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Virus Classification
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* Classification on the basis of disease

* Classification on the basis of host range

* Classification on the basis of particle morphology
* Classification on the basis of viral nucleic acid




Classification on the basis of disease
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Hepatitis viruses

CNS infection: encephalitis, meningitis etc
Rabies virus, Japanese encephalitis virus, Poliovirus etc.

Respiratory tract infection : common cold, influenza
Rhinovirus, Adenovirus, Influenza virus etc

Classification on the basis of host range

Advantage: virus-host interaction

Disadvantage: difficult to designate virus based on host species

Hepatitis B virus : very restricted host, human, thus, a designation base on host is
appropriate.

Poliovirus: various primates as host, designation becomes complicate.

Viruses that infect plant and insect or various species of host, designation by host species
is sophisticate.
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Morphology of the particles

Envelope virus Non-envelope virus

Icosahedral structure

Helical or filamentous structure

Complex structure
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Classification on the basis of particle morphology
(disadvantage)

Polyomavirus: JC virus, BK virus Human papillomavirus
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Classification on the basis of viral
nucleic acid

e Type and structure of genome
* Replication and mRNA synthesis
* Base sequence

Virus Genomic
Nucleic Acids

RNA DNA
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Virus genome : RNA
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* Plus strand RNA (+ polarity RNA)
* Minus strand RNA (- polarity RNA)

VY Y A
J FRAAAA 4

" Y

Genomic organization of positive sense, single-stranded RNA viruses

Picornaviruses
5 UTR Structural MNonstructural 3'UTRH
5 \  proteins proteins /[ o
VPg [ [ [ poly(A)
Togaviruses 11-12kb
5 UTH Monstructural Structural J UTRH
5 \ proteins proteins [ 3
- _F_a_l;t — [ |-poly(A)
Flaviviruses
5 UTR Structural Monstructural JUTRH
5 \  proteins proteins [
(Cap H] el |-poy(a)
Coronaviruses 27-30 kb
Monstructural /
5 proteins
Cap s 3
= L - oly (A)

Structural
proteins




v

Genomic organization of negative sense, single-stranded RNA viruses

Bunyaviruses
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What is an ambisense virus genome?

Ambisense virus genome contains at least one RNA segment that is

part positive and part negative sense in the same molecule.

Arenaviruses : Both L and S genes are ambisense RNA.

Bunyaviruses : Some of Bunyaviruses have M gene as an
ambisense RNA.
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Monopartie virus genome and Multipartie virus genome

Monopartie virus genome : All viral gene segments are packaged in one
particle. (Influenza virus, segmented RNA)

Multipartie virus genome: Separating genome segments into different
particles (Geminivirus, segmented DNA,

plant virus)
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Parvovirus: single-stranded DNA, 5kbp
self primers

Organizations of DNA virus genomes : small genome

DNA priming: Parvoviruses
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Adenovirus : double-stranded DNA, 30kbp
protein primer

HUMAN ADENOVIRUS TYPE 5 GENOME
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Herpesvirus genome: 120-240 kbp

Organizations of DNA virus genomes : large genome

U Us
> 4l VSV (HHV-3) 120-130 kbp
§ U, Ug
[ 4 > Al | HSV (HHV-1/2) 150 kbp
Up ) Us
> 4[> _|
CMV (HHV-4) 220 kbp
L | | | |
A0 50 100 150 200
kbp
Y o Us Poxvirus genome: 140-290 kbp
> H >4
> > A | [»—a <
T Dispensable genes Dispensable genes
> i o[ >—a- per ger spel gei
) Terminal loop I |
B e - o[ > r"( T T T T T T T T 1
- “2!] 40 60 B0 100 120 140 160 180 200 kbp
70 bp 70 bp 54 bp Tl
T T T T
2 4 6 8 10 kbp
Tandem repeats =T e
Essential genes
"i . y U i N 4

y .' ol T =

“Organizations of DNA virus genomes: the
circular genomes

Hepatitis B virus

+  Partially dsDNA

Partial double strand, circular DNA

Polyomavirus SV40
Regulatory region

Complete close circular,
double-stranded DNA

Circoviridae

Promotor enhancer

Chicken anemia virus,
CAV (2,298 nts)

