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Why and how do we study viruses
of microbes? ‘

Oceans — patterns, processes and paradigms
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How can we study viruses?
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Viruses in the global oceans
Patterns, Processes, Paradigms
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Tara Oceans:
A 30+ Pl international consortium

The Tara:
Our research




Most (90%) of what
we observe IS
unknown

Known

New to science

Brum, Ignacio-Espinoza, Roux et al. 2015. Science. 348: 1261498



_Cataloging viruses — gIobaIIy

{ ( 1 picture ~ 1000 known viruses of microbes )
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Patterns: Genome-enabled virus tracking
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Genomic tracking: Viruses ‘ride’ ocean currents
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Viruses impact processes through

metabolic reprogramming by AMGs*™
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Mann et al. Nature. 2003.
Millard et al. PNAS. 2004
Lindell & Sullivan et al. PNAS. 2004.
Lindell et al. Nature. 2005, 2007 .
: Clokie et al. EM. 2006.
S Sullivan & Lindell et al. PLoS Biology. 2006
— Dammeyer et al. Curr. Biol. 2008.
Sharon et al. Nature. 20009.
Sullivan et al. EM. 2005, 2010.

* AMGS — AUXiIiaI'y MetabOIiC Genes Fridman et al. Nature Microbiol. 2017 .



“Virus” Photosynthesis

Beware "AMGSs” not

clearly on viral contigs!

Enault et al. 2017. ISMEJ. 11: 237-247.
Roux et al. 2013. Open Biology. 3: 130160.
[Tool = DRAM-v, Shaffer et al. 2020. NAR
SOPs = Pratama et al. 2021. PeerJ ]

H,0 02 RATE LIMITING
1. Photosynthesis is required STE PS

2. PsbAis replaced every ~30 mins.
3. Host transcription/translation shut-down

HYPOTHESIS: Phage (in)directly Mann et al. Nature. 2003

Lo Millard et al. / Lindell & Sullivan et al. PNAS. 2004
boost PSII activity Sullivan et al. PLoS Biol. 2005 / Mann et al. J. Bact. 2005
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Paradigms?
#1 — virus sequence space



Can we, and how do we identify
viral ‘populations’ in environmental data?

The paradigm: viral genomes are subject to rampant
mosaicism, so continuum expected

Virus mutation rates:
SSDNA + RNA viruses >>> dsDNA viruses

|
iiii;}ll _these are “species’

A continuum Discrete populations

Deng & Ignacio-Espinoza et al. 2014. Nature; Brum et al. 2015. Science; Gregory et al. 2016. BMC
Genomics; Duhaime et al. 2017. Frontiers in Microbiology; Gregory & Zayed et al. 2019. Cell.



Paradigms?

#2 — the ocean C pump



Genomic tracking: Viruses ‘ride’ ocean currents

SW N
Monsoon
rrent

cu
'52
/O
S 67

Atlaﬁtic Ot () O64
bp mapped per kb of genome Gyre 68 = )

‘ ~ Oy
per Mb of metagenome _ \ 66 65 ‘éAgulhas Arabian

............. Agulhas _current.

.8-1.0 RS
,0-0. iy 20 82 ring formation
4-0. 4-16E% :
——0.6-0.8 =m——>16 z > Antarctic Cape Agulhas
Circumpolar

= surface to surface O current (Africa)
DCM to DCM =T 785

=) SUrface to DCM

==y DCM to surface

g =) dominant current A

Brum, Ignacio-Espinoza, Roux et al. 2015. Science. 348: 1261498




Viruses ‘sink’ at many stations — why ?
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Paradigm:

Viral lysis increases recycling of organic matter

bacteria and
phytoplankton

viruses

Reviewed by Weinbauer. 2004.



Paradigm:
Viral lysis increases recycling of organic matter
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Paradigm:
Viral lysis increases recycling of organic matter
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Alternative hypothesis:
Viral lysis increases export via aggregate formation
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Alternative hypothesis:
Viral lysis increases export via aggregate formation
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test by ‘genes-to-ecosystems’ modeling T/.\R/.\
using Tara Oceans data OCEANS

Plankton networks driving carbon
export in the oligotrophic ocean

Lionel Guidi>?*, Samuel Chaffron®*°*, Lucie Bittner®’8*, Damien Eveillard”*, Abdelhalim Larhlimi®, Simon Roux!°+,
Youssef Darzi**4, Stephane Audic®, Léo Berline't, Jennifer Brum!%f, Luis Pedro Coelho!, Julio Cesar Ignacio Espinoza'?,

Shruti Malviya’+, Shinichi Sunagawa'!, Céline Dimier®, Stefanie Kandels-Lewis!'?, Marc Picheral!, Julie Poulain'?,

Sarah Searson®?, Tara Oceans Consortium Coordinators#, Lars Stemmann!, Fabrice Not®, Pascal Hingamp'#, Sabrina Speich!,
Mick Follows'®, Lee Karp-Boss"”, Emmanuel Boss'®, Hiroyuki Ogata!®, Stephane Pesant?®-?!, Jean Weissenbach!321-22,

Patrick Wincker!®?h22, Silvia G. Acinas®?, Peer Bork'®?*, Colomban de Vargas®, Daniele ludicone?, Matthew B. Sullivan!®f,
Jeroen Raes>*°, Eric Karsenti”'4, Chris Bowler’ & Gabriel Gorsky"

Guidi, Chaffron, Bittner & Eveillard et al. 2016. Nature. 532: 465-70.

Lucie Bittner Samuel Chaffron Lionel Guidi Damien Eveillard




Which organisms drive carbon export in the oceans?
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Deng et al. 2014. Nature. 513: 242-245. Carbonﬂux (mg.m2.d")
Brum et al. 2015. Science. 348: 1261498.
Roux et al. 2016. Nature. 537: 689-693.
Gregory et al. 2019. Cell. 177: 1109-23.

Genes-to-ecosystems modeling:
Guidi et al. 2016. Nature. 532: 465-70.



That was all DNA viruses ...

what about RNA
viruses?

(likely more impt for eukaryotes)



RNA virus discovery, doubles known phyla

Oceans have ALL 20 classes,

‘00\
. O Phylum support

49/103 families (99.7% new spp) - Domain enrichment

+ 5 new RNA virus phyla \\ -l SUBTE

5 .
o“\i\o

Z WP ‘\@’bé\

SEE::Z ;/’) fz g (@ /-
‘,/fOCEAh}‘r

2100 u!Ans!d
<
0/0/
617,’7 .
o,
%
Q’ "
g
s,

s, Yoo, g, >
oy, i,
C'Ola'. oy 001:9 % ~
’J’/;;oW > =
en Cles
o o~ ‘9’1//}7'00,8
: Reverse transcri i !
¢ o4 e STim). SRR ptases iviricota
P e 00— T 1 |158) Sl O T L — " jvin
i Pom
®
I
,M Bootstrap support e
FRll avericn @® 70-80 Arctiviripogs »
@ 80-90
) . 90 - 100 ofd"
e ESs @ vTara\“”cOt
\‘\ NORTH ATLANTIC, ..~ g
- OCEAN , ~" §
) = S Soe” 20N, 30W
g e - T8 ;

) ‘ » New, this

study
28 Tb = 44K contigs = Known
6,686 “complete” RdRp

sequences

Taraviricota
Zayed, Wainaina & Dominguez-Huerta

(widespread+origin of life)
Also see “ecology” companion paper =
et al. 2022. Science. 376: 156-162.

Dominguez-Huerta & Zayed et al.
2022. Science. 376: 1202-8.
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