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FOREWORD

Plant wiruses are of great slg.,mﬁcanc.e because thew causc,
serious plant diseases, and result in economic losses. Numerous caseq
of cconomic loss caused by virus diseases have been reported world
wide. Cotton production in Punjab province of Pakistan for example
decreased drastically due to cotton leaf curl virus with a loss of 3
million bales during 1992-93. Similarly in Sind province an economic
loss of Rs. 915 million was reported due to banana bunchy top virus
during 1992,

Proper identification, characterization and documentation of
the disease causing agents is a prerequisite in order to plan suitable
control measures for averting losses. The books on diagnosis of plant
viruses written by foreign authors are available in the country.
However, they do not meet our requirements, as they are meant o
cater the specific needs of the developed countries, Therefore, the need
for locally-written books on plant virology/pathology has been felt
since a long time. “Diagnostic Methods for Plant Viruses” is the first
ever book in Pakistan written by highly qualified and leading Plant
Virologists of the country. The knowledge and art of identifying plant
viruses will help in devising appropriate disease management strategies.
The diagnostic techniques described in the book will not only help 1n
identification of plant virus diseases but also in understanding the
behaviour and characteristics of different viruses. The book should be a
good guide for plant pathologists, virologists, molecular biologists,
rescarchers, teachers and graduate students in the fields of plant
pathology and virology, My sincere appreciation goes 10 the authors
for their selfless hard work and devotion in accomplishing the
formidable task for the advancement of plant virology in this country.

Dr. Muhammad Akbar Islamabad
Chairman June 15, 1998
Pakistan Agricultural Research Council

Islamabad, Pakistan
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Preface

Modern  agniculture is  technology based and causes
perturbations in the naturally equilibrated ecological situations.
Intensive monoculture of high vielding crop varieties over extensive
areas coupled with improved tillage, water management, and extensive
use of fertilizers have created micro-and macro-environments
extremely favourable for viral diseases. This large scale cultivation of
aenetically uniform crops is highly unnatural conditions and inevitably
mvites its own destruction by parasites. This has already resulted in the
destruction of wvarious crops by many plant viruses. Failure of cotton
crop by cotton leaf curl virus, banana crop by banana bunchy top virus,
and chili crop by a virus complex are a few examples of such
destruction in Pakistan,

The first requirement for the control of such diseases is the
identification of the causative virus or viruses. Over recent years such
identification of wviral pathogens has become easier due to two new
developments (i) a comprehensive and internationally agreed
classification system for wviruses and (ii) a wvariety of technical
improvements have been made in the methods and techniques that can
be used for virus detection and identification. During the past, in
Pakistan the subject of Plant Virology has been given less importance
mainly due to shortage of trained manpower and well equipped
virology laboratories. Difficulties were faced to diagnose the viral
pathogens in the absence of proper books or laboratory manuals on
diagnostic techniques.

Scientific knowledge on plant viruses is rapidly increasing, but
practical information on virus diagnosis is often lacking. There are a
couple of books available on diagnosis of plant viruses by foreign
authors, but they are either too expensive or not available for non-
specialists and for most students especially in developing countries like
Pakistan. This book reflects the most recent work and conveys the
principles of current techniques in Plant Virology, The need for a
suitable book describing the methodology for characterization of plant
viruses was felt for a long time The present volume of this book
contains twelve chapters, arranged in a sequence which may provide a
route to virus characterization, Wherever, possible the techniques are
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described first in outline to provide a basic understanding, the material
required are listed, and then step-by-step the procedure.

In Chapter 1, some basic information regarding structure and
properties of plant viruses are given, Chapter 2 deals with the most
recent plant virus classification Properties of each virus family and
genus have been described. Role and importance of virus disease
symptoms in virus diagnosis are discussed in Chapter 3. Mechanical
and vector transmission are described in Chapters 4 and 5 respectively.
Chapter 6 covers the virus transmission by fungal and nematode
vectors. Virus isolation, purification and production of antisera are
discussed in Chapter 7. Serological procedures have been developed
and diversified rapidly in recent years, and have become one of the
most important tools in virus diagnosis. These techniques with
practical details are given in Chapter 8 Recently. enzyme-linked
immunosorbent assay (ELISA) has gained much importance in virus
detection and identification due to its simplicity, sensitivity and reliable
quantitative data for better interpretation of the results. Variants of
ELISA have been discussed in Chapter 9. The use of electron
microscopy to characterize virus particles, with particular reference to
negative staining and decoration procedures is described in Chapter 10
The very recent advances into virus detection by use of monoclonal
antibodies are discussed in Chapter 11 Theory and practical aspects of
nucleic acid hybridization, polymerase chain reaction (PCR) and
characterization of virus proteins are described in the last Chapter 12
The appendices given at the end of this book contain complete list of
definitive and tentative members of each genus, alphabetical list of
viruses with their acronym, list of antisera available with American
Type Culture Collection (ATCC) and description of preparation of
buffers at various pH levels

Finally, the objective, of writing this book 1s to provide a basis
for detection, identification and characterization of plant viruses. Such
information should help to better understanding of wviral disease
management and to develop control strategies. This book should be of
value to undergraduate and graduate students, teachers and researchers
of Plant Pathology and Plant Virology. It should serve as a bench book
to the understanding of plant viruses.
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The text of this manuscript will certainly not be perfect in
presentation and precision of the methodology described We would
therefore greatly appreciate the readers’s lenience in judgment and
their kindness in informing us of whatever errors they may encounter
and of any comment that may help us to improve the next edition of
this book.

Muhammad Bashir Sher Hassan

Pulses Programme Dean

Crop Sciences Institute Faculty of Crop Protection
National Agricultural Research Sciences, NWFEP Agricultural
Centre, Islamabad, Pakistan. University, Peshawar, Pakistan.
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Chapter 1 . _ B
STRUCTURE AND PROPERTIES OF PLANT VIRUSES

1.1 Introduction: Literally the term "virus" is used to denote a
distinet group of sub-microscopic disease causing agents. Previousiy
“wirns” was defined as an obligate particulate infectious parasite of
sub-microscopic size, with dimensions of less than 200 nm, but after
generation of wealth of information about the chemical and physical
characteristics of these infectious agents, the term "virus" has been
defined in a more comprehensive way. According to Matthews (1992)
“a virny Iy oset of ohe or more nneleic oid template molecules,
normally encased inoa profective coal oF Cois of  proteins or
lipaproteins, that is able o organize is own replication aly within
suiterhio fiost cells, Withu such cells, virus replication ix (i) dependent
o the host's profein-synthesizing machinery (ii) orgemized from pools
aof the reguired materials rather ihan binary fission (i) located al
sites that are nof separated from the hosi cefl contenty by lipopeaiein
bilaver memhrane, and (iv) continwally giving rise 10 verriants through
cariows kinds of changes i the viral nucleic acid”. Al viruses are
parasitic in nature and cause a variety of diseases to all forms of living
organisms and have four characteristics i common (1) they are
infectious (i) they are invisible under the light microscope (i) they
multiply only in living host tissue and (1v) they are nucleoprotein,

Viruses congist of nucieic acid (RNA or DNA) enclosed within
a protective coat of protein or lipoprotein called "capsid”. The nucleic
acid is the infectious component and carries the genetic information
and is responsible for replication of the virus. The nucleic acid is either
ribose nucleic acid (RNA) or deoxyribose nucleic acid (DNA) in each
virus In most plant viruses, only one kind of protein 15 found,
However. some of the larzer viruses may have different proteins, each
nrohably has different funetion. Complete virus particle with its nucleic
acid, capsid. or envelop if any. is called "virron™ Capsid, the protein
caat. is also called “shell” is intact with nucleic acid Nucleocapsid 15
the structure composed of the nucleic acid and the protem closely
associated with it



1.2 Shape and size of plant viruses: Plant viruses differ greatly
from all other pathogens not only in size and shape, but also in
simplicity of their chemical composition, physical structure,
pathogenesis, multiplication, dissemination, translocation within the
host and symptoms induction. Plant viruses have different shapes and
sizes (Figure 1.1). They may be rod shaped, isometric (spherical) or
bacilliform (bullet-shaped). Baciliform wiruses measure from 36-330
nm in length and 18-95 nm in width. Rigid rod shaped viruses range
from 100-300 nm in length and 13-23 nm in width, whereas, the
flexuous rods range from 470-2000 nm in length and 10-13 nm in
width. Spherical viruses range from 17-70 nm in diameter. Viruses are
classified in families, genera and species on the basis of shape and size
of particles, type of nucleic acid and mode of transmission.

1.3 Composition and structure: Majority of plant wviruses
consist of nbose nucleic acid (RNA), but at least more than 25 viruses
have been shown to contain deoxyribose nucleic acid (DNA). All have
protein coat called capsid. However, a few also have lipoprotein
membrane,

1.3.1 Nucleic acid: The nucleic acids (RNA or DNA) are chain-
like molecules consisting of hundreds or more often, thousands of units
called "mucleotides". Each nucleotide consists of a mitrogenous base
{puring or pyrimidine) attached to a phosphoric acid molecule through
a sugar {ribose in RNA and deoxynbose in DNA) RNA contains four
different basis: adenine, guanine, cytosing and uracil, In case of DNA,
uracil 1s replaced by thymine, the other three basis being the same.
Approximately 400 plant wviruses  contain single stranded RNA
(ssRNA), and about 60 or more contan double stranded RNA
(dsRINA). Twelve plant wviruses contain double stranded DNA
(dsDNA), and about 15 contain single stranded DNA

1.3.2 Capsid protein: The viral protein forming a protective coat
around the nucleic acid 15 called “capyid”. Viral proteins, hike all ather
privteins. consist of amino acids which are organized into protein sub-
units, The amino acid contents are the same for the



Figure 1.1: Various shape and size of virus particles (a) elongated
rod shaped (b) elongated flexuous (c) isometric particles (d)
geminivirus particles.



identical viruses, but may vary for different viruses. different strains of
the same virds, and even for different proteins of the same wvirus
particle. The number of amino acids per protein subunits vary amoeng
different virzses. For example, the protein subunit of tobacco mosaic
virls (TMV) has 1538 amino acids and that of turnip vellow mosaic
virus (TYMV) has 189 amina acids In case of rod shaped viruses the
nucleic acid s packed tightly between the helix of protein subunits,
whereas, In polvbedral (spherical) viruses the protein subunits are
tightly packed in arrangements that produce 20 or multiple of 20 facets
and form a shell, in which the nucleic acid is folded and oreanized.

1.4 Function of capsid: Protein shell protects the nucleic acid
agamst nucleases and other degrading factors 1t also plavs some
definte role m wvirus vector specificity during transmission.

1.5 Other components; In additon to nucleic sod and proteins,
some plant viruses alse contain palvamines, (e o turnip vellow mosaic
virus), lipids {¢ g tomato spotted walt virus) and divalent metal ions
fesCa'and Zn' Ej Water is a necessary component of all viruses

fur

[.6. Virus genome: The nucleic acid of a virus is referred as virus
“grevreme ", which s either single stranded (s5) or double stranded (ds)
RINA or DNA. The RNA genome may be of positive sense {palarity),
when it directly functions as messenger RNA (mRNAY and encodes the
relevant proteins, or of negative sense {polarity), when it cannot act as
MRENA and fails to act as template for protein synthesis. The RNA
genome of positive polanty may be either monopartite, when a sinzle
RNA strand contains all the genetic information or multipartite when
the genetic information 15 divided into two or more than two RNA
scaments all of which must be presemt for the mfecrivity of a
multipartite virus. The summary of genome tvpes 1s as follows:



1.6.1 RNA Genome
1.6.1.1 Single stranded RNA (ssRNA)
a. Positive sense RNA
| Monopartite RNA (e g tobacco masaic virus)
i Multipartite RNA (¢ g barley stripe mosaic)

b. Negative sense RNA (e.g Rhabdoviruses)
1.6.1.2. Double stranded RNA (dsRNA) (e.g Reoviruses).

1,6.2 DNA Genome
1.6.2.1 Single stranded DNA (ssDNAJe.g Ceminivirises)
1.6.2.2 Double stranded DNA (ds DNA, ¢ o Caulimowviruses)

1.7. Function of viral genome: The RNA or DNA genetic
material of r.u]ant viruses. controls infectivity and codes for specific
structural and non-structural proteins. Enzymes and other proteins
responsible  for  wirus  replication.  virus  movement and vector
transmission are also encoded by viral genome

1.8. Economic importance of plant viruses: Viruses attack
almost all economically important crop plants. In most cases the
xnusu cause considerable reduction in vields and reduces quality of
infected crop. Various workers have tried to assess crop losses caused
b_*,- viruses in various crops. A lew examples of losses caused by plant
viral diseases are shown i Table 1.1
Almost, all viruses cause economic losses under favourable
conditions. However, in a few cases virus infection of a mild strain may
protect the crop from subsequent infection by a severe strain, hence
heneticial to the growers. Latent infection, in which the virus does not
induce symptoms may cause little or no loss of yield in infected plants.
Mild strains of a virus may be used artifically to protect Auainst
virulent strains of the same or related viruses This phenomenon 13
called “cross profection” This technique has been used successiully to
contral tomato mosaic virus in commercial tomato erop in Europe and
papdya moesaie virus in Brazil and Tawan



Tablel.1: Yield reduction

different crop species.

and losses caused by varions plant viruses in

Crap Virus soYield | Country Reference
B reduction _ 2 _ T
ASpariEus MYMY [ 49 Pakistan Adabet. gl 1998
Bean | BYMY | 33 USA fampton. RO 1975
| Bean BCMY | 64 USA Humpion, R.O 1973
Hanana BETY | 3 : Pakislan é-;;::nmm_ f'-,-!_[—] 1943
Cotton CLCuY | 39 Pakistin Khan el al. 1995
| Lettuce LAY 56 | usa Fink & Kimple. 1960
wlash ULCY | 81 Pakistan | Bashir, ol al 1992
| Tobacco TEV 318 [‘a‘x | Goodimg. G.Y 1970
| Wheal BYDY 29 Ansiraliz Stith & Sward, 1982 |

BY MY Bean vellow masaic virus
BETY: Banaoa bunchy top virus
BYDWY: Barley vellow dwarl virus
ULCY: Urdbean leal crinkle virus

TEV:

Tobacco elch virus

ROMY Bean conmion mosac virus

7

Lol oSG » s

CLOnY: Cotton leal corl virus
MY MY Mungbean vellony iisaIC

i3
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Chapter 2 ] )
CLASSIFICATION OF PLANT VIRUSES

7 1. Introduction: Classification is the arrangement of biological
entities into taxonomic categories (taxa) on the basis of similarities
and/or relationships, whereas nomenclature is the arrangement of
names to taxa according to international rules. Similar to other
organisms, plant viruses are also grouped and classified according to
consistent and accurately determined characteristics and relationships.
Naming of new viruses is mostly based on the host plant in which it
was first found, and the disease symptoms it caused. For example, the
virus inducing mosaic symptoms in tobacco is called tobacco mosaic
virus (TMV). Another virus causing ring spol symplom in tomato 1s
called tomato ring spot virus, With the discovery of more viruses and
with the advancement of plant virology, suggestions were proposed by
different virologists for virus classification. The requirement for criteria
and accurate classification system based on well defined characters,
became important during 1930s and 6Us as more and more mformation
on individual plant virus were accumulated. The requirement was met
by the appointment at the International Congress of Microbiology held
0 Moscow in 1966 of a committee to investigate virus taxonomy. This
committee later was designated as the International Committee on
Taxonomy of Viruses (ICTV), and its ohjectives are; (a) lo develop an
internationally accepted  taxonomy for wviruses, (b) to establish
internationally agreed upon names of taxonome genera of viruses and
(¢) to communicate the latest results on classification and nomenclature
of viruses 1o virologists by holding meetings and publishing results. As
a result of the work of this committee, and its plant virus sub-
committee, a system for plant virus classification was introduced based
on such characteristics as virus particle morphology, type of nucleic
acid, genomic structure and type of vector.

2.2. Properties of viruses used in taxonomy: The properties
used in plant virus taxonomy are summarized below:



2.2.1 Particle morphology
WIron size
Viron shape
Presence or absence and nature of peplomers
Presence or ahsence of an envelap
Capsid symmetry and stracture
2.2.2 Physiochemical and phvsical properties
YViron molecular mass (Mr))
Virion buovant density (in CsCl, sucrose etc.}
Virnon sedimentation coellicient
pH stability
Thermal stability
Cation stability Mz . Mn o)
Solvent stability
leradiation stability
2.2.3 NMucleic acid structure
Type of nucleic acid (DMNA or RNA)
Size of genome m kh'kbp
Strandedness (smgle or double)
Linear or circular
Sense (positive of negative)
MNumber or size of semments
Nucleotide sequence
Genome organization

2.3 The new classification and nomenclature: According o
the new classification svstem, the plant viruses are now grouped in
orders. families and senera 1 ¢ formal taxa with Linnean hierarchy and
phylowenic implications

2.3.1 Orders: Orders are clusters of viruses denoted by names with
suffix. -virales, which embrace families and cenera with common
charactenstics that distnguish them from other comparable taxa.
Mononegavirales 1s the only order currently established. which contains
pwo families with plant vitus representatives 1.e0 Rbohdovividae and
Hnvavirideae



2.3.2 Families; Families are clusters of viruses denoted by names
ending with the suflix -viridae Families are distingt from other
comparable taxa and comprise genera with common characteristics
Thirteen families with plant virus representatives have been identified
50 far,

2.3.3 Genera: Genera are clusters ol viruses denoted by names with
the suffix -virus, They are distinct from similar taxa and comprise a
single or several viral species that share certain properties. Currently,
there are 22 “floating” genera awaiting assignment to families

2.3.4 Species: Species  are  individual - viruses POSSessIng
characteristics distinet from those of similar viruses so as to allow their
unequivocal identification Properly charactenzed species are called
“definitive”. whereas those incompletely known. or having unusual
characters. are called “tentative”

The new classification of plant viruses (Table 2 1) differs [rom
the former classification, as in the 5th Report of ICTV (Francki ¢t af
19913, hecause (1) the noval taxonomic arrangement in famibes and
genera (i) the assignment of international names to all 1axa (1) the
splitting of the potyvirus group {now Fanily Potyviridae) into three
oenera. ie. Poryvirus, transmitted by aphids, Bymovivis, transmutled
by fungi, and Rymovirus, transmitted by mites (iv) the transfer of
cryptoviruses in Partitiviridae, & family of fungal viruses (v) the
addition of three new menera 1e feaeoviviy, 1ype species rasberry
bushy dwarf virus, frchaovicns. 1ype species apple chlaratic leaf spot
virus and lmhravires, type species carrot mottle virus. Another minor
change is the substitution of maize chlorotic duvearf virus with nce
rungro spherical virus as the type species of newly named genus
Woerekervierey.



Table 2.1: Classification of plant vir uses in families, penera and species.

_ Family | Genus N Type species | Acronym |

1. The DNA Viruses

1.1 The ssDNA viruses

Gemaniviridae | Suh-group-1 - Matee sireak virus RS
' GCiemnivirus ) B _
Sub-group-11- Beet curly lop viris | BOTWV
Gominmires __ 1 TS ) |
sub-gronp-11]- Bean  golden  mwosaic | BGMY
L Ciemmivirus Vs i
1.2 The N ’JL iwnd Reverse Ih\nnujrptam: Viruses (dsDNAY
* | Badnayius Cammeling vellowe | ComY MY
: o mote virus )
3 Caulimoviras Canliflower nosaic | CaMy
- ) - s |
2. The RNA Viruses
2.1 The dsRNA Viruses = = )
Partitiviidac Alplhacriplovims | White  clover Cryplic WOV
vinus-1
{ Bolacny provirus White clover cnvplic | WCCV -2
_ B i YIFs=2 .
Reoviridag Fijivires [ Fipdiscase virus | FIDDW
| Oryveniris C Rice ragged stunt viras | RRSY
| Phvtoreovinss Wound tumor virus WY
2.2 The "'hE."j-_:III‘I-E."‘ ﬁcrm_ SSRNA Vieuses B
Rhabdoyiridac Extmtmhnrmrrm | Lettuce necrotic vellow | LMYV
VITHS
Nucleorhabdovirus | Polato vellow  dwarf | YDV
: B VIS |
Buonyvaviriche Tospovirus | Tomaio spotted  will | TSWY
| _ | w ITiLs -
I 2 I“uum e | Rice SIFIpE v irus REV
2.3 The l“m-lrn ‘iunt, ssRNA Viruses _ i
E.cqnn irigac Sequivirs Parsmip  vellow  fleck | PYRV
' VIS
Wailkavirus | Rice tungry.  spherical | RTSY
' _ virus | =
Comon irdae | Comovirs Cowpea niosaic virs CPMY
Fabavirus Broadbean will virus BEWY
) ) Nepovings Tobuceo ringspol virus TRSY




Table 2.1: Continued

Family Genus Thpe simr.:ie; | Acronym
Potvviridac Bymoyins Badey sellow nosaid BaY W
Patywirns Potato virus:y Py
o Bymors Hycprass inosi VIrs RO
e Engmovirus Pea enation mosaie virus | PEMY
i Lutcovirus | ' Bar’ﬁa_w." vtlow dwarf | BYDY
i VIFuS o _
? Sohemovirus Soullicrn  bean  mesaic | SBMY
- | VIS z 5
] ? Limbravirus Carrol motlle vins MoV
| Tombusviridae | Carnovious Carmation mottle virus L CarMy
” Ton sy ITus Temate bushy stuntvirns | TESY
7 | Dianthoyisus | Carnauon ringspot virus | CRSY
. Furoyiris Sail-borne wheal mosaie | SEWMY
- VITLLS
7 Hordeivirus Bariey  stripe  mosaic | BSMY
. . VLS ; -
4 hachiononvirus Maive chloroue moitls | MOMY
o VITIES .
! INECTOVITHS ’I.'-r:ubav:n::uv__m:s'nam.y['mﬂ_a PRY
8 7 Tobamovirus | Tobacco Mosiic Vines ' ThY
_ 9 | Tobravimus Tohacea rattle virus 1RV
Bromoviridas Allamevirus Alfalln mosnic vins AMY
Bromovius Bromno mosaic virus EhY
| CUCHmonITs Cuguinher mosic s O
n Harvins Tobacco slreak ving TsY
! Closteroviogs Feo vellow vims By
4 Capillovins Apple sem  grooving | AsGNY
s ldacovirus Rasberry  bushy  dwarl | RBRY
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2.4 Description of plant virus families and genera: In this
soction the characteristics of plant virus families and genera are

discussed

2.4.1 The DNA Viruses
2.4.1.1 The ssDNA Viruses
2.4.1.1.1 Family: Geminiviridae

Tuxonamic structure of the family
Family: Geminiviridae

Genus: Sub-group-1-Geminivirus
Genus: Subgroup-1-Geminivirus
Genus: Sub group-111-Geminivirus

Virlons are geminate, 18 nm wide and 30 nm lone Vinons
contain a single strugiural protein and a single mojecule of circular
ssDDNAL monopartite or bipartite. Transmitted . nature by insect
vector belongmg to the Aleuradidae or Cicadellade, Transmitted m a
persistent manner. Non-vector transmmssion for some members 15 by
mechanical inoculation, but with difficulty, not by seed, not by pollen

2.4.1.1.1.1 Genus: Subgroup-I-Geminivirus
Type species: Maize streak virus (MSY)

The genome of Subgroup-1-Geminivirus consists of a single
component  Close serclogical relationships  exist between VITuses
ariginating from the same conunent, Viruses originating from different
continents are either unrelated or distantly related. Host range E
narrow. Members of Subgroup-l-Geminivirus are limited to members
of the Gramineae. In nature the viruses are transmitted persistently by
leathoppers (Homeptera: Cicadellidae). Sub-group-1 Geminiviruses
not transmitied by mechanical inoculation The species of this genus
are listed m Appendix-1.

2.4.1.1.1.2  Genus: Subgroup-11-Geminivirus
Type species: Beet curly top virus (BCTY)
The wenome of Subgroup-11-Geminivirus consists of a single
component Close serological relationships exist between the members.



Tyvpe species beet curly top virus (BCTV) has a very wide host range.
over 300 species m 44 plant families. The viruses are transmitted in
nature by leal” hoppers in the persistent (oirculative, non- }}lL‘-[HLMnL‘I
manner The species are listed in Appendix-|

2.4.1.1.1.3 Genus: Subgroup-1I1-Geminivirus
Type species: Bean golden mosaic virus (BGMY)

The wenome af the majority of Subgzroup- [1-Gemmparus
consist of two components (A and B ssDNA) Serolouically closely
related. Individual Subgroup-11-Geminivirus generally have narrow
host range amang dicotyledonous plants. The viruses are transimitted in
nature by whitefly (Hemisia rafaci). The species of the genus are listed
in Appendix-1.

7.4.1.2 The DNA and Reverse Transcriptase Viruses

(dsDNA)

2.4.1.2.1 Genus: Badnavirus

Type species: Commelina yvellow
mosaie virus (CoYMV)
Virons are bacilliform. non-enveloped. Vinons are unitormly

30 nm in width, Muodal lengih of the particle is 130 nm. but particles
[-ﬁ.ﬂ“‘l!'l” mn lL]WLE‘I from G- ‘JUU N are conunonly abserved., NVirtons
cantain  a mnglt molecule of circular dsDNA. Virions are only
moderately immunogenic. Host range is restricted. The majority of the
Becdnovienses occur s clonally propagated plant hosts and are
therefore, spread by vegetative propagation of infected plant matertals
The majority are transmitted in nature by mealybugs (Hompotera:
Pseudococcidae), and several are also seed-and/or pollen transmitted.
Rice tungro Badnovirus is transmitted by Cicadellidae leal hopper
vectors. The wviruses are transmitted in semi-persistent manner The
viruses accur world wide The most frequent symptom type is
interveinal chlorotic motthng.

2.4.1.2.2 Genus: Caulimovirus
Type species: Cauliflower mosaic virus (CaM¥)



YVirons are isometric. about 30 nmon diameter, non-enveloped,
Virions  contain  single molecule of dsDNA - The wiruses  are
mmmunogenic  There  are  serological  relationships among  some
members [he natural hest range of maost mermbers is narrow. Disease
syimnmptoms are usually mosaic and mottle The wiruses are transmissible
experimentally by mechanical inoculation  In nature, they are
transmitted by aphids in s semi-perastent manner the species are listed
i Appendis-|

2.4.2 The RNA Viruses
2.4.2.1 The dsRNA Viruses
2.4.2.1.1 Family: Partitiviridae
Tuxonomic structure of the family
Family: Rartitiviridae
Genus:  Alphacryptoviras
Gienus:  Betacryptovirus
Virions are isometenc, non-enveloped, 30-40 am in diameter
Symmetry of particles has not been determined Virions contain two
unrelated lincar dsENA segments (1.4 - 3.0 kbp in size) The twa
segments of the individual viruses are usually of similar size Virons
are efficient immunogens Memebers are serologically related, may be
strains ol single virus
The viruses are associated with latent infections of their hosts
There are no know natural wvectors The plant cryploviruses are
transmitted by ovule and by pollen to the seed embrvo There is no
araft transmission and apparently no-cell transport, except at cell
division  Seed transmussion s the anly known mode for the
transoussion of eryproviruses. The following two plant virus genera
are included in this family.

2.4.2.1.1.1. Genus: Alphacryptovirus
Type species:  White clover cryptic virus |
(WOCY-1)

Vimans are isometric, 30 nm in diameter The virions typically
contain twir dsRNA segments 1t is not known whether the dsRNA
scgmients are packed together or separately. Viruses are serologically
related, The species of the genus are listed in Appendix-1
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2.4.2.1.1.2 Genus: Betacryptovirus
Type species: White clover eryptic virus-2
(WCCV-2)

Virlons are isometric, 3% nm oin diameter, Particles show
prominent subunits, but their precise seometrical arrangement 18 nof
clear. The particles are rounded and are not penetrated by stain, Viral
nucleic acid comprises two dsRNA segments Some virlises in the
genus are serologicallay relaled, none arce related to viruses in the
venus Alphacrypiovices. The species of the wenus are listed in
Appendix-1.

2.4.2.1.1 Family: Reoviridae
Tuxonomic structure of the fumily
Family: Reoviridae
Genus:  Fipirivus
Genus:  Oryzavirus
Genus:  Phytoreovirus

Virions are icosahederal in sbructure, but many  appear,
spherical in shape They are 60-80 nm is diameter Virions contain
10.11.12 segments of lincar dsRNA, depending on the genus No
antivenic relationship has been found between viruses in - different
genera This family has nine genera and three af them infect plants. The
others are pathogenic to arthropods and vertebrates

2.4.2.1, 2 Genus: Fijivirus
Type species: Fiji disease virus (FDV)

Fijiviruses have a fragile structure and contain 10 dsRNA
seaments. They are transmitted by plant hoppers and infect phloem
cells of susceptible plants. Virlons are double shelled, spherical, 63-70
nm in diameter. Three groups of fijiviruses have heen recounized based
on antigens associated with core particles Al Fijivirgses nduce
hypertrophy of the phloem leading to vein swelling and somelimes gall
formation. The species of the genus are listed in Appendix-1.

2.4.2.1.2 Genus: Oryzavirus
Type species: Rice raged stunt virus (RSSY)

C
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Orzyvaviruses appear o lack an outer capsid and possess a
genome consisting of 10 dsRNA species They are transmitted by
viruhterous plant hoppers to plants i the family Gramineae Particle
diameter is inthe range of 37-65 nm, Cross reaction among the viruses
has been reported Wiruses infect plant in the family Gramineae,
causing diseases of nice. The species of the genus are histed
Appendix-1.

2.4.2.1.3 Genus: Phytoreovirus
Type species: Wound tumor virus (WT'Y)

Virions are 65-70 nm in diameter, Phytoreoviruses have 12
seaments of dsRNA. No antizenic relationship exists among the
viruses  Plant hosts are either dicotyledons or the family Gramineae.
Transmission is by leathoppers No seed transmission  occurs.
Experimentally not mechameally transmissible from plant 1o plant. The
species of the genus are hsted in Appendix-|

2.4.3 The negative sense ssRNA viruses
2.4.3.1 Family: Rhabdoviridae
Taxonomic structure of the fumily
Family: Rhabdoviridae
Genus: Cyvtorhabdovirus
Genus: Nucleorhabdovirus
Virions are 100-430 nm long and 45-100 nm i diameter
Viruses infecting plants are baciliform The wviruses which infect
vertebrates are bullet shaped. A wide variety of plants are susceptible
to plant Rhabdoviruses. although each virus has restricted host range.
Most of the plant Rhabdoviruses are transmulted by leal hoppers. plant
hoppers and aphids

2.4.3.1.1 Genus: Cytorhabdovirus
Type species: Lettuce necrotic yellow virus
(LNYY)
Cvtorhabdoviruses replicate in the cytoplasm of the infected
cells. Information on the genome structure is limited. The species of
the genus are listed in Appendix-T.
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2.4.3.1.2 Genus: Nucleorhabdovirus
Type species: Potato vellow dwarf virus (PYDV)
Nuclorhabdoviruses multiply in the nucleus of the plants
forming large granvlar inclusions that are thought to be sites o varus
replication. The viruses have not be assigned 1o serogroups or other
taxonomic groups The species of the genus are listed in Appendix-1.

2.4.3.2 Family: Bunyaviridae
Taxonomic structure of the fanuly
Family: Bunvaviridae
Genus: Tospovirus

Virians are spherical. 80-120 nmom diameter. Virions contain 3
molecules of nesative or ambisence ssRN AL Virons are enveloped. and
composed ol 2-7% carbohydrates by weighl, All viruses have four
structural proteins. two external glvcoprotems (G1LG2). nucleocapsid
protein (N and a large rransenptase protein (L)

2.4.3.2.1 Genus: Tospovirus
Type species: Tomato spotted wilt virus (TSWY)

Virus particles are 85 nmon diameter, enveloped. Nucleie acid
s ssRINAL limear and tripamite  Virus preparations are  poorly
mmunogenic TSWY has very wide host range. and is common in
temperate and sub-tropical regions causing diseases ol economic
mportance in tomato, whacco and potate In nature transmitted by
thrips, Non-vectar transmission 15 by wechanical means and  not by
seed or pollen. TSWV is the only member of this genus.

Al least 9 species of thrips have been reported to transmit
Fospovivases Transmission involves the sap of mfected plants Maore
than 360 plant species belonging to 50 families are known to be
suseeptible to infection wath fespovirises

2.4.3.3 Genus: Tenuivirus

Type species: Rice stripe virus (RS8V)

Virions have a thin [lamentous shape, they consists ol
nuclecocapsids. 3-10 nm in diameter with lengths proportional to the
size of their RNAL The flamentous particles may appear to be spiral.



branched or cireular No envelope has been observed, Virus
preparations are separated inte 4 or 5 components by sucrose density
gradient centrifugation. Virions contain ssRNA which 1s seemented.
Rice stripe virus 1s relaled serologicaily to maize stripe virus and
distantly related to rice grass stunt virus. Jemufvirnses are restricted lo
the host family Gramtereae. Viruses are transmitted by plant hoppers in
a persistent manner, and in some cases transovarial transmission by
viruliterous females to progeny. Mechamcal transmission 1s difbieult,
The species of the genus are listed in Appendix-1.

2.4.4 The positive sense ssRNA viruses
2.4.4.1 Family: Sequiviridae
Taxonomic structure of the fumily
Family: Sequiviridae
Genus: Sequivirus
Genus: Waikavirus
Particies are sometnic, about 30 nm in diameter The main
vinon component contains one molecule of infective, positive sense
ssRINAL Sequivirus BNA is not poly-adenvlated but Waikavirus RNA
i3. Polyclonal sera contain antibodies to all virlon proteins, Natural host
ranges are restricted, Transmission is semi-persistent by aphids or for
most Waikavirus species by leafhoppers, A helper protein 1s needed
which may be selfencoded { Warkavirus) or encoded by a helper virus
[ Segivirny)

2.4.4.1.1 Genus: Seguivirus
Type species: Parsnip vellow fleck virus
(Parsnip serotype) (PYEFY)

The RNA is about 10 kb, PYFV RNA 15 noL pelvadenvlated
and lacks small ORF near the 37 -end. There are about 400 amino acids
upstream of the structural proteins in the larze polyprotein,
Transmission of PYFV depends on the presence of a helper protein
encoded by anthriscus yellow waikavirus. The species of the genus are
hsted in Appendix-i

2.4.4.1.2 Genus: Waikavirus
Type species: Rice tungro spherical virus (RTS5V)

18



The RNA is longer than 11 kb and has a poly (A) tail. RTSV
RNA contains a small ORF near the 37-end and has 600 amine acids
upstream  of the structural proteins m the large polyprotein,
Transmission depends on a sclf-encoded helper protein The helper
pratein of some members can assist transmission of ether unrclated
viruses. The species of the genus are listed in Appendix-1

2.4.4.2 Familyv: Comoviridac
Taxonommic structure of the fumily

Family: Comoviridae
Genus: Comovirus
Grenus: Fabavirus
Genus: Nepovirus

Virions are non-enveloped, 28-30 nm o diameter and are
icosahederal. The genome consists of two species of linear positive
sense ssRNA. The virions are good immunogens. Species belonging to
the same genus are serologically interrelated. often distantly. Host
range is narrow to wide. Symptoms vary widely within each genus
Member viruses of the family Comoviridae all have biological vectors.
Comovirnses are transmitted by beetles, Fahavivises by aphids and
Nepoviruses by nematodes. Seed transmission 1s very common among
Nepovirnses, hut is rare or dees not occur with Come- and
Fabaviriises.

2.4.4.2.1 Genus: Comovirus
Type species: Cowpea mosaic virus (CPMY)

Virions are isometric, 24-30 am in diameter, non-enveloped.
(Genome 1s linear, bipartite, ssRNA. Comoviruses have narrow host
range, 11 of the 15 species being restricted to a few species of the
family Leguminosae, Mosaic and mottle symptoms are characteristic,
Transmission in nature is by beetles in a persistent manner Beetles
retain their ability to transnut virus for days or weeks. Non-vector
transmission is by mechanical inoculation, by seed. or by pollen to
seed, The species of the genus arc listed in Appendix-1



2.4.4.2.2 Genus: Fabavirus
Type species: Brood bean wilt virus (BBWY)

Vidans are isometric. 26 nm in diameter, non-enveloped
Genome is ssRNA. linear, bipartite Fabaviruses have wide host range
among  dicotyledenous  and  some  families of monhocotyledons.
Symptoms are ringspot. mottle, mosaic, distartion. wilting and apicai
necrosie In nature Fahevirnses are transmitted non-persistently by
aphids. Non-vector transmission 18 by mechanical inoculation, not by
seed. not by pollen, Preparations are imunogenic. The species of the
genus are listed in Appendix- 1.

2.4.4.2.3. Genus: Nepovirus
Type species: Tobacco ring spot virus (TRSY)

Virions are isometric. 30 nm in diameter, nom-enveloped.
Genome 15 ssRNA, lincar, bipartite Preparations arc strongly
immunogenic or moderately immunogenic. Nepoviruses are widely
distributed in temperate regions, Natural host range vary from wide to
restricted to a single plant species, depending on the virus Ringspot
symptoms are characteristic, but motthng and spotting are common,
Viruses are transmitted by nematodes (Niphiiema or Fongidorns) m a
semi-persistent manner. Seed transmission 1 very common. The
species of the genus are listed in Appendix-1

2.4.4.3 Family: Potyviridae
Taxonomic structure of the fumily

Family: Potyviridae
Genus: Bymovirus
(Genus: Potyvirus

Genus: Rymovirus

Virions are flexuous filaments with no envelop and are 1113
ami is diameter. Particle length differs among members of the three
venera. Members of the genus Foiyviris and  Rymoviens are
monopartite with particles modal length of 650-900 nm Members of
the senus Aymovirus are bipartite with particles of two modal lengths
of 280-300 nm and 500 nm. Nucleic acid 15 ssRNA positive sense,
Viral proteins arc moderately immunogenic. There are serological
relationships between members. All members of the family Potyviridae



form cytoplasmic cylindrical inchision (O hedies during mfection
Host range is narrow to wide Easily transmitted by mechanical
moculation Seed transmission 05 common, Members of the genus
Ponviens are vectored by oaphids in a  non-persistent  manner
Rvmovicives are transmitted by mites and Bvaoveenres are transnutied
by a fungal vector

2.4.4.3.1 Genus: Bymovirus
Type species: Barely vellow mosaic virus (BY MV)

Virions are {lexuous filaments of two madal lengths, 250-300
and 300-600 nm, both are 13 nm i width, Virons contain two
molecules of hnear positive sense, ssRNA. The wiral proteins are
moderately  immunogenic Serological  relationships  exist  among
members except barley mild mosaic virus (BaMMV) There are
characteristic  pinwheel-like  inclusions and  membranous  network
structures formed in the cyvtoplasm of infected plant cells. No nuclear
inclusions are found. The host range of member viruses 15 narrow.
restricted to the hast family Ciramineae. The viruses are transmitted by
plasmodiophoracecus fungus Prlymyva gramans, and experimentally
by mechanical inoculation Species of the genus are listed m Appendix-
l.

2.4.4.3.2 Genus: Potyvirus
Type species: Potato virus Y (PYY)

Virions are flexuous filaments, 680-900 nm long and L1-13 nm
wide Virions contain a single melecule of linear, positive sense
ssRNA Virlons are moderately immunogenic. There are serological
relationships among many members. Many mdividual  viruses have a
narrow host range. The viruses are transmitled by aphids n a non-
persistent manner, and are transmissible experimentally by mechanical
inaculation. Species of the genus are listed in Appendix-|

2.4.4.3.3 Genus: Rymovirus
Type species: Ryezsrass mosaic virus (RMY)
Virions are flexuous lilaments 690-720 x 10-15 nm in size.
YVinons contam a single molecule of lincar, positive sense, ssRINA
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Most Rymoviruses are moderately immunogenic. No  seralogical
relationships among member viruses have been reported  Most
members have limited host range within the family Crammneae, but
some have relatively narrow host ranges. Matural transmission is by
eriophyid mites and mechanical transmission have been reported for
miost members Species of this genus are listed in Appendix-1,

2.4.4.4 Genus: Enamovirus
Type species: Pea enation mosaic virus (PEMY)

Virions are polvhederal and of two distinet sizes, approximately
23 nm and 28 nm. Virus preparations contain two species of linear,
positive sense, ssRNA. The virus is moderately antigenic, The virus
infects many legumes, and is transmitted by aphids in a persistent. non-
propagative manner. Non-vector transmission s by mechanical
inoculation, PEMY 15 the only species of this genus

2.4.4.5 Genus: Luteovirus
Tyvpe species: Barley vellow dwarf virus (BY DV)

WVirions are 25 to 30 nm in diameter Virions contain a single
molecule of infectious linear. positive sense ssRMNA. The wiruses are
strongly immuncgenic, Most luteoviruses are restricted to one plant
family. Luteoviruses are transmitted in a circulative non-propagative
manner by specific aphid species. Lutcoviruses ocour world wide
Some have restricted distribution Luteoviruses are tissue specific and
particles are detectable in phloem. Species of the genus are histed in
Appendix-1,

2.4.4.6 Genus: Sobemovirus
Type species: Southern bean mosaic virns (SBMV)

Virions are about 30 nm in diameter. Virions contain a single
molecule of positive sense ssRNA. Viral proteins serve as efficient
immunogens. There are serological relationships between strains and
some members of the genus, Host range is narrow. Discase symptoms
are mainly mosaics and mottles Seed transmission oceurs i several
host plants  [n nature transmission occurs by beetles. species of the
genus are hsted in Appendix- |
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2.4.4.7 Genus: Umbravirus
Type species: Carrot mottle virus (ChoV)

The particles are approxumately 32 nm m diameter with envelop
anid aceurs in vacuales of CMoV-infected cells and in partially purified
preparations from such cells. It is not known whether these are (1) virus
particles of a kind unusual among plant viruses but resembling those of
some viruses infecting insects or vertebrates. Infected leal tissue
contains abundant dsRNA. Twao species are commen to all members.
one is dsRNAT and the other is dsRNA2 Host range is narrow,
Umbraviruses are transmissible by mechanical imoculation, but an
nature. each is dependent on a specific helper virus. Seed Lransmission
has not been reported. Species of the genus are listed in Appendix-]

2.4.4.8 Family: Tombusviridae
Tixonomic structure of the fomily
Family: Tombusviridae
Genus: Carmovirus
Genus: Tombusvirus

Virions are icosahederal. Virions contain a single molecule of
positive sense, linear ssRNA. Virons are spod immunogens. The
natural host range of individual virus species is relatively narrow and
restricted to dicotyledons, Diseases are characterized by maottling,
crinkling and deformation of leaves. All species are readily transmitted
by mechanical noculation and through propagative plant material
Some are transmitted through seeds. Transmission by the chytrid
fungus Olpicinm radicale and beetles have also been reporied.

2.4.4.8.1 Genus: Carmovirus
Type species: Carnation maottle virus (CarMV)

Vifione are isometric. 30 nm in diameter. non-enveloped
Genome is ssRNA, linear. monopartite. Preparations are strongly
immunogenic Viral species are not serologically related. Most species
are found in temperate regions, Several viruses are soil-borne, but only
two cucumber leaf” spot virus (CLSY) and melon necrotic spot virus
(MNSV) are transmitted by Ofpidism radicale. Others are transmitted
by beetles (e cowpea mottle virus-CPMoV, bean mild mosaie virus-
BMMV), Non-vector transmission is by mechanical moculation, by
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grafting, not by seed, not by pollen. Host range is wide Species of the
genus are histed in Appendix-1

2.4.4.8.2 Genus: Tombusvirus
Type species: Tomato bushy stunt virus (TBSV)

Virions are rod shaped with 300 nm long and 18 nm wide
Mucleic acid 15 3sRNA and menopartite.  Virus preparations  are
strongly immunogenic. The viruses have relatively wide host range. All
species are soil-borne. but only cucumber necrosis virus (C™NV) has a
recognized  fungal  wvector  ((pidinm  radicaley.  Non-vector
transimission 15 by mechanical inoculation, by grafling and through
seed Species of the genus are listed in Appendix-|

2.4.4.9 Genus: Dianthovirus
Type species: Carnation ringspot virus (CRSV)

Virions are isometric, 32-35 nm in diameter Virions contain
two molecules of infectious, linear, positive sense ssRNA. The viruses
are moderately to highly immunogenic  Serologically related strains
have been identified Host range is broad The viruses are readily
transmitted by mechanical inoculation The viruses are not known o be
secd lransmitted. The wviruses are not transmitted by insects,
nematodes, or soil inhabiting fungi belonging to the Chytridiales.
However, viruses are readily transmitted through the soil without the
aid of' a biclogical vector, There is no seed or pollen transmission. The
species of the genus are listed in Appendix- |

2.4.4.10 Genus: Furovirus
Type species: Soil-borne wheat mosaic virus
(ShWMY)

Viions are rod-shaped, about 18-21 nm  in width, with
predominant length of 92-160 nm and 250-300 nev Virons contain
two molecules of linear, positive sense ssRNA. Most species are fairly
goed immunogens The type species is seroloaically distantly related to
potata mop top, broad bean necrosis, cat golden striple and serghum
chiorotic spot viruses. Host range is very narrow  The wvirions are
transmitted by Plasmodiophorid fungi (Polvanya graminis, 2, betce.



or Spongcspord sabiveraneat), Peanut clump virus 1s also seed-borne,
Non-vector transmission is by mechanical inoculaton, not by pollen.
Species of the genus are listed i Appendix-1.

