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A number of diseases in animals and plants are known to be 
caused by viruses. Viruses are also known to cause infec-
tion in bacteria, cyanobacteria, fungi, protozoans, etc. Viral 
diseases have a long historical account. Certain diseases 
have been recorded by ancient civilisations. Small-pox, 
infl uenza and common cold are particularly described in 
ancient literature, though nothing was known about the rea-
sons that caused such diseases. Infectious nature of many 
diseases was established by the middle of the nineteenth 
century.

 Adolf Mayer (1886), a German Botanist, described 
for the fi rst time the Tobacco Mosaic Disease, though its 
causal agent was not known. Mayer reported that the dis-
ease could be transmitted by just applying the sap or juice 
of infected leaves onto the leaves of healthy plants. A few 

years later, in 1892, a remarkable discovery was made by Dimitry Iwanowski. He demonstrated that Tobacco 
Mosaic Disease-causing agent can be transmitted to healthy plants by the sap from infected plant. Iwanowski 
demonstrated the fi lterable property of causal agent of Tobacco Mosaic Disease. Later, M.W. Beijerinck 
(1898) confi rmed the fi lterable nature of disease-causing agents and described them as Contagium Vivum 
Fluidum (living fl uid infectant). He gave the term ‘virus’. The term virus means poison. Scientists of that time 
used the term loosely to refer to any unknown agent causing some disease. 

 The fi rst disease of human beings shown to be caused by fi lterable agent was yellow fever described by 
Reed and Finley (1901). The fi rst virus was purifi ed by Schlessinger (1933) by using differential centrifu-
gation. W.M. Stanley (1935) crystallised Tobacco Mosaic Virus (TMV) and got Nobel Prize. Twort (1915) 
and de Herelle (1917) discovered bacterial viruses. de Herelle coined the name Bacteriophage, which is 
commonly called as phage. Safferman and Marris (1963) discovered cyanophages, which cause infection in 
cyanobacteria. Mycophages (viruses parasitic on fungi) were discovered by Holling (1978). Mycoplasmal 
viruses have been reported by Gourlay (1970) and Maniloff et al. (1977). Zymophages infect yeast cells. 

Viruses are made of protein and one type of nucleic acid (either DNA or RNA).Viruses represent smallest 
form of life and are said to be connecting link between living and non-living. Viruses show living characters 
when they are inside the living cell of the host, while they represent non-living characters outside the host 
cell. Viruses are ultramicroscopic (2 – 300 nm), smaller than bacteria and highly pathogenic forms.



 

 Viruses are said to be exceptions of cell theory because they are not cellular (acellular), devoid of cellular 
machinery, protoplasm and cell organelles. Viruses lack enzymes and depend upon synthetic machinery of 
host cells. They are non-culturable on inanimate culture medium. Their cultivation is possible in living cul-
ture medium by animal inoculation, chick embryo inoculation or by tissue culture of infected tissue (organ 
culture or cell culture). Viruses are incapable to grow and divide. They reproduce by their genetic material, 
DNA or RNA. The viral nucleic acid directs the host cell to make various parts of virus and then to assemble 
these parts into complete virus particles, virions. Single infectious virus particle is called virion. Such a 
multiplication of virus occurs only within the living host cells. Outside the host, the viruses behave as inert 
chemicals and they can be crystallised and precipitated.

Viruses on the basis of their nucleic acid are categorised as DNA and RNA viruses. All viruses have been 
included in Phylum Vira, having two sub-phyla:

 1. Sub-phylum—Deoxyvira (DNA viruses).

 2. Sub-phylum—Ribovira (RNA viruses). 

 1. Pox viruses 

 2. Adeno viruses

 3. Herpes viruses

 4. Papovo viruses

 5. Parvo viruses

 1. Orthomyxo viruses

 2. Paramyxo viruses

 3. Rhabdo viruses

 4. Toga viruses

 5. Arena viruses

 6. Reo viruses

 7. Picorna viruses

 8. Leuko viruses

 9. Corona viruses

 Viruses have also been named after their respective hosts or nature of host, i.e., animal viruses, plant 
viruses, bacteriophages, etc. Holmer (1948) classifi ed viruses into the following groups:

—These viruses infect animals including man. Animal viruses 
usually have DNA and are host specifi c. Except Pox viruses, they synthesise their components in host cell 
nucleus.



  

—These viruses infect plants but they are not so host specifi c. 
Plant viruses, except Caulimo and Gemini virus groups, have RNA. Usually, RNA viruses synthesise 
their components in host cytoplasm. Plant viruses do not invade apical meristems of the plants. Plant viruses 
are transmitted by sap inoculation, grafting, contact, soil, seed, pollen, vegetative propagules, roots, insects, 
etc. Insects of the order Hemptera generally act as vector for plant virus transmission.

—These viruses infect bacteria and cyanobacteria. These are usu-
ally DNA viruses and host specifi c.

Lwoff, Horne and Tournier (1962) classifi ed viruses on the 
basis of following characters:

 1. Type of nucleic acid — DNA or RNA

 2. Symmetry of virion — helical, cubical or bilateral

 3. Presence or absence of envelope

 4. Diameter of capsid

 5. Number of capsomeres

Gibbs et al. (1969) classifi ed viruses on the basis of Adansonian principles by considering four pairs of char-
acters, i.e.,

 Type of nucleic acid/number of strands; DNA/RNA (D/R), ds/ss (2/1).