Single-stranded,
complete circular DNA
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Organizations of DNA virus genomes:
the circular genomes

Cauliflower mosaic virus Polyomavirus SV40

origin of replicat;,
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Nicked, double-stranded circular DNA Double-stranded circular DNA
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Genome classification base on Replication and mRNA synthesis :
The Baltimore scheme

Genetic material present in the virion
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Viruses with reverse transcription

m Caulimoviruses Hepadnaviruses Retroviruses

genome DNA(circular) DNA(circular)

Primer for (-) strand tRNA protein tRNA
synthesis

Terminal repeats No No Yes
(LTRs)

Specific integration No No Yes

of virus genome
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Base sequences




- ay
' E‘AAAA v

Nucleic acid RNA
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The Giant Viruses

The Giant viruses

budding capsids

(b)

Early virion factory

<< Stargate >>: capsid
opening

TRENDS in Genetics




Morphology of Giant viruses

Minivirus

£

Pithovirus

shutterstock.com - 720441124

The biggest virus that have been observed.

It can be observed under the light
microscope.
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Mimiviridae Pandoraviridae

Mollivirus
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Pithovirus
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Unloading Phagocytosis

Virion factor

CA —

Abergel et al, FEMS Microbiology Reviews, 2015, V39, No6
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2,473,870 nt
2556 CDSs

W Haipen structures withn intesgenic reguons B Genes transcribed nghtward
B Haipin structures withen genes B Genes transcribed behmard

Genome mRNA
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Table 1. Characteristics of gi.—'-ant viruses (grey rows) compared to other large eukaryotic viruses.

Particle largest ~ Genome max. Nuclear phase

Family or genus Name Virion shape dimension (nm) size (kb) G+C% Genes aaRs

Pandoraviridae® Pandoravirus salinus Ovoid 1200 % 500 @ 2770 64 2556 + Tyr
Trp

Pithovirus® Pithovirus sibericum Ovoid 1500 x 500 @ 610 36 467 -

Mollivirus® Mollivirus sibericum Ovoid ~600 @ 651 60 523 -

*Mimiviridae group C? Megavirus chilensis Icosahedral 610 @ (440 @) 1259 25 1123 - Tyr
Cys
Arg

Met Asn

Trp
Ile

*Mimiviridae group B® Moumouvirus Icosahedral 600 @ (420 @) 1021 25 915 - Tyr
Cys
Arg
Asn
Ile

*Mimiviridae group AT Mimivirus Icosahedral 630 @ (390 @) 1182 28 1018 - Tyr
Cys
Arg
Met

*CroVe CroV Icosahedral 3000 730 kb 23 544 - IleRS

*pgyvh PgV Icosahedral 460 kb 32 442 -

Coccolithoviruses EhV 86! Icosahedral 180 @ 407 kb 40 478

Marseilleviridael Marseillevirus Icosahedral 2200 368 kb 45 457 -

Poxviridae Canarypox* virus Ovoid enveloped 330 x 280 x 200 nm 365 kb 30 328 -

Chloroviruses PBCV-NY2A! Icosahedral 2000 370 kb 41 416 +

Abergel et al, FEMS Microbiology Reviews, 2015, V39, No6
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[ridoviridae
+ Ascoviridae

Marseillevirus

Asfarviridae + HCDNAV

AV

Mimiviridae
0.3

www.pnas.orgfcgi/dei/10.1073/pnas. 1007615107
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Evolutionary relationships
between viruses and cells
based on proteomes tree.

~ 0.01 changes

g ‘ BS values
= 50-70% ! )

70-90% -
>90% 1IN
Y i NN

Nasir and Caetano-Anollés Sci. Adv. 2015;1:e1500527

i @ RNA viruses |
| @ DNA viruses |
| @ Archaea
| @ Bacteria
| @ Eukarya
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Are giant viruses a fourth domain of life?

Eukarya

Bacteria

NS

Virologie, V@l 16, n° 1, janvier-février 2012

CroV
Mimiviridae
Marseillevirus

Asco-Iridoviridae

Phycodnaviridae

Asfarviridae

Poxviridae
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Thank you for your attention




