


Chapter 1

Introduction 
to Viruses

Viruses as a concept are just a little 
younger than bacteria - they were first 
described only in the 1890s - yet have 
probably co-existed with cellular life 
t h r o u g h n e a r l y t h e w h o l e o f 
evolutionary history on this planet.

This chapter will give a brief account of 
the history of the discovery of viruses, 
concentrating on the technological 
developments that were necessary for 
the discovery events to happen.  



While people were aware of diseases of both humans and animals 
now known to be caused by viruses many hundreds of years ago, 
the concept of a virus as a distinct entity dates back only to the 
very late 1800s.  Although the term had been used for many years 
previously to describe disease agents, the word “virus” comes from 
a Latin word simply meaning “slimy fluid”. 

Porcelain filters and the discovery of viruses

The invention that allowed viruses to be discovered at all was the Chamberland-
Pasteur filter.  This was developed in 1884 in Paris by Charles Chamberland, who 
worked with Louis Pasteur.  It consisted of unglazed porcelain “candles”, with pore 
sizes of 0.1 – 1 micron (100 - 1000 nm), which could be used to completely remove all 
bacteria or other cells known at the time from a liquid suspension.  Though this 
simple invention essentially enabled the establishment of a whole new science – 
virology - the continued development of the discipline required a string of technical 
developments, which we will highlight.

As the first in what was to be an interesting succession of events, Adolph Mayer from 
Germany, working in Holland in 1886, showed that the “mosaic disease” of tobacco 
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SUMMARY

Viruses were discovered as an excluded 
entity rather than by being seen or 
cultured, due to the invention of efficient 
filters: the fact that cell-free extracts 
from diseased plants and animals could 
still cause disease led people to 
theorise that an unknown infectious 
agent - a “filterable virus” - was 
responsible.

Discovery of Viruses
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could be transmitted to other plants by rubbing a liquid extract, 
filtered through paper, from an infected plant onto the leaves of a 
healthy plant.  However, he came to the conclusion it must be a 
bacterial disease. 

The first use of porcelain filters to characterize what we now know 
to be a virus was reported by Dmitri Ivanowski in St Petersburg in 
Russia, in 1892.  He had used a filter candle on an infectious extract of 
tobacco plants with mosaic disease, and shown that it remained 
infectious: however, he concluded the agent was either a toxin or 
bacterial in nature.

The Dutch scientist Martinus Beijerinck in 1898 described how he 
did similar experiments with bacteria-free extracts, but made the 
conceptual leap and described the agent of mosaic disease of 
tobacco as a “contagium vivum fluidum”, or living contagious fluid. 
The extract was completely sterile, could be kept for years, but 
remained infectious.  The term virus was later used to describe such 
fluids, also called “filterable agents”, which were thought to contain 
no particles.  The virus causing mosaic disease is now known as 
Tobacco mosaic virus (TMV).
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History of Virus Discovery Notes
1886 - 1898: Demonstration of “filterable agent” infectivity, for Tobacco mosaic virus 

and Foot and mouth disease virus

1901: The first human virus described was the agent which causes yellow fever

1902 - 1906: Rinderpest, Vaccinia, Rabies and Cassava mosaic all shown to be 
filterable viruses

1908 - 1911: Avian leukosis and poliomyelitis and chicken sarcomas shown to be 
caused by viruses

1915 - 1917: Bacterial viruses discovered

1918-1922: The Spanish Flu kills more than 50 million people

1920 - 1927: More than 65 viruses had been described including Yellow fever virus

1929 - 1931: Human herpes simplex virus then yellow fever virus cultured by 
injection into the brains of live mice, allowing development of attenuated 
strains and YFV vaccines.  
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1931: Discovery that influenza virus caused the disease in pigs

1930 - 1931: Proof that phages adsorb irreversibly to their hosts

1931: Fowlpox virus – a relative of smallpox – grown by inoculating the 
chorioallantoic membrane of eggs

1933: A virus isolated from humans infected with influenza from an epidemic then 
raging. 

1934 - 1936: Bacteriophage consists of equal amounts of protein and DNA - the first 
proof that viruses are nucleoprotein

1935-1937: TMV crystallised, shown to be a nucleoprotein too

1936: “Pock assays” on chorioallantoic membranes of eggs for influenza and other 
viruses

1939: “One step growth curve” experiment for phages shows they multiply inside 
cells

1949: The most important development for the study of animal viruses was the 
growing of poliovirus in cell culture
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1952: Hershey-Chase experiment shows DNA is the genetic material of phages

1952 - 1954: mammalian cell monolayer cultures demonstrate “one virus, one 
plaque” principle for animal viruses.  Measles and adenoviruses discovered 
using cell culture.

1950 - 1963: development of killed (by 1954) and live (1963) polio virus vaccines, 
credited to Jonas Salk and Albert Sabin respectively

1955 - 1958: proof that viral RNA from TMV was the infectious component of the 
virus and that chemically-induced mutations in it affected the viral phenotype

1958: proof that the ssRNA genome of poliovirus was infectious

1953 - 1964: discovery of reoviruses, and proof that their genomes not only 
consisted of dsRNA, but were also segmented

1962: proof that ssRNA from TMV and coliphage f2 could be translated into viral 
proteins in a cell-free bacterial extract

1965 - 1967: in vitro synthesis of both ssRNA (Qbeta) and ssDNA (PhiX174) 
bacteriophage genomes
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1967 - 1971: discovery and characterisation of infectious naked RNA viroids - 
shown to be circular ssRNA by 1976

1970: proof that RNA tumour virus particles (=retroviruses) contained RNA-
dependent DNA polymerase activity that converted viral ssRNA into dsDNA

1972 - 1976: complete sequencing of the genome of ssRNA MS2 coliphage: 
“...“the first living organism for which the entire primary chemical structure 
has been elucidated”

1977: complete sequencing of the genome of PhiX174 coliphage: the first 
complete genome sequenced for any DNA-containing organism

1977: proof of RNA splicing in adenovirus transcripts: later found to common in 
eukaryotes but not prokaryotes

1978: complete genome sequence of SV40 polyomavirus: first proof of RNA 
splicing for an entire genome and of extensive overlapping ORFs

	 Sequencing of the first viroid genome - the first RNA ever sequenced using 
cDNA generated by retroviral reverse transcriptase and first complete structure 
for any pathogen

7



1979 - 1980: complete genome sequences of hepatitis B and cauliflower mosaic 
viruses, both shown to be pararetroviruses in 1983

1981: cDNA cloning and complete genome sequencing of poliovirus type 1, and 
proof that transfected cloned DNA transcribed RNA that was infectious in 
monkey cells

1982: complete genome sequencing of Tobacco mosaic virus

1986 - 1989: complete structural determination of TMV virions, including of the 
encapsidated RNA
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What is a virus?
Viruses are organisms that are at the interface between molecules 
and cells; between what is usually termed “living” and “dead”.  This 
creates problems for some traditional biologists; however, many of 
these can be cleared up with some concise definitions.

