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3 short stories

1- Handling the unknow (dark matter)
2- Issues with attempted deep taxonomy

3- Dubious classifications in Phycodnaviridae & Mimiviridae



Different sizes, morphologies, genomes
Viruses have nothing in common, except the way they propagate their genomes
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93% ORFans: guess what that is !

m Eukaryota
, HGT?
W Bacteria

Virus

No match



Going back to the basics: A. Lwoff
(how to discriminate cellular organisms from viruses)

Viruses are defined by negative properties:

1) Not visible by light microscopy

2) Not retained by the Chamberland filter
3) Not cultivable

4) No energy production

5) No translation (no ribosome)

6) No division

Lwoff A. (1957). The concept of virus. Journal General Microbiology 17, 239-253.
Lwoff A, Tournier P (1966). The classification of viruses. Annual Reviews Microbiology 20, 45-74.



The (formally) required experimental evidence
(how to discriminate cellular organisms from viruses)

Viruses are defined by negative properties:

3) Not cultivable (cell dependent)

4) No energy production - whole genome
5) No translation (no ribosome) > whole genome
6) No division



Documenting a new « life form »
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Pandoravirus salinus: 2.8 Mb, 62%GC, 2556 CDS, 3 tRNA

No ribosomal protein

No division apparatus
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 No ATP production
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Genetic code? -> Proteomic validation
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25 ~ 200 predicted proteins found in the particle

17 83% of them have no database homolog !

14

-> Pandoraviruses use the standard genetic code

Particle proteomics

MS-MS spectrometry (Y. Coute, C. Bruley, J. Garin, Grenoble)



1- Conclusion

1- « If the material Is not available, this is not Science »
(dixit George Garrity)

2- Nomenclature rules should hold to the challenge of future totally
unexpected discoveries (rigorous AND flexible)

3- Criteria, methods, and and level of required evidence probably cannot be
the same for all virus families



'''''''''' Yutin and Koonin Biofogy Direct 2013, 8:25 S

http:/fwww biologydirect com/content/8/1/25 BIOLOGY DIRECT
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.7.7.7. Table 1 The ancestral NCLDV genes represented in Pandoraviruses s
::::::::::::::: Gene/NCVOG P. dulcis genes P. salinus genes Presence in the 7 Best hit for Pandoraviruses® / ::::::::::::
RN NCLDV families® % identity/alignment length B
Lo Ds-Hlike helicase-primase/NCVOG0023 516302795 516304338 7 Bathycoceus sp. RCC1105 virus BpV2  “. 7.7 ..
LT, (Phycodnaviridae) /33/579 S
oo516304338::37% 1D over 60%, score [314-306]: Yellow Stone LV, Bathicoccus BpV2V.
16304338: 37% ID over 60%, score [314-306]: Yellow Stone LV, Bathicoccus BpV2V
LU DNA or RNA helicases of superfamily |l 516302732 516304266 5 Ectocarpus siliculosus virnus 1 SN
s (COG1061) (A18hel)/NCVOG0076 (Phycodnaviridae) /35/238 EAEEERRRERE
oo .516304266: 35% 1D over:28%, score [164-136): Mollivirus, Esv=T. oo
Lo A32ike packaging ATPase/NCVOG0249 516302762, 516306303, 516303793, 7 Ostreococcus tauri virus 2 R
............... 516303626 516305958, 516303807, (Phycodnaviridae) /45/247 L
::::::::::::::: 516305953 ::::::::::::
5163063030 44% 1D over 55%; score [224-211]: Yellow Stone LV, all prasinoviruses
0 516303793::31% 1D over 70%; - score [117-106]: Yellow Stone LV, small Megaviridae -1
oo 516305958::38% IDover: 59%, - score [185-171]: Yellow Stone LV, all prasinoviruses .
Coo0516303807:-29% ID-over 67%, -score [117-102]: Yellow Stone LV, all prasinoviruses. .
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| :: : :: : : : : : : : © Gene/NCVOG P. dulcis genes P. salinus genes Presence in the 7 Best hit for Pandoraviruses® / :: :: : :: : : : : : :
L NCLDV families® % identity/alignment length S
:::::::::::::: pfam(04947, Poxvirus Late Transcription 516302769, 516304304, 516305311 7 Emiliania huxleyi virus 202 :::::::::::::
L.t Factor VLTFS like (A2L)/NCVOG0262 516303263 (Phycodnaviridae) /34/264 L
o 0516304304:35% (D over 33%:, score [134-125]: ERV202, Mollivirus, EsV-1, Chlorovirus, no other EhV.. -0
- 516305311::35% 1D over 53%, - score {102-99]: - ACTV-Br0604L, Guilliardia Theta, Chloroviruses -0
L. €d00127, DSPe, Dual specificity 516303124, 516304931, 516304951 3 Lausannevirus (Marseillevirus family) o
______________ phosphatses (DSP); Ser/Thr and Tyr protein 516303141 /41/149 AR
-l phosphatases/NCVOG0040 SRR

............... All these « best-matching » cases are fluctuating, borderline, and compatible with |

--------------- - old HGTs from ancestors of known viruses

............... - recent HGTs from unknown viruses from known families

- all scenarios in between
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| Figure 3 Maximum-Likelihood trees of DNA-directed RNA polymerase. A, alpha subunit. B, beta subunit. The designations are as in Figure 2.
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~* Ribonucleotide Reductase (smallsub):









RIS Pandora salinus and EAV86 shuffied (1000 files) L L L
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o Cafeteriavirus (CroV,:2010) i



... Phycodnaviridae

S Acanthocystis turfacea Chlorella virus 1
Aureococcus anophagefferens virus
Bathycoccus sp. RCC1105 virus BpV1
Chrysochr ina ericina virus
Ectocarpus siliculosus ™o
Emiliania huxleyi virus 86
Feldmannia species virus
Micromonas sp. RCC1109 virus MpV1
Ostreococcus lucimarinus virus 1
Ostreococcus lucimarinus virus 2
Ostreococcus lucdmarinus virus 7
Ostreococcus mediterraneus virus 1
Ostreococcus taur virus 1
Ostreococcus tauri virus 2
Ostreococcus virus OsV5
Paramecium bursaria Chlorella virus 1

Paramecium bursaria Chlorella virus AR158 .
Paramecium bursaria Chlorella virus FR483 :

Paramecium bursaria Chlorella virus NY2A
Phaeocystis globosa virus

Yellowstone lake phycodnavirus 1
Yellowstone lake phycodnavirus 2
Yellowstone |lake phycodnavirus 3

283047 nt
370920 nt
198519 nt
473558 nt
335593 nt
407339 nt

184095 nt
194022 nt
196300 nt
182309 nt
193301 nt
191761 nt
184409 nt
185373 nt
330611 nt
344691 nt
321240 nt
368683 nt
459984 nt
178262 nt
171045 nt
171454 nt

NC_008724
NC_024697
NC_014765
NC_028094
NC_002687
NC_007346
NC_011183

NC_014766
NC_028091
NC_028093
NC_028092
NC_013288
NC_014789
NC_010191
NC_000852
NC_009899
NC_008603
NC_009898
NC_021312
NC_028112
NC_028110
NC_028108

Mega/Mimiviridae

Mega/Mimiviridae

Mega/Mimiviridae |




- Mimiviridae
= Acanthamoeba polyphaga mimivirus 1181549 nt NC_014649

Acanthamoeba polyphaga moumouvirus 1021348 nt NC_020104
Cafeteria roenbergensis virus BV-PW1 617453 nt NC 014637

Megavirus chiliensis 1259197 nt NC_016072
Megavirus |ba 1230522 nt NC_020232
Megavirus terral 1244621 nt NC_023640
Mimivirus terra2 1168929 nt NC_023639

Yellowstone [ake mimivirus 73689 nt NC_028104
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https://www.ncbi.nlm.nih.gov/pubmed/26459929

-~ LOCUS'NC 023640 1244621 bp  DNA linear VRL 06-MAR-2014









DNA PolB
NJ, 730 s, JTT

100

100

m Megaviridae PgV Prymnesiovirus Phaeocystis globosa )

100

Sm Megaviridae CeV Prymnesiovirus Haptolina ericina virus

Sm Megaviridae OLPV2 Organic Lake Phycodnavirus

Sm Megaviridae OLPV1 Organic Lake Phycodnavirus

Sm Megaviridae AaV Y,

100

Mimiviridae CroV Cafeteria roenbergensis virus
Mimiviridae APMV

100

100

s \imiviridae Megavirus chilensis

100

99

s Mimiviridae Megavirus LBA

Coccolithovirus En\VV86

Coccolithovirus EhV203 Coccolithovirus
Coccolithovirus EnV202

100

ChlorovirusATCV1

100

Chlorovirus FR483

100

Chlorovirus PBCV-1 Chlorovirus
Chlorovirus AR158

100

Chlorovirus NY2A il

99
100

100

100
100

100

100

98

100

100

Yellowstonelake 1

Yellowstonelake 2 ] 297

Unclass Prasinovirus OtV1
Prasinovirus OmV1
Unclass Prasinovirus OsV5
Prasinovirus OIV2

Unclass Prasinovirus OtV2
Prasinovirus OIV1
Prasinovirus OIV7
Prasinovirus MpV1
Prasinovirus BpV1
Phaeovirus EsV-1

100

s Phaeovirus Fs\ Feldmannia species virus Phaeovirus

—— Phaeovirus FirrV Feldmanniairregularis virus

Megaviridae
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Five equidistant clades::
‘Mega/mimiviridae
‘Coccolithoviruses
Chloroviruses: i
- Prasinoviryses
‘Phaeoviruses




Virus Genome Virion RNA pol [ DNA pol| DNApol | MutS7 | GC%
Size (kb) @ (nm) size Intein
sl 150 : : :

Chloroviruses 288-368 =900 40%

182-196 125 - =900 . - 45-48%
154-335  120-150 - 1,000 . i 53%
405 175 + 21,000 i i 40%
370-474  150-300 + 21,600 +/- N 3%
730-1,26  300-700 + =170 + v 2630%



BN Chlorovirus

Prasinovirus <40 >73 <32 <37 <29 <31 SN

Phaeovirus <32 <32 >44 <34 - - RS

Coccolithovirus E€E <37 <34 >92 <33 - SN

SmMimiviridae [E€E; <29 - <33 >45 >41 el

Mimiviridae <24 <31 - - >41 >65 R
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ot The lack of a coherent policy makes « manual » |-

SRR RSHPH data mining a nightmare TR PRPRRN

SRR PSS and automated data mining impossible B PRP PSS




% Thank you for
: your attention.

Dr. Chantal Abergel