 Molecular weight of nucleic acid/percentage of nucleic acid.

 Out line of virion/nucleo-capsid: spherical (S), elongated (E), complex (K).

 Host/Vector. Symbols of hosts — alga (A) fungus (F), plant (S), invertebrate (I), verte-
brate (V). Symbols for vectors — diptera (Di), aphid (Ap), fungus (Fu), spreads without 
a vector (O).

Virus cryptogram of:

 Pox virus = D/2 : 160/5 – 7.5 : X/V :O
 Caulifl ower mosaic virus = D/2 : 5/15 : S/S : S/AQ
 Tobacco mosaic virus = R/1 : 2/5 : E/E : S/O
 Infl uenza virus = R/1 : 2 – 3/10 : S/E : V/O
 Herpes simplex = D/2 : 68/7 : S/S : V/O
 Polio virus = R/1: 2.5/30 : S/S : V/O
 Human hepatitis B virus = D/2: 1/50: S/S : H/O
 Caulimo virus group = D/2 : 4.5/16 : S/S : S/Ap

Lwoff and Tournier (1969) called virus cryptogram as virus phanerogram.

ICTV is an International Committee on 
the Taxonomy of Viruses which came 
into existence in 1966. This committee 
formulates the rules and regulations for 
the classifi cation of viruses.



 

Prior to the invention of the electron microscope, it was not possible to see viruses. By means of electron 
microscopy, X-ray diffraction and other methods, it became possible to study the structure and composition 
of viruses.

 Complete virus particles, or units of virus, are known as virions. A virion is composed of nucleic acid, 
which gives it infective capability, and protein coat. Viruses cause infection in host by their nucleic acid. 
The nucleic acid is surrounded by a protein coat called capsid, which may be made up of protein subunits. 
The capsid protein-subunits are called capsomeres. The capsid protein confers specifi city to the virus. Most 
animal viruses have antigenic properties and are capable of inducing production of antibodies, particularly in 
mammals. 

 Virus particle consists of a central core of only one kind of nucleic acid, either DNA or RNA, but never 
both. The central core of nucleic acid is also called vucleiod which remains surrounded by a capsid. The core 
with its capsid is also called nucleocapsid of the virus. Virions may or may not be covered by an envelope 
usually made up of lipids or lipoproteins. Such viruses are called lipoviruses. Virions having lipid or lipopro-
tein envelops are sensitive to lipid solvents like ether, chloroform or to emulsifying agents like bile salts and 
detergents. Viruses differ in their DNA or RNA content. A virion can contain one of the four possible forms of 
nucleic acids, i.e., single or double stranded, DNA or RNA (see Table 1.1). The nucleic acids of most viruses 
are linear straight chain structure.

 Table 1.1 Nucleic acid in various viruses

 Virus DNA viruses RNA viruses

 Double stranded Single stranded Double stranded Single stranded
 (dsDNA) (ss-DNA) (ds-RNA) (ss-RNA)

Animal viruses Pox, Herpes, Simian – Reo, Blue tongue virus Polio, Toga, Infl uenza
 40, Adeno, Papova,   virus, HIV, Rabies, 
 Hepatitis-B, Polyoma   Orthomyxo Paramyxo, 
 and maximum animal   Hepatitis-A
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 The size and shape of viruses vary greatly. Smallest virus is Coliphage F
2
 (2 nm in diameter). Smallest 

plant virus is Satellite Tobacco Necrosis virus (17 nm) and smallest animal virus is Foot and Mouth virus 
of cattle (10 nm). Longest plant virus is Citrus Tristeza virus (2000 × 12 nm) and the largest animal virus is 
Pox virus. Viruses may be helical rod shaped (tobacco mosaic virus), brick shaped (pox virus), bullet shaped 
(rabies virus), spherical (mumps virus), polyhedral or icosahedral (polio virus, blue-tongue virus) or complex 
structured (bacteriophage-tadpole shaped). The size, shape and symmetry of virions are determined by collo-
dion membrane fi ltres, ultracentrifugation, electron microscopy, X-ray crystallography, diffraction methods, 
metal shadowing, carbon replica, freeze drying and other techniques.



  

Cultured cells, eggs and laboratory animals are used for virus isolation. Cell cultures are the sole system for 
virus isolation in most laboratories. To prepare cell cultures, tissue fragments are fi rst dissociated, usually 
with the aid of trypsin or collagenase. The cell suspension is then placed in a fl at-bottomed glass container 
(petri dish, a fl ask, test tube) together with a suitable liquid medium, e.g., Eagle’s medium and an animal 
serum. After a variable time, the cells will attach and spread on the bottom of the container and then start 
dividing, giving rise to a primary culture.   

Primary cultures are maintained by changing the fl uid. When the cultures become too crowded, the cells are 
detached from the vessel wall and portions are used to initiate secondary cultures. During the multiplication 
of the cell strain, some cells become altered in that they acquire a different morphology, grow faster and 
become able to start a cell culture from a smaller number of cells. These cells are immortalised and have an 
unlimited life-span. 

 Cell cultures vary greatly in their susceptibility to different viruses. It is of utmost importance that the most 
sensitive cell cultures are used for a particular suspected virus. The specimen containing virus is inoculated 
into several different types of cell culture depending on the nature of the specimen. The inoculated tubes 
should be read at least every other day for the presence of cytopathic effect. Cell cultures should be kept for 
at least 1 – 2 weeks or longer. 