Definition 1: Viruses
“Viruses are acellular organisms whose genomes consist of nucleic 
acid, and which obligately replicate inside host cells using host 
metabolic machinery and ribosomes to form a pool of components 
which assemble into particles called VIRIONS, which serve to 
protect the genome and to transfer it to other cells.”

A more radical definition:

“A virus is an infectious acellular entity composed of 
compatible genomic components derived from a pool of 
genetic elements.”
Ed Rybicki, 2009
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SUMMARY

1. Viruses are acellular organisms 
with nucleic acid genomes, which 
make particles to protect the 
genome and transfer it between 
cells.

2. While they do not exhibit all of the 
supposed attributes of cellular 
o r g a n i s m s , v i r u s e s a r e 
independent entities that are not 
limited to one host.

3. V i r u s - l i k e a g e n t s i n c l u d e 
plasmids, satel l i te v i ruses, 
satellite nucleic acids, viroids and 
retroelements

Viruses as organisms
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Definition 2: Organisms
Traditionally, “living” organisms are supposed to display the 
following properties:

• 	 Reproduction
• 	 Nutrition
• 	 Irritability
• 	 Movement
• 	 Growth
However, these derive from a top down sort of definition, which 
has been modified over years to take account of smaller and 
smaller things (with fewer and fewer legs, or leaves), until it has 
met the ultimate molecular organisms - or "molechisms" or 
"organules" - that are viruses, and has proved inadequate.

If one defines life from the bottom up - that is, from the simplest 
forms capable of displaying the most essential attributes of a 
living thing - one very quickly realises that the only real criterion 
for life is:

The ability to replicate

and that only systems that contain nucleic acids - in the natural 
world, at least - are capable of this phenomenon. This sort of 
reasoning led some virologists to a new definition of organisms:

"An organism is the unit element of a 
continuous lineage with an individual 
evolutionary history.”
SE Luria, JE Darnell, D Baltimore and A Campbell (1978). General Virology, 3rd 
Edn. John Wiley & Sons, New York, p4 of 578.

The key words here are UNIT ELEMENT, and INDIVIDUAL: the thing 
that you see, now, as an organism is merely the current slice in a 
continuous lineage; the individual evolutionary history denotes the 
independence of the organism over time. Thus, mitochondria and 
chloroplasts and nuclei of eukaryotic cells are not organisms, in that 
together they constitute a continuous lineage, but separately have 
no possibility of survival.  This is despite the independence of 
mitochondria and chloroplasts as independent bacteria before they 
entered initially symbiotic, and then dependent associations, within 
another organism.

The concept of the virus as organism is contained within the 
concepts of individual viruses constituting continuous genetic 
lineages, and having independent evolutionary histories.

Thus, given this sort of lateral thinking, viruses become quite 
respectable as organisms:

• they most definitely replicate,
• their evolution can be traced quite effectively, and
• they are independent in terms of not being limited to a single 

organism as host, or even necessarily to a single species, genus or 
phylum of host.
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Viruses: Living or Dead?
Viruses are simply acellular organisms – which find their full being 
inside host cells, where some measure of essential support services 
are offered in order to keep the virus life cycle turning.   What 
everybody sees as “viruses” are in fact virions, the particles that 
viruses cause to be made in order to transport their genomes between 
cells, and to preserve them while doing so.  

Thus, in a very real sense a virus IS the cell it infects – because it 
effectively takes the latter over, and uses it to make portable versions 
of the genome that can infect other cells.

Qualitatively, this is exactly what seeds and spores of plants and 
fungi do: they make specialised vehicles that preserve their genomes 
while not themselves replicating, and which can respond to changes in 
their environment to initiate a new organism.

While the debate on whether viruses are living or are indeed organisms 
gets almost theological in its intensity in certain biological circles, 
there is a very simple way around the problems – and that is to 
regard them as a particle/organism duality, much as physicists 
have learned to do with the dual wave/particle nature of light.

Indeed, some virologists have gone as far as to suggest that the 
domain of “life” should be divided into two types of organisms: 
those that encode the full suite of protein-synthesising machinery 
(cells), and those that do not (viruses).  We agree with that sort of 

thinking - and recent evidence on the deep evolution of viruses 
supports it.

Virus Genomes

Viruses have the largest variety of genome types of all 
organisms:

RNARNARNA
double-stranded single-strandedsingle-stranded

linear linearlinear
single or multiple components + sense* - sense

single or 
multiple

single or 
multiple

* = mRNA-sense or translatable.   (-)sense is complementary to (+)sense and 
must be transcribed to give mRNA

In contrast, prokaryotes have mainly single-component circular 
(occasionally multiple) or sometimes linear dsDNA (Streptomyces, 
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Helicobacter) while all eukaryotes have multi-component linear 
dsDNA, and all the genomes replicate via the classic semi-
conservative route. 

Virus genomes range in size from around 1800 
nucleotides (ssDNA circoviruses) up to 2.5 million 
nucleotides (dsDNA, pandoraviruses)

Viruses are the only organisms on this planet to still 
have RNA as their sole genetic material. They are 
also the only autonomously replicating organisms 
to have single-stranded DNA.

Virus-like agents
Viruses are not alone in the acellular space.

There are a number of other types of genomes which have some sort 
of independence from cellular genomes: these include "retrons" or 
retrotransposable elements; bacterial and fungal (and eukaryotic 
organelle) plasmids; satellite nucleic acids and satellite viruses 
which depend on helper viruses for replication; and viroids.     A very 
different class of infectious agents - PRIONS - appear to be 
"proteinaceous infectious agents", with no nucleic acid associated 
with them at all.  Other virus-derived genomes and structural 
components (polydnaviruses, tailocins) have been co-opted by 
organisms as diverse as wasps and bacteria for their own survival.

Satellite Viruses 

There are viruses which depend for their replication on “helper” 
viruses: a good example is Tobacco necrosis satellite virus (sTNV), 
which has a small piece of ssRNA which codes only for a capsid 
protein, and depends for its replication on the presence o f 
TNV.   Another example is Hepatitis D virus: 
this has a genome consisting of 1700 
bases of negative sense circular 
ssRNA, which also codes for a 
structural protein (“delta antigen”).  The 
36 nm diameter infectious particles 
consist of Hepatitis B surface antigen 
(HBsAg) embedded in a cell-derived 
envelope, with internal HDV nucleoprotein 
(200 molecules of delta antigen complexed with t h e 
RNA).  

The adeno-associated viruses (AAVs) are also satellite viruses 
dependent on the linear dsDNA adenoviruses for replication, but 
which have linear ssDNA genomes and appear to be degenerate or 
defective parvoviruses.

