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Metagenomics
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“Tapping into this sourceTapping into this source 
should be a great, joint 
adventure  for biologists 
and chemists”

Chemistry and Biology, Oct 1998
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Chemistry and Biology, 
Oct 1998

Chemistry and Biology, Oct 1998
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“The excitement surrounding this new field lies in the vast“The excitement surrounding this new field lies in the vast
diversity of unknown soil microflora and the chemical richness
that they are thought to contain”

“The methodology has been made possible by advances in molecular 
biology and eukaryotic genomics, which have laid the groundwork for
cloning and functional analysis of the collective genomes of soil 
microflora, which we term the metagenome of the soil”

Daughter of metagenomics….

Plus combinatorial chemistry, HTP proteomics, other 
advances in databases and thinking…
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Issues in design & analysis

Focus on deep sequencing  
Does it work?

Metadata

Assembly vs. mapping

Measuring diversity (rDNA) vs. function (enzymes)

OTU‐based analysisOTU based analysis

Gene‐based analysis
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NextGen sequencing has less bias than cloning

Brulc et al. PNAS 2008

Replication of community diversity 
estimates with Illumina short reads

Caporaso et al. PNAS 2010
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Replication of community diversity 
estimates with Illumina short reads

Caporaso et al. PNAS 2010

Sequencing platform comparison
(per minimum unit: plate/lane/chip) 

454: ~400 bp length, several hundred thousand 
reads

Illumina (GA/HiSeq): 120 bp, 30 million/150 
million reads

ABI Solid: 75 bp max, total output ≥ Illumina
hi h t f ft ti‐highest accuracy, fewer software options

Ion Torrent: 200 bp, 4‐8 million reads
‐fast
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Sample preparation

Filtration

Extraction biases exist (use a consistent method) 
Amplicons vs. whole genome

‐ limitations of universal primers

Normalization of RNA (transcriptomics) 
Library preparation for NGS can be difficult, talk 
with your sequencing center

Rarefaction curves estimate completeness

Qin et al., Nature, 2010
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Rarefaction curves estimate completeness

Qin et al., Nature, 2010

Multiplexing / Barcoding

Independent sequencing libraries run together
identified by distinct adaptor primers‐ identified by distinct adaptor primers

‐ divides basic sequencing run into multiple subsets 

Applications:
‐ Biological replicates (key for statistical 
comparisons) 

‐ Time series

‐Multiple treatments
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Collection of metadata

Submission of metadata
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Various authors, 2007
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(Rusch et al., Plos Biol 2007)
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(Rusch et al., Plos Biol 2007)

(Rusch et al., Plos Biol 2007)
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(Rusch et al., Plos Biol 2007)

(Rusch et al., Plos Biol 2007)



10/5/2011

15

(Rusch et al., Plos Biol 2007)

(Rusch et al., Plos Biol



10/5/2011

16

(Rusch et al., Plos Biol 2007)

(Rusch et al., Plos Biol 2007)
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‘North America’ ‘Sargasso’

(Rusch et al., Plos Biol 2007)

(Pelagibacter ubique strains)

(Rusch et al., Plos Biol 2007)
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(Rusch et al., Plos Biol 2007)
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(Warnecke et al., Nature 2007)

(Warnecke et al., Nature 2007)
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(Warnecke et al., Nature 2007)
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(Rosenthal et al, ISME, 2011)

(Rosenthal et al, ISME, 2011)
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SCIENCE VOL 320 20 JUNE 2008

(Ley et al., Science, 2008)
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(Ley et al., Science, 2008)

(Ley et al., Science, 2008)
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Vol 464|4 March 2010| doi:10.1038/nature08821

Qin et al., Nature, 2010
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Qin et al., Nature, 2010

Qin et al., Nature, 2010
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Ley et al., NATURE|Vol 444|21/28 December 2006                   BRIEF COMMUNICATIONS

(Arumugam et al., Nature, 2011)
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(Arumugam et al., Nature, 2011)

(Arumugam et al., Nature, 2011)
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(Arumugam et al., Nature, 2011)

(Arumugam et al., Nature, 2011)
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(Arumugam et al., Nature, 2011)
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HONEY BEE PARASITES