One of the most signifi cant methods is the application of centrifugation cultures for viral diagnosis. Low-
speed centrifugation of specimens enhances the infectivity of certain viruses. The cell culture is stained by 
monoclonal antibodies for the presence of specifi c viral antigens 24 – 48 hours later. The best known example 
of this technique is the DEAFF test used for the early diagnosis of CMV infection. In the DEAFF test, the 
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specimen is inoculated into human embroyonic fi broblasts. After a period of 24 – 48 hours, the cells are then 
stained by monoclonal antibodies against CMV early antigen and a rapid diagnosis of CMV infection can 
be made.

Virus diagnosis by electron microscopy relies on the detection and identifi cation of viruses on the basis of 
their characteristic morphology. By identifying the virus directly, it is possible to perform an examination. 
Specimen can be processed within minutes of receipt and thus EM can be used as a rapid diagnostic method; 
however, there must be a minimum number of virus particles present in specimen. 

The complement fi xation test was extensively used in syphilis serology and now it is adapted for routine use 
in virology. CFT is convenient and rapid to perform, the demand of equipment and reagents is small and a 
large variety of test antigens are readily available. 

A wide variety of different viruses possess the ability to agglutinate the erythrocytes of mammalian or avian 
species. The actual animal species whose erythrocytes could be agglutinated depends on the actual virus. 
Examples of viruses which could haemagglutinate include infl uenza, parainfl uenza, adenoviruses, rubella, 
alphaviruses, bunyaviruses, fl aviviruses and some strains of picornaviruses. Antibodies against the viral pro-
tein responsible for haemagglutination can prevent haemagglutination; this is the basis behind this test. The 
specifi city of the HAI test varies with different viruses.

ELISA was developed in 1970 and became rapidly accepted. A wide variety of assay principles can be used in 
ELISA techniques. Currently, the most important ones are — 1. Competitive methods, 2. Sandwich methods 
and 3. Antibody capture methods.

One component of the immune reaction is insolubilised and the other 
one is labeled with an enzyme. The analyte can then be quantifi ed by its ability to prevent the formation of 
the complex between the insolublised and the labelled reagent. Advantages of this approach are that only one 
incubation step is necessary and that the “prozone effect” at high analyte concentrations cannot occur. 

In principle, quantifi cation can be achieved over an ex-
tremely wide range of analyte concentration in sandwich methods. 

The sample containing the analyte (usually antibody) is 
pre-incubated with a fi xed amount of its binding partner (i.e., the antigen) after which the remaining amount 
of antigen is determined in a sandwich assay. 

These methods are used to detect antibodies of specifi c immu-
noglobulin sub-classes, by fi rst reacting the sample with, e.g., insolubilised anti-IgM, and subsequently, with 
either enzyme-labelled antigen followed by enzyme-linked antibody. Neither antibodies from other immu-
noglobulin sub-classes nor rheumatoid factor interfere signifi cantly in such assays. They are widely used 



  

for the diagnosis of acute infections by IgM detection. The use of monoclonal antibodies has lead to many 
improvements in ELISA systems. 

Most of these assays employ horse-radish peroxidase, alkaline phosphatase 
or b-d-galactosidase. Recently, the most interesting developments have been in new methods to detect these 
enzymes rather than the use of new enzymes. Fluorimetres are used for detection of alkaline phosphatase and 
b-d-galactosidase. Methods are available to detect horse-radish peroxidase by means of chemilluminines-
cence. Fluorimetric and illuminometric methods offer higher sensitivity and a wider measuring range.    

Single radial haemolysis (SRH) is routinely used for the detection of rubella-specifi c IgG. Many sera can be 
examined simultaneously for evidence of immunity by this technique. 

Immunofl uorescence (IF) is widely used for the rapid diagnosis of virus infections by the detection of virus 
antigen in clinical specimens, as well as the detection of virus-specifi c IgG or IgA or IgM antibody. The 
technique makes use of a fl uorescein-labelled antibody to stain specimens containing specifi c virus antigens, 
so that the stained cells fl uoresces under UV illumination. IF is probably the simplest serological assay to set 
up. Being very easy to set up, it is often the only serological assay available for newly discovered viruses, in 
particular, arboviruses. 

Neutralisation of a virus is defi ned as the loss of infectivity through reaction of the virus with specifi c anti-
body. Virus and serum are mixed under appropriate condition and then inoculated into cell culture, eggs or 
animals. The presence of un-neutralised virus may be detected. 

Molecular biology techniques for the direct detection of viral genomes in the specimen play an increasingly 
important role in the clinical virology laboratory. Molecular techniques can be divided into two categories: 
Those that do not involve amplifi cation, i.e., hybridisation with nucleic acid probes and those that involve 
amplifi cation, e.g., PCR, LCR, NASBA, etc. 

Nucleic acid probes are segments of DNA or RNA that have been labeled 
with enzymes, antigenic substrates, chemiluminescent moeities or radioisotopes. They can bind with high 
specifi city to complementary sequences of nucleic acid. Probes can be directed to either DNA or RNA targets. 
The presence and the quantity of hybrids after hybridisation is determined by the detection of the label. 

PCR allows the in vitro amplifi cation of specifi c target 
DNA sequences and is an extremely sensitive technique. It is based on an enzymatic reaction involving the 
use of synthetic oligonucleotides fl anking the target nucleic acid sequence of interest. These oligonucleotides 
act as primers for the  thermostable  Taq polymerase. Repeated cycles of denaturation of  the  template DNA, 
annealing of primers to  their  complementary sequences and primer extension result in the exponential  pro-
duction of the specifi c target fragment. Further sensitivity and specifi city may be obtained by the nested PCR 
technique, whereby the DNA is amplifi ed.



