[221Ay3 oF O |

(Aix Marseille

-
T
=

JeanMichel CLAVERIE

Structural &GenomidnformationLaboratory
Mediterraneaninstitute of Microbiology
AixMarseilleUniversity& CNRS

JeanMichel.Claverie@uniamu.fr




2003:Mimivirus (ApMV, M. bradfordmassilienge

SCIENCE (2003) 299, 28 MARCRQ33 BREVIA

similarity to Baculoviridae or Asfarviridae ho- M I I VI
H 1 H mologs. These results suggest that Mimivirus oc- I I l ru S
A G 1a nt v I ru S I n Am oe ba € cupies an intermediary position between Poxviri-

Bernard La Scola,” Stéphane Audic,? Catherine Robert,” dae "m{m’:‘?da‘q‘ and Phycodnaviridae, with
which Mimivirus appears to share the Vp54 cap-

. 1 . .3 . 1
Llapg Junge!ng. Xavier de: Lamballerl?, Mlc!m.l Drancourt, sid protein and a glucosamine synthetase unique
Richard Birtles,” Jean-Michel Claverie,?* Didier Raoult'* to the Paramecium bursaria Chlorella virus.
Mimivirus appears as a deep branch in the phy-
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@ Poxviridae ==100 nm
C S 100 kbp
O Baculoviridae

Iridoviridae

10% substitution

Phycodnaviridae
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O Herpesviridae



Revisitingan earlierdiscovery'bradfordcoccus (1992)

Seeking potential pneumonia (Legionnaires' disease)
agents in a cooling tower in the Bradford hospital, UK

Dr. Timothy Robotham (20063€ired)

Gramstainedinfected Acanthamoebaells



Giant virus: a huge genome in a huge particle

AMERICAN

Scientist
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@> 700 nm(0.7 um)
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Genome size (109)

04

Mimivirus (1,182 kb)

/ w Chlorella virus PBCV-1 (330 kb)

S eeem—

1 Rank 101 111 121

£ 1000protein-coding genes,
more than most parasitic bacteria



The concept of virus (Lwoff, 19%/Tournier 1964

visibla by liahiai y
A Virusesare obligateintracellularparasites
A VirusescannotgenerateATP
A Virusesdo not have ribosomes (no translation)
A Virusesdo notdivide (they multiply via particleg

A A microbe is either a virus or a cell




Systematicsearchfor amoebakillingviruses

Antibiotic-adapted
Acanthamoeba cultures
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Characterization
1. Infect. Cycle (EM) Agent
2. Genomics |So|ation
3. Transcriptomics .
4. Proteomics Clonmg




2010:Hint at the range ofliversityof Mimiviridae

, . ISKNV
Marseillevirus

FV3

Cafeteriaroenbergensisirus Cro\f
+ Ascoviridae 730 kb, @ =280 nm

5o CIV'_ ppava
170.91 110.77,
10 98,,!--’ 0.85/- 8 23’ UL HVAV3

MV
Phycodnaviridae

TnAV2
PBCV-1

ATCV-1

0.80/-

Asfarviridae + HCDNAV

OtVvs HcDNAV
11
ASFV
EhV-86 $)
i Poxviridae

CeV-01 APMV,

MCV
PpV-01 ACMV

Mimiviridae SNy Rheavirusinusmexicani
0.3

M. Bradfordmassiliense
(CroV (ApMV)

Fischer MGet al. ProcNatl AcadSciUSA (2010)



Megaviruschilense ubiquity of mimiviruseq2011)
Arslan D, Legendre NbeltzerV, AbergelC, Claverie JM. (2011) Pigdatl AcadSciU S A. 108:174881.

ECIM
Las Cruces, Chile
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Abrah&oJ,et al.(2018) Nat Commun. 9: 7+

2023: «Imitervirale$ hasbecomea highlydiverseorder
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HingampP, et al.(2013). ISME J. 7(9):168.