2.4.4.11 Genus: Hordeivirus
Type species: Barley siripe mosaic virus (BSMY)

Virions are non-enveloped., elongated and ngid, about 110-113
mm long, and 20 nnt wide Wirons contam three molecules of positive
sense B NA The viruses are zood immunogens. Member species are
very distamtly related serologically The natural host range of three
species (ALBV, BSMV, PSLV) are grasses (family Gramineag)
BSMY s efficiently transmitted through seeds Species of the genus
are listed in Appendix- |

2.4.4.12 Genus: Machlomovirus
Type species: Maize chlorotic mottle virus
(MOMV)

Virions are isometric, approximately 30 nm i diameter. non
enveloped. Virions contain & sinzle molecule ol infectious, linear,
positive sense ssRNA  The virus is moderately to highly immunogenic.
The virus is restricted to members of the host family Gramimeae. The
virus 18 readily  transmitted by mechanical  moculation,  Seed
transmission is also reported, Some isolates are transmitted by beetles
Species of the genus are histed Appendix-]

2.4.4.13 Genus: Necrovirus
Type species: Tobacco necroses virus (TNV)
Virlohs are lcosahederal 28 nm in dismeter. Vigions contain

moderalely  immunogenic.  Necroviruses  have wade  host  range.
Infections are restricted 1o Too1s in natural infections. Experimental
inoculations usually cause necrotic lesions on inoculated leaves, rarely
resulling in svstemic infection Viruses are readily transmitted by
mechanical inoculation. Member viruses are transmitted naturally by
the chytrid fungus (Mpidinm brassicoe. Non-vector transmission s by



mechanical inoculation, not by seed, not by pollen. species ol the genus
are listed m Appendix-1

2.4.4.14 Genus: Tobamovirus
Type species: Tobacco mosaic virus (TMVY)

Virions are elongated, rigid cvlinder, about 18 nm wide and
300 nm long. Virions contain a single molecule of positive sense, lingar
ssRNA, Preparations are strongly immunogenic. Most species have
moderate 1o wide host range. They are transmitted an nature without
the help of vectors by contact plants and sometimes by seed Species of
the genus are listed in Appendix-|

2.4.4.15 Genus: Tobravirus
Type species: Tobaceo rattle virus (TRY)

Virlons are tubular  with no envelop There are two
predominant lengths, (L) 180-215 nm and (§) ranging from 46 to 115
nm. The senome consists of two molecules of positive sense ssRNA
Virions are moderately immunogenic. There is little or na serological
relationship between members of the genus The host range s wide
The natural vectors are nematodes in the orders Frichodorns and
Paratrichodorny  (Trichodoridae). Non-vector transmission 15 by
mechanical inoculation, by grafting, by seed and not by pollen. Species
of the genus are histed in Appendix-|

2.4.4.16 Family: Bromoviridae
Taxonomic structure of the fumily
Family: Bromoviridae
Genus: Alfamovirus
Genus: Bromovirus
Genus: Cucumovirus
Genus: Harvirus

Virions of members of the genera Sromoviens, (Hemmovirgs
and farvirns are 26-35 nm in diameter and spherical. Virions contain
three genomic and one sub-genomic ssRNA molecules, RNA 1 and
RNAZ are contained in separate particles, while RNA3 and RNA4
{subgenonue) are contained 1n one particle Vinons ol members of the
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senus Alfemronvirns are mostly bacillitorm. There are four particle sizes,
three containing single copies of each of RNATB). 2%y and 3(Th),
and the fourth containing two copies of RNAJ (Ta)

Virians are typically moderate to poor mnmunogens There are
no serological relationships between gencra All the virions are readily
transmissible by mechanical inoculation; atherwise, (nonmoviris and
Affamoviries are non-persistently transmitted by a wide variety of
aphids, and some Jarvisises are sced-transmitted in some host species

2.4.4.16.1 Genus: Alfamovirus
Type species:  Alfalfa mosaic virus (AMY)
\Virions are bacilliform, non-enveloped, 13 nin in length
(Ta). 35 nm in length (Th). 43 nm length (M), and 5¢ nm mn fenuath
(B} Viruses are non-persistently transmitted by aphids and have a very
wide host range (10 or more famihes), often cause vellowing under
field conditions, Non-vector transmission 15 by mechanical inoculation.
by seed or by pollen to seed Purified virs preparations are poorly
immunoeenic. Spectes of the genus are listed in Appendix-1.

2.4.4.16.2 Genus: Bromovirus
Type Species: Brome mosaic virus (BM V)

Virions are polvhoderal. non-enveloped. 26 nm in diameter
Genome is ssRNA, linear, tripartite and all the same size All members
are serclogically related Al species are beetle-transmitted in &
perdstent  manner.  Non-veclor fransmission is by mechanical
incculation, by grafiing, rarely by seed. not by pollen Bromoviruses
have narrow host range in the families Cramineae and Legiminosae
Viruses are serologically related Species of the genus are listed 1in
Appendix- 1

2.4.4.16.3 Genus: Cucumovirus
Type Species: Cucumber mosaic virus (CMV)
Virions are polvhedral, not enveloped, 26 nm in diameter
Gename is ssRNA, linear, tripartite and all the same size Preparations
are immunogenic or strongly mmunogenc, All Chenmaviris are
serologically related. All are aphid-transmissible in a non-persistent

Lo
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MAnner. Non-vector  fransmission  iso by mechanical  moculation.
uralting, by seed, or by pollen 1o seed OMVY has 4 very wide hast
ringe. others are more limitéd, species of the cemas are listed in

Appendix- |

2.4.4.16.4 Genus: Harvirus
Type species: Tobacco streak virus (TSV)

Virons are isometric or hacillifarm, non-enveloped, and are
about 34 nim in diameter. The virus mleet mainly woody plants Viruses
are scrologically related Some Harvirnses are transmitted viz pellen.
Transmitted 1n nature without the help of a vector, by unknown means,
or by msect vector belonuing o .:]'IL Thysanoptera, transmitted in a
non-persistent manner  Non-vector transmission is by mechanical
inoculation, by grafing, usually by seed and by pollen to seed
Experimental host range of individual viruses are wide Preparations
are mmunogenic or poorly immunogenic larviruses have ripartite
genome Species of the genus are listed in Appendix-1

2.4.4.17 Genus: Capillovirus
Type species: Apple stem grooving virus (ASGV)
Virions are flexuous filaments, 800-750 nm long, 12 nm wide,

Virions contain linear. menopartite, positive sense ssRNAL Virons are
maderately antigenic  Serologically related No vectors are known
Host range is narrow, Non-vector transniission is by mechanical
inoculation, root grafting, by seed. not by pollen Species of the genus
are listed in Appendix-|

2.4.4.18 Genus: Carlavirus
Type species: Carnation latent virus (CLY)

Virions are slightlv flexuous filaments, 610-700 nm long and
12-15 nm wide Virion contain single molecule of linear ssRNA. The
virlons dare  zood immunogens. Some members of the UrQuUp are
serclogically interrelated, but others are apparently distinet Viruses
have narrow to wide host rance. Member viruses are transmitted by
aphids is a non-persistent manner. Lwo possible member viruses are
transmitted by whiteflics. Some are seed-borne is leguminous species



All wviruses are mechanically transmissible, Species of the genus are
listed in Appendix-1

2.4.4.19 Genus: Closterovirus
Type species: Beet vellows virus (BY'V)

Virions are very flexuous filaments, non-enveloped, 1000-2200
nm long and about 10-12 nm wide Virions contamn a single molgcule
of linear, positive sense. ssRNA. Viron proteins are moderateiy
antigenic. Most of the species are serologically unrclated to one
another Host range is restricted Discase symptoms are of the
vellowing type ie rolling vellowing or reddening of the leaves.
Transmission is mainly through propagative material Transmission
through seeds is very rare Natural vectors are aphids, which Eransmit
in a semi-persistent manner. whitetlies and Pseudococcid mealybugs.
Species of the genus are listed in Appendix-|

2.4.4.20 Genus: ldaeovirus
Type Species: Rasberry bushy dwarf virus
(RBDV)

Viriens are isometric, 33 nm is diameter and are non-
enveloped. Virion preparations contain three species of linear, positive
sense. ssRNA. The uenome is bipartite. Particles are moderate
immunogens. In nature the host range is confined to [Kuhuy Species
Pollen trarismission is the onlv known method of transmission. RBDV
is the only member of this genus

2.4.4.21 Genus: Marafavirus
Type species: Maize rayado fino virus (MRI'V)

Virion are icosahederal, 28-32 nm in diameter, and do not have
an envelop, Virion contain one molecule of lmear DOSHIVE SENSe
ssRNA. Viriens are moderately immunogenic  No  serclogical
relationship exists between maize rayado fino virus and oat dwarf
virus. Bermuda grass etched-line virus is serologically related to both
maize rayado {ino virus and oat dwarf virus. The viruses generally have
narrow host ranges restricted 1o the family Gramineae. One member,
oat blue dwarf virus, has a wide host range including dicotyledonous
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plants The wviruses are transmitled by leafhoppers. mechanical
transmission 1s difficult. Species in the genus are listed in Appendix-1

2.4.4.22 Genus: Potexvirus
Type species: Potato virus X (PVX)

Virions are flexuous helical rods, 470-580 nm long and 11-13
nm wide. The genome is a single linear malecule of positive sense
ssRNAC Wirtons  are  highly  immunogenic. Some  members  are
antigemcally related. The virions cause mosaic or ringspot symptoms in
a wide range ol mono-and dicotyledonous plants The host rance is
limited. The viruses are readily transmitted by mechanical inoculation.
noo vectors are known The viruses are transmitted in nature by
mechanical contacts and have world-wide distribution. species of the
cgenus are listed in Appendix- 1

2.4.4.23 Genus: Trichovirus
Type species: Apple chlorotic leaf spot virus
(ASCLV)

Virions are very flexuous, 640 nm long and 12 nm wide
Virions contain a single molecule of linear. positive sense, ssRNA. The
vitlons  serve  as moderate o poor  antigens.  Species are not
serologically related. Host range s parrow. Transmission is by
mechanical moculation, by grafting, propagative material and through
seeds Some are transmitted by mealybues and aphids Species of the
genus are listed in Appendix-1.

2.4.4.24 Genus: Tymovirus
Type species: Turnip vellow mosaic virus
{TYMV)

Virions are icosahederal, non-enveloped, and have a diameter
of ahout 30 nm_ Particles are of two tvpes. B particles contain one
molecule of infectious linear positive sense ssRNA. Virions are
moderately to highly antigenic. Serological relationships between
different species range from very close (o distant, to not detectable
Tymowiruses are possibly restricted to dicotvledonous hosts. The
viruses are fransmitted by beetles in a persistent manner, Non-vector
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transmission s by mechanical inoculation, grafling, rarely by seed, not
by pollen Mostly cause bright yellow mosaic symptoms or mottling
Species of the genus are listed in Appendix-1.
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 SYMPTOMS IN VIRUS DIAGNOSIS

3.1 Introduction: Viruses are economically important only when
they cause some significant abnormality in plant growth An abnormal
appearance 1s usually the first indication that a plant is virus infected
Symptoms are the observable effects that a wvirus has on growth,
development and metabolism of an infected plant. In nature, severe
disease symptoms normally occur only when a virus has infected the
plant systemically.

In the early days of plant virology, symptoms were of major
importance. for they were the main means by which a virus disease was
diagnosed. Viruses are still named after the type of symptoms they
produce in the diseased plants. but many other techniques have now
become available to assist in virus diagnosis The most common and
sometimes the only kind of symptoms produced by virus infection is
reduced rate of plant growth, resulting in various dearees of dwarfing
or stunting  The most abvious svmptoms of virus infected plants are
usually the abnormal appearance of leaves, but some viruses may cause
striking symptoms in the stem, fruits. and roots with or without
symptom development on the leaves.

Most symptoms are still important to plant virologists for
diagnosing virus diseases under field conditions. In the field the disease
svinptoms  give the first clue of virus identification, and in the
laboratory, the symptoms produced in a range of test plants may be of
useful and diagnostic value. For the growers. it is important to know
about symptoms produced in response to infection with a virus disease
It 15 the nature and severity of the disease symptoms that determines
the economic impartance of a particular virus, in terms of yield and
reduced quality

Several lypes of symptoms are produced in virus infected plants
because of many reasons, the large number of viruses and strains,
varying reactions of different plants to different or even to the same
virus, age of the plant at the time of infection, organ and tissue
infected, and environmental conditions particularly temperature and
light, When considering virus symptoms. it must be remembered that 2



virus not only causes just one type of symptom, but most often
infection results in more than one type of symptoms and frequently
there may be a series of svmptoms as the disease persists within the
plant, For example, stunted growth and dwarfing, may be associated
with necrotic symptoms and in extreme cases. the necrosis may spread
to the whole plant to cause plant death. The occurrence of more than
one type ol svmptoms in a diseased host plant 1s called "syacrome”.
LUnder field condition, most often the same host plant is infected by
more than one virus, and the effect may be synergistic,

Virus infection does not necessarily cause disease or produce
visible symptoms at all times in all parts of an infected plant. There are
some situations in which the wirus infected plants do not show
abservable symptoms due 1o (i) infection with a very miid strain of a
virus (1) tolerant host plant (iit) absence of wirus in newly formed
leaves and (iv) latent infection under certain environmental conditions.

Symptom expression is not usually a precise indication of virus
identity and its interpretation should be treated with caution, In some
cases the type of symptoms may be indicative of a distinet virus or
virus group (eg pea enaton mosaic virus), but symptoms on plants in
the field may be unreliable because (1) several viruses may cause similar
symptoms in the same plant (1) & single virus may cause highly vanable
symptoms depending on virus strain (i) a mixture of viruses or virus
strains (1v) difTerent crop varieties may be affected differently by the
same virus, and (v) different soil and weather conditions mav alter
discase expression.  Environmental factors. especially  light and
temperature, can often confuse and influence the symptom expression.
A brief description of the symptoms of the diseased plants may help in
virus diagnosis, but it should be kept in mind that other confirmatory
tests must be followed to reach a final conclusion.

In this chapter some major external and internal symptoms
caused by virus mfection in host plants are discussed.

3.2 External symptoms: Most viruses spread through their host,
producing "spstemic.infection”. In certain cases the primary symptoms
may differ from thase produced in later stages of infection. Sometnnes
the symptoms result in rapid death of the invaded cells. thus preventing
further spread of infection, and such response is referred to as



“hypersensitive reaction”. Mostly in hypersensitive response the virus
infection induces localized necretic or chlorotic lesions, and the
systemc spread of virus is stopped, The most obvious symptoms are
external and restricted changes i foliage colour or  growth
abnormalities, Internal symptoms are also produced in the leaf celis.
Such symptoms can only be detected either by light microscope or
under the electron microscope.

The external symptoms caused by wiruses may be due to
"primcry infection” which is imited to the inoculated cells of the host
plant or due to secondary or "systemic infection” when the virus moves
from the sites of primary inoculation into the whole plant parts.

3.2.1 Primary leaf infection: The initial symptoms that develop
at the site of virus entry in the inoculated leaves are known as "focad
svipioms” . These symptoms develop in the form of distinet areas of
diseased cells commaonly know as “foceal Jesions" (Figure 3.1) Local
lesions vary in size and may be chlorotic due to loss of chlorophyll or
necrotic if the cells die. Local lesions most frequently occur on virus
indicator hosts, when mechanical inoculation is carried out under
greenhouse conditions.  Local lesions on indicator plant species are
very useful for diagnosis of plant viruses.

3.2.2 Secondary systemic infection: In casc of secondary
infection, systemic symptoms develop in a sequential manner in the
infected plants. The virus moves in the vascular svstem and from
vascular system to adjacent cells, in roots, fruits and other organs,
Systemic symptoms that appear in various forms are as follows:

3.2.2.1 Dwarfing and stunting: These are the most common
symptoms caused by plant viruses. The plant size s reduced and
stunting 1s confined to specific plant parts. For example, chickpea
stunt, peanut stunt, soybean stunt and apical stunting of pea caused by
red clover vein mosaic virus are few examples of dwarfing and stunting
(Figure 3 2a).



Figure 3.1; Necrotic lesions induced in tobacco leaf by CMY,



3.2.2.2 Mosaic: Mosaic pattern of leaf symptoms are the most
common symptoms caused by plant viruses. In leaves the cells of some
infected arcas become discoloured due to loss of chlorophyll and the
other cells in other area remain green. The mosaic pattern wvaries
considerably. If the boundaries between dark and light areas of the leaf
are not well defined, the symptoms are called "monde”. Mosaic
symptoms also occur on the stems and fruits. For example mosaic
symptoms of cucumber due 1o cucumber mosaic virus (CMV) (Frgure

3 2h)

3.2.2.3 Chlorosis: In certain cases the leaves of the virus infected
plants become chlorotic due to decreased chlorophyll production and
breakdown of chloroplasts. Most chlorotic symptoms are linked with
internal histological disorders, such as abnormal changes in the plastid
cells and intracellular vacuoles. Chlorosis is maifily caused by viruses
called "yellowing virnses" e g mungbean vellow mosaic virus (Fi gure
3.3a) and barley vellow dwarl virus (Figure 3 3b), In some instances
the chlorosis is confined to veins called "veinr yellowing” or "vein
clearing" in which the cells adjacent to the vein become translucent.

3.2.2.4 Necrosis. Sometimes the systemic infection results in the
death of cells which is called "necrosis". Systemic necrosis may take
the form of small or large lesions, for example, turmip vellow mosaic
virus (TYMV), on the external and internal leaves of cabbage.
Blackeye cowpea mosaic virus (BICMY) also causes vein necrosis in
some cowpea culuvars, Necrosis, resulting in collapse of superficial
tissue 13 called "efch” (as in tobacco with tobacco eteh VITUS ).

3.2.2.5 Ring spots: The symptoms of ring-spotting is  a
characteristic symptom of some viruses. Ring spots are characterized
by the appearance of chlorotic or necrotic rings on the leaves and some
times on fruits and stems (Figure 3.4a). In these infections. the
diseased area is restricted to a ring or broken ring of infected cells. In
many nng spot diseases the symptoms, but not the virus. tend to
disappear after onset and reappear under certain environmental
conditions.

ey



Figure 3.2: (a) Dwarfing and stunting of pea plant due to PSbMY
(b) mosaic symptoms on eucumber fruit due to CMYV.



Figure 3.3: (a) Yellowing of mungbean plants infected with
MYMYV (b) yellowing of barley plants infected with BYDV.




3.2.2.6 Leaf and stem distortion. Some viruses cause leat and
stem distortion For example bean common moesaic virus (BOMY ) in
Phaseotus vilearis and strawberry latent tmg spot virus (SLRSV) in
celery cause such type of symptoms. Such abnormal growth is due to
harmanal imbalance within the leaves and is similar to herbicide (2,4~
D injury {Figure 3. 4b).

3.2.2.7 Enations or tumors: Some wvirus infections  are
characterized by leaf like or tumor-like outgrowths on the leaves and
roots, The leaf like outurowths are referred to as "enation” and these
appear like "waris” an the upper or lower surface of the infected leaf
Such tvpe of symptoms are common in pea plants caused by pea
enalion mosaic virus or i cotton due ta cotton leaf curl virus infection
(Figure 3.5 b)

3.2.2.8 Flower discolouration: Some wviruses produce very
striking changes in flower colour called "flower hreaking”. Such colour
"hreak” symptoms are commeon in flowers of plants infected with tulip
mosaie virus, gladiolus infected with' bean yellow mosaic virus or
cucumber mosaic virus (CMV). The "hreak” symptoms may appear in
the form of streaking, flecking or variegation of petal tissues with a
colour different from normal flowers.

3.2.2.9 Fruit and seed symptoms: Fruits may show colour
changes when the parent plant is virus-infected. Fruits from infected
plants are reduced in size, misshapen or changed in texture. Mottling
can be found on tomato fruit due to tomato spotted wilt wvirus

(TSWV). Bean common mosaic virus (BCMY) may cause brown
necrolic areas and internal necrosis of pods of legumes, Seedless pods
are produced by soybean infected with sovbean mosaic virus (SBMV).
A large number of other less common wirus symptoms have been
described. and include leaf roll {potato leaf roll virus), feaf curl (cotton
leaf curl virus) (Figure 3.5a), leaf crinkling (Vigure 3.6a), vellows (heet
vellows), streak (tobacco streak), pox (plum pox), and stem pitting
(apple stem pitting virus).



Figure 3.4; (a) Ringspot sym
TSWYV (b) leafl and stem disto

ptoms induced on tomato fruits by
rtion of tomato plants by CMV,



Figure 3.5: (a) Downward leal curling induced by CLCuV (b)
enation on lower leaf surface of cotton induced by CLCuV.



Figure 3.6: (a) Leaf crinkling induced by urdbean leaf crinkle

virus in urdbean (b) upward leal curling induced in chilies by chili
leal curl virus.




3.3 Internal symptoms: Internal symptoms of virus diseases arc
thase detected by loht and electron microscopy In the virus infected
plants some histological changes oceur. In additon 1o abmormal cell
structure, various virus induced structures are present m the mtected
cells  Such structures are called  “inchision bodies”  Presence of
inclusion bodies within virus infected cells is one ol the most
characteristic internal symptams, because inclusions ocour only In virus
infected cells and not observed in healthy cells or in associations with
ather type of diseases Inclusion bodies incited by several, but not all
plant viruses are the most commaon in epidermal cells of leaves, stems,
raots and flowers These inclusions are microscopic bodies differing
[rom other cell structures

[n this section, the major cytological and lhistologieal changes
that oceur in the diseased cell are described briefly together with the
most characteristic types of mclusion bodies

3.4 Cytological and histological changes: Plant viruses affect
the size of the plant organs and tissue by increasing cell numbers, 4
condition known as  “mperplasia’. Fxcessive growth due 1o
enlargement of individual cell is termed as "fypertraphy .

Among the most important cytological effects of virus infection
are changes in cell nuclei. Pea enation mosaic virus (PEMV) has been
observed 1o cause the breakdown of cell nuclei. The nuclei of bean
plant cells infected with bean golden mosaic virus (BGMY) have been
reported to increase in size. Changes in chloroplasts have also been
observed  The chloroplasts become colourless with the loss of
chiorophyll, misshapen or grouped into abnormal clumps withim the
cell.

Some histological ¢ffects of virus infection that occur internally
in discased plants are associated with externally wvisible symptoms
These symptoms may appear in form of reduction or increase in cell
mumbers or internal cell necrosis. An example of reduced cell formation
is seen with apple grooving virus,



3.5 Inclusion bodies induced by plant viruses: Inclusion
bodies are defined as “iniracelidar structines produced de nove ax a
result of virws ifection”, These structures may contain virus particles,
virus related material or ordinary cell constituents in a normal or
degenerate  conditions, either singly or more oflen in various
proportions.  The inclusion bodies wary in morphology  and
composition. They are located either in the evtoplasm or in the nucleus.
The study of inclusion bodies in some cases may help in virus
identification.

3.6 Types of inclusion bodies: Inclusion badies may oceur in the
nucleus, but are most common in the cytoplasm Before discussing the
methods of studying inclusion bodies for virus identification. it seems
appropriate to briefly discuss types of inclusion bodies induced by plant
viruses. For convenience inclusion bodies are discussed under two
UTOUPS.

3.6.1 Nuclear inclusions: These may oceur in the nucleoplasm
(the wiscous fluid within the body of the nucleus) or between the
membranes of nuclear envelope (the perinuclear space). The inclusions
in the nucleoplasm may be crvstalline in structure, amorphous or
fibrous eg. inclusion bodies induced by bean vellow mosaic virus
(BYMV) and tobacco mosaic virus (TMV) Intracellular membrane
nclusions have been reported in cowpea mosaic virus (CPMV),

Nucleolus-related inclusions may be amorphous or crystalline in
structure.  Amorphous inclusions induced by been common mosaic
virus (BCMV) can be seen in infected cells of Gomphorena globosca
and Chenopodium quinoa, Bean vellow mosaic virus (BYMV) induces
crystalline inclusions.

3.6.2 Cytoplasmic inclusions: When viruses multiply. they may
accumulate in large number within the cell to form inclusion bhodies
composed of entirely virus particles. These particles are arranged side
by side, end to end or aggregate at random. Such inclusion bodies are
either fibrous, paracrystalline or crystalline, Cytoplasmic inclusions
may occur in the following forms:




1. Amorphous inclusions

i Fibrous. banded and paracrystalling inclusions
i Crystalline inclusions

. Pinwheel and laminated inclusions

Amorphous structures in TMV-infected tobacco cells have
been observed and named as X-bodies. Amorphous inclusions are not
only associated with Tobamaviruses, but also with Pofyvirieses such as
bean yellow mosaic virus (BYMV),

Fibrous cytoplasmic inclusions are pure or nearly pure VITLLS
agoregates which accumulate in the cytoplasm N various ways. Such
inclusions are induced by elongzated viruses such as Potexvirises,
Carfavirnses and Porpvirnses. Paracrystalline bodies are produced by
most  Rhabdoviruses, Comovirnses and  Nepovirpses,  Crystalline
inclusions are produced both by elongated and isometric viruses

Pin wheel and laminared inclusion bodies are characteristic of
the genus Potyvirnses. These are complex of three dimensional
proteinacious structures, which in section appear as a group of curved
membranous arms divereing from central core. and hence called "priet
wheel".

3.7 Inclusion bodies in virus diagnosis: While some viruses in
their host cells form distinet eytological structures, which can be used
far rapid identification of the virus, their use is rather limited in case of
many viruses, where inclusion bodies are not very characteristic. Many
viruses do not form inclusion bodies. Type and intracellular locations
of inclusion hodies are among the several criteria to be used for
classifving viruses in families or genera Characters of melusion bodies
can be used for identification of certain virus genera. There are cases,
where inclusions in one genus appear similar to those in other genus,
therefore. we can not rely upon such bodies at the genus level. Many
inclusions however. are distinctive when they occur consistently.
Within a genus, they may be used for diagnosis of infection at species
level At present inclusions are listed as mam characteristics of plant
Reoviruses,  Ceandimovirus,  Closteroviruses and - Potyviruses. The
diversity of potyvirus induced cytelogical alteration is so great that
several of them can serve as markers in diagnosis work. In certain
cases strains of potvviruses may be differentiated by the presence of



inclusions, although they are very similar and not distinguishable by
serology. Cvtological investigations of inclusions can be used to
indicate relationships among many viruses, and in some cases for
diagnosis. Examples of some viruses which produce inclusion bodies
thal are quite distinctive for rapid tdentification are (i} bean vellow
mosaic virus (11) cabbage black ring virus (ii) cactus mosaic virus (iv)
cauliflower mosaie virus |i~.-f+ Ly svmptomless virus (vi) petunia ring
spot virus (vin) red clover vein mosaie virus (viti) tobaceo mosaie virus
and (ix) watermelon mosaic virus

Characteristics of inclusion bodies combined with other
diagnostic tests would be helpful for rapid identifications of plant
VITLISES.

3.8 Methods for studying plant virus inclusion bodies:
Detection of inclusion bodies with the help of haht microscope is a
usetu] and rapid method for identification of many plant viruses, The
method is simple and quick, but the difficulty is to Tecognize and
differentiate the type of inclusion bodies. This can be overcome by
practice and experience

3.8.1 The stains used: Recognition of inclusion bodies under the
hght microscope after proper staining provides a reliable method for
identification of plant viruses at genus level The unstained inclusions
are hyaline and it is difficult to distinguish such structures from the
surrounding cvtoplasmic organelles without staining. Staining of tissue
enhances the process of detection. The stains can also be used to
differentiate inclusions bodies.

Two stains have been developed to study inclusion bodies
induced by plant viruses in the epidermal tissue. These stains are 0-G.
a combination of calcomine orange 2RS and Luxal (E. 1 due Pont de
Nemours & Co. Inc, Wilmington, DE 19898}, brilliant green Bl dyes,
and Azure A Azure A stain and the dves for O-G stain are available
from Aldrich Chemical Company, P.O Box 355, Milwaukce, WI
33201,

Stock salutions of calcomine orange 2RS and Luxol brilliant
green BL are prepared by suspending each dye in 2-methoxyethanol
(1g/100 ml). mixed thoreughly and filtered through coarse filter paper.
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Bath stocks remain stable indefinitely at room temperature. A standard
0-(3 stain solution is prepared by mixing the areen dye. the orange dye,
and water in a ratio of 8 1-1. The ratio varies according to the type of
tissue being studied. This is done by keeping the orange dye and water
content at |1 and increase or decrease the green dye content The
stock solution of Azure A in 2-methoxyethanol (0.1 g/100 ml) also
remain stable at room temperature The staining solution is prepared
just before use by mixing the stock solution with 0.2 M dibasic sodium
phosphate (NasPOg4) m a ratio of 9 ¢ 1. The stain shauld be prepared
fresh in small quantity for each batch of tissue and should not be
reused.

3.8.2 Selection of tissue: Generally epidermal tissue or mesophyll
tissue are used to study inclusion bodies Epidermal tissue is easy 10
obtain, easy to remove and conlain numerous inclusions

3.8.3. Staining methods

|, Remove the epidermal strips by inserting the tip of a sharp
pointed tweezers (0.8 Dumont NO.5) under the epidermis of a wein
(preferably at vein junction) on the lower surface of a leaf. In some
plant species, a strip from the upper epidermis is easier Lo obtain. In
order 1o avoid folding of the epidermal strip, it is brought in contact
with the surface of the stain solution in watch glass before being
separated from rest of the tissue. The removed tissue should float m
the staining solution and not touch the glass surface.

3 After keeping the tissue for 5-10 minutes. the stain is removed by
pasteur pipette. Excess stain is eliminated by several changes of 93%
ethanol, 5-10 seconds per change for a total of about 50 seconds.

3. After removing the excess stain, the epidermal strips are lifted
out with a wooden applicator stick and mounted on a drop of Euparal
(Carolina Biological Supply. Burlington, NC 27215) on a glass shde,
mounting media containing xylene should be avoided since this solvent
adversely affects the stains Place the coverslip over the tissue and
observe under the light micrascope for the presence ol inclusions. The
magnification of 1000 X or higher are needed to resolve small
inclusions and to distineuish many features that are useful for
diagnosis,

TRy
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The slides prepared in this way may last for several months or
years when properly stained and mounted. Refrigeration helps even for
longer storage. When O-G combination is used. the stained plastids
confuse with small inclusions. These plastids can be dissolved by
floating the epidermal strip on 5% solution of Triton X-100 for S
minutes before staining. The Triton X-100 solution is removed and the
O-G stain is added, but water is omitied from staining  solution,
because residual Triton X-100 replaces it The staining time after
Triton X-100 treatment is about one-half that for untreated tissue.
After staining, the tissue is dehvdrated and mounted as previously
described.

The Triton X-100 treatment is normally not used with the
Azure A stain, which does not stain plastids and thus does not interfere
with detection of inclusions

3.9 A simple technique for studving inclusion bodies:

Recently a very simple technique for studying plant virus inclusion

bodies has been introduced. A stain known as " Toluidine Blue " is

used in this technique. The procedure is as follows: _

I. Wash ofl dirt from leaves with running water and dry with blotting
paper,

2. Peel off the epidermal layver with fine point tweezer, Either side of
the leafl’ can be used but the abaxil side is preferable

3. Float the epidermal strip on 2.5 % agqueous Triton X-100 solution
for 2-3 min to remove plastids.

4. Transfer the strips to distilled water to wash off the Triton X-100

for 1 min,

Mount the strips directly in 0.05% Toluidine blue in 005 M

potassium phosphate buffer (pH 7.0) on a clean olass shde

6. Cover the strips with a cover slip, leave for 1-2 min examine.
under 40 X objective of light microscope.

N

Nugleus will stain blue, while nucleolus stain purple. Inclusion
bodies of potyviruses will appear as granulated or fibrills bodies
adjacent to the nucleus and are light blue in colour. It is important to
stain both a known healthy and virus-infected tissue and examine them
fisr comparison.

1t
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Chapter 4

MECHANICAL TRANSMISSION

4.1 Introduction: symptoms caused by a virus infection are helpful
in identification, but symptoms alone are insufficient for wirus
diagnosis, because symptoms may result from the presence of more
than one wvirus or alternatively, several different viruses may
individually cause similar symptoms in the same plant. After observing
virus-like symptoms on the infected plants the first step is to isolate the
virus. This is achieved by mechanical transmission to the original host.
Majority of the viruses causing diseases in plants are mechanically
transmitted, If mechanical transmissions is not possible the
transmission is achieved by using different biological vectors.

4.2 Virus isolation: Transmission of viruses in the laboratory 1s
senerally necessary to isolate viruses from diseased plants collected
from the field in order to identify the virus and separate it from mixed
infections. This is generally accomplished by sap transmission,

4.2.1 Sap transmission; Sap transmission, also called "mechanical
inoculation” is the application of plant extract containing virus (1.e.
inoculum) on the leaf surface of healthy host plants. In order for the
virus particles to penetrate the cuticle and cell wall of a healthy leaf
epidermal cells, the surfaces must be artificially wounded. Once
introduced into host cell, a virus may spread svstemically to other parts
of the host, Most plant viruses cause systemic infection resulting in
characteristic disease symptoms in the inoculated plant.

In some plant virus combinations, virus movement 1s restricted
and symptoms appear as local lesions (small chlorotic or necrotic
spots), Some viruses cause local lesions as well as systemic symptoms
on the same host. In some cases there are no systemic symptoms
because the virus, although it has entered the plant, does not multiply
and invade other parts of the plant. This type of reaction is referred to
as “hypersensitivity”. Absence of symptoms may also be due to
tolerant or resistant reaction of the plant to virus infection. In this case
the virus multiplies, but the host 15 not producing a wisible reaction.



When the plants totally prevent the multiplication of the virus and the
virus is not detected by any assav such reaction is called "immiune "

Not all plant viruses are sap transmissible. The viruses which
multiply in epidermal or mesophyvll cells and reach to a high
concentration in plants are usually mechanically transmissible. The sap
transmissible viruses usually produce mosaic, mottle, or ring spol
SYmptoms

+.2.2. Selection of indicator host: Some wviruses develop
characteristic diagnostic symptoms in certain hosts known as indicator
hosts. They can be used to distinguish between viruses, usually by their
immunity to one and susceptibility to the other, and also. by the type of
symptoms produced The most commonly used indicator plants for
diagnosing plant viruses are listed in Table 4|

Table 4.1: Plant species used to identify plant virus senera

Genus Host plants Non-host plants

firassica oleraeen
Yicotfonag foabec
ev, Samsan

Bromoy irus { Renopadiom amaranticofaor

 Frenopodivnr inberdom

Nicotiana clevelandi

Pixwn safivie
Carlavirus Chenopodiam quinog Cwewenies Sativis
Fhannra metel

Nicaringtie of eviefo i

LXatara stramioninm
Phaseafus valgearis oy Red
Fadnes

ISR Xalivin

Caulimevirus Brassica campesiriy | tgra sinensis o Blackeye

Clasterovirs

Crlvemne max
Fhasealus vadearis oo, Kintoka

Chenopodinm amaranticolor
Chenopodium quinoa
Nrecliang clevelandit

C hrenapadinm grinoa
Diattera stransomiom
Crampriorena globoya
{WCwmus Salivies
{datira Sivamoniim
Nicehimana glurinasg
Eigma wrzaieulata

Ci;:ril.d .



Tahle 4.1; (Continued)

Genus

Haost plants

Naon-host plants

Comovirus

CUCHImovirs

Farovirs

Ciominivingss

Nepovins

Palgxvirnz

Palvvirus

Brassica compesirix
(Chenapadinm aniaranticolor
Chenopodinm quinoa
Ceurbita pepo

Vicia faba

Vigma unguiculala
{henopodinm quinoa
Claemtii s Sty
Neatrana henthaniana
Niootang eluiinosa
Chenapodisn guinaa
Phanths barbatus
Cromphorena glofosa
Nicotiana clevelondii
Ldatura SIramonine

Nicotiana beathahtiai
Nicoticna clevelandii
Phasealus videaris
[igna radiata
Chenopodivm quinnoag
(Hownns sarvis
Cromphoreda wlobosa
Nicatioha clevelandii
Phesealus vdearis
(henopodinm amarnticolor
Eroyminey Salivies
Sy SiFcia o
Vicatfana benthaiiang
weofiana clevelnndii
Nicotiana glulinosn
Nicotianeg tohacun
Agropvron Fepeny
Svena sofivns
Beta valgaris
(henapodivm amaranticodor
Cheropidi quinnag

Dhetrorer STrGRMELEN
Niearfana glwiinaosa
Nieatiaua taficcin

Niooriar fahocim
Beta vidgaris

Prsmm sarivinm

Vigia faha

Fletinra vivaananinm
Crlveine max

Pengna fvbrida
i salivim
henapodinn
RO
{henapodinm quinaa
Ciomiphiorena globosn

(Capsfcin R
Ecnphivg maximia
Daruwra mete!
|igia faba

Lini glegans
Cucnirhela pe g
Cilveine max
Petunia fhrida
Ao elegans

Conetn iy xeives
Medicago sativis
Pliggalus valgaris
Figna wngiiclata
cv. Blackeve

LR

Cont.d,..



Table 4.1: {(Continued}

(senus Huost plants Non-host plants

Potvvins Cwcurbila pepe
fdeplrad STRGICRT
Coetipdicreiia gl
MNioalana clevelamdii

Nicotiaia glutinasa

SobemoyiTs Ehenopodinm amaranlice/or Eucunns melo
Crlvenie max eyl sarivus
cv. Delicales
Nicatiana clevelandn Fleatipar stFcpmnniian
fAevza seiiva Phaseolns vilgaris
A IRy Facse ferbor
Tobamovirus Clarpsicun spp Petunia hvhrida
Clucwmins Sativuy Hixmm saliviem
Mrcationan clevelandii Figena wngwioulof
N glurinose oy Samsum cv. blagkeve
Phaseoluy velrariys o The Prince
Tobravirus Chenopodism quiaraniicolor Cniecterfii pe i O
Capilatum
Nicotana clevelandii Medicaper sativias

Phaseolns vilearis

Tospovirus Vieatimnt clevelandi Tetragonic expeisa
Mot g.".',r.f.".'i'rﬁ.‘.'ﬂ
Nictiana fabaoum

Tyvmiovirus Chenopodinm amaranticofor s o conmem
ETHCHIRES STV Nombacum v, xanthi
{datueren sbvaren i Pheaveafus valooaris
cv, Pinto
Vicotiane cfevelanelii AR elegon

FPhaseoluy valearis
v, Creal Northern

(Matthews, 15993

Initially a small number of seeds of the indicator host plants are
ohtained and propagated under insect proof greenhouse conditions.
Sterilized soil (steam sterilized, at 1009 C for 30 min) to kill the
microbial pathogens, soil inhabiting viruses and virus vectors 1s used
for filling the pots. [f possible, healthy plants should be separated from



inoculated plants. Insect vectors inside the greenhouse should be killed
resularly with appropriate insecticide sprays or [umigants

4.2.3 Preparation of inoculum: Inoculum is prepared by
extracting sap from the diseased tissue, and this is sometimes sieved
thraugh cheese cloth. This sap is then used for rub moculation on the
indicator hasts. The following three points must be Kept in nund when
choosing virus infected tissue for inoculum preparation:

| The virus content often, but not always, correlates with severity of
the symproms

The highest virus content is often found In young tissue.

Some viruses can only be transmitted at certain time of the year
under special conditions.

LFTH B N

4.2.4 Selection of test plants

b It o1s essential that pdnh selected for inocolation, are healthy
looking plants, raised in well fertilized soil in pots under shade,
having succulent leaves.

For inoculation of cowpea (Figna wagwiculata) and  beans
Phasecius sp., plants with fully expanded primary leaves should be
used. Chenopodiom plants should have expanded mature leaves.

3

4.2.5 Selection of infected tissue

1. Try to select voung infected tissue with primary symptoms. Leaves
from younger plants are preferable to those from older plants
because of high virus concentration

2. As much as possible. use infected tissue from greenhouse grown

plants with precautions to exclude accidental contamination,

Periodically test the tissue, using serological tests, to be sure that

the plant has not become contaminated with other viruses.

Ll

4.2.6 Preparation of inoculation buffer: Most commanly
0.05 M phosphate buffer of pH 7.0 is used for grinding wvirus infected
tissue to prepare inoculum. Prepare this buffer 1n one liter distilled
water as follows:

Wl



Potassium phosphate (monobasic) KHs POy - 24y
Potassium phosphate (dibasic) Ko HPO4 S4g
Sodium sulfite: 1-2 &

4.2.7 Inoculum additives

4.2.7.1 Abrasives: Abrasives facilitates wounding on the leaf surface
of plants and entry of virus particles. The most commonly used are
carborundum  (silicon carbide, 400 - 600 mesh) and celite
(diatomaceous earth) The abrasive is either dusted over the leaf
surface before inoculation or suspended in the inoculum (0.5 - 1%
W)

4.2.7.2 Stabilizing additives: Many plants contain inhibitors that may

mactivate the virus, decrease or inhibit its infectivity, or interfere with

its transmission. The following compounds, when added to the

moculum, are known to have stabilizing effect on viruses in plant

extracts contaning such inhibitors. They also protect unstable viruses

a. Ethylene diamine tetraacetic acid trisodium salt (EDTA).
0.05-0.1M

b, Thioglycolic acid : 0.01 - 0.1 M

¢. 2-Mercaptoethanol (MEC) : 0.015-0.15 M

d. Ascorbic acid (Vitamin C); 0.02-0.17 M

e. Sodium sulfite (Na; SO5): 0.02 - 0.05 M

" Bovine serum albumin: 0,01 %4,

Material

b Young systemically virus-infected leaf tissue,
2. Test plants to be inoculated.

3. Phosphate buffer 0.05 M with pH 7.0

Carborundum powder (600 mesh).
Muortar and pestle.

Piece of cheese cloth, scissors.
Disposable gloves,

e ISR



Precautions

[ %]

L ol ed

&

Soak all glassware, martars and pestles to be used in 8 % trisodium
phosphate prior to cleaning with any laboratory detergent. Wash
them with tap water and rinse several times in distilled water

Dy them thoroughly either in a hot air oven of at room
lemperature.

All the martar and pestles should be sterilized in an autoclave.

Do not fouch any virus infected plant prior to inoculation .
Inoculate the plants either early in the morning or late m the
gvening

Keep plants in the dark room prior to inoculation.

Host plants musl be at nght stage of development.

4.2.8 Procedure for sap inoculation

L3

Ll

=1

Grind infocted leaf tissue in a mortar with pestle. preferably in
chilled 0.05 M phosphate buffer (normally usc a 1:% dilutionic. 1 g
trssue it 9l buffer), il & fine homogonate 15 obtained. Filter the
extract through cheese cloth. It is better to usc the inoculum
immediately after preparation and do not store for any length of
tine,

Dust the leaves of the test plants with carborudum powder (600
mesh) using aspiralor

Hold the leaves in the left palm and apply plant sap inoculum
(already prepared) sently with folded cheese cloth or with fore-
finger of right hand (Figure 4.1) covered with glove, or with a
collon swab,

Mechanically inoculate at least 4 plants of cach plant specics, label
each plant with dare. time and name of virus inoculated.

Inoculate the same set of planty with buffor without inoculum to
serve as negative control

Rinse the incculatcd plants  with  water immediately  after
moculatian.

Wash hands thoroughly with seap or trisodium phosphate or
change new wloves before proceeding to inoculate next set ol
plants
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4.2.9 Recording of results
I Observe inoculated plants daily and record the time of appearance
of the first svmptoms and types of syvmptoms produced

2 Record the symptoms on the inoculated leaves and on subsequently
produced leaves.

T = £ e 2l " part T - - af [ e i -

3 In case of local lesions, record number, their diameter and colour,

if they are chlorotic or necrotic or both

4. Observe systemic symptoms such as vein clearing, various types of
mosaic, necrosis, vein banding. green islands, stunting of plants,
malformation and distortion

5. 1f no symptoms are observed on inoculated leaves or systemic,
check the presence of latent infection by infectivity assay or by
enzyme-linked immunosorbent assay (ELISA).

