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Ecological importance of viruses
Ubiquity

Culturable

Large abundance

http://www.virusecology.org/MOVE/Method%206.html

Global impact

http://www.uwsp.edu/geO/faculty/ritter/geog101/text
book/earth_system/biogeochemical_cycles.html
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Metagenomics

Environmental sample: uncultured phages

Environmental phage DNA How many are they?

Who is there?

What do they do?

Taxonomy

Function

Diversity

16S rDNA
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http://www.gma.org/herring/biology/distribution/comparing_oceans.asp

Diversity

● Diversity types:  ,  ,   

● ­diversity: richness, evenness, indices

● Shannon­Wiener index:












H ' =−∑
i=1

S

r i ln r i

S: richness
ri : relative abundance 
of the i th species


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Hypothesis and plan

Is it possible to estimate viral diversity from 
metagenomes? If so, how?

1. ­diversity (PHACCS)
2. ­diversity (MaxiPhi)
3. Average genome length (GAAS)
4. Diversity workflow
5. Environmental viral diversity
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­diversity

PHACCS
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-diversity from metagenomic data

-diversity: local diversity (one sample)

­diversity estimates

1. Assemble metagenomic sequences

3. Assume that only sequences from
the same species form contigs

2. Count the number of contigs

4. Model diversity: the more abundant 
a species, the larger the number of its 
sequences forming contigs

Circonspect
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Generalized Lander-
Waterman equations

Angly et al. 2005

PHACCS

Assumptions:

● No chimeric contigs

● Rank­abundance 
distribution

● Genomes have an 
average length

ni : expected number of 
sequences for species i

wq i  : probability that a 
sequence of species i is in 
a contig of size q

cq =∑
i=1

M

ni wqi

Phage communities from Contig Spectrum

Assumed community structure
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Community structure and diversity
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­diversity

MaxiPhi
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­diversity from metagenomic data

● -diversity: difference in diversity between several samples

Cross­contig spectrum

­diversity estimates

Circonspect
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MaxiPhiMaxiPhi

Angly et al. 2006
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Modeling ­diversity
● Percent shared and percent permuted

●Case 1 ●Case 2 ●Case 3
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Average genome length

GAAS
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Genome length of different organisms 

Microbes
and

viruses
Data compiled from the ICTVdb, NCBI RefSeq, Microbe Wiki, Fungal Genome Size Database, 
Plant DNA C­values Database and Animal Genome Size Database

http://www.pcvd.org/

http://www.microbiologybytes.com/vir
ology/Mimivirus.html
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GAAS
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Genome length in the environment
● Variability between biomes

● Variability within biomes

● Variability within sample

G
A

A
S

(soil)

Angly et al. In revision

Meta­analysis of 174 metagenomes

Sargasso Sea virome 
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Diversity workflow
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Diversity workflow
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­diversity workflow implementation
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Environmental viral diversity
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-diversity of four viromes
● PHACCS estimate of community structure and diversity

Scripps Pier Water

Mission Bay 
Sediments

Mission 
Bay Water

Human Feces

Angly et al. 2005
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Marine latitudinal gradient of diversity

● The latitudinal richness gradient is the most documented pattern:
Higher diversity close to the tropics

● Affects macroorganisms 
(Hillebrand et al. 2004), 
microorganisms (Pommier 

et al. 2007, Fuhrman et al. 2008)

● Affects viruses?

● How universal are the 
rules that govern the 
distribution of life on 
Earth?

North­South 
latitudinal 
gradient 5,140

532

15,400

Viral richness in the oceans 

Angly et al. 2006
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Marine ­diversity
●Viruses are dispersed 
world­wide

● “Everything is 
everywhere”

●Marine viruses are 
cosmopolitan but the 
environment selects!

Angly et al. 2006
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Diversity in the Line islands coral reefs

Atoll

0 8,380

Palmyra 20 17,100

1,000 24,800

5,100 102,000

Human 
population

Viral 
richness

Kingman

Tabuaeran

Kiritimati

Sandin et al 2008

Viral ­diversity

Plot by Steve Rayhawk
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Conclusions

● Metagenomics is well suited to investigate the diversity of 
uncultured viral communities

● Novel computational methods: GAAS, Circonspect, PHACCS, 
MaxiPhi

● Publicly available tools and integration into easy­to­use software 
workflow

● Diversity methodology does not require similarities to databases

● Viral diversity may follow the same patterns of diversity as 
microorganisms and macroorganisms

● As more and more viral metagenomes are sequenced, the 
metagenomic diversity workflow will be used to analyze the 
global virome and estimate Earth's total viral richness
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Viral metagenome locations
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