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Outline of the Talk

• Introduction to viruses
• Why viruses rule the sea
• Why viral diversity matters
• Vignettes of some of our work:

1. RNA viruses

2. Isolation of new virus-host systems

3. Fractionation of cells and Viruses
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WHAT ARE VIRUSES?

Sir Peter Medawar (1915-1987)
Nobel Prize 1960

André Lwoff (1902-1994)
Nobel Prize 1965

Let’s ask some experts
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WHAT ARE VIRUSES?

Sir Peter Medawar (1915-1987)
Nobel Prize 1960

A VIRUS IS A PIECE OF 
BAD NEWS WRAPPED 

IN PROTEIN

André Lwoff (1902-1994)
Nobel Prize 1965

A VIRUS IS A VIRUS!

Let’s ask some experts
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Cellular Life

EukaryoteProkaryote
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Cellular Life

EukaryoteProkaryote

Archaeon

© Gert Hansen Heterocapsa rotundata

Bacterium
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Cellular Life

EukaryoteProkaryote

Archaeon

© Gert Hansen Heterocapsa rotundata

Bacterium

Can we call viruses “acellular”?
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Viruses are also “cellular”

© Xiangan Liu et al.

Cyanophage P-SSP7Influenza virus

© Cynthia Goldsmith

But these “cells” have no metabolism
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What are viruses?

• Infectious agents that can 
replicate only inside a host 
cell 

• Relatively simple:
• A set of instructions 

(DNA or RNA)
• A protective coat
• No motility
• No metabolism

Bacteriophage Epsilon 15
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A fundamentally 
Different Lifestyle

Prokaryotes and Eukaryotes: Replication by fission
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Many shapes and Sizes

Siphovirus
(bacteria)

Tobamovirus
(Tobacco plant)

Influenza
(Humans, birds, 

pig, seals)

Calicivirus
(vertebrates)
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The continuum of extrachromosomal 
Genetic Rebels

• Tranposons and Inteins - no direct 
mechanism of cell entry or exit (must hitch 
a ride)

• Plasmids - direct transfer between hosts, no 
explicit extracellular stage

• Viruses - cell entry and exit mechanisms 
with extracellular stage and distinct 
phenotypes
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So, Ecologically, what 
are viruses?

•Predators?

•Pathogens?

•Symbionts?
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Modes and Consequences 
of Infection
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Modes and Consequences 
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Transduction

Toxin Production

Infection Immunity

New Enzymes

Lysogenic Conversion

Many marine bacteria harbor prophages
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Modes and Consequences 
of Infection

Transduction

Toxin Production

Infection Immunity

New Enzymes

Lysogenic Conversion

Many marine bacteria harbor prophages

Parasitoid Mutualism
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INFECTION 
CAN BE 
LETHAL 

AND UGLY

Turtle Herpesvirus
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INFECTION 
CAN BE 

BEAUTIFUL

Vase of Flowers (detail)   –Jan van Huysum 1722
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Can viruses 
make us 
human?

Image by Jane Ades, NHGRI

Apparently, YES!
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Can viruses 
make us 
human?

Image by Jane Ades, NHGRI

essay by L.P. Villareal (2004)
Proc. Am. Phil. Soc.

Apparently, YES!

Friday, June 29, 2012



Eukaryota

Where Are the Viruses?  
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Eukaryota

Where Are the Viruses?  

Virus
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Viruses RULE the sea!!

