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16S	
  vs	
  metagenomics	
  
•  Cheap	
  
•  Targets	
  single	
  marker	
  
gene	
  

•  Limited	
  to	
  bacteria	
  
•  Rela@vely	
  easy	
  to	
  analyse	
  
•  Lots	
  of	
  known	
  biases	
  
•  Taxonomic	
  assignment	
  at	
  
species	
  level	
  problema@c	
  

•  Func@on	
  can	
  only	
  be	
  
inferred,	
  not	
  detected	
  

•  Goes	
  deeper	
  

•  Expensive	
  
•  In	
  theory	
  can	
  detect	
  
anything	
  

•  Harder	
  to	
  analyse	
  
•  Fewer	
  biases	
  (?)	
  
•  Func@on	
  informa@on	
  
directly	
  accessible	
  

•  Strain-­‐level	
  
informa@on	
  

•  Shallower	
  



Defini@on	
  of	
  a	
  metagenome	
  
•  The	
  collec@on	
  of	
  genomes	
  and	
  genes	
  from	
  the	
  
members	
  of	
  a	
  microbiota	
  

•  Microbiota:	
  The	
  assemblage	
  of	
  microorganisms	
  
present	
  in	
  a	
  defined	
  environment.	
  	
  

•  Microbiome:	
  This	
  term	
  refers	
  to	
  the	
  en@re	
  
habitat,	
  including	
  the	
  microorganisms,	
  their	
  
genomes	
  (i.e.,	
  genes)	
  and	
  the	
  surrounding	
  
environmental	
  condi@ons.	
  

hSp://www.allthingsgenomics.com/blog/2013/1/11/the-­‐vocabulary-­‐used-­‐to-­‐describe-­‐
microbial-­‐communi@es-­‐microbiome-­‐metagenome-­‐microbiota	
  



Metagenomics	
  –	
  Your	
  ques@ons	
  



What’s	
  the	
  big	
  idea?	
  

•  Who	
  is	
  there?	
  (Taxonomic	
  assignments)	
  
•  What	
  are	
  they	
  doing?	
  (Func@onal	
  analysis)	
  

– What	
  are	
  they	
  capable	
  of	
  doing?	
  (DNA)	
  

•  Who	
  is	
  doing	
  what?	
  (Genome	
  reconstruc@on)	
  
	
  
	
  



Func@onal	
  signatures	
  are	
  not	
  the	
  same	
  
as	
  taxonomic	
  signatures	
  

The	
  Human	
  Microbiome	
  Project	
  Consor@um,	
  doi:10.1038/nature11234	
  



E.	
  coli:	
  more	
  genes	
  than	
  humans?	
  

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



Gene@cs	
  of	
  virulence	
  
•  Many	
  virulence	
  genes	
  
acquired	
  via	
  horizontal	
  
gene	
  transfer	
  

•  On	
  plasmids	
  or	
  
chromosome	
  via	
  
conjuga@on	
  

•  As	
  naked	
  DNA	
  via	
  
transforma@on	
  

•  On	
  bacteriophage	
  via	
  
transduc@on	
  



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



Diagnos@c	
  microbiology	
  
21st	
  Century	
  problem,	
  but	
  19th	
  Century	
  techniques!	
  

Current	
  Approaches	
  

•  Microscopy	
  and	
  culture	
  
techniques	
  that	
  date	
  from	
  the	
  
@me	
  of	
  Koch	
  and	
  Pasteur	
  

Future	
  Vision	
  

•  Digital	
  microbiology	
  
•  High-­‐throughput	
  sequencing	
  

becomes	
  method	
  of	
  choice	
  in	
  
diagnos@c	
  microbiology	
  



Clinical	
  microbiology	
  workflow	
  

Didelot,	
  Crook	
  et	
  al.	
  PMID	
  22868263	
  



Digital	
  microbiology?	
  

