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Light microscope (x63, DIC/Nomarski)

Mimivirus

2003: Mimivirus(ApMV; M. bradfordmassiliense)

SCIENCE (2003) 299,  28 MARCH, p: 2033



Revisitingan earlierdiscovery"bradfordcoccus" (1992)

Seeking potential pneumonia (Legionnaires' disease) 

agents in a cooling tower in the Bradford hospital, UK

Dr. Timothy Robotham (2006)(retired)

Timothy Robotham, a microbiologist 
at Leeds Public Health Laboratory, 
was seeking the causative agent of a 
local pneumonia outbreak. 

As for Legionella, he used his favorite 
approach of co-culturing samples  
with Acanthamoeba.

Gram-stainedinfectedAcanthamoebacells



Giant virus: a huge genome in a huge particle

Ғ1000protein-coding genes, 

more than most parasitic bacteria

Ø > 700 nm (0.7 µm)



Å Virusesare small(lessthan 0.2µm in Ø), hence
invisible by light microscopy

Å Virusesare obligateintracellularparasites

Å VirusescannotgenerateATP

Å Virusesdo not have ribosomes (no translation)

Å Virusesdo not divide(they multiply via particles)

Å A microbe is either a virus or a cell

The concept of virus (Lwoff, 1957, & Tournier 1966) 
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Systematicsearchfor amoeba-killingviruses



2010: Hint at the range of diversityof Mimiviridae

Cafeteria roenbergensisvirus (CroV)
730 kb, Ø = 280 nm

Fischer MG, et al. Proc NatlAcadSciUSA (2010)

M. Bradfordmassiliense
(ApMV)

Rheavirussinusmexicani
(CroV)



Megavirus chilense: ubiquityof mimiviruses(2011)
Arslan D, Legendre M, SeltzerV, AbergelC, Claverie JM. (2011) Proc NatlAcadSciU S A. 108:17486-91.
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2023: «Imitervirales" has becomea highlydiverse order

Exploringnucleo-cytoplasmiclarge DNA viruses

in Tara Oceansmicrobialmetagenomes. 

HingampP, et al. (2013). ISME J. 7(9):1678-95. 

Aylward et al., 2023
Arch. Virol. 168:283

AbrahãoJ, et al. (2018) Nat Commun. 9: 749. 

Signatures:
- MutS_7 (mismatchrepair)
- Glu-dependentAsn synthase
- tRNAligase [0-20]
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Credit: Dr. Declan Schroeder, Dr. William Wilson,  

The Plymouth Marine Laboratory, UK

EhV86

2005: Emilianiahuxleyi virus: the second largestviral genome
407 kb (circular), Ø =0.160 µm (Wilson WH, et al. (2005) Science 309: 1090-2.)

Coccolithophore (Emilianiahuxleyi) 
bloom in the English Channel 

Credit: NASA SpaceObservatory



AylwardFO, MoniruzzamanM, Ha AD, KooninEV. (2021) 
PLoSBiol.:e3001430.

2023: the expandingfamilyof Coccolithoviruses

LobbB, et al. (2023) Viruses15:1116.



2009: Marseillevirus, first acanthamoeba virus of intermediate size

368 kb (circularDNA) , Ø= 0.250 µm
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Fabre E, et al. (2017) Nat Commun. 8:15087. 

Boyer M, et al. (2009) Proc. Natl. Acad. Sci. USA. 106: 21848-53. 

« ~Nucleo-cytoplasmic» replication



Sahmi-BounsiarD, et al. (2021) 
Front Microbiol. 12: 648731. 

2023: the expandingMarseilleviridae
virus family

Fabre E, et al. (2017) Nat. Commun. 8:15087.

DNA Pol ςbased
phylogeny



Shallow sediments

Tunquen, Chile

La Trobe University, pond 

Melbourne, Australia

Light microscopy

(x63, DIC/Nomarski)
Mimivirus

2013: New life forms?
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Pandoravirus salinus
(Chile)

Three layer

tegument

Pandoravirus dulcis
(Australia)

2013: Pandoraviruses



Pandoravirus salinus: the new frontier

94% of the genes
encode ORFans!