Signatures:

- MutS_7 {nismatchrepair)

- GludependentAsn synthase
- tRNAligase [620]

Mesomimiviridae

Aylwardet al., 2023
Arch.Virol. 168:283



2005:Emilianiahuxleyivirus: the secondargestviralgenome
407 kb ¢ircular, @ =0.160 punmwilson WHet al. (2005) Science 309: 1090)

EhV86

Credit NASASpaceObservatory

CoccolithophoreEmilianiahuxley)
bloom in the English Channel

Credit: Dr. Declan Schroeder, Dr. William Wilson,
The Plymouth Marine Laboratory, UK



2023: theexpandingamily of Coccolithoviruses

A Genome Date

size (o) CO°% comected  -2CHON

0.6
81

0 — EhV-M1 412 486 2018 Norway

- — EhV-99B1 377 444 1999 Norway
i < EhV-208 411 448 2001 English Channel
65| — EhV-207 422 468 2001 English Channel
100 EhV-201 407 447 2001 English Channel
—— EhV-203 401 461 2001 English Channel
i EhV-156 399 492 2009 English Channel
100 —[ EhV-18 400 503 2008 English Channel
—— EhV-202 408 484 2001 English Channel

LobbB, et al.(2023)Virusesl5:1116.

Tree Scale: 1

—————==__\ Pokkesviricetes Incertae sedis [3] Chitovirales

PX_01 [42] Poxviridae @

Asfuvirales
AF_02 [7]
AF_01 [19] Asfarviridae @
PM_10 [3] mininucleoviridae@®

PM_08 [5]
PM_07 [24] pithoviridae @

PM_09 [3]
PM_05 [9] Marseilleviridae @

PM_06 [7] ; i

PM_04 (4] Pimascovirales
PM_01 [64]

PM 03 [11]@

PM_02 [13] Iridoviridae @

PV_02 [3]

PV_05 [6] coccolithoviridae @
PV_03 [6]

PV_04 [7] pandoraviridae @

pandoravirales

AG_04 [24] HavV@

AG_03 [9] Algavirales

AG_01 [74] prasinoviridae @
AG_02 [10] Phycodnaviridae @
IM_02 [3]

IM_18 [13]

IM_16 [91] Mimiviridae @

IM_14 [11]
IM_13 [25]

IM_06 [6]

IM_12 [90] TetV@®
IM_01 [655] PgV, CpV Mesomimiviridae @®
IM_07 [19]

IM_08 [23] ChoanoV

IM_09 [61] AaV@®

Imitervirales

sajaouiinebapy

S93921IINSa)|0d

AylwardFO,MoniruzzamarM, Ha ADKooninEV. (2021)

PLoSBiol.:e3001430.



2009: Marselllevirus first acanthamoeba virus of intermediate size
368 kb €ircularDNA) , @=0.250 um

Eloo Heliothis virescens ascovirus 3e

100 Spodoptera frugiperda ascovirus la

_la.0a Trichoplusia ni ascovirus 2c
T Invertebrate indescent virus 3
e Invertebrate indescent virus 6

Lymphocystis disease virus - 1solate China

Ambysioma tigrinum virus

100 100 100
100 f‘rog virus 3 o
Singapore grouper iridovirus

Marseillevirus

98.58

100

——93.68

Acanthamoeba polyphaga mimivirus

EOO Acanthocystis turfacea Chlorella virus 1
100 Paramecium bursaria Chiorelia virus 1
Ostreccoccus virus OsV5

— 83.34

00 Ectocarpus siliculosus virus 1

100 Feldmannia species virus

Emiliania luxleyi virus 86
African swine fever virus

= Amsacta moorei entomopoxvirus
Melanoplus sanguinipes entomopoxvirus
Bovine papular stomatitis virus

0Goatpox virus Pellor

Mule deer poxvirus
Vaccinia virus
Molluscum contagiosum virus
Crocodilepox virus

ul Fowlpox virus

Ascoviridae 1Y)
>
Q
]
19
Iridoviridae S
o
=s.
=
D
1
| Mimiviridae
Phycodnaviridae
| Asfarviridae
Poxviridae

Boyer M, et al. (2009) ProNatl. Acad.Sci USA. 106: 2184%3.