 

Viruses multiply by their nucleic acid. They invade the host cells. Usually, the capsid of a virus particle 
remains outside the host cell and nucleic acid of virus particle goes inside the host cell. Once the viral nucleic 
acid is inside the host cell, the host cell stops replicating its own DNA and synthesis of its own proteins. The 
virus nucleic acid now takes command on the synthetic machinery of host cells and new viral nucleic acid and 
capsid proteins are synthesised and assembled to produce many daughter virions inside the host cell. 

 The general sequence of events in virus multiplication cycle is as follows—

  The virus particle 
is adsorbed at a particular site by the participation of specifi c receptors on the host cell surface.

  Either virus particles may be engulfed by 
animal cells by the mechanism called vivopexia or may fuse with plasma membrane. Enveloped 
viruses attach to host cells and lead to fusion of the viral lipoprotein envelop with the host-cell surface 
membrane. In animal viruses, uncoating occurs in host nucleus itself as the virion moves inside the 
nucleus. Though in some RNA-containing animal viruses, uncoating occurs in cytoplasm. Viral DNA 
is transported to the cytoplasm which starts synthesis of mRNA to synthesise viral proteins on host 
ribosomes.

  The plant viruses invade host cells through special pores called ectodemata or breaches in the cell 
wall and penetration occurs by the entry of virus “in toto” (whole particle). Uncoating occurs inside 
the plant cell.

  In bacteriophages, uncoating occurs outside the bacterial (host) cell and phage (viral) DNA is pushed 
inside the host cell. In bacteriophage, penetration occurs due to lysis of bacterial cell wall by the 
phage-associated viral lysozyme.

  Synthesis of viral nucleic acid and capsid proteins within the host cell occurs 
according to the genetic information encoded on the viral nucleic acid. Viral genome (nucleic acid) 
requires cellular ATP, ribosomes, transfer RNA and other cellular machinery of host cell for their 
biosynthesis. Steps of biosynthesis of virion, in general, are as follows:

 (a) Transcription of mRNA on viral DNA. In case of plant viruses, where the genetic material 
is RNA, the RNA is transcribed on viral RNA template in the presence of RNA transcriptase 
enzyme. Such a synthesis of RNA from RNA (replication of RNA) is a phenomenon found only 
in RNA-containing plant viruses.

 (b) Translation of viral mRNA into early proteins (viral enzymes) on the host ribosomes. 

 (c) Replication of viral nucleic acid.

 (d) Synthesis of late proteins (capsid proteins). 

  Newly synthesised 
viral nucleic acid and capsid proteins assemble and daughter virions are formed inside the host cell. 
Fully assembled virions are released outside the host cell. In case of bacteriophages, the daughter 
virions are released after lysis of bacterial cell wall. In plants, the daughter virions may be transmit-
ted from cell to cell via plasmodesmata. In case of plant viruses, as the whole viral particle enters the 
cell, uncoating occurs in cytoplasm and the viral genome is transported to the nucleus. According to 
Smith and Schlegal (1965), the site of virus multiplication is host nucleus. In case of TMV, the capsid 



  

proteins are synthesised and assembly starts inside the host nucleus. Incomplete virions then come out 
of the nucleus and are matured in the cytoplasm. Daughter virions are then released to the surface of 
plant organs like leaves and infect other healthy cells/organs of the host plant. 

  The release of daughter virions in animal viruses is either via destruction or lysis of host cell or by 
budding from the cell membrane surface. The period from the stage of penetration of virus into host 
cell till appearance of mature daughter virus is called eclipse phase. In this phase, virus cannot be 
demonstrated in host cells.

Renato Dulbecco (1975) indicated for the fi rst time that the viruses may also have a role in carcinogenesis 
(development of cancer). These viruses produce malignant tumours or cancer in their infected hosts. Cancers 
are the result of a disruption of the normal restraints on cellular proliferation. About forty cellular genes are 
known in which mutation or some other disruption of their expression leads to cancerous growth. There are 
two classes of these genes:

 (i) Those genes that are stimulatory for growth and which cause cancer when hyperactive. These genes 
are called oncogenes.

 (ii) Those genes that inhibit cell growth and which cause cancer when they are turned off. These are the 
anti oncogenes or tumour suppressor genes. Viruses are involved in cancers because they can either 
carry a copy of one of these genes or can alter expression of the cell’s copy of one of these genes.

 There are two classes of tumour viruses: DNA tu-
mour viruses and RNA tumour viruses, the latter also 
being referred to as retroviruses. All cancer-causing 
or oncogenic viruses, except retroviruses, are DNA 
viruses. There is no pure oncogenic RNA virus be-
cause they perform reverse transcription and a DNA 
intermediate (cDNA or complementary DNA) is 
formed during their multiplication.

If a virus invades in a cell and alters the biological functions of that cell, the cell is said to be transformed 
and the cell is regulated by viral genes. Transformation often includes loss of growth control and cancerous 
growth. The region of the viral genome that can cause a tumour is called an oncogene(onc). An oncogene 
is a gene that codes for a protein that can transform a normal cell into a cancer cell. This foreign gene can 
be carried into a cell by the virus and cause the host cell to take on new properties. An oncogene in the viral 
genome of many retroviruses transform cells to neoplasia. The oncogene in RNA tumour viruses is not nec-
essary for viral replication. It is an additional gene that gives the virus its capacity to transform the host cell. 
In retroviruses, oncogenic gene was fi rst discovered as an extra gene in Rous sarcoma virus. This gene was 
called src (for sarcoma).