1 µm in length
2.8 Mb linearDNA
2,473,870 bp (unique)
2556 ORFs

Å No ribosomal gene/protein
Å No dividing apparatus (FtsZ)
Å No ATP production enzyme
ĄThis isbonafidea virus

Å No major capsid protein

P. dulcis

(Australia)

P. salinus

(Chile)



Whereis the limit?
Are there other families?

Chlorellavirus PBCV-1

Cafeteria roenbergensis Virus (680 kb)

Phaeocystis globosa Virus (475 kb)

Mamavirus(1.1916 Mb)
Megavirus(1.280 Mb)

Mimivirus(1.1815 Mb)

Pandoravirusdulcis (1.9 Mb)

Pandoravirussalinus(2.77 Mb)

Microsporidia:
Encephalitozoon cuniculi 2.5  Mb 1,996  proteins
Encephalitozoonintestinalis 2.22 Mb 1,833  proteins
Encephalitozoonromaleae 2.19 Mb 1,831  proteins

Philippe et al.
(July 2013)

Pandoravirus salinus: the new frontier



2023: the expandingpandoravirusfamily

- Open pan genome
- De novo genecreation

Brahim BelhaouariD, et al. (2022)
Microbiol. Resour. Announc. e0013122. 

Legendre M, et al. (2019) 
Front Microbiol. 10:430.



Founder of the geocryologylaboratory, in 
Puschino(Russia).
Studied permafrost bacteria since 1985.

Dr. David Gilichinsky
(1948 ς2012)

LyubovShmakova, Elizaveta Rivkina
Institute of Physicochemical & Biological Problems in 
Soil Science, Pushchino, Russia.

Permafrost sampling: the trigger (2013)



24 % of the North hemisphere.
Up to 1 Million-y-old
Up to 1 km deep

Permafrost: where?

I washere



Duvannyyar: a popularsampling site on the Kolyma river

Eugene with hisfind (Mammothtusk) (Aug. 2019)

Dr. Eugène Christo-Foroux



Dr. Stas Malavindrilling into a permafrost wall



Sept. 22nd, 2015

Mars 3rd, 2014

2014: Pithovirus                2015: Mollivirus Ą two new families



Pithovirus sibericum Mollivirussibericum

610 kb circular(AT rich) DNA
[1.5 -2 µm] particle

Cytoplasmicreplication

651-kb (GC-rich) DNA
spherical virion (Ø=0.6- m˃)

Nuclear replication



2023: the expandingpithovirus «families»

RigouS,.et al. (2023)
Mol Biol Evol. Nov10:msad244. 

AndreaniJ, et al. (2018) Front. Microbiol. 8: 2643. 

RigouS, et al. (2022) Nat. Commun. 13(1):5853. 

FormalICTV classification is in progress



2023: the (slowly) expandingMollivirusfamily

Christo-ForouxE, et al. (2020) 
J. Virol. e01997-19. 

Onlytwo isolatessofar.

Phylogeny of DNA polymerase B



N 61° 45' 39''
E 130°нуΩ нфϥϥ

-16 m below a lake,
YukechiAlas

Isolation: >48,500 y BP
Pandoravirus yedoma(strain Y2)

N 74°моΩллΩΩ
E 141°лоΩпуΩΩ

Woolly mammoth stomach 
content MalyLyakhovskyIsland 

Isolation: >28,600 y BP
Pandoravirus mammoth (strain Mm38)

N 70°по нр  
E 135°нр пт

Soil with mammoth wool
RHS paleolithic site,
Yana river left bank

Isolation:  >27,000 BP

Megavirus mammoth(strain Yana14)
Pithovirus mammoth (strain Yana14)

Pandoravirus mammoth (strain Yana14)

N 70°по нр  
E 135°нр пт

Fossilwolf (Canis lupus)
intestinal content,
RHS paleolithicsite

Isolation: >27,000 y BP

Pandoravirus lupus (strain Tums1)
Pacmanviruslupus (strain Tums2)

15, 564.       18 February20232023: more revivedancientviruses



Pandoravirus
yedoma

Pandoravirus mammoth
+ Megavirus mammoth

Cedratvirus
lena

Pithovirus mammoth

Megavirus
mammoth

Pacmanvirus
lupus 

(Fausto/Asfarviridae)



Metagenomicdata (DNA viruses)

MostlyPithoviruses, 
then Asfarviridae, Phycodnaviridae
and Megaviridae.



Phage G (2014) : 626 kb (NC_023719, Pope, et al., Hendrix), Ø 180 nm x 450 nm (tail) ->  infect Lysinibacillus

[Duplodnaviria; Heunggongvirae; Uroviricota; Caudoviricetes; Donellivirus; Donellivirus gee]

1975: DonelliG, et al. (1975) Structure and physico-chemicalpropertiesof bacteriophageG. 

J Mol Biol. 94(4):555-65.

Jumbo phages

González B, et al. (2020) 

J Mol Biol. 432(14):4139-4153.



Asfarvirus-relatedamoeba(intermediary-sized) viruses

2015: Faustovirus: 466 kb, Ø 200nm ςAsfarviridae (Vermamoebasp)

RetenoDG, et al. (2015) J Virol. 89(13):6585-94. 

2016: Kaumoebavirus: 350.7 kb, Ø 250nm (Vermamoebavermiformis)

BajraiLH, et al. (2016) Kaumoebavirus, a New Virus That Clusters with Faustovirusesand 

Asfarviridae. Viruses8, 278

2017: Pacmanvirus: 395 kb, Ø < 200nm (Acanthamoeba)
AndreaniJ, et al. (2017) J Virol. 91(14):e00212-17. 



Very few genesin common(<10%, recurrentproblem) to understandevolution
and interpret phylogeny

Hannat, S.; La Scola, B.; Andreani, J.; Aherfi, S. Asfarviruses and 
CloselyRelatedGiant Viruses. Viruses2023, 15, 1015. 



Asfarvirus-relatedamoebaviruses

HannatS, La Scola B, AndreaniJ, AherfiS. (2023) Asfarviruses and CloselyRelatedGiant Viruses. 
Viruses. 15(4):1015.

466 kb

351 kb

395 kb

[190-193] kb

Orderasfurvirales

suborderlevel?



Medusavirus(2019): 381 kb, Ø0.260 µm  

(Yoshikawa G, et al. (2019) J. Virol. 93: e02130-18.)

Clandestinovirus(2021): 582 kb, Ø0.180 µm 

(Vermamoebavermiformis)

(Rolland C, et al. (2021) Front Microbiol. 12:715608.)

2019->2023: Othersintermediary-sizedvirusesinfectingAcanthamoeba



One more familyof amoeba-infectingintermediary-sizedviruses?

(Rolland, et al. (2021) Front Microbiol. 12:715608

Zhang R, et al. (2023) Arch Virol. 168:80.

A looselyrelatedgroup of viruses

?

Best hits

Medusavirus



2020: YaravirusĄ Amoeba-infectingvirus: from « giant» back to «regular» virus

80-nm-sized icosaedralparticle
45 kb dsDNAgenome
74 predictedprotein (> 91% ORFans) 

Basedon the putative YaravirusMCP homolog

BorattoPVM, et al. (2020) Yaravirus: A novel80-nm virus infecting
Acanthamoebacastellanii. Proc NatlAcadSciUSA. 117:16579-16586.

coccolithophorid
Algaeviruses



2003 -> 2023: Multiple amoeba-infectingvirus families

Date Family Virion type Virion size (nm) Genome size GC% Replication

2003 Mimiviridae icosaedron 755 1.500-370kb 25 Cytoplasm

2013 Pandoraviridae amphora [1000-1200]x500 2.8-1.85Mb 61 Nucleus

2014 Pithoviridae amphora [1000-2000]x500 685-575kb 38 Cytoplasm

2015 Molliviridae spherical 600 650kb 60 Nucleus

2009 Marseilleviridae icosaedron 200 390-360kb 43 Nucleus/Cytoplasm

2015 Faustoviridae icosaedron 200-250 465-350kb 36 Nucleus/Cytoplasm

2017 Medusaviridae icosaedron 200 380kb 62 Nucleus/Cytoplasm

PandoraviridaePithoviridaeMimiviridae Molliviridae