Much larger satellite viruses have been found parasitising giant 
dsDNA viruses: the so-called “Sputnik virophage” was discovered 
associated with a mimivirus inside infected amoebae.  This has 74 
nm isometric particles with an internal lipid bilayer, and a 18 kbp 
circular dsDNA genome capable of encoding up to 21 proteins.  
Unlike other satellite viruses, the virophage uses the mimivirus’s 
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cytoplasmic virus factories for transcription, replication, and 
virion assembly, completely independent of the amoebal host's 
genes. 

A unified system of classification for satellite viruses has recently been 
proposed, that regularises the apparent discrepancy between 
regarding some (eg: AAVs) as defective viruses, and others simply as 
satellites.

Satellite Nucleic Acids 

Certain viruses have associated with them nucleic acids that   are 
dispensable in that they are not part of the genome, which have no 
(or very little) sequence similarity with the viral genome, yet depend 
on the virus for replication, and are encapsidated by the 
virus.  These are mainly associated with plant viruses and are 
generally ssRNA, both linear and circular - however, several circular 
ssDNA satellites of plant geminiviruses have recently been found, in 
two separate classes - alpha and beta satellites.

Plasmids

Plasmids may share a number of properties with viral genomes - 
including modes of replication, as in single-strand circular DNA 
viruses and plasmids which replicate via rolling circle mechanisms, 
and circular dsDNA genomes replicating with a “theta-like” 
bidirectional replication forks - but they are not pathogenic to their 
host organisms.  Some are transferred by conjugation between cells 
rather than by free extracellular particles, by means of tra genes 
encoding pili, or rod-like structures.  Plasmids generally encode 

some function that is of benefit to the host cell, to offset the 
metabolic load caused by their presence.

Viroids

Viroids are small naked circular ssRNA genomes which appear 
rodlike under the electron microscope due to their secondary 
structure and and tertiary folding, which are capable of causing 
diseases in plants. 

They code for nothing but their own structure, and are presumed to 
replicate by interacting with host RNA polymerase II, and to cause 
pathogenic effects by interfering with host DNA/RNA metabolism and/
or transcription. A structurally similar disease agent in humans is the 
Hepatitis D virus, although this does encode protein.

Retrons

Classic RNA-containing retroviruses, and the DNA-containing 
pararetroviruses (hepadnaviruses, caulimoviruses and badnaviruses) 
all share the unlikely attribute of the use of an enzyme complex 
consisting of a RNA-dependent DNA polymerase/RNAse H (reverse 
transcriptase) in order to replicate. They share this attribute with 
several retrotransposons, which are eukaryotic transposable 
cellular elements with striking similarities with retroviruses. This 
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includes entities such as the yeast Ty element and the Drosophila 
copia element, now classified as pseudoviruses and metaviruses.  
Retroposons are similar in that they are eukaryotic elements which 
transpose via RNA intermediates, but they share no obvious genomic 
similarity with any viruses, other than the use of reverse transcriptase. 

The human and other mammalian LINE-1s (Long Interspersed 
Nuclear Elements) are a group of retrotransposable elements which 
make up approximately 15 % of the human genome.

Bacteria such as E coli also have reverse-transcribing transposons - 
known as retrons - but these are very different to any of the 
eukaryotic types, while preserving similarities in certain of the 
essential reverse transcriptase sequence motifs.

Polydnaviruses

Polydnaviruses are unusual in that they appear to be integral parts of 
their insect host genomes, yet have a virus-like stage and are used 
by their host to modify another insect’s behaviour and physiology.

The two genera so far described – Bracovirus and Ichnovirus – of 
family Polydnaviridae contain viruses which have a variable number 
of circular double-stranded DNA components, with components 
ranging in size from 2 to >31 kbp, for a total genome size of between 
150 – 250 kbp.   Both sets of viruses occur as integrated proviruses 
in the genomes of endoparasitic hymenopteran wasps, replicate by 
amplification of the host DNA, followed by excision of episomal 
genomes by site-specific recombination, and only produce particles 

by budding from (ichnoviruses) or lysis of (bracoviruses) calyx cells in 
the oviducts of female wasps during pupal-adult transition. 

Moreover, the viruses in the two groups may well not be 
evolutionarily linked to one another, given that there is no antigenic 
or genome similarity, and the particles formed by the two groups are 
very different: ichnoviruses make ellipsoidal particles with double 
membranes containing one nucleocapsid; bracoviruses make single-
enveloped particles containing one or more cylindrical nucleocapsids.  
The latter may derive from nudiviruses, which appear to have 
contributed very substantially to wasp survival.

Particles are injected along with eggs into larvae of lepidopteran 
hosts; the DNA gets into secondary host cells and is expressed, but 
does not replicate - and this expression leads to some quite profound 
physiological changes, many of which are responsible for 
successful parasitism of the larva by the wasp.   The association 
between wasp and virus has been termed an “obligate mutualistic 
symbiosis”, and appears to have evolved over more than 70 million 
years.

Tailocins

Bacteria often make use of bacteriocins, or proteins that mediate a 
variety of bacteriotoxic effects frequently directed at even close 
relatives of the strains producing them.  A particular subset of 
bacteriocins have recently been labelled “tailocins”, or 
bacteriophage tail-like bacteriocins: these are produced by both 
Gram-positive and -negative bacteria, and one species of bacteria 
may produce more than one kind of tailocin.  For example, the human 
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pathogen Pseudomonas aeruginosa produces tailocins with either a 
flexible (F) or rigid (R) appearance, which are denoted as F- and R-
types: these have served as models for similar tailocins found widely 
among bacteria.

Tailocins are devices that penetrate the cell envelope of target bacteria 
and cause lysis.  Similar assemblies, related to R-type tailocins, are 
used by certain bacteria to inject toxic proteins into eukaryotic cells.

Among Pseudomonas spp., the two kinds of tailocins appear to derive 
from two lineages of myoviruses (family Myoviridae; R-type) and 
several lineages of siphoviruses (family Siphoviridae; F-type).  The 
bacteria encode the several genes necessary for specifying the 
individual tailocins in distinct clusters - and it appears as though 
recombination between various components of the clusters can 
produce tailocins with altered target surface specificities.  This 
can potentially be engineered to produce novel specificities such as 
for the human enteric pathogens enterotoxigenic Escherichia coli, and 
Clostridium difficile.

A recent review commented that:

“Tailocins illustrate the daedalian capacity of bacteria to accommodate 
exogenous genetic elements and domesticate them for their own 
benefit. The stinging device used by tailed (bacterio)phages against 
bacteria has been cunningly converted into tools to manipulate 
eukaryotic cells and into precision weapons for interbacterial warfare.”

