline 

 

Candidatus phytoplasma pyri 
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Candidatus phytoplasma pyri
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Pyrus 

communis

Apple proliferation

phyllody

 Candidatus phytoplasma mali 

Mollicute
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Candidatus phytoplasma mali

  

  

1  
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Bacterial canker of Stone fruits
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Pseudomonas syringae pv. 

morsprunorum

P. syringae pv. syringae 
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1  
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P. syringae pv. morsprunorum

P. syringae pv. syringae.

P. syringae pv. 

morsprunorum

P. syringae pv.

syringae

K.B  

K.B

L
+
 tartrat 

 
 

D- lactate  

P. syringae pv. morsprunorum



274 

 

Epidemiology 

Epiphytic

Negative tension

P. syringae pv. morsprunorum

Prunus
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Bacterial spot of stone fruit

Xanthomonas arboricola pv. pruni
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Xanthomonas arboricola pv. pruni
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Walnut bacterial blight
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2

2X. campestris pv. juglandis

  

  

1  
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Xanthomonas arboricola pv. juglandis

X.campestris pv. juglandis)X

̊
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Bacterial blight of grapevine

Necrose
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Xylophilus ampelinus

Xanthomonas ampelina

Pseudomonas Erwinia48 - 24 
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Xylophilus ampelinus

 

 

 

 

 

 

 

 

1  
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 Vitis vinifera
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 Flavescence dorée or black wood   Grapevine yellows
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286 

 

̊

 

  

 

1  
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Pierce disease 

 Phony disease (peach)

Variegated chlorosis (citrus)
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Xylella fastidiosa

 

  

 1  
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Xylella fastidiosa

Xylella fastidiosa

Fastidious bacteria

Fastidious phloem-limited bacteria

Fastidious xylem- inhabiting bacteriaXylella 

fastidiosa

1 2 1  
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X

Xylella fastidiosa

  

  

1  
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Citrus canker 
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Xanthomonas axonopodis 

pv. citri Xanthomona campestris pv. citri

  A 

B C 

DXanthomonas axonopodis pv. 

aurantifoliiE X. campestris pv. citrumelo 

Xanthomonas 

axonopodis pv. citri 
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X. campestris pv. citri

Fortunell  Poncirus Citrus
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Citrus greening disease

Huanglongbing  (HLB)

 

Fastidious phloemlimited bacterium 

Candidatus liberobacter asiaticus 

Candidatus liberobacter africanus

PCR

̊
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Candidatus liberobacter 

asiaticumABC

D

D 
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Citrus Stubborn disease

Spiroplasma citri

Mollicutesmollis

cutis

http://en.wikipedia.org/wiki/Mollicutes
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Spiroplasma citri
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Mulberry blight or mulberry leaf spot

Pseudomonas syringae pv. mori
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Pseudomonas syringae pv. mori
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Bacterial canker of tomato 
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 Clavibacter michganensis subsp. 

michiganensis 

 

  

 1 

1 
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Epidemilolgy

Clavibacter michganensis 

subsp . michiganens Corynebacterium michiganens) 

Spores

Lycopersicum
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Immunofluorescence (I .F)
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Tomato pith necrosis

 

 

 Pseudomonas corrugate
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Pseudomonas corrugate
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Bacterial speck of tomato
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Pseudomonas syringae pv . tomato
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Pseudomonas syringae pv . tomato

Epidemiology

̊ 
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̊

̊

Streptomycin 

 

MarmadeRehovel-13Ont7710

Cambell28 

Bacterial spot of tomato
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Xanthomonas campestis pv. vesicatoria 

A, B, C, D 

Xanthomonas campestis pv. vesicatoria 
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Ring rot of potato

Epidemiology

decemlinealaLeptinotarsa
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Clavibacler michiganensis 

subsp. sepedonicussepedonicum)Corynebacterium

x 

̊

   ↔
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Clavibacler michiganensis subsp. sepedonicus
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Brown rot disease of potato
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Ralstonia solanacearum 

no fluorescent

Erwinia carotovora

Biovar

Race

Biovar2Race 1 
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̊Race2

Race3

Pelargonium zonale

̊

Biovar2Race4gingerRace5

Biovar 5Morus

 Ralstonia solanacearum
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Ralstonia solanacearum

Epidemiology

̊

̊
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Soft rot disease of potato 
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Pectobacterium carotovorum var. 

