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I. VIRUS STRUCTURE AND COMPOSITION

GENOME

EITHER  RNA                                            OR DNA



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

RNA VIRUSES: NUMBER OF 

RNA STRANDS = 1 or 2

SINGLE-STRANDED RNA

Coronaviruses

Rabies virus

DOUBLE-STRANDED RNA

Rotavirus

Reovirus

3.5 to 32 kb



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

SEGMENTED RNA Influenzavirus

Rotavirus
Reovirus

NON-SEGMENTED 

RNA

Coronaviruses

Rabies virus

RNA VIRUSES: NUMBER OF 

RNA SEGMENTS = 1 TO 11



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

RNA VIRUSES: RNA 

POLARITY

Genome

Messenger 

RNA 

(mRNA)

Ribosomes

Protein



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

RNA VIRUSES: RNA 

POLARITY

POSITIVE-SENSE RNA

VIRUS GENOME SERVES AS mRNA AND IS 

DIRECTLY TRANSLATED BY RIBOSOMES 

INTO VIRUS PROTEINS

Coronaviruses

 Classical swine fever

 Foot-and-mouth disease virus

NEGATIVE-SENSE RNA

A mRNA MUST BE SINTHESIZED AND 

ONLY THEN TRANSLATED BY 

RIBOSOMES

 Rabies virus

 Influenzaviruses

 Canine distemper virus



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

RETROVIRUSES: QUITE DIFFERENT!

RNA GENOME COMPLEMENTARY DNA
INTEGRATION 

TO HOST CELL 

DNA

Reverse transcriptase



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

DNA STRANDS AND POLARITY

DOUBLE-STRANDED: MOST DNA VIRUSES

SINGLE-STRANDED

(NEGATIVE SENSE OR POSITIVE SENSE): e.g. PARVOVIRUS

In this case, a dsDNA will be produced during infection

(1.8 thousand to 2.8 million base pairs)



I. VIRUS STRUCTURE AND COMPOSITION

GENOME

DNA MORPHOLOGY

LINEAR: MOST DNA VIRUSES

CIRCULAR: CIRCOVIRUS 



I. VIRUS STRUCTURE AND COMPOSITION

The Baltmore classification of viruses based on genome type

GENOME



I. VIRUS STRUCTURE AND COMPOSITION

CAPSID

THE CAPSID IS THE  GENOME PROTEIN COAT

Mateu MG 2013

Helical simetry

T=triangulation number: number of 

pentagons and hexagons in the 

icosahedron

Icosahedral simetry



I. VIRUS STRUCTURE AND COMPOSITION

CAPSID

Rabies virus

Influenzavirus

Marburg virus

Tobaco 

mosaic 

virus

Helical simetry

Icosahedral simetry



II. VIRUS STRUCTURE AND COMPOSITION

CAPSID

COMPLEX SIMETRY (NOT HELICAL, NOT ICOSAHEDRAL EITHER)

Poxviruses



I. VIRUS STRUCTURE AND COMPOSITION

ENVELOPE

DOUBLE-LAYERED LIPID MEMBRANE

FROM CELL MEMBRANE OR FROM ORGANELLES MEMBRANES



I. VIRUS STRUCTURE AND COMPOSITION

MORPHOLOGY

√HOW THE VIRION LOOKS LIKE UNDER ELECTRON MICROSCOPE 

√MORPHOLOGY IS NOT THE SAME AS SIMETRY

 Round-shaped

 Bullet-shaped

 Filamentous

pleomorphic 

etc



II. TAXONOMY

2,000 VIRUS SPECIES
30,000 STRAINS, 

ISOLATES, VARIANTS

A virus in a virus: 

Sputnik virus lives 

inside Mimivirus



II. TAXONOMY

1966, Moscow: International 

Committee  on the Taxonomy of 

Viruses : 

www.ictvdb.org



II. TAXONOMY

-virales = order

-viridae = family

-virinae = sub family

-virus = genus

virus = species

LEVELS OF TAXONOMY FOR VIRUSES



II. TAXONOMY



RABIES LYSSAVIRUS (=GENOTYPE/SEROTYPE 1): RABV

LAGOS BAT LYSSAVIRUS VIRUS (=GENOTYPE/ SEROTYPE 2):LBV

MOKOLA LYSSAVIRUS VIRUS (=GENOTYPE/SEROTYPE 3): MOKV

DUVENHAGE LYSSAVIRUS VIRUS (GENOTYPESEROTYPE 4) : DUVV

EUROPEAN BAT LYSSAVIRUS 1(= GENOTYPE/ SEROTYPE 5): EBL-1

EUROPEAN BAT LYSSAVIRUS 2 (=GENOTYPE 6) : EBL-2

AUSTRALIAN BAT LYSSAVIRUS (=GENOTYPE 7): ABLV

ARAVAN LYSSAVIRUS VIRUS (=GENOTYPE 8)

KHUJAND VIRUS (=GENOTYPE 9)

IRKUT LYSSAVIRUS VIRUS (=GENOTYPE 10)

WEST CAUCASIAN BAT LYSSAVIRUS VIRUS (=GENOTYPE 11)

SPECIES

II. TAXONOMY

For instance, 









II. TAXONOMY

WHAT IS TAKEN INTO ACCOUNT?

√ GENOME TYPE

√ GENOME IDENTITY

√ CAPSID, ENVELOPE

√ REPLICATION AND TRANSCRIPTION ROUTES

√ HOST RANGE



II. TAXONOMY

WHAT ABOUT STRAINS, LINEAGES, ISOLATES?

STRAIN: A GIVEN SUBPOPULATION INSIDE  A VIRUS SPECIES 

LINEAGE: A TAXON SEPARATE FROM OTER IN A PHYLOGENETIC TREE

ISOLATE: A VIRUS POPULATION ISOLATED AND MAINTAINED IN A LAB

BUT…THESE DEFINITIONS ARE NOT USED BY THE ICTV



III. REPLICATION

 ATTACHMENT/ BINDING

 ENTRY

 UNCOATING

 TRANSCRIPTION/TRANSLATION

 ASSEMBLY

 EXIT



ATTACHMENT/ BINDING

A VIRUS SURFACE PROTEIN BINDS NON-

COVALENTLY TO A CELL MEMBRANE 

SURFACE PROTEIN

c
y
to

p
la

s
m

Cell membrane

Membrane 

protein 

(“receptor”)

III. REPLICATION



ATTACHMENT/ BINDING

III. REPLICATION

Capsid proteins in non-

enveloped viruses

Envelope proteins in 

enveloped viruses

VIRAL PROTEINS ABLE TO ATTACH TO CELL RECEPTORS:



VIRUS ENTRY

III. REPLICATION

1. CELL FUSION

FOUR POSSIBLE MECHANISMS;DIFFERENT VIRUSES, DIFFERENT 

MECHANISMS

e.g. retroviruses, 

canine 

distemper virus



VIRUS ENTRY

III. REPLICATION

2. ENDOCYTOSIS

e.g. influenza virus, 

yellow fever virus



VIRUS ENTRY

III. REPLICATION

3. PHAGOCYTOSIS

e.g. poxviruses

Macrophages, dendritic cells



VIRUS ENTRY

III. REPLICATION

4. PINOCYTOSIS

√Internalization of liquids

√Large viruses

(e.g. HIV, some 

adenoviruses, some 

herpesviruses)

Viruses



UNCOATING

III. REPLICATION

LIBERATION OF THE GENOME

√ ON THE CYTOPLASM (FOR RNA VIRUSES)

√ IN  THE CELL NUCLEUS (FOR DNA 

VIRUSES)

microtubules

nucleus

RNA

vesicle

pH goes down→ proteins denature

RNA and viral proteins are free

DNA

vesicle







III. REPLICATION

DNA VIRUS

Virus genome

Cellular RNA polymerase

Viral mRNAs

nucleus

RER

Golgi

Structural and non-structural viral proteins

Viral DNA polymerase

New viral genomes

New nucleocapsids

Viral envelope is acquired

exocitosis

TRANSCRIPTION/TRANSLATION 

AND ASSEMBLY



III. REPLICATION
POSITIVE-SENSE RNA VIRUS

Golgi

nucleus

RER

Viral genome (=mRNA)

A polyprotein is translated (containing only non-structural or both non-structural and 

structural proteins, depending on the virus species)

The polyprotein cleavages itself

1st: in cases the polyprotein 

is only non-structural, all 

subunits have a role on 

transcription and 

replication 

Negative version of the genome

Subgenomic mRNAs are synthesized

Structural proteins are 

translated

Positive-sense 

genomes are also 

synthesized

exocytosis



III. REPLICATION
POSITIVE-SENSE RNA VIRUS

2nd: IN CASES THE POLYPROTEIN IS

NOT ONLY NON-STRUCTURAL, ALL

SUBUNITS HAVE A ROLE ON

TRANSCRIPTION AND REPLICATION

SIMILAR ROUTES TAKE PLACE, 

BUT STRUCTURAL PROTEINS 

ARE ALERADY PART OF THE 

LARGE POLYPROTEIN

TRANSCRIPTION/TRANSLATION 

AND ASSEMBLY



III. REPLICATION
NEGATIVE-SENSE RNA VIRUS

THE RNA POLYMERASE IS ALREADY PRESENT 

IN THE VIRION WHEN IT ENTERS THE 

CYTOPLASM AND IS READY TO TRANSCRIBE 

mRNAS

SO…NEGATVE-SENSE RNA VIRUSE NEED A FURTHER 

STEP BEFORE TRANSLATING PROTEINS

TRANSCRIPTION/TRANSLATION 

AND ASSEMBLY



III. REPLICATION

EXIT

NON-ENVELOPED VIRUSES:

MORPHOGENESIS IS COMPLETED IN THE 

CYTOPLASM(RNA) OU NUCLEUS (DNA)

FULLY MATURE ATE THESE SITES

 LYSIS OF THE INFECTED CELL

ENVELOPED VIRUSES:

MORPHOGENESIS IS ONLY COMPLETED AT THE GOLGI-

ROUGH ENDOPLASMIC RETICULUM, CYTOPLASMIC 

MEMBRANE OR NUCLEAR MEMBRANE (DNA)

 BUDDING TROUGH THE MEMBRANES  AND EXIT BY 

EXOCITOSIS: NO CELL LYSIS