NI 30 min pi 1hpi 4 hpi

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

« ~Nucleccytoplasmic» replication



mamawirus
Marselllevirus LCMAC201

2023: theexpandingMarsellleviridae e PR
. . —W—‘_&—': MaI’S?I"e\lMUS LCMAC101
VI ru S fam I Iy oS Marseillevirus LCMAC102

Golden Marseillevirus

53 Marseillevirus KS-2019 - Kashiwazakivirus 4
Marseillevirus KS-2019 - Kashiwazakivirus 3
Marseillevirus KS-2019 - Kashiwazakivirus 2
a 100 Marselllevirus KS-2019 - Kashiwazakivirus 6
Cannes 8 virus Marseillevirus KS-2019 - Kashiwazakivirus 1
Marseillevirus KS-2019 - Kashiwazakivirus 5
00 &34 Marsellievirus KS-2019 - Hokutowirus 2
1 Melml’rnev'rus of Kurlavirus BKC-1
1 80 L'neage A Port-miou virus
> Marselllevirus KS-2019 - Hokutovirus 1
Marse‘"ev"us Lausannevirus
65.5'1' umeavirus
Brazllian marsellievirus
TORYOV"US Marseillevirus NSO
Marselllevirus N16
pon.rm'ou virus ol Marseillevirus N57
Marseillevirus NAQ2
- 100 U B Marselllevirus N36 DNA Pot based
4 imneage Marseillevirus N40
Lausannevirus v e s phylogeny
%! Marselllevirus N1
_Noumeavirus Marseillevirus NG0B
Marseillevirus N60A
60 Insectomimevirus Marseillevirus AM2
i Tokyovirus Al
[—ng Lineage C i~ Marselllevirus G650
.193 L_Tunisvirus {Marselllevirus Shanghai 1

Marselllevirus marseillevirus

Marselllevirus UJ-2019 - Kyotovirus 2

L Brazihan marseillevirus Li neage D Marseillevirus UJ-2019 - Kyotovirus 7
Marseillevirus UJ-2019 - Kyotovirus 6

1 1 Senegahirus

Golden mussel Lineage E Sah nHB_OU nS_IaD’ et al.(2021) Marseillevirus UJ-2019 - Kyotovirus 5

marseillevirus FrontMicrobiol. 12: 648731.  |cames s s
Marseillevirus UJ-2019 - Kyotowvirus 3
Invertebrate inidescent virus 3 Marseillevirus UJ-2019 - Kyotovirus 1

Phoenicianwvrus
Marseillevirus UJ-2019 - Kyotovirus 4

Fabre Eet a.l . (2017) Na.t Commun . 8: 15087 . Marseillevirus G648

Marselllevirus G649
FontaineSaintCharles
Melbournevirus




2013: New lifdorms?

Shallow sediments " %La Trobe UnlverSIty pond
Tunquen, Chile ‘ | Melbourne, Australia
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2013: Pandoraviruses

Ostiole-like apex
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Pandoravirus salinus |

(Chile) Pandoravirus dulcis
(Australia)



Pandoravirus salinushe newfrontier

1 um inlength
2.8 MblinearDNA
2,473,87p (unique) 0 |
2EEBORFS 94% of thegenes
encodeORFans$
2370 m Eukaryota
mBacteria
Virus
No match

42 \_43

P. dulcis
(Australia)

P. salinus =
(Chile) & § g =

A No ribosomal gene/protein

A No dividing apparatus{s2

A No ATP production enzyme
A Thisisbonafidea virus

A No major capsid protein



Pandoravirus salinushe newfrontier

Microsporidia: P

Encephalitozoon cuniculi 2.5 Mb 1,996 proteins
Encephalitozoomtestinalis 2.22 Mb 1,833 proteins
Encephalitozoonomaleae 2.19 Mb 1,831 proteins

%

gl
Virus size (bp)

V

- Phlllppeet aI

Pandoravirusalinus(2.77 Mb) , . (July 2013)
e Whereisthe limit?