David L. Baltimore an American biologist, 
at the age of 37, shared the Nobel Prize with 
Howard Temin and Renato Dulbecco for their 
discoveries concerning the interaction be-
tween tumour viruses and the genetic mate-
rial of the cell.



 

 The discovery of viral oncogenes in retroviruses led to the fi nding that they are not unique to viruses; and 
homologous genes, called proto-oncogenes, are found in all cells. Normally, the cellular proto-oncogenes are 
not expressed but they may be expressed when the cell is infected by tumour viruses that do not themselves 
carry a viral oncogene. Thus, a virus may cause cancer in two ways: It may carry an oncogene into a cell or 
it may activate a cellular proto-oncogene. In other words, a proto-oncogene is a host gene that is homologous 
to an oncogene that is found in a virus but which can induce transformation only after being altered. Cellular 
proto-oncogenes can also give rise to tumours in the absence of retroviral infection.

These are bacterial viruses which infect bacteria. Their 
shape is tadpole like, having a polygonal or icosahedral 
hexagonal prism-like head and a cylindrical contractile 
tail. Base plate of tail has six spikes with long tail fi bres. 
Such a combined structure is called Binal. 
 Bacteriophages are grouped into two types.

They lyse the bacterial cell wall. Their lytic cycle is com-
pleted in four stages, i.e., adsorption, penetration, biosyn-
thesis and lysis of host cell and release. 

The phage particle is adsorbed on bacterial cell wall by 
tail fi bres. Host cell wall is dissolved by the phage en-
zyme, lysozyme. Tail sheath contracts and its core (tube) forces its way through cell wall and DNA of phage 
is forced into the bacterial cell and the bacterial cell becomes infected. The capsid left outside the cell is 
called ghost.

After entry, the phage DNA synthesises nuclease enzyme which degrades bacterial DNA. Biosynthesis of 
new phage particles from phage DNA occurs within the host cytoplasm by replication of viral DNA and syn-
thesis of capsid proteins, etc., as described in multiplication of viruses.

Softening of bacterial cell wall occurs due to the action of phage lysozyme. As a result, lysis of cell occurs and 
very large number of daughter phage particles are released which are capable of infection of fresh hosts.

In this case, bacterial DNA is not destroyed and the phage infect host cell without causing immediate lysis 
of host cell. The phage DNA gets attached to bacterial DNA and replicates along with it by acting as a gene. 

 Fig. 1.2  Structure of bacteriophage
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The phage DNA is silently replicated and carried from one generation to another of the bacterium without 
formation of daughter phages and without lysis of bacterial cell wall. The integrated part of viral DNA is 
called prophage. Such bacteria are called Lysogenic bacteria and the phenomenon as Lysogeny. In altered 
environmental conditions, the prophage may be activated and become a lytic phage (virulent phage) and 
perform usual lytic life cycle. Lysogeny is the indefi nite persistence of phage DNA in the host cells, without 
phage production. Lysogeny may alter the genetic make up of host cell. Temperate phages are also involved 
in transduction.

More than 300 diseases of plants are now known to be caused by viruses. Viruses infect many important crop 
plants, specially those belonging to the family Solanaceae. Usually, viral diseases of plants are recognised 
according to the symptoms that appear on their respective hosts. Some of the important viral diseases of 
plants are shown in Table 1.2.

Viral infections of plants exhibit a variety of symptoms. These symptoms can be recognised externally as 
well as internally.

 It is the most common symptom of viral infection. Leaves show mosaic pattern due to 
interspersion of various degrees of chlorosis with the normal green colour of the leaf (yellowing — due to 
destruction of chlorophyll). This results in a mosaic of yellow and green patches on leaves.

Bacterial cell

Bacterial DNA

Lytic cycle Lysogenic cycle

Phage
DNA

Prophage

 Fig. 1.3 The life cycle of lytic and lysogenic bacteriophages



 

 When there is uniform reduction of chlorophyll, the leaves may become yellow or 
light green or sometimes may also become white.

 The veins of infected leaves may become yellow or 
yellowish green in colour. The portion between veins remain green and the veins appear clear. Vein banding 
consists of broader bands of green tissue set off by chlorosis in the interveinal area. 

 The infected leaves have localised spots. Leaves consist of various types of chlorotic 
and necrotic spots. There may be circular chlorotic areas, or necrosis may appear in rings alternating with 
normal green.

 The growth of the diseased plants is adversely affected and plants remain dwarf. Stunting 
may affect all parts of plant involving a reduction in the size of leaves, fruits and shortening of the petioles 
and internodes 

 In virus-infected leaves, there are often uneven growth of leaf lamina. 
Curling of leaves, brittleness, prominences and depressions (puckering) in leaves, inward rolling of leaves 
and other deformaties.

 There may be variegation in fl ower colour due to viral infection. Variegation or 
such colour changes in fl ower is called fl ower breaking. Other abnormalities in growth of fl oral parts may 
also develop.

 Various types of malformations and abnormal growths are com-
mon symptoms in many viral diseases. Foliar out growths, vein swellings, tumours or swellings on stems and 
roots are common abnormalities.

Several cytological and histological abnormalities may occur in the virus-infected tissues. Some of these 
are—

 Certain crystalline or amorphous bodies may develop in host 
cells due to viral infection. The inclusion bodies are most common in the epidermal cells of leaves and stem. 

Table 1.2 Important viral diseases of plants

  Disease Causal virus

 1. Tobacco mosaic Tobacco Mosaic Virus (TMV)
 2. Leaf roll of Potato Solanum virus 14 or Potato virus-1
 3. Rugose mosaic of Potato Potato virus-x and Potato virus-y
 4. Leaf curl of Papaya Nicotiana virus 10
 5. Yellow vein mosaic of Lady’s fi nger Hibiscus virus 1
 6. Fiji disease of Sugarcane Fiji disease virus
 7. Mosaic disease of Sugarcane Saccharum virus 1
 8. Bunchy top of Banana Musa virus 1
 9. Bean mosaic Phaseolus virus 1
 10. Mosaic diseases of Tomato Nicotiana virus, Cucumber mosaic virus, Potato mild or latent mosaic 
   virus, Potato vein banding virus 
 11. Crinkle of Potato Potato virus-x and Potato virus-A



  

They vary in shape and size. Usually, inclusion bodies occur in infections by rod-shaped viruses of the potato 
virus Y group.

 The virus-infected xylem elements of grape vine con-
tain lignifi ed strands which are called endocellular cordons. Some times, tyloses, gum-like substance or mu-
cilage may also develop in xylem elements of diseased plants resulting in wilting of the plant. Degeneration 
of phloem tissue may also occur.

 The cytoplasmic streaming may increase after infection of virus, 
chloroplasts may clump and coalesce in infected cells, nucleoli may often become swollen or sometimes, a 
large number of viral particles may aggregate in the cytoplasm.

When the virus is purifi ed in suffi cient amounts from herbaceous indicator plants, virus nucleic acid is 
isolated. The purifi ed virus nucleic acid can be cloned and sequenced. For viruses which cannot be trans-
ferred to herbaceous indicator plants, an alternative method may be used. 

 The transfer of viral particles from infected (diseased) plant to the healthy plant is called transmission. The 
transmission of plant viruses usually occurs by the following fi ve important means, i.e., grafting, mechanical 
transmission, pollen transmission, seed transmission and transmission by vectors. The apical meristematic 
portion of diseased plants is always virus free as plant viruses do not invade apical meristems.

 When a disease part is grafted over healthy plant, then the virus of dis-
eased portion is transmitted to the healthy plant. Characterisation of viruses also proceeds by grafting of the 
infected plant to particular indicator plant species. If the virus is not sap transmitted, then grafting may be the 
only available procedure. Depending on the grafting technique, it is possible to make interspecifi c and even 
intergeneric grafts. The indicator plants may then develop specifi c symptoms of infection that can point to the 
presence of particular viruses. The virus diseases which are systemic, can be transmitted by grafting.

 Removal of the plant sap from a diseased plant 
and its transfer to a healthy plant by rubbing or injecting is a common method of transmission in virologi-
cal experiments. The tobacco mosaic virus is readily transmitted by the hands of workmen. Spindle tuber 
virus of potato is spread by the knife blade used for cutting seed tubers. The diseased and healthy leaves may 
come in contact of each other due to wind and virus may transmit in healthy leaves. Potato virus X spreads in 
potato crops by contact when the leaves of diseased plants brush over those of virus-free plants. The mosaic 
viruses are generally more easily transmitted mechanically or by contact. The virus may also remain present 
in plant debris in soil from where it can transmit through soil when new crop is sown. Some plant viruses can 
be transferred to other species of herbaceous plants by grinding the infected leaves in an extraction buffer, 
mixing the extract with some abrasive powder and rubbing it onto the leaves of other plants which are called 
indicator plants. Examples of some indicator plants are Chenopodium quinoa, Chenopodium amaranticolour, 
Nicotiana clevelandii, Nicotiana benthamiana, Nicotiana tabacum and Cucumis sativa. Viruses accumulate 
to high levels in indicator plants. These plants are not woody and do not contain large amounts of inhibitory 
substances, allowing pure preparations of virus. The virus particles can be isolated from these mechanically 
transmitted plants.



 

 Virus may transmit through seeds of diseased plants. Such seeds may con-
tain virus particles externally or internally. In case of virus transmission through seeds, the plants must be 
infected before the ovules are fertilised.

 Certain viruses, like bean mosaic virus, Datura stramonium mosaic vi-
rus, stone fruit ring spot virus, etc., are known to transmit through pollen grains when pollen grains of dis-
eased plants happen to fall on stigma of healthy plants.

 Most of the viruses are dependent upon insects for their transmis-
sion and spread. These are transmitted mostly by the insects of Hemptera group. About 400 species of insects 
are now known to transmit more than 200 different viruses. These virus-carrier insects are known as vectors. 
The most common vectors are Aphids, Leaf hoppers, Whitefl ies, Mealy bugs, Thrips, Mites, Beetles, Grass-
hoppers and Nematodes. Certain root-infecting fungi are also known to act vectors for virus.

