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Metagenomics

Environmental sample: uncultured phages

.
N

Environmental phage DNA

Who is there?

What do they do?

How many are they?

16S rDNA

Taxonomy

Function
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Diversity

Diversity types: «, B, y

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

«-diversity: richness, evenness, indices
S: richness
r.: relative abundance

[ [ S
Shannon-Wiener index:  rr+ _ _Z rinr,
i=1 of the i " species
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Hypothesis and plan

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

1. «-diversity (PHACCS)

2. B-diversity (MaxiPhi)

3. Average genome length (GAAS)
4. Diversity workflow

5. Environmental viral diversity
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x-diversity from metagenomic data

o-diversity: local diversity (one sample)

Metagenome

1. Assemble metagenomic sequences

_ 1-contig
2. Count the number of contigs
2-contig
3. Assume that only sequences from .
. : 3-contig
the same species form contigs
4. Model diversity: the more abundant Contig 114 4 : 00..]

spectrum

a species, the larger the number of its
sequences forming contigs x-diversity estimates




nput:

Contig spectrum and

various parameter

s

HACCS

Phage communities from Contig Spectru

Generalized Lander-

Assume a rank-

-

abundance function *

Assume a total numben Assume a model
of genotypes *

Waterman equations
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pes

Change the total number of genoty

nunity structure

parameter ** J #
T

Predict the contig
spectrum

|

Compute error between
actual and predicted

contig spectrum

Change the model parameter

Minimum error for this
mumber of genotypes?

Mininum errvor for this
rank-abundance function?

Angly et al. 2005

v

Cutput for each fiinction:
- Rank-abundance
model
- Diversity estimators

M
Cq = Z niwqi
=l

n.: expected number of
sequences for species i

w,, : probability that a

sequence of species /is in
a contig of size g

Assumptions:
* No chimeric contigs

 Rank-abundance
distribution

* Genomes have an
average length
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Community structure and diversity

A

‘/-- Most abundant genotype

Shape of the curve =
rank-abundance form

Inflexion of the
curve = evenness

Richness
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U
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Genotype Rank
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_ D
B-diversity

MaxiPhi
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B-diversity from metagenomic data

» p-diversity: difference in diversity between several samples

Cross-contig spectrum

Metagenome 1 Metagenome 2

Cross-contig 52100..]
spectrum

pB-diversity estimates




Characterization of environmental viral diversity using metagenomics
Monte-Carlo grid
" " Stelxrt with a For each point on the grid, all
aX I I 23';3“ E}?ﬁuted steps are repeated 800 times and
509;: Ehared 4« an average ¢, and standard

deviation &, of the number of g
cross-contigs are calculated.

Rank-abundance curve l 100

predicted by PHACCS p = % permuted

5
Metagenome #1 - — _
[ ™

¥ L
. Randomly shuffle the 30% most Randomly pick 50% of the
’ 1 2 3456 ""? 8";10 abundant genotypes to be genotypes to be shared from
permuted from metagenome #1 metagenome #1

Abundance (%)

Abundance rank

40 40 -

20
10

20 .
10 -
0 —— '
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Abundance (%)

—_
=
=
—
W
e
c
I}
°
c
=1
=
<L

1

.H\ ) /

Metagenome #2 —————_ _ Randomly draw sequences \f
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Abundance rank

.

. \ LT e

12345 v |
Abund k

undance ran u“iuu l mm“‘ l‘ N

The overlaps from the simulation
are used to construct a
simulated cross-contig spectrum

Abundance (%)

Observed cross-contig
spectrum
[101100...]

The likelihood at the chosen % shared and %
permuted is determined as the sum of the
variance-weighted squared deviations from

the observed cross-contig spectrum {"..f,

'__ - .,
(C g —€q)

InL(s,p)=-2. —
Angly et al. 2006 g Y
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Modeling g-diversity

« Percent shared and percent permuted

Environment 1
(e.g., SAR)

[
o
c
©
T
c
=
2
©

Environment 2
(e.g., BBC)

abundance
abundance
abundance

rank rank rank
Relative abundances New genotypes are
are changing introduced and/or others

= percent permuted are lost
= percent shared

Assemblages
are the same

percent shared
percent shared
percent shared

percent permuted percent permuted percent permuted
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Average genome length

CTAVANS
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Genome length of different organisms

Genome length (bp)

10°

Animals Plant-

http://www.mic'f" olf:

ology/Mimivirus.ht ¥

Fungi
Protists

Endosymblobe

http://wwv&.p'cvd.org/ :

Archaea

Phage * Leuconostoc phage LS M iCrObeS
Eukaryotic ] _ and
viruses = z ViruseS

Data compiled from the ICTVdb, NCBI RefSeq, Microbe Wiki, Fungal Genome Size Database,
Plant DNA C-values Database and Animal Genome Size Database