• They are abundant
• Every living thing is subject to viral 

infections (from bacteria to whales)
• They affect biogeochemical cycles
• They drive evolution 
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Viruses dominate the 
plankton
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Viruses dominate the 
plankton
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The Motivation
Studying Viral Diversity in the Sea

• Many viruses infect only one species or even only 
one strain within a species

• Some viruses have broad host range

• Occasionally, viruses can mutate and “jump” hosts

Viruses are relatively host specific
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Viruses Kill plankton

Infections of Bacteria
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Viruses Kill plankton
Infections of Protists

Uninfected Infected

Uninfected Infected

E. huxleyi

Chrysochromulina spp.
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The Motivation
• Viruses make things HAPPEN!:

• Mortality
• Horizontal Gene Transfer
• Lysogenic Conversion

Studying Viral Diversity in the Sea
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The Motivation
• Viruses make things HAPPEN!:

• Mortality
• Horizontal Gene Transfer
• Lysogenic Conversion

CTXØVPIØ

Pili

Flagellum

Cholera Toxin

Chromosome

Studying Viral Diversity in the Sea
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>1 billion infections per day 
in each cubic meter
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To Understand the 
ecology of the 

plankton
Need to know the 

“Extended Genotype”

>1 billion infections per day 
in each cubic meter
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Marine Viral Ecology Lab
(MarVEL)

Alex Culley 
 

Olivia Nigro 
 

Gordon Walker Jackie Mueller Chris Schvarcz 

La’Toya James 

Teresa Porter 

Shaun Giancaterino 

Marine Virus Team

Vibrio Ecology Team
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MarVEL Projects

• RNA viruses - rising stars

• New host-virus systems - a growing appreciation

• Physical Fractionation - a new dimension

(selected)
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What about RNA 
viruses?

Friday, June 29, 2012



Most work has been done on 
DNA-containing viruses

• DNA easier to work with
• RNA viruses were assumed to be rare

• assume most are bacteriophages

• most phages contain DNA

• Metagenomic surveys seem to confirm this 
(95% of recognizable sequences are phage-like)
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Tree of the known Picornavirales based on RdRP
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Find Conserved Regions 
to design Primers
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Tree of the known Picornavirales based on RdRP
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Tree of the known Picornavirales based on RdRP
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Do RNA viruses Matter?

• Picorna-like viruses very common
• RNA viral metagenomes dominated by 

picornavirads and other eukaryote-infecting 
types

• No RNA-containing phages!

Are RNA viruses bit players or major stars 
in the pageant of the sea?
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Fractionation of Viruses in 
CsCl gradient

Fraction 11

Fraction 19

Extract and Quantify 
DNA and RNA from 

each fraction
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Virus Density Range
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From nucleic acid mass 
to viral abundance

Assume:
RNA viruses are single-stranded and average 8 kb
DNA viruses are double-stranded and average 50 kb
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From nucleic acid mass 
to viral abundance

Date 01 Aug 2009 07 July 2010 08 July 2010

RNA Virus 2.98 0.33 0.28

DNA Virus 1.62 0.62 0.30 Average

% RNA Viruses 65% 35% 48% 49%

Genome Copies (billions per liter)
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DNA viruses are double-stranded and average 50 kb
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From nucleic acid mass 
to viral abundance

Date 01 Aug 2009 07 July 2010 08 July 2010

RNA Virus 2.98 0.33 0.28

DNA Virus 1.62 0.62 0.30 Average

% RNA Viruses 65% 35% 48% 49%

Genome Copies (billions per liter)

Assume:
RNA viruses are single-stranded and average 8 kb
DNA viruses are double-stranded and average 50 kb

We have been missing HALF of the viruses in the sea

Friday, June 29, 2012



Cultivation of 
Virus-Host 

Systems
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Cultivation Highlights

First genome of a pathogenic Vibrio vulnificus

500 nm 

Vibrio vulnificus 

50 nm 

VvAW1 
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50 nm 
20 µm 

Cylindrotheca closterium 

First genomes of viruses infecting pennate diatoms

Cultivation Highlights
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Smallest and largest viruses yet reported for marine phytoplankton

1 µm
Raphidophyte

Cultivation Highlights
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400 nm 
Florenciella spp.

Smallest and largest viruses yet reported for marine phytoplankton

1 µm
Raphidophyte

28 nm

Cultivation Highlights
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