Arethere other families?

Pandoravirugiulcis (1.9 Mb)
W

Megavirus (1.280 MDb)
/ Mamavirus(1.1916 Mb)

Mimivirus(1.1815 Mb)

/ Cafeteria roenbergensis Virus (680 kb)
«—— Phaeocystis globosa Virus (475 kb)

! Chlorellavirus PBCM

MMMMMMM TETO LN DN A H N LN T T A A AN N B A0 N B AN A A NN TR AN SN AN B A D A W e WA NS NS SN 8 AR L BV BN NN AN SN T H TN 0 RSN RN N O RNt OO T DR



2023: theexpandingpandoravirudamily

Pandoravirus neocaledonia
— Pandoravirus macleodensis
94 Pandoravirus massilensis

75

96

a3

89
65 — Pandoravirus aubagnensis

Pandoravirus braziliensis

— Pandoravirus dulcis

a7

— Pandoravirus hades
Pandoravirus belohorizontensis

{ Pandoravirus persephone

ga — Pandoravirus japonicus

Pandoravirus salinus

84

—— Pandoravirus inopinatum
83 Pandoravirus tropicalis

iy

Pandoravirus kadiweu

Pandoravirus quercus

37 | pandoravirus celtis
Pandoravirus pampulha

BrahimBelhaouarD, et al. (2022)
Microbiol. ResourAnnounc e0013122.

Number of clusters

1000 1500 2000

500
I

B [C] Pan genome

v 4 g 4 [ Core genome

Ty

T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Number of genomes

- Open pargenome
- De novagyenecreation

Legendre Met al.(2019)
FrontMicrobiol. 10:430.




Permafrost sampling: the trigger (2013)

Regeneration of whole fertile plants from 30,000-y-old
fruit tissue buried in Siberian permafrost

Svetlana Yashina®', Stanislav Gubin®, Stanislav Maksimovich®, Alexandra Yashina®, Edith Gakhova?®,
and David Gilichinsky®?

Institutes of “Cell Biophysics and ®Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences, Pushchino 142290, Russia

Edited* by P. Buford Price, University of California, Berkeley, CA, and approved January 25, 2012 (received for review November 8, 2011)

Founder of thegeocryologyaboratory,in
PuschinqRussia).
Studied permafrost bacteria sind®85.

Mt |
b
i

Dr. Davidsilichinsky LyubovShmakovakElizavetaRivkina
(1948C 2012) Institute of Physicochemical & Biological Problems in
Soil SciencdlushchinpRussia.




Permafrostwhere?

Permafrost

24 % of the North hemisphere.
Up to 1 Milliory-old
Up to 1 km deep
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Duvannyyar. apopularsampling site on the Kolyma river

S
SRS 2 g . N

Eugenewith hisfind (Mammothtusk) (Aug. 2019)
Dr. Eugéne ChristBoroux




Dr. StasVlalavindrillinginto a permafrostwall




2014: Pithovirus 200%0llivirus A two newfamilies

Thirty-thousand-year-old distant relative of
giant icosahedral DNA viruses with a
pandoravirus morphology

= Matthieu Legendre®', Julia Bartoli®', Lyubov Shmakova®, Sandra Jeudy?, Karine Labadie®, Annie Adrait?,
7 Magali Lescot?, Olivier Poirot®, Lionel Bertaux®, Christophe Bruley?, Yohann Couté®, Elizaveta Rivkina®,
Chantal Abergel®?, and Jean-Michel Claverie®®-?