carotovoraErwinia  carotovora subsp. carotovora  

Pectobacterium atrosepticum

Erwinia carotovra subsp. atroseptica)Dickeya chrysanthemi pv. 

chrysanthemi (Erwinia chrysanthemi) 

Epidemiology
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Black leg disease on potato

 

Pectobacterium

atrosepticum (Erwinia carotovra subsp. atroseptica)

E. carotovora subsp. carotovora

chrysanthemiE.
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1 

1  
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Drosophile



325 

 

Delphinum
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Common scab of potato

Spongospora subterranea

Streptomyces scabies

Streptomyces scabies

)ɛm 2.0ï(0.5

  1  

http://en.wikipedia.org/wiki/Micrometre
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G-C

Streptomyces scabies

pH 

pH

  1  
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Streptomyces scabies

Pentachloronitrobenzene (PCNB)

Manebïzinc

pH



329 

 

Wild fire of tobacco

Tabtoxin

Pseudomonas 

syringae pv. tabaci

Pseudomonas syringae pv. tabaci
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Tabtoxin

Epidemiology

Nicotina

1
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Angular leaf spot of cucumber

 

Pseudomonas syringae pv lachrymans

  1  
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 Pseudomonas syringae pv 

lachrymans

Epidemiology
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Bacterial blotch of watermelon

Acidovorax avenae subsp. citrulli

KB
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Acidovorax avenae subsp. citrulli

 

  

  1 
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Bacterial wilt of cucurbits
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Erwinia tracheiphila

Striped cucumber beetle

Spotted cucumber beetle

Erwinia tracheiphila

Acalymma vittataDiabrotica undecimpunctata

 

  

 1  
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Common blight 

Xanthomonas axanopodis pv, phaseoli ( X. campestris 

pv. phaseoliHalo blight of bean 

Pseudomonas syringae pv. phaseolicola

Bacterial brown spot Pseudomonas syringae pv. 

syringae 

Water-soaked

Phaseolotoxin

XanthomonasPseudomonas
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Bacterial wilt of bean 

Xanthomonas

Curtobacterium flaccumfaciens pv. 

flaccumfaciensFirmicute
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Bacterial blight of pea 

Pseudomonas 

syringae pv. pisi 
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Pseudomonas syringae pv. pisi

 

 

 

 

1  
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Varnish spot

Pseudomonas cichorii
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Pseudomonas cichorii

  

  4 

2 

3 

1 
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Bacterial leaf spot of lettuce

 

Xanthomonas campesris pv.vitians

̊



347 

 

Xanthomonas campestris pv.vitians

  

  

1 2 

3 4 
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Black rot of crucifers

 

Erwinia carotovoraPseudomonas marginalis

Xanthomonas campestris pv. campestris
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Xanthomonas campestris pv. campestris 

234

 

Epidemiology

Phase epiphyte 

 

  

 1 2 

3 4 
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2528̊
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Bacterial blight of cotton

Black arm

Xanthomonas axonopodis pv. 

malvacearum (Xanthomonas campestris pv. malvacearum)

Xanthomonadin
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Xanthomonas axonopodis pv. malvacearum

  

  

  

1 2 

3 4 

5 
6 
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Epidemiology

̊

10B1-B10
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Translucent leaf stripe of cereal

 

Water soaking

Black chaff

Xanthomonas translucens

Races

X. translucens pv. undulosa

X. translucens pv. translucensX. 

translucens pv. cerealisBromus
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Xanthomonas translucens pv. secalis

X.  translucens pv. undulosa

X. translucens pv. undulosa

  

  

1 
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Epidemiology

 

 

 

Pseudomonas syringae

Basal glume rotPseudomonas 

syringae  pv. atrofaciens 

blightLeafP. syringae pv. syringae  

Black nodeP.  syringae pv. japonica 
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Pseudomonas syringae 

pv. atrofaciens

Pseudomonas syringae pv. syringae

75% 

Pseudomonas syringae pv. japonica
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1Pseudomonas syringae pv. atrofaciens

Pseudomonas syringae pv. syringae

Pseudomonas syringae pv japonica

  

  

1  
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Spike blight

Clavibacter triticiAnguina 

tritici

2Bacterial mosaic

Clavibacter michiganensis subsp. tessellarius

Bacterial sheath rot

Pseudomonas fuscovaginae 

 

4Pink seed of wheat

Erwinia rhapontici 
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1Clavibacter tritici

Clavibacter michiganensis subsp. tessellarius

PseudomonasfuscovaginaeErwinia rhapontici  

 

  

 

1  
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 Acquired immunity 

 Acquisition period 

 Age ï related resistance 

 Agglutination 

 Agressivity 

 Antagonism 

 Antibiotic 

 Antibody 

 Antigen 

 Aphid transmission 

 Arachnida 

 Asymmetric 

 Auxin 

 Bacilliform particles 

Bacillus 

Bacillus-like 

 Bacteria 

 Bactericide 

 Beetle transmission 
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 Biological control/ 

Biocontrol  Biotype 

 
Capsid 

 Capsomeres 

 Capsule 

 Chytridiomycetes 

 
Circulative insect 

transmission 
 Citrus psorosis 

 Classification 

 Coleoptera 

 Compatible 

 Concave gum psorosis 

 Conjugatin 

 Conserved central region 

 Contagious living fluid 

 Control 

 Cryptogram 

 Cryo-therapy 

 Culture 

 Decline 
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 Degradation 

 Diagnosis 

 Dieback 

 Disease 

 Distillation 

 Dodder transmission 

 Early translation 

 Epidemiology 

 

Epiphytic bacteria 

 Eriophyoidea 

 Extreme resistance 

 Filamentous particles 

 Filamentous viruses 

 Flexuous thread 

 Fluorescence 

 

Foot and mouth disease 

virus 

 Fungus 

  Gall 

 Geminate 

 Genome 
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 Genotype  

 Genus 

 Haustoria 

 Heat- treatment 

 Helical 

 Helper component (HC) 

 Hemiptera 

 Homoptera 

 Host plant 

 Hybridization 

 Hyperplasy 

 Hypersensitivity 

 Hypertrophy 

 Icosahedral 

 Identification 

 Immunity 

 Immunodifusion 

 Immunofluorescence 

 Incompatibility 

 Icosahedral  

 Infection 
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 Innate resistance 

 Inoculation 

 Inoculum 

 Insect transmission 

 In vitro 

 In vivo 

 Isolate 

 Isolation 

 Isometric particles  

 Kingdom viruses 

 Late translation 

 Leafhopper transmission 

 Leaf scars 

 Lenticels 

 Light green strain 

 Liophilisation 

 Lipopolysacharids 

 Lipoproteins  

 Meristem tip culture 

 Metabolism 

 Metastases 
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 Mild dark green strain 

 Mild strain cross protection 

 Mite transmission 

 Mobility 

 Monopartite 

 Movement proteins 

 Multipartite 

 Necrosis 

 Nematode 

 Nomenclature 

 Non ï host resistance 

 Non ï persistent  

 Nucleic acid 

 Nucleocapsid 

 Nutrition 

 Overwintering 

 Pathogen 

 Pathogenicity 

 Pathology 

 Peritrichous flagella 
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 Persistent  

 Phytobacteriology 

 Planthopper transmission 

 Plant indicators 

 Plasmodesmata 

 Plasmodiophoromycetes 

 Pollen transmission 

 Polyhedral 

 Polyprotein 

 Potato spindle tuber disease 

 Preservation 

 
Propagative insect 

transmission 
 Purification 

 Quick decline 

 Recombination ï dependent 

replication 

 Replication 

 Resistant varieties 

 Resistance 

 Respiration 

 Resting spores 
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 Reverse transcriptase 

 Rigid rod 

 Rod-shaped particles 

 Rolling ï circle replication 

 

Root modness 

 Rot 

 Salicylic acid 

 Saprophyte 

 Seed transmission 

 Semi-persistent 

 Sensitivity 

 Serology 

 Somatic embryogenesis 

 Somatic embryos 

 Specimen 

 Species 

 Spore 

 Spot 

 Strain 

 Sterile 
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 Stomata 

 Stylet ï borne viruses 

 Symmetric rolling circle  

 Symptoms 

 Systemic acquired resistance 

 Taxonomy 

 Thermo-therapy 

 Thrips transmission 

 Thysanoptera 

 Tolerance 

 Toxin 

 Transfer 

 Transmission 

 Type strain 

 Viral nucleic acid 

 Viral protein 

 Viral replicase 

 Virion 

  Viroid 

 Virology 

 Virus 

 Viruses famillies 
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 Whitefly transmission 

 Yellow fever virus 

 Yellow mosaic strain 

 Zoospores 
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