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16S vs metagenomics 

ÅCheap 
ÅTargets single marker 

gene 
ÅLimited to bacteria 
ÅRelatively easy to analyse 
ÅLots of known biases 
ÅTaxonomic assignment at 

species level problematic 
ÅFunction can only be 

inferred, not detected 
ÅGoes deeper 

ÅExpensive 
ÅIn theory can detect 

anything 
ÅHarder to analyse 
ÅFewer biases (?) 
ÅFunction information 

directly accessible 
ÅStrain-level 

information 
ÅShallower 



Definition of a metagenome 

ÅThe collection of genomes and genes from the 
members of a microbiota 
 
ÅMicrobiota: The assemblage of microorganisms 

present in a defined environment.  
 
ÅMicrobiome: This term refers to the entire 

habitat, including the microorganisms, their 
genomes (i.e., genes) and the surrounding 
environmental conditions. 

http:// www.allthingsgenomics.com/blog/2013/1/11/the-vocabulary-used-to-describe-
microbial-communities-microbiome-metagenome-microbiota 



Metagenomics ς Your questions 
Å What are the best ways to address getting representation of bacteria, viruses, 

fungi and others?  Techniques for doing so? 
ï Thoughts on the use of physical enrichment techniques to isolate microbe of interest rather than 

traditional metagenomic sequencing? 

Å What are the best bioinformatic software packages and pipelines for functional 
analysis? 
ï What are the best analysis pipelines for full viral sequencing to detect whether mutations are true or 

not?  Comparing closely related taxa? 

Å As an initial approach, should one try 16s sequencing prior to shotgun sequencing 
if interested in bacteria (or 18s/ITS1 for Fungi)?  Which region? 

Å Shotgun metagenomics versus single cell genomics - for high diversity samples is a 
shift toward single cell beneficial? 
ï Any expertise in microbial or viral single cell genomics?  Software suggestions for assembling viral 

genomes and large scale microbial genome comparison? 

Å Metatranscriptomics versus metagenomics?   
ï Benefits/disadvantages of each? 

Å Best tools for de novo assembly and annotation 
ï Most useful databases for metagenomics 

ï Thoughts on combining methodologies - i.e. PacBio sequencing for scaffolding and Illumina/454 for 
depth/decreased error? 



²ƘŀǘΩǎ ǘƘŜ ōƛƎ ƛŘŜŀΚ 

ÅWho is there? (Taxonomic assignments) 

ÅWhat are they doing? (Functional analysis) 

ïWhat are they capable of doing? (DNA) 

ÅWho is doing what? (Genome reconstruction) 

 

 



Functional signatures are not the same 
as taxonomic signatures 

The Human Microbiome Project Consortium, doi:10.1038/nature11234 



E. coli: more genes than humans? 

Touchon et al. doi:10.1371/journal.pgen.1000344  



Digital microbiology: 
Is high-throughput sequencing a match for Koch and Pasteur? 



Diagnostic microbiology 
21st Century problem, but 19th Century techniques! 

Current Approaches 

ÅMicroscopy and culture 
techniques that date from the 
time of Koch and Pasteur 

Future Vision 

ÅDigital microbiology 

ÅHigh-throughput sequencing 
becomes method of choice in 
diagnostic microbiology 



Clinical microbiology workflow 

Didelot, Crook et al. PMID 22868263 



Digital microbiology? 

Didelot, Crook et al. PMID 22868263 



A New Opportunity: High-
Throughput Sequencing 

ÅBrings the advantages of  
ïopen-endedness (revealing the 
άǳƴƪƴƻǿƴ ǳƴƪƴƻǿƴǎέύΣ  

ïuniversal applicability  

ïultimate in resolution 

ÅBench-top sequencing platforms 
now generate data sufficiently 
quickly and cheaply to have an 
impact on real-world clinical and 
epidemiological problems 

 Mark Pallen 



Costs 

Application Library 
Cost 

Sequencing 
cost 

Whole human genome 
(30x coverage) 

£25 £1000 - 
£5000 

Whole bacterial genome 
(Illumina) 

£25 £25 

16S phylogenetic profiling £2 £1 - 10 

Metagenome (2Gb per 
sample) 

£20 £750 



Whole genome sequencing to track the spread of Pseudomonas 
aeruginosa within a burns unit 

ÅGram negative bacterium 

ÅOpportunistic pathogen 
in burns patients 

ÅInfection can lead to graft 
breakdown and sepsis 

ÅIsolated from 30% of 
burns patients 

Nicola Cumley 



Water as a potential source of 
Pseudomonas 

ÅSources of 
Pseudomonas infection 

ïEndogenous 

ïCross infection 

ïWATER 

ÅOutbreaks linked to 
contaminated water 

ÅShowering important 
part of burns care 





Study: Surveillance in burns patients  

ÅAim: to determine relative contribution of: 
ïEndogenous infection 

ïCross-infection 

ïThe water supply 

 

ïUse whole-genome sequencing for greatest typing 
resolution and to infer links between positive isolates 

 

 

 



Collection of isolates of Pseudomonas aeruginosa 

ÅScreening on admission 
ï>7% burns 

ïWound swabs, stool and 
Urine for microbiology 

ÅStool for molecular 
testing 

ïEnvironmental sampling of 
the patients room and 
shower water 

 

 
  

 

ÅRecruited positive 

patients 
ïWound swabs at each 

dressing change 

ïEnvironmental sampling  

ïSwabs/tissue for 

metagenomic analysis 

ïEnvironmental sampling on 

discharge 

 



Isolates from the study fall into three main 
sequence types 

ST348 

ST395 

ST319 



Whole genome sequencing allows for deeper resolution of 
sequence types 



Water isolates and patient isolates are indistinguishable by 
SNP typing 





Metagenomics protocol 

ÅNextera XT protocol NOT according to 
ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇǊƻǘƻŎƻƭǎ 

Å<1ng DNA input 

Å1 MiSeq run (V3) 

ÅShort fragments returned 

ÅP. aeruginosa at ~5x coverage 



Alignment to reference genome 





SNP typing pipeline 

ÅAlignment of complete genomes to reference 

ÅTrusted set of high quality SNPs 

ÅML tree (FastTree) 

ÅCall variants from low coverage data 

ÅPlace on reference tree with pplacer 



German E. coli O104:H4 outbreak 
aka SPROUTBREAK 

ÅMay-July 2011 

Å>4000 cases, >50 deaths in Germany 

ÅLink to sprouting seeds 

ÅIncreased risk of haemolytic-uraemic 
syndrome (>25%) 

ÅFemales particularly at risk 

 



Crowd-sourcing the genome 



Crowd-sourcing the genome 
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Strain comparisons 

In silico MLST 

Assembly 

AAF cluster 

Crowd-sourcing the genome 

https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis 

PCR targets 

WrbA  Stx2 site 

https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis
https://github.com/ehec-outbreak-crowdsourced/BGI-data-analysis


 Rohde et al. DOI: 10.1056/NEJMoa1107643 



Frank et al DOI: 10.1056/NEJMoa1106483 

Genome data released, 
crowd-sourcing begins 



Digital microbiology? 

? 



Clinical metagenomics: 
Pathogen discovery 



Diagnostic metagenomics 

34 patients 

STEC 

Non-STEC 

45 samples 
17 million 
reads / >2 
gigabases per 
sample 

C. diff, S. enterica, C. jejuni 



Stool sample Tissue homogenizer DNA extraction 

DNA fragmentation, 
tagging and 
barcoding 

1) Sample preparation (4.5 hours) 

Align sequences to human genome and 
discard those that map to it 

Assemble microbial sequences into 
environmental gene tags (EGTS) 

Alignment of EGTS from outbreak 
samples and healthy samples to 

assembly 

Cluster EGTs based on read-
pair information 

Taxonomic assignment of EGTs through 
homology 

MiSeq, 27 hours  

HiSeq, 40 hours 

2) Sequencing (27-40 hours) 3) Bioinformatics analysis (<24 hours of 32-core server time) 

Subtract EGTs present in healthy 
samples from disease samples 

 Cluster EGTs based on 
abundance information 

Outbreak-
associated 
genomes 

Diagnostic and 
epidemiological conclusions 

Paired 150 base reads 



IǳƳŀƴ άŎƻƴǘŀƳƛƴŀǘƛƻƴέ 
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Healthy human microbiome 

The Human Microbiome Project Consortium 
PMID: 22699609 



Metagenomics: phylogenetic profiling 



STEC genome coverage plot 

Shiga-toxin encoding phage 



Pathogen Discovery: Minus healthy controls MetaHIT 



Pathogen discovery 

Å Shiga-toxin encoding phage 
genes 

Å O-antigen determining genes 
Å pAA and pESBL specific 

sequences 

CONCOCT: Chris Quince, Anders Andersson 

Motivations for CONCOCT: 
Å Unsupervised version? 
Å Can we extract all the genomes? 
 

 



E. coli O104:H4 genome reconstruction 

Loman et al. doi: 10.1001/jama.2013.3231. 



Getting the diagnosis: 
STEC genome reconstruction 

ÅSTEC genome recovered 
at >10x coverage: 10/40 

ÅSTEC genome recovered 
at >1x coverage: 26/40 

ÅShiga toxin fragments 
recovered: 27/40 

ÅDetected STEC genome 
in 6 samples which were 
ELISA negative 

 



Shiga-toxin encoding phage: 
Copy number variation 
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