AND MORE HONEY BEE PARASITES



10/5/2011

31



10/5/2011

32

CCD TRAITS
‘RAPID’ WORKER LOSS

NO DEAD BODIES
EARLY SPRING

PATCHY IN SPACE/TIMEPATCHY IN SPACE/TIME
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HORIZONTAL TRANSMISSION  +  STRESS? 
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IDENTIFICATION OF CANDIDATES TO PURSUE
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ISRAELI ACUTE PARALYSIS VIRUS, IGR PHYLOGENY

Palacios et al., 2008

H1N1 INFLUENZA PHYLOGEOGRAPHY, 2009
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1)   Identification of Candidates to Pursue

(Cox-Foster et al., Science, 2007)

(Cox-Foster et al., Science, 2007)
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Viruses American foulbrood

Beenomics
2011

ABPV
BQCV
CBPV
DWV
IAPV
KBV
SBV
VDV

Nosema ceranae

American foulbrood
bacterium

9/9/11

Nosema apis

Varroa mitesChalkbrood fungus

(Martinson et al., Molecular Ecology, 2011)
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Varroa draft assembly 1.0

ILLUMINA CCD +/- survey

Healthy (n=63) and collapsed (n=61) colonies sampled in 
2007 from eastern and western U S2007 from eastern and western U.S.

8 workers each, random-primed cDNA libraries

Illumina RNA single-end (CCD-) and paired-end 
sequencing (CCD+), one lane each

>19 million reads for CCD-, >20 million paired reads for 
CCD+CCD+

Assembly with Velvet, mapping with Bowtie
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Major honey bee gut bacteria

OTUs from Martinson et al. 2011 Molecular Ecology 20:619

Eukaryotic associates
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RNA viruses
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Conclusions

CCD survey: 
– Bacterial signature– Bacterial signature
– Known viruses increased, novel viruses found
– Nosema increased
– No strong immune/detox signal 
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Viral polymorphism

Quantify genetic variation among viral strains of the same 
speciesspecies
• Virulence genotypes
• Recombination, chimeras
• Population structure
• Host-specific genotypes
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Deformed wing virus

Israel acute paralysis virus
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Paenibacillus larvae (American foulbrood disease)

A BA B

Stephen Pernal, AgCanada

2 days PI 4 days PI4 days PI

YUE ET AL. ENV MICROB. 2008
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Challenge Experiments
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Acinetobacter johnsonii
MB 42
MB 56
MB 60

Moraxella osloensis
Pseudomonas aeruginosa

Buchnera aphidicola
Haemophilus aegyptius

Pasteurella aerogenes
Serratia sp

Xenorhabdus nematophila
Ruminal bacterium

Salmonella bovis
Klebsiella pneumoniae

Serratia marcescens
Vibrio cholerae

Shewanella putrefaciens
Bordetella avium
Taylorella equigenitalis

Burkholderia tropicalis
Kingella denitrificans

Thiobacillus aquaesulis
Thiobacillus thioparus

Apis  Simonsiella sp
MB 19

MB 38
MB 9 replate
MB 19 replate
MB 38 replate

MB 8 replate
MB 20 replate
MB 8

Stenotrophomonas maltophilia
Xylella fastidiosa

Rhodanobacter lindaniclasticus
Thiothrix nivea

Beggiatoa alba
Thioploca ingrica

Legionella parisiensis
Thermophilic methanotroph

Solemya occidentalis
Apis  Gluconacetobacter sp

Agrobacterium tumefaciens
Rhizobium etli

16S Placement of 
Honey Bee Bacterial 
Symbionts

Apis  Bartonella sp
Apis  Bartonella sp

Apis  Bartonella sp
Sinorhizobium xinjiangensis

Bradyrhizobium japonicum
Xanthobacter autotrophicus
Balastochloris sulfoviridis

Caulobacter crescentus
Sphingomonas aromaticivorans

Anaplasma ovis
Bacteroides forsythus

Prevotella buccalis
Helicobacter pylori
Thiomicrospira denitrificans

Geobacter grbicium
Stigmatella aurantiaca

Apis  Lactobacillus sp
Lactobacillus plantarum

Weissella kimchii
Enterococcus faecalis
Enterococcus faecium

Lactococcus lactis
Streptococcus mutans

Streptococcus oralis
Streptococcus pneumoniae

Bacillus amyloliquefaciens
Bacillus subtilis

Bacillus pumilus
Bacillus permians

Bacillus pseudofirmus
Bacillus clausii

Bacillus coagulans
Bacillus thermoleovorans

Thermoactinomyces candidus
Bacillus anthracis  Ames
Bacillus cereus

MB 14
MB 16

MB 21
MB 76 replate

MB 26
MB 40 replate

MB 29
MB 30

MB 42 replate
MB 23
MB 27 replate
MB 28 replate
MB 31 replate
MB 32
MB 57
MB 54
MB 61
MB 62
MB 39 replate
MB 43
MB 44
MB 33
MB 68
MB 55
MB 29 replate
MB 70
MB 71
MB 41 replate
Bacillus thuringiensis
MB 31

Inhibited* = Inhibited the bee 
pathogen,  P. larvae

MB 31
MB 17
MB 70 replate

MB 40
MB 52

Bacillus megaterium
MB 65
MB 66

MB 67
MB 69

MB 64
MB 13
Bacillus fusiformis
MB 34
MB 37 replate
MB 45
MB 6 replate

Bacillus sphaericus
Bacillus tipchiralis

Paenibacillus lentimorbus
Paenibacillus popilliae

Bacillus vortex
Plarvae3123

Brevibacillus agri
MB 1 replate
MB 2 replate
MB 3
MB 3 replate

MB 46
Fusobacterium necrophorum

Mycoplasma bovis
Sarcina ventriculi

Borrelia burgdorferi
Treponema denticola

Spirochaeta bajacaliforniensis
Thermothrix thiopara

Rubrobacter radiotolerans
Clostridium indolis

Syntrophomonas saporvorans
Apis  Bifidobacterium sp

Bifidobacterium cantenulatum
Bifidobacterium thermacidophilum

Corynebacterium diphtheriae
Corynebacterium glutamicum

Nocardia fluminea
Streptosporangiaceae str

Streptomyces scabies

10 changes Evans and Armstrong, JAR (2005)
BMC Ecology, 6:4 (2006)
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Evans and Armstrong, BMC Ecology, 2006

Bacteria x Pathogen 
Interactions
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15 25

Controlled Inoculations, Bacteria Plus Trypanosome
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Moran/Evans/Winfree 2011-2015
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Assembly vs. mapping

Assembly: every read 
aligned to each other and 
then resolved to optimal 
'path'. Computationally 
intensive. Outputs contigs.

Mapping: reads aligned one at a 
time to an existing reference. 
Computationally easy. Outputs 
an alignment file.
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OTUs

Operational, a priori way to describe the 
b f t inumber of taxonomic groups

Usually based on rDNA sequence (16S) 
Clustering at arbitrary %ID (97‐98% typical for 
bacteria, 95% for virus). Different programs 
give different clustersgive different clusters.

Comparison of OTUs

Phylogenetic tree
‐MEGAN

Ribosomal classifier, align to reference database
‐ RDP Classifier

Nucleotide composition model
Ph l P thi Ph BL‐ PhyloPythia, PhymmBL
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Species richness

Alpha: the diversity of species at one 
it /h bit tsite/habitat

Beta: how distinct different sites/habitats are 
from each other

Typically use some kind of index that considers 
how much of each species is present ratherhow much of each species is present, rather 
than just total number of species

Testing difference between 
samples

Need a metric/index
‐ Overlap/relative 
abundance of OTUs

Clustering/PCA/NMDS

Some programs:
‐ EstimateS‐ EstimateS

‐ Unifrac
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Identification of genes

BlastX of contigs or reads

ORF identification
‐ any general purpose sequence analysis package

Domain identification (Pfam etc.) 
Orthologous groups
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Gene ontology terms

Domain/ontology mapping programs

Pfam/Interpro scan

Blast2GO

KEGG Mapper

eggNOG



10/5/2011

62

Read mapping to a reference

Bowtie, BWA, Stampy, Novoalign

Competitive mapping
– Matches uniquely?

Parameters for allowing match (% mismatch, 
indels) 
M b d f t i fMeasure abudance of taxa, expression of 
genes independent of assembled contigs

Questions??