Didelot,	
  Crook	
  et	
  al.	
  PMID	
  22868263	
  



A	
  New	
  Opportunity:	
  High-­‐
Throughput	
  Sequencing	
  

•  Brings	
  the	
  advantages	
  of	
  	
  
– open-­‐endedness	
  (revealing	
  the	
  
“unknown	
  unknowns”),	
  	
  

– universal	
  applicability	
  	
  
– ul@mate	
  in	
  resolu@on	
  

•  Bench-­‐top	
  sequencing	
  plaiorms	
  
now	
  generate	
  data	
  sufficiently	
  
quickly	
  and	
  cheaply	
  to	
  have	
  an	
  
impact	
  on	
  real-­‐world	
  clinical	
  and	
  
epidemiological	
  problems	
  

Mark	
  Pallen	
  



Costs	
  

Applica5on	
   Library	
  
Cost	
  

Sequencing	
  
cost	
  

Whole	
  human	
  genome	
  
(30x	
  coverage)	
  

£25	
   £1000	
  -­‐	
  
£5000	
  

Whole	
  bacterial	
  genome	
  
(Illumina)	
  

£25	
   £25	
  

16S	
  phylogene@c	
  profiling	
   £2	
   £1	
  -­‐	
  10	
  

Metagenome	
  (2Gb	
  per	
  
sample)	
  

£20	
   £750	
  



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

•  Gram	
  nega@ve	
  bacterium	
  
•  Opportunis@c	
  pathogen	
  

in	
  burns	
  pa@ents	
  
•  Infec@on	
  can	
  lead	
  to	
  gram	
  

breakdown	
  and	
  sepsis	
  
•  Isolated	
  from	
  30%	
  of	
  

burns	
  pa@ents	
  

Nicola	
  Cumley	
  



Water	
  as	
  a	
  poten@al	
  source	
  of	
  
Pseudomonas	
  

•  Sources	
  of	
  
Pseudomonas	
  infec@on	
  
–  Endogenous	
  
–  Cross	
  infec@on	
  
– WATER	
  

•  Outbreaks	
  linked	
  to	
  
contaminated	
  water	
  

•  Showering	
  important	
  
part	
  of	
  burns	
  care	
  





Study:	
  Surveillance	
  in	
  burns	
  pa@ents	
  	
  

•  Aim:	
  to	
  determine	
  rela@ve	
  contribu@on	
  of:	
  
–  Endogenous	
  infec@on	
  
–  Cross-­‐infec@on	
  
–  The	
  water	
  supply	
  

– Use	
  whole-­‐genome	
  sequencing	
  for	
  greatest	
  typing	
  
resolu@on	
  and	
  to	
  infer	
  links	
  between	
  posi@ve	
  isolates	
  

	
  



Collec@on	
  of	
  isolates	
  of	
  Pseudomonas	
  aeruginosa	
  

•  Screening	
  on	
  admission	
  
–  >7%	
  burns	
  
–  Wound	
  swabs,	
  stool	
  and	
  

Urine	
  for	
  microbiology	
  
•  Stool	
  for	
  molecular	
  
tes@ng	
  

–  Environmental	
  sampling	
  of	
  
the	
  pa@ents	
  room	
  and	
  
shower	
  water	
  

	
  

	
  	
  

	
  

•  Recruited positive 
patients 
–  Wound swabs at each 

dressing change 
–  Environmental sampling  
–  Swabs/tissue for 

metagenomic analysis 
–  Environmental sampling on 

discharge 



Isolates	
  from	
  the	
  study	
  fall	
  into	
  three	
  main	
  
sequence	
  types	
  

ST348	
  

ST395	
  

ST319	
  



Whole	
  genome	
  sequencing	
  allows	
  for	
  deeper	
  resolu@on	
  of	
  
sequence	
  types	
  



Water	
  isolates	
  and	
  pa@ent	
  isolates	
  are	
  indis@nguishable	
  by	
  
SNP	
  typing	
  



Metagenomics	
  protocol	
  

•  Nextera	
  XT	
  protocol	
  NOT	
  according	
  to	
  
manufacturer’s	
  protocols	
  

•  <1ng	
  DNA	
  input	
  
•  1	
  MiSeq	
  run	
  (V3)	
  