GAAS

Metagenome

genome
l' database

target sequence

BLAST

query sequence

Filter out weak *
similarities

} o

. * %
Keep & weight sequence j, keep
all similarities all the similarities
‘ to genomes J but

target sequence

For each query

give similarities a
weight that has a
statistical meaning:

w; o« Kk;/E;

Relative
abundance

‘ w; : weight

Average
genome length

E i E-value
k,.: constant

Characterization of environmental viral diversity using metagenomics

Complete * Cutoff alignment E-value, identity percent,
and relative length

50% relative size

|

Normalize by genome length
Environment

) )
! |
L \
1f 4
A0 l
A

Same relative abundance

Metagenome

—.

larger genome
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Genome length in the environment

 Variability between biomes
Meta-analysis of 174 metagenomes y

100,000 000 » Variability within biomes

 Variability within sample

10,000

Relative

abundance SargaSSO Sea virome
1,000

Average = 19.9 kb
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Viruses | Bacteria & Archaea Protists

B Aquatic @ Host-associated V¥ Sediments P Terrestrial (soil)

Genome length (kb)

Angly et al. In revision
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Diversity workflow
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Diversity workflow

Metagenomes

7 X

CIRCONSPECT GAAS

Cross-contig spectrum Average genome size
Contig spectra

PHACCS

Alpha diversities

MAXIPHI

Monte-Carlo simulation
Beta diversity
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[ 1 |
Home

Browse Data ’f Data Analysis { Submit Data || Get Help
K

Activities User Projects All Projects Create Project Workflows BLAST Wizard Expert(Advanced) BLAST
File  Edit  Wiew ‘Workflow Tools  Window Help

@& K|Q I P>|I1|@ = p=suic) [ &

Camponents Data

Execute Workflow: Alpha Diversity (Rohwer) Workflows Menu:
M
Search
* New Workflow
SR BRI W s Current Jobs
Search Reset T Download documentation Sl o Bhuah

Components PN Director Alpha diversity is the biodiversity within a particular area, community or ecosystem, and el b

Data Input is usually expressed as the Species richness of the area. This can be measured by

Data Operation counting the number of taxa (distinct groups of organisms) within the ecosystem (eg.

Data Output families, genera, species). However, such estimates of species richness are strongly

Director influenced by sample size, so a number of statistical techniques can be used to correct CAMERA supported

Q) pE Director for sample size to get comparable values
@ CT Directar

@ DDF Directar

@ PM Director Default Parameters Advanced Parameters
@ SDF Directar

File Syztem

AtachedpFile
Ceneral Purpose - filelnputk
Warkilow I 1= SSequenceFileName p—r JobName |[My Workflow 07/11/2009 0

—
i 5

Projects - e

Dizciplines f> Size

Statiztics v

. Circonspect

E}Min metaG couerage*— Trim Size

Z

o Seed ) Min Coverage

Repetitions

0 results found. Size |lOOO

Seed |644715020

Fasta File 1 B Select sequence

Parameters

type |power

| Submit Workflow! |

July 11, 2009
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Environmental viral diversity
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x-diversity of four viromes

« PHACCS estimate of community structure and diversity

Best rank- Power law Soweriaw Lognormal, logarithmic,
abundance form i power law & exponential *

Model equation nj= 0.0203 x i-0.641 | n; = 0.0263 x i-0.728 nj=1.36 x 10 -4 nj = 0.0480 x i-0.783
Richness 3350 genotypes 7180 genotypes 7340 genotypes 2390 genotypes
Evenness 0.932 0.900 1.00 0.873

Most abundant
genotype

Power law

2.03% 2.63 % 0.0136 % 4.80 %

Shannon-Wiener

: 7.57 nats 7.99 nats 8.90 nats 6.80 nats
index
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SP Scripps Pier Water

1000 2000 3000 4000 5000 6000 7000 8000

Ranked genotypes
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)

e Affects viruses?

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

Viral richness in the oceans
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Marine p-diversity

\iruses are dispersed
world-wide

«“Everything is
everywhere”

e Marine viruses are
cosmopolitan but the
environment selects!
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Viral pg-diversity for four marine regions

Percent of
maximum
likelihood

0.2 0.3 0.4 0.5 0.6

Fraction Permuted

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

Atoll Human Viral Viral g-diversity
population richness
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Fraction of most abundant genotypes permuted

Sandin et al 2008 Plot by Steve Rayhawk



uncultured viral communities &

AR

lL/ v
SHACES,

Novel computational methods: GAAS, Circonspect,
MaxiPhi

Publicly available tools and integration into easy-to-use 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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