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This tutorial draws heavily on print published as well as electronically published work,
as well as on things | and others have written that have not been published.

This was originally written as a supplement to my Introduction to Virology 7-lecture
course to second-year Microbiology major students (MIC202S) in the Microbiology
Department at the University of Cape Town. It now constitutes the basis of a 7-
lecture course in introductory microbiology (MCB2016F) and a 20-lecture course
(MCB3024S, Defence and Disease) given to 3rd year students.

| hope you find it useful.

However, please do NOT download and use material in any other form than it is
presented here, without permission.

And please tell me if you are using it...!

All material copyright Ed Rybicki, 1995, 1996, 1997, 1998, 1999, 2000, 2003, 2005,
2007, 2008
unless otherwise stated

This Version: 16th May, 2008
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What is a Virus?

DEFINITIONS
VIRIONS
OTHER VIRUS-LIKE AGENTS

Viruses

Viruses may be defined as 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.

They are distinct from other so-called VIRUS-LIKE
AGENTS such as VIROIDS and PLASMIDS and
PRIONS
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What is a Virus?

Alternative definitions:

S Luriaetal. AJCann
And EP Rybicki, ©2008:

A virus is an infectious acellular entity composed of compatible genomic
components derived from a pool of genetic elements.

= nor do they display irritability;
* they do not move
= and nor do they grow,
* however, they do most certainly reproduce, and may adapt to new hosts.

By older, more zoologically and botanically biased criteria, then, viruses are not
living. However, this sort of argument results 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 "molechisms"” or "organules” -

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

organisms:
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What is a Virus?

"An organism is the unit element of a continuous

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 and chromosomes are not
organisms, in that together they constitute a continuous lineage, but separately have no
possibility of survival, despite their independence before they entered initially

The concept of replication is contained within the concepts of individual
viruses constituting continuous lineages, and having an evolutionary
history.

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

* they most definitely replicate,
= their evolution can (within limits) 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.

More views on viruses and their
definition:
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Other Autonomous or Semi

Other Autonomous or Semi-Autonomously
Replicating Genomes

There are a number of 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 new class of agents - PRIONS - appear
to be "proteinaceous infectious agents" (see also here for an ICTV
description, here for some local information and more links).

Retrons ‘ Plasmids Satellite Nucleic Acids

Satellite Viruses ‘ Viroids Prions

Vo T

Depiction of Prions infecting Neurons: from Russell Kightley Media

~_Plasmids

Plasmids may share a number of properties with viral genomes - including modes of
replication, as in ss circular DNA plasmids and viruses - but are not pathogenic to
their host organisms, and are transferred by conjugation between cells rather than by

free extracellular particles.

__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, a circular ssDNA satellite of a plant

Page 1



Other Autonomous or Semi

geminivirus has recently been found.

__Satellite Viruses

There are also 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 of TNV. Another good example is the hepatitis delta agent with its circular
SSRNA genome. 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.

Viroids

Viroids are small naked circular ssSRNA genomes which appear rodlike under the
EM, which are capable of causing diseases in plants. They code for nothing but
their own structure, and are presumed to replicate by somehow interacting with
host RNA polymerase, 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 B virus-dependent hepatitis delta agent, which additionally
codes for a structural protein.

Back to "What is a Virus"?

Copyright Ed Rybicki, April, June,1998; March 1999, November 2000
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Retroid Elements and Retroviruses

Retroid Elements and Retroviruses

Retroviridae [ssRNA(+) viruses replicating via a longer-than-genome-length dsDNA
intermediate], Hepadnaviridae, caulimoviruses and badnaviruses [family
Caulimoviridae, gapped circular dsDNA viruses replicating via longer-than-genome-
length RNA intermediates] all share the unlikely attribute of the use of an enzyme
complex consisting of a RNA-dependent DNA polymerase/RNAse H in order to
replicate. They share this attribute with several retrotransposons, which are
eukaryotic transposable cellular elements with striking similarities with retroviruses
[such as the yeast Ty element, the mammalian LINE-1 elements, and the Drosophila
copia element]; and with retroposons, which are eukaryotic elements which transpose
via RNA intermediates, but share no obvious genomic similarity with any viruses
other than the reverse transcriptase.

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.

All of these elements are collectively known as RETROELEMENTS,; the fact
that the reverse transcriptases of all of them have some amino acid identity
suggests a common evolutionary origin.

Several reviewers have pointed out that just such an enzyme as reverse
transcriptase would have been necessary for the transition from what is widely
believed to have been an RNA world - thatis, where all the extant organsisms had
RNA genomes - to the present world in which all cellular organisms have DNA
genomes.

Viruses with RNA genomes which use RNA-dependent RNA polymerases for their
replication may be the only remnants of that pre-DNA era; however, cellular
elements and viruses which use reverse transcriptase may share a common origin
as cell-derived "modules" coding for a reverse transcriptase, which evolved to
become retrons and retroposons and retrotransposons. Addition of structural
proteins may have allowed evolution of retroviruses.

The evolution of the DNA retroviruses - Hepadnaviridae, caulimo- and badnaviruses
- is more obscure; it appears as though these arose from retrotransposon-like
sequences, but this probably occurred near the origin of of these types of element as
they are so diverse in sequence and genome organisation.

Itis believed that retrotransposons may contribute substantially to the evolution of their
hosts. Evidence for this has been obtained by studying human LINE-1s (Long
Interspersed Nuclear Elements) - a group of retrotransposable elements which make up
approximately 15 % of the human genome. The vast majority of LINE-1s are no longer
retrotransposition competent and itis believed that in humans only between 30 and 60
full length LINE-1s are currently active. There is strong evidence from sequences in the
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