•  Short	
  fragments	
  returned	
  
•  P.	
  aeruginosa	
  at	
  ~5x	
  coverage	
  





Alignment	
  to	
  reference	
  genome	
  





SNP	
  typing	
  pipeline	
  

•  Alignment	
  of	
  complete	
  genomes	
  to	
  reference	
  
•  Trusted	
  set	
  of	
  high	
  quality	
  SNPs	
  
•  ML	
  tree	
  (FastTree)	
  
•  Call	
  variants	
  from	
  low	
  coverage	
  data	
  
•  Place	
  on	
  reference	
  tree	
  with	
  pplacer	
  



• 967	
  Shower	
  BCU	
  9	
  
• 1052	
  Shower	
  BCU	
  9	
  
• 992	
  Tap	
  BCU	
  9	
  
• 993	
  Shower	
  BCU	
  9	
  
• 994	
  Shower	
  BCU	
  9	
  

SNP	
  typing	
  from	
  metagenomes	
  





German	
  E.	
  coli	
  O104:H4	
  outbreak	
  
aka	
  SPROUTBREAK	
  

•  May-­‐July	
  2011	
  
•  >4000	
  cases,	
  >50	
  deaths	
  in	
  Germany	
  
•  Link	
  to	
  sprou@ng	
  seeds	
  
•  Increased	
  risk	
  of	
  haemoly@c-­‐uraemic	
  
syndrome	
  (>25%)	
  

•  Females	
  par@cularly	
  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	
  

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

PCR	
  targets	
  
WrbA	
  	
  Stx2	
  site	
  



	
  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	
  



Diagnos@c	
  metagenomics	
  

34	
  pa@ents	
  

STEC	
  

Non-­‐STEC	
  

45	
  samples	
  
17	
  million	
  
reads	
  /	
  >2	
  
gigabases	
  per	
  
sample	
  

C.	
  diff,	
  S.	
  enterica,	
  C.	
  jejuni	
  



Stool	
  sample	
   Tissue	
  homogenizer	
   DNA	
  extrac@on	
  

DNA	
  fragmenta@on,	
  
tagging	
  and	
  
barcoding	
  

1)	
  Sample	
  prepara@on	
  (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	
  informa@on	
  

Taxonomic	
  assignment	
  of	
  EGTs	
  through	
  
homology	
  

MiSeq,	
  27	
  hours	
  	
  

HiSeq,	
  40	
  hours	
  

2)	
  Sequencing	
  (27-­‐40	
  hours)	
   3)	
  Bioinforma@cs	
  analysis	
  (<24	
  hours	
  of	
  32-­‐core	
  server	
  @me)	
  

Subtract	
  EGTs	
  present	
  in	
  healthy	
  
samples	
  from	
  disease	
  samples	
  

	
  Cluster	
  EGTs	
  based	
  on	
  
abundance	
  informa@on	
  

Outbreak-­‐
associated	
  
genomes	
  

Diagnos@c	
  and	
  
epidemiological	
  conclusions	
  

Paired	
  150	
  base	
  reads	
  



Human	
  “contamina@on”	
  

Stool	
  appearance	
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Healthy	
  human	
  microbiome	
  

The	
  Human	
  Microbiome	
  Project	
  Consor@um	
  
PMID:	
  22699609	
  



Metagenomics:	
  phylogene@c	
  profiling	
  



STEC	
  genome	
  coverage	
  plot	
  

Shiga-­‐toxin	
  encoding	
  phage	
  



Pathogen	
  Discovery:	
  Minus	
  healthy	
  controls	
  MetaHIT	
  



Pathogen	
  discovery	
  

•  Shiga-­‐toxin	
  encoding	
  phage	
  
genes	
  

•  O-­‐an@gen	
  determining	
  genes	
  
•  pAA	
  and	
  pESBL	
  specific	
  

sequences	
  

CONCOCT:	
  Chris	
  Quince,	
  Anders	
  Andersson	
  

Mo@va@ons	
  for	
  CONCOCT:	
  
•  Unsupervised	
  version?	
  