Maarten G.K. Ghequire and René De Mot, 2015. The Tailocin Tale: Peeling off 
Phage Tails.  Trends in Microbiology  Vol. 23, No. 10, 587-590. http://dx.doi.org/
10.1016/j.tim.2015.07.011
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“The ubiquity of viruses in the extant biosphere and the results 
of theoretical modeling indicating that emergence of selfish  
genetic elements is intrinsic to any evolving system of 
replicators together imply that virus-host coevolution had been 
the mode of the evolution of life ever since its origin”

-Koonin, E.V., et al., Origins and evolution of viruses of eukaryotes: The ultimate 
modularity. Virology(2015), http://dx.doi.org/10.1016/j.virol.2015.02.039 

So from what did viruses evolve, or how did they 
initially arise?
The answer to this question is not simple, because, while viruses all 
share the characteristics of being obligate intracellular parasites 
which use host cell machinery to make their components which 
then self-assemble to make particles which contain their 
genomes, they most definitely do not have a single origin, and 
indeed their origins may be spread out over a considerable period of 
geological and evolutionary time.

Chapter 1

VIRUS ORIGINS

1. Viruses probably have more than one 
origin

2. Some virus genomes probably escaped 
from cells as rogue mRNAs

3. Many viruses result from the exchange 
of “cassettes” of essential genes

4. Many ssRNA- viruses infecting plants 
and vertebrates probably originated in 
insects

5. The “retroid cycle”, or DNA -> RNA -> 
DNA, is a characteristic of cellular 
elements as well as of two classes of 
viruses

6. Rolling circle replication is a feature of 
bacterial plasmids and diverse families 
of small ssDNA viruses

7. Big DNA viruses may have evolved very 
early

Origins of Viruses
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The graphic depicts a possible scenario for the evolution of viruses: “wild” 
genetic elements could have escaped, or even been the agents for transfer 
of genetic information between, both RNA-containing and DNA-containing 

“protocells”, to provide the precursors of retroelements and of RNA and 
DNA viruses.  Later escapes from Bacteria, Archaea and their progeny 

Eukarya would complete the virus zoo.

Viruses infect all types of cellular organisms, from Bacteria through 
Archaea to Eukarya; from E. coli to mushrooms; from amoebae to 
human beings – and virus particles are the most abundant and 
varied organisms on the planet, given their abundance in all the 
waters of all the seas of planet Earth, as well as in soil and in the air.  

Given this diversity and abundance, and the propensity of viruses to 
swap and share successful modules between very different lineages 
and to pick up bits of genome from their hosts, it is very difficult to 
speculate sensibly on their deep origins – but we shall outline some of 
the probable evolutionary scenarios.

It is generally accepted that many viruses have their origins as 
“escapees” from cells; rogue bits of nucleic acid that have taken the 
autonomy already characteristic of certain cellular genome 
components to a new level. Simple RNA viruses are a good example 
of these: their genetic structure is far too simple for them to be 
degenerate cells; indeed, many resemble renegade messenger 
RNAs in their simplicity.

RdRp cassettes and virus evolution

What they have in common is a strategy which involves use of a virus-
encoded RNA-dependent RNA polymerase (RdRp) or replicase to 
replicate RNA genomes – a process which does not occur in cells, 
although most eukaryotes so far investigated do have RdRp-like 
enzymes involved in regulation of gene expression and resistance to 
viruses.   The surmise is that in some instances, an RdRp-encoding 
element could have became autonomous – or independent of DNA 
– by encoding its own replicase, and then acquired structural 
protein-encoding sequences by recombination, to become wholly 
autonomous and potentially infectious.

A useful example is the viruses sometimes referred to as the 
Picornavirus-like and Sindbis or Alphavirus-like supergroups of 
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ss(+)RNA viruses, respectively.   These two sets of viruses can be 
neatly divided into two groups according to their RdRp affinities, 
which determine how they replicate.   However, they can also be 
divided according to their capsid protein affinities, which is where it 
is obvious that the phenomenon the late Rob Goldbach termed 

“cassette evolution” has occurred: some viruses that are relatively 
closely related in terms of RdRp and other non-structural protein 
sequences have completely different capsid proteins and particle 
morphologies, due to acquisition by the same RdRp module of 
different structural protein modules.

Given the very significant diversity in these sorts of viruses, it is 
quite possible that this has happened a number of times in 
the evolution of cellular organisms on this planet – and that some 
single-stranded RNA viruses like bacterial RNA viruses or 
bacteriophages and some plant viruses (like Tobacco mosaic 

virus, TMV) may be very ancient indeed.

However, other ssRNA viruses – such as the ss(-)RNA 
mononegaviruses in Order Mononegavirales, which includes the 
fami l ies Bornavir idae, Rhabdovir idae, Fi lovir idae and 

Paramyxoviridae, represented by Borna disease virus, rabies virus, 
Zaire Ebola virus, and measles and mumps viruses respectively – 
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may be evolutionarily much younger.   In this latter case, the viruses 
all have the same basic genome with genes in the same order and 
helical nucleocapsids within differently-shaped enveloped 
particles.  

Their host ranges also indicate that they originated in insects: the 
ones with more than one phylum of host either infect vertebrates 
and insects or plants and insects, while some infect insects only, 
or only vertebrates – indicating an evolutionary origin in insects, 
and a subsequent evolutionary divergence in them and in their feeding 
targets.

The Retroid Cycle

The ssRNA retroviruses - like HIV - are another good example of 
possible cell-derived viruses, as many of these have a very similar 

genetic structure to elements which appear to be integral parts of cell 
genomes – the previously-mentioned retrotransposons – and share 
the peculiar property of replicating their genomes via a pathway 
which goes from single-stranded RNA through double-stranded 
DNA (reverse transcription) and back again, and yet have become 
infectious.  

They can go full circle, incidentally, by permanently becoming part of 
the cell genome by insertion into germ-line cells – so that they are 
then inherited as “endogenous retroviruses“, which can be used as 
evolutionary markers for species divergence.

Indeed, there is a whole extended family of reverse-transcribing 
mobile genetic elements in organisms ranging from bacteria all the 
way through to plants, insects and vertebrates, indicating a very 
ancient evolutionary origin indeed – and which includes two 
completely different groups of double-standed DNA viruses, the 
vertebrate-infecting hepadnaviruses or hepatitis B virus-like 
group, and the plant-infecting badna- and caulimoviruses.  

The possibility that certain non-retro RNA viruses can actually insert 
bits of themselves by obscure mechanisms into host cell genomes – 
and afford them protection against future infection – complicates 
the issue rather, by reversing the canonical flow of genetic 
material.  This may have been happening over aeons of evolutionary 
time, and to have involved hosts and viruses as diverse as plants 
(integrated poty- and geminivirus sequences), honeybees (integrated 
Israeli bee paralysis virus) - and the recent discovery of “...integrated 
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filovirus-like elements in the genomes of bats, rodents, shrews, 
tenrecs and marsupials...” which, in the case of mammals, 
transcribed fragments “...homologous to a fragment of the filovirus 
genome whose expression is known to interfere with the assembly 
of Ebolavirus”.