0, Take photographs of the plants showing symptoms and healthy
plants of similar age for comparison

Some of the common symbaols used for recording symploms are:

LI local lesions . nl.l necrotic local lesions, clL chloretic local
lesion Ve, vein clearing, M mosaic, Mo moettle, N terminal necrosis,
Mal: malformation, I etching, RS: ring spots ete.

4.2.10 Preservation of virus inoculum: In order to identify a

new virus and for further studies, it is often useful to store nocula

rather than maintamning cultures in the greenhouse for a long time. This

helps in saving space in the greenhoufe-and minimizes the risk of

contamination or change in virus iselate. The most widely used storage

methads to preserve virus for future use are:

I Keep wiruses in suitable, actively growing storage bosts ey

infected bulbs, seeds, and stems (potatoes)

Yirus infected plant material wrapped in plastic can be preserved

in a deep freezer at -20 ° C  Infectivity may be lost through

repeated freezing and thawing,

3 Leaf matenal can also be rapidly dried and stored over anhydrous
calcium chloride at 0-4"C

4 Virus infected leaf tissue can be lyvophilized and stored at =207 C|
but this needs special equipment

o0



4.3 Infectivity Assay: Quantitative bioassay is done through
mechanical sap transmission using suitable host plants. Usually, virus
infectivity 15 measured by the number of local lesions induced in the
moculated leaves by the application of virus inoculum. The values of
virus concentration ohtained by infectivity assay are not absalute but
are relative 1o total number of virus particles present in the noculum
This 15 because all the vitus particles present in the inoculum are not
infectious and not all the cells inoculated become infected,

The relationship between moculum dilution and local lesion
numbers 18 not always linear and is frequently vanable from one wirus
to another. For many viruses the infectivity/dilution curves are sigmoid
in shape, although for some viruses they may be linear (Figure 4 2)

Infectiaty assav is widely used by plant virelogists for the
comparison of different virus preparations. This method has the
advantage of quantifying the relative amounts of infectious virus rather
than the total amount of nucleoprotein, all of which is not infectious.
With physical and chemical assay methods. the total viral nucleoprotein
can be estimated, but infectivity assav only indicares that a particular
sample is more infective than the other This method is used 1o
measure the relative virus concentration in crude sap.

4.3.1 Experimental design for infectivity assay: The number
of local lesions produced in inoculated leaves varies among plants, and
among leaves. There is a hitle difference even on the same opposite
halves of the same leatl Precautions must be taken to minimize such
vanation, As far as possible, in all infectivity assays the selected plants
should be uniform and of the same age Proper assay design must be
followed to compare virus samples for local lesions study on the same
plant. The selected leaves for each sample should be as similar as
possible With plants where leaves are arranged opposite to each other
{such as Chenopodim sp ). two virus samples can be compared on
apposite leaves at the same level on the stem. The assay may be
replicated by inoculating other pairs of leaves on the same plant. The
actual number of replications depend on the number of plants available
and number of leaves on each plant, but the greater the number of
replications, the better and more reliable results would be.
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In order to reduce wvariation. each of the 1wo samples can be
noculated to opposite halves of the same leal” and this is only possible
tf the leaf is divided by a midrib into two equal halves. This procedure
15 more economical and more replications can be achieved.

If more than two samples are to be compared, then more
complex designs (Figure 4 3) are 1o be used One possibility 15 10
compare each individual virus inoculum with every other sample on
opposite half leaves on equal numbers of times. For example, if six
comparisons are to be made the design will be as follows:

A A A A A B B B B
B C D E F C D E F
C C C D D
D E F & F

Such 2 design is poessible with a host such as bean (Pheaseolis
valgaris) or cowpea (Figna ungiicidata), in which only two opposite
primary leaves are inoculated on each plant Increased rephications can
be achieved by duplicating the complete design with a second batch of
plants.

When no suitable local lesion host is available. the virus is
assayed by mechanically inoculating a susceptible host and recording
systemic symptoms When such method is used, it is essential to leave
a umform group of assay plants, and each virus inoculum to be tested
18 usually diluted in a tenfold dilution series e e 10-1, 10-2_ 10-3. 10-%,
10°° etc. Two or maore test plants are used for each dilution of each
inoculum tested.

In general, experimental design fo conduct infectivity  assay
should be simple and all efforts should be made to minimize the effects
of various variables by selecting test plants of uniform size and ape

4.4 Host range tests: The host range of an unknown virus and the
symptoms it induces provides some clue for virus identity, but these
tests should be treated carefully, because the type of sympioms
produced on a particular hosts depend on a particular virus strain and
several other factors. The host range of the virus, that is the host on
which the virus induces symptoms and the type of symptoms, may help
to differentiate a specific virus from several others Transmission
studies indicate whether the virus is sap transmissibie and to what hosts
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and by which insects it can be vectored. Some viruses have wvery
narrow host range, which help in their identification. The host range of
celery mosaic wvirus for instance is restricted to species of the
Umpbelliferae family. If a rod shaped virus with 750 nm long particles
s isolated from celery and is restricted to the species of the
Umbelliferae family, then one can tentatively diagnose it as celery
MOSAIC vIrus

It should be remembered that host range is not a reliable eriteria
for a virus identification, however, a preliminary host range studies
may provide some useful information on the best host for propagation,
assaying and maintaining cultures of newly isolated viruses. For host
range studies a set of plants of various families 15 inoculated in a
greenhouse mechanically or by using veetor, sSvmptoms observation on

5

the inoculated test plants are taken within 2-3 weeks

4.5 Other transmission tests: In addition 1o sap moculation, the
plant viruses are also transmitted by other means. such as erafi
transmmission and dodder transmission.

4.5.1 Graft Transmission: Almost all diseases caused by viruses
are transmitted by grafiing  Grafting involves allowing contacts
between the meristematic tissue of a healthy plapt with the
‘meristematic tissue of a wvirus-infected plant This union between
meristematic tissue facilitates transport of plant metabolites and
pathogens which produce systemic infection. There are three tvpes of
graft transmission.

4.5.1.1 Approach grafting: In this system the scion is not
detached from the mother plant, A splice is made on the scion and the
stock, and both surfaces are united by direct contact (Fisure 4 4a).

4.5.1.2 Wedge grafting: A wedge is made in the root stock and
scion is cut to be inserted the wedge It is also called “top cleft
graftmg” (Figure 4.4b) 1t is widely used with both herbaceous and
woody plants



4.5.1.3 Bud grafting: A small piece of stem tissue known as scion
is grafied onto the root stock after making a splice to the scion
(Figure 4 4¢).

Material

1. Test plants

2 Scalpel blade or sharp knife

3. Parafilm or polythene ribbons

4. Beakers

5. Sterile distilled water

6. Plastic bags 1o cover the plants

Procedure

1. Wash the diseased plants in sterile distilled water

2 On potted healthy plants (stock) select branches of same size
and approximately of same age of diseased plants (scion), By
using a blade make a slanting cut of about 10 mm on the stock.

3. Give a wedge shaped cut on scion, The exposed area on the
scion should match the cut area on the stock.

4. Insert the wedge shaped end of the scion into the cut on the
stock. Immediately tie both by rolling a parafilm or a polythene
ribbon over the joint. Cover the plant completely with a plastic
bag to maintain humidity,

S Keep the plants under shade and cover the plants with plastic
sheet to create humid conditions which enhances the successful
union between stock and scion.

Precantions
| Handle the plants at 15-259C.

2. Maintain turgidity of the diseased plants until grafied.

=
ah

Do nat subject the grafted plants to moeisture stress.
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4.6 Transmission by dodder: Dodder (Cuscurr sp) is &
semiparasitic plant which attached itsell 1o other plants and draws
nutrients from host plants by means of sucking structures “hanstoric
Several species of Cuscmia are known o transmit viruses  Dodder
plants used (or transmission studies must be grown from seed so that
they will be virus-free

Procedure

Place the virus-free dodder plant in close contact with the virus
infected plant The dodder will wrap itself around the stems and leaves
of the virus infected plant and send out haustoria to form unions wath
the virus infected plant. After the dodder has become well established
on the diseased plant, train its stems towards the healthy plants. If the
virus is transmissible by dodder, virus symptoms will eventually appear
on the healthy plant Viruses such as cucumber mosaic and tobacco
rattle replicate in the dodder and are more efficiently transmitted



Chapter 5

INSECT TRANSMISSION

5.1 Introduction: The ability 1o be transmitted among plants is a
fundamental property of plant wiruses that is necessary for their
survival and spread, Plant viruses are transmitted mechanically and
through a wide range of agents ke vewetative propazative organs.
grafiing, seed and pollen, fungi, mites. insects and nematodes. The later
two are very effective transmitting agents. They feed on plants and
move from plant to plant and thus transmit many viruses very
efficiently and successfully Majority of the viruses depend exclusively
or largely on insects and nematodes for their transmission
Transmission characteristics are amongst the important features which
are used for characterizing and identifying plant viruses Mode of
transmission of a virus by a specific vector may indicate the type of
virus under investization and suggests its probable identity. Insect
transmission experiments are conducted to (1) identify the vector of 4
plant virus (i) assay viruses which are not mechanically transmitted (iii)
obtain information about the mode of transmission. In this chapter the
insect transmission is discussed brielly and various technigues used for
virus transmission by their insect vectors are deseribed.

3.2 Insect transmission: Insects are the most efficient and
important vectors of plant virus transmission A large number of
viruses are transmitted by a large number of insects under field
condinons OFf 381 species of amimals reported to transmit viruses,
approximately 94% belong to Phylum "Arthropod”. and approximately
9%9% are insects:

Some plant viruses could be transmitted mechanically by adults
and Juvemle Orthoptera-Grasshoppers and Crickets, Lepidoptera
butter flies and moths, and Diptera true flies, but these are not
nportant viris vectors.

Most mmsect vectors (70%) of plants viruses belong to the order
"Homoptera", and the aphids (family, Aphididae) are the most
mmportant  vectors of this group. The leaf hoppers (family.
Cicadellidae), plant hoppers (family, Delphacidae), and the tree hopper



(family, Membracidae) are also important vectors. The other impartant
insect wvectors are whiteflies (family, Aleurodidae), beetles (order,
Coleoptera). and mealy bugs (family, Pseudococcidae) Generally, the
viruses which are transmitted by wvectors in one group are not
fransmitted by wvectors from another group, but a few exception are
there. The important groups of insect vectors are discussed below

5.2.1 Aphid transmission: Aphids form the largest group of
insect vectors. About 370 species of aphids have been reported
transmitting abaul 300 plant viruses. The aphid, Myzus persicae alone
is estimated to transmit about 100 viruses, while, each of the many
other aphid species transmit more than 30 viruses. Some aphids, on the

other hand, can only transmit one virus each,

5.2.2 Terminology: In experiments and studies of insect
transmission of viruses, the following terms are often used:

Acquisition access period: This is the total time, when a vector 19
allowed upon a source of virus, whether it feeds or not.

Acquisition feeding period: This is the feeding period for which a
virus free vector actually feeds on a virus infected plant to become
vituliferous (infective)

Latent period or incubation period: Having acquired virus, there may
be a waiting period or latent period before virus can be transmitted

fnoculation access period: The period of time allowed for a
viruliferous insect to be able to feed on virus free plants and transmit
VITLLS.

Inoculation feeding period: The actual period of feeding of a vector
on a healthy plant is called the "incculation feeding period”

Transmission time or transmission threshold period: The minimum
period of time that a vector needs for the acquisition and subsequent



inoculation of a wvirus free plant is called "transmission time or
transmission Lthreshold period”

Retention period of vector: The peried for which an imsect remams
viruliferous

8.2.3 Virus-vector relationship: Plant virus-vector relationships
are classified according to the length of time the virus continues to be
transmitted by the vector, Aphid transmission of plant viruses can be
divided into three basic tvpes These terms are sometimes also applied
to vectors other than aphids.

3.2.3.1 Non-persistent viruses: Non-persistent viruses are
retaimed by the aphid vectors tor a few minutes or at most a few hours
These viruses are considered economically more important, and are
more numercus than those transmutted by aphids in the semi-persistent
Or persistent manners. These viruses are also mechanically transmitted.
They are acquired and transmitted by the aphids within seconds 1o a
fow minutes Aphids loose their infectivity upon molting.  Preliminary
Fasting increases capacity of aphids to acquire and transmit virus.
Viruses belonging to the genera FMonvirns, Cretmoviens  and
Cendlimoviry are transmitted by non-persistent manner.

5.2.3.2 Semi-persistent viruses: These viruses are considered
between non-persistent and persistent wiruses, and possess some
charactenistics of both. Such wviruses do not circulate within the
vectars, but theif vectors retain the ability to transmit them for as long
as three to lour days. There is no latent period, and transmission
efficiency increases with increased acquisition and inoculation feeding
times. Virus i not lost during molting, Beet yellows and parsnip
vellow fleck viruses have the properties of semi-persistent viruses

5.2.3.3 Persistent viruses: Persistent viruses are not easily
mechanically transmitted and are acquired after relatively long feeding
period. These vimuses are not immediately transmitted and have latent
period. after which the aphids remain infective for a long period, and in



some cases for the rest of its lite. The vector does not loase virus atter
malting These viruses need a long acqusition feeding time (0.5-2 hr)
and a latent period of few hotrs These viruses circulate in the vectar
and in some cases also Teplicate within the vector. Persistent viruses
usually show more vector specificity and are restricted 10 phloem tssue
of the plant

5.2.4 Transmission tests by aphid vectors: Two technigues
described below are for tests using aphid vectors,

5.2.4.1 Transmission of non-persistent viruses
Material
|- Vector aphid (must be viruliferous)
2 Petn dish
Cling film 1o close dish
Indicator plant species

'
= e

1ty

Insecticide and sprayer
. Small hair brush
Small piece of filter paper

oo

Procedure
1. Collect viruliferous aphids from aphid culiure maintaimed on host
plants in a Petrt dish. Close the dish with Cling film

2. Store the aphids in a cool shaded place for about | hr to starve
them
3. Openthe Cling film by cutting a top door.

4 Transter aphids 1o infected plant material (detached leaves m a
separate Petri dishy to feed for about 2 minutes. Watch to see (f
aphids feed

5. Transter at least five aphids to each separate indicator plant.

6. Cover the plants and allow a transmission feed of no more than 1

i {this can be done for small plants usmg mverted plastic, the

bottam of which have been replaced by aphid proof sauze)

Kill vector aphids by spraying with insecticides, and set test plants

aside in the ulasshouse 1o grow-on for symprom observation.

=4



Note: For sermi-persistent viruses increase acquisition leeding time to 4
hr, then transfer the aphids to the test plants for a transmission feed of
about | hr.

5.2.4.2 Transmission of persistent viruses: Aphids are
handled in the same way as for non-persistent virus transfer, except
that no starvation period is required before acquisition and the transter
or inoculation feed must be longer { 1.e. more than 24 hr)

Material
Same as in case of non-persistent virus transmission 1est

Procedure

I, Trarsfer aphid to infected plant material in a Petri dish,

Leave in & suitable cool shaded situation to feed for at least 24 hr,

Carefully transfer the wiruliferous aphids to indicator plants and

leave for a further 24 hr, while covering the plants with aphluds.

4 Kill all aphids as before and keep the plants in the greenhouse for
symptom observation,

w1

Mote: In aphid transmission of some viruses there is a latent period
following wvirus acquisition before transmission can take place. Where
such a perind is known to exist, the duration of the transmission feed
should be increased accordingly.

In all vector transmission tests, appropriate comtrol tests must
be made in order to énsure the symptoms develop are not simply due
to feeding of aviruliferous vectors or extraneous factors,

5.2.5 Rearing of aphids: In order to use aphid vectors regularly in
fransmission tests, cultures of relevant species must be maintained as a
separate colonies. Aphids grow and multiply at temperature between
15 and 25" C. Such temperatures, and the provision of continuos light
suppress the development of winged aphids, which are not easy to
handle and not efficient vectors. Aphids prefer actively growing,
healthy plants and care should be taken to ensure that proper light and
temperature requirements are provided.



3.2.5.1 Aphid cages: The cages to rear aphid colonies should be
such to accommodate the housing test plants during transmission and
to large enough 1o keep the stock aphid cultures. A wvariety of cages
can be used for such purpeoses. Traditionally, cages consisted of
wooden or iron frame built over an enclosed tray. The top and sides
are covercd with aphid proof mesh (meshes not wider than 0.3 mm) or
some (top and back) surfaces are of glass or perspex to allow better
access to light (Figure-5.1). The front side should be lifted easily to
water plants and to replace old plants by new ones,

5.2.5.2 Example of aphid transmission test: [n this example
transmission lest for barley vellow dwarf virus (BYDY) has been
explained.

Indicator plants

Plant oat seed (susceptible to BYDVY in pots (4 inches
dhameter) filled with compost, 5 mm deep. Plants wall be ready for use
when 20-30 mm tall, usually 30 davs after emergence,

Yector: Rhapcalosiphim padi and Sitobion avenae,
Acquisition feed

1. Take ten leaves from plants infected with BYDV.

Cut two 60 cms pieces from each leaf and place the separated

pieces mto each of two Petri dishes or damp filter paper

arranging the leaves in a eriss-cross manner to avoid close
packing.

3. Carcfully introduce about twenty aphids of K. padi into first Petrl
dish and a similar number of & avenge into the second. Aphids
should be handled very carefully.

4 Store the dishes o a cool, well Iit place.

3 Allow the aphids 1o feed for two days

=0
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Transmission feed

& Caver the non-inoculated seedlings with glass specimen tube to

prevent aphid colanization {control)

Move at least ten aphids onto each pot of indicator plants. label

with specimen no. and aphids species and dale

8. Storein a well lit. cool place Cover with cage ( plastic beaker)

Q. Allow the aphids to feed tor two days

10 Kill the aphids with Metasystox or similar insecticide spray. After
spraving, the pots should be kept in a confined space for one hour.

| | Examine ta ensure that aphids are dead

-]

Observations of test
12, Keep pots in good light, but cool temperature. Water the plants
regularly
13 Examine the plants for svmptoms after 14, 21. and 28 days for
a. oranue-brown discoloration
b. scorching of leaf edges
¢ reduciion n growth compared with control,
chloresis and water soaked patches when held 1o light

L

5.2.6 Hopper transmission: The next important group of insects
associated with plant virus transmission after aphids are leaf hoppers
(Cicadeilidac), plant hoppers (Delphacidag) and tree  hoppers
(Membracidae). More than 30 species of leal’ hoppers have been
reported to transmit st least 30 different viruses, and about 22 species
of plant hoppers. and one tree hopper species are reported to be virus
VECLnrs.

These insects have sucking mouth parts sunilar to aphids, but
they pierce plants more rapidly and cause more damage to plant
tssues. Leal hoppers transmit viruses in semi-persistent end persistent
manners. Some viruses are also propagalive in the wvector and
transovarially transmitted o progeny  These viruses are mostly
concentrated in the phloem tissues of the host plants.

5.2.7 Whitefly transmission:  Virus  diseases of  legumes,
wansmitted by whiteflies are economically important in the tropical



areas o addition 1o legume viruses, cotton leat curl, tomato feaf curl
and tobacco leaf curl geminiviruses are the most economically
destructive diseases The whitetly vectors multiply 1o a great number
on the underside of the leaves, and are very common In glasshouses.
The wiruses transmitted by them mostly cause mosaic and leal
distortion symptoms in infected plants. These wiruses are not sap
transrmissible. Bemeisic tabaci 15 the most important and wide spread
vector of the most economically important  whitellv-transmitted
viruses. These viruses are phlogm limited. Minimum acquisition access
tune is & minutes, but transmission efficiency increases with increase in
acquisition feeding. The latent period lasts from 4 to 48 hours and
ransmission continues for up to 20 days, but wviruses are not
transovanrally transmitted. Mung bean yellow mosaic, cotton leal curl
and tomato leal curl viruses are tew examples of viruses transmitted by
whiteflies

5.2.8 Beetle transmission: Beetles have chewing type of maouth
parts and transmit about 45 different viruses, At least 74 beetle species
have been reported as vectors of plant viruses. Usually the beetle-
transmitted viruses have no other vectors. Members of four plant virus
genera, fAromovicns, Comoviras, Tvmovires and  Sobemovirs arc
transmitted by beetles. Acguisition feeding period 1s 24 hours or less:
and increase in acquisition feeding time also  Increases wvirus
transmission, No latent penod and transovarial transmission has been
reported [or beetle vectors. Virus does not multiply in the vector

3.2.9 Thrip transmission: Three plant viruses te tomato spotted
wilt virus (TSWV), peanut bud necrosis virus (PBNV), and pigeonpea
sterility mosaic virus (PSMV) have been reported to be transmitted by
thrips. TSWYV 1s acquired by the larvae of Thripy jabace, but not by
adults, whereas only adults transmit the virus. The shortest acquisition
time iz |5 minutes. There is a latent period of 4-10 days. Adults are
infective after 22-30 days, and retain wirus for life. Virus 15 not
transmitted o progeny.



5.2.10 Mealyvbug transmission: Nineteen species of mealybugs
{ Pseuadeoceidae) have heen reported to transmit six wviruses. Two
mast important viruses transmitted by mealy bugs are cacao swollen
shoot virus and cacao mottle virus. Mealy bugs are not eificient
vectors. hecause they are not very mobile and rely on crawling to move
from one plant o other Mealy bugs transmit viruses i a sem-
persistent manner. Acquisition feeding time of 48 to 72 hours leads 1o
cfficient transmission. althoush minimal acquisition feeding penod is 3-

hours. Yirus can be transmitted aller 15 minutes ol acquisition
period  The insect can retain virus for 3-4 days. Nymphs are more
effective vectors than adults

3.3 Procedures for insect transmission studies

Materials: The materials needed for studying nsect transmission
includes, cages, insect handling tools; test plants, fumigation chamber,
insecticides, incubators (controlled temperature)

5.3.1 Types of cages: Scveral tvpes of cages can be used, such as
wooden plant cages 35 % 33 x 30 ems in size (Figure 5.2a). The sides
of the cage are covered either with fine wire netting or pollen netting
(15 meshicth or saran screen). The top and front door of the cage must
he covered with a glass plate For whiteflics, use a cage with two
wooden walls Fach wall should have a round access hole of
approximately |18 cms diameter, just ijarge enough for a head to pass
throush, Prevent the whilellies from escaping during handhng by
attaching black blaich tubes to the holes on one end. held close by
rubber bands on the other.

5.3.2 Plastic cylinder whole plant cage: The top of this type of
plastic cylinder 1s 33 cm in diameter, covered with cheese cloth, and
the bottom is pressed into the soil of the pot (Figure 3.2b). 1f a potted
plant is not used. fresh leaves in a water-filled test tube can be placed
in the plastic cylinder Cellulose nitrate plastic or butyrate plastic
should be used, as certain other kinds (ccliulose acetate with diethyl
phalate) are toxic to plants and insccts
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5.3.3 Plastic C‘r’lln[h.l' leaf ¢: 1o Such cvlinders are made by
sectioning plastic tubing approximately 3 em in diameter and 15 em
long, covered on one _u,.u:h, with a screen from a nylon stocking (Figure
5.2¢) These cages are used for small msects. The Insects are

transferred through a small hole in the wall of the tube which 1s then
LlL}‘:.Ld with 2 cork. The cages are attached to the leaves with the aid of
hair clips. The hair clips are attached by heating them and pushing them
throuzh the wall of the plastic tube;

5.3.4 Plastic or glass containers: These containers are used 1o
transport insects collected from the field They should have a screen
covering and be large enough to allow for ample space and ventilation.

5.3.5 Insect handling tools: Hair brush, aspirator {used for more
active insects ¢.¢ whiteflies and leafhoppers). The aspirator consists of
a ulass bottle closed with a two-hole rubber stopper. A small straight
ulass tube is inserted through one hole. The other end is connected to a
piece of rubber tubing which serves as a mouthpiece of screen (Figure
53) A slightly longer glass tube which has been bent to the desired
shape is inserted through the other hole. Insects are sucked mta the
battle through the tube

5.3.6 Test plants: Usually the same plant species from which the
insects were collected from the field are used.

5.3.7 Collection of insects: Insects are collected by sweeping and
brushing over low vegetation with a net or by beating the plant and
collecting the fallen insects on dark sheet spread below. Colour traps.
light traps, suction traps and sticky traps are also used to collect the
Insects

5.3.8 Maintenance of insects: Generally the conditions which
favour host plant growth also favour the development of vectors, Most
vectors can be reared on their host plants or on detached leaves of the
same plants. Some insects can be reared on artificial diet.



o A L b
rbGner-alopper o I‘JF“-"
¥ " ¥
i1 &

- il
Test tubka L Pt \H___ ‘_.:-'-*‘_"_-
- = i -u-—'—'_'
T e Y Glass jubi i)
'IK{\'. / }I
__-‘.___n_._.——P"'_'d_' " e Maauth -
: r __.r"',:-"" iyl
L F e
e l'-.l( y _____:-___,..-'_‘
i Rubber
.‘-\—\.l\__ _____ i

=~ tubing

Figure 5.3: Aspirator used to cateh active insects e.g. whitefly and
leaf hoppers.



5.3.9 Maintenance of virus-free insect cultures: After
collecting insects from the field they should be transferred to virus
indicator plants to determine whether the insects are virus free, The
insects should be maintained on host plants which are not susceptible
ta wirus being studied. [F the virus is not carried in the vector's egg
{transovarially) the egos can be used to start & virus-free culiure. The
coog are put on blotting paper until they hatch The nymphs are then
transferred to healthy plants. Virus free colonies of aphids can be
developed by feeding aphids collected from the field on healthy leaf
under a binoeular, The newly born nymphs which are usually virus tree
may be reared an healthy plants in the insectory

5.3.10 Insect handling: Handle nsects using fine paint brush,
aspiralor, or a single hair brush. Use pointed artist's brush for aphids.
Moisten the tip to make the insect adhere to the brush, usc aspirator
for more active insects e o leaf hopper and whiteflies Aspirator has a
small rubber tube with a fine plastic tip Lo which insect attaches when 1t
is sucked. Use a single hair fastened to a tooth pick or a thin wooden
stick for mites and very small insects, such as thrips Insects can be
collected from the fields by sweeping or brushing over low vegetation
with a net.

I'he same plant species [Fom which the insects were collected in
the (eld are penerally used as test plant In general, the conditions
which favour the growth of host plants also favour the vector
development Insects should be maintained on host plants which are
not susceptible to the virus bemg studied.

When insects collected in the field are used for transnussion
tests, they need to be transferred Lo virus indicator plants to determing
i the insects are virus-free I the susceptible plants do not show wvirus
symptoms, then the insect culture can be used for transmission tests.
Keep plants on which the insects are placed for acquisition or
inaculation feeding. absolutely free from insecticides.

5.3.11 Inoculation procedure

1. Place virus free insects on a virus-infected test plant to feed and
acquire the virus {acquisition feeding). Dependmg on the virus, it may
take from a few seconds up to a few days for the insect to become



infective. The optimum acquisition period varies with the insect. the
virus and the host plant After the insects have acquired the virus they
are wsually immediately transferred to a virus-free test plant for
transmission feeding (inoculation feeding) Some nsects can transmit
the virus immediately, but athers need a latent period, which may vary
from a few hours to seven weeks The latent period can be determined
by successive transfers of the inseclts te wvirus-free test plants al
hourly/daily intervals following the scquisition feedmy

2. Some msects, such as aphids which may carry virus on their stvlets.
retain it for as little as 30 minutes or even less. Mast leal hoppers (and
certain aphids which carry the virus in their guts) are able to transmit
the virus throughout their life time

3. The insects arc usually killed afier the inoculation feeding period
with the aid ol insecticides or by [umigants and the inoculated plants
are kept under observation for development of typical virus symptoms.
Keep the plants under observations for one to thres months

4. To check the possibility of the insect culture heing contaminated
with a virus, transfer some insects from the culture directlv to test
plants without feeding on a wirus source In addition. use non-
moculated plants in a greenhouse to detect accidental spread and
ensure that the test plants were not infected before inoculation

5.4 Virus transmission by thrips: Tomato sported wilt virus
(TSWV}, peanut bud necrosis virus (PBNV) and peanut vellow spot
virus (PYSV) are transmitted by thrips Twa species of thrips
commonly occurring on groundnut are Fronkfinedla schulizer and
Sctrototheips dovsalis, but B sehulizel is a major vector of TSWV, and
S. dovsaliy is a major vector of PYSW and poor vector of TSWY

5.4.1 Collection of 1hl‘i[].‘§-: Both f. schuflizedr and 5 dorsalis
inhabit terminal shoots while € sndicus feeds on the lower leaves of
groundnut plants, F. sehdizer also occurs in flowers For mass
collection of thrips, a large number of leaves or flowers are removed
early in the morning and placed in & plastic jar. The open end of the jar
18 inserted over the stem of the funnel. The adult thrips ¢rawl along the
walls of the funnel and gather into the glass wvial, The glass vials are
changed at 2 hr intervals, longer intervals at high temperatures may



result into death of the thrips. For collecting a small number of thrips.
an aspirator can be used,

5.4.2 Examination: Before examining thrips under the micrescope.
they are immobilized by exposure to low temperature This is done by
keeping the aspirator containing thrips n a refrigerator at 4% C for 15
min The thrips become sluggish and are dislodged onto a filter paper
in a petridish. which 15 placed on ice By using 2 light microscope at 74
X individual thrips are picked with a fine camel hair brush (size 0O or
000) and transferred to vials containing AGA fluid (60% alcohol: 10
parts, glycering: | part. and acetic acid: 1 part). The AGA soelution
keeps the specimens in a relaxed condition bul if they are Kept longer
than one month in this fuid it results in discoloration and disintegration
of the tissues. Therefore, thrips are transferred to 60 % alcohol for
permanent storage

5.4.3 Identification: ldentify thrips by establishing homogeneous
colonies with the help of an insect taxonomist. The thrips collected in
AGA luid, and stored in 60 %4 alcohol, can be sent to other places for
identification.

5.4.4 Raising virus-free culture: Start culturing of thrips from
field collected females. Trv to Keep each species separately Five
fermales and 2 to 3 males are picked individually by means of a
moistened camel hair brush and are released zently into a glass vial, 3
cm in lenuth and 1 em in diameter. held in an inverted pasition, The
thrips move upward and gathered in the upper portion of the mverted
vial Introduce a young groundnut leaflet and close the vial with bark
cork. Keep the vials in the incubator adjusted to 12 hourly cycles of
269 C with a light period (4500 Lux). and 71" C with a dark period,
After allowing a 24 hr oviposition access, the thrips are lodged from
the leaflet onto the sides by trapping the individual vial held in an
inverted position. After the thrips are moved to the upper partion of a
vial the cork is removed and the leaflet is transferred to a new vial [or
the incubation of egas A fresh leaflet is introduced mio the original



vial for thips o feed and oviposit. This process 1s continued for 10
days during which 90 %o of the total fec mdln has ocourred

Thrips from cultures are frequenthy L*.};;uﬂint-:i 1o see Hf the
colonies are homopgenepus, They are also released on the test plants o
ascertain that they are virus-free The miethod of culturing thrips on
detached leaflets is simple. economical and allows rearing in controlled
eivironment throughout the vear and insects of ~;|".|L*tiﬁf: age can be
chtained for transmission tests. This method 15 suited tor rearing large
as well as small numbers of thrips.

5.4.5 Inoculation procedure: A host that pr rovides complete
nutrition [or larvae, and contain a high titer of virus s required 1o
ensure normal feeding and virus acquisition. For example [or peanut
vellow spot virus (PYSV), groundnut 1s a suitable host. The leaves
showing early virug symptoms are removed from plants, The leaves are
flaated an water in a petridish  The first instar nyinphs are released on
each leallel with the help of camel hair brusk. The nymphs are allowed
an acquisition access period ¢ 24 hr [or TSWY  After the requisite
acquisition access period, the nymphs are transferred to small vials
containing  healthy leaves. The exposed adult thrps are used n
transmission tests. The thrips exposed 1o healthy leaves are used as
controls, Individual test seedlings are incculated by at least two adull
thrips, After the inoculation access period, the plants are spraved with
0025 percent demeton-s-methyl (Metasvstox-i-(R) Baver) and are
transferred  to eréenhouse for  observations To o confirm virus
transmission. the moculated seedlings are tested by ELISA or
infectivity assay



Chapter 6
TRANSMISSION BY AGENTS OTHER THAN INSECTS

—

6.1 Introduction: In addition to insccts plant viruses are also
transmitted by nematodes, fungi and mites. Nematodes which belong
to the class Nematode and order Dorylamida (family: Trichodoridae)
are known as vectors of the senus Tobraviruses. Eight species of
Xiphinema and  about [ive species of [Longidorus (family:
Longidoridae) transmit about 20 Nepoviruses. There are at least |1
examples of wviruses that are transmitted by soil imhabiting
plasmodiophorid  fungi. These wiruses are transmitted by fung
belonging to two groups of obligate parasites ie. Olpidinm sp.
(Chytridales), which transmit viruses with isometric particles such as
tobaceo necrosis ( TNV satellite and cucumber necrosis viruses. and
Pofvmyxa and Spongospora sp. (Plasmodiophorales) which transmit a
number of viruses including wheat mosaic and potato mop 1op VIruses.

There are only three confirmed cases of plant virus transmission
by mites. These are rye grass mosaic virus transmitted by Ahacaris
hustis and wheat spot mesaic and wheat streak mosaic viruses
transmitted by Acering (ulipe. All these viruses are filamentous and
readily sap transmissible.

6.2 Nematode transmission: Approximately 20 plant viruses are
known to be transmitted by one ar more species of soil inhabiting
parasitic nematodes. Four genera of nematodes are reported to
transimit  plant viruses, and these are Xiphenema.  Longidoris,
trichodorus and Parairichodorys. Two distinet genera of plant viruses
e dobravicnsey and Nepoviruses are transmitted by nematodes
fubravirnses are elongated viruses transmitted by Trichodorns and
Paratrichodorns The Nepoviruses are isometric and are transmitted by
Niplunema and Longidaorus

Al nematode transmitted viruses are relatively stable i vidro,
possess a wide host range of woody and herbaceous plants, and are
also transmitted through seed and pollen. Tobacco rattle, tobacco nng
spot and pea early browning viruses are a few examples of nematode
transmitied viruses.



6.3 Fungal transmission: Some viruses persist in the soil for a
longer time and have been found to be transmitted by fungi The root
nfecting fungus Cpidinn transmits at least four plant viruses. Another
fungus  Pofvanvea transmits two  wiruses and @ third  funcus
MIONgONerd 1ransmits one virus. Some of these viruses are borne
mternally in the zoospores and others are carried externally on the
resting spores and the zoospores When these spores infect the healthy
plants, the virus is transmitted. Examples of fungal transmitted viruses
are peanut clump wvirus, tobaceo necrosis, potato mop top and soil-
borne wheal mosaic viruses

6.4 Mite transmission: Mites {Acaring) are not insects and are
related to spiders (Arachnids). Plant mites feed by sucking the contents
from plant cells  The mites of the families Tetranvehidae  and
Eriophyvidae are wvirus wvectors Eriophid mites are more Hporiant
vectors of plant viruses. Nymphal stage of Aceri Arlipene can acquire
wheat streak mosaie virus, Acquisition and transmission takes place
within  [5 minutes each, and wvirus is retained afier molting. No
evidence ol transovarial transmission is reported.

6.5 Study of nematode transmitted viruses

0.5.1 Sampling: Under field conditions, the outhreaks of nematode-
borne wiruses are usually characterized by the occurrence of crop
infection in patches. Soil sampling is done around the roots of the
plants in infected and non-infected areas 1o determine the kinds of
nematodes present For sampling procedure it should be noted that 1he
largest number of nematodes are present around voune roots of host
plants in the top 20-60 cm of seil. Soil samples should be taken at
various depths (20, 40 and 60 cm ete) in plastic bags and kept cool
untit use. The top few centimeters of field soil are usually scraped away
and the soil beneath s taken with a trowel or spade at proper depth

6.5.2 Isolation: Nematodes are isolated from soil samples by wel-
sieving method. For this purpose 200 1o 300 ¢ of soil sample 15
suitable, The technigue for nematode isolation has been demonstrated
i Fioore 6



]

he soil sample 15 soaked in 2 10 3 ml of water for 1-2 hr
(Figure & lay and then 400 o SO0 ml of water is added and SLESPensian
s agitated vigorously 1o separate nematades from soil particles and
debris (Figure 6 1h), The mixture is allowed 1o setle for 15 1o 20
scconds before decanting the supernatant into a second  container
through a 2-mm sieve to remove the larger soil partcles, debris and
small stenes (Figure 6 1 e.d) The fluid is then sieved progressively
through sieves of decreasing mesh size (mesh aperture |50, 75 and 33
um) (Figure 6.1 ¢, f, g} The 150-um mesh sieve traps mainly the larger
nematodes such as Lowgridorns and Xiphieme sp , mainly the uvinils,
while those remained by the other two sieves are the smaller
nematodes, Srichodors and Pavaivicodorns The material on the
sieves must not be allowed to dry and should be washed immediately
into a heaker with water

The further clarification is done on a Baermann funnel The
suspension 1s stirred. allowed to settle for 15 seconds and the
supernatant 18 poured onto & 95-um mesh sieve. The sieves are placed
on the top of the glass funnel filled with aerated water at abou 200 C,
Living nematodes actively move through the sieves into the water
beneath and settle by gravity in the narrow neck of the filter finnel that
is scaled with & clip (Fizure 6 1k, 1) Collect nematodes within 24 and
48 hr

6.5.3 Handling and identification: Use a binocular microscope
with magnification of 20 to 40 X for identification and handling
nematodes. Mampulate the nematodes with a fine metal toal or
evelash Identity nematodes with the help of 2 Nematologist or using
various keys for Nyshinemea sp.. Longidorns spand Jrichodorus sp,
Preserve the specimens for further identification by gently heating in
water at 659 C for 2 min to kill them and then fix them

6.5.4 Maintaining culture: The first step after collecting
nematodes from field sample is to get virus-free culture for further
transiission studies, which s not an easy job. Maost nematode-borne
vituses are also seed-transmitted with high frequency in common weed
species, The germination of such infected seeds following disturbance
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of the soil may provide an inoculum source for initially virus-free
nematode

Some nematodes are easy to culture in glasshouse and reach a

large number very quickly ey Xiphimema ndex. However, most
nematode vectors multply very slowly. Temperature of about 209 O
has usually been used for culturing nematodes in the greenhouse. High
temperature and very wet conditions should be avoided

0.5.5 Procedure for inoculation

I

L

LA

£

|

2]

-

First prepare micro pots (25 ml for Leagidorns and 12 mi for
fricadorsy without holes) containing sterile medium (sand for
frichodorns: 31 mix sand and palm ol for Loireidforins)
Transplant small imdicator plant seedlings in the pots partially
flled with medium, and allow the plants to establish for 2-3 days
before virus inoculation or addition of nematodes

Once the nematodes are added, & lurther amount of the srowing
medium is also used

[nsert the micro pols i moist sand with proper conditions, ie
209C temperature and high humidity.

The virus source and bait plants must be suitable for both virus
and nematode multiplication. Chenopadivm guinoa, Nicodiana
fahacum, and Petiiia Rybrida can be used for this purpose.

Try to use aduli nematodes and not the juveniles, as wvirus
specifically attached to the feeding mouth parts is lost during
miclting,

Generally a single nematode 15 used for inoculation, however,
when the transmission rate s low co in case of Longidorny
species, group of 10 or more are used. Keep as many replicates
as possible, but at least 10 with control

The length of acquisition and transmission access periods van
Three to four weeks are recommended for Longidorns and 7-14
weeks for fricodori

Extract the nematodes by immersing the micro pots in water.
gently dislodge and shake to free them from soil particles

Plant roots are washed in another water containgr and the water
from this second wash is pooled with that from the first wash and



used for extracting nematodes  The method for extraction has
already been described

1. After washing plant roots can be examined under the hinocuiar
micrascope for root galls caused by nematode feedings

12 For transmission test. it is better 1o test rools and tops of bail
plants separately [f wirus is present in plant tops, i ndicates
virus transmission by nematode. Virus presence  should be
confirmed by testing (e ELISA}

13 The presence ol wirus in the estracted nematade can be
confirmed by moculating nematode extraet to indicator test
plants

14 ELISA is nol a recommended method for detecting virus in
nematodes. as 20-50 nematodes are required to achieve sufficient
sersivity

The outlines of the procedure for testing viruy transmission by

nematodes are given in Figure 6.2

6.6 Procedure for fungal transmission

6.6.1 Isolation: After having indication that a [ungal vector s
mvolved in the discased plants. soil 'z=np|m are collected and bai
plants are used 1o recover both the vimgs and possible [uneal vector
Soil sampling procedure s the same as has been described in case of
rematode transmission tests, is better to collect the soil sample
around the roots of the ':nl‘r:-:md plants Soil samples are usually mixed
with sterile sand and placed in sterile pots Infectivity of soil is usually
greater (f soil 1y mn*p.kd after over-wintering and or air drying. betore
testing, due to the increased release of zoospores from resting bodies.
Generally the plants which are infected under field conditions are also
wsed [or ereenhouse tests It 1s better Lo zrow plants froun sceds to
avoid root injury during transplantng

6.6.2 Maintenance of vector culture: lsolation of speatic
vertar species and vector (or non-vector) strains is more diflicult and
require several different approaches. One approach 15 10 mamtain
culture at different temperatures in order to eliminate or decrease
unwanted organisms at non-permissible temperatures T'he methods are
tor establish cubtures on selective hosts and dissect out ropt pieces
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comtaining the desired fungal species. In order to establish fungal
vector culture, in 3-4 weeks, the roots of bait plants are washed free
from soil and used to establish further cultures. Fungal species can be
identified with the help of a Mycologist

COnce the funeal culture has been obtain >d, they can be
maintained by transferring zoospores suspension 1o fresh bait seedlings,
The growing media for such purpose are sterile sand malachite. or
small glass beads Active plant growth is maintained by watering with
nuirient soluticn.

When fungal vectors are cultured from naturally infected plants,
the culture will also contain the virus A virus-free culture of the
fungus 1s necessary to demonstrate virus transmission Such a culture
may be obtained from soil samples taken from outside the diseased
area. 11 the virus is carried on the zoospores externally, virus van be
eradicated Dby chemical treatment such as hvdrochione acid or
detergents, ribuvirin or incubation with virus antiserum Alternatively,
serial culturing of the fungus on a non-host of the virus for sonte weeks
can be effective Once fungal cultures are abtained, they should be
preserved for reference and future use Fungal vectors are easy 1o
preserve as they produce stable resting spores Root pieces infected
with fungus, when air-dried and stored in sealed container. remain
viable for many years

6.6.3 Vector transmission tests: In fungal vector transmission
tests. zoospores are used effectivelv. Zoospores suspension is obtained
from culture of funzal vector. A ush of Cipidium brassica ZODSPOTEs
s released m 2-3 min afier roots are immersed in water. For other
vectors such as Polimiva graminy and Spongospora subierranea,
release of zoospores occurs when roots are immersed in water
following air-drving. Generally, zoospores loose their activity after 10-
G min i water In order to maintain the activity of the ZO0OSPOTEs it 18
better 1o use 2 % Knop's solution, 5 % Hoagland's selution. 001 M
phosphate buffer or 0.05 M glyveerin and bovine serum albumis

After preparing suspension of virus-lree zoospores, it is poured
around the roots of virus source plants infected with virus either by
mechanical inoculation or virus-containing sap or by grafl inoculation.
The plants are incubated for 2 to 4 weeks 1o allow time [or fungal



colonization of the roots and virus acquisition, A zoospore suspension
is collected from the roots of these virus-source plants and used to
inoculate healthy virus-lree seedlings baw plants wiowing in sterile
medium in pats. Zoospore suspension can be mixed mr vifro with
preparations of partially purified virus particles or virus In sap extracts
from infected plants After a few hours this mixwure can be added
directly to healthy bait plant roots

The inoculated bait plants are kept for 3 o 8 weeks at about
200C . depending upon the virus bait plant species nvolved, and wail
for virus symptoms development in leaves andior virus meliipheation In
roots  Test the inoculated plants for virus presence in roots and
terminal parts of the plants separately Virus can be detected either by
infectivity assay or by serology (eg ELISA) In transnussion lests,
always inoculate the tollowing control treatments {1} zZoospare
suspension without virus 10 confinm they were intally virus-free and
the fungal infection is not the cause of disease svmptoms (it} virus
suspension free from zoospores to demonstrate thal no [ransmission
occurs without the presence of the vector (iii} untreated bait plants
nitially virus-free,

The symptams expression of the inoculated plants is generally
influenced by high temperature (greater than 200 and temperatures
of 142 or 180 C are considered optimum tor most viruses

6.7 Transmission through seeds and pollen Seed nfection
plays a major role in both the survivel and perpe vation of wviral
pathogens Seed intection 15 not only important in local  spread of
virus. it is instrumental in long  distance  dissemination  durmg
international exchange of commercial seed or germplasm. At present,
more than 200 viruses are reported to be seed-transmitied  The
percentage of infected seed produced by an individual plant varies
reatly depending on the virus. host plant involved, and a number of
other factors. Seed transmission rate is usually very low except in few
cases.