Viral diseases can be controlled by the following methods:

 1. Eliminating the sources of virus infection. The diseased plants can be uprooted and burnt.

 2. Avoiding the vectors by creating artifi cial barriers to exclude the vector.

 3. Directly attacking the vectors. Various pesticides can be used to kill or inhibit the activity of vectors.

 4. Breeding resistant varieties and using virus-free planting material.

 5. Curing virus-infected plants — Certain anti-viral substances have also been used to control viral 
diseases, i.e., oxidised phenolic compounds, purine and pyrimidine analogues, blasticidins, trichoth-
ecin, etc. Scientists also recommend the use of X-rays and ultra-violet rays. 

 6. Adopting special methods of propagation — Apical meristems of infected plants remain free from 
virus. Apical meristem or tip culture is now widely used to obtain virus free plantation of various 
citrus species. The tip cultures are used to produce virus free stocks of vegetatively propagated plants. 
The tip culture method is often combined with heat treatment and chemotherapy.

It is the most thoroughly studied plant virus. Iwanowaski (1892) dem-
onstrated fi lterable property of virus using TMV. Stanley (1935) 
crystallised TMV and got Nobel Prize. White (1934) cultured TMV 
for the fi rst time.

 TMV is helical rod-shaped virus of about 300 nm long rod of 15 nm 
diameter. It is a RNA virus, having single-stranded RNA. In each rod 
the protein coat (capsid) is made up of about 2,130 capsomeres each 
having 168 amino acids. The protein content of virion is about 94.5% 
and the remaining is RNA. 

 This virus uses RNA as genetic material. RNA provides a code 
which directs the synthesis of specifi c viral proteins in the host cell. 
The capsomeres are arranged in a regular helix.
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contain about 49 capsomeres. The virus particle infect tobacco leaves. TMV infect tomato and many other 
plants mostly belonging to the family Solanaceae only. TMV is transmitted to the host cells by vectors such 
as species of Myzus and grasshopper. TMV may also be transmitted mechanically through rubbing, handling 
and contact.

A number of diseases in human beings are known to be caused by viruses. 

 Table 1.3 Some viral disease of human beings

 S.No. Disease Virus Viral nucleic acid Transmission

 1. AIDS HIV RNA Infected semen and blood
 2. Chicken pox Varicella pox DNA Contact, droplets
 3. Dengue fever Flavivirus RNA Mosquito
 4. Encephalitis Alfa virus RNA Arthopods and mosquito
 5. Hepatitis-A Hepatitis- A virus RNA Food and water
 6. Hepatitis-B Hepatitis- B virus DNA Body fl uids
 7. Herpes simplex Herpes virus DNA Contact
 8. Infl uenza (Flu) Myxo virus RNA Air-borne
 9. Measles Paramyxo (Rubeola) RNA Droplets, contact
 10. Mumps Mumps virus RNA Droplets, contact
 11. Poliomyelitis Polio virus RNA Water, food
 12. Rabies Rabdo virus RNA Rabiod animals
 13. Small pox Variola major DNA Droplets, contact

 14. Yellow fever Yellow fever virus RNA Mosquito

Acquired immunodefi ciency syndrome is an infectious disease caused by a retrovirus known as Human 
Immunodefi ciency Virus (HIV). It is single-stranded RNA virus of retrovirus group. It was discovered by 
R.C. Gallow (1984). This virus is characterised by the presence of the enzyme reverse transcriptase.

 HIV causes gradual depletion of T-lymphocytes and make infected person unusually susceptible to a 
number of infections, fever, weight loss and rare forms of pneumonia and cancer associated with collapse of 
the immune system. Transmission of virus is through infected semen and contaminated blood. There is no 
effective control measure, either prophylactic or therapeutic. Only preventive measures can avoid the disease. 
HIV can be tested by ELISA (Enzyme Linked lmmunosorbent Assay) test or by CD-4 test.

It is related to viral infection of the human liver. There are two main types caused by two separate viral 
strains, i.e., infectious hepatitis (1H type A) and serum hepatitis (SH type B). Infectious hepatitis is water 
borne and is transmitted via contaminated drinking water and food. Mode of transmission of serum hepatitis 
is evidenced through blood contact and body fl uids. A third type, namely hepatitis E is also recognised.



 

Infl uenza is known to occur in epidemic form on worldwide scale. Its dissemination is very fast by contact 
and by air-borne transfer through coughing and sneezing of infected person. It is caused by myxovirus (infl u-
enza group). Infl uenza virus associates with neuraminidase enzyme. This enzyme dissolves host membrane 
and imparts to the high infectivity of infl uenza virus. It has enveloped particles of 90 –120 nm, spherical or 
elongated with surface projections.

The disease is wide spread. The virus affects the alimentary canal and later, the spinal cord. Infection of 
spinal cord leads to eventual paralysis, particularly of limbs. Children are generally affected. It is small non-
enveloped icosahedral virus.

Rabies is one of the earliest fatal disease of man. Rabies is a form of encephalitis. The spinal cord and the 
brain are severely affected and show neuronal degeneration. Intracellular Negri bodies develop in them. 
Fear of water, hydrophobia, is a common symptom. Rabies virus can infect a wide variety of mammals, both 
wild and domesticated. Dogs, cats and cattle are particularly susceptible. Foxes, squirrels and bats serve as 
a source and reservoir of virus. Transmission of virus is through the bites of infected animals. Its virion is 
RNA-containing enveloped bullet-shaped particle. The disease is associated with saliva, the urine, lymph, 
blood or milk.

