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DO	
  NOT	
  START	
  THE	
  EC2	
  
INSTANCES	
  …	
  WE	
  WILL	
  
DO	
  THIS	
  IN	
  A	
  DIFFERENT	
  
WAY	
  TODAY!!!!	
  



The	
  universal	
  nature	
  of	
  biochemistry.	
  Pace	
  NR.	
  
Proc	
  Natl	
  Acad	
  Sci	
  U	
  S	
  A.	
  2001	
  Jan	
  30;98(3):805-­‐8.	
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A	
  microbe	
  dominated	
  world	
  

Ley	
  et	
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  Nat	
  Rev	
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  Oct	
  2008;	
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Image	
  credit:	
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  @ElDeveloper,	
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…an	
  explosion	
  of	
  -­‐omics	
  

McDonald,	
  Clemente,	
  et	
  al.	
  Gigascience	
  2012	
  1:7	
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How	
  do	
  we	
  assay	
  this	
  diversity?	
  Target and amplify the 
16S/18S ribosomal RNA 
as a ‘fingerprint’ for 
different taxonomic 
groups.

Why 16S/18S?
- gene is ubiquitous
- contains conserved and
     variable regions
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  credit:	
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Video	
  fun	
  nme!	
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hip://microbio.me/americangut/img/mod1_main.pdf	
  

•  HMP:	
  Human	
  Microbiome	
  Project	
  (2012,	
  Nature	
  486:	
  202-­‐214)	
  
•  GG:	
  Global	
  Gut	
  (2012,	
  Nature	
  486:	
  222-­‐228)	
  
•  PGP:	
  Personal	
  Genome	
  Project	
  (unpublished)	
  
•  AGP:	
  American	
  Gut	
  Project	
  (unpublished)	
  



hip://microbio.me/americangut/img/mod1_main.pdf	
  



hip://microbio.me/americangut/img/mod1_main.pdf	
  













ICU	
  Microbiome	
  pilot	
  
•  Internanonal	
  Nutrinonal	
  Survey	
  
•  5	
  sites	
  around	
  the	
  world	
  
•  Mulnple	
  nme	
  points	
  
•  Rich	
  panent	
  metadata	
  



Carpet	
  nle	
  
Ceiling	
  nle	
  
Painted	
  dry	
  wall	
  

Sampling	
  sites	
  for	
  	
  
relanve	
  dusnness	
  

Equilibrium	
  relanve	
  	
  
humidity	
  sensors	
  
and	
  data	
  logger	
  

Occupancy	
  sensor	
  

Temperature,	
  
relanve	
  humidity,	
  
and	
  light	
  sensor	
  

Slide	
  courtesy	
  of	
  Dr.	
  Greg	
  Caporaso	
  



Flagstaff	
  begins	
  to	
  look	
  
different,	
  but	
  “returns”	
  
to	
  the	
  other	
  cines.	
  	
  
	
  
There	
  doesn’t	
  appear	
  to	
  
be	
  a	
  city-­‐specific	
  
composinon	
  effect.	
  
	
  

Slide	
  courtesy	
  of	
  Dr.	
  Greg	
  Caporaso	
  







Aunsm	
  spectrum	
  cohort	
  of	
  the	
  American	
  Gut	
  
•  269	
  families	
  to	
  receive	
  samples	
  
•  Conjuncnon	
  with	
  ASD-­‐clinicians	
  	
  
•  Donanons	
  for	
  ASD-­‐affected	
  and	
  neurotypical	
  siblings	
  

covered	
  by	
  Jack	
  Gilbert	
  







*	
  



•  Analyses	
  are	
  executable,	
  reproducible,	
  and	
  
BSD-­‐licensed	
  



Adapted	
  from	
  hip://redefininghuman.com	
  
Please	
  see	
  hips://fundrazr.com/campaigns/aoaif/	
  
	
  
	
  
	
  



Running	
  QIIME	
  

•  Nanve	
  installanon	
  on	
  
Mac	
  OS	
  X	
  or	
  Linux	
  
–  From	
  laptops	
  to	
  
compute	
  clusters	
  with	
  
thousands	
  of	
  cores	
  

–  qiime-­‐deploy	
  

•  Ubuntu	
  Virtual	
  Box	
  
•  Cloud-­‐based	
  
installanons	
  





hip://www.ncbi.nlm.nih.gov/pubmed/21624126	
  



Moving	
  Pictures	
  of	
  the	
  Human	
  
Microbiome	
  

•  Two	
  subjects	
  sampled	
  daily,	
  one	
  for	
  six	
  
months,	
  one	
  for	
  18	
  months	
  

•  Four	
  body	
  sites:	
  tongue,	
  palm	
  of	
  lek	
  hand,	
  
palm	
  of	
  right	
  hand,	
  and	
  gut	
  (via	
  fecal	
  swabs).	
  

Caporaso	
  JG	
  et	
  al.	
  (2011)	
  Moving	
  pictures	
  of	
  the	
  human	
  microbiome.	
  Genome	
  biology	
  12:	
  R50.	
  