In most seed transmitted viruses, the virus scems Lo originate
mosily from the ovule of the mfected plams. but several cases are
known in which the virus is introduced wia the polien during
fertilization In nature viruses transmilted most frequently in seeds tend

A



to be confined to a few plant virus gencra such as Criptoviruses,
Hordeiviruses, farvirnses, Nepovernses., Peivvirases, Tobameoviruses
and Jobravicnses. All Cripiovinses are seed-transmitted with a high
frequency Detection of seed transmission in particular hosts of the
virus under study is helpful in ehminating the likelihood of the virus
belonging to certain groups.

6.7.1 Detection of seed-borne viruses: Correct identification of
sced-borne viruses is a fundamental step in any method adopted for
control of a wvirus disease or for certification purposes  Sicnificant
progress has been made for rapid identification of viruses in leaf and
seed tissues Most of these diagnostic methads depend on the detection
of virus antigens (i.e coat protein), whereas hybridization tests permit
the detection of specific viral nucleic acid by the use of isotope or non-
1sotope labeled complementary DNA {(cDNA) Various methods which
are commonly used for detecting seed transmitted viruses are discussed
helow

Testing of progeny seedlings is the only way of determining if
secd Lransmission oceurs. However, Infectivity assays or serological
tests are conducted directly on seeds are often used to detect seed-
borne infecticns

6.7.1.1 Grow-out test: This test is based on virus symptoms
appearance in the seedlings emerging from virus-infected seeds In this
test, called "controlled environment room test”. seedlings are grown i
a controfled chamber or greenhouse and the presence of virus is
determimed afier 2-3 weeks, when the seedlings  express  virus
svmptoms The major disadvantazes of this test are the following,

I Tt takes a long time to standardize grow-oul test in order to
obtain reproducible svmptoms

2 Alotof controlled room/greenhouse space is required

3 The symptoms may be confused with deficiency symptoms

4 The possibility of having 2 latent infection (symptomiess)

[n this test the seeds 1o be tested are grovwn m pots with sterile
soil In an insect-free ereenhouse The seedlings are observed for virus




svimptoms The presence of virus is confirmed either by seralogical or
infectivity tests

6.7.1.2 Infectivity test: In this method the presence of virus is

assayed by inoculating extracts of seed or seedlings on indicator plants

such as Uhenopodiim amacanticotor, O gumoa, Plhaseolus valgariy,

Vgt riealara, Daniea strgmorinm et This method could also

reveal the sympiomless or Tatent infection of plants as in grow-out test

However, this test has the [ollowing himitations;

L. It needs a span of time to standardize the indicator hosts and 10
record the symptoms,

2. Alet of contrelled environmental chamber or greenhouse space 1s

required.

The test 15 labenous and time consuming,

el

6.7.1.3 Serological tests! These tests are based on the specific
reaction between antibodies and antigens. Serum contaming antibodies
ts called "antiserum” . Antiserum 1s produced by injecting purified virus
preparations into a rabbil. The antiserum iz used (o perform serological
tests, which are the most reliable and practical methods for the
detection of seed-borne viruses,

The important serological methads which are used for detecting
viruses in seed are agar el double diffusion test, microprecipitin test,
dot-immunobinding assav (DIBA). immuncelectron microscopy (IEM)
and enzyme-linked immunosorbent assay (ELISA)

6.7.1.3.1 Agar gel double diffusion test: In agar el double
diffusion test the antigens and antibodies are added o wells punched in
agar o1 agarose They diffuse through the asarose and form a thin
precipitin Iime where they meet in optimum proportions  This test is
less sensitive, requires more antiserum and difficult te perform with
elongated viruses, Details of this test are discussed in Chapter 8

6.7.1.3.2 Microprecipitin test: The microprecipitin test involves
placing of small drops of antiserum on plastic or plastic-coated
petridishes or n small wells in plastic trays. Plant or seed extiract is



added to the antiserum and the drops are viewed under the microscope
e observe precipitation. Different antiserum antigen ratios can be
tested. Drops in petri dishes are covered with liquid paraffin to prevent
evaporation. This test was mmitially tried for routine testing of pea seed-
borne mosaic virus {PSbMVY) in seeds

6.7.1.3.3 Dot-immunobinding assay (DIBA) The basic
principle of this assay is similar to that of the plate EL1ISA In this azsay
antigens are first immabilized on nitrocellulose membranes Smce these
membranes have a high affinitv for proteins, therefore. it is essential to
block the free protein binding sites of the membrane This step 1s
usually done with non-fal dry milk, or bovine serum albumin or gelatin
This process is called "blocking” Immaohilized antigens 15 then exposed
to solutions of unconjugzated virus specific antibody  Usually crude
antiserum is used for this purpese Trapped antibody is probed with
alkaline phosphatase (ALP), or horseradish peroxidasze (HRP)-laheled
protein A, or anti 1eG Finally the conjugate treated membrane is
exposed to substrate solution ie naphthol phosphate for ALP
Maphthol phosphate in the presence of ALP is converted to phosphornic
acid and naphthol. Naphthol 15 detected by adding the diazomum salt,
which together form 4 coloured, insoluble product which can be
detected visually
The main advantages of DIBA over ELISA are
I It permits to detect virus in extremely small volumes such as in
seed and insects,
2. Membranes are cheap and easy to transport
3 Membranes are easier to process than ELISA plates
The details regarding procedure of this test are given in Chapler 8

6.7.1.3.4 Immunoelectron microscopy. In this method virus
and antiserum are reacted together and the results are viewed under the
electron microscope (EM) Carbon coated copper grids are first coaled
with virus specific antiserum, and then with virus containing extract of
seed or seedhings Viruses trapped with the antiserum remain attached
on surface of the grid and then are detected by negatve staining and
viewing under the electron microscope (EM) This method can give
00 fold or more merease in sensitivity over conventional electron



microscopy i detecting viruses, 1t is the most sensitive method of all
serological tests Results are rapid, and a very small amount of
antiserum is required  The only limitation is the high cost and
avatlability of electron microscope. The details of this procedure arg
given in Chapter 9,

6.7.1.3.5 Enzyme-linked immunosorbent assay (ELISA):
The basic principle of ELISA is to immobilize the antigen on the solid
surtace and probing with specific immunoglobulin carrying an enzyme
label. There are two main categories of ELISA procedures, "Direct
ELISA (DAS-ELISA) and "Indirect ELISA (DAC-ELISA) The DAS-
ELISA is highly strain specific, whereas the indireet ELISA (DAC-
ELISA) is more sensitive but fess specific than direct ELISA Mostly,
ndirect ELISA is used to detect viruses from seeds

In "mdirect ELISA" (DAC-ELISA} procedure the plates are
first coated with antizen. The immabilized antigen is then targeted by
unconjugated virus specific antibody in crude antiserum The trapped
antibody is detected by an enzyme laheled secondary antibody e g ooal
anti rabbit 1¢G The main advantage of the DAC-ELISA is that one
enzyme conjugate can be used for all systems This form of ELISA is
particularly suitable for wvirus detection during disease surveys, for
testing virus presence in seeds and to establish serological relationships
among viruses It is also more economical than DAS-ELISA. Details
of ELISA procedures are discussed in Chapter 9



Chapter 7

VIRUS PURIFICATION

7.1 Introduction: In order to identfy a new wvirus disease. the
properties of the virus particles need to be determined. Some of these
properties can be determined using crude sap, which can lead to a
rentative virus diaonosis, or of assigning the causal virus to a virus
family or genus. To determine the properties of the purified wirus 1s an
gssential part of virus characterization

7.2 Purification procedure: Purification of plant viruses is most
comunenlty obtained by ulira centrifugarion of plant sap This invalves
difterential cemrifugation 1 o 3 cveles of alternate high (40,000 -
100,000 o or mare) and low (3000 - 1G.000 ¢} speed centrifugation
Ulira centrifugation separates the virus from the host constituents
Several modifications of the ultra centrifugation techniques partigularly
the use of density gradient centrifugation are commonly used. In all
these methads, the virus is (inally obtamed as a coleriess pellet in a
tube and may be used for different purposes.

The purification procedure mvolves the [ollowing steps (a)
extraction (h) clarification {¢) concentration and {d) firther purification

Tia.d I’tegmrﬂtmn of buffers: Different buffer svsiems are used
depending upon the virus or virus strain and its stability at differemt pH
values. The most comman buffers used for virus purification, and the
procedure of their preparation i3 outlined below Buiffers should  he
stored at 49C . 1t s better 1o prepare fresh buflers for each puritication.

Potassiwm phosphate buffer: Phosphate buffers are usually used
between 001N and 0 558, and between pH 7 .00 and 8 00 To prepare
(.50 phosphate buffer at 70 pH, dissolve the following in one liter
disiilled water:

Potassium phosphate (monebasic) KHa POy 2du
Potassium phosphate {dibasic) KaH POy S4u

Check pH wath pH meter, it should be 7.0, store at 49 €




Sodium bhorate buffer: Mostly used between 005 and 0.5M and
between pH 7.5 and 8.5, 0.5M borate buffer at pH 7 3 is prepared as
follows

I Dissolve 61.8 g of boric acid (Hy BO3z) in | liter of distilled
water. Add a small volume of 10 % sodium hydroxide (Na OH)
solution to help dissolve the boric acid crvstals.
Prepare | N sodium hydroxide solution by dissolving 40 g of
NaCl pellets in one hter distilled water,
Add 1 N sodium hydroxide solution to boric acid selution until
pH 7.5 is obtained.

-2

Ll

Sodium citrate buffer: 1t is used between 0. IM and 05M and
between pH 6.0 and 7.4. To prepare 0.5M citrate buffer at pH 6.5
L. - Dissolve 105 g of citric acid in one hiter of 1 N NaOH.
2 Add 0.5 M NaOH to the above solution until pH 6.5 is abtained
{an almost equal volume of NaOH will be required to reach the
correct pH).

Tris-HCT buffer: 1t 15 used between 0.1M and 0.3M, and between pH
7.2 and 8 4. To prepare 0.5 M Tris-HCl at pH 8.0
I, Dnssolve 303 g of Trs (hydroxymethyl) amimomethane
[(NH3.C [CHEOH};;] n distilled water (approximately 400 ml)
2 Titrate the Tns solution with 10% hydrochleric acd (HCI)
{approximately 100 ml) until  pll 8.00 15 reached. Make up
total volume of solution to 500 ml with distilled water,
Note: See Appendix-3 for preparation of buffers,

7.2.2 Extraction: Systemically virus infected leaf tissue is harvested
and stored at 4° C or chilled for one day before extraction. All the
materials to be used for virus purification must be kept cold (1-59 C).
[f'1t 15 not possible use ice bath for keeping the materials cold and use
only chilled solutions. In some cases fresh harvested virus infected
plant tissue can be used,

The first step in plant wvirus purification is extraction by
homogenizing infected leaf tissue thoroughly in an electric grinder after
adding an extraction buffer (phosphate, borate or citrate) at proper pH

gl



and molarity and in the presence of stabilizing or neutralizing agents,
Usually T g of leal"tissue is ground in 2 - 4 ml of extraction bufTer

7.2.3 Clarification: Contaminating host proteins are commonly
denatured by using some organic solvents like ehloroform, butanol,
ether or carbon tetrachloride. The organic solvents also help to release
virus particles attached 1o the cell membranes. The selection of areanic
solvents depends upon the wvirus and virus strain. Some viruses are
denatured by certain organic solvents. The most commonly used
organc selvent s chloroform, but this solvent should not be used for
enveloped wiruses like tomato spotted wilt virus (TSWYV) and
rhabdovirses.

Sodiwm  diethyldithiocarbamate  (Na-DIECA)  ar  ethylene
diamine tetraacetic acid (EDTA) are commonly used during extraction
which neutralizes the acid components of leaves, prevent aggregation
and adsorption of virus particles on cell constituents and may even
prevent virus degradation Detercents like Tween-80, Triton X-100
may also be used during extraction to prevent aggreeation of virus
particies.

Clanfication can also be accomplished by subjecting the
homogenized extract to low speed centrifugation (about 3000 X o).
The centritugal extract is sieved through muslin cloth or glass woal

7.2.4 Concentration: Afier clarifying the extract. the suspension is
treated further for concentrating the virus. The most commonly used
method 15 precipitation with polyethyvlene glveol (PEG) of malecular
weights 6000 to 83000, Since this is hydrophilic agent it causes virus
particles to ageregate Addition of NaCl {to a final concentration of
O IM or .2M) is essential to enhance precipitation. If PEG proved
not to be effective, high speed centrifugation {(over 100000 & or
above) or centrifugation through a sucrose cushion (30 to 40 %) may
be sutable.

Ultra centrifugation: Ultra contrifucation is the sedimentation of virus
particles under the influence of a centrifugal force A particle will
sediment if its density is more than that of the solution, but will float if
its dengity 15 less,



Sedimentation rate: Sedimentation rate of a particle 1s the distance
that it travels in a specified interval of time under a constant centrifugal
force,

Sedimentation coefficient: 1t is denoted by "s" or " 820 W, and it 15
the velocity in centimeters per second at which a particle will sediment
in a field of one dvne (1/981 g) in water at 209 C_ Sedimentation rates
af virus particles during centrifugation depend on their shape, size and
density, density of suspending medium, and on centrifugal force
apphed.

7.2.5 Further purification: Further purification of virus
I F
preparation is oblained by the use of density gradient centrifugation

7.2.5.1 Rate zonal centrifugation: The virus sample is layered
on the top of a linear gradient, the most commonly used [0-40%
sucrose. The components of the virus preparation precipitate under the
enhanced gravitational field at different rates to form layers (virus
band) in the tube depending upon their shape, size and density, It is
called rate zonal centrifugation. In this vase centrifugation 15 stopped
after a short time {1-3 hr), while virus particles are still moving down
the tube Rate zonal centrifugation is the most widely used method for
elimination of contaminating host plant matenal and for concentration
of virus preparations,

7.2.5. 2. Isopicnic gradient centrifugation: In sopicnic gradient
centrifugation separation of different particles in mixture is obtamned
straightway on the basis of their respective buovant densities, and
centrifugation is stopped only when all the particles have accumulated
in bands of their respective densities. In this case a solution of a salt of
high molecular weight (most often Cesium Chloride) 15 mixed with the
virus solution in a centrifuge tube. The tube is centrifuged at high
speed for a long time (24 - 48 hr) which causes the salt to lorm a
concentration gradient and hence density gradient. Virus particles
accumulate in the form of a band(s) in the tube where their buoyant
density equals toe the buovant density of medium, The band formed is




independent of size and shape of the virus particles. This technigue is
especially useful for separating the different components of a
multicomponent virus and for nucleic acid characterization,

The wirus bands formed in the tube during density gradient
centrifugation are collected and again sedimented with high speed
centrifugation. The final pellet is resuspended in a proper buffer and
stored in a refrigerator at 49C provided that an anti-microbial
substance such as sodium azide (0.1%) is added. Alternatively, sample
can be lyophilized (frecze dried) and stored at =200 C,

7.3 Determination of virus concentration: After getting
purified virus preparation, 1ts concentration can be measured by using a
spectrophotometer. Viruses being nucleoproteins have characteristics
absorption spectra. The absorption of ultra violet (UV) light by viruses
is due both to their protein and nucleic acid components. Absorption
by protein is mainly by the amino acids tryptophan, tyrosine and
phenylalanine and shows maximum at 280 nm and minimum at 260 nm,
The nucleic acid bases, particularly adenine and uracil absorb UV light
at 260 nm (maximum) and 230 nm (mummum). Nucleic acid
absorbance is about 20 times stronger than the equal concentrations of
protein. The property of UV light absorption of wviruses help to
determine virus concentration in a purified virus preparation

Most viruses show maximum absorption near 260 nm and
minimum at 240 nm. The 260/280 ratio depends on the nucleic acid
content, and therefore, this ratio can be used for estimation of nucleic
acid contents of wviruses. The wvirus concentration n a purified
preparation can be determined from its UV light spectrum by using its
specific extinction coefficient (Ejqp %0y at 260 nm,

7.3.1 Extinction coefficient: When the wvirus absorbance is
measured for 1 em layer of | mg/ml virus preparation, it is called
extinction coefficient (E) and is written as (Ejom1%0). The- extinction
coefficient of some viruses have already been determined and 15 given
in Table 7.1



Table 7.1: UV light absorbance characteristics of some plant viruses

Virus Percent A 2601280 (Etem'”™)
nucleic acid

Tobacco mosaic 5 1.19 2R

Potato virus X 6 1.20 2.97

Potato virus Y Y6 1.21 2.4

Cucumber mosaic 18 1.70 5.0

Tobacco necrosis 19 1.70 5-5.5

Bean golden mosaic 29 1.40 TF

Turnip vellow mosaic 33 181 0.96

{Stcx-'{:nsmﬁ, 1983)

Fach virus has a fixed ratio of protein to nucleic acid. Most
elongated viruses have 93% protein and 5% nucleic acid. Whereas,
isometric viruses have about 90% nucleic acid and 10% protemn. For
example, TMV has 95% protein and 5% nucleic acid by weight, If it 1s
scanned with UV light the absorbance at 280 nm waill result from its
protein content, and absorbance at 260 nm will determine RNA
content. Thus the ratio of absorbance at 260 nm (A240) to absorbance
at 280 nm (Aogp) has a value of 1.19 for TMV and is a fixed feature of
this wirus,

Example: 1f absorbance values of UV light of cowpea aphid-borne
mosaic virus (CABMYV, an elongated potyvirus) at 260 nm is 0.9372,
calculate virus concentration of CABMY in 4 ml volume of virus
preparation.

Solution
Reading at 260 nm
Virus concentration = ~ x dilution factor x volume
Extinction coefficient
09372

= vl % 1x4=1.562 mg per 4 ml|
2.4 (for potyvirus)



Three virus purification protocols have been described below,
One for isometric ssRNA cucumber mosaic virus (CMVY), one for an
eloncated ssRNA pea seed-borne mosaic virus (PShMV) and the other
for spherical dsDNA cauliflower mosaic virus {CaM V),

7.4 Purification of CMV (an isometric virus): CMY is easy
to purify as it occurs in the host in high concentration, CMV
purification protocol is as follows

741 Virus propagation: lnoculate cowpea strain of CMY an fully
expended primary leaves of a susceptible cowpea variety. Harvest the
leaves 15-21 days after inoculation

7.4.2 Purification procedure: For virus punfication tollow the

following steps.

| Keep all the buffers to be used. rotors and homogenizer at 49C

overnizht,

Harvest 200 g of systemically infected cowpea leaves and chill

them at 49 C overnight.

Add 400 m) af 0.5 M sodium citrate buffer at pH 6.5, containing

0.4 ml thioglycolic acid, and add 400 wml of chlaroform All

additives must be prechilled at 49 O All operations should be

carried out at 49 C and in refrgerated centrituge,

4 Homogenize the mixture for 4-5 minutes in an electric blender
until a fine homogenate 15 obtamed.

5 Centrifuge the homogenate at low speed (4000 rpm | 500 X g}
for 10 min Discard the pellet, and filter supernatant through
cheese cloth.

6. Add 10 % (W/V) polvethylene glveol (PEGT Mol Wi 6000) to

the supernatant and stir it o dissolve at 49 C for 40 min

Centrifuge at 10,000 rpm (3000 X g} for 20 minutes, discard

supernatant and save pellet

8. Resuspend the pellet in 0.05 M otrate buifer at pH 7.0,
containing 2 % Triton X-100, and using 35 ml of buffer to each
35 ml capacity centrifuge tube, leave overmight or dissolve while
stirring at 49 C for 30 minutes

1-.3
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9. Centrifuge at 15000 X for 20 minutes in an ultracentrifuge Retain
the supernatant and discard the pellet

11 Centrifuge the supernatant at 75000 X for 150 mun m an
ultracentrifuge. Discard the supernatant and retain the pellet.
Resuspend the pellet in 1 ml of 05 M citrate buffer at pH 7.0,
leave over night at 42 C

1. Centrifuge the resuspended pellet at 5000 X g for 10 min. Retain
the supernatant and discard the pellet. The supernatant will
contain the partially purified virug

12 Prepare 10-40 % sucrose gradient, It should be prepared one day
before it 15 used and kept at 49 C

13 Laver 1 ml partially purified virus on 10-40 % sucrose gradient
tubes and centrifuge in a Swingout rotor (28,000 rpm) SW-25
Beckman Rotor, for 130 min, Virus band will appear in the tubes.

14, Collect the virus band with syringe and dilute it with two-third of
the buffer used for preparing sucrose gradient and centrifuge to
sediment the virus Save the pellet, and discard supernatant,

15 Resuspend the pellet n 0.01 M citrate buffer pH 7.0, and take
reading using spectrophotometer, calculate virus concentration at
260/280 nm ratic. and do the electron microscopy and take
photographs. The outlines for CMV purification have been given
n Figure 7.1

7.4.3 Preparation of sucrose gradients
. Prepare sucrose solutions by dissolving the following quantity of
sucrose in distilled water or of low molarity buffer (0.01 to 01M
phosphate buffer, pH 7.0} suitable for virus concerned

S ¢ sucrose i 50 ml bufler (10 %)

10 ¢ sucrose in 30 mi buffer (20 %5)

15 @ sucrose in 50 ml buffer (30 %)

20 g sucrose m 50 mi butter (40 %)
2. Add the sucrose solution to a 9 om x 2.5 cm cellulose mitrate
centrifuge tubes Then slowly and carefully with the tp of the pipette in
contact with the bottom of the tube allow 7 ml of the 20% solution to
run out below the 10% solution (Figure 7.2). Then add, 7 ml of the
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Figure 7.1: Qutlines of purification procedure for CMV.
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0% and 15 mi of the 40% selution. Keep these tubes to stand at
4':’ Cover night to enable the solutions to diffise to form a
sradient
Carefully layer 05 ml of the parnally purified virus on the tep of
the gradient, by slowly running the virus down the side of the
tube above the surlace of the sucrose
Balance all the tubes, centrifuge the gradients m a swing out
bucket rotor for 1 to 1.5 hr at the speed recommended for rotor
concerned.

After centrifugation vou will observe opalescent virus band i the
tubes under narrow beam of light shown vertically down through
the tube. The wvirus band may be removed with hypodermic
SVTIILE.

The virus mav be separated from the remaining sucrose solution
by dialysis against 0 0FM citrate buffer over night a1 4¢ C, or by
diluting with the buflfer. The diluted virus s then subjected to
centrifugation at 73000 ¢ for 120 minutes and the resulting pellet
15 resuspended inoa HI"'I-:l” volume ol distilled water or of low
malarity concerned buffer The punfied virus 15 then used for
antiserum production or mochemical analysis

Purification of PSbMV {(an elongated virus): The

purtfication procedure for PShMV involves the following steps;
[ Prepare the following buffers before starting punfication:

(.20 Borate buffer {extraction buffer), pH 8.0, in one liter distilled

waater

Boric acid: 500 ¢
socdinm borale tdecativdrated) i e g
ELTA {ethyvlene diamne tetra acelic acids hive
Beta-mercaptocthanol 4 il
Trion X 10 1l
0.01M Borate buftfer, pH 8 0, in one liter distilled water
Barie acid; h438
Sodum baralcdecabydrated): th A9
ELT A (3T
Beta-mersapioctang 5 ml
Triten X L 10 il



2. Grind one part well chilled virus-inlected plant ussue in 3 parts of
extraction buffer (02 M borate buffer, pH 8 0) with 1 % antifoam
B and 20 % chloreform in eléctric belnder for 3-4 min

3 Centrifuge the extract at 3000 rpm for 10 min, filter the

supernatant throush glass wool or cheese cloth

4 Add 6 % polvethylene gheol (PEG) 3000, and stir for 45 min at
AR

5. Cenwifuge at 10000 rpm for 10 min, save pellel, resuspend the
pellet in O 1 M borate bhutter, pH 8.0

6 Spinat Jow speed (5000 rpm) for § min and save the supernatant

after Bltering through wool glass or cheese cloth.

Layer 3 ml 30 % sucrose under the supernatant (25 ml high speed

centrifuge tubes), and spin at 120000 ¢ for 1.5 hr, save the pellets.

5. Resuspend the pellets inoan appropriate quantity of 001 M borate
buffer overnighr at 49 C,

Y. Spinat low speed (10000 g) for 5 min, save the supernatant and
laver | ml crude preparation on to 10-40 %% sucrpse gradient
prepared in 001 M borate buffer pH 8.0, centrifuge at 104000 ¢
for 2.5 hr

10, Remove virus bands manually with syringe. sediment wvirus at

120,000 & for | hr, and resuspend in 0.001 M borare buffer without
EDTA or Triton X 100
11 Spectrophotometnicatly estimate the virus concentration
The outlines of the procedure described above for PSBMV are
aiven in Figure 7.3

-

7.6 Problems of virus aggregation with elongated viruses:
Cienerally the viruses with elongated particles are ditficult to purity
hecause of their tendencies towards ireversible aggregation during
extraction and concentration with consequent loss of virus during fow
speed centrifuzation. Augrecation of virus particles. and virus and host
components durma purtfication reduces the amount of virus recovered
However, losses associated with low speed centnfugation dug to
aggregation of wvirus particles may be reduced by the additon of
ethylene diamine tetra-acetate (EDTA) and Triton X-100 to ennding
and subseqguent resuspension buffers. Shehtly alkaline phosphate butfer

=
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Figure 7.3: Qutlines of purification procedure for PShMY.



along with EDTA or any other salt is most commonly used for virus
extraction, This neutralizes acid components of leaves, gives a
favorable final pH of the extract, prevents aggrepation, or adsorption
of virus particles on cell constituents and may even prevent virus
degradation. The net charge on virus particles at isoclectric point (the
pH value at which total negative and positive charge on a virus particle
are equal) is zero, and the virus precipitates at this pH, The pH 4.00 13
the isoelectric point of most viruses which are best soluble and most
stable at around pH 7.00, However, brome mosaic, cowpea chlorotic
mottle and satellite tobacco necrosis viruses are more stable at pH
5.00, since their isoelectric point 15 around 7,00

7.7 Purification of CaMV an isometric dsDNA virus:
The purification of CaMV involves the following steps:

1. Grind 100 g of infected plant tissue in 0.1 M phosphate buffer, 13
(w/v), pH 7.2, containing 0.75% sodium citrate,

2. Squeeze through cheese cloth which has been washed in distilled

water,

Add 6% urea, 2.5% Triton X-100 and 8% butanol. Stir while

adding.

Shake overnight at 49 C.

Centrifuge at 5000 rpm for 10 min in GSA rotor. Save supernatant.

To supernatant, while stirring, add 8 % PEG (MW 6000} and 1 %

NaCl.

Stir in cold shaker for 1 hr,

Centrifuge at 10,000 rpm for 10 min,

9. Resuspend pellet in 001 M phosphate buffer, pH 7.2 (20 ml, 10
ml/bottle). resuspend slowly in the refrigerator overnight.

10 Put in smaller centrifuge tubes and centrifuge at 5000 rpm for 10
min,

I1. Put the supernatant in ultracentrifuge tubes and centrifuge at
45,000 rpm for 60 min (add 25 min run up time), Balance the tubes
with buffer (within 0.1 gm).

12 Decant the supernatant and resuspend pellets in 4 ml (total volume)
of 0.01 M phosphate buffer, pH 7.2, slowly i the refrigerator
overmght,
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13, Thaw sucrose gradient (at room temperature: small tubes 1 hr,
large tubes | hr 45 min).

4. Shake sample and then centrifuee at 3000 rpm for 10 min

15, Load the supernatant sently onto the sucrose gradient tubes (10-40
% sucrose gradient) and balance the tubes The size of tubes to be
used depend on the volume of virus In virus preparation, 1-2 ml on
the small tubes and 2-3 ml on the large tubes Load the S5W 40
Beckman Rotor and run at 29000 rpm for [38 min, or the 5W 28
Beckman Rotar at 24000 rpm for 90 mim (allow 20 min extra to
et up ta speed)

[6 Warm up the ISCO density gradient fraction and UY momtor and
run blanks and then the samples. Pool the virus containing peaks.
Alternatively the wirus fractions may be collected manually by
SYTITIe

|7 Balance the tubes and label. Centrifuge at 3% 000 rpm for 2 br in
the TY 65 Beckman Rotor Clean the 1SCO equipment

18, Pour off the supernatant and resuspend the pellet in 0.3 ml of 0.01
M phosphate  bufter. pH 7.2, overmght  Estimate virus
concentration using spectrophotometer

The outlines of the purification procedure for CaMV are given

i Figure 7 4

7.8 Antiserum production: Once a purified virus preparation is
obtained. it could be used for antiserum production. which 15 essential
for serological tests, Antiserum is produced by injecting purified virus
in a number of ammals. Rabbits have been used most often since they
respand well to plant viruses, are easy 1o handle and produce suflicient
volune of serum. Generally, white New Zealand  rabbit, chicken
(Figure 7.5), mouse and small goats are used for antiserum production
against plants viruses Repeated intravenous or intramuscular purified
virus injections are given at short antervals (-2 weeks) For
inframuscular injections the virus preparation is emulsified with an
equal volume of Freund's Complete or Incomplete adjuvent {a mixture
of mineral o1l and surface active agent | which nereases the yvield of
antibody and may prolong its production). Injection schedule vary from
worker to worker depending upon the virus being used. Generally,
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Figure 7.5: The most commonly used small animals for antiserum
production (a) white New Zealand rabhit (b) broiler chicken.
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antibody production increases progressively and reaches a maximum 4-
0 weeks afier the imitial injection

7.8.1 Procedure for virus injection: The following procedure

can be used to produce antiserum against a particular virus  The

puritied virus being injected into rabbil must be tree of host protein

contaminates to produce quality antiserum.

| Take | ml of purified virus (0300 mg/ml) and thoroughly mix it
with 1 ml of Freund,s Complete adjuvant (a substance which allows
slow release of the antigen within the animal). Inject mixture into
the thigh muscle of the white New Zeland rabbit or other available

animal.

2. Three to eight imjections are usually administered at weekly
intervals.

3. Take first bleeding from the immunized rabbit after 3rd or dth

injection (by drip bleeding approximately 15-20 ml from the outer
vein of the ear or directly from heart) and then at two weeks
ntervals. Usually 3- 4 bleeding wiil provide sufficient  antiserum.

4. A booster injection(s) 4 to 6 weeks after the fourth or fifth
injection will often vield a high titer antiserum.

7.8.2 Separation of serum from blood: Afier taking blood
from the rabbit, it is allowed to coagulate at room temperature for 2 to
3 hours or at 379 C for 1 hr. The clot is separated from the sides of the
container by a sterile glass rod very carefully and then it is stored at 49
C overnight to release antiserum. The clear antiserum is separated from
the clot with sterile pasteur pipette. If necessary the serum is further
clarified by centrifugation in a bench centrifuge at 500 ¢ for 5 minutes.
The antiserum is stored by mixing an equal volume of glycerol (0.5 ml
glveerol © 0.5 ml antiserum} or by freeze dryving. One drap of 0.02 %
sodium azide (NaN3) is added to each vial of 1 ml to avoid
bacterial/fungal contamination Freeze dryving in 1 or 2 ml ampules
contaiming small amount of antiserum preserves the antiserum for long
period. Store antiserum in the lvophilized form preferably in 1 or 1.5
ml volume at - 200



7.8.3 Determination of antiserum titer: The highest dilution
of antiserum (antibody) that reacts with its own homologous antigen
(virus) is called titer of the antiserum When antivens and antibodies
are mixed they combine and form a precipitate Historically, the titer of
the antiscrum 1s determined by precipitation tests. More commonly,
tube precipitation test is used for titer determination. In tube precipitin
test a small volume (40 25-0.5 ml) of virus suspension is mised with an
equal volume of antiserum in small glass test tubes (0.7 cm diameter),
Various dilution's of each reactant are tested avaingt each other. The
samples are mcubated at 379 O 1o observe precipitate, However, any
ather serological test can be used for titer determination, hul since the
sensitivity of different tests are not the same. it is essential 1o mention
the type of test used along with the titer value

Procedure

| Take thin walled test tubes (75 %9 mm ) and make a series of
antiserum dilution (the antiserum should be diluted with 09 %, N 1
and mix with & constant dilution of the virus (antigen) Partially
puriied virus 1s the most suitable for this test when it is used a1 1/5
dilution (with 09 % NaCl) or some preliminary tests need to be
comducted to determine the aptimum virus dilution.

2 Add 0.5 ml of virus to 0.5 ml of each dilution of antiserum, shake
each tube for a few seconds to mix the reagents thoroughly. and then
incubate tubes at 379 C partially in the water bath in order to from a
precipitale

3 Observe each tube at 5 to 10 min intervals against a black
background and record the intensity of precipitation reactions, by &
predetermined scoring  scale (- = no precipitation, + = rarely visible
precipitation. ++ = moderate, +++ = heavy, +++= = very heavy
precipitation) The reaction is usually complete after one hour

4 1t is necessary to include healthy purified host antiven and normal
serum {serum taken without immunization of amimal) 1o serve as
conrols

> Note the highest antiserum dilution bevond which no precipitation
pecurs This will be the titer of the antiserum

An example ol the determination of antiserum titer has been given in
Table 7.2
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Chapter 8
SEROLOGY IN VIRUS DETECTION

8.1 Introduction: Serclogical tests are the most important assays
for identification of an unknown virus and important to study the
relationships between related virus isolates and strains Such tests are
based on the binding capacity that individual antibody has for its own
specific homologous antigen. When warm blooded animals are injected
with a foreign protein (or wirus) it stimulates the production of
antibodies i animal blood. The antibodies thus formed are
immunoglobulin (leG) which combine with special part of virus at
some specific amino acid sequence (the antigenic site) called anigenic
determinait or epitope. Blood serum containing such antibodies is
called “ewairserwm". Antibodies in this serum will bind with the
homologous antigen to produce a precipitate and this is the basis of
serological tests for viruses Serological tests are very specilic and
rehable since antibodies will only react with their specific antigens,

8.2 Terminology

Antigen: An antigen is a substance particularly a protein that 15 capable
of inducing an immune response with the production of antibodies
when injected into an appropriate animal.

Antibodies: These are inmuooglobulin (1g(s) proteins which are
produced in the amimal blood in response to the injected antizen and
have specific binding ability with the antigen

Imniunogenicity: The ability of an antigen to induce immune response
is referred to as immunogenicity.

fmmunogen: The substance which 1s capable to induce immune
response inan animal 15 called immunogen,

Antigenic reactivity: The capacity of an antigen to react specifically
with an antibody 1s referred to as antigenic reactivity, or antigenicity



Antiseram: The serum containing specific antibodies is referred to as
antiserum.

Polyclonal  antiserwm: 1t 15 the antiserum  which contains a
heterogenegous population of antibodies that react with more than ane
epitope on the antigen.  Polyclonal antiserum s obtained from the
serum of an animal inoculated with an antigen bearing many antigenic
sttes (epitopes)

Monoclonal  antisersn: 1t 15 the  antiserum  which  contains
homaogenous population of antibodies that react only with a specific
epitope azamst which they are produced.

Epitope or antigenic determinunt; The antibody binding sites on the
antizen are called epitopes or antigenic determinants

Paratope: Each molecule of antibody has two or more antizen binding
sites which are referred as paratopes,

Homologous antiserum: An antiserum produced against a particular
antigen {the virus) s called homologous with respect to that antigen.

Heterologows antiserum: 1f an antiserum produced acainst a particular
antigen (a virus) also reacts with another simlar antizen. then the
serum is called heterologous antiserum with respect to another related
VITUS antigen.

Normal serum: A serum separated from blood of an animal before
immunization (without injecting a virus) is called normal serum. Such
serum is used as a control in serological tests.

8.3 Serological tests: The most significant advances in virus testing
nave been made in the field of serodiagnosis. The specificity of the
antigen/antibody relationship provides an extremely versatile tool for
virologists for the valid idennfication of viruses. One problem in
serodiagnosis 1 the supply or availability of antiserum and its



production which involves soplusticated techniques at hich cost
equipment

Lintil recently, & range of serological tests are available for virus
identification. Most serological tests are based on the precipitation
produced when antibodies and antigens combine, The most commonly
used serological tests for wvirus detection and identification are as
follows:

. Awcglutination tests

2. Precipitin tests

3. Enzyme-linked immunosorbent assays
4. Immuncelectron microscopy

Agglutination and precipitin tests are discussed below, whereas
the enzyme-hnked immunosorbent assays and  immunoelectron
microscopy are discussed in Chapters 9 and 10 respectively,

8.3.1 Agglutination tests: In agglutination tests the antibody or
virus antigen is adsorbed onto larger particles A positive reaction
causes those larger particles to clump and therefore, the antibody-
antigen reaction becomes visible Two types of avelutination tests are
more important. Such tests are no moere in use and are replaced by
other mare sensitive and reliable tests

8.3.2 Slide agglutination: 1t is alsp  called chioroplast
agglutination test. It 15 a very simple test. One drop of the wvirus
infected crude sap is mixed with one drop of antiserum on a
microscopic shide, and is observed under the microscope If the
chloroplast and other sap debris clump together, this is an indication
that the test is positive. The test is particularly useful for rapid
detection of virus-infected potatoes in the field. This test is employed
only with elongated plant viruses which occur in high concentration in
sap such as tobacco mosaic virus (TMV) and potato virus X (PYX)

8.3.3 Precipitin test: The formation of a visible specific precipitate
between the antigen and antibody is one of the most direct ways of
observing the combination between antibody and antigen (virus). But
In these tests relatively high concentration of reagents are needed. The
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tollowwing three most commonly used precipitin tésts m the past arg
now outdated and no more in use

a, Tube precipitin test

h. Ring intertace precipitin test

¢ Microprecipitin tests in liguid and agar.

8.3.4 Ouchterlony double diffusion test: This is the most
commaonly nsed serological tesr 1t s performed moa petridish, filled o
a depth of 5 mimowith acar {approx. 15 mi agar per dish). Wells are cut
i agar owith cork borer inoa pattern such that g central well is
surraunded by s oor more peripheral wells. Antiserum of a known
virus 15 added in the central well. and the anticens are added in the
surrounding wells. When both anticen and antiserum diffuse [rom ther
wells into the agar, a visible precipitin line is observed This test works
best for spherical viruses Virus particles of most of the elonvated
viruses do not diffuse readily through the agar medium, therefore,
sodium dodecyl sulfate (SDS) s added in the sap as SDS causes the
elongated viruses 1o break down into smaller subunits which can
diffuse easily in the avar

Material
1. Flat bottom sterile standard sive petndishes (plastic disposable
dishes are preferved)

2 Sadium azide (NaNy)

3 000 M phosphate betfer. pH 7.0 containing 0,85 % NaCl.

4. Agar 0.8 % (lon agar No 2. or agarose or Noble agar).

5 Pipettes, micropipelle for dispensing and for diluting antigens or

antibodies,

G Maoist chamber for mcubating the plates (a plastic. tray with cover
with moist paper towels will be adequate [or this purpose).

7 Water bath (509 25330 ()

8 Small 5.0 ml capacity {120 % 75 mm) tubes for making dilution
9 Lork-borer-or gel cutter

Procedure: Asar at a concentration of 08% will provide a
satistactory medium for diffusion. To prepare follow these steps



. Dhssolve 08 g of puritied agar or agarose in 0.01 M phosphate
buffer containing: 0.85 % NaCl For elongated viruses prepare 08
Yo agar containing 0.5 % SDS and 0.01% NaNs

Autoclave for 10 min or microwave for 3 minutes.

Mamntain agar at 50-55% C mn a water bath

Pour 15 ml agar with the help of glass cylinder into petri plates.

Keep the petri plates on flat surface to ensure uniform spread of

agar,

3. Allow the agar to solidify at room temperature,

6. Cut wells into the agar with the help of cork borer or a template
and remove agar plugs. It is convenient to use a gel cullter with six
circular cutters arranged around a central one of the same size (4
mm diameter), and a distance between the wells of 4 mm s
suitable

7. Add suitable dilution of antibody (antiserum) to the central well
and antigen to the peripheral wells.

8. Incubate for 24 hr the petri plates at room temperature or at 372 C
in a moist chamber.

9. Read the results in a dark room against dark back ground over box
with slit or circular light source. Observe the dishes every day for
one to two weeks.

If the antiserum is added to the central well. and sap (antigen) to

the wells around it, different precipitation lines may be observed e g

Figure 8. 1.

R I

Precautions

. Avoid excess heating of agar.

2. Do not overflow the well with antigen or antibody dilution
3. Use healthy plant and normal serum extracts as controls.

For certain viruses such as CMV, better results can be obtained if
agar 15 dissolved in 0.05 M dipotassium hydrogen orthophosphate
(K2HPOy4) at pH 7 to 8, containing 0005 M sodium EDTA (ethylene
diamine tetraacetic acid, disodium salt) and 0.02 % NaNy, This can be
prepared by dissolving in one liter of distilled water, 8.7 ¢ KaHPOy,
.86 g Na-EDTA, 0.2 g NaNg and 7.5 g agar. The antiserum dilutions
can be prepared with 09 % NaCl. The dilution required to give
precipitin lines will depend on the titer of antiserum concerned,
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antiserum used, undiluted and dilution A dilution of | § often gives
satisfactory results

Purified virus or infeeted fresh crude sap may be used, but later
aives satisfactory results if virus is in high concentration If purified
virus is used it may be diluted upto /10 with 0.9 %2 NaCl If erude sap
15 used, the infected Teaves should be homogenized in proper bufler ar
in 1.8 % NaCl and the sap filiered before use

8.3.4.1 Staining for photography: If it is necessany for
photograph to make the precipitin lines more vistble by staining with
01 M DOPA (3-4 dihvdroxy phenyl-DL alanine) DOPA is prepared
by dissolving | 97 & DOPA in 100 ml of 0 1 M potassium phasphate
buffer pH 74 The stain 15 applied to the surfuce of the avar el above
the precipitin ling, by saturating a piece of chromatographic paper
Stam dilfuses into the gel from the paper. Allew the lines to stain for 6
to 12 hr During this period they could over-stain and then they may be
destained to the required colour intensity by successive washing in
distilled water

8.3.4.2 Interpretation of results: Interpretation of resulis are
based on a balanced system of antigen and antibody concentration The
development of spurs, crossed lines or blocked lines of precipitation
can occur when the concentration of one reagent is out of proportion
te the other, and therefore can wive false results,

In ODDT test different pattern of precipitaion fines can be
expected In Figure 8.1 ditferent precipnation lines ohservable have
been shown. Their explanation is as follows (i Figwe 8.1 (a) A
straight Ime is present just in the middle between the two wells This
arrangement {requently occurs when unabsorbed antiserum s used
which contains antibodies against “protein 17, a protein present in
healthy as well as in diseases plants The concentration of this protein
in diseased plants may be higher than in healthy plants (h) Lines
nearer to the antigen well curved around it This tvpe is characteristic
of viruses, diffusing slower than antihadies (¢} [ines nearer. or one
Ime which splits into two are present It may be that two components
are present in the sap and also in the antiserum well (d) A blarred
appearance of the lines may be an indication that only one component



is present, but that twoe lines are formed because of an excess of
antibodies. (e) Diferent hines, blurred here and there sharp, are visible

This alse may oceur because of an excess of antibodies. (£) Two lines
cross. This occurs when the two antigen wells contain two distint
antizens when react with two different antibodies in the antiserum well

() Fusion of lnes oceur, which indicates that the antigen in the lwo
wells combine with the same anubodies. (h) Partially the lines are
[using. but one hne shows the formation of a spur. Such pattern accurs
i crossereaction with two viruses, and gives rise a relationship
between these viruses.