It is one of the oldest diseases. This disease has now been gradually brought under control by artifi cial immu-
nisation. The virus is brick-shaped, and particle is largest in size (270 nm). The nucleocapsid is surrounded 
by a swirling series of fi bres. In section, a central nucleoid (DNA) with a dumb-bells-shaped dense core com-
posed of regularly arranged dense thread-like structures is seen. The nucleoid is surrounded by lipoprotein 
membrane. Transmission of this virus is by contact with the skin or any of the body fl uids including blood, 
urine or droplets.

There is no cure for most viral diseases. Interferons are produced by vertebrate animals in response to viral 
infection. The interferons are found to be the most powerful anti-viral agents. Some less effective anti-
viral chemicals are amantadine, methisazone, pyrimidine nucleoside, rifamycin, phosphonoacetic acid and 
phosphonoformic acid.

Prions are infectious protein molecules which are composed solely of glycoprotein. These were discovered 
by Alper et al. (1966) and named by Prusiner. Prions are devoid of their own genetic material. DNA or RNA 



  

is absent. Prion is composed of a single sialoglycoprotein called PrP 27-30. Prion protein is derived from 
normal body proteins by a spontaneous genetic mutation in a cell of the host. Prion protein is a causative 
agent for a set of disorders called Spongiform Encephalopathies. The disorder is related to nervous systems of 
a wide variety of higher animals including human. The prion is a product of a gene, termed the PrP gene. This 
gene contains two exons (Exon I and Exon II) separated by a single intron. Exon I and Exon II are transcribed 
and the two RNAs are ligated into a single mRNA. This mRNA contains a protein coding region which is 
translated into the PrP protein. The PrP protein is a precursor of the prion protein. 

 All diseases known to be caused by prions are neurodegenerative diseases which are confi ned to the 
central nervous system. These disorders do not include any sign of infl ammation or fever as the immune 
system does not respond to the prion protein. The prion protein accumulates abnormally in CNS nerve cells 
during the course of the disease. The Prion protein polymerises into amyloid rods. Amyloid is deposited inter-
cellularly and/or intracellularly and kills thalamus neurons through apoptosis (a programmed series of events 
that leads to cell death). There are a small number of disorders which are known to be due to Prions. The best 
known ones are 

 (a) Inherited Prion Diseases — Creutzfeldt-Jakob Disease (CJD), Gerstmann – Sträussler-Scheinker dis-
ease, Fatal Familial Insomnia.

 (b) Infectious Prion Diseases — Kuru, Scrapie, Bovine Spongiform Encephalopathy or “Mad Cow 
Disease”, Creutzfeldt – Jakob Disease (CJD), Variant Creutzfeldt – Jakob Disease, Transmissible mink 
encephalopathy, Feline spongiform encephalopathy and Ungulate spongiform encephalopathy.

Viroids are infectious agents composed exclusively of a single piece of circular single-stranded RNA which 
folds over on itself to form some double stranded regions. These are catalytic RNAs (ribozymes). They are 
smallest known infectious agent. They are sub-viral pathogens known to exist in higher plants and cause 
diseases. The term viroid was coined by Diener (1971) for these smallest aetiological agents of any disease 
known so far. They are highly contagious and have only single-stranded RNA which has some double-strand-
ed regions. The protein coat (capsid) is absent and the viroid constitute only infection-free RNA. Because of 
their simplifi ed structures, both prions and viroids are sometimes called sub-viral particles. Viroids mainly 
cause plant diseases but have recently been reported to cause a human disease. 

 The only human disease known to be caused by a viroid is hepatitis D. This disease was previously 
ascribed to a defective virus called the delta agent. However, it is known that the delta agent is a viroid en-
closed in a hepatitis B virus capsid. For hepatitis D to occur, there must be simultaneous infection of a cell 
with both the hepatitis B virus and the hepatitis D viroid. The hepatitis D viroid can only enter a human liver 
cell if it is enclosed in a capsid. The delta agent then enters the blood stream and can be transmitted via blood 
or serum transfusions. There is extensive sequence complementarity between the hepatitis D viroid RNA 
and human liver cell 7S RNA, a small cytoplasmic RNA. The hepatitis D viroid causes liver cell death via 
sequestering this 7S RNA and/or cleaving it. 

 Viroids are common plant pathogens which are a serious economic problem. Twenty fi ve different viroids 
have been determined and numerous variants identifi ed:

Only two members of the Avsunviroidae are currently known, i.e., avocado sunblotch viroid and peach latent 
mosaic viroid. The RNA genomes of viroids are 246 – 375 nucleotides in length and share many similari-
ties.



 

Pospiviroidae are a large group having two sub-groups. Sub-group I includes potato spindle tuber viroid, 
coconut cadang cadang viroid, tomato plant macho viroid; and sub-group II includes citrus bent leaf viroid, 
pear blister canker viroid.

Virusoids were discovered by Randle et al. (1981). They are small circular RNA similar to viroids but always 
remain associated with larger RNA molecule of another helper virus. Virusoids belong to a larger group of in-
fectious agents called satellite RNAs, found in bacteria, plants, fungi, invertebrates and vertebrates. Satellite 
genomes encode proteins but are still dependent upon a helper virus for replication. Well-known examples 
are Barley yellow dwarf virus satellite RNA with helper Luteovirus, Tobacco ringspot virus satellite RNA 
with helper Nepovirus and Subterranean clover mottle virus satellite RNA with helper Sobemovirus. These 
agents may modify the symptoms of infection by their helper virus. They do no interfere with the replication 
of their helper virus. Virusoids can spread by vegetative propagation, within seeds or by direct inoculation 
by insects.