) Mars 3. 2014

In-depth study of Mollivirus sibericum, a new 30,000-y-
old giant virus infecting Acanthamoeba

Matthieu Legendre™', Audrey Lartigue®’, Lionel Bertaux®, Sandra Jeudy®, Julia Bartoli®?, Magali Lescot?,
Jean-Marie Alempic®, Claire Ramus™“9, Christophe Bruley®“?, Karine Labadie®, Lyubov Shmakova', Elizaveta Rivkina®,
Yohann Couté“¢, Chantal Abergel®*, and Jean-Michel Claverie®9-

Sept. 22", 2015

"PNAS




Pithovirussibericum Mollivirussibericum

610 kbcircular(ATrich) DNA
[1.5-2 pm]particle
Cytoplasmiceplication

651-kb (G@&ich) DNA
sphericalirion @=0.6->m)
Nuclear replication




2023: theexpandingpithovirus «families»

333
179

........................... Cedratvirus zaza
................. Cedratvirus lausannensis
..................... Cedratvirus plubellavi
| S —— Cedratvirus borely
............. Leeeeemeemem--- Cedratvirus A11

......................... Cedratvirus lena

478
152

§48

61

.................... Cedratvirus duvanny

ghemmemmeneenaas Cedratvirus kamchatka
..................... Brazilian cedratvirus
l{ ..................... Pithovirus sibericum

..................... Pithovirus mammoth

305 I
140 —

I—------------S ------- Pithovirus massiliensis

I .................. Hydrivirus

Core HOGs

e Orpheovirus

AAl

HOGs absent (z 1 descendant)

. Virus-specific genes

20 40 60 &0 100

RigousS,.et al. (2023)
Mol Biol EvolNov10:msad244.

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

Andreanid, et al. (2018) Fronticrobiol. 8: 2643.

FormallCTV classificatiasin progress



2023: the ¢lowly) expandingMollivirusfamily

ChristeForouxE, et al. (2020)
J.Virol. e01997109.

Onlytwo isolatessofar.

Phylogeny of DNA polymerase B

NP 064832 A moorei entomopoxvirus
100 S YP 008003872 A honmai entomopoxvirus

100

AAL40129 M contagiosum virus

100 _ NP 042094 Variola virus
100_: YP 232947 Vaccinia virus

— YP 008052566 P globosa virus

100

L———YP 009173620 C ericina virus
ATZ80752 B saltans virus

84

63

YP 003970130 C roenbergensis virus BV-PW1

100

YP 004894633 Mega chilensis
—[:AVL94893 Moumou australiensis
91 AEX62677 Moumou monve

62

AUL79186 Tupanvirus deep ocean
T‘EAEJMSM Mimivirus
100 AEQ60511 Mamavirus

NP 042783 African swine fever virus
—57—{EYP 009010534 Inv iridovirus 25
100 YP 009010295 Inv iridescent virus

52

100

YP 009094792 Melbournevirus
99 AGV01694 Cannes 8 Virus
YP 009345270 Noumeavirus
100 ) YP 004347308 Lausannevirus
74 ALHO7009 Port miou virus

YP 009448764 Orpheovirus

95

S — SOB73944 Cedratvirus lausannensis
100 SPN79874 Cedratvirus zaza

100 ___{: YP 009000951 P sibericum
100 LT161893 P massiliensis
——AGES5819 A turfacea Chlorella virus

100

100 |

100

L NP 048532 P bursaria Chlorella virus 1
— M kamchatka mk 287

96

100

78

69

L——— M sibericum ms 305
YP 009481838 P neocaledonia
LT972215 P massiliensis
79 | LT972217 P braziliensis
68 YP 009480895 P macleodensis
YP 008318996 P dulcis
83 AZG04328 P pampulha
ATE82149 P salinus
YP 009120443 P inopinatum
65 | QBZ80865 P celtis
99 YP 009482957 P quercus