15 present, but that two hines are formed because of an excess ol
antibodies. (&) Different fimes, blurred here and there sharp, are visible

This also may occur because of an excess of antibodies. () Two lines
cross. This occurs when the two antigen wells conlain two distingt
antizens when react with pwo dilTerent antibodies in the antiserum well

(z) Fusion of hines oocur, which indicates that the antigen in the two
wells combing with the same antibodies. (h): Partially the lines are
fusing, but one hine shows the formation o' a spur. Such pattern occurs
in cross-reaction with two wviruses, and gives nse a relationship
between these viruses.



Chapter Y -~ S
ENZYME-LINKED IMMUNOSORBENT ASSAY

9.1 Introduction: The enzyme-linked immunosorbent assay
(ELISA) 15 one of the miost suitable serological techmques that can be
used in routineg tests without expensive equipment, The maost
commonly used enzyme is alkaline phosphatase (ALP) and the solid
phase is polystyrene microtiter plates. Horseradish peroxidase (HRP)
or penicillinase (PNC) enzymes are also used. The ELISA method s
ane of the most widely used serological tests, originally developed in
1976, The test is particularly useful for testing a large number of
samples, such as for virus surveys and for resistance screening of large
populations or accessions. The test differs from the classical serological
methods  in which  immunoprecipitation  reactions  are  used,
Immunosepecific reactivity is recognized through the action of the
associated enzyme label rather than observing the formation of an
msoluble antigen-antibody complex There are numerous variants of
ELISA, but the two main categories of ELISA procedures, which are
most commonly used in virology laboratories are direct ELISA and
indirect ELISA,

In direct ELISA the wells of the microtiter plate are first coated
with immunoglobulin (leG) purified from the antiserum The test
sample 1s then added to the adsorbed antibody. The enzyme-labeled
antibody 1s then added 1o the trapped virus The attached enzyme
subsequently digests an added enzyme substrate which results in a
colour change In this case the antigen is sandwiched berween two
gamaglobulins and that is why this ELISA is also called as "double
antibody sandwich ELISA", and 15 designated as DAS-ELISA It is
highly strain specific. One disadvantage of DAS-ELISA is that a
specific conjugated antibody is required for each virus to be detected.

In indirect ELISA {eg direct antiven coated ELISA. DAC-
ELISA) procedure. the immobilized amtigen is the target for
unconjugated specific antibody. The trapped antibady is detected by a
secondary antibody (produced in a second animal against the antibody
ol the first animal} conjugated to an enzvime, called universal conjusate
{goat anti rabbit) The main advantage of indirect ELISA is that one



single conjugate can be used with all systems. This type of ELISA 15
particularly suitable for virus detection in disease survey and for testing
the presence of wiruses m seeds 1t is relatively more econonucal Lo
perform than DAS-ELISA. Moreover, for the screening of a large
number of field collected samples during surveys DAC-ELISA is more
convenient and effective. DAC-ELISA is not highly specific, high
background reactions are often encountered. In addition, it works well
only in case of wiruses that are present i plant tissues at high
concentration

9.2 Direct ELISA (DAS-ELISA): This ELISA procedure was
first developed by Clark and Adams in 1977, and 15 still widely used
with slight modifications As already mentioned. DAS-ELISA 15 more
specific as compared to DAC-ELISA, therefore it is mainly suitable to
distinguish strains of a virus and to develop serological relationships
among viruses. In particular, this test is not suitable for (a) wvirus
detection in disease surveys (b) when adequate guantities of antisera
are not available for gamaglobulin extraction and conjugation and (c)
for probing a single antigen with several different antisera To proceed
for DAS-ELISA, first we should extract gamaglobulin (lg() from
crude antiserum

9.2.1 Purification of IgG from crude antiserum: To
conduet direct ELISA. immunoglobulins {1gG) for preparing conjugate
and for coating plates are needed. Anubodies can be purified from
crude antiserum with the following procedure

Solutions required

1. Sodium sulfate (Na,S0Q;, anhvdrous) 36 % solution. Dissolve 36 ¢
Naz 804 in 90 ml distilled water Make volume up to 100 ml,
Shight warmung facilitates solubilization.

18 % sodium sulfate (Naz S04y solution (this can be prepared by
mixing 36 % Nas 804 with an equal volume of distilled water)

)
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Phosphate buffer (PBS) with sodium azide (NaNzL 14 ¢ of Na
HPChy 0028 g of KHa PO4. 16 ¢ NaCl 0.4 ¢ KCL and 04 ¢
NaNg, dissolve o oone Itre distilled water and then make the
volume up to 2 liters

Ixtraction procedire

3

o
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Combine 1 ml of crude antiserum with 1 ml of distilled water.

Add 2 ml of 36 %% of Nas SOy drop by drop to 2 ml antiserum

water, str this mixture and let it stand for 10 min at room

temperature,

Centrifuge at 229 € for 15 min at 12000 ¢ Decanl supernatant and

save white precipitate

Add 10 ml of 18 %0 Nas SOy, and vortex to mix the precipitate

Again centrifuge at 2000 ¢ for 10 min and save pellet, discard

supernatant

Repeat washing in 18 %0 Nas 80y, as above and save peller afier

centrifuzation (12000  for 15 min)

Resuspend pellet in | ml of PBES (dilute 11 with distilled water

and dialvee agaimst one liter of | X PBS at 42 C changing bulfer at

Fhr, 2hand 16 hr.

Examine for visible precipitate, remove any precipitate if formed by

centrifuication (12000 ¢, 15 min}.

Estimate lgG concentration by absorbance at 280 nm in a

spectraphotometer. Normally, preparation should be diluted  as

10 for measurement Optical density at g nm of 14 1

considered to be equal to | mefml 1gG Concentration of tuG
shauld be adjusted to 1 magiml.

Store purified TgGs ina refrigerator (49 C) inahquot of 1 ml.

9.2.2 Conjugation of IgGG with alkaline phosphatase

enzyme: Two enzyme labels which are widely used for conjugation
are alkaline phosphatase and horseradish peroxidase, Recently urase
and pemcillinase {B-lactamase) have also been used.

o



Procedure

I

1=

haa

In case of alkaline phosphatase (ALP) dilute 12G stock with 1 X
PBS to produce | ml solution at a concentration of 1 mg/ml
(Azrgo=1 4)

Add to it 2 me of ALP. vortex gently, and then dialyze mixture
acainst one liter 1 X PBS in a dialysis twbe at 4% C. Change buffer
at | hr, 2h. and 16 r,

Measure volume of the dialvzed mixture and transfer it to a small
ulass tube,

While gently vortexing the mixture add 25 % glutaraldehyde to &
final concentration of 0.02 % (1e add 3 ul of glutaraldelyde to a
stock per ml of mixture) Vortex until homogenized

Repeat dialysis as described at step 2.

When the dialysis is complete, remove the solution from the
dialysis tube and store at 49 C. Alkaline phosphatase labeled 1gG
should not be frozen, Penicillinase labeled 1gG can be stored at 70©
5

9.2.3 Conjugation of IgGG with penicillinase enzyme: The
penicillinase enzyme is more cheaper than alkaline phosphatase. The
conjugation of this enzyme mvolves the following steps:

Muarterial
| Purfied virus specific 1gGs
2 Phosphate hufter saline (PBS), make in 2 Iitre distilled water, adjust
topH 7 4
NasHPOy 238«
KHAPOy 244
KCH 04
Na £ 16 ¢
3 Dialysis bags
4 Glutaraldehyde (25 % Sigma G 5882)
g

Penicillinase cnzyme  Generally supphed as lyophilized powder
from Sigma (P 038%) or from Hindustan Antibiotics Lid. Pimpri,
[ndia. ELISA grade.



Frocedure

Take lglr 500 ug/ml (make appropriate dilution from stock

solution} i a dialyss hag and add 250 vg ol pemcillinase Solutions

of laG and penicillinase can be made at hicher concentration and
mixed to get 2 mefmal and one mg/ml and maf‘ml penicillinase.

Dralyze against PBS in a beaker at room temperature for 1 hr

3. Transler the dialysis bag into a beaker containing PBS with .06 %4
glutaraldehyde (mix | ml of 25 %% Glutaraldehivde i 400 mil PBS to
set 006 % Glutaraldehvde) and dialyze for 3-1 he at roem
iemperature,

4. Replace the buffer containmg glutaraldehyde with 500 ml PBS
containing sodiwm azide (002 %) and dialvze for 18 hr at 49
with at least three changes of buffer at 1 hrointerval (for each
change replace with 500 ml PBS contaimne sodium ande)

5 Transfer the conjugate into a new glass or plastic vial and add
hovine serum albumin at 5 me/ml concentration. Do not freeze the
comugate, 1 stored properly the shelt' Tl of conjugated slobulin
should exceed one vear,

2,24 Double antibody sandwich ELISA (DAS-ELISA)
The following buftfers must be prepared and stored at 49C before
starting direct DAS-ELISA
Lo Antthody coating buffer: Prepare inone liter distilled water

Sodinm carbonate (Nap U0 | 34 g

Sodium bicarbonae (Na HCO5 ) 293

[irst dissolve the chemicals in 900 mi distilled water, and check
ph o should be 9 6, make the valume up to one liter,

2. Virus (amtiges) extrection buffer: (Also called virus buffer or
conjueate hufter)
2 First prepare phosphate buffer saling (PRS) wath 0 05 % Tween-
A0(FRSTY by dissolving the following salts i one litre distilled water,
soduenchioride (Nah | it g
Potass e phozplale {Kl'%zf-?{_-,'l_l_ mesohasic)
Sodin: phospliate (N HPO, anlivdrois ditisic)
Potassiunl clilaride (KChH Il

Sodini wertde (Nakix

ENART
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Fiest dissolve the chiemicals in 800 ml distilled water, then make the
volume up to ane litre. 11is called 35X PBS (s1ock solution)
b Now ke 200 ml § X PRS (stock solution) as prepared above
and add 1o i

Polyvinytpyrrolidene (PVP MW 40.000) 20 ¢

Faween-20 (polyoxy cthylene

Sorbitan monolaurate) 0.5 miflitre

ug ovaalbumin e

[nstilled water 800 ml
Hasolve and make the volumie up to one lier, adjust pH 1o 7.4
Note Extraction buffer is used both for grinding virus samples and
for making comuaate sofution

3 Washing buffer (WB); n one hiter distilled water

S PBS ; 200 ml {prepared as above)
Distilled water: 200 ml
Tween - 20 [ ml

Strowell 1o mix. Store al room temperature

4. Substrate buffer (SB): Tn one iter disulled water

Diethanolamine 7 mil

Distilled water 800 ml
Add stowly 97 ml diethanelanmine to 800 ml distilled water on an
electric stirrer Add concentrated HCI drop by drop 1o adjust pH 10
% &, then make the volume up to one liter
Note: Substrate buffer stored for a longer period, even in a
refrigerator is not suitable. It is always better to use fresh buffer.

Material: FLISA plates, antiserum. micropipettes (10-100 ul and
100=1000 ul), 200 ul micropipette (fixed) or adjustable multichannel
micropipette,  ELISA  reader.  heakers. washing  squeeze  bottle,
magnetic bars. electric stivrer, humidity chamber (plastic box with
Moist tissue papers), mortar and pestles




Procedure

1: Add 200 ul of purified 1gGs at concentration of 1 ug/ml (optimum
concentration.of Ig(G can be determined by standardization tnals,
which may vary with each conugate or lgG produced) to ecach
well of ELISA plate with fixed volume micropipette,

2. Incubate antibody-coated plate at 379 C for 4-5 hr or over mght at
490C,
3. Wash plate three times, allowing 3 min soaking for each wash with

washing buffer.

4. Add 200 ul antigen samples {crude plant or seed extracts, or
purified wvirus preparation) prepared in virus extraction bufler
(PBST contaiming 2 % PVP) to each well.

5. Incubate at 370 C for 4-5 hr or overnight at 49 C.

6. Wash plate as mentioned under step-3

7 Add 200 ul alkaline phosphatase (ALP) labeled 1gG  diluted
normally up to 1 1000 in conjugate bufler pH 7.4,

8. Incubate at 372 C for 4-3 hr or overnight at 49 C.

9. Wash plate as before.

10, Prepare substrate solution by dissolving substrate tablets (1 mg of
p-nitrophenyl phosphate/l ml buffer) in 23 ml substrate buffer, pH
9 8. These tablets are available in 5 mg concentration and one
tablet 15 adequate for each plate. Add 200 ul substrate solution in
each well.

Il Incubate plate at room temperature for -2 hour In case of
positive reaction the substrate develops yellow colour (as a result
of conversions of p-nitrophenyl phosphate to p-nitrophenol) Plates
can be scored wisually or if ELISA reader 15 available take
absorbance reading at 405 nm in case of ALP Test readings are
considered positive il they were twice or more times ureater than
readings from healthy control plant extract.

The outlines of the DAC-ELISA are given in Fioure-9 1

9.2.5 DAC-ELISA: This is the simplest test of all ELISA
procedures. Antigens prepared in 0.02 M carbonate buffer, pH 0 6, are
used for coating ELISA plates This is followed by the addition of
crude antiserum (not purified 1gG as in case of DAS-ELISA) with its
optimal concentration, As majority of the virus antisera are produced
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produced i rabbit therefore, the rabbit samaslobulin attached to
antigens are probed with enzyme labeled anti-rabbit camaglobulins
produced in goat In place of gamaglobuling, the use of Protein-A
conjuaate is equally good as that of anti-rabbil conjugate

Muaterial

Same as listed under DAS-ELISA. the antigen buffer used i
DAC-ELISA 10 extract sap from samples is prepared as follows. The
other butters are the same,

Carbonate buffer with DIECA, pH 9.6 : Prepare in one litre distilled
Water:

Sadium carbonate (Na2CO1 ) | 59
Sodium bicarbonate (Na HCO3) 293¢
Dicthydithiocarbamate {sodium salt) Na-DIECA 1.7y

(001 M Conc) Store at 4°C.

Procedure

[ Prepare antigen (virus samples extracts) in 002 M carbonate buffer
with pH 9.6 containing 0.01 M diethyldithiocarbamate (DIECA)
while erinding in mortar with pestle It 15 good to use antiven
dilution of 130 or [ 100

2 Using fixed volume micropipette add 200 ul anticen extract to each
well of nucrotiter plate.

3. Incubate for 1-2 hy a1t 379 C or at 42 C overnizht.

4. Wash plate with washing bufler as in case of DAS-ELISA

5 Add 200 ul of cross-absorbed crude antiserum diluted in antibody

buffer (also called conjugate bulfer, the same used in DAS-
ELISA). Antibody dilution used is 11000 or 15000 (or
determined by standardization)

6. Incubate 1-2 hrat 370 C

Wash as above,

5. Add 200 ul goat-anti-rabbit conjugate diluted in antibody bufter,
pH 7.2 (conjugate buffer) diluted 11000 {or other optimum as
determined by testing)

9. lncubate at 379.C for 1-2 hr.

10 Wash plate as abhove.

-]



I 1. Add the substrate p-nitrophenyl  phosphate (PNPP) {similar to
DAS-ELISA)

12, Keep the plate at room temperature and read plate atter 15 min or
3 min at 403 nm

The outlines of DAC-ELISA are miven in Figure 9 2

Note: This ELISA procedure is recommended for routine wirus

deteclion The test can be completed wathin 3-4 hours.

9. 2.3.1 Cross absorption: Sometimes the antiserum is not of good
qualiiv due Lo presence of antibodies agamst host plant components,
and therefore such antiserum must be cross-absorbed before its use in
DAC-ELISA. Cross absorption of crude antiserum s made with
healthy plant extract, This can be achieved by grinding healthy leaves i
conjuuate buffer (antibody buifer) to give a 11100 dilution. then
filtering throush cheese cloth Prepare a suilable antiserum dilution n
healthy plant extract suspended in conjugate huffer, ITncubate at 379 C
For | hr prior to adding 11 to nucrotiter plate. Cross absorbed antisgrum
substantially reduces non-specifie reaction: due 1o precipitation of

antigens of plant orign

9.3 Other varants of ELISA : In addinen to DAS- and DAC-
ELISA the other variants of ELISA are as follows:

Y.3.1 Two step ELISA : Fleve and Clark (1979) developed a two
step DAS-ELISA procedure in which samples and conjugate are mixed
and meubated i oone step. This eliniinates oné senes of washing and
long conjugate mcubation steps. This ELISA procedure not only
ehminates g long mcubation step and a washing seres from standard
DAS-ELISA. but alse increases sensitivity. The procedure for the two
step LLESA 15 as tollows

Procedure

| Add 200 ul abliquots of purified mmunoglebuling (luCy) (with
appropriate dilution, say 1900 X)) diluted i carbonate buller pH
U6, o each well of microtiter plate Cowver the plate o prevent
evaporation with plate cover ar plasuc envelope.
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Incubate at 379 C for 210 4 br orat 49 C overnight

Wash the plate with washing buffer (PBS-T) as in case of DAS-

ELISA

4 Add 100 ul aliquots of test samples (1110 dilution) extracted (PBS-
TweentPVPrege albumin) to duplicate wells, followed by 100 ul
aliquots of specific conjugate (2 ug/ml) to each well Agitate the
plate to mix well contents thoroughly

5. Cover the plate to prevent evaporation in humid chamber (plastic
tray with moist tissue papers) at 379 C for 2-4 hr or at 4° C
overnizht.

6. Wash the plate wath washing bufler.

Add 200 ul aliquots of appropriate dilution of enzyme substrate

{PNPP)} prepared in substrate buffer

8. Incubate at room temperature for | hr or until eolour 15 developed
Lo desired intensity,

9 Stop reaction (if necessary) with 50 ul of appropriate stop solution
(3N Na OH)

1 Measure absorbance at 405 nm with automatic ELISA reader take

abservations visually.

L

9.3.2 Protein-A coated ELISA (PAC-ELISA): The DAS-
ELISA procedure has two disadvantages (a) it 1s highly strain specific
and (b) it requires the preparation of a different enzyme-conjugate 1gG
for each wvirus to be tested To avoid this, several indirect forms of
ELISA have been developed in which the enzyme conjugate is an
antispecies af leG or Protein A

The Protein A has a great affinity to bind FC portion of
antibody. In Protein A coating ELISA (PAC-ELISA) procedure, first
plate is coated with a solution of Protein A followed by specilic
antibody treatment. The Protein A binds to the immunoglobulins (12G)
at the FC region. The bound antigen is then detected by another layer
of antibodies, which are in turn detected by enzyme-conjugated Protein
A This form of ELISA has been successfully used to detect small fruil
viruses and 1o detect groundnut viruses



Procedure

1. Prepare an appropriate dilution (1 ug/ml) of Protein A (Sigma
Product No P 6650 in carbonate buffer, pH 9 6, and add 200 ul
aliquots to cach well of microtiter plate,

2. Incubate at 379 C for 2 hr orat 49 C overnight.
3. Wash plate with washing buifer
4. Add 200 ul aliguots of cross-absorbed pelvelonal antiserum

(1:1000) prepared in antibody buffer pH 7.4 (PBST-PVP+ egg
albumin).

5. Incubateat 379 C for 2h

6. Wash plate with washing buffer,

7. Add 200 ul aliguots of test samples prepared in antibody butler
(110 wiv) in duplicate wells.

8 Wash plate as before

0 Repeat step 4 (i.e 200 ul cross-absorbed polyclonal antiserum
dilution again)

10, Incubate at 379 for 2 hr.

1l Wash plate

2. Add 200 ul aliguots of Protein A-alkaline phosphatase comugate

(Sigma Product No P 9650) prepared in anttbody buffer with pH
7.4, at an appropriate dilution (11000},

13, Incubate at 379 C for 2 hr

14 Wash plate.

5. Add 200 ul aliguots of p-nitropheny phosphate substrate solution
(1 mg/ml) prepared in substrate solution

16, Incubate plate at room temperature for 30 min and take reading al

A 405 nm. ’ o _
The outlines for PAC-ELISA are given in Figure 9.3

9.4 Dot immunobinding assay (DIBA): Basically  this
serological test 15 smular to that of the plate DAC-ELISA
Nitrocellulose or nylon based membranes are used lo immobilize the
antizens  As these membranes have a high atbnity for proteins,
therefore it is essential 1o block the free-protein binding sies of the
membrane, This step is called "Plocking” Blocking is done with bovine
serum  albumin, gelatin or non-fat dry milk. Non-fat dry omlk 15
preferred because 1t is less expensive, easily available and gives equally
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good results as other blocking agents The immobilized antigen 15 then
exposed to solutions of uncenjugated virus specilic antibody Maostly
crude antiserum is used Trapped antibody is detected with alkaline
phosphatase (ALP) or horseradish peroxidase (HRP)-labeled protein
A, anti-Fe. or anti-1leG. ALP is preferred becase 11 18 casier 1o propare
canjugates with ALP than HRP. For ALP, naphthol phosphate is used
as a suhstrate, followed by the addition of a diazonium salt such as Fast
Bluc RR or Fast Red RR. Naplihol phosphate in the presence of ALP
is converted to phospharic acid and naphthol. Naphthol is detected by
addine diazonium salt, which together form an insoluble product which
can be detected visually

9.4.1 Advantages of DIBA over plate ELISA

|1t permits virus detection in cxtremely small volumes such as in
insect exiracts

2. It is more suitable for detection of viruses in samples dunng disease
surveys due to 1ts simplicity

3 Membranes are easier to process than ELISA plates

Materials  needed: iroceliulose membranes,  antserun,
micropipette. alass dish (approx 10 x 12 em) or disposable square
plastic petri dishes (9.5 x 9.5 cm). shaker, blunt ends forceps

Solutions required: Keep ready the followmg buffers belore stan
Store bufler at 4°C

I. Coating buffer. pH 2 6

Sodium carbanate (hasCO5 1 5% &
Scdium bicarbonate (NaHCO3y . 2093 g

Dissolve the ashove salts in 900 ml disnlled water adjust pH 10 9.0,
make the volume to one hiter.
2. Tris-buffered saline (TBS)

Tris 4 84 e

NaCl - S8 48 o



Dissolve these salts in 1.9 liter distilled water, adjust pH to 7 3
and make up the volume to 2 liters 1t 15 useful to make a 53X
concentration stock solution and dilute this when required

3. TBN-Tween (THNT)
TBS . ! Inre
Tween-20 0.5 in
Mix Tween-20 10 one liter TRS

4. Blocking solution
TBS . | litre
Mon-fat dry milk powder 1 g

5 Anvibody buffer:
TBS: 1 hitre

Mon tar dey il powder: 10 ¢

6 Alkaline phosphatase lsbeled goat anti-rabbit TeG oor Fe-specific
dilete in antibody bulter. Make appropoate dilution such as | 10040

7 Solution 4 : Add 50 mg of naphthel phosphate AS-131: 20 ml ol
dimethyl formamide to 20 ml distilled water. Adjust pH to 5.00 wath
1 M NanCOs

8 Substrate solution: Fast Red or Fast Bloe RR salt, 30 mg: Tris HO
(02 M, pH 83) 18 ml distilled water; 13 ml solution A, 2 ml
Substrate solution should be prepared fresh cach ume and filtered
throwgh any ordimary filter paper (Whatman No 3

O Washing buffer: Preparc i 30 ml PBST

PRST - S0 aml
Bovine serum albumin 1% (0.5 ¢)
Nom-tar dry mulk 4 %y (2 )

First dissolve the reagents, then make the volume up 1o 30 ml, store at
40 ¢



Procedure: Always wear slives when bandling pitrocellulose o
nvion membranes A rotary shaker is needed t perfornm varnaus seeps
mthe procedure. As mtrocellulose membranes are Hawile therelore,
these should be handled with blum tpped Torceps This procedure
invislves the following steps

L Prepare appropriate dilution ol antigen (leaves, seeds. of msects
ete ) in carbonate coating butter. Uswally 1001 to 1079 (10 po 5000
at Mo-Told miervals) are used Extract from healithy bssue should
serve as control

With the help of a micropipetre apply aently one or 2 ul antigen
dilution onte membrane 1o avoid excess spreading

3 Adr dry the membrane at feast for 15 minutes

4 Transfer membrane o g plastic or glass dish contaming blocking

[

solution so that the membrane is fully emersed

5. mhake the membrance in blacking solution at room temperature for

| hiour

6, Grind healthy plant tissue to make [ 20 dilution in antibody bulter

(1 2 in 19 ml bufler) Filter through cheese cloth. Now use this

healthy sap o make appropriate dilution ol wvirus-specilic

antiserum  Normaily a diluton of 1250 or 500 (005 ml serum

diluted in 125 ml (1250} or 005 ml diluted m 250 mi

{1/500} After mcubating the diluted antiserum at 379 O for 45

minutes, 1t 1s now ready to use

Remove the membrane from blocking solution and transfer to

diluted antiserum Shake at roons temperature for | hr

& Pour off antibady selution. Wash the membrane in TBS-Tween mitk
powder thrice, shaking 5 minutes during each wash

9 Dilute the alkaline phosphatase conjuzate (goat antirabbit leG or
FC) toa dilution of 1.500(0.05 mlin 25 mi buffer in antibody buffer
and add to dish containing membrane).

10 Shake at room temperature for § hr

1 Pour oft conjugate solution, wash the membrane as in step 8

12 Add substrate solution and shake tll colour develops (15 -30 min
are sufficient) Do not allow excess colour develapment

15 Pour off the substrate solution and wash membrane in distilled

==

watler

14 Dry the membrane wiath paper towels and record the results



9.5 Tissue print ELISA: It is a form of DIBA where tissue s
directly applied o membranes without extraction This techmigue bhas
been applied 10 cucumoviruses, luteovirises, POIEXVITUSES, poIyVIruses
and lospoviruses Insome cases it was shown o be more sensitive than
that of plate BLISA Backeround reaction due to piaments from tssue
may interfere and detergents such as Tritan-X ar blockimg agents such
as sodiun hvpochlonde are recommiended to remove prements. Once
the nissue is applied w the membrane 0 can be stored for several
weeks  Therefore, this procedure 15 wdeal 1o be used durmg wvarus
discase surveys

Procedure

I, Harvest tissue 1o be tested, prepare thin tght rall, cut the ussue
with sharp razor blade to obtain a single cut surface

Immediately press the cut surface on to nitrocellulose membrane
The rest of the procedure is the same as described under DIBA

T L2



Chapter 10

ELECTRON MICROSCOPY

10.1 Introduction: Transmission clectron microscope (TEM,
Frgure 10 1) is frequently used m plant virus research to detect virus
crude sap extract, because virus patticles are only visible under the
electron microscope, The wisual observation of virus-ike particles
crude sap extract indicates viral infection, and may even allow the plant
viralogist to assign them lentatively to a known virus group on the
basts of particle morphology. Althoush some authors have been able 10
detect isometric vituses in leaf dips, the technique has usually been
apphed to the detection of elongated wiruses. Eleclron microscopy
(EM) of wiruses may be carried out on purified preparation, which 13
sometimes essential to study wirus structure m detail. Exammation of
crude sap  preparation provides  quickly information on virus
morpbology. Due to the high resolution power of the TEM., wvirus
particles, protein and nucleic acid molecules can be easily seen under
the electron microscope Magnifications of an object up to 80,000 or
more can be obtained by TEM

10,2 Procedure for particle examination: Specimens which
are to be observed under EM should be first mounted on a nigid
support Usuallv copper grids (3 mmon diameter) containing a number
of apertures e g 60-160 mesh/cm onto which a thin film of plasiic e g,
formyvar ar carbon is placed to mount samples. Such support [lms
should be transparent to electrons, but strong enough to withstand
irrachation

10.3 Preparation of support films for negative staining: A
variety of methods are used to prepare support film for attachment to
electran microscopic grids. Such films are prepared from parlodion or
formvar using very simple techniques.

10.3.1 Collodion or parlodion: These are brands of purified
pyroxylines (nitrocellulose), Solid or iguid, powder, chip or sheet,




Figure 10.1: Transmission electron microscope {Model JEOL
TEM 100 CX 11 Japan) used for electron microscopy.



the plastic is diluted o1 dissolved i sbsolute amylacetate at the rate of
(h,25-1 Dg per 100 mk depending on thickness of support film desired

10.3.2 Formvar: This is a polyinyl form. solid or powder 1o
disgolve in 1, 2-dichloroethane (ethylene dichloride) or shsolute
chlotoform at the rate of 0.25 to 0,5g per 100 m! Solution of ethvlene
dichloride tends to give films with greater likelihond of defects due to
its ereater tendency to mix and dissolve atmospheric moisture. These
solvents are volatile, must be kept tightly sealed, when stored.

10.3.3 Procedure for preparing plastic support films: The

plastic suppert films are nrepared as follows (Figure 10.2)

| Prepare 04 % solution of formvar in ethylene dichloride m a

heaker covered tightly with aluminum foil. and stir slowly

overnight on a magnetic stirrer This concentration can be further

diluted with solvent to have desired thickness of film

Dip two-third of a new clean glass microscopic shide in a beaker,

containing formvar selution. Drain excess solution from slide onto

a paper towel or blotter and allow stide to completely air dry

(usually 2-3 minutes),

1 Fill a bowl or tray with distilled water, Clean dust from the water
surface by placing & tissue paper on water at ane side of the bowl
and drawing it across the water =0 that entire water surface is

]

swept clean.

4 Score the edues of the plastic coated slhide with a razor blade so
that the film will be free 1o float off on the water surface.

5 Breath on the film, the moisture and heal will expand the Hlm,
breaking the seal between the film and the glass, allowing easier
stripping of the im. Lower the slide slowly into the water, letting
film float off on the water surface Film should be umformly gray
colour. I the testure of the film is not uniform, discard the tilm and
make another one

6 Place grids with their bright side against the formyar film Leave a
20 e margin at one end of the film 10 aid in picking up the fim.

(S



-——————wrrr
¥

|

_ A

Figure 10.2: Step-hy-step procedure for the production of
Formyar substiztes for electron microscope specinen grids.



7. Pick up the grids and the film on a clear slide by pushing down on
the film with the end of the shide and allowing the film to fold back
on both sides of the slide. Use a smooth consistently forward
"bombing run” mation

5 Allow slide to completely air dry in a dust lree environment before
removing grids from the slide with a forceps

10,3.4 Preparation of carbon support films: Carbon support
films are made by vacuum evaporation of spectrographically pure
carbon rods ar by sputtering pure carbon from carbon electrode
vacuum. To get carbon evaporate, 11 must be extremely hot (owver
40009 ), and this is achieved in a special machine (Figure 10.3) made
for such purpose. Carbon films are easily casted on water from freshly
cleaved mica sheets. The procedure 1s as follows:
1. Split a mica sheet length wise by pushing of two pairs of forceps
mto an end of the sheet and putting them gently apart. Avoid
touching the freshly exposed mica surface,

2. Put mica, freshly cleaved surface up, in an evaporation or
sputtering device. Sel up carbon source, close the system, get
proper vacuum, and evaporate or sputter carbon Recover carbon
coated mica sheet from the vacuum chamber,

3 Place 8 5 om of fine mesh screening ina container of distilled

water, The screenmg should be about 2-3 cm below the water
surface. Place grids to be filmed with carbon, bright side up on the
SCTEen.
4. Breath on the carbon film. The moisture and heat will expand the
film. breaking its seal on the mica. and allowing easier stripping of
the film. Lower the mica slowly into the waler letting the carbon
tilm float off on the water surface. A film should be umtorm, gray
in colour and have smooth texture,
Position the carbon film over the grids by blowing it or pushing i
gently with the tips of the forceps. When it is properly positioned,
slowly and gently drain water from the container,

'y
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Figure 10.3: A special machine to get carbon evaporation to
coat electron microscopic grids,
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0, Allow warter to completely air dry from grids and screen at room
temperature and dust free environment. Remove grids from screen
with a forceps Store grids in a grid box or on ¢lean Glter paper m
a closed petridish

10.4 Negative staining: This is the most widely used technique for
EM The basic principle of this technique is that the wisibility of
particles of low scattering power can be increased by surrounding
rather than impregnating them with dense material  Mostly
phosphotungstic acid (PTA; 1 t0 3 %, pH 6.5 to 7.5), uranyl acetate
(UA: 2 %, at pH 4 8) and ammaonium malybdate (AM: | 1o 3 %, pll &-
8§ stains are used to surround the virus particles. These stains provide
good confrast to see the virus particles, Negative staimng is more
simple, rapid and gives more resolution of the material than eblained
by other methods. It can tolerate more impurity than other methods,
because PTA penetrates most of the contaminant molecules and makes
then invisible.

Procedure

1. Place grids, filmed side up, on a taped microscope slide. Place one

drop of specimen suspension on a grid using a small micropipette

or a syringe. Allow particles to settle out of suspension within an
appropriate length of time (2-3 min. ).

Gently blot off the liquid away with a filter paper Leave the

surface of the znd wet,

3. Place one drop of any negative stain on the grid. This drop should
be about equal in size to the drop of specimen suspension originally
applied

4 Tmmediately blot the grid with a fresh clean triangle of filter paper.
Use another triangle of filter paper to pass under the prid in case
any fluid has leaked beneath the grid Grid is now ready for
observation.

L2

10.5 Preparations of negative stains: A negative stain should
give high contrast and high resolution while supporting the particles
against attering, 1t should be easv to prepare and use The procedure



for the preparation of commonly used negative stains s outlined
below:

10.5.1 Phosphotungstate (PTA): Prepare 2% aqueous neutral
PTA solution. 1t is stable, easy to use and is tolerant to various buffers
or the presence of sap in the preparation When used as an acid, at a
pH values of 3 1o 5, a 2% PTA gives low contrast with low resolution,
but it causes little or no damaze to labile specimens. When the pH 15
brought to 7.0 with KOH, it gams high contrast but destroys
ribosomes, damages host membranes, and destroys a significant
number of  plant  wiruses, unless these are first fixed with
ulutaraldehyde

10.5.2 Uranyl acetate (UA): 1t is a poisenous and shghtly
radicactive stain, therefore, it should be handled with care. 1t 15 not
commaonly used, because it precipitates in the presence of even small
amount of sap constituents, phosphate or buffers above pH 5.5 Care
should be taken to avoid contamination of the foreceps holding the
erids. TUA gives a stain of high contrast and fine grain, Majority of the
virises are not damaged by this stain except rhabdoviruses, A 1%
aquecus solution of UA with pH 4 to 515 a good routine stain,

10.5.3 Ammonium melybdade (AM): It is a stain which 15 easy
to use and does not cause damage to virus particles. The problem of
this stain is that it does not give good contrast A 2% agueous
salution, pH 3.5 can be adjusted with HCl or ammonia below 4 and 9.
Most often pH 4 0 is the best. The stain is stable and can be mixed with
o added to preparations without previous washing.

10.6 Positive staining: Positive staining differs from negative
staining in that the goal is to density-stain particles and examine them
apainsl a transparent backeround. Particles appear dark agamnst a bright
light backeround by electron microscopy. Positive staimng solutions
are aqueous solulions of salts of heavy metals which generally have the
samie properties as negative staining substances. Positive staiming tends
to be more cumbersome than negative staining in that more time and



processing is required for the sample preparation before the results are
seen by microscopy. Positive staining is less commonly used technigque
for particle studies, although results from positive staining are also
useful, The following positive stains are used: phosphotungstic acid {3-
5%, pH 6.5-7.5), uranyl format (1%, pH 4 00-5 35} uranyl sulfate (1-
3%, pH 5.5-6.0) and osmium tetraoxide { 2%, pH 6 5-7.0).

Procedure

1. To avoid staining residue in the back ground, it 15 best to
positive stain particles before applying them onto grids. Stain
particles as dispersions in vials or centnfuge tubes. How lang
to stain, must be determined empirically; 5-10 min., 60 mn., or
avernight time frames are generally used

2 Completely  separate  stain solution  from  particles by

centrifugation, filtration, dialvsis, or other suitable technigues

Repeat  washing to  assure  complete removal of  all

unincorporated stain, When washing is complete, concentrate

particles to an appropriate density,

Apply particles onto gnds and examine under the EM.

F
e

10.7. Examination of virus particles: The virus particles are
examined under EM either in erude wirus infected plant sap or in
purified virus preparation. [t is better to examine virus particles
crude plant sap as the virus particles do not rupture and break, and
represent true particle length as compared to purified virus preparation,

10.7.1 Leaf dip preparation: In this method the virus particles
are ohserved in crude sap extract. It does not extract particles very
efficiently. but it does so rapidly. without breakage ol wirus particles,
which often happens in purified virus preparation. Essentially, a drop of
negative stain such as PTA (2%, pH 6.5) is placed on a carbon coated
orid, and the freshly cut edge of a virus infected leaf tissue is touched
with the drop of stain. The drop is then drained with the help of a
blotting paper and allowed to drv. The grid is now ready to observe
under EM. PTA sometimes causes rupture and disappearance of virus



particles To avoid harmful effect of PTA, fixation for 20 min in 10%
formaldehyde stabilizes most of virus particles,

10.7.2 Purified wvirus preparation: The purified virus
preparation s first diluted to 1:10 or 1:100 in a proper buffer
(phosphate. citrate, borate buffer etc ). Take a grid and place it on &
microscopic slide. Place a drop of virus dilution on the grid, After a
minute drain ofl the excess liquid with the help of a piece of triangular
filter paper. Now put the grid on the filter paper in a petridish. Put a
drop of 2% PTA or other proper stain and eventually a small drop of
0 03% egy albumin to a small drop of the virus solution. After a
minute, drain the cxcess liquid with filter paper, The grid is ready to
observe under the EM

10.8 Mecasurement of virus particles: The size of the particle
s a distinctive character of plant viruses. 1t is therefore. essential to
measure the particle size when characterizing a new virus. The size ol
particles may vary with a homogenous preparation of the same virus,
especially for elongated viruses due to several reasons eg. breakage
during purification and other factors which may influence the particle
size such as presence of Mg 7 fons. So at least 100 particles or more
must be measured, preferably in crude preparation if possible, where
particle breakage is less likely to oceur than in purified preparations,
Magnification of not less than X 200,000 are required for accurate
measurement of particles, and the method and chemicals used to
prepare virus preparation for EM examination should be given when a
new virus 15 described.

Rod shaped viruses may vary in particle length, but the length
of most particles of each wirus i1s within a narrow range. The mean
length of the 100 particles within such range is called "normal lengif
Measurement is usually done with a binocular microscope using a
micrometer evepiece ar with a ruler if projected on a screen or wall or
if viewed in photographic prints, Sizes are usually classed in intervals
of 10 or 25 mm_ The data are presented in the form of a histogram, and
the overall particle lenuth is quoted as either the modal length (i e. the
value that occurs most frequently) or the arithmetic mean.



The histogram in Figure 10.4 reprezsents the length distribution
of blackeye cowpea mosaic (BICMY, PI-26B) and cowpea aphid-
borne mosaic virus (CABMVY. RN-7C) particles measured on a
photograph with a magnification 30000 X _ The figure shows a
maximum between 700 to 800 nm. and a small number of particles
with shorter lengths which are unspecified. The mean maximum is used
for calculation of normal length which is 725 nm and 742 nm in case of
BICMY and CABMV respectively, Usually only particles considered
for calculation are those which exceed the level of unspecified lengths
In this example the particles of 300 to 900 nm were used The modal
fength of the particles was determined to be 723 nm and 742 nm
respectively.

10.9 Immunosorbent electron microscopy (ISEM):
Immunosorbent electron microscopy (ISEM) involves a combination of
electron microscopy and serology. This technique was first used by
Larson ef af (1950) and is still widely used with various modifications
by the plant virologists for virus identification. This rapid and sensitive
technique offers a diagnostic procedure based on two properties of the
virus, serological reactivity with the antiserum used and particle
morphology. This technique has the great advantage of being
apphcable to tissue homogenates and of requiring very low guantities
of wvirus and antiserum. The sensitivity of  1SEM 15 generally
comparable 1o that of ELISA, and 1t may detect 0.1-10 ug/ml of virus
in velumes of a few ul. Diflerent authors have used different names for
this method such as serological specific electron microscopy (SSEM).
immunosorbent electron microscopy (ISEM), solid phase immune
electron microscopy (SIEM) and electron microscope serology (EMS),
In these techniques virus and antiserum are reacted together and the
results are viewed under the electron microscope. Three main methods
that combine serology and electron microscopy are discussed as
follows:

10.9.1 Clumping: In this method, virus-containing sap is mixed
with antiserum and a grid 15 touched to the mixture. The grid is washed
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and then negatively stained (Figure 10.5). This method produces
clumps (aggregates) of virus particles and also an approximately ten
fold merease of particles on the grid. Virus particles not reacting with
the antiserum are not coated with antibody molecules This method 15
used for the sensitive detection and identification of virus particles

Material needed

. Clean glass petndish or waxed petridish

2. Parafilm.

3. Filter papers.

4. Carbon coated copper grids

5 Adustable micropipetts.

6. Negative stain {e.g. 2 % PTA pH 6.8 or 2 %% AM, pH 4.0).

7. Antiserum, diluted i phosphate  buffer. but not  less  than
116 dilution should be made freshly each time they are used.

5. Virus sap preparation should be extracted from virus infected leal
tissue in a martar and pestle and let 1t settle for | hr 10 remove plant
debris.

9 Fine tip foreceps.

Procedure

|, Take 40 ul of antisenn onto squares on a waxed petnidish (or onto
parafilm)

2 Add 20 ul of diluted virus preparation to each antiserum drop.

5. Mix drops by carefully dravang up and expelling out hquid from
the micropipette,

4. Cover petridish with lid to avoid evaporation and incubate either at
37RC for 2-3 hr or at 49 C overnight The former gives rapid
results for heat stable viruses Shorter incubation will speed up the
test.

5. After mcubation touch surface of the drop with carbon filmed grids
{coated side down)

6. Remowve immediately and wash with 10 drops of stain (2 % PTA,

pH 6.8) and observe under the EM




speciflicais {E
= it infected

—

Gy e
i I‘:‘m

Pt UBATE

TOUCE GRET T ANTISERTM VIS MEN Ltk

Caclion-coaied

arid ——

AT SEGATIVE STARN

— .-‘H?I:!Ii-i"- v oslaEn

-2

FRAMINE UNDFR TLECTRON WO RSO TE

Figure 10.5: Immunosorbent electron microscopy: clumping
procedure (FHHL S0 T984), |



10.9.2 Decoration: Decoration method has become a nopular
method of identifying plant viruses, mainly because the result is direct
OFf all serological methods it is one of the most easily and salely
mterpreted  because we can see the wirus particles attached to
antibodies, This method involves the decoration or coating of virus
particles already on the grids with a layer of specific antiserum. 1t s
most [requently used for the specific confirmation of the serological
identity of unknown viruses  or separating morphologically identical
VITUSES I hixiures

In this method the virus is detected by “decoration’ Virus
contanung extract is apphed to carbon coated erid (Figure 106} 1ne
arid is treated with antiserum which prodiices a clump of antibody
moelecules around the virus particles that can be visualized by negative
stammimg. This procedure offers a convineing demonstration of specitic
combination between virus and its antibodies. Viruses devoid of
decoration are not antigenic to the serum used This technique allows
viruses inmixtures of similar shaped and sized particles to he
distinguished

Materials needed: The material needed for this methad is the same
as 15 mentioned under clumping method, except that crude antiserum
or purified immunoglobulins (1eG) may be used For diagnostic
purposes dilution between 1710 and 1/100 are used

Procedure

I Prepare virus extract from virus infected leaf tissue by grinding in

proper buffer (0.06 M phosphate buffer. pH 6.5 - 7.00) in a mortar

with pestle. Pour the extract in a test tube and let it settle for one

hour at 49 C,

Take the sap on the bottom of petridish in the form of a drop. and

touch carbon coated grid to a drop of extract for a few seconds.

then raise the grid with 20 drops o phosphate buffer, and then

drain (but do not dry)

Float grids (with wvirus) support film downwards on  diluted

antiserum drops in a waxed petridish {or on parafilm),

4. Incubate for 15 min at room temperature in the petridish covered
with Tid to avoid evaporation

i3
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10.9.2 Decoration: Decoration method has become a popular
method of identifving plant virises, mainly hecause the result 1= direct
OF all scrological methods it is one of the most casily and safely
nerpreted because we can sce the virus pacticles attached to
anhibadies. This method mvolves the decoration ai ceating of virus
particles already on the rids with a laver of specific antiserum. Tt is
most frequently used for the specific confirmation of the serofogical
identity of unknown viruses  or separating morphologically identical
VEFUSES 1 mixtures

In this method the virus is detected by “decoration. Wirus
containing extract is applicd 1o carbon coated erid (Flaure 1060 | e
urid 15 treated with antiserum whick produces a clump of antibody
molecules around the virus particles that can be viswalized by negative
staining. This procedure offers a convincing demaonstration of specitic
combmation between virus and its antibodies  Viruses deveid of
decoralion are not antigenic to the serum used  This rechnigque allows
VIFESCS N mistures of similar shaped and sized paricles o he
distinuuished.