Moving	
  Pictures	
  of	
  the	
  Human	
  
Microbiome	
  

•  Invesngate	
  the	
  relanve	
  temporal	
  variability	
  of	
  
body	
  sites.	
  

•  Is	
  there	
  a	
  temporal	
  core	
  microbiome?	
  



Moving	
  Pictures	
  of	
  the	
  Human	
  
Microbiome:	
  QIIME	
  tutorial	
  

•  A	
  small	
  subset	
  of	
  the	
  full	
  data	
  set	
  to	
  facilitate	
  
short	
  run	
  nme:	
  ~0.1%	
  of	
  the	
  full	
  sequence	
  
collecnon.	
  

•  Sequenced	
  across	
  six	
  Illumina	
  GAIIx	
  lanes,	
  
with	
  a	
  subset	
  of	
  the	
  samples	
  also	
  sequenced	
  
on	
  454.	
  



Figure	
  1,	
  hip://www.ncbi.nlm.nih.gov/pubmed/21624126	
  



Metcalf,	
  Jessica	
  (2014):	
  Overview	
  of	
  data	
  generanon,	
  processing	
  and	
  analysis	
  using	
  QIIME.	
  figshare.	
  	
  
hip://dx.doi.org/10.6084/m9.figshare.902219	
  



Tutorial	
  

1)  Go	
  to	
  the	
  URL	
  of	
  your	
  table:	
  
hip://nnyurl.com/tableXXXX-­‐notebook	
  	
  

	
  
Password:	
  qiime2014~	
  

	
  

	
  
	
  	
  

Replace	
  the	
  XXXX	
  with	
  the	
  number	
  of	
  your	
  table	
  

hip://nnyurl.com/table1-­‐notebook	
  
hip://nnyurl.com/table2-­‐notebook	
  
hip://nnyurl.com/table3-­‐notebook	
  
hip://nnyurl.com/table4-­‐notebook	
  
hip://nnyurl.com/table5-­‐notebook	
  
	
  	
  

hip://nnyurl.com/table6-­‐notebook	
  
hip://nnyurl.com/table7-­‐notebook	
  
hip://nnyurl.com/table8-­‐notebook	
  
hip://nnyurl.com/table9-­‐notebook	
  
hip://nnyurl.com/table10-­‐notebook	
  
	
  	
  







Tutorial	
  

2)	
  Click	
  on	
  the	
  notebook	
  named	
  tutorial_master.	
  
	
  
	
  
	
  

Click	
  OK	
  



Tutorial	
  

3)	
  File>Make	
  a	
  Copy	
  
	
  
	
  
	
  



Tutorial	
  

3)	
  Rename	
  to	
  your	
  name	
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IPython	
  reference	
  
Commands	
  prefixed	
  by	
  a	
  '!'	
  character	
  are	
  issued	
  to	
  the	
  shell	
  (just	
  like	
  what	
  your	
  terminal	
  runs).	
  	
  

Commands	
  not	
  prefixed	
  with	
  '!'	
  are	
  issued	
  to	
  python,	
  and	
  behave	
  as	
  they	
  normally	
  would	
  in	
  
python.	
  	
  

Each	
  'cell'	
  of	
  the	
  notebook	
  is	
  executable.	
  	
  Shi\+Enter	
  (or	
  the	
  play	
  bu^on)	
  is	
  the	
  way	
  you	
  
execute	
  (or	
  re-­‐execute)	
  the	
  commands	
  in	
  a	
  given	
  cell.	
  You	
  must	
  click	
  in	
  the	
  cell	
  to	
  gain	
  focus	
  in	
  
that	
  cell,	
  and	
  then	
  type	
  Shi\+Enter	
  or	
  hit	
  the	
  play	
  bu^on	
  	
  



IPython	
  reference	
  
Each	
  executable	
  has	
  a	
  prefix	
  that	
  shows	
  you	
  its	
  status	
  (if	
  it	
  has	
  been	
  run,	
  if	
  it	
  hasn’t	
  been	
  run,	
  or	
  
if	
  its	
  snll	
  running)	
  

Hasn’t	
  been	
  run	
  

Has	
  been	
  run	
  

Snll	
  running	
  



Sequencing output 
(454, Illumina, Sanger)

fastq, fasta, qual, or sff/trace files

Metadata

mapping file

Pre-processing
e.g., remove primer(s), demultiplex, 

quality filter

Denoise 454 Data

PyroNoise, Denoiser

Reference based
BLAST, UCLUST, 

USEARCH

Pick OTUs and representative sequences

De novo
e.g., UCLUST, CD-HIT, 
MOTHUR, USEARCH

Assign taxonomy

BLAST, RDP 
Classifier

Align sequences

e.g., PyNAST, 
INFERNAL, MUSCLE, 

MAFFT

Build 'OTU table'
i.e., sample by observation 

matrix

Build phylogenetic tree
e.g., FastTree, RAxