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The infection of plant cells is not achieved by surface receptors; this is a major difference
between viral infections of animals and those of plants. Infection of plants requires cell
wounding or the transfer of extracellular fluid (e.g., sap). Viruses infect plants by hori-
zontal or vertical transfer. Vertical transfer occurs from plant to plant (within genera-
tions), such as when plants are touching each other. Horizontal transfer is from parent to
offspring such as infected seeds (between generations). Plant viruses are transmitted in a
number of different ways, such as:

* mechanical means (human and environmental damage)
* soil transmission

* vegetative propagation (grafting)

* piercing and chewing insects and other vectors

* seed transmission

* pollen transmission
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Bacterlal fruit blotch
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Table . Inactivation temperature, dilution, and duration.
o iz Inactivation
shelelasl F5 o ¥ A4 LpEds o T A
(°C) 11,0004 () | Researcher
) - ZAlo] Zuujoly] & 90 [1,000 ©]AH143 ¢]AH Muravama
TMV or CGMMV 90(+)(1, 000, 000 (365 ©] 4} Nakara, TaxMoTO
chul] - 3}ul 3] A wujole] & 55 5 5 | Kunmvaru, Hipaka
Potato X Mosaic Virus 662570 100~1,0000 72 Asuvama, KoMuRo
HIRAMURA
Potato Y Mosaic Virus 55~60 1 2
H2~54 — — MuravamMa, YAMADA
Potato F Mosaic Virus 70 2.5 10 } Asuyama, KoMuRo
Cucumber Mosaic Virus 65 10 4
63 2 5 SAITO, ASUYAMA
S , K o
Alfalfa Mosaic Virus L 60 1 2 Alégzim o Ll
Pumpkin Mosaic Virus 55 1 7 Asuyama, KoMuro
Radish Mosaic Virus 70 15 23 IsHivamMaA, Mizawa
Turnip Mosaic Virus 55 10 1 YosHIl
Spinach Mosaic Virus ~ | 63~65 2~11 1~2 | Saito, ASUYAMA
Corn Mosaic Virus = 7,62 68i — 35 Tasuvar, Mukal




20. 4 Diagnosis and Detection of Plant Viruses
A ZHO|H A9 ME R HY:

[n addition to observing and recording plant symptoms, there are several considerations or
questions that need to be asked to determine what diagnostic approach should be applied
to a particular plant disease. For example, is it important to know if the plant is infected
with a virus or what virus is infecting the plant? Or what virus strain is infecting the plant?
Costs and the sophistication of the technique must also be considered, particularly in the
developing countries of the tropics. Most methods used are similar to those used in detect-
ing animal and human viruses such as:

e Detection of inclusion bodies in infected cells by light microscopy

e Direct observation of virus particles by electron microscopy

* Infectivity assays (e.g., inoculation of healthy plants with sap from a symptomatic
plant—this is time consuming)

* Use of serological probes (e.g., ELISA)

* DNA or RNA probes (e.g., PCR)




20, 5 Prevention and Control of Plant
Virus Diseases

Plant viruses cause important plant diseases that cause huge losses in crop production and
quality in all parts of the world. Infected plants may show a range of disease symptoms.
Plant viruses cannot be directly controlled by chemical application. The major means of
control (depending on the disease) include:

* Control of insect vectors (chemical or biological control)

* Removal of alternate hosts (e.g., weeds)

* Sanitation techniques (e.g., cleaning of farm implements, proper grafting tech-

niques)

Use of certified virus-free seed or stock

* Growing resistant crop varieties

* Plant quarantines to prevent disease establishment in areas where it does not occur
(material is grown or kept isolated for longer periods for observation—absence of
disease or pest) and testing. These procedures are time-consuming, costly and re-
quire skilled professionals.




20. 6 Morphology of Plant Viruses

An envelope is a typical feature in animal viruses but is uncommon in plant viruses; for
plant viruses, the typical feature is a naked helical rod. The rods may be

* naked, long, helical flexuous rods (full of bends or curves) that are typically 10 nm
wide by 480 to 2000 nm in length

* 1igid helical rods of 15 nm by 300 nm in length
e short (bacillus-like) rods

Polyhedron-shaped plant viruses also exist that are 17 to 60 nm in diameter in addition
to multipartite viruses that may contain the same component proteins but often differ in
size depending on the length of the genome segment packaged. The only plant viruses
that contain membranes are the plant rhabdoviruses and tospoviruses. Examples of these
morphologies are shown in Figure 20-4.




Families and genera of viruses infecting plants

ssRNA (RT) ssRNA (+) dsRNA
Bromoviridae
e ©
Pseudoviridae Metaviridae L @ . Cﬁuﬁvﬁs
Pseudovirus Metavirus uteoviridae : ’
Sirevirus Sobemovirus romovirus
Sequiviridae © § @
ssRNA (-) Sadwavirus Narvinis
Cheravirus ©
Tombusviridae y @ £
Tymoviridae @ g Rfc’!”r idae
‘ Armovius Fijivirus
: i & © 2oVl Phytoreovirus
unyaviridae i i
Tosgovirus Comoviricae @8 £y
Yoy Idaeovirus iy
Rbbdotiid [ — Ourmiavirus
aoadovirigae =
Cytorhabdovirus 7 .. —
Nucleorhabdovirus O?f#; V”’f;:fs Tobamovirus
iy =
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29 |™
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L I BN | | Aohacryptovinus
Varicosavirus it Betacryptovirus
Furovirus
Pomovirus
Benyvirus
Flexiviridae
o MWM""”‘_M =8 "H"“’_"%m_.,v—»r”‘"
Potyviridae
ssDNA dsDNA (RT)
Geminiviridae Caulimoviridae
&0 o0 e 0080 Q S
: L P Caulimovirus
Mastrevirus ~ Begomovirus Nanoviridae Patuvirus i
Curtoqus Soymovirus
Topocuvirus Cavemovirus
(V| :
Badnavirus
190 Tungrovirus
m Figure 20-9
Morphology and genomes of plant viruses shown by genera and family. Adapted from C. M. Fauquet, et al., eds. Virus Ta:

onomy: VIIIth Report on the International Committee on Taxonomy of Viruses. Academic Press, 2005.
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m Figure 20-13

(a) Drawing of the structure of TMV.
(b) Electron micrograph of TMV. Adapted
from University of South Carolina, School
of Medicine. “Virology: Basic Virology.”
Microbiology and Immunology. University
of South Carolina, 2008. http://pathmicro.
med.sc.edu/mhunt/intro-vir.htm.
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Leaf debris

Cheesecloth
/

— —
S+ Sap with virus
Diseased Young leaves Diseased leaves Tissue homogenate is Sap with virus poured into
plant with symptoms ground in buffer strained through cheesecloth centrifuge tubes and is spun at
in Waring blender low speed (3-10,000 g)

Virus still
| insap —> — — —
Pellet (discarded) Supernatant with Ultracentrifuge tubes filled with Tubes spun at high  Virus sediments Virus in
virus is collected supernatant and placed in fixed- speed in ultracentrifuge and forms tiny pellet is
angle rotor ultracentrifuge (40,000-150,000 g) pellet at bottom resuspended
of tube in buffer
g Pure
Low and high speed Gradient sucrose —__Virus — it
centrifugation steps  solution prepared band B
repeated 2-3 times —> in centrifuge — — m i D
tubes '
Virus is kept suspended <=
in buffer or water, or 10% <
is purified further by %832 1-2mlvirus  Tubes centrifuged  Virus particles  Virus band collected  Virus band collected
density gradient 40% suspension  in swinging bucket move together as separate as separate
centrifugation layered on  rotors at high speed as a band fraction through fraction through
sucrose in ultracentrifuge puncture in bottom  puncture in bottom
gradient of tube of tube

FIGURE 14-20 Steps in the purification of plant viruses.



APEL = C) [AIZHE)
A E | HAA Inactivation Duration
Host Disease Temp. (minute)
ErlE TulEHRE  Pseudomonas solanacearum 52 10
EdE (AESH Fusarium oxysporum 65 10
72} =¥ S E  Corynebacterium sepedonicum 50 10
A} Huol M  Streptomyces scabies e 10
71A RZAZYWE  Pythium debaryanum
7HA 2= Rhizotonia solani 65 10
vl 5= TAA Y Plasmodiophora brassicae 55-60 60
60 30

Simple objective: Inactivation of TMV and Fusarium, most tolerant to
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I Z XA S Seed treatment methods in several major crops in Korea.
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Mechanical treat
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<454 Quick wet method
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Fluid Drilling and Seed Priming
Combined Treat Seed tapes, seed mats, A 2] o= 4

ments




X2
Postreatment
or
Recovering

Slow recovery
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H 9| 7| Ct2[H “Foglish disease in paddy rice
(Bakanae diseaseyseedling blight)
A serious seedborne disease and difficult to control in Iarge scale for organic

or agrochmicalkifree rice production
Gibberella fujikuroi or Fusarium-moniliforme (z’:—’/g/j?x//(/.c,y)




Comparison of seedling growth & disease
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Table 6. A€M 2| & F=2[Ateh Dry heat treatment and factors influencing the
efficacy and heat-induced injury.

A= =2 T2 FTAZZoY | AFFEIE
Pretreatment | Main treatment | Minimum of 3 Seed Priming Different
Or conditioning | 75° C, 3days weeks may be required | management
A2 FHLEF | AP [ EAGF AR | ABE IR | SRR A
Crops and aultivars Use of spedfic machine | Time lag after DHT Increase vigor For prof nurseries
Z7}e) 4] FRYEFAE [ded3FEn AN | Fudgied g% | AEsy
Seed condition Proper ventilation 3+ wks atroomtemp | Recovery from dessica. | Healthy sdon
9EF ARASE  [GAg ey | URALARAY | FREFEE/ES | AESY
Time after harvest Gradual temp change | Stored at low temp Speedup imbibition Healthy rootstock
AR AL [ AVEEASIRIGS | IAG A BB | 21Tl 48 | 9EEs
Pretreatment  storage | Duration at maxtemp | Sealed for long term| Can be performed with | Increase graft-take
temperature storage seed processing
AN SRR | DEADET |2 2oy | A A% 9% o o e Al
Moisture content Repeat once, if required | Pimed  for  rapid | Recommended for | Root removal & autting
sowing quick sowing
AEFZA RS | AATSAC AL | AR ZAAT | JeAL A8 s | AR A9 3
Slightly different | Seeds treated with| Enough time  for| Systematic treatment | Proper definition and
depending upon the | agrochemicals recovery may be applied evaluaton of good
aops and cultiavrs exduded seedlings
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Percentage of suitable rootstock seedlings for grafting as
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