Materials needed: The material necded tor this method is the same
as 15 mentioned urder clumping method, except that crude antiserum
or purified immunoglobuling (12GY may be used. For diagnostic
purposes dilution between 110 and 1/100 are used

Procedure

L Prepare virus extract from virus infected leaf tissye by arinding in
proper buffer (0 06 M phosphate buffer, pH &5 - 7.00) in a mortar
with pestle. Pour the extract in a rest tube and let i settle lor one
hour at 42 ¢

2. Take the sap on the bottom of petnidish in the form of a drop, and
touch carbon coated enid to g drop of extract for a few scconds,
then raise the urid with 20 drops of phasphate butler. and then
drain {but do not dry)

3. Float grids (with virus) support film downwards on diluted

antiserum draps in a waxed petridish (or on parafiim).
4 Incubate for 15 min at room lemperature m the perridish covered
with Iid 1o avoid evaporation
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5. Wash the grids with 10 drops of distilled water in sgueeze bottle

(. Stain the urids with six drops of an appropriate stain (eg PTA 2
Yo, pH 6.8 or AM 2 Y% ptl 4 )

7 Dram and allow 1o dry and examine under the electron microscope.

10.9.3 Specific trapping: In this method the grids are first coated
with specific antiserum (Figure 10.7). The antiscrum coated grids are
then placed on drops of virus containing purified suspension or crude
sap exiract  The trapped wirus particles are detected by negative
staining  This method 15 usually used to detect viruses present in host
plant sap in concentration too low to permit detection in conventional
EM preparations. This method ¢an result m 1000 fold or more increase
in sensitivity over conventional EM in detecting viruses. 11 15 the most
sensitive method of all serclogical tests. Results are quick (1-4 hours)
and use only small volumes of antiserum. This technique can be used
with mixed antiserum (1o trap more than one viruses at a time) and can
be used to study serological relationships between wirus strains, since
the efficiency of trapping is related to the degree of homology between
antiserwmi and virus

Muaterials needed

1. Clean glass petriplates,

2 Paralihm or paralilim wax.

3. Carbon coated gnds

4. Filter papers

5 006 M phosphate buffer, pll 6.5-7.0

& Adjustable micropipettes (5-100 ul).

7. MNegative staine.g. 2% PTA, pH 6 8 or 2 % AM, pH 4.0,

8 Antiserum {try to use antiserum which does not contain glycerol as
a preservative as it reduces staining) Freshly prepared 0.06 M
phosphate buffer 15 suitable for diluting antiserum For rod shaped
viruses antiserum should be diluted to 171000 and for spherical
viFuses to 172000
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9 Nirus preparation either from purified virus or from virus intected
leat tissue Girind the fissue i proper buffer i mortar with pestle
Let itsettle i a test tube at 49 .C or | hr belore use

103 Fine np forecep

Procedure
|. Place parafilm on the base of the petridish or coat wath a thin laver
of parathm wax
. Draw 1 cm squares on the petn plates if ditterent preparations are
toy be examined
. Pipette separate 20 ul drops of diluted antiserum onto base of
petridish
4. Carefully place a carbon coated grid on each drop so that 1t floats
on the drop
5. Cover petri plate with Iid to prevent evaporation and incubate at
379.C for 15-30 min
6. Wash erids by flooding drop wise with buffer from a squeeze bottle,
holding grid with forceps to remove excess antiserum,
7 Float each antiscrum coated grid, coated side downwards on a 20 ul
drop of virus extract on parafilm or on wax surface of a petriplate.
8 Incubate grids plus virus in a covered petriplate for 3-36 hr at 4° C
or at room temperature for 1-3 hr
9. After incubation drain and blot the grid to dry, and stain the grid
with proper stain by placing face downwards on one drop of stain
[Irain and blot after 30 seconds
10 Now the grid is ready to observe under the EM.

[

Note: For routine tests an increase i incubation time from 3-36 hr
may give a five fold to ten fold increase in the amount of virus trapped,
Incubation at Jower temperature (e.g. 49 C for 3-36 hr) gives more
umformity  of trappmg and avolds evaporation of the extract.
Incubation at room temperature gives more rapid reaction.



Chapter 11 _ |
MONOCLONAL ANTIBODIES IN VIRUS DETECTION

11.1 Introduction: Manaclonal antibodies (McAbs) have emerged
as important tools in diagnostic work of plant pathogens including
viruses, bacteria, fungi, spiroplasma and mycoplasma-like Organisms
(MLO). Since 1981, MecAbs have been produced against more than
100 plant viruses. McAbs are now availahle for many viruses of
economically important crops These reagents are specially valuable for
detecting viruses that can only be purified with difficulty and for which
adequate supply of polyclonal antisera have been difficult to obtain

When MeAbs are produced for diagnostic work, it is important
that they should detect the widest range of viral serotvpes. This can be
achieved by collecting as many serotypes of the virus as possible and
selecting those McAbs that recognize the largest number of serotypes.
Although McAbs specific for a single virus strain can be readily
obtained, it is possible to select for MeAbs that recognize a wide range
of different virus species within a plant virus group or Zenus.

Monoclonal antibodies are used not anly for the detection and
identification of plant pathogens but also for characterization and
analysis of variants and strains of the pathogens for studying structure
and their gene products

11.2 Advantages of monoclonal antibodies

L. An unlimited quantity of antibody can be produced from a small

quantity of antigen,

Pure amtibodies specific for single epitope can be obtained, even

when antigenic mixture is used as immunogen.

3. Hybridomas can be preserved by freezing in liquid nitrogzn for
continuous supply of antibody over time.

4. The use of monoclonal antibodies eliminates the qualitative and
quantitative wvariability in specific antibody content in different
batches of polvelonal antiserum.

-2



11.3 Disadvantages of monoclonal antibodies

I

b

Lad

The production and characterization of a collection of monoclonal
antibodies lor strain and epitope specificity can take over 4 year
This technology is expensive and needs more sophisticaled
facilities than conventional production of antiserum.

Screening and cloning of hybridomas s a laborious and time
CONSUMING process.

11.4 Basic requirements for the production of

monoclonal antibodies: Hybridoma production requires vanous
major and minor equipment and cell culture wares. In order to produce
hybridoma it is better to have a specific labaratory to obtain zood
results. The following equipment should be near the laboratory and
casily accessible.

11.4.1 Equipment

Vertical laminar air flow hood with ultraviolet light
Humidified. temperature controlled carbon dioxide (CO;)
incubator

Inverted microscope.

Bench top clinical centnifuge.

Deep freezer (- 80°C and - 20°C).

Autoclave.

Liquid nitrogen container.

Haemocylometer.

Adjustable multichannel pipettes (8-. 12-channel. 10-400 ul)

. Adjustable micropiptte (0-10 ul, 20-100 ul, 200-1000 ul},

Filtering apparatus.
Relrigerator.

- Sucking pump for pipettes.
- Owen (400°C)
. Microplate reader.

Spectrophotometer,
Cell counter.

- Mopuse strain BALB/C
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avold bacterial contamination penicillin and streptomycin (Gibco: 100
X, 10000 units/ml) is used. Gentamyein (100 ug/ml) 15 a broad
spectrum antibiotic. Fungizone {(Amphaoterin) at 5-10 ug/ml 13 useful
against fungal contamination.

11.5.3 Sera: Fetal bovine serum (FBS) or new-borne calf serum is
used nearly in all hybridoma work. The serum can be kept at -20° C at
least for 1-2 years. For use, the FBS is thawed at room temperature
then stored at 4° C,

11.6. Preparation of media and working solutions: It must
be ensured that all the equipment used is in sterile conditions before
starting to prepare media and other solutions.

11.6.1 IMDM medium

1. Take two bags of IMDM medium (Iscove,s Modified Duibeco.s
Medium) and dissolve in one liter distilled water in two liter
capacity beaker (each packet of TMDM medium weighs 17.7 g
powder, and is stored at 47 C under dry conditions).

2. Add 6.02 g of sodium bicarbonate and dissolve while stirring
with magnet bar.
3. Add 20 ml Penicillin-Streptomycin (it is kept frozen, thaw before

use).

4. Add 20 ml Amphotericin {1t is an antibiotic).

Make up the volume two liters with distilled water.

6. Filter the two liter solution through a special filter paper under
laminar air flow hood. Collect 500 ml IMDM medium in each
sterile bottle

7. Add 2.5 ul 2-Mercaptoethano! (2-ME) in each bottle containing
500 ml IMDM medium. This can be added as follows: first take 3
ul 2-ME in a sterile petriplate containing, add 1 ml IMDM medium,
then by pipette add 0.5 ml of this solution in each of the two bottles
containing 500 ml IMDM medium, store at 4" C.

]
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and keep it at room temperature il it is used in the alternoon. Just
before use add 100 ul dimethvlsulfoxide (DMSQ) (CH:): 50s
MW .78 13). thoroughly mix with pipette.

11.7. Myeloma cell lines: The choice of animal species as immune
spleen donor depends mainly on mysloma cell Tine to be used for
fusion. Mouse and rat lines are readily available, with mice as the most
commonly species used. The BALB/C strain of mice (Figure 11.1} i3
preferred for monoclonal antibody production. Other inbred strains are
used when low immune response is encountered in BALB/C. The
LOUC and LOU/M strains of rat are recommended when using rat-
derived myelomas

Myeloma cell lines are mutant deficient in either the enzyme
hypoxanthene-guanine  phosphoribosyl  wansferase  (HGPRT)  or
thymidine kinase {TK). Such cells die n the presence of aminopterin,
which blocks the main DNA {(deoxyribose nucleic acid) synthesis
pathway (called Salvage Pathway) Selection of antibody-secreting-
hybridomas is possible, because myeloma-spleen cell hybrids can
survive in aminopterin when hypoxanthene and thymidine (components
of HAT medium) are present for use by the Salvage Pathway.

Several cell lines currently in use yield high {requencies of
hybridomas  include  P3/NSI/L Ag 4 L(NS),  P3IX63/AGO0O3(P3),
P3.X63Ag Ag8 301 and SP2/0/G14.(Sp2). All these cell lines have
been used successfully in Plant Pathology, Rat myveloma cell lines
include YB2/0 and TR983/F Rats are good to produce a large velume
of ascitic fluid, but their myeloma efficiency is lower than murine
myeloma. Most of the mouse and rat mvelomas are available from
different companies such as Flow, Gibeo and ATCC.

Myeloma cell lines are normally maintained in 1 ml aliquot in
cryotubes in liquid nitrogen. Freezing 1s accomplished by pelliting a 24
hr culture grown in normal medium containg 20% FCS, resuspending
in fresh normal medium with 20% FCS and 10% DMSO (dimethyl
sulfoxude) at a concentration of 3 x 10° cells/ml, and distributing into
cryotube (Nunc Plastic, 1 ccfvial).
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11.8 Procedure for production of hybridoma cells: For the
production of cell clones secreting antibodies, spleen cells of mice
immunized with antigen i.e. plant pathogen (viruses, bacteria or fungi)
to be investigated are fused with mouse myeloma cells. The impaortant
element in the production of McAbs includes the immune state of the
spleen donor animal, the ability to prepare and fuse myeloma and
spleen cells and obtain viable hybrids to clone and cryopreserve cells,
and preservance through hundreds of hours over a period of 3-6
months,

11.8.1 Preparation of antigen: Before immunizing a mouse, one
must have antigen in hand. For example the wirus against which
monoclonal antibodies are required, is first to be purified from the
infected plant tissue to inject into the mouse. The protocols for
purification of different viruses have been described in Chapter 7.

11.8.2 Immunization of mouse: The immune state of the animal
from which the spleen is taken is very important in determining the
success of a hybridoma projeet. A protocol that works well for a
membrane proteins (e.g. bacteria) may not necessarily be good with
soluble protein. Antigen is prepared for injection by emulsifiing an
antigen (virus) solution with Freund’s complete adjuvant. Mice are
immumzed at 2 to 3 week mnterval. The bleeds are collected 3-7 days
after cach booster immunization to monitor serum antibady levels.
Mice are chosen for hybridoma fusion when a sufficient antibody titer
is reached. The protocol for immunization 1s as follows:

1. Inject 4-5 mouse (strain BALB/C), 8-10 weeks old with 20-100 ug
purified virus in PBS homogenized with equal volume of Freund.s
complete Adjuvant (an oil-detergent mixture that i1s used to
stimulate the immune response {(eg 100 ul of virus solution and
100 uwl of complete adjuvant) with a 2-CC glass syringe. An
emulsion 1s most readily prepared by Iinking two locking glass
syringes, one loaded with antigen and the other loaded with
adjuvant, using a double-ended locking connector, Press syringe
barrels back and forth, transferring the contents [rom one syringe
to the other, for 5 to 10 min until a stable emulsion is obtaimed. A

16%



paindes sEusEULR Yl WS4 1924p Ul ‘SEAIAAL PAUIDIUOD
ussnue jo vonnpp aeudordde ur yim pateod 1sm st ajeyd aainolon
M1 YSIT1g oaupur Jo ased Ul sewopugdy  dunaioes  Apogquue
[EUOI20UONUL J33[A5 O] PASH AJUOLIWND 218 1230IP PUB 12201pU 91 WS
Jo sad4y om ) esodind sy 10 pasn i (ST ARsse JUSQIOSOUNUILI
POqU-WAZUD AISOJA] 21U PIZIUNUWIL AY3 UL SAAPOQUUE 94} JO I
Y3 1531 01 pasn S sewopugAy Suiusauds doy pawdope stoyogm Awsse
AUIES DY) A[{ENS) 113]1) WINIISPUR JO UOLRUILLIIN €911

uonaalur (kisooq) 188 ) aye sARp
b 01 ¢ aU0p ad PINOYS SIY | UoISTy 10) a0 uaapds aredasd pue tom
LINIDS 1SAYTL] 2y YIwm 3snow paziunwun agy woy usapds asoway
uosng Jad pauelgo aie sewopLigay Swonposd-Apogquiue agiads
-UABLUR si0w 2yl 1)1 Apoquue wnias ) JaySy oyl ‘jeisusd
Ul Cubneziufiinl snomasd Ayl U SN2 7 OISBal 1B NG UOIsn)
ALy SABP 221 SUIRA 1B 31 BIA (N 00108 ASNOUSARLUL 10
(N ODE-00g) Alpsuoiuadenul uafuue ngg o) o1 Sunoalur Aq aamw
]5’(](1[] "{ﬂ[:]['}[l,-'[ UEL[I A0 TJIJ 'IE]C-!_[’:J[‘UTIS 5! JDl[l .{[".IDC[H;LE‘.? S E2ysy 5
w¥al13
UB (UAL WITLIDS [82] PUE 221W 24l pas|g paadiyoe st asuodsal
Alenbape UB [UN $ya3m 7 AI2A3 PAISCOQ A URD 20MW UOISN) [[23
10} {0001/ UBYL §53] 2°1) MD| O0) PAIAPISUOD §1 191 APOQIIUE Ayl J] ¢
(paquosap uaag ApualEe sey
2anpaaold auyih VST AQ WINLAS 3Y1 U1 121 APOqIiue a4l auuuse b
‘aadideIsl Ag WNIAS 123)|02 pue (U g Joj
it g ) 98U ani wnms uenesedas © o poojq 1 0oz
0L 00T 129010 (47711 240S1L]) 9pe|q 22281 10 S1058128 dUByS 211215
B IR 0 WD ¢ B BUIND ayM 9SNOW PAZILNWILE [BOPIALPLI
Wod) sapdures wnias 3yl aye] uonoalun 191500 1918 SARR £ 01 9244
DSNOLW 24} o Apard [pauoiiad g e afur usy)
AlSNOUAARIIUL Ja3luL O3 [|B] NoA J] (827 || 2INBL]) ASNOUIARIUL 18]
2l w alur pue g W uonnos snuw suedarg ueanipe XL 1ou
Op AW Sy 7, 3ull 155 paloalul Sea ST USSIUE AL] JO 50D AUIRS
2T YA A[SNoUasrIul u0idalul 121000 B 2AIG J2IR] SYaSm NG 7
Tuadpua UOTIBIINSILA 3] 0] ¥2AYD |Hyasn
B 81 S| o o paddoap ways peoads 100 [ uosinus 2pges

m'



Figure 11.2: (a) Intravenous immunization of BALB/C mouse
through tail (b) collection of serum sample from immunized mouse
while cutting 0.3 cm of tail with sharp blade.
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3. Make antiserum dilution as [00 X, 200 X 400 X and 800 X in
sodium carbonate buffer, Add 100 ulfwell. Add buffer in duplicate
wells as a negative control, Incubate 2 hr at 37°C,

4. Wash plate three times with PBS washing buller,

3, Add two drops/well from bottle *a’ from Vector Laboratory ABC
Kit Inc., 30 Ingold Road, Burlingame, CA 94010, USA. This step
ts called blacking to reduce non-specific reaction Incubate for 2
hr at 37"C.

b Repeat step 2.

7. Add one drop/well from bottle ‘b’ from ELISA Kit. Incubate for
15 min at room temperature.

8. Repeat step 2.

9. Add one dropwell from bettle ‘¢’ from ABC kit Incubate for 15
N at room temperature.

10, Repeat step ‘b, this time wash 5 times

Il Add one drop/well substrate. Blue colour will be developed and
take reading by microplate reader at A 45 .

* Noter Vector Laboratory ABC kit has three large size and four small
s1ze bottles. Large size bottles are marked as a_ b and ¢ The small size
bottles are marked as A, B. C and D. The bottle ‘A’ contains normal
horse serum used for blocking. The bottle ‘B" contains hiotinylated
antibody taken from horse against mouse lgG - The bottle *C” contains
Avidin. The bottle ‘D’ contains biotinylated peroxidase. The solution in
bottle “a’ is prepared by dissolving 3 drops from bottle’ A’ in 10 ml
PBS. The solution in bottle *b’ is prepared by dissolving 3 drops from
bottle *A” and one drop from bottle’B” in 10 ml PBS. The solution in
bottle “¢” is prepared by dissolving 2 drops fram bottle *C° and two 2
drops from bottle "D in 10 m] PBS. The solution of bottle “C’ must
be prepared 30 min before use, This kit is stored at 4" C

11.9 Preparation of parental cells for fusion The most
important part in the. production of hybridoma is the preparation of
cells for fusion Both spleen B-lymphocyte cells and myeloma cells
need (o be m optimum cell cycle stage and conditions for successful
immunization and subsequent hybridoma production,
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Figure 11.3: Removal of spleen from an immunized mouse for the
preparation of spleen cells.
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3. Shake the mouse for 5 min to release cells into the flud

4. Cave a cut to the skin with a scissors and expose the abdominal
wall to take out fluid by injecting syringe into the peritoneal cavity.
Try to take 4-5 ml fluid.

5 Count the number of cells under the microscope with
haemocytometer while staiming with Trypan Blue If you find 100
cells in the grid of haemocytometer then proceed further (3 x 10°
cells/ml) for 6 plates.

6. Dilute the cells while adding 40 ml HAT medium and add 100
ulfwell of the six 96-well plates.

7. Incubate at 37°C wath 3% CO: supply and 98% humidity.

8. Next dav check plates for contamination, These plates can be used

after two days for growing fused cells.
Note: Usually 3000 macrophages per well are sufficient for growing
hybridoma. This eell requirement can be achieved i vou find 100 cells
under the haemocytometer.

11.9.4 Staining and counting of cells

1. Prepare 0.7% sodium chloride (NaCl) solution: It 1s solution A

2. Prepare 0.2% aguous solution of Tryvpan Blue {a kind of dye). This
15 solution B

3. Take 100 ul of solution A and 400 ul of solution B and mix. This is
solution C.

4. Take 100 ul of solution €, and add 100 ul of eell suspension (spleen
cells, macrophages or myeloma cells). Mix and take 50 ul from it
and count under the microscope with the help ofhaemocytometer
and calculate cell number per ml,

11.9.5 Calculation of cell number

Example:

suppose the number of cells in 23 squares counted at two
places are 150 and 180. Calculate the average, it will be 165 The
number cells in one ml will be as follows:

165 x 10" x 2 (1 : 1 dilution factor) = 3.30 x 10" cells/m]
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medinm and then assayed for production of antigen specific antibody
The fusion procedure is as follows:

| o

R e

When the immunized spleen cells and myeloma cells m appropriate
dilution are ready. mux them in one tube (keep some portion of
both kind of cells to be used as control). Centrifuge at 1000 rpm
for 10 min, and remove all the supernatant by careful aspiration.
For mixing, the appropriate ratio of spleen cells to myeloma cells
shiould be 10 ¢ 1. Adjust ths ratio before nmuxing,

Loosen the pellet gently wlule tapping the tube on the table to get
a fine layer of the cells along the tube wall.

Using a [-ml pipette, gently add 0.5 ml of PEG solution containing
DMSO (dimethyl sulfoxide: 1 ml PEG + 100 ul DMSO) dropwise
while rotating the tube within 30 seconds, Let it stand for another
30 seconds

Add 10 ml IMDM medium containing 2-ME (2- Mercaptoethanol)
very slowly and shake the wbe very gently and let it stand for 10
min al room temperature

Transfer the cell suspension to 90 ml HAT medium in a bottle, and
add 2-3 drops per well of the six plates containing macrophage
cells, prepare two days earlier, Also add parent cells as control.
Incubate the plates in COs incubator at 37 C with 5% COs supply
and 98% humadity.

Next day add HAT medium (100 ulfper well) in all wells of six
plates. Also check for contamination, aspirate the contaminated
wells and treat with concentrated NaOH

Grow the hvbrid cells in HAT medium for two weeks after fusion,
After two weeks, replace HAT medium by HT medium.

The hybrids are grown in the HT medium until the completion of
two cloning procedures.

Note: 1f the plates with macrophage cells are not ready or if vou find

that all the plates have been contaminated then you can use BrioClone
as 3% in the final fused cell suspension. BrioClone serves the same
purpose as that of macrophage cells, 1t has been prepared from human
cell ne, a product of Bio Resecarch Ireland, Glasnevin Dublin 9.
Ireland, This product is in liquid form and is kept at -20" C.
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Figure 11.4: (a) Inverted microscope to observe hybridoma cells
(b} the fast growing hybridoma cells are recognized by change in
pH of the medium into vellow colour.
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All clones should be assaved and sub-cloned as carly as possible.
During change of medium to feed cells the secreted antibodies are
also removed. Therefore, at the initial stage of the cell cloning, the
amount ol antibodies produced may be so small to detect by the
assay system.

After fusion follow the following steps
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Next day of fusion feed the cells with HAT medium. Add 100
uliwell HAT medium.

After three davs examing the plates for contammnation. Individual
contaminated well can be aspirated and treated with concentrated
NaOH. In case of many contaminated wells particularly with fungi.
better to discard the whole plate. Feed all wells first by aspirating
half of the medium in each well using pipette and then replace with
fresh HAT medium (100 uifwell). Do not disturh the cells during
taking out hall’ ol the medium from the wells.

On davs 17-14. after two weeks of fusion, the hybridoma colonies
are very casily recognized. They look dividing bigger celis, Beain
screemng assays  Aseptically with a stenle micropipette remove
culture [luid for screening when bottom of the well is 30-50%
covered with hvbridoma cells and the colour of the medium turns
yellow. Replace with fresh HAT medium. Screen and feed every
3-4 days. Plan to spend all the day working wath the cells and
sgreen. Transfer the positive cell lines to 24-well plates by gently
aspirating the media and cells up and down in the well with a
sterile glass pipette (about 3-4 times to mix the cells with media),
and adding this suspension to Iml fresh HAT medium in the new
well

On days 14 check control cells (spleen and myeloma) they must
have been dead after two weeks. If the control cells are completely
dead then start feeding hybridema cells with HT medium instead
of HAT medium. Continue leeding every 3-4 davs

On days  14-300 allew sufficient time  for prohiferation of
transferred cells and screen, Transfer positive cell lines to 24-well
plate. This time use HT medium to feed hybridoma. Continue to
monitor Y0-well plates. screen and transfer the hybridoma 1o laree
volume plates e g, 6-well plates.



6. On days 30-45 abour 30-90% of all the anugen specific
hvbridomas will have been selected in the next 2-3 weeks.

When all the antigen specific antibodv-secreting hvbridoma have
been placed m frozen storage, retained final culture supernatant
fluids are evaluated in detall in a vanety of assays to identily
antibodies of interest and to ascertain which cell lines 1o carry
through the cloning process and antibody production stage

-

Note: If fusion shows no growth of hybridoma cells afier 14 days, it
should not be discarded but may just be slow growing hybridoma, It
should be fed by changing half of the medium and maintain up 10 6
weeks, If it shows no growth by that time, it probably never will
Discard the plate.

11.12 Cloning of hybridomas: Hybridomas are usually not stable
cell fines, i.e. they tend to lose the ability to produce antibody. Cells
which have lost the ability to produce antibody can rapidly overgrow
the cells which have retained antibody production. This may occur
while antibody levels in the culture medium remain high. Therefore,
valuable cultures may be lost. To avoid this loss, useful hyvbridomas
should be cloned to select the antbody-producing cells from the
mixture of producing and non-producing cells. This should be done as
so0n as the antigen positive hybridoma is recognized. After the cloning
has been repeated several times, the cell Tine may be more stable
However, in most cases, enough antibody can be obtained from the
first. not yet fully stabilized clone to complete a reasonable research
praject. If clones have been saved in liguid nitrogen they can be thawed
out to produce a large amount of antibody that may be required for
extensive projects.

There are several methods to clone hybridomas cell lines but
cloming by limited dilution is more common than others. All methods of
clomng require that hyvbridomas be growing actively and be in excellent
condition. Thus, the culture to be cloned should be split and given
fresh medium with 20% FCS on the day before cloning. Cloning of
hybridoma cell lines which are positive for a speatic antizen by limited
dilution method is done as follows;

2
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Twao days belfore cloning, isolate mouse feeder cells (macrophages)
and prepare 96-well plates with feeder cells in HAT medium as
described under preparation of macrophages cells,

Iransier all of the eells from each well containing antizen-specific
antibody in its hybridoma supernatant (as determined by ELISA)
into a separate well of a Z4-well plate that has been preincubated
with 0.5 ml of an appropriate culiure medium ez, HAT medium
(choice of medium depends on the current stage of the cloning
process. In first cloning use HAT medium, and the second cloning
use HT medium_ o other cloning use normal medium) and culture
overnight at 37" C. CO.-in-air, and 98%; hurmdity in a CO;
incubator. It is better to clone 6 cell lines at a time. as it is easy 1o
H'Iﬁl‘l-ﬂ_f.;ﬂ.

Perform cell viability count using Trypan Blue exclusion metliod on
the overnight culture in 24-well plates. This procedure is used to
determine the number of viable cells in the culture A non-viahle cell
will have a blue cytoplasm, a viable cell will have a clear cytoplasm
Using a 6-well plate. make dilution of cells from overnight cultures
i HT medium In the first well, make a |- 1000 dilution in a total af
3 ml, m the second well, dilute an aliquate of the fiest dilution 1o 80
cellsiml in 5 ml; in the third well. prepare 8 cells/mlin 10 mi(ie a |
10 dilution from the second well)

. With a multichannel pipette, fill the upper 50 wells of the inner 60

wells of the 96-well plate from step 1 with 100 ul of 8 cells/ml
dilution (1.e. 0 8 cells/well) and the 10 wells of the bottom row with
100 ul of 30 celis/ml dilution (1.e. 8 cells/well)

Incubate at 37" C in a COy incubator in 5% CO-in-air with 9894
humidity (day 1)

On day 6! feed the culture with the addition of 100 uliwell of fresh
medium. using a multichannel pipette. Thereafter, if NECesSary,
refeed the culture every other day by removing 100 ul media from
cach well and adding 100 ul fresh media

- When the colour of the medium wirns vellow, assav for specifie

antibody m the hybridoma supernatants using an EL1SA
Transfer 2 to 3 selected positive subclones from each plate into 4
2d-well plate



10, Expand the subclones and freeze one aliquot for each subelone o a
cryotube, This is done as a precaution in case one fails to recover
positive clones.

| | Repeat cloning procedure from the beginning until a stable and
single hybridoma cell 1s established

12 Once established as stable cell lines, hyvbridomas are maintained in
normal medium m a similar manner to the myeloma cell line, Cells
are then propagated for liguid nitrogen storage and for antibody
praduction in ascites fluid,

Note: Hybridomas that vield more than 90% antibody-positive culture
upon reclomng are considered to be stable. Those that vield less than
90%% positive cultures are subjected to further cloning, When clones
become stable, reduce 20% FCS (fetal calf serum) level in the HT
medium to 10%, gradually reduce HT level, and Gnally remove HT
from the medium entirely. Some clones are more sensitive to this HT
wearing process than others

Recloning of established hybridoma lings may  become
necessary when they are cultured for longer than 30 davs. Somatic
mutation or chromosome less may oceur during an extended culturing,
which could lead to a loss of antibody production.

11.13. Freezing and recovery of hvbridoma cell lines

Hybridoma cells are suspended in dimethyl sulfoxide and fetal
calf serum and frozen in a dry ice-ethanol and glyeerol bath (Figure
FL5) tollowed by transfer to liguid nitrogen storage Cells are
recovered by thawing rapidly at 37" C, with immediate replacement of
freezing medium by culture medium. The composition of freezing
medium has been given below, The hybridoma cells to be frizzed
should be in the log phase of growth,

11.13.1 Freezing of hybridoma cells

I Perform a cell wiability count using Trypan Blue exclusion
" procedure:

L 84
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Using a pencil, label cryotube with identification and date
Centrifuge cell suspension at 1000 rpm for 5 min at room
temperature

Aspirate the supernatant very carefully

Resuspend cell pellet in freezing medium to give a cell density of |
x 107 viable cells/ml,

Aliquot 0.5 mifervotube (i¢. 5 x 10° cells /tube).

Freeze In dry icefethanol and glyeerol bath tor 60 min (Fig. 11.3)
Alternatively the cryotubes are first stored a1 - 30° C for 24 hr and
then are transferred to liquid nitrogen

['ransfer cryotubes to liquid nitrogen.

Freezing medium:

| 0% (vol/vol) dimethy] sulfoxide, analytical grade.

9% {(volivol) fetal calf serumi{FCS).

Medium is prepared on dav of use and chilled 1o 4" C before use

11.13.2 Recovery of frozen cell lines
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Thaw cryotubes completely at 37" C in water bath. Thawing
should be completed within 1 min. Immerse tube only to level of
contents,

Wipe top of crvotube with alcohol swab, transfer cells to 15-ml
centrifuge tube and add 5 ml of normal culture medium warmed in
37°C water bath,

Centrifuge at 1000 rpm for 5 mn,

Aspirate supernatant

Resuspend cell pellet in 3 ml warm complete culture medium (37"

C)

Transter suspended cells to a 25-cm” tissue culture flask

Incubate overnight at 37° C m a CO; incubator in 8 % COu-in-air
with 95% humidity. Keep Hask upright

Add 5 ml warm complete culture medium (37"C). Lay flask flat.
Propagate cells m complete culture medium.

LL.14. Characterization of monoclonal antibodies: The
characterization of monoclonal antibody can be one of the most exiting
aspects of McAbs production. 1t can be a long and complex procedure

-
P
o



depending on the objectives of the McAbs production. Most ofien
MeAbs are characterized for their specificity, class, sub-class, specific
titer. storage ability, stability, purilication property and affinity.

After recognizing hybridomas in the culture medium their
secretion 1s assayed to determine the hybridoma positive to speaific
antizen. Mostly not all are antibody secreting hvbridomas, because not
all the spleen cells are alwavs mmmunized Therefore, some un-
immunized spleen cells may also fuse, which are not useful. The
secretion of hvbridoma cells is usually tested by ELISA

[1.14.1 ELISA for detection of antibodies in hybridoma
secretion: The ELISA described in this protocol can be used for
detecting antibodies in serum or hybridoma supernatants Antigen is
first adsorbed on the well surface of microbter plate. Serum samples
from the test bleeds or hybridomas supernatants are ncubated in
separate antigen-coated wells. Antigen-specific antbody present in the
samples will bind to the antigen Unbound serum or supernatant
components are washed away, and horseradesh peroxadase-antimouse
lu( conjugate is then bound to the mouse antibodies already bound to
the antigen. Excess conjugate 1s washed away, and substrate solution is
added to each well. The amount of colour develops as the substrate is
acted upon by the enzyme ol the conjugate cleaved by the enzyme in
the enzvme-lg(s conjugate.

Protocol for ELISA

1. Dilute antigen to [0 ugiml i carbonate coating butfer. pH 9.6 Add

100 ulfwell antigen solution of 96-well microtiter plate. Cover the

plate with cover and incubate 2 hr at 37°C or 47 C overnight.

Wash plate three times with wash bufter (PBS-T).

Add 100 ul’well of each dilutes mouse serum or undiluted

hvbridoma supernatants. Incubate plate for [-2 hrat 37" C.

4. Repeat step 2

S Add 100 uliwell of horseradesh peroxidase-antimouse leG diluted |
1000 i dituting buffer (without 0.1% Na N:). Incubate at 37 C
for 30 min,

6. Repeat step 2

PR B



Add 100 uliwell  peroxidase substrate solution. The method for
prepanng substrate has already been described

& Incubate at room temperature and record observation by micraplate
ELISA reader at A 45 e Colour chanee 15 from  colourless 1o blue-
UTEE

Conjugate diluting buffer:

Tween-20 (.5 mi
Bovine serum albumin (BSA) 25
Na N; (Sodium azide); 10«
PBS (phosphate bufter saline): I liter

Note: Do not add sodium azide if the horseradesh peroxidase -leG
method 1s being used

[1.14.2 Polyacrylamide gel electrophoresis: Polyacrylamide
gel electrophoresis is widely used in characterization of both
monoclonal antibody and its antizen. 1t is used to determine the class
of secreted antibody, for proof of monoclonality and for
immunoblotting.  Only slab gels are suitable for most of these
procedures.

11.14.2.1 Slab gel apparatus: Slab gels are poured into two
glass plates typically 18 em x 13 cm clamped vertically together with
spacers holding the plates apart. Thicker zels hold more protein and
may be more suitable for immunoblotting of minor proteing. When wel
15 poured a comb made of plexiglass of the same thickness as spacer is
mserted between the two glass plates while the el sets. The comb is
remaved before sample application into the slots it creates in the gel
The number of teeth in the comb is a matter of choice relating to the
number of samples 1o be analysed. then volume and expertise of the
aperator

The gel is poured in liquid form and there is a possibility of
leakage out of the bottom of such an apparatus unless care is taken.
Leakage can be stopped by greasing the spacers with petrolium jelly at
the bottom. or by using a sticky tape at the bottom The two plates are



firmly clamped together with foldback office clips. Such apparatus is
commercially available with several companies

11.14.2.2  SDS-PAGE  (Sodium  dodecyl  sulphate
polvacrylamide gel electrophoresis): SDS-PAGE separates
protemms on the basis of size of the proteins. SDS§ denatures the
proteins to give a uniform tertiary structure and binds to most proteins
to the same extent. The PAGE has molecular sieving effect so that
small proteins move more raspidly through the gel Gel concentrations
are usually in the region of 10-15%. Lower percentages arc used for
large proteins and higher for small proteins, Gels of 3% polyacrylamide
and below are extremely difficult 1o handle

The gel mould is prepared and the ingredients for the gel are
made up according to the information given in Table 11,1 Acrylamide
and bis-acrylamide should be handled with gloves Before starting
electropharesis, keep ready the following solutions/butters.

11.14.2.3 Solutions and buffers for SDS-PAGE

Solution A: (30% acrylamide):

Acrylamide: 293¢

N, N-Methylenebisacrylamide: 08 o

First dizssolve in 50 ml distilled water then make the velume up
to 100 ml. This sclution s stable for at least one month at 4°C.

Solution B: (Separating gel buffer, 1.5 M Tris-HCI pH 8.8):

Tris: 182
SDS: 04 g
HCL: 2 ml {Concentrated HCl to adjust pH).

This solution 1s stable for at least one month at 4°C

Solution C: (Staking gel solution, 0.5 M Tris-HCl buffer pH 6.5):

Tris: 61 g
SDS: 04dg
HCI: 42 ml

(Concentrated HC to adjust pH)
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Make the volume as 100 ml with distilled water, This solution should
be prepared fresh each week and stored at 4°C

Sample preparation:
Virus infected plant tissue, 0.1 g
Sample solution I ml

Dilute solution three times before homogenizing the plant tssue
in mortar with pestle. Grind the plant tissue, and then take 10 ul sample
and add to it 5 ul 3X sample solution, Boll the sample for 5 min in
boiling water, and then add 2-3 ul dye solution to the sample, Now the
sample 1s ready for loading

Table 11.1: Gel concentration for SDS-PAGL.

Solution Sﬂparating ael Stacking
el
8%  7.5% 10% 1235% 15% 20% 4.5%
A 30 45 60 74 96 120 10
B 45 45 45 45 45 45 -
2 - - - = - - -
D 0.08 008 008 008 006 0006 0.02
TEM 001 001 001 001 001 00] 0.01
W 105 90 375 60 45 13 3.6

Note: For protein and virus proteins mostly 15% gel is used,




11.14.2.4 Protocol for electrophoresis

]

Lo

faad

4.

Assemble the gel cassettes using clean. dry glass plates aceording
tor the manufacturer s instructions for the particular apparatus being
used.

Prepare a sufficeint volume of separating gel mixture (e.g. 100 ml)
by muixing 333 ml of stock acrvlamide solution, 25 ml of 15 M
Tris-HCI, pH 8.8, 40 ml of distilled water and 150 ul of 10 %
ammonium persulphate, 1 ml of 10% 5DS and 30 ul of TEMELY.
Mix gently and pour immediately into the el casseties to about |
cm below the level which will be occupied by the well-forming
combs when they are in position.

Overlay the gel carefully with distilled water and allow to
pelvmerase for at least two hr (or overnight) at Toam temperature.

Prepare the required volume of stacking gel mixture (e o 30 ml) by
mixing 3 ml stock acrvlamide solution, 3.75 ml of 1 M Tris-HCl,
pH 6.8 | 22.75 ml of distilled water and 150 ul of 10% ammonium
persulphate., 0.3 ml of 10% SDS and 50 ul of TEMED . Mix gently
and use immediately,

Pour off the water from the top of the polymerized separating gel
and fill the cassettes with the stacking mixture Insert the sample
well-forming combs znd leaves 1o polymerize for at least 2 hr at
roOm temperature.

When the stacking gel has polymerized, remove the sample comb
fram the gel and install the gel in the electropharesis apparatus
according to the manufacturer. s imstructions.

Fill the elecirode ¢hambers wath the reservoir buffer solution
(running solution). This should be circulated between the cathode
and ancde chambers to equalize the pH conditions.

Prepare dry samples by dissolving in single strength (i e diluted 11
with distilled water) sample solubilization solution. Liquid samples
should be diluted 10 a suitable protein concentration and added to
an equal volume of double strength sample solubilizatiojn solution
The total sample volume should be less than the volume of the
sample wells in the gel, Heat the samples in boiling water bath for 5
1T,

Load the samples into the szample wells using a4 suitable
MICTOSyTinge



10, Run the gel under constant current conditions A 1.3 mm thick, 14
cm long 10% T gel can conveniently be run overnight at 15 mA per
gel, by which time the Bromopheno! Blue tracking dve reaches the
bottom ol the gel

11. At the completon of electrophoresis, remove the gel from casscties
very carefully into a plastic container

12, Pour the staining solution (about 100 ml or depending on the size
of the gel) in the gel container, also put one or two tissue paper,
and shake the get on shaker for about 1 hr

13. Pour off the staining solution from the gel container and add 100
ml destaming solution and shake the wel overnicht at room
temperature

14, Analvze the gel bands.

11.15 Mass production of mococlonal antibodies: When
the hybridoma is grown o vidro usully 0.1 to 10 ul of antibody per ml
1s obtained. The same hybridoma, when grown in the peritoneal cavity
of the mouse it may produce 5 to 80 mg of antibody per ml of the
ascites fluid. Both methods have relative advantages Antibody
produced in vitre in FCS (fetal calf serum) medium is truly monoclonal
and monospecific. The low concentration of antibody may be
overcome by growing the hybridomas in serum-free  {insulin-
transferrin) medium and subsequently concentrating the antibody by
dialysis or ultrafilteration. However, this is un-necessary for many
studies. When very large amounts of high concentrations of antibody
are required, the growth of hvbndomas as an ascites tumor in pristane-
primed mouse will provide the required guantity of antibody, but
present a usually nsigmificamt complication, Monoclonal antibodics
produced in mouse will be contaminated with all other antibodies
normally present in mouse. Thus, mouse used for ascites fluid
production must be protected against the antigens used for monoclonal
antibody production, and against all antigen which might be cross-
reactive with the antizen of interest.

Procedure
1. Imect mouse (6-10 week old BALEB/C mice) with 0.5 ml Pristane
intraperioneally using a 3-cc glass syringe and 22-G needle. At

| .--.I E
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least 3 mouse are normally prepared for each hybridoma cell line.
(Care must be taken to avoid penetration of the intestines by the
needle.
Before imtiation of ascites fluid production, recover hybndoma
lines from frozen storage and maintain cell line in complete culture
medium or normal medium.
One day prior to injecting the cells into the mouse, dilute the
culture to 2 x 107 cells‘ml by adding fresh normal medium to
ensure that cells are in log phase of growth when mjected.
Inject mouse intraperitonsally with hybridoma cells 10-14 days
after Pristane (2.6, 10, l4-tetramethylpentadecane-Aldnich
Chemical Company, Inc. Milwaukee, W1 53233) injection. Using
a 22-G needle, inject 1-5 x10° suspended in 0.5 mi PBS.
Observe mouse for abdominal swelling indicative of aseites flud
accumulation (Figure 11.6a). Sufficient flud for collection will
narmally be accumulated 6-9 days after injection of cells. At this
time the, the abdomen has swollen 2-3 times that of normal size
and the mouse begin to be restricted in their movement
Collect ascites fluids by injection of a 20-G needle into peritoneal
cavity, allowing fluid to drain into a 15-ml centrifuge tube (Figure
11.6b). The amount of fluid coliected will vary from | to several
milliliters. The colour will range [rom white /vellow to deep red,
depending on the proportion of red blood cells present.
Place ascites fluid at 4°C for | hr and wait for clot formation
Centrifuge at 5000 rpm for 13 min. collect supernatant and store
at -20°C until use.
Repeat steps 5 1o 8 every two days until the mouse begin to show
distres { i.e lack of movement, extremely dishelved appearance, or
labour breathing).
Kill mouse by cervical dislocation.
Immerse the mouse in a 100-ml beaker containing 70% ethanol.
Lay out mouse on dissecting board,
Snip skin at diaphram level and pull skin back, exposing the lower
part of the rib cage and abdomen.
Open abdominal cavity of the mouse with a sterile scissors, and
collect the remaimng ascites with a sterile syringe.
Repeat step 7 and 8



Figure 11.6: (a) Abdominal swelling of mouse after injecting
hybridoma cells indicative of ascites fluid (b) collection of ascites
fluid by a 20-G needle from peritoneal cavity of the mouse,



11.15.1 Purification of immunoglobulin G from ascites
fluid: This is acomplished by precipitation of [2G with saturated
ammonium sulphate. It 1s done as follows:

1. Add 1 vol SAS (saturated ammonium sulfate (1e. 33%) dropwise

with a Pasteur pipette to 2 vol of ascites fluid with constant

mixing at 4°C.

Allow precipitate to form over a period of 2 to 4 hr at 4°C with

constant mixing. Pellet precipitate by centrifugation for 20 min at

1000 rpm.

3. Wash pellet by resuspending (vortexing) il in a volume of cold
33% SAS solution equivalent to the original volume of ascites
fluid, Repeat wash step once,

4. Dissolve pellet in an appropriate cold buffer by gentle vortexing. A
convenient volume for solubilizing the [gG fraction is 3% to 10 %
of the original ascites fluid.

5. Dialyse 1gG solution in dialyses tube over 48 hr at 4'C against
three changes of the desired buffer (PBS: 4 liters per change) to
fully remove the ammonium sulfite,

6. Measure the concentration of the purified 1gG by spectropho-
tometer, adjust as 1 mg/ml,

7. Store 1gG at -70 "C for future use,

[~F

The overall flow chart for the production of McAbs 1s given in Figure
L1:7.

11.16. Handling of mouse for experimental purposes

11.16.1 Identification;: Individual mouse in the same caze will
often need to be identified for repeated immunization or procedures
Therefore, identification of individual mouse is very important as all
mouse look alike. The most satisfactory permanent method for
identification of mouce and rates is by ear clips or by dying the fur, For
dyes in use include picric acid and gention wviolet. Agqueous solution of
these dyes should be diluted with alcohol to decrease the drying time,
Six positions may be used for dying 1e. shoulder, flank. and rump and
the right and left sides. These dyes are best apphed with cotton-tipped
applicators.
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11.16.2 Restraint: Mouse should be picked up by the tail near the
base, and placed on a grid when the tail is pulled gently, The ammal
holds on the grid with its feet, and it can then be picked up by zrasping
the loose skin over the shoulder with the thumbs and forefingers, when
the tail 1s held with the little finger. For intravenous injection as for
bleeding from the tail, a special devise is used to catch the mice with
tail outside to catch it easily. When the mice 15 put on this stand, 1ts
body 1s inserted and its tail prutodes to caten 1t easily

11.16.3 Anesthesia: For anaesthetizing animals for a short period
of time, ether is usually satisfactory. The ether jar should be arranged
with a grid over the cotton wool soaked in ether. so as the amimal only
breaths the fumes, but does not come in contact with ether, which wall
irritate the skin, The animal s sufficiently anaestheses when the
breathing is regular and slow, and when it does not twitch il & foot is
gently pinched.

For anaesthetising a mouse for a longer period of time
intraperitoneal injection of a barbiturate such as Sagatal (May and
Baker) is used. It should be diluted in ethanol and water (Sagatal !
ether ; water  1:1:10) and mjected at a dose of approximately 0.1 ml
per ¢ body weight of the mouse.

11.16.4 Immunization procedure
In order to immune an animal the antigen 15 injected by several
ways. A few are described below,

11.16.4.1 Intraperitoneal injection: Take a syringe with needle
of size 23 G or 24 G. Maximum amount of antigen to be injected
should not be more than 2 ml in case of large mouse and up to | ml in
case of small strain. The mouse is held by grasping the loose skin over
the shoulder with the thumb and forefingers, and holding the base of
the tail with the little finger, belly upward. The needle is inserted 1o a
depth of approximately 5 mm to one side of the midline, between the
lower nipples. Injection at the midline may enter the urinary bledder,
and an injection too deep m the peritoneal cavity may damage liver or
spleen, The antigen should be mnjected slowly, and there should be a



brief’ pause before the needle is withdrawn to allow the antigen to
disseminate, 11 there 1s a swelling at the injection site the injection has
been subcutaneous, not intraperitoneal.

11.16.4.2 Subcutancous: Take syringe with needle of size 23G or
25C Maxtmum amount of the antigen 1o be injected should be 200 ul
(0.2 mi). The mouse is placed on the grid, and the loose skin and tail is
held as before It should be lell on the urd and gently held down by the
back of the third and fourth fingers of the left hand The needle is
mserted through the skin at the back of the neck, pointing posteriarly,
50 that the point is below the lingers holding the skin. The point should
be moved i a short are to check that it moves freely between skin and
body The antigen is injected, and the fincers should then be moved to
grasp the site of the needle penetration as the needle s withdrawn to
prevent loss of the anbizen through the hole in the skin.

11.16.4.3 Intravenous: Take syringe with size of 235G or 260
Maximum amount of he antigen to be injected should not be more than
0.2 ml {1e 200 ul). [ntravencus injections in mice are neither quick nor
casy. and practice 15 needed before the necessary skill can be acquired
It should be attempted first as a practice. Glass svringe should be
preferred. because the plunger moves easily than in plastic syringe
Great care should be taken that air bubbles are expelled from the
syringe. bulb and needle before injection. The mouse should be held on
the grid i such a way that its body 1s inserted into the grid and the tail
protudes outside Before, holding the mouse on the erid its tail should
be dipped into warm water, It is best to usc lateral tail veins, and to
make the first injechion distally, as a second attempt can then be made
m a more proximal position. The mouse.s tail should be held over the
forefinger of the left hand, and the needle inserted into the vein on the
straight part of the tail over the forefinger, As the antigen is injected,
there should be no resistance and the vein should be seen clear. If
there Is resistance as the plunger is pushed and tail becomes white, the
injection has been subcutaneous not intravenous,



11.16.4.4 Intramuscular: Take svringe with needle of size 25G.
Maximum amount of the antigen 1o be mjected should be 50 ul. An
assistant 15 required to hold the mouse while the experimenter extends
the hind leg and makes the njection into the thigh muscle above the
femur. The needle should approach from behind the ammal and be
pointed along the femur towards the body,

11.16.4.5 Serum collection: Twe methods may be used to obtain
blood from the tail of the mouse. Firstly a sharp scalpel or razor may
be used 1o cut a small piece off the end of the taill, while holding the
ammal on the gnd (Figure-11.2b). The drops of blood can be collected
in the serum separation tube while pressing the tail with forefingers
When sufficient blood has been collected (about 100-200 ul), the
bleeding should be stopped by sealing the tail while touching on the hot
electric rod. The other method is to give a slant cur in one of the lateral
tail vein, and blood is collected in serum separation tube and bleeding
i3 stopped as described before.

The blood should be collected n serum separation tube,
Centrifuge and collect the serum by pasture pipelte in polyethylene
tube,

11.16.4.6 Removal of spleen from mouse: The spleen is
usually removed from the mouse either for preparation of cells for
fusion purpese (when the animal s immunized) or for preparation of
macrophages to be used for growing hyvbridomas. The procedure to
remove spleen from the mouse has already been described under spleen
cell preparation.



Chapter 12 RpR—
MOLECULAR M_I_ETHDD_S. FOR VIRUS DETEETIDF_\L

D, Mobhammad Arif
Deparient of Plant Pathology . NWEP Agncaliural Llmversily. Feshawar, Pakistan,

12.1 Introduction: Plant viruses cause considerable crop losses as well
as incurring the expenses of control measures. Rationalization of disease
control necessitates more efficient methods of diagnosis and prediction.
Current methods of virus diagnosis mclude time consuming biological
assay and serological tests which, though sensitive and rapid, do not detect
all wiral pathogens. This chapter describes application of molecular
techniques for the detection of viruses to overcome the prablems deseribed
in the previous chapters

12.2 Detection of RNA viruses by Northern blotting

12.2.1 Introduction: The RNA transcripts from virus RNA or total
RNA from plants can be identified by Northern blotting.  The RNA is
separated-according to size by electrophoresis through a denaturing uel
and 15 transterred to nitrocellulose or nvlon membrane (Figure 12,1 and
12.2). The RNA of interest can be located by hybndization with radio
active or non-radio active labeled DNA or RNA  followed by
autoradiography. Dot blot can be used 1o give comparalive estimates of
the amount of the target sequence in different preparations of RNA,

12.2.2 Extraction of RNA from plant samples

Materials and Reagents

Tris-borate EDTA (TE) saturated phenol

RMNA extraction bufter

Chloroform-isoamyl alcobal (24°1 vy solution)
4 M Tithium chloride and Liquid nitrogen
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Method

1

8]

L

Harvest virus infected leaves, remove midrib and weish out 0.5 ¢
leaf” material in 4 ml polyethyvlene tube or collect 5-10 leaf disc in
Eppendrof tube

Place tube immediately into liquid nitrogen until the leat matenal
completely dry before grinding into fine powder. Alternatively
samples can be ground n nioftar and pestle

Add equal amount of hot (80°C) extraction bufler and phenal (1:1)
and vortex mix.

Add one volume of chloroform @ 1spamyl alcohol (24:1 wiv), and
VOrLEx M.

Centrifuge at 10,000 g for 5 min and remove upper liquid phase and
add equal volume of 4 M LiCl and store at 4°C for overnight
Centrifuge at 10,000 ¢ for 10 min and discard liquid phase
Resuspend the pellet in sterile distilled water. 01 volume of 3M
sodivm acetate and 2 volumes of absolute alechol

Store the sample at -70°C for not more than 30 mn or -20°C for
overniuhil

Centrifiige at 10,000 ¢ for 10 min, discard the hguid phase and wash
the pellet first with absolute alcohol and then with 70%% alcohol

Dry ofl’ pellet under vacuum for 2 min or air dry at room
temperature for 30 min.

Resuspend the pellet in 100 ml Trs/SDS buffer or nuclease freg
Waler.

Quantity RNA concentration  with {,_iz-mr:*Ifj_iz.tzu1["'."”1 Photometer
(Pharmacia) and store at -20°C until use

The RNA will keep longer it dissolved in Tns/'SDS - However, 1l the

RNA 5 to be used for PCR it must not be dissobved 1n this solution  and
should be dissabved m nuclease-lree water. because SDS interferes wath
the PCR.

T
BN



12.2.3 RNA detection by Northern blotting

Method

. Resuspend RNA sample in nuclease-free water o appropriate hutler
and quantity the concentration.

3 Prepare 1.25 %4 agarose gel by mixing 0.6 g agarose, 5 ml 10 x 3-
[N=morpholine] propane sulphonic acid (MOPS) and 34 ml sterile
distilied water

3 Melt thoroughly, cool and add 11 ml formaldehyde (37%),

4. Pour gel in the gel plate in fume cupboard and leave the content 1o
settle

¥ Prepare the sample by mixing:

L1 m 10 x MOPS

i35 ml Farmaldehvde (37%)

1.5 5 ml RNA sample (5 mg of 1otal cell RNA or 0.5 7 g
BN Aextracted directly from virus particles)

r. [0 mil deionised formamide

& Heat the sample at $5°C for 15 min and add 2 ml loading buffer,

T Load the sample with known positive and negative controls and
standard RNA markers

8. Eectrophorese the sample for approximately 2-3 h at 60 mA with |
x MOPS,

9 Transfer RNA onto nitrocellulose or nylon membrane using 10 x
SSC as a transfer buffer

10, Cut off marker with a scalpel, and place in & baking dish containing
100 m] of water and 10 ml of 10 mg / ml Ethidium bromide Shake
at room temperature for 10 min.

L1, Trim and measure the gel and cut nitrocellulose or nvlon membrane
accordingly.

12, Place a piece of glass across the large dish. Wet two long pieces of
filter paper in the 100 ml of 10 x SSC and drape across the glass 1o
act as wick. Make sure that both ends of the wick are dipped 1n
liguid.

13, Carefully place the gel on the wick.  Air bubble should carefully be

removed and corner of the gel and membrane should be well
matched.

e oy

e



14,

Wet the membrane and place at the top of the zel and put a par of
the filter paper on the top of the membrane

Place about 3 inclies of white absorbent paper lowels on top and put
a glass sheet with about 300 ¢ weight on top of the glass sheet and
leave overnight

Remove the wet papers and carefully uphft the membrane  and
crosshink both sides with either UV Cross linker or by heating the

blot to 80°C for 2 h,

12.2.4 Solution for the extraction of RNA and Northern

blotting

RNA Extraction Buffer

LOO mM hthium chlonde
OO M Trs-HCL pH 8.0
1O mM EDTA

125 SDS

IM Sodium Acetate

Sodium acetate. 24609 of |
adjust to pH 5 8 wath acetic acid and autoclave

I X TE Buffer

10 mM Tris pH 8.0
I mM EDTA make up 1o volume and autoclave

Chloroform-isoamy] alcohol

Mix chloreform and 1soamyl alcohol in ratio of 2471
4 M Lithium Chloride

Lithium chloride 169 56 u/l

Make up to volume and autoclave

10 X MOPS

0AM MOPS pH 7.0

0. 1M sodium acetate

0.0IM EDTA

Dissolve all in 1000 ml water and autoclave Upon aging the liquid

will turn yellow, this will not affect the compasition of the salution



20 X §8C

Sodium chlonde: 1753 &
tri-Sodium citrate; B8 2o
Distilled water: | G0 mil

Make up the volume and autoclave

10X TBE
Tris : OB o]
Boric acid: 55¢
EDTA 03¢

Deionized Formamide
5 ml of Formamide and 3 & Amberlite Resin
sur for 30 min before filtering and storing in dark bottle.

Tris/ SDS
100 mM Tris pH 8.0
0.2% SDS
Make up to volume and autoclave.

12.3 Detection of viral protein by Western blotting

12.3.1 Introduction: Western blotting is a procedure for the immuno-
detection of electrophretically separated antigens immobilized on a solid
support such as a nitrocellulose membrane ( Figure 12.3). The separation
15 usually achieved by polyacrylamide gel electrophoresis in the presence of
SDS (Sodium dodecyl suiphate).  This system separates proteins on the
basis of molecular weight, which adds to the attraction of the technique,
since information can be obtained about a particular antigen which would
be inaccessible to any other method.  In addition ta molecular weight,
Western blotting can be used to determine the presence or absence of the
antigen in a particular protein prerparation, together with its relative
abundance in the preparation and whether the proten is subject to any
degradation

Once separated by electrophoresis, the proteins are transferred to a
nitrocellulose sheet, again using an electrophoretic technique (electro-
bloting), where they bind wery strongly to the nitrocellulnss The
whalesheet is then incubated with a solution contaiming a high conentration

A
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of protein, usually milk in order to black that antibody molecules, which
are themselves protein. to bind to the nitrocellulose which binds to 1ts
immohbilized antiven The resultant antigen-antibody complex must then he
visualized in some way, and a number of methods have been devised tor
this purpose. A common method. known as a sandwich technigue,
employs a labeled antibody raised against antibody molecules purified from
the same species of animal used ta produce the specific serum  For
example, it the specific serum was raised in rabbits. (he antibody for its
detection would be an antibody azainst rabhit immuneglobuling produced
in a goat or donkey. A number of labels are available for these antibodies:
they can be tagged with radioisotopes such 1251 (iodine) and detected by
autoradiography, or linked to small enzymes, such as  horseradish
peroxidase and alkaline phosphatase and visualized us ng a soluble
chromogenic substrate which produces an insoluble praduct

Western blotting is an extremely sensitive anabtical technique
Quantities of antizen as low as 3 ng can be detected in crude protein
extracts and even smaller amounts in purer preparations,  Another useful
feature of the Western blotting approach to gene product analysis 1s the
ability to obtain quantitative data with relative case

12.3.2 Quick methods for protein extraction

] Grind 0.5 ¢ leafin 3 ml of extraction buffer
= Pourinto a 4 ml tube and boil for 10 min.
3 Spinat 3000 rpm for 3 mins,

Decant off the supernatant into a fresh tube and acd ulveerol 1o 10%%
Freeze until ready to use,

=

Extraction buffer
10 mM Tris pHS
I mM EDTA
10 o/ SDS
(-5 M mercaptoethanol



12.3.3 Polyacrylamide gel electrophoresis of proteins

Requirements

-1 0% ammonium persulphate solution
Rumming buftfer- 1000 mi per gel
Block buffer

Method

1.2

Wejah out 0.5 ¢ ammonium persulphate inta a 10 ml beaker and add
4 5 ml water,

Wash with very hot water and detergent, 2 olass plates (one must be
higger than the other), two plastic spacers with foam tor the side and
ane for the base. Then rinse each item with aleohol and allow to dry,
Check the ulass plates very thoroughly for any streaks or smears and
re-wash if necessary

Assemble plates and spacers with 6 bulldog clips, 2 at the base and 2
at either side.

Make up solutions of plug, resolving and stacking sections of the
wel, but do not add TEMED as the sclutions will start to polymenze
and harden. Be careful to use the correct pH of Tris for the stack
and resolve gels.

Add the TEMED to the plug gel mixture and swirl gently, Paur
between the plates to form a seal across the base

Leave t o harden for 5 min

Once the plug has solidified, add TEMED to the resolving el
mixture Tilt the plate gently back and pour the gel mix slowly,
making ure the top is level once it 1 poured i Add a pipette full of
water (about 2 mi) across the top slowly and leave 10 harden {or at
least 45 min. Check that the water levels off and forms a distinct
meniscus. The gel can be poured the day before it 15 10 be used and
can be left overmight at this stage, Cover the top of the gel with film
Pour off the water on top of the gel and add fresh water to wash.
Remave any last traces of water with filter paper

Add TEMED 1o the stacking gel and mix gently. Pour onto the top
of the resolving gel Immediately press in an alcohol washed Teflon
comb prizing out any air bubbles that become trapped, Fill air gaps
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b pipetting remaining wel mixture. Leave Lo solidify tor at least 45
s,

Make up 1000 ml of running buffer as the stacking eel hardens.
Mark on the glass plate the numbers of the wells with 4 marker pen
as tns will help to arientate the wel larer

Denature the samples by heating at 100°C for 3 min

Add running bufler to the botton well of the electrophoresis kit and
allow hubbles to disappear Once the stacking gel has fully set,
remove the bottom bulldog clips and fav the olass plates on the
bench, Leaning hard on the plate 1o prevent an air bubble erlenng,
gently pull out the plastic seal across the boilom of the ael Mow
place the gel into the kit Carefully, put one end in firs 10 prevent air
bubbles becoming trapped at the bottom Attach the gel to the kit
with the clips at the edue of the tank Pour in runaing bufler into the
top well of the tank Check that there are no trapped air bubbles or
leaks from the top tank I there are air bubhles present, remove
them with a glass pipette because the gel wall not run properly
otherwise Now gently rise up the comb and slovely remove it from
the gel, this is 1o prevent the wells collapsing. If the wells collapse or
bend. they can be straichtencd by gently pulling them upricht using a
ulass capillary

Dispense 5 ml of methvl areen into cvery well that 15 to be sued.
Switch on the power pack 1o 140 vaits and let the gel run for a few
mins until the dye has just passed out of the wells. Switch off the
power. The methyl areen will not affect the running of the gel and
will help arientate the positioning of the sample later,

Do not load samples into the first or fast wells, Therelore, th
maximum number of samples that can be loaded is 18 Load up o S
mi of sample. starting with the most dilue If possible, use gel
loading tips.

Run the el at 110 volts until the marker dye has just cotered the
resolving gel. Now turn up the voltage to 140 volts. Leave until the
dve Is approximately 2 em from the top of the plug. Switch of the
voltage and add a further S mi of methyl green 1o the wells. Turnion
the power again and leave until the dve 15 about to enter the pluy,
Switch off the power. The samples are now ready 1o be transterred
Lo mitrocellulose.

2

"
T
i



12.3.4 Solutions for Western blot

Note: Mix the components in the order shown as polymerization
will begin as soon as the TEMED has been added,

Plug

30% acrylamide + 8% bisacrylanud 175 ml
IV Tris, pH 8.8 1.9 ml
distilled water 1.1 il
109 8D 50-mi
1 0% ammonium persuiphate | 80 ml
TEMED el

Resolving Gel (for a 12.5% gel)

30% acrylamide + 8% bisacrylamide 12.5ml
IM Trs, pH 8.8 11.25 ml
distilled water 5.5 ml
1084 SDS (0.3 ml
10% Ammonium persulphate a1 ml
TEMLED 15 ml

Stacking gel (for a 5% gel)

30% acrylamide + 8% bisacrylanude 1.5 ml
IM Tris, pH 6.8 1.25ml
distilled water 7 ml
10%: SDS 0.1 ml
10% Ammonium persulphate (3.2 ml
TEMED 5 mil

12.3.5 Transfer of protein from gel to solid supports

Requirments

4000 ml transfer bufler
-nitrocellulose and filter paper
=400 ml washing bufler



Method

.
2

Gard

8.

i

While the wel s running. make up 4000 ml of transfer buffer
Measure the width of the gel while it is still in the kit. The length of
the gel should be 110 mm so cut 2 pieces of filter paper to this

size as well as 1 piece of nitrocellulose. Remove the right hand
corners of each to help in erientation aflerwards.

Pour a small volume of transker bufler into 2 roasting dishes. Slowly
wet up the mtrocellylose and filter papers in one dish. Leave to soak
while getting the transfer tank set up,

Load a set of plates, which will hold the nitrocellulose and zel, into
the tank and pour in encugh bufTer untl the clectrodes are covered,
switch ofl the valtage to the polyacrylamide sel and disconnect
from the power pack. Pour out the running buffer and remove the
bulldog clips. Take out the plates and lay on the bench so that the
gel 1s correctly orientated with the samples positions running left o
night. Remove the plastic clips and carefully remove away the top
glass plate. Do this very slowly so that the zel does not stick or tear
It 1s essential to keep the wel wet at this stage as it will tear very
easily when drv. With a sharp scalpel. using a downward cutting
mation, cut off the stack and the right hand corner of the ogl

Gently lift the gel and place in a dish of transfer buffer. Leave to
soak for at Jeast 30 mins to allow the gel equilibrate and prevent Ay
change in size:

Remave the plates from the transfer tank and apen laying flat on the
bench, back side down, Make sure the twa pieces of foam on either
side are fully wetted up. Place ane of the pieces of filter paper on the
boltom plate and smooth out any air bubbles Carefully overlay the
filter paper with the sel and remove out any air bubbles. Place the
wel mitrocellulose on top of the gel and smooth out any air bubhbles
using a wet test tube. Place the other piece of wet filter paper on top
ol the nitrocellulose,

Close the plates and load into the tank so thal the black plate
matches the black (neeative) electrode.

Run the gel overmght at 30 volts, 100 mA with an upper cut-off
it of 300 mA



12.3.6 Immunological detection of proteins

Requirements

=300 ml block bulTer

-1 mg/ml MAb diluted in block buffer
<1000 mi TBS/TWEEN 20

Viethod

Note: The volumes given are for a full-size blot of 1710 x 140 mm, If the
el is smaller it may be possible to cut down the Tiquid used in the bags
thereby saving monoclonal antibodies and conjugate.

|
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Ta ensure the correct transfer of protein, stain the membrane in
Ponceau's stain for about | minute, Rinse the membrane under the
tap until most of the stain has disappeared. The stain is non specific
and will stain mast protein bands present. 1t is used to ensure that
transfer has taken place from the gel to the membrane. The
membrane can be placed between sheets of plastic and photocopied
as a permanent record

Pour approximately 200 mi of blocking bulier into a roasting dish,
this must be added first otherwise the blot will stick to the glass. The
milk will tum pink in colour from the Ponceau's stain but this will not
affect the result

Switch off the power to the tank and remove plates containing blot
Allow any liquid to drain back into the tank.

Remove the blot from apparatus and float in the blocking bufler for
an hour at room temperature, shaking gently.

While the Blot is blocking, dilute the MAb in block buffer 1o give a
concentration of 1 miiml, (i.e add 40 ml of | mg/ml MAb to 40 mi
of Black Buffer for an average blot). This should be made up in a
plastic container because the monoclonal antibodies will stick to

vlass,
g

Note: To cut dawn on background non-specific staiming, it 18 possible 10
dilute the MADb in leal sap rather than block bufler alone. The sap is
prepated by grinding lg leaf material in 3-10 mi block butfer and then
fltering through 2 layers of musliin
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Onee the blat has been blocked, remove it from the buller and seal it
in g plastic bag, leaving one side open. Add the MAb and seal the
linal edge Leave 1o shake quite briskly for 2 hours al room
temperature

Cut round the blot and pour out the menoclonal antibodies Now
wash the blot 3 to 5 mins in TBS TWEEN in a roasting dish, shaking
aently at room temperature

While the blot is washing make up the conjugate I using a
moenoclonal  antbody  for detection,  then use an  anti-mouse
conjugate. 1 using a polvclonal antibody then use an anti-rabbil
conjugate. Use at the manutacrarer's recommended dilution Seal the
blot m g bag contamimg the conjuuate as before and incubate for 2
hours dt 37°C

Cut round the blot and pour out the conjugate. Now wash the blot 3
x 10 mins in TBS TWEEN, shaking gemly al room temperature

Just belore it s needed, add 200 ml of NBT ¢ 200 ml BCIP to 20 ml
substrate buffer Reseal the blot in a bag and add the NBT/BCIP
Shake gently at room temperature until the reaction is complete, If
nething appears within one hour then the biot can be left cover might
Once the reaction is complete wash the blot in tap water. Leave 1o
air dry and then seal in a plastic baus 1o keep

12.3.7 Solutions for Western blot
Hunning buffer

|.] '| I.'-__l:I

SDSn | x TnsiGlycing

Trs/Glveine
Calveing |44 o

s

3o

A

Dissolve both and make up to 1000 ml with distilled water and autockive,

Substrate bulTer

I'ris
MaCl
Ml

|G m pH 9.5
100 mM
S5 mMl



Methyl Green
Add a few graing of methyl green 1o 50% elyeerol and distilled water,
Prepare (reshly before use

Ponaceau's stain
0.5% Ponceau's stain in 10% dcetic acid

Transfer buffer

12.12 ¢ Tris

2760 g Glyeine

Dissolve both, and make up to 3200 ml with water Then add 800 ml
methanol,

Sx TBS
30 ¢ Tris 1.7 ¢ NaCl
Make up to 1000 ml and adjust pH to 7.4 and autoclave,

THS Tween
200 ml of 5 x diluted to 1000 ml then add 1 ml of Tween 20 to give a
0 1% solution

Blocking buffer
| x TBS Tween 20
5 g Powdered nulk per 100 ml TBS

Nitro blue tetrazolium (NBT)

Make up a solution in 70% dimethyl formamide (DME) 0 give a
concentration ol | h

3 madml

BCIP

Make up a solution in [00% dimethyl formamide (DMF) to give a
concentration of

15 medml,



Naote: NBT/BCIP can he bought i tablel form from Sigma, called Sigma

"Fast" tablets These are dissolved directly in 10 ml sterile distilled water
and saves weighing any dry powders which are consudered unsafe

12.4. Detection of viral pathogens by Polymerase Chain
Reaction (PCR)

12.4.1 Introduction: The polvmerase chain reaction (PCR} was
introduced in 1985 by scientists from the Cetus Corporation and has since
become an integral part of the molecular biology  The PCR methods rely
on prior knowledue of at least some of the nucleotide sequence of the virus
or viroid  Part of the sequence is chosen as taraet for detection and the
methods are capable of producing millions of copies of this larget sequence
i a few howrs by a cvelical enzyme reaction This method uses the ability
of piece of DNA using a primer and bind 1o 4 target sequence to its
clementary sequence. on another DNA strand Then an enzyme called 2
polymerase adds individual nucleotides (o the end of the primer 1o make 2
new prece of DINA that ik complementary to the [NA larget sequence
By repeatng this process several times the target DNA sequenice 15
amplified exponentially (Frgure 1243

[n the basic form of PCR the rescarcher has 1o know the sequence of
the bases on either side of the target DNA before this DNA can be
amplified  The researcher then make primers that are complementary 1o
these sequences  Amplification can he achieved in a small volume of
liquid (50 ml) to which the rescarchers adds the DNA to be copied, the
mdividual nucleotide bases A T, G, C) the primer, the Polvmerase
enzvme and a butter to maintain optimal conditions for the reaction. The
misture 15 heated which separate two strands of the targer DNA, normally
held together 1o bound betweer complementary bases.  The mixture i
conled and the primers find their complementary sequences on the long
strands of DNA and bind 1o them: The polymerase cnzvme locates where
the primers have bound to the DNA and jom individual bases to the end of
the primer 1o form a new strand of DNA_ The polymerase uses the target
DNA as a template. each base that is added to the new DNA will be
complementary to its opposite number in the target sequence  The
sequence ol newly amplified DINA is exactly
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complementary to the sequence of the taruel DNA. and the two strands
are bound tagether. Afler heating newly synthesized DNA and the enginal
DNA separate into single strands. Orig) nally there were just two copies of
the taruet, now thers are four Avain mixture cools the privter bind to the
larget sequence and the polymerase builds a new strand of DNA on the
targel. producmg cizht copies of the targer.  Each new ovcle of heating,
cooling and polymerization double the number of copies of the taruet
DNAC After PCR, the rescarcher can purtty the amplified sequence by
scparating the DNA in an agarose cel with the aid of an electric current.

This sorts DNA by size: since all the coples of the laruet DNA are the
same length, they will lie ina neat band on the gel. Under ideal conditions,
the number of copies doubles with each round of denatuning, annealing,
and polymerization.  Afler 30 cveles there will be more than a billion
copies of the target DNA. In the case of viruses with RNA uenomes, the
nuclerc acid 18 first reverse transcribed using an enzyme called reverse
transcriptase in the presence of down stream primer. bufter and a set of
four  deoxyribonucleoside  triphosphate (d NIPS) This first strand
complementary DNA is used for PCR amplification

12.4.2 Optimization of reaction conditions: The selection of
appropriate timing, temperatures and number of cyeles depends on the
DNA being amplified and primers chosen  Reaction volumes vary from
20-100ml Small valumes are an advantage i screening or testing large
number of samples, because of saving in reagent costs, but only a few
samples are being processed it is technically casier to work with large
volumes. Incubation times should be kept as short as possible to reduce the
overall eycling time and to minimize the risk of non-specific amplilication.
Denaturing and annealing times of 30 sec should he cnoueh and extension
times allow | min per kb with 2 final extension time of 2 min should be
adequate. The number of eyeles required depends on the amount of target
but 25-35 cveles are adeguate. Any more than 40 eveles increases non-
specific amplification. 1f large number of cyeles 1s required. it is preferable
t use the PCR product from one reaction as 2 template for a second
reaction,



12.4.3 Components used in a PCR

12.4.3.1 Primers: Oligonucleotides arc usually 18-30 bp in size with
similar G+ € content (approximately 50%). Working conceéntration of
primers are generally 25-100 pmol of each primer for 50 ml reaction. If
added in excess they can inhibit a reacion Add 1 ml of a | mg/ml
concentration of primer in & 100 ml reaction sample.

12.4.3.2 Deoxyribonucleoside triphosphate: These are used to
provide both the energy and nucleotides for the reaction. They are present
In excess so the reaction can be repeated many times,  They are stable ar -
20°C for months but should be aliquoted into small quantities

12.4.3.3 DNA polymerase: The most commonly used DNA
polymerase 15 Tag polvmerase and can be obtained from any suppher
When using a particular Taq for the first time 1t should be titrated against
dANTPS, concentration primer and RNA sample

12.4.3.4 Buffer: Alwavs try to use the buffer supplied with the Tag
polvimerase,  There 15 known interaction between dNTPS and Magnesium,
concentrations. The high concentration of dNTPS bind to Magnesium and
hence reduces its availability. Therefore if high concentrations of dNTPS
are 1o be used then it 1s necessary 1o increase the Magnesium concentration
abowe the supplers' recommended level.

12.4.3.5 Template: When trving primers for the first time they should
bie titrated against known quantity of template to determine the best to use.
A tough auide s 1 my for DNA and 500 ng of RNA but 1 is absolutely
dependent on virus and 1ts chemistry. In PCR reaction | content should be
added m the following order:

H0

|3 x buffer

dNTPS

Primers

Template

Enzvme



12.4.4 Extraction of nucleic acids for PCR

12.4.4.1 Extraction of RNA: Nucleic acids from RNA viruses can
be obtained from purified virus preparation Virus particles can be diluted
in Tris-EDTA buffer or any other appropriate buffer and viral protein can
be removed by incubating the RNA samples with proteinase K followed by
phenol chloroform (11 wiv) extraction. Afier the ethanol precipitation
RNA can be diluted in water for PCR. Total cell RNA can be extracted
from plant samples for RT-PCR method. The steps involved in RT-PCR
have been shown in Fioure 125,

12.4.4.2 Extraction of DNA

Materials and Reagents

TE saturated phenol

Phenal - chloroform (11 v'v solution)
Chloroform . octanol (2401 vy solution)
M sodium acetate

Absolute aleohal

IINA extraction huffer

Method

I

Led

Grind leaf pieces under Tiquid nitrogen the same way as in RNA
extraction or using pestle and mortar depending upon nature of
sample and quantity

Add DNA extraction buffer (1 ml/0.2-0.5 g leaf material) and mix
well

Lxtract with saturated phenol (1 ml0 2-05 g leaf material) and heat
the content at 56°C,

Spin for 5 min at 1000 ¢ and transter top laver to a fresh twbe.
Eoxtract with equal volume of phenol | chlorolorm to the liquid and
it wedl,

Spin for & mim and remove top laver again to a fresh tube and add an
equal volume of chloroform — octanol or chloroform - isoamyl
alcohol (24:1) and vortex mix
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7 Centrifuge for 5-10 min at 10,000 g, remove top fayer and add O ]
volume of 36 sodium acetate . 2 volumes of absolute alcohol and
precipitate overnight at -20°C.

8. Centrifuge DNA samples at 10,000 ¢ for 5-10 min to pellet the
DN A and resuspend the pellet in 100 ml TE buffer

9 Add RNase to give final concentration of 10 mg/ml and incubate at
37°C for 1h,

10 Addd 01 valume of 3M sodium acetate and 2 volumes of absolute
alcohol and incubate for 2 hat -20°C or -70°C for 30 min,

11 Centrifuge at 10,000 ¢ for 10 min and resuspend  pellet i 100 mi
TE bufler.

12 Add 20 ml 3M sodium acetate  and 250 ml absolute alcohol and
Incubate for 2 h at -20°C ar at -70°C for 30 min

3, Centrifuge DNA samples at 10,000 g for 5 min and resuspend pellet
in 100 ml TE buffer or nuclease free water

14 Quantify the DNA concentration as described in Seetion 7

12.4.5 Solutions for extraction of DNA
DNA extraction buffer

SOmM Trns HCLpH 8.0

3.7 M NaCl

10 mh EDTA

1% CTAB

| % mercaptoethanol

12.4.6 PCR amplification for RNA viruses: The detection and
amplification of nucleic acid from viruses containmg RNA penome, a
single-stranded. RNA  template  should  first  be  transenbed  into
complementary DNA by initial incubation with reverse (ranscriptase
(Figure 1261 Prior to the PCR, the purified RNA is incubated wath
dNTPS, downstream primer (primer at the 3'-end}, RNase inhibitor, 10 x
huffer and reverse transcriptase. The mixture s usually incubated at 37°C
or 42°C for 2 h before heatmg at 95°C for 5 min to mactrate the reverse
transcripitase.  Afler a quick chill on ice. fresh ANTPS, [0 x buffer, both
primers and Taq polymerase are added belore cveling on PCR machine for
the allocated number of eycles.

.\,
et



Fizure 12.6: Detection of PMTV RNA sequence by RT-PCR of the (A) coots and
(B Ieaves of Neaoftana debnevi, PCR products were electrophoresed in 1% aearose
ool and stained with 0.5 ug/ml ethidium bromide, Lanes contain: M. DRI pest 111
molecular siee markers, the 603 bp band is indicateds 1-8 are the nombers of the
woeeks that samples were taken; O, virus-free eontrols. Arrows indicate the
positions of the PMTY specific 566 bp bands.



Method

Materials and reagents

10 x PCR bufTer

2 M ANTPS

RNA Guard

RINA reverse transcripitase
DEPC-treated water

Lipstream and downstream primers
Tag polvmerase

Laght hiquid parabilim

12.4.7 Reverse transcription

o

Spin RNA samples at 10,000 g for 5-10 min. Wash pellet with 70%
ethanol and dry under vacuum or leave at room temperature to air
dry for 30 min.

Resuspencd the pellet in DEPC-treated water and quantify the RNA
concentration by GemeQuamm photometer  (Pharmmacia)  or
spectrophotometer by measuring 0D,

In a 0.5 mi Eppendorf mix the followingsd ml 4 x reverse
transcriptase buffer2 ml 2mM dNTPS 1 ml downstréam primer (¢.o |
ug/ml)3s mg (total RNA) or 02- =0 5 mg vRNA Make volume up to
10 ml with DEPC-treated water (A master mix can be made for
dgetection ef many samples),

Heat at 56°C for 5 min and cool on ice.

Cive the sample a quick spin in centrifisee

Add, 05 ml of RNA Guard (RNA inhibitor) and( 5 ml of RNA
reverse transcriptase (or as recommended concentration by the
manutacturer)

Heat in water bath for 2 b at 37°C or 42°C { or as recommended
concentration by the manufacturer).



12.4.8 Polymerase chain reaction amphification

Note: This protocol 18 desenbed for amplitications performed using the
CreneAmp 9600 thermoceycler{ Perkin-Elmer) with thin wall "microamp”
tubes ( Perkin-Elmer)

Lo Mix
L0l 10« buter
5 ml 2 mM dNTPS
(0.2-05 my’ ml downstream and up streant primers
2-5 mil of reverse transeriplase nuxiurg
make volume up to 50 ml with diethvlpyrocarbonate (DEPC)-
treated water 05 ml Tag polvmerase (as recommended by the
manufacturer)
or
make PCR master mix and dispense 43 ml =495 ml inte thin wall
"microamp” tubes (Perkin-Llmer)

2 Mix 05 ml -5 ml (depending upon the dilution of RT mixture) in
PCR mixture. All specimens and controls should be added in
duplicate reactions. No liguid parafilm is needed when using the
CeneAmp 2600 thermoecyeler (Perkin-Elmer)

3 Load into the GeneAmp 9600 thermocyeler (Perkin-Elmer) PCR

machine and use appropriate program (e, g denaturing at 94°C for
30 sec, annealing at 553°C for 30 sec: synthesis at 72 for 1 min with
total of 20-30 cyveles)

4 Run 5§ ml of 50 ml PCR reaction onto 1% agarese gel with Ethidum
bromide (0.5 mg/ml) and analvze the PCR amplification result
(Figure 12.7)

12.5 Digoxygenin non-radioactive hybridization

12.5.1 Introduction: Recently, a number of different svstems have
been  developed  substituting  non-radicactive  (non-isotopic)  repoler
molecules in place of radioactive ones for the detection ol viruses in
nucleic acid hybridization assays  The most popular ong 13 digoxyveenin
(DIG) in which anti-digoxygenin antihody 15 covalently conjugated to an
onzyme such as alkaling phosphatase or horseradish peroxidase The
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Figure 12.7: Detection of PMTY RNA sequences by RT-PCR of potaro twhers of
four cultivars, Lancs contain: ¥, DRTeest 111 molecular size markers, the 603 bp
baand indicated; T, ov, Hansa: 20 ev, Nicoba: 3, ov, Jaerla 4, ov. Pentland vory; O,
virus-tree control, Avvow indicates the position of the PNUTV specific 366 bp band,
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lacation of the hybridized target sequence is then visualized by mcubating
the membrane with a signal-zenerating substrate  This method 15 sale and
probes can be stored for vears with no loss of action.

12.5.2 Non radioactive probe labeling (Method 1)

1 Resuspend 1 mg template DNA in 16 ml of sterile water
2 Denature the DNA thoroughly by boiling the template for 10 min

and chilling on ice-salt-water mix until cool to the touch.

3 Add 4 miof DIG High Prime, mix and centrifuge briefly

4 Incubate overnight at 37°C

5. Stop the reaction by adding 2 ml 0.2M EDTA , pH 8.0

& Determine the concentration of the probe i a spectrophotometer

12.5.3 Labeling non-radioactive probe by PCR
(Method 2)
Resuspend 1 ml template DNA i 5 ml of water

2 Mix 10 x PCR butfer 5ml
Mg Claf.. %4 2 ml
10 x PCR DIG mix S ml
Primer | I mi
Primer 2 | ml
Tag DNA polymerase (.5 mi,
Template DNA Sml
Make volume with water up to 50 ml
3 Mixowell and spin briefly to collect the liquid at the bottom
4 PCR
hold at 95 for 5 min
Then 3 cveles
95°C tor 45 sec
60°C for 1 nun
72°C for 2 min
5 Remave the samples and store at -20°C



12.5.4 Quantification of the labeled probes

POCR probes can be guantified using following protocol
] Make serial dilution of T ml of probe Serial dilution can be made
approximately |0-20 dilutionin TE bufler

Z Dot T ml of each dilution on nvlon membrane and crosslink both
sigles

3 Wash the blot tor 1 minin washing buffer.

! Incubate the blotting membrane for 30 min at 100 ml of Buffer 2.

A Ineubate tor 30 min i 20 ml of diluted Dig Fab (1 100) in Butfer 3

6. Wash 2% 15 mun wath 100 mil of washing bufter.

i Wash for 1 min in Bufter3,

8. Incubate for 5 minowith 2 ml of Lurmgen (1.100G) in Buiter 3,
J Seal the blot in-a plastic bag and ncubate at 377°C for 15 min.
10 BExpose on Ll for 2 - 5 onin a5 necessary

The concentration of probe can be estimated by making senal
dilutions of probe and Jast dilution will be detected at the concentration of
(0 Ipe. The concentration of serial dilution of the probe can be esumated
accordingly

12.5.5 Hvbridization

] Dilute and dot probe on nylon membrane as ahove.

F: Crosslink the mylon membrane on both side

3 Pre-warm the roller comaining DIG Easv Hybndization Buffer to
42°C.

4. Incubate the membrane for 30 min to prehyvbridize

5 Denature the probe by boiling for 10 min and fast chilling onice,

6. Add the denatured probe to pre-warm DIG Easy Hybridization
Butter and mix

7 Remove the prehyhridization buffer and replace with probe

contaiming solution. Do ot allow the blot to dry,

Incubate overnight at 42°C

[



12.5.6 Detection of hybridized nucleic acids

I Wash 2 x 5 min a1 room temperature (22-257C) with 30 ml of 2 ¥
SSC = 0.1% SDS in d backing tray. Wash again 2 ¢ [5 min at 68
- with 30 ml of 0.1 % §8C = 0.1% SDS in roller with preheated buiter

2 Wash the blot for 1 min in washing butfer in open dish

i Incubate at 37°C for 30 min in 100 mi of pre-warm Butlerl.

4, Incubate at 37°C for 30 min with 20 ml of diluted Fab (10.000 in
Bufter 2.

5. Wash for 2 x 15 mun with 100 ml of washing butfer

6. Wash | min in Butler 3

Incubate for S min with 2 mlof Lumigen (1100 diluted in Buffer 3)
Seal the blot i fresh plastic bag and incubate at 37°C for 13 mm
Expose to filim for 30 mim 1o 24 b as necessary

o o

Note: The recipes used in detection of bvbridized nucleic acid s for a 1 x
10 cm blot,

12.5.7 Buffers and solutions for digoxyeenin system

2 X 850 0.1% SDS

100 mi of 20 x §5C

10 miof 10% SDS

Make up to 1000 ml wath distilled water and autoclave

0.1 X 88C 0.1% SDS

Smlob 20 x §8C

10 ml of 10% SDS

Make up to 1000 ml with distilled water and autoclave
Bufler |

0.1 M Malic acid E165 ¢

0 15 M Sodum chlonde 876 ol

Dissolve in distilled water and adjust pH to 7.5 with concentrated NaQll.
Make up to volume and autoclave.



Blocking stock solution
Make up 0% blocking reagent i Butler 1 and heat until bailing and mix.
then autoclave and storeat 4°C

W ashing buffer

Buffer 1+ 0.3% Paeen-20

Butfer 2
Llock stock solutton diluted (1 107 m Butter |

Bulfer 3
0 F M Tris P20 ]
UM NaCl |5 84 &l

Pssolve i distilled water and adiust pH to 9 5 with concentrated NaOH.
Make the volume and autoclave:

Hybridization buffer

50% deiomsed tormanude
|"s blocking stock selunion
S har

(L 02% 8535

0| % Bsrvlsargosing

sterile waler
12.6 In sitn hvbridization

12.6.1 Introduction: Jiz sun Hvbrdizanon (1SH) was first described in
P04 for Jocalizing  specilic DNA sequences on chromosomes In
evtoiouical  preparations of  Nemguey oocwes Modilication of the
techmique permit the detection and localization of nucleic acids within
lisstes from g variety of ditfferent oreanisms. 1SH has advantage over other
mwlecular sechnigues that it can provide information about the location of
the target nucleic acids within cell and or ussues Patholowist can ook for
speettic nucleie acds and also study the cellular and tssue morpholoay of
the sample ISH s the best diagnostic taol tor plant viruses, where there is
e chance to celure 1SH can also belptul in case when mimunological

)



diagnosiz of viral infection 15 difficult and when there are no reliable,
commercially avalable serclogical reagents.

In ISH, the target molecules are nucleic acids. ™ucleic acids are
complex substances with proteins in the cells, when a tissue 15 embedded in
a complex matnx the nuclelc acids are cross-linked to that matrix. The
technique 1s applicable to wide range of tissues and widely used for plant
viruses (detection and localization of tobacco rattle virus in and around
infection sites on tobacco leaves) 15H rechniques described in this section
have been divided into different sections and many steps are closely
interrelated.  Standard practices for working with RNA should be
emploved at all stazes,

12.6.2 Fixation and wax embedding

] Cut plant material and place in fix onice (for 5 x 10 mm leaf picces
use 25 ml of hx solution)
2 Pour off fix and replace with 1ce cold 0.853% NaCl. Leave onice for

30 mun on shaker

Repeat for 90 min each with sernes of ethanol solution (50%, 70%,

853% each contaiming 0.85% (wiv), NaCl, then 95% ethanol {~No

NaCl) and 100% ethanol),

4. Renew 100% ethanol and leave overnight at 4 degree °C

Renew 100% ethanol and leave for 2 hours at room temperature

Replace with 50% ethanol and leave for 1 h

6. Repeat three times with 100% ethanol. Add paraplast chips (BDH)
to half the volume of the ethanol and leave overmght.

d

A

7 Incubate at 40-50 °C until paraplast chips dissobse Replace wath
molten paraplast at 60°C and leave of water
8. Renew paraplast each morming and evening Repeatl three times,

Make wax blocks by pouring some paraplast with the matenal into a
mold then float the mold on water to solidify the wax and store wax
blocks at 4°C

Lad



12.6.3 Preparation of slides and coverslips

| Dipslides i mitrie acid (Green treated) lor 30 min

3 Wash for at least 1 howith distilled water Change water after each
WHSH,

% Wash for |5 min in acetone, and drain.

4 Bake at 180 °C for at least 2 h, and cool

5 Add 5 ml polv-L-lysine hvdrobromide in water and draw into a film
over the shdes using a covershp

& Dry the shdes at 42 °C on hot plate overnight and store in a box with

desiccant at 4°C
12.6.4 Sectioning of wax embedded material

| Cut the wax block o a trapezoid shape. leaving about 2 mm of wax
around the plant matenal

2. Mount the block such that the longer of the two parallel faces is at
the boltom

3 Cut nbbons of section of 10 um thickness. Float a ribbon on drops
ol sterile water on a polv-L-lysine coated slide. Place shide on a 42
“C hot plate for a few minutes untl the ribbon flattens out.

4, Dram oft excess water and leave on the hot plate overnight to dry

and store the slides 10 a box with desiceant at 4°C .

12.6.5 Prehvbridization treatments

I Prepare S00-ml of all solutions listed below
Put the slides in 25 place racks (stainless steel) then pass through the
otlowing solutions tor the indicated umes



Sefution

Fhistoclear

Ehistoclear

| 00% & ethanod

| 0% 5 ethano]

A%y ethanol

B3 g cthanol DE5% . Nal'l

TO% o ethanol, {1 852 NaCl

0% o ethanol, 0-85% NaCl

W ethaned 0 85% Na('l

0 83%, Nall

RIS

Pronase {01 25 ma/mil iy 30 m
Tris-HCL pH 7 5, 5 mM EDTA)
Crlveine (0 2% 0 PBS)

PHS

Formaldehyde (4%a0in PBS)
PRS2 min

PHS (tresh)

Acetic anbivdrde (5 ml in GUG i

01 M triethanolamine-11CL pH 8y

Pl
0 B35 Na(T

3 Dehydrate throuch an ethanol seres up 1o the
then wash in fresh 100% cthano! (Store for short tme i a plastic
box wath hittle ethanol of needed)

12.6.6 Hvbridization: Ribonucleic acid probes (ssRNA are advisable
due to high in st sienals and lower backoround. this s because: (1)
snule-stranded  probes cannot reanneal during hyvbridizaion (2) the
stability of RNA RNA dupleses s higher than for DNA RNA duplexes,
0 sections can be washed at hicher stringeney and (3 non specifically
bound RNA probe can be sclectively removed  afler
lreatment with RNase A i high <alt

Timve
1 Hun
[EERTAT
] i
;[? e
AT ST

A0 s

H o
i
2 min
T4 mim

2 min

LE) i
2min

2

1T

first 1% ethanol,

hvdndization: by



12.6.7 Probe purification and hvdrolysis

| Adter ranseription. probe reaction add T mb B0 mgeml tRNAL 1D
units of DN Aase 1ORN Aase-free). and H20 w100 ml and incubate
at 37 O tor Hmin

2 Remove-a | mil aliguot for measuring meorporadion. then extract

with phenol chlerafirm ¢ 100 mly then chloroform

E Precipitate wath 4M ammonium acetate (1 1 sy and ethanot (25
V) incubate on dry ice for 15 nin wash wath 70 ethanol and din

1 Resuspend pellet in S0 mlb THZO add 30 ml carbonate butler (80 md
NalCO5. 1200 mM Na2C03) and ncubsate a1 o0 ¢ for required
tiine

> Precipstate with 5 mi 1% acenc aad, O T vol 3 N Sodium acétate
ard 2.5 vol ethanol. chill on dry ce wash wath 70% ethanol G
recessary ) and resuspend m 20 ml HI2O)

6 Calculate ®s Tacorporation of nuclestide and amount of probe

svithesized. Add water and formamde 1 srobe 1o make 11 3 tmies

concentrated and 0% formamide Store at 200 O anti] wuse
12.6.8 Hybridization reaction

I Denature probe at 800C for 2 min cool on e and spin brieth

2 Add vl hvbridizavon solutions (1o 2ive final concentration of 113
MONaCL 10 mA Tris-HOL PHO S 10T Nab PO pl 6 8 5 mM
EIYPAL 30% - formanude, 104 dextran sulphate. |~ Denhardis (0 02
"o cach Bricoll. PVP. and BSA) | muwml RN\

3 Add A0 mi Tvbndization mix 1o each slide. and spread n 2 Tione alona
s center of thesectons, then carcfully apply a 22350 mm covershp
Eas oiding bubbles)

1 Put the shdes m boses and tssues soaked in 235507 5006 formamide
(1SS0 1 0.3 M NaCL 30 mA Na citrate) Seal the boxes with tape
and place at 3000 overnigh



12.6.9 Post hybridization treatments and autoradiography

Woashing

|k

e

e

L

==l

o

Put slides in steel racks and immerse inowash buffer (2 x §8C. 50%
formamide). shake gently for 30 man {coverslips should have lallen
ot

Change wash buller and incubate with gentle shaking for | 3 I and
repeat

Wash for & mun in NTE (05 M NaClL 10 mM Trs-HCT pH 7.5,
mM EDTAYat 37 C and repeat

Incubate in NTE containing 20 miz/mi RNase A a1 37 °C tor 30-min
Rinse for 5 min in WTE and repeat

Wash in wash butier at 30° C tor | b,

Rinse for 2 minm 1 x S5C at room temperature.

Rinse for 30 sec ecach n 30%, a0%, 90%, ethanol (all made wit
038 amnionium acetate) then in 95% then 100% ethanol and air

dry

12.6.10 Autoradiography

s

fad

L

[

Place the pot of emulsion (Kodak ANTB-Z or similar} in water bath
at 45°C and leave tomelh upto 1 b

Mix 5 parts emulsion to 7 parts 1% glveerol in water at 45 ~C and
swirl gently to mix

Aliquot into plastic shide mailers (Raymond A Lamb) and store
aliquots at 4°C

Preheat aliquat for 3 min in water bath at 457 C and mix by invert
slide mailer gently

Ddip two blank slides first to remove any bubbles

Dip each slide, withdraw gently and allow 2-3 sec to drain. then
stand inarack  and return the emulsion o the water bath every
few minules to keep it wanmn,

When you have dipped all slides. place the rack of slides n a hght-
tight box and leave to dry for | h

Place the slides in slide boxes with silica gel desiceant, seal with tape,
double wrap in aluminum foil, and leave at 4°C for required
EXPOSUTE Time,



Developing shdes
] Remave the boxies) of slides from the refrigerator and leave lor 1h
(O wanm al temperature

2 Make up the following solutions and pre-chill to 14 °C.Developer -
Kodak D19 or similarStopper 1% glycerol, 1% acetic aadFixer 20
socdivm thiosulphate

3 In dark room, place the slides in a stainless steel rack, pul  into

developer and  leave for 2 min. Transfer 1o stop and agitate the
dides gently for 30 sec. then to fix for 5 min. Wash the slides in
several chanees of distilled water for | h.

Mounting slides

| Stain in 0.05% toluidine blue in water [or 1 min { These conditions
are varable with different types). (if you do not wish to stam the
sechion, starl at step 3.

2. Rinse in water

3. Debydrate  through an  ethanol  series (see  prebyvbridization
Lrealiments).

& [Rinse in Histoclear, then agzain in fresh Histoclear, drain brieflv and
add two drops of Depex (BDH) over sections

3 Place a coverslip on the slide and press down 10 squeeze out excess

Fhstoclear/Depex
& Leave to dry for at least | day.
Wash slides in detergent (if necessary) to remove emulsion from the
back of the slides.
The autoradiography section shows production of silver grang aver
the areas where labeled probe has hybridized  In the case of very strong
sinile, the silver orains become too dense that they can be seen as black
area under bright field microscopy. However, In most cases the silver
araing are not visible unless view under dark field microscopy. where each
sifver grain show up a white speck due to s ability to reflect hight

..-\-J



12.6.11 Buffers and solutions

Fix solution (4% formaldehy de)

Tt ml PBRS and adjust pHEoasing SaOM Heat o 58  then add 4 ¢
paratormaldebvde and stir 1-2 min entil dissolved: Coal onice and readjust
1o pld 7 Ohusinye 150
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Appendix -2

List of standard acronyms |nupuwd for plant viruses

[ e e e

' Virus name

| Acro Ny

I almlyf{}f‘n us
sind Subgroup

| Ablution n‘:{_}r:-_tﬂ;;_“ o - ‘.b_"".’l Vo Geminivirus 1182
_.*"'L_t"l'iL‘élt'l_.E.‘ﬂf_'w..‘jE-l'fa“i_T‘ii_'l:%EiiL'- - 'U: MY | Geminivirus |
ALropvion mosalc A Vo Potyvirus (mi_t_c;j_'-' _
Adlalta erypric | ACY T Cryplovirug
| Alfalata IT‘IU'?._fil«______________ AMY AMY grouip
_American leaf mortle ] AmLMY | Patvvirus (aphid)
CAmericam pham line |H'I-:_ patiern APLPY | larvirus B—
.“u.m] icam wheat striate mosaic | AWSMY | Rhabdovirus A
[eathopper)
Aadean potato Iawr*- APLY Tymovirus |
11_1_5_1{*.:1|. potate |"mtt'v I——— %P‘vﬁ_ | Comovirus
:._'\_."J_E' chloratic |u;£zf~ﬁ[t|uht ACLSY T Closterovirus
_____ Apple mosaic ApMyV Hlarvirsu
CApple stem grooving ASGY Capillovirus |
Arabis mosaie B LAY NE{‘J-;}H.-'ir'ﬁ;m
| Artichoke llalum_[f_r__:fnt AlLY 7 Nepovirus
_Artickoke latent ALV Nepovirus |
| Agtichoke mottle erinkle AMCY Tombusvirus
A [!.L.._|Eh\_Llﬁllﬂ_|']_@Hul| AV BV ? Nepovirus
Artickoke vellow ring spot AYRSY Nepovirus
‘upd.:{m& | LAY] | Potyvirus iap]nm
izi‘l:l_l_:_léilrl?E_________ | ANZ . | Tlarvi 154 ]
Asparagus 3 i | AV ; Potexvirus
Bambo mosaic BaMy Potexvirus
Banana streak By Badnavirus o
_ Banana bunchy L_p Vitus BBTV -
| Barley stripe mosaic BEMY Hereivirus
!_Eﬂ_]’i‘l“-._{.”u'ﬁ dwarf | BYDY | Luteovirus
I Barley vellow striate mosaic | BayMy T".r_nuﬂ_a {fungus)
| Bean common mosag | BOCMV ]-"u:-I'E-'w-'iil'ljs'(ﬁ_p_}ligj—
!}Lﬂh distortion dwart’ E:.DD\ P Germiniarys 11 o
Bean galden mosaic BOMY | Geminivirus 11

Eox

LAt




Yirus name

Acronvm

Fanmilv/group
and subgroup )

Bean pod mottle BPAMY Comovizrus .l
 Bean rugose mosaic BRMY Comayiris
ean vellow mosai C By MY Potyvirus (aphidy
Bean crvptic | BLNV | Cryptovirus 1
| Bean cryptic 2 ) BOW2 Crypltovirus ] ki
Bean cryptic 3 | BCVS Cryprovirs 1
hect leat curl BLOY Rhabowvirus
{lace bug)
Beet nuld vellowin i BMYV | Luteovirus
Beel mosaic BiMV Potyvirus faphid)
Beet necrotic yellow vemn BNYVY | ? Furovirus il
Beet soil-horne B5BY | Furovirus '
Beet western vellows BWY Y Luteoyirus
 Beet vellow net - |'B YNV i Luteovirs B
Beet vellows By Closterovirs
Beet yellow stuni BYSV Closterovirus
Belladoona motle BeMV Tymovirus -

Bermuda grass etched-line

| BELV

:"‘v’]ﬂ_]'ﬁﬁ‘»"i]'u:‘i

Black rasberty necrosis

| Blackeve cowpea mosaic BICMY Potvirus (aphid)
Blackgram mottle BMoV ? Carmovirus |
Black rassberry latenl BRLY | Harvirus |

| BRNV

' Linclassified,
1sometnc

Blueberry leal mottle BLMY N EpPOVITUS
Blueberry scorch BBScV Hlarvirus B
Blueberry shoestring BSSY Sobemoyirus
Broad bean mottle B BBMY | Bromovirus

. Broad bean necrosis BBNY ? Furowirus
Broad bean stam  BBSV Comovirus

Broad bean true mosaic

]jli_T MV Comovirs

Broad bean wilt BEWY Fabavirug _
Broceoli nrerotic vellows BNYW | Rhabdovirus {aphid) |
| Brome mosaic  BMV Bromovirus |

Wl




Virus name .T{:rnn}-'m Fam ivigroup
and subgroup

Lﬁr’{gl';h’_‘ streak lh] "-. Patvvinus (mile)

i, Cacao necrosis CNV Nepovirus
| Cacao swollen shoat B S5V Badnavirus
Cacao vellaw Mosals | €Y MY Tyvmavirus

| Cactus 2 g T Carlavirus
£ acatus X CV X | Potexvirus
Cardamine latent Caly Carlavirus
f'_e:!rl;]ﬂlmﬁ:ﬁ MOSAIC CaMy Potvvirus aphid) |
Carnation gryptic | CCV]l Cryptonanus
Carnation cryptic 2 COv2 Crvprovinus

I_l'._'_ arnation etched ring CERY Caulimovirus

| Carnatien ltalian ring apm CIRSV Tombusvirus
Carnation latent | CLY Carlavirus
Carnation mottle £ .ch*ﬂ‘»" e Armovirus
Carnation necrotic fleck CNFA e ln‘:tut}xlluh
Carnation rnngspot CRSV [_“.hant!mwrur-,
Carnation vein mottle ¢ "' '\.’E"-r" P{Jh"-.-'ir'u'ﬁ (aphid}
Carrol latent CelaV Rhabdovirus (aphid)

| Carrot mattle CMioV iy |
Carrot red leaf CaRLV Luteovirus
| Carrot thin leal | CTLY Potyvirus (aphid)
Carror vellow leaf B CYLN | Closterovirus
Cassava commoil mosdic CsOMY Porexvirusg
Cassava brovwnt mosaic CBMY * Carlavirus

(whiteflv)

| Cassava green mottle 3 CBMY | Nepovirus
Cassava vein banding CVBY Y Caulimovirus
Cassava virus C e 7

_iﬁ_&waxd virug X | CsVN | Potexvirus
Cassia vellow blotch CYBV Potexvirus
Cauliffower mosaic CaMVy Caulimovirus




Yirus name

Acronym

’ I*umiwwrnu|:-
Cand subgroup

Celery mosaic | CeMN _ anﬂl[_e-_phuil i
Cereal ehlorotic moltle | Cel Vi | Rhabdovirus '
B (leathoppery
Chenopodium necrosis ChiNy | Nepovirus |
Cherry leal roll | {:‘I_,_I{‘\'_ 1 Nepovirus B,
Cherry rasp leaf | CRLA | *Nepovireg. ]
Cherry rugose | VRV arvirus ) !
Chrysanthemum B '_11_""-.;*113___ Carfavius. ]
| Citrus leaf rugose - Cil.RV ? Harvirus
Citrus latter leaf’ CITLY | " Closterovirus |
Citrus tristeza | CTY Closterovirus
Citrus variegation CVY Harvirus i
Clover yvellow mosaic CLYMV | Potexvirus i
Clover vellows _ | YV Closterovirus
Clover vellows vein CIYVV Potyvirus {aphid)
Coflee ningspot CoRSV Rhabdovirus (mite] |
Cotton leaf crumple CECLY Geminivirus
Cotton leaf curl CLCUN | Geminivings.
Cowpea aphid-borne mosaic CABMY | Potywvirus (aphid)
Cowpea chlorotic mottle CCMY | Bromoyirus ]
Cowpea golden mosaic | CpGMY CGemminivirus N
Cowpea green vein handing COVEBY Pobyvius
| Cowpea mild motile CPMMY | Carlavirus |
Cowpea mosaic CPMY | Comovirus ]
Cowpea mottle | CPMoN | Carmovirys 1
Cowpea ringspot CPRSY | ? Cucumovirus |
Cowpea severe mosaic | CPSMY | Comovirus _______;
Crimson clover latent | ECLY MNepovirus U
Cucumber green mottle mosaic | CGMMY | Tobamovius
Cucumber leat spot CL8V 7 Carmovirus B
Cucumber mosaic CMY Cucumanvinis N

Cucumber necrasis

[Cu\Y

o IR St

I umhum IS

S e e s § B2 L



- Virus name Acronyni | Family/ecroup
|/ : = and subgroup
Cucumber soil-bere CSBY farn‘u:wim‘i
5 xu_umhm vellows CYV 7 Closteravirus
| | Dalhiz mosaic MV Caulimovirus ]
~ Dasheen mosaic DMV Potyvirus {aphid)
| Datura shoesiring | DSTY - Potywvirus (apnd)

bl

Louplant mosaic B MY Tyvmovirgs
E gupiant mottle erinkle EMCV Tombusvirus |
Egopiant mortled dwarf EMDY Rhabdovirus
= (vector unknown)
Fupharbia mosaic | EuMV Crenimyvirs
Fermn mottle i | FMoV Furovins
Figwaort nwsaie | FMWY [ ‘au.]'i_l.n-:wil_ygal I
Fiji disease FDV Plant Reovirus
Garlic masaic CrarMV Patyvirus {aphid)
Gonger chloratie fleck GEFY ? Sobemovirus
| Crloriosa stripe mosaic GSMY | Porvvirus {aphid)
__{i:_hunu mosale Gy | Comovirus
Cilveine mottle OMoeV Carmovirus
‘ {;r”l["'l.f‘-f'i.lli_ A GV A Closterovirus
Grapeving fanleal 3 ALY Tombusvirus
- Greundmu erinkle O T Carlavirus
I | (whitetly)
| Groundnut evespor GEY Poryvirus (aphid)
(m:-un_u_:*m: rosette GRY g - B
: Groundiut rosette assister | GRAY Luteovirus
| Elibuscas ehlorotic ringspo HCRSY Carmovirus
- Fhbnscus latent ringspot | HLRSV | Mepovirus
[Eu} latent | Hpl.W | Carlavirus
Hop mosaie _ FipMY Carlavirus
Hop tefonl crptic | - HTCV Cryptovirs |
|__F_miu_z,m Teryplic 2 HTCV2 | ["['w:-mﬁ-'i-mﬁ P
| Hordeum mosaic i--iﬁh:]-‘v'_ | Porvvirus ?




Virus name Acronym | Fa mil}'.f:gmup
_ and subgroup
Horsegram vellow masaic He Y WY Greminivirus
Indian cassava mosaic ORI Creminivirusg
| Indian peanut clump [POY ? Furovirus
Indonesian sovbean dwarl ISV Linemirus _|
s muld mosaie | MMy Potyvirus
Lettuce big vein LBYY Unclassified.
- dsRNA rod,
Lettuce mosac LMY Patyvvirus {aphud)
Lettuce necrotie yellows EANY Rhabdevirus (aphid)
| Lettuce speckles mottie LSMY | Umbravirus _
Lucern Australian latent LALY Nepovirus
Lucern Australian symptomless | LASY 7 Nepowirus .
Lucern transient streak LTSV Sobemovirus
Maize chlorotic dwarf MCDY MODY eroup
Maize chlorotic mottle MOMY "Sobemovinus
Maize dwarf mosaig MIODMY Patyvirus faplid)
Maize mosaic WM Rhabdovirus
S (Leathapper)
Maize rough dwarl MERDY Plant Reaviridae
Maize sterile stunt MSSY Rhabdovirus
" | (planthapper}
Maize streak MSY Geminivirus 11|
Maize stripe MSpWV | Tenuivirus
Maize whnteline moaie MWLM tﬁm;lax:;iﬁi:d,
ISOmetric
Melon feal curl MLOWY Geminivirus |
Melen necrotic spot MINSY Carmovirus |
Mulbermy latent MLY f’@lj!ﬂ_‘fil'LH
| Mulberry ringspot WMIRSY _‘.‘{e:pm'iruﬁ
Mungbean vellow mosaic MY MY Gemivirus 11 |
| Muskmelen vein necrosis MRV Carlavirus
| Oat blue dwarf OBDV | Marafivirus




Virus name _ Acronym | Fa injl}-'.f;:rﬂu;:
i o ~and subgroup

| Oat wolden SETEpe DGMY T Furovirus
j Cat nu*.smi-;;__ SR RY F{o_tyx:iruﬁ {Inzus)

EJI:EE 1-1::t.:'|:.-tic molle U\"»I"»_ Potvvirus '[r?m“ﬂ
Okara mosaic OEMY Tyvmovirus

Olive latent ringspol OLRSY NEPOVITUS

CHive atent 1 OLY ] | 7 Sobemovirus |

OMive latent 2 ] S unclassified. small

bacilliform

Onion vellow dwarl OYDv Potvvirus (aphid)
Papyva mosaic PapMV Potexvirus

Papava ringspot PRSN Potvvirns (aphid) |
= n_a!fc_rmg:!upr_‘. masaie [} i

Parsnip mosaic Pardsty I:I\'!-'[._‘-._"-v’ii‘liﬁ {aphid)
| Passionatefrut woodiness PWYV Potvvirus {aphid)
Passionatelruit }-::II;_}-V;.!;‘uu_mez-lic | PEY MY Tvmovins -
- Pea early browning PEBV 'f'whr’;l e |
| Pea enation mosac | PEMIY | PENMN aroup |
; Pea lealroll Pel RV i Luteovirus |
| Pes muld mosaic | PMiIMY | Comovirus
| Pea seed-borne mosaic | PSbMV | Potvvirus (aphid)
| Pea sireak (- alfalfa latent) C PeSy | Carlavirus

Peach roselie mosaic | PRALY | Nepovirug

Peanut clump | pCv | Furonvirus

Peanut mottle | PeMY | Potvvirus (aphid)

Peaniit stripe | PStV | Potyvirus (aphid)
| Peanut stunt | P8V | Cucumovirus |

Peanut vellow mosaic PeY NV Tymovirus |
Pepper mild mottle | PMMY Fobamovirus _]

Pepper mottle | PepMON | Poryvirus (aphid) .
Pepperringspat | PepRSV | Tobravirus

Pepper severe mosaic PeSMY | Potwvirus (aphid)

Pepper veinal mottle PVMY Poivvirus (aphid) |




||
Virus name

Petunia asterond mosaie

Petunia vein clearing

T
i
|
|
|

L ——

| ',' - I'_" 1
- Familv/group |
Cand .~;l1hgrnu§

Acronym

| Plum pox

i P;:uul_;_ar ITMOSAIT

1 PeAMY | Tombusvirus
PVON " Caalimovirns
PPV | Potvvirus (aphid)

PopM\y | Carlayi s

i
Potato A

Potvvirus {aphid)

PVA '

. (S—

Potato acuba mosaic

PAMY

| T Potexvirus ,

Potato black ri”“ﬂlm

__[PBRSV [ Nepovirus

—_ —— ol

Potato leaf roll I PLRV |.uteovirus

Potato M — | PN [ Carlaviws

Potate mop tep PAITV Furovirus N
| Penalo S ) BN S Carlavirus -

Potato T LPVT | Capilloviris

Potata L | PV | Nepovirus

Potato X | PVX | Potexvirus ]
| Potato Y PVY | Powyvirus (aphid) |

Potato vellow dwarl ' PYDV | Rhabdovirus

| {leathopper)

Radish mosaic RaMV Comayvirnys

Radish vellow edge RYEV Crvptovirus ? N

Rasberry bushy dwarf ' RBDV ldaeovirus eroup ;

Rassberry ringspol RRSV | Nepovirus

Rasberry vein chlorosis ROV |L Rhabdovirus {:ip_h[r[hi}_

Red clover crvptic |

F{{‘{"L'f_ Cryvptovirus i

e e

Red clover cryptic 2 ROCVZ | Cryptovirus 2
Red clover mottle ROMY Comovirus

| Red clover necrotic mosaic RONNMN | Dianthovirus ]
Red clover vein mosaic ROVMY | Carlavirus

Red pepper crvptic |

| RPCVI ;U('r}-plm'émﬁ 2 ]

Red pepper eryptic 2

| RPCV2

| Crvptovirus 7 |

Ribarass mosaic

RMV [ Tobamovirus

Ricecblack streaked dwarf

RBSDY | Plans Reoviridae

Rice dwarf

RDV | Phyvloreovirus,
| 5
| Plam Reovirus




—_—r——— —

Virus name Acronvm | Family/group
B [ | and Sl..!hgt'ﬂllp
Rice wall dwart RGDY Phytoreovirus,
B N Plant Reovirus
Rice UrAssy Siunt " RGSY 1 _[ummrus
Rice necrosis mosai ____ RNMA Poryvirus (fungus)
Rice ragzed stunt — RREEY | Tenwvirus
Rice stripe S RSV | Tenuivirus
Rice SUIPE MOsac I-l"-:.\‘-. ? Furoviug:
Rice tungra b&C]”I[’{‘HETI | RTBY Haﬂnaxnua _
| Rice tungro spherical | ERTSS | PTMCDY group -
Rice vellow mettle T RYMY r Sobemovirus
Ryeorass n:n.'-[;-iic - -RG{"'«.' | Cryplovirus
| Ryegrass MOsaic _ - _| T{Cr‘xl‘\ :___IJ__q:uu'x-'irLlﬁ {mijl::"jl_
Seil-born wheat mosaie. | SBW "-uH Furovirus
| Sorghum chlorotic spot SeC ‘3‘& Furovirus
Sorchuny mosaic o E&_ Potvvirus {aphid)
hf:&uthmn bean mosaic | SBMY Schemovirus
!'_5{11‘,-1}&3[1 chloroue mottle | SBOMY | Caulimovirus
| Soybean dwarf | ShDY | Luteovirus
Sovrdaiandeme o o | SbMY | Potyvirus (aphid)
Spinach latent Spl.V | Harvirus
Squash leaf curl = == 5[_.( vV Ceminivirus 11
| Squash mosaic CSMYV [ Comovirus
Sttawberry crinkle | 50y Rhabdovirus (aphid)
__;rlfml EIry latent [ngspol SLESA 1 TNepovirus
| Strawberry vemn banding. SVBY Caulimovirus
Sugarcane bacilliform ___1'BCBV Badnavirus
| Sugarcane mesaic SEMY Patvvirus taphid)
Suni-hem mosaic -  |SHMY Tobamovirus o
| Sweet clover necrolic mosaic | SCNMV | Dhanthovirus
Sweel potato feathery mottle SPEMY . Polyvirug laphid)
Sweet potato mild mottle | SPVMY | Potyvirus {aphid)
Thistle mottle [ TaMeY | Caulmowirus

—
pev |




Virns namne

=

Tobacco cich

E Tobaceo leat curl

Acronym | Family/group
ang subgronp
PrEY | Porvvirus (aphid)
TLLY ' Creminivieus |1

[ul‘-duu 1" ||L] STEEN MOSa

TMGMY

Tobamovirus

__[_I.llh]"l._i_l."' IMEsGic TR | Tebamovirus
Tubacco malile o [ ThleV Umbrasirns
T nhcmu" neCrisis Ty | Necroviruses |
i ohaceo nerolic l:l'--. art THNDY Latenvirs ]
=_fﬂl*.:1u,:~ ratthe | TRV Tabravirus ]
| Tobaceo ring spot TRSY Nepuvinis
' | Tubaceo streak TEY Harvirus |
Tobaceo stunt | Tsv Cunelassified.
- o dsRN A rod
Fobaceo vein distorinng VDY PLutedviris
__Mu_amn vellow dwarf _| TANY Pu[\ VITLS
Tobacen wllcm Vi ek & 'T||‘.|‘4H1Lh
Tobaceo u.‘]-.m Vel asaisior 4 TYVAY | huteovirus
Tomato Aspermy T | Cucumovirus -
| Tomato black ring | TBRY NEPOYITUS
Tomato bushy stunt CTRSY Tombusvirus
Fomate golden mosaic : TeMY ' Geminivirus 11
| Tomato leat curl L TelOY D Gemuvirgs 1 |
Tomata maosaic ToMy Tohamosvirys |
Tomata ringspol FoRSY "m_pm s j
Tomato spotted wilt ) |1 SV -.E-hu.x_dvn s
Lot lop necrosis TotNy Nepovirs oy
Tamaro vellow dwart - | Te¥DV Geminivirus 11
____!_kﬁﬂg} vellow mosaic T MV Creminiyirus
_ Fomarte m]um Iuat el TYLCY :"f:r;_'11'.i11ix-'i_|_'-l_~a__l I
i | Tulip brezking TBY | Potyvirus (aphid)
Eulm X TN | Potexsius |
!UH_[:I crinkie | TEN | 1c ATTOVIFS ______
Turnip mosaig | TuMy g Potvvirus (aphid)




Yirns name

ACronym

C Familyvigroup
and subgroup

.....

Watermelon chlorotic stunt WOSY Greminivirus 1
Watermelon curfy mottle | WMOMY | Geminiy s
Watermelon mg:_‘-:aaiﬁ x'iru:_;_f _ WMV 2 Pm* virus {dphuﬂ
Wheat dwart . _ Wiy IC:_.p]nlen‘__l
1'r1"r]1L{1[ spindle ‘nlh..:;h Al i \Jf‘i"*;\i"'-." | Patywirus (ungus)
Wheat yvellow leal WYLV | Closterovirus
[ \White clover crvpne | ".-"I.'E eV | | Cryptovirus. |
White clover eryptic 2 ‘-.,’Hi( V2 Coyplovirus 11
| White clover ervptic 3 WECNE | £_|___xp~.m-||'u5 |
White clover mosaic W "\!‘\ Poslensinis
Wild cucumber mosaic WOMY | Tymavirus
.'-*’.nr;;;hipi_:,:ull;u fleck LZYEN .E’ul_x@é;'us faphidy
'_}{y;tchm: yellow mesaie Z7Y ‘wl‘x | 1’nl.\'x'1rL;__~; fanind]

a Ronan munendals L e 'ml.-_.L.L_ FOTRs ”.l"\.'-..l. H:!Il

b The vector 15 indicned where ol lasonanie II]-}‘.lvi'hllu_L

¢t nthcles noceriain GISenoiie posiien, or eter reoogneacd wroup

m ik

o Goup o nyerted commas are adarnially accepied but nel yel oA Tactally
k 2 i : ;

recop sl



Appendin-3

Listof :imlwun Ay alabie Wi 'I‘ II-.ml.,lh._m Tyne:Culiure Collecton

[ Namie of virus ) l ‘:;E( Antiserum |
. o __‘ number s
Alfalfa Mosaie Vi ATCC BAVE.0T
Apple Chicrone Lealspo ATCC P, AS-B19 |
| Clasterovirus - - _ ]
Apple Mosaie ||f1r___l_l__l.J_'- - o __f.___l_ I_{ PV AS:S :-uq._ 1
"'.]:np]g, Stem Grooving € d|n|lhwuu~. ATTC PYAS.TF| _l
| Avabis Mosaic Nepovirs | ATTC PYASSST
| Barley Mild & Masaw Potywirus ATCC PV AS- 626 o :
| Barley Stripe Mosaic Povaares | ATOC PV ‘!-."_3_;1'1-
| Barles H_:_,lF: W [)urar_f_l_ﬂyﬂ*_«um__ ATCCPYARS
Barlev Yellow Vosaic Potevirus | ATCC PVAS-64
| Bean Comn o Mosaic Potyy IILl‘w HE_{ PAVAS-TGR ,
| Bean Leal Roll Luteovirus _ ATCC PV AS-759
Bean Pod Morile Comavirus [ ATCC PVASSed
| Bean Yellow Mosaic Potyvirus L ATCC PVAS 308
5 Beer Curly FL‘-p Crenvnivirgs | AFECPVAS: G50
- Beey “-’mkh:rn Yellows [ u[t,m IFLLs 1 ATE C Py AS- f’:ﬂ
| Beet “:_Lfll;_h_ll_{_yﬂumnm ' ‘Hft’ Py 28654 |
| | Blackeye Cuow pea Mosaic |"1‘|H'11El_j_u ATC ¢ P"-,___“"Lﬁ 411 -
 Blueherry s ai Mottle \{nﬂl U __ ATCE PAVAS-44
| Broad Bean My ‘l[|L Bromovirus : ATC C PV AS- 1] ta B
H_Iildifa'_i__dﬂ Stain € OIIOVITLES A 'C PV AS- e
Brome Mosaic *-}.u'.umm:vm ATCC PV AS- |78
f’l»!uanam*nm B ] ATCE Py 1.‘1__?:!.’:'
| Carmation Latens Carlavirus ATCC PVAS-TS0 |
o arnation Mattle C ATy ATC CC PVAS-LOSh N
Carnation R||1”\}][':ll [“Jmnllmnluw | ATCC PVAS-TIh
| Carnation Vein Mottle Potyvirus [ATCC PVAS-708
Cassava Mosaie Pateswirs ATCC PVAS- }‘?n L
Cauhlower Maosaic C x:ulll‘mx irus | ATC T PVAS-4S
Celery Mosaic ]J._(L}_!me o A IEE Bl AS3T4
LLherry Leal Roll Neposirus. | ATCC PVAS- "n
 Citrus Leat-rugose lHarvirus o L ATEE PVAS- 95 -




T
Name of virus

] ATCC \!_I_Ii'ii.‘l'LIl[I

T

numbir

' ['imu “r’-:llcm Muosaie Pmeuilua

| ATCC PVAS- 2000

1

{_]f:l'-.t"l Yellow Vein F‘munm '

ATCC PR AS=1L

FuupL IL htgmm Vioule Bromovirus
Cawped Mosaic € OINEVIFLS

Cowpea Moule Carmovirus |

e —————

[ ATCC PVAS24E

H(f PAVAS-299

AT P‘-. AS-318

| Cow pea Sewvere Maosaie € oMoy i o l
| ux,un.ht.r {rrf‘w.. Mottle M osaic
. fnhu;m us

ATCC PVAS-ATD

ATCC PV AS-4HD

EE m,ul*‘lbu Nlasaie I; LCLMOY s
{__L_,L.ﬁ,l T]E or Necrosis Tobamovins

ATCC PV AS-30
| ATCC PYAS-427

: {nﬁp{,x ne A f.1-:'.nr~,lumnuf_~

| Grapevine Fanleat Nepovirus
Hibiscus Chlorotic Ringspot
 Carmovitus

| Eggplant Green Muosaic Potyvirus | ATCC PV ASS |8 ]
| Ginger Chiorotic ]E:{__i::_LEEEF_‘_I’I_QHEL:_ ATFC (__E“:_}_"n S0F
ATCC PVAS-580
______‘aiu PUAS3IS
o CATCC PVAS-4362

_—

Lettuce Mosaic I’oau L ) ATCC P'-_H_;_._u_r_:jq;
__LE_HEp.pmnﬂew Carfavirus i ATCEC PYAS-530

\imf_t_flf oo L i}w{t-‘ LL!H_ _____ Lj‘ﬁ E_'*.\}_—ﬂ[;_ ]
| Maize Dwarf "u‘lmcm_ Potyvirus L ATCC P AS-55b

| Maize Streak Creminivirgs | AT F"f-‘h?i_—'l#dl ]

Okra Mosaie Tumevirus ) _H.lLL PVAR-S1A |

Papava REHLT.LGE Pmu‘run o | ATCCPVASADS |
| Pea Mosaic Potyvirus | ATCCPYAR-T

I-‘{,a-:,} F{metta Mosaic Nepovirus | ATCC PV, AS-398

F'y:ams Cireen ."'»ID..‘\-:IIL.F_'[E-.JEEL 5

ATCU PV "'n’% 550

Peanut Stripe Potyvirus

x'”[{ Py AN ‘*iﬁ-_

;JLEE“ILIL stunt O ooy ||u~.

Y el

P_-:,pp-f_.r Mild Muttle Tobamevirus _

(ATCC PVAS-187
| ATCC PVAS-570

Pepper Motte Potyvirus

| ATCC PV AS-763

Pulir E"’l;w Pﬂ’w't"u*;

e e
| [{Jtdtﬂ A qutrul»

"a[_(( PYVASTOU
ATCC PV '-'G."t’){:u

P{ndtu‘:- [eal Rf_ﬁl Luteov rus

| ATCC PVAS-363

b



"‘x.lmi_ ol virus

_F‘ul alo .H ( Al | i :=m o
;"Hl_-._”i'l )2 I’nz-. SyiTU S

Potato ™y Potvvirs

Red '[ Ill‘--.i."' ."‘\-:_* rotie Mosaie
Dianthovirus

*mh hlm ‘-.]umn, I* mulm

CRige Yellow Mottle Hn'[‘.ul"nn 1Pl s

_.I’um 0 ‘r Lllcm Davart Riabdos IEE

AT A iutlwtum
numher -

CATCC ]”"a ‘xH tlh _

"-LH'E Py "u':a 478

"ILH.'L i“\. "L"‘\.. S

ATOC PYAslin

TATCC PYVASA0Y

Hnutnun Bean ‘ﬁ.]mnn ‘mmmmll 15

| ATCC PYVAS-51S
11{{ PVAS-323a
| ATCCPVAB3T

‘wu hum "hh‘mlrn; Potvairis

ATCC PUAS-OY

E‘.-l.&.al!i.ﬂlh, 'hlm..eu:_ Potyviris

ATCC PYAS-To6

Sugarcane Mosaie Potyvirus
Subgroup-2

ATOC PYAS-353

| Sugarcane Mosaie Polvvinus
| Subgroup-3

Subzroup-4

Sugarcane Mosaic Potvvirus

ATCC PVAS-

i

A

‘x[{{ Py AS-31 33

-

Sweet Potato Feather Motlle
Potyvirus

ATCC PYAS-TOY

Sweet Potato Latent Potyvirus ATCC PVAS-T66
Tobacco Erch Potyvirus [ ATCC PYAS-6Y
Tobacco Mosawe Tobamovirus CATCC I“» AS-135
Tobacco Rattle Tobravirus CATOC PYAS-820
Tobacco Ringspot Nepovirus ATCC PYAS-157
Tobacco Streak [arvirus ATCC PVAS2TG
Tomato Bushy Stunt Tombusvirus AT { { PYWAS-163
Tomate Mosaic Tobamovirs ATCC PVAS-394
_Tomata Ringspot Nepovirus ATCC PV AS-239

Tomato Spotted Wilt Virus

ATCC PVAS- 412

Tulipg Breaking Potvvirus

ATCC PVAS-559

Wﬂn_:rml.:]n n Mosaie 2 i‘.[*.-l}'x-'i s

ATCC PVAS-644

White Clover Cryptic 2 Crvptovirus
Juecchim Yellow M {:I.!f._{».l_'}_tf Poty _'».:i_l'_L.!_*_f;__

oL
Al

| ATCC PV AS-T5S
’ﬁ.lfli ]"'» "u.‘a 1[?*\




Appendix 4 (a)
Preparation of huffers
4.1 NaHPO, - \a[l:-l’ﬂq buffrer (1.1 1!} 1111 8-8.0

R e e | L e e | POR S 12 N T sobutnt conttaina 35 G0 g |
RPN L B O P B A LS | '-."b'.ZZ.- 2O sl el e g JEIRL
o ) L I O O P ) I e St 2T i LI ok

|
LT T § oAl . R R T = Y - T L P & YT
RIS BECLR EEREE S Sl S 8 L T L A B TR [ T LR L BT P o Rt TR L LR ) SR LR E A

FH 2N (.2 M
NaHPO, (ml)  NaH: PO (ml)

S— |

58 § 1 92 () Dilute 1o 200ml with
20

60 23 B !
6.2 18 5 §105 |
0.4 26.5 735
AH Y Fi=3 G A

a8 490 A s . s |
Ly G0 390 - . -

72 720 28 ()
14 al 0 | <3 ()

e

FaLs: 7.0 13,03
TR al.0 @ s
8.0 94 7 53




Appendix 4 (b)
Preparation of buffers
4.2. KH,PO, - NaOH buffer (0.05 M), pH 5.5 - 8.0

KHPOL Mol P36.0% 02 W solihon containg 27 22 H

PHat 02 M 0.2N NaOH |
25" C KH.PO, (ml)
%
58 5 (36 Dilagte te 20 mb with
waler

5.0 3 (.56

6.2 5 (LE1
£ -1 5 L 16
6O & 104
68 ) 5 34
7 5 3 a4
i B 347
| 7. ¥ 3G
76 5

" i
o 1=
LS T

T8
8.0

i
(g
e




Appendix 4: (¢)
Preparation of buffers
4.3. Tris- (hydroxymethyl)-aminomethane-HCl
(*Tris-HCL) buffer (0.05 M), pH 7.2 - 9.1

Tris «(hydroxymethyl)-aminomethene, Mowt, + 121.14: 0.2 M solution
contains 2423 g

pH at pH 0,2M 0.1 N-HCI

23" C_at37°C_ Tris(ml) (ml)

Q.10  §095 25 5.0 Dhilute to 100 ml

with water

892 878 25 79 - b

874 A .00 23 10.0

862 548 25 12.5 h

8.50 837 25 [5.0

840 §27 23 175 3 N

832 &18 25 20,0 + i
1823 810 25 22:5 B

8 14 800 55 25.0 *

805 7.0 £ 27.0 = &

706 TR2 iy 300 = -

187 g 25 D Y

177 7.63 25 35.0 B "'

766 752 25 17,5 v %

754 740 25 40.0°

£36 7332 25 42 5 ° g
| 720 705 25 450 ¥ S




4.4. Boric acid-borax buffer (0.2 M in terms of borate),

pH 7.4 - 9.0
Borax, Na-B.0
CONANS

Appendix 4: (d)
Preparation of buffers

19,077 g in HOO ml.

Boric acid, Mowt. + 61 .84: 0.2 M solution comtaing 12,37 g in 1000 ml
Borax, Na-B40- [0H-O. may lese water of crystillization and it should be kept in a
stoppered bottle. solutions of borax can be prepared also hatf-neutnlization

solutions of borie acid.

TOH-0, Mot = 381 43 0,05 M solutton (=0.2 M boralc)

PH 0.05 M borax (ml) 0.2 M - boric acid (ml)
|74 10 9.0

T 1.5 B3

78 2.0 8.0

8.0 3.0 7.0
| 8.2 3.5 6.5

8.4 4.5 5.3

8.7 6.0 40

9.0 8.0 2.0

&5




Appendix-4 (e)
Preparation of buffers
4.5. Diethanolamine - HCI buffer (0.L05 M),
pH 8.0 - 10,0

Dicthanolamine. Mowl, = 105, 1: 102 M sohition containg 2102 g in 1000 ml

pH art

25¢

il
C

23
5
93
91
8.0
87
&5
83
P 8.0

LA B

1.0

(2N - 0.1 N HCI

diethanolamine (ml)  (ml)

25 3.6 Dilute to 100 ml
with water

25 6.9 "

25 Pl

25 [5.6 N

35 204

23 2] "

25 a2

25 137 - *

&5 42.0 1 it

25 459 * B

4.6. Borax - NaOH buffer (0.05 M - borate),

pH 9.3 - 10.1
_{See Table 4)
pH 0.05 M borax (ml) 02N -
NaOH (ml)
93 50 00 Dilute to 200 ml
with water
.4 5 11.0 o R
9.6 50 2310
98 S0 340 * t
10.0 5( 43 .0 . 2
10, ] Al 46 0

0 i




(0.1 M), pH 9.2 - 10.8

Appendix-4 (1)
Preparation of buffers
4.7 Sodium carbonate - bicarbonate buffer

Cannot be uscd in the presence of Ca++ gr Mg++

MNa-COs TOH-0. Mowt, = 2802 0.1 M solulion contains 28.62 @ i 1000 ml

NAHCO. Mowi, = 28400 0.1 M selution contains 3440 g HHUD ml,

PHat pHat 0.1 MNaz 0.1 M NaHCO3 (ml)
200 37°C Co3 (ml) B )
916 877 I &

940 912 2 8

951 9.40 3 7

978 950 4 6

990 972 5 3

10.14 Qa0 & 4

1028 1008 7 3

1053 1028 8 3

1083 1057 9 | -

PERP —trE N R
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