Another fascinating recent example of molecular virus “paleovirology” 
was the demonstration that endogenous viral elements (EVEs) derived 
from  a wide variety of RNA viruses (ssRNA+, ssRNA-, dsRNA) 
could be found in the genomes of mammals and insects, as well as 
ssDNA circo- and parvoviruses in mammal and bird genomes, and 
a family of Hepatitis B-like pararetrovirus sequences in birds and 
a tick.  

The finding of related families of virus-derived insertions in widely-
diverged animal species allows the deduction that the viruses have 
been diverging for at least as long as their hosts - pushing back 
their possible origins to more than 30 million years in the case of 
filoviruses.

Rolling circle replication

There are also obvious similarities in mode of replication between a 
family of elements which include bacterial plasmids, bacterial 
single-strand DNA viruses, and ssDNA viruses of eukaryotes 
which include geminiviruses and nanoviruses of plants, 
parvoviruses of insects and vertebrates, and circoviruses and 
anelloviruses of vertebrates.  

These agents all share a “rolling 
circle” DNA replication mechanism, with replication-associated 
proteins and DNA sequence motifs that appear similar enough to be 
evolutionarily related, albeit very distantly – and again demonstrate 
a continuum from the cell-associated and cell-dependent plasmids 
through to the completely autonomous agents such as relatively 
simple but ancient bacterial and eukaryote viruses.

Big DNA viruses

There are a significant number of viruses with large DNA genomes 
for which an origin as cell-derived subcomponents is not as 
obvious.  In fact, one of the larger viruses yet discovered – mimivirus, 
with a genome size of greater than 1 million base pairs of DNA – has a 
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genome which is larger and more complex than those of 
obligately parasitic bacteria such as Mycoplasma genitalium (around 
0.5 million), despite sharing the obligately intracellular life habits of 
tiny viruses like canine parvovirus (0.005 million, or 5000 bases).  

Mimivirus has been joined, since its discovery in 2003, by Megavirus 
(2011; 1.2 Mbp) and now Pandoravirus (2013; 1.9 -2.5 Mbp).  

The nucleocytoplasmic large DNA viruses or NCLDVs - including 
pox-, irido-, asfar-, phyco-, mimi-, mega- and pandoraviruses, 
among others - have been grouped as the proposed Order 
Megavirales, and it is proposed that they evolved, and started to 
diverge, before the evolutionary separation of eukaryotes into 
their present groupings.

It is a striking fact that the largest viral DNA genomes 
so far characterised seem to infect primitive 
eukaryotes such as amoebae and simple marine 
algae – and they and other large DNA viruses like pox- 
and herpesviruses seem to be related to cellular 
DNA sequences only at a level close to the base of 
the “tree of life”.  

This indicates a very ancient origin or set of origins for these 
viruses, which may conceivably have been as obligately parasitic 

cellular lifeforms which then made the final adaptation to the “virus 
lifestyle”.  

However, their actual origin could be in an even more complex 
interaction with early cellular lifeforms, given that viruses may well 
be responsible for very significant episodes of evolutionary change in 
cellular life, all the way from the origin of eukaryotes through to the 
much more recent evolution of placental mammals.   In fact, there 
is informed speculation as to the possibility of viruses having 
significantly influenced the evolution of eukaryotes as a cognate group 
of organisms, including for some the intriguing possibility that a large 
DNA virus may have provided the first cellular nucleus.

The unification of cellular and viral “trees of life” has been a goal for 
many years - and may have been partially achieved, with the 
demonstration by analysis of protein fold similarities that there must 
have been ancient protein lineages “common to both cells and viruses 
before the appearance of the “last universal cellular ancestor” that 
gave rise to modern cells”.

In summary, viruses are as much a concept as a 
unitary entity: all viruses have in common, given their 
polyphyletic origins, is a base-level strategy for 
expressing their genomes.  Otherwise, their origins are 
possibly as varied as their genomes, and may remain 
forever obscure.
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Chapter 2

Viruses and 
Their 
Particles
Viruses are both molecules and 
organisms; inert particles and actively 
replicating genomes.  Virus particles, 
or virions, are nano-scale spacecraft - 
navigating the spaces between cells to 
keep their genomes safe, and to 
deliver them to cells in order to 
multiply.

As molecules, virus particle structures 
can be determined. As organisms, they 
can be classified.



Introduction

A universal system for classifying viruses, and a unified taxonomy, has been 
established by the International Committee on Taxonomy of Viruses (ICTV) since 
1966. The system makes use of a series of ranked taxons, with the:

	 Order (-virales) being the highest taxon currently recognised.

	 then Family (-viridae)

	 Subfamily (-virinae)

	 Genus (-virus)

	 Species ( eg: Tobacco mosaic virus)

For example, the Ebola virus from Kikwit in 1995 is classified as:

- Order Mononegavirales

- Family Filoviridae

- Genus Ebolavirus

- Species: Zaire ebolavirus 

However, the actual virus - the physical entity - is known as Ebola virus (EBOV).

Chapter 2

CLASSIFICATION

1. Viruses are classified just as 
other organisms are, but without 
the use of Latin

2. Their taxonomy attempts to 
reflect presumed evolutionary 
relationships, including the fact 
that viruses have more than one 
origin

3. The most important criteria in 
their classification are host type, 
particle morphology, and genome 
type

The Classification of Viruses
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The current (2005) Eighth Report of the ICTV lists more than 5,400 
viruses in 1938 species, 287 genera, 73 families and 3 orders.  
However, the ICTV web site is more up to date, and should be the 
source for any queries on current classification.  The 2016 release 
lists 8 Orders.  These include:

• Bunyavirales: three-component ssRNA(-) viruses (9 
Families)

• Caudovirales: tailed dsDNA bacteriophages (3 Families)

• Herpesvirales: large enveloped isometric dsDNA viruses of 
animals (3 Families)

• Ligamenvirales: large rod-shaped or filamentous dsDNA 
viruses of Archaea (2 Families)  

• Mononegavirales: viruses with enveloped virions with 
similar ss(-)RNA genomes (5 Families)

• Nidovirales: viruses of animals with enveloped globular 
virions with similar ss(+)RNA genomes (4 Families)

• Picornavirales: viruses of plants and animals with non-
enveloped isometric and filamentous virions containing 
ss(+)RNA(s) which encode a single polyprotein (5 Families)

• Tymovirales: viruses of plants with non-enveloped 
isometric and filamentous virions containing ss(+)RNA, with 
similar replicases (4 Families)

These are presumed to constitute the highest level of "monophyletic" 
groups of viruses, or those with a common ancestry, so far 
recognised.

A comprehensive list of viruses appears at the ICTV site here.   This 
includes virus-like agents.

Virus Orthography, or spelling and 
usage conventions
The names of all taxonomic groups - orders, families, subfamilies, 
genera and species - are written in italics with the first letter 
Capitalised (see examples above, and here).

Proper nouns in species names should be capitalised as well: e.g. 
Semliki Forest virus, West Nile virus..

This format refers only to official taxonomic entities: these are 
concepts, while viruses - the things that infect cells - are real.

Vernacular or common-use forms of names are neither 
capitalised nor written in italics.   Thus, while Tobacco 
mosaic virus refers to the species and Tobamovirus to the 
genus, tobacco mosaic viruses or tobamoviruses are the 
entities that you work with.

Taxonomic Criteria

The most important criteria are:
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• Host Organism(s): eukaryote; prokaryote; vertebrate, etc.
• Particle Morphology: filamentous; isometric; naked; enveloped
• Genome Type: RNA; DNA; ss- or ds-; circular; linear
While a number of other criteria - such as

• 	 disease symptoms,
• 	 antigenicity,
• 	 protein profile,
• 	 host range, etc.
are also important in precise identification, consideration of the 
above three criteria - and in many cases, just morphology - are 
sufficient in most cases to allow identification of a virus down 
to familial if not generic level.

Hosts of viruses
These include all classes of cellular organisms 
described to date:

Prokaryotes:
• Archaea, Bacteria, Mycoplasma, Spiroplasma

Eukaryotes:
• Algae, Plants, Protozoa, Fungi, Invertebrates, 

Vertebrates

This page gives a comprehensive if slightly out-of-date listing of 
viruses by host infected.

“Cross-Kingdom” Virus Groups

Certain virus families / groupings cross "kingdom" or major 
taxonomic boundaries in terms of hosts infected: thus, similar 
individual viruses in the same taxon may infect hosts that diverged 
many hundreds of millions of years ago.
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For example, virus families infecting two kingdoms of cellular 
organisms are:

• Bunyaviruses: animals (insects, vertebrates) and plants

• Reoviruses: animals (insects, vertebrates) and plants

• Rhabdoviruses: animals (insects, vertebrates) and plants

• Partitiviruses: plants and fungi

• Phycodnaviruses: protozoa and algae

• Picornavirus-like viruses: plants and animals (insects, vertebrates)

The reasons for this are probably caught up in their evolution and 
cospeciation with their hosts (see also here). 

For example, bunyaviruses and rhabdoviruses probably originated in 
their present form in insects, and were spread to plants and other 
animals after insects emerged from the seas and preyed on other 
terrestrial hosts. Similarly, dsRNA reoviruses may well have been 
insect viruses, which were spread to the terrestrial hosts of the 
newly-emerged insects.  The same could be true of picorna-like 
viruses.

The dsRNA cryptoviruses most probably originated in fungi, and 
were spread to land plants after these emerged into the terrestrial 
environment, as fungi began to parasitise them.  Similarly, RNA 
viruses of plants may have spread to fungi.

The phycodnaviruses, and possibly also mimiviruses and 
megaviruses - all of which are found in aquatic environments - 

appear to be very ancient groups, could well have started out in the 
progenitors of protozoa and aquatic / marine plants.

Cross-Phylum Viruses

Virus families infecting across different phyla (all infecting insects and 
vertebrates) are:

• Flaviviruses - ss(+)RNA; eg: yellow fever virus
• Iridoviruses - large dsDNA; eg: frog virus 3
• Parvoviruses - small ssDNA; eg: canine parvovirus
• Poxviruses - large dsDNA; eg: camelpox virus
• Togaviruses - ss(+)RNA; eg: Sindbis virus

These viruses almost certainly spread from insects to 
vertebrates, after vertebrates joined insects on dry land 
and insects began to feed on them.  An example here is West 
Nile flavivirus, which infects mosquitoes and birds, and can 
be transmitted to humans and other animals as well.
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What are Virions?
VIRIONS are virus particles: they are the inert carriers of the 
genome, and are assembled inside cells,   from virus-specified 
components: they do not grow, and do not form by division.  
They may be regarded as the extracellular phase of the virus: they are exactly 
analogous to spacecraft in that they take viral genomes from cell to cell, and 
they protect the genome in inhospitable environments in which the virus cannot 
replicate.

Note the strong resemblance between a 
bacterial virus - 
T4 phage of E coli, 
w h i c h e v o l v e d 
possibly billions of 
years ago - and 
the only human-
c r e w e d 
s p a c e c r a f t t o 
have landed on 
another planet.

Chapter 2

SUMMARY

1. Virions are virus particles.

2. Virions may be simple nucleocapsids 
- protein associated with nucleic acid 
only - or more complex.

3. Basic elements of virions include 
nucleic acid - various forms of RNA or 
DNA - and associated protein.  This 
may assemble as helical or isometric 
nucleoproteins.

4. Simple vir ions consist only of 
nucleoprotein.  

5. More complex forms may have more 
than one shell of protein, or a 
membrane surrounding the particle, 
or a head-and-tail arrangement like 
many bacteriophages.

Virions
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A T4 bacteriophage

Lunar excursion module (LEM) of 
Apollo 16: courtesy NASA



Composition of Virions
Basically, all virions have: 

• genomic nucleic acid: this may be RNA or DNA, single- or 
double-stranded, and may be all or part of the genome 

• protein associated with the genome: this may be in the 
form of a helically-assembling or isometrically-
assembling simple nucleocapsid only.

Other virions may have more complex structures with two 
or more layers of protein, or possibly tail structures, with 
nucleoprotein innermost, possibly also with lipid bilayer 
membranes with inserted viral proteins.

If the virions are simple nucleoproteins - that is, contain only nucleic 
acid and protein - then they are usually   composed only of virus-
specified components.   However, certain host components may be 
incorporated within virions, such as polyamines: these are 
polycationic (many + charges) compounds which serve to neutralise 
charge on the viral nucleic acid as it is packed into the capsid, or 
protein coat.   Some small DNA viruses may in addition encapsidate 
host histones associated in nucleosome complexes with virus 
genomic DNA.

For excellent representations of virus structure, go to the University of 
Wisconsin's VirusWorld at the Institute for Molecular Virology, where 

there is an gallery of 3-D image reconstructions of different viruses, 
together with explanations of structure.

Helical Nucleocapsids

This is one of the SIMPLEST FORMS of viral capsid, exemplified by 
TMV: the protein is "wound on" to the viral nucleic acid (generally 
ssRNA, though M13 and other filamentous phage virions contain 
circular ssDNA) in a simple helix, like a screw.

In the  TMV structure protein subunits are all in equivalent 
crystallographic positions, related by a right-hand "screw 
translation".

TMV is 300nm long and 18nm across. It is built from a 17.5 kDa 
protein (purple) that is arranged in a right handed helix that forms a 
long hollow rigid tube. The 6.4 kb ssRNA+ sense viral genome 
(yellow) is wound within this helix.

In the case of TMV this is the entire virion: this is also the case for all 
rodlike and filamentous virions where no membranes are involved.  
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This includes plant viruses like tobamoviruses, potyviruses, and 
closteroviruses, as well as the bacteria-infecting inoviruses.

In other cases, filamentous helical nucleocapsids may be enclosed 
within matrix protein and a membrane studded with spike proteins: 
excellent examples of this are paramyxoviruses, examples of which 
are measles virus; mumps virus, and the parainfluenza viruses 
which are respiratory pathogens.  The enclosing membrane is 
studded with glycoproteins, and has an underlying matrix.  The 
helical nucleoprotein is flexuous, and packed within the matrix.  In 
filoviruses, like Ebola virus, there is a helical nucleocapsid 
enclosing (-)ssRNA which buds through a membrane.

Isometric Nucleocapsids
Simple capsids

These are built up according to simple structural principles, as  
outlined in detail here.   Put simply, nearly all isometric virions are 
constructed around a basic icosahedron, or regular solid with 20 
equilateral triangles for faces.   The "quasi-icosahedral" capsid is 
possibly Nature's most popular means of enclosing viral nucleic 
acids; they come in many sizes, from tiny T=1 structures 
(Nanoviruses, eg: banana bunchy top virus; 18 nm diameter) to huge 
structures such as those of iridoviruses or mimiviruses (over 200 
nm diameter), with T=1200 or so. 

The simplest virions are those of the viruses with the smallest 
genomes: these are virions such as those of the ssRNA satellite 
tobacco necrosis virus (sTMV), the ssDNA Canine parvovirus 
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Ebolavirus budding out from a cell: note the helical 
nucleocapsid getting covered by lipid bilayer with viral 

glycoproteins embedded in it

                                                           

Paramyxovirus virion (left) and helical nucleoprotein from a disrupted 
particle (right).  Note the striking similarity to TMV.  Pictures copyright 

Linda M Stannard and the University of Cape Town.
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(CPV; Protoparvovirus, Parvoviridae) and the defective Adeno-
associated viruses (AAVs; Dependoparvovirus, Parvoviridae) and 
Porcine circovirus (PCV; Circovirus, Circoviridae), and microviruses 
infecting E coli and other bacteria (eg: φX174 phage; Microvirus, 

Microviridae): these all have a simple icosahedral T=1 surface lattice 
structure.  

All structural subunits of these capsids are in the same 
positional state, or have the same interactions with their 
neighbours.

A unique derivative structure is that of geminivirus virions (Gallery 
2.1), which have two incomplete T=1 icosahedra joined at the 
missing vertex, with a twist.  The virions are termed geminate, or 
twinned, and each double particle contains one molecule of single-
stranded circular DNA.  The history of the discovery of these viruses 
can be found here.

All of these small viruses have single-stranded genomes in 
their virions: this is a consequence of the limited space available 
for the genome, and the fact that ssRNA and DNA can fold 
more compactly than dsRNA or DNA, which are more rigid 
molecules.

Examples of bigger (eg: T=3, 4, 7) and slightly more complex non-
enveloped isometric structures are common, as many plant viruses 
and a number of insect and animal viruses have quasi-icosahedral 
capsids of 30 - 50 nm in size.  It is interesting to see how viruses have 
evolved to encapsidate genomes larger than can be accommodated in 
a T=1 60 subunit shell: the simple rule appears to be that the particles 
have 12 vertices, with pentameric (=5 subunit) groupings of subunits 
in these locations, and then hexameric (=groups of 6) groupings in the 
faces of the structures.
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Adeno-associated virus T=1 virion: yellow outer layer 
represents the 60 viral proteins arranged as an icosahedral 

capsid - with prominent 5-fold axis trimeric spkes - and the red 
inner ball represents the single stranded DNA genome.

Gallery 2.1 T=1 naked icosahedral virions
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It is also interesting that viruses with similar-sized particles, with the 
same basic structure, may use one or several proteins to make 
their virions.  The ssRNA+ Brome mosaic virus (Bromovirus, 

Bromoviridae) has ~30 nm particles composed of a single coat 
protein (CP) - and a very similar T=3 structure to the picornavirus 
Human rhinovirus 14 and poliovirus, which have three structural 
proteins - resulting from gene duplication of a single precursor - 
filling the roles of the three quasi-equivalent positions required by 
the T=3 structure. Cowpea mosaic comovirus, which is evolutionarily 
related to picornaviruses, has two capsid proteins: one occupies the 
5-fold rotational axes of symmetry, and the other - which looks like a 
fusion of a gene duplication of the first - occupies two of the 
positions the picornavirus proteins do. 

More complex isometric capsids 

More complex capsids are generally found for viruses with larger 
genomes, whether composed of RNA or DNA.   These include virions 
such as those of papillomaviruses (family Papillomaviridae) 
rotaviruses (family Reoviridae) and adenoviruses (family 
Adenoviridae).

Adenoviruses are possibly the poster children for “viruses as 
spacecraft”: their resemblance to satellites is almost uncanny, with 

31
1 of 13

Reconstruction of a Brome mosaic virus (BMV) virion (28 nm, 
3-part ssRNA+ genome 8.3 kb), viewed down a 5-fold 

rotational axis.  The space-filling model has 180 individual 
identical capsid subunits (20 kDa). A pentamer of A-type 

subunits is shown in yellow.
Reconstruction done using CN3D version 4.3.1 from the National Center for 

Biotechnology Information, on data from PDB ID: 1JS9

Gallery 2.2 T=3 virions with one, two or three 
capsid proteins

Three important human viruses

Papillomaviruses constitute a large and ancient family of viruses, 
with 39 genera and over 90 species.  There are five genera of 
Human papillomaviruses (HPVs; Alpha-, Beta-, Gamma-, Mu- 
and Nupapillomavirus) and over 170 characterised types.  All the 
viruses infect and multiply in the basal layer of vertebrate surface 
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the “aerials” serving the purpose of communicating with cells during 
delivery of their genomes.  The crystal structure has been obtained 
to 3.5 Angstrom resolution, one of the most complex structures ever 
solved.

Complex or compound virions
Most bacteriophages - or more properly, archaeal and bacterial 
viruses - have a more complex structure than the simple isometric and 
helical nucleocapsids typical of many plant and animal viruses.   Even 
viruses with relatively small genomes may have more than one type 
of architecture associated with their virions, normally in the shape of 
some kind of tail structure attached to an isometric head.  

All of the larger viruses have tail assemblies that can inject the viral 
genome into cells via a molecular motor.
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Human papillomavirus. The translucent purplish outer 
layer is composed of 72 L1 protein pentamer capsomers in 
a  T=7 icosahedral capsid. Five capsomers surround 5-fold 
axes (middle upper right); red inner ball represents the ~7 

kbp circular dsDNA genome

Gallery 2.3 Larger naked isometric virions

T-even type virus particles (left) with elongated isometric heads 
and prominent striated tails.  Smaller podovirus-like particle to 

right.  Note regular isometric head and short, thick tail.  Isolated 
from river water in Cape Town.

Gallery 2.4 Electron micrographs of bacterial viruses
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Enveloped virions
Some virions additionally have envelopes, or lipid bilayer 
membranes: these always have viral proteins inserted in them 
(almost always glycoproteins); these are often referred to as 
spikes. 

There is usually an inner layer of protein (usually called matrix 
protein) inside the envelope, usually in contact with the 
(nucleo)capsid protein.   

The HIV virion is a good example: the picture shows the typical ~120 
nm virion with spike proteins - trimeric assemblies of Env, which is is 
also called gp160 and which is processed to form the gp120 head 
and the stalk protein, gp41 - embedded in a membrane which 
surrounds a regular isometric structure composed of the matrix 
protein (MA, p17), within which is the capsid (CA, p24) which contains 
the two-component ssRNA+ genome with associated reverse 
transciptase and other minor non-structural proteins

Another good example is Influenzavirus A (family Orthomyxoviridae): 
the often elongated particles of around 100 nm in diameter have a 
tightly-packed array of two envelope glycoproteins - trimeric 
haemagglutin (HA) and tetrameric neuraminidase (NA) - embedded 
in a membrane on their surfaces, a layer of matrix protein (M1), and 
eight helical nucleoprotein complexes composed of the genomic 
ssRNA- molecules and the nucleoprotein (N), complexed with the 
three components of the viral replicase.
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T4 phage: note the large, elongated isometric head, helical tail, 
baseplate assembly and tail fibres

Gallery 2.5 Bacterial virus illustrations

Bacterial viruses with tails

The T-even viruses - part of the "T4-like virus" genus, family 
Myoviridae - have the general structure of an isometric head, 
containing a tightly-packed linear ~170 kbp dsDNA genome, 
which is attached via a connector assembly to a contractile 
helically-constructed tail with a rigid core, with tail fibres 
and baseplate.   See here for explanation of how the virus 
gains entry to enterobacterial cells.

λ-like viruses in family Siphoviridae have thinner non-



See Gallery 2.6 for other examples. These include Zaire ebolavirus 
(ssRNA-, Filoviridae); Measles virus (ssRNA-, Paramyxoviridae); West 
Nile virus (ssRNA+, Flaviridae), Hepatitis C flavivirus; SARS 
coronavirus (ssRNA+, Coronaviridae); Rubella virus (ssRNA+, 
Togaviridae); Hepatitis B virus (dsDNA, Hepadnaviridae); Rabies virus 
(ssRNA-, Rhabdoviridae); Rift Valley fever phlebovirus (ssRNA-, 
Bunyaviridae); Lassa fever virus (ssRNA-, Arenaviridae).   The 
nucleoprotein can be helical (paramyxoviruses, rhabdoviruses, 
bunyaviruses) or isometric (flaviviruses, hepadnaviruses, retroviruses).

Most virions have an internal matrix; however, coronaviruses and 
bunyaviruses do not, possibly because their envelope and/or 
membrane proteins are sufficiently structured as to provide an 
effective capsid.

All ssRNA- genome and retro- and pararetroviruses contain 
polymerases within their virions: this is RNA-dependent RNA 
polymerase (RdRp) for ssRNA- viruses, and RNA-dependent DNA 
polymerase / DNA polymerase (reverse transcriptase) for the latter.  
ssRNA+ virus genomes are translated to give RdRp upon cell entry.

Enveloped virions may incorporate host membrane proteins in their 
envelopes: while this may be a side effect of the "budding" process 
by which viral nucleoprotein complexes acquire envelopes, it may also 
in some cases be a mechanism for avoidance of host immune 
systems (eg: Hepatitis B virus incorporates host serum albumin into 
its capsid; HIV virions may incorporate host MHC proteins).

The dsRNA cystoviruses are highly unusual in that they are the only 
Baltimore Class III viruses to have enveloped virions.
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HIV particle with cutaway showing internal structures: regular icosahedral 
matrix (MA protein, 17 kDa, blue), with cone-shaped capsid (CA protein, 
24 kDa, red) containing RNA genome as a nucleoprotein complex (with N 

protein, 6 kDa) and reverse transcriptase (RT) and integrase (IN).

Gallery 2.6 Enveloped virions

http://viralzone.expasy.org/all_by_species/165.html
http://viralzone.expasy.org/all_by_species/165.html


It is possible that some large isometric virions of animal viruses 
may be similar to tailed phages: there is recent evidence from 
cryoelectron microscopy image reconstruct ions that 
herpesviruses may have a tail structure that is probably involved 
with DNA entry into the nucleus of infected cells.

Very large enveloped virions may have a very complex structure: 
for example orthopoxviruses - like variola virus, the agent of 
smallpox in humans, and cow-, camel- and monkeypox viruses - 
may have more than membrane, with both an internal lipid layer as 
well as an outer envelope.

Iridoviruses - family Iridoviridae - infect amphibia, fish, 
invertebrates, lepidoptera, and orthoptera. There are 11 species, in 
5 genera.  Linear dsDNA genome sizes range from 150-303 kbp in 
length, with terminal redundancies.  Genomes are circularly 
permuted.  Virions may or may not have an external envelope, 
depending on whether or not they are budded from host cells or 
released by lysis, but have an internal membrane surrounding the 
genome, inside a large T=189–217, 120–350  nm diameter 
icosahedral capsid.

The left-hand panel shows a grey-scale density map of Herpesvirus type 1. 
In the right-hand panel, the capsid shell is radially colored, with internal 

DNA density shown in cream, and portal density in purple.
Schmid MF, Hecksel CW, Rochat RH, Bhella D, Chiu W, et al. (2012) A Tail-like Assembly at the 

Portal Vertex in Intact Herpes Simplex Type-1 Virions. PLoS Pathog 8(10): e1002961. doi:10.1371/
journal.ppat.1002961

Variola virus particle: large brick-shaped (100 thick 
x 200 x 300 nm)

Gallery 2.7 Poxvirus structure
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Mimiviruses, discovered as presumed bacteria infecting an amoebal 
species, have a very large icosahedral capsid, with internal 
membranes and other structures.  They also apparently have 
specialised portals for both genome import during assembly, and 
delivery of the genome into cells.

Even larger amoeba-infecting viruses have been discovered 
recently, named pandoraviruses (Pandoravirus salinus and 
dulcis).  Genomes of up to 2.5 million bp and strange amphora-
shaped particles characterise the viruses, and a relative with 
even bigger particles (but a smaller genome) was recently found 
in Siberian permafrost dated to around 30 000 years BP.

Particle with surface spikes cleared away, showing 
outer and inner capsids and membranes

Gallery 2.8 Mimivirus structure
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Pandoraviruses: 

Sections through particles of 
(top) Pandoravirus dulcis, right 
showing detail of the amphora 
“mouth”; Pandoravirus salinus 
(bottom).

Pictures courtesy of Chantal Abergel.  
Copyright IGS CNRS-AMU, France
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