Poxviridae

Mimiviridae

Marseilleviridae

Pithoviridae

Molliviridae

Pandoraviridae



2023: morerevivedancientviruses [ viruses 15,564, 1Bebruan2023 gy

Article

An Update on Eukaryotic Viruses Revived from Ancient Permafrost

Jean-Marie Alempic Lt Audrey Lartigue Lt Artemiy E. Goncharov 2(0), Guido Grosse 340, Jens Strauss 3
Alexey N. Tikhonov %, Alexander N. Fedorov 0, Olivier Poirot 1(0, Matthieu Legendre !, Sébastien Santini !(,
Chantal Abergel ' and Jean-Michel Claverie -*

-16 m below a lake,

YukechiAlas Pandoraviruyyedoma(strain Y2)
Isolation: >48,500 y BP

N 61° 45" 39"
E130H Yy Q

N 728M 0 O Woolly mammoth stomach

contentMaly Lyakhovskyslanc Pandoravirus mammoth (strain Mm38)
E 142n o Q .
Isolation: >28,600 y BP

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

Isolation: >27,000 BP

Megavirus mammotlgstrain Yanal4)
Pithovirus mammoth (strain Yanal4)
Pandoravirus mammoth (strain Yanal4

Fossiwolf (Canis lupus)
intestinal content,
RHSaleolithicsite

Isolation: >27,000 y BP

Pandoravirus lupus (strain Tums1)
Pacmanvirusupus (strain Tums2)




Pandoravirus
yedoma

Cedratvirus
lena

Megavirus
mammoth

Pandoravirusnammoth
+ Megavirusnammoth

Pithovirusmammoth

Pacmanvirus

lupus
(Fausto/Asfarviridae)



Metagenomiadata (DNAviruses

nature communications

Article httpsy/ /dol. org/10.1038/24146 7-022-33633-x

- - - - Mostly Pithoviruses
Past and present giant viruses diversity ) then Asfarviridag Phycodnaviridae
explored through permafrost metagenomics and Megaviridae
Received: 4 February 2022 Sofia Rigou @', Sébastien Santini’, Chantal Abergel’, Jean-Michel Claverie' &

Matthieu Legendre @'
Accepted: 27 September 2022

Published online: 07 October 2022




Jumbo phages

Phage G (2014) 626 kb(NC_023719, Pope, et al., Hendri€d 180 nm x450 nm (tail)-> infectLysinibacillus
[Duplodnaviria; Heunggongvirae; Uroviricota; Caudoviricetes; Donellivirus; Donellivirus gee]

1975:DonelliG, et al. (1975) Structure and physoemicalpropertiesof bacteriophageG.
J Mol Biol. 94(4):5565.

Gonzalez B, et al. (2020)
J Mol Biol. 432(14):41394153.




Asfarvirusrelated amoeba(intermediarysized viruses

2015:Faustovirus 466 kh @ 200nmg Asfarviridae {Vermamoebasp)
RetenoDG, et al. (2015)\irol. 89(13):65854.

2016:Kaumoebavirus 350.7 kb @ 250nm(Vermamoebavermiformig

BajraiLH et al. (2016 Kaumoebavirusa New Virus That Clusters wiaustovirusesnd
AsfarviridaeVirusess, 278

2017: Pacmanvirus: 395 kg < 200nn{Acanthamoebj g
AndreaniJ, et al. (2017)Virol. 91(14):e0021A7. -

200nm



Very fewgenesin common(<10%jrecurrentproblem) t0 understandevolution
andinterpret phylogeny

Pacmanvirus
371

o+ Faustovirus

e
( - 3 19
= |

" Kaumoebavirus
o 399

801

Hannat S.; La Scola, B\ndreanj J.:Aherfi, S. Asfarviruses and
CloselyRelatedGiantViruses Viruse2023 15, 1015.



Asfarvirusrelatedamoebaviruses

Tree scale: 1

URG34832.1 Mpox
NP 048107.1 Melanoplus sanguinipes entomopoxvirus
YP 009507841.1 Heterocapsa circularisquama DNA virus 01
YP 009352507.1 Kaumoebavirus Sc
=
100 L QQV29337.1 Kaumoebavirus LCC10 351 kb

100

Pacmanvirus lupus
100 YP 009361596.1 Pacmanvirus A23 395 kb
W[ QYB17598.1 Pacmanvirus S19
. AlB52014.1 Faustovirus E12
Orderasfurvirales = m 10, QJX71044.1 Faustovirus Liban
"*SME64977.1 Faustovirus ST1
100 QKE50423.1 Faustovirus VV10
“ AMN83603.1 Faustovirus Dsb 460 kb
QJX72097.1 Faustovirus M6
QJX74102.1 Faustovirus E9
10§ QJX72591.1 Faustovirus S17
MH63589.1 Faustovirus LC9
QJX73088.1 Faustovirus VV57
suborderlevel ? QJX71578.1 Faustovirus LCD7
——  GFR88342.1 Elysia marginata virus
(BBO54031.1 Abalone asfa-like virus (draft genome)
e 'BCY04578.1 Abalone asfa-like virus

W\ African Swine Fever Virus - 1190-193] kb

10

96

100

99

HannatS, La Scola BndreaniJ,AherfiS. (2023) Asfarviruses afidbselyRelatedGiantViruses
Viruses 15(4):1015.



2019>2023:0Othersintermediarysizedvirusesinfecting Acanthamoeba

Medusavirus(2019): 381 kb, @0.260 pm

(Yoshikawa G, et al. (2019Vdrol. 93: e0213618.)

Clandestinovirug2021): 582 kb, @0.180 um
(Vermamoebavermiformig

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




One morefamily of amoebainfectingintermediarysizedviruses?

Alooselyrelatedgroup ofviruses

Clandestinovirus: Total best hits
"Mamonoviridae":
new family ?

1%

/

Clandestinovtrus

. 15
. 'eﬂs
irus br :
vi
Yara

Mﬁy g > \" Best hits

(Rolland, et al. (2021) FroMicrobiol. 12:715608
Marseilleviridae Acanthamoeba castellanii
Orpheovirus IHUMI-LCC2 medusavirus

&
,
g (%Q’%,o}

———r AL

Kaumoebavirus

Medusavirus
Zhang R, et al. (2023) Ardirol. 168:80.

Klosneuviruses
32%



2020:YaravirusA Amoebainfectingvirus:from « giant» back to «egular» virus

branch Choanovirus V1
support ‘ —«Zafeteriavirus group
>90 .
80-90 —‘Yellowstone lake phycodnaviruses

80-nm-sizedicosaedraparticle 10-80 T e
45 kbdsDNAgenome "
74 predictedprotein (> 91% ORFans) T —Qrasinoviruses
Yaravirus : :
i Pleurochrysis sp. endemic virus 2 coccolithophorid
Pleurochrysis sp. endemic virus 1b Algaeviruses

_E bursaria Chlorella virus NY2A
P. bursaria Chlorella virus 1

A. turfacea Chlorella virus WI0606
— P. bursaria Chlorella virus CVR-1

AYellowstone lake phycodnaviruses

APrasinoviruses
. AYellowstone lake phycodnaviruses
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2003-> 2023: Multipleamoebainfectingvirusfamilies

Mimiviridae
Pandoraviridae
Pithoviridae
Molliviridae
Marseilleviridae
Faustoviridae

Medusaviridae

Mimiviridae

icosaedron

755

1.500-370kb

amphora [1000-1200]x500 2.8-1.85Mb
amphora [1000-2000]x500  685575kb

spherical
icosaedron
icosaedron

icosaedron

Pithoviridae

600
200
200-250
200

650kb
390-360kb
465-350kb

380kb

Pandoraviridae

25
61
38
60
43
36
62

Cytoplasm
Nucleus
Cytoplasm
Nucleus
Nucleus/Cytoplasn
Nucleus/Cytoplasn

Nucleus/Cytoplasn

Molliviridae