•  Can	
  we	
  extract	
  all	
  the	
  genomes?	
  
	
  



E.	
  coli	
  O104:H4	
  genome	
  reconstruc@on	
  

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



Gewng	
  the	
  diagnosis:	
  
STEC	
  genome	
  reconstruc@on	
  

•  STEC	
  genome	
  recovered	
  
at	
  >10x	
  coverage:	
  10/40	
  

•  STEC	
  genome	
  recovered	
  
at	
  >1x	
  coverage:	
  26/40	
  

•  Shiga	
  toxin	
  fragments	
  
recovered:	
  27/40	
  

•  Detected	
  STEC	
  genome	
  
in	
  6	
  samples	
  which	
  were	
  
ELISA	
  nega@ve	
  

	
  



Shiga-­‐toxin	
  encoding	
  phage:	
  
Copy	
  number	
  varia@on	
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Detec@on	
  of	
  important	
  virulence	
  genes	
  

– Flagellin	
  	
  (H-­‐an@gen)	
  
– MLST	
  

	
  

	
  
Correct	
  H	
  an@gen	
  
detected	
  in	
  17/40	
  

	
  
No	
  H	
  an@gen	
  

detected	
  in	
  18/40	
  
	
  

Mixtures	
  of	
  
an@gens	
  detected	
  

in	
  3/40	
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ST678	
  profile	
  
unambiguously	
  
detected	
  in	
  9/40	
  

	
  
Mixture	
  of	
  profiles	
  
detected	
  in	
  5/40	
  

	
  
The	
  rest	
  either	
  
par@al	
  or	
  absent	
  

profiles	
  
	
  



Non-­‐STEC	
  genome	
  reconstruc@ons	
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•  Clostridium	
  difficile	
  toxin	
  sequences	
  detected	
  (2/2)	
  
•  Campylobacter	
  jejuni	
  toxin	
  sequences	
  detected	
  
•  Salmonella	
  enterica	
  sequences	
  detected	
  (1/2)	
  
•  Emerging	
  human	
  pathogen	
  Campylobacter	
  concisus	
  detected	
  



Experimental	
  considera@ons	
  



Tissue	
  metagenomics:	
  in	
  the	
  dark	
  
•  A	
  case	
  of	
  chronic	
  osteomyeli@s	
  
•  Surgical	
  debridement	
  and	
  reconstruc@on	
  of	
  a	
  
compound	
  fracture	
  wound	
  at	
  the	
  lem	
  @bia	
  

•  Reconstruc@on	
  was	
  carried	
  out	
  using	
  a	
  radial	
  
forearm	
  free	
  flap	
  

•  Ini@al	
  injury	
  5	
  years	
  ago	
  
•  5	
  @ssue	
  samples	
  from	
  opera@on	
  on	
  a	
  single	
  
MiSeq	
  run	
  

•  Extracted	
  with	
  Stratec-­‐RTP	
  Bacterial	
  DNA	
  Mini	
  
kit.	
  	
  



Chronic	
  osteomyeli@s	
  

2623593	
  
3380293	
  

5035673	
  
4277830	
   4598875	
  

1921	
  

3155	
  

3340	
  

3306	
  
5794	
  

S1	
   S2	
   S3	
   S4	
   S5	
  

Human	
   Unaligned	
  



Nega@ve	
  control!	
  
12358	
  reads	
  



Kitome:	
  QIAGEN	
  Stool	
  Kit	
  

Zannah	
  Salter	
  



Kitome:	
  MPBio	
  

Zannah	
  Salter	
  



Consider contamination 

•  Environmental DNA or bacteria 
themselves can be introduced at many 
points:  
– Sample collection 
– DNA extraction 
– PCR reagents 
– Lab contamination 



Just	
  throw	
  more	
  reads?	
  
•  5	
  reads	
  in	
  5,000,000	
  

–  1	
  read	
  in	
  1,000,000	
  
–  Staph	
  genome	
  ~2Mb	
  
–  30x	
  coverage	
  required	
  (?)	
  

}  240	
  billion	
  reads	
  required	
  
}  6	
  billion	
  reads	
  per	
  HiSeq	
  2500	
  run	
  

}  40	
  HiSeq	
  runs	
  
}  Cost	
  of	
  ~£500,000	
  

}  Oh	
  dear!	
  



Background	
  deple@on	
  
•  Differen@al	
  lysis	
  

– Human	
  cells	
  fragile	
  

•  Eukaryo@c	
  DNA	
  is	
  
methylated	
  
– MoLysis	
  
– NEB	
  Microbiome	
  Kit	
  
– MEDIP	
  

•  …	
  what	
  about	
  
microbial	
  eukaryotes?	
  
L	
  



MolYsis™	
  

hSp://www.molzym.com/products/dna-­‐isola@on-­‐products/pathogen-­‐dna-­‐molysis/molysis-­‐technology.html	
  



NEBNext	
  

hSps://www.neb.com/products/e2612-­‐nebnext-­‐microbiome-­‐dna-­‐enrichment-­‐kit	
  



Jus@n	
  O’Grady,	
  Josh	
  Quick,	
  Szymon	
  Calus	
  



Microbial	
  enrichment	
  
•  (Micro)culture(omics)!	
  

–  Also	
  may	
  introduce	
  bias	
  
–  Lose	
  quan@ta@ve	
  informa@on	
  

•  PCR:	
  16S	
  /	
  marker	
  genes	
  
–  Poor	
  species	
  level	
  discrimina@on,	
  no	
  genome-­‐scale	
  
informa@on	
  

•  Oligonucleo@de	
  probe	
  capture	
  
– May	
  be	
  prac@cal	
  solu@on:	
  Restricts	
  to	
  known	
  knowns	
  

•  An@body	
  capture	
  
–  E.g.	
  Immunomagne@c	
  separa@on	
  (Chlamydia)	
  

•  Cell	
  sor@ng	
  &	
  whole-­‐genome	
  amplifica@on	
  



McLean	
  et	
  al.	
  PMID:23564253	
  

Single	
  cell	
  bacterial	
  genomics	
  



Experimental	
  design	
  ques@ons	
  
	
  
•  How	
  many	
  samples	
  for	
  sta@s@cal	
  power?	
  
•  Replicated	
  design?	
  Biological	
  or	
  technical	
  
replicates?	
  

•  Extrac@on	
  method(s)	
  ?	
  
•  Level	
  of	
  background	
  contamina@on?	
  
•  Necessary	
  controls	
  
•  Longitudinal	
  and/or	
  cross-­‐sec@onal?	
  
•  Sequencing	
  technology:	
  read	
  length	
  
•  How	
  many	
  reads?	
  



Taxonomic	
  and	
  func@onal	
  assignments	
  

•  Read-­‐based	
  
•  Environmental	
  gene	
  tag	
  or	
  con@g-­‐based	
  (from	
  
assembly)	
  

•  Pathway-­‐based	
  
•  Genome-­‐based	
  (from	
  a	
  great	
  assembly)	
  



Adam	
  Bazinet,	
  hSp://www.biomedcentral.com/1471-­‐2105/13/92	
  





Similarity	
  methods	
  

•  Choice	
  of	
  aligner	
  
determines	
  speed	
  

•  Can	
  make	
  inference	
  
from	
  a	
  single	
  read	
  

•  Can	
  work	
  in	
  
translated	
  BLAST	
  
mode	
  

•  Very	
  sensi@ve	
  

•  BLAST	
  is	
  very	
  slow!	
  
•  Specificity	
  can	
  be	
  low	
  
with	
  naïve	
  approach	
  

•  Many	
  reads	
  are	
  
taxonomically	
  
uninforma@ve	
  or	
  
taxonomically	
  
misleading	
  



Aligners	
  

•  BLAST	
  

•  RAPSearch2	
  
•  LAST	
  

•  BWA/Bow@e	
  (in	
  6-­‐frames	
  with	
  PAUDA)	
  



Caveat	
  emptor:	
  Similarity	
  methods	
  
MG-­‐RAST	
  



MEGAN	
  





MEGAN	
  

Huson	
  et	
  al.	
  10.1101/gr.5969107	
  



Huson	
  et	
  al.	
  10.1101/gr.5969107	
  



Huson	
  et	
  al.	
  10.1101/gr.5969107	
  





Phylogene@c	
  methods	
  

•  Accurate	
  
•  Give	
  measurement	
  of	
  
uncertainty	
  

•  Can	
  use	
  mul@ple	
  
conserved	
  marker	
  
genes	
  (~40	
  common)	
  

•  Slow	
  
•  Dependent	
  on	
  quality	
  
and	
  completeness	
  of	
  
reference	
  tree	
  

•  Prokaryo-­‐centric	
  



Stark	
  et	
  al.	
  10.1186/1471-­‐2164-­‐11-­‐461	
  





TwiSer	
  can	
  be	
  useful?!	
  





Phylogene@c	
  assignment	
  

•  mOTUs	
  
•  Phylosim	
  
•  MLTreeMap	
  

	
  





Metaphlan	
  

•  Lineage-­‐specific	
  marker	
  genes	
  
•  Hybrid	
  similarity	
  and	
  phylogene@c	
  method	
  
	
  

Segata	
  et	
  al.	
  10.1038/nmeth.2066	
  





Func@onal	
  assignments	
  

•  SEED	
  
•  COGs	
  
•  EggNOG	
  
•  KEGG	
  



HUMANn	
  

Abubaker	
  et	
  al.	
  10.1371/journal.pcbi.1002358	
  



LEfSe	
  



Metagenomics	
  assembly	
  

•  A	
  great	
  way	
  of	
  compressing	
  your	
  dataset	
  
•  Fundamental	
  unit	
  of	
  analysis	
  are	
  now	
  con@gs	
  
(environmental	
  gene	
  tags)	
  

•  Assignment	
  methods	
  can	
  be	
  used	
  as	
  before	
  
(+/-­‐	
  gene	
  predic@on)	
  

•  Coverage	
  informa@on	
  can	
  be	
  restored	
  through	
  
mapping	
  reads	
  to	
  assembly	
  



Metagenomics	
  assembly:	
  issues	
  

•  Large	
  datasets	
  may	
  overwhelm	
  available	
  RAM	
  
•  Con@gs	
  may	
  represent	
  chimeras	
  of	
  mul@ple,	
  
related	
  species	
  or	
  strains	
  

•  Low	
  coverage	
  organisms	
  won’t	
  assemble	
  
	
  

hSp://davis-­‐assembly-­‐masterclass-­‐2013.readthedocs.org/en/latest/outputs/
opinionated-­‐guide.html	
  



Opinionated	
  guide	
  to	
  assembly	
  

•  Metagenome	
  assembly:	
  
– Ray	
  
– Velvet	
  
–  IBDA-­‐UD	
  

•  (Op@onal)	
  digital	
  normaliza@on	
  

hSp://davis-­‐assembly-­‐masterclass-­‐2013.readthedocs.org/en/latest/outputs/
opinionated-­‐guide.html	
  



Genome	
  binning	
  

hSp://madsalbertsen.github.io/mul@-­‐metagenome/	
  



CONCOCT:	
  Clustering	
  cON@gs	
  on	
  
COverage	
  and	
  ComposiTion	
  	
  	
  

•  Data	
  pre-­‐processing:	
  
– Perform	
  coassembly	
  across	
  all	
  
samples	
  

– Map	
  reads	
  back	
  to	
  con@gs	
  to	
  
get	
  mean	
  coverage	
  of	
  con@g	
  in	
  
each	
  sample	
  

– Generate	
  k-­‐mer	
  frequency	
  
vector	
  for	
  each	
  con@g	
  

–  Join	
  vectors	
  and	
  log	
  transform	
  
– PCA	
   Segata	
  et	
  al.	
  doi:10.1186/gb-­‐2011-­‐12-­‐6-­‐r60	
  



Oxford	
  Nanopore:	
  Hope	
  or	
  hype?	
  
Strand	
  sequencing	
  
Biologically	
  modified	
  nanopore	
  
Tri-­‐nucleo@des	
  detected	
  
Theore@cally	
  unlimited	
  read	
  
length	
  
Sequence	
  directly	
  without	
  
extensive	
  sample	
  prepara@on	
  
	
  
MinIon:	
  150mb/hour	
  for	
  up	
  to	
  6	
  
hours	
  for	
  $900	
  –	
  disposable	
  
GridIon:	
  rack-­‐mounted	
  sequencer	
  
with	
  2000-­‐8000	
  nanopores	
  
	
  
MinION	
  access	
  programme	
  
star@ng	
  end	
  November	
  

hSp://pathogenomics.bham.ac.uk/blog/2013/10/the-­‐oxford-­‐nanopore-­‐golden-­‐@cket/	
  



SHTSeq™	
  

hSp://pathogenomics.bham.ac.uk/blog/2012/02/a-­‐new-­‐
sequencing-­‐technology-­‐enters-­‐the-­‐ring-­‐shtseqtm/	
  



Metagenomics	
  -­‐	
  Ques@ons	
  
•  What	
  are	
  the	
  best	
  ways	
  to	
  address	
  gewng	
  representa@on	
  of	
  bacteria,	
  viruses,	
  

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

tradi@onal	
  metagenomic	
  sequencing?	
  

•  What	
  are	
  the	
  best	
  bioinforma@c	
  somware	
  packages	
  and	
  pipelines	
  for	
  func@onal	
  
analysis?	
  

–  What	
  are	
  the	
  best	
  analysis	
  pipelines	
  for	
  full	
  viral	
  sequencing	
  to	
  detect	
  whether	
  muta@ons	
  are	
  true	
  or	
  
not?	
  	
  Comparing	
  closely	
  related	
  taxa?	
  

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

•  Shotgun	
  metagenomics	
  versus	
  single	
  cell	
  genomics	
  -­‐	
  for	
  high	
  diversity	
  samples	
  is	
  a	
  
shim	
  toward	
  single	
  cell	
  beneficial?	
  

–  Any	
  exper@se	
  in	
  microbial	
  or	
  viral	
  single	
  cell	
  genomics?	
  	
  Somware	
  sugges@ons	
  for	
  assembling	
  viral	
  
genomes	
  and	
  large	
  scale	
  microbial	
  genome	
  comparison?	
  

•  Metatranscriptomics	
  versus	
  metagenomics?	
  	
  	
  
–  Benefits/disadvantages	
  of	
  each?	
  

•  Best	
  tools	
  for	
  de	
  novo	
  assembly	
  and	
  annota@on	
  
–  Most	
  useful	
  databases	
  for	
  metagenomics	
  
–  Thoughts	
  on	
  combining	
  methodologies	
  -­‐	
  i.e.	
  PacBio	
  sequencing	
  for	
  scaffolding	
  and	
  Illumina/454	
  for	
  

depth/decreased	
  error?	
  



Prac@cal	
  

•  All	
  read	
  data	
  
•  Subsampling	
  
•  Metaphlan	
  assignments	
  (and	
  heatmaps)	
  
•  MEGAN	
  

– Taxonomic	
  assignments	
  with	
  least	
  common	
  
ancestor	
  

– Func@onal	
  assignments	
  with	
  KEGG	
  
– Comparison	
  of	
  metagenomics	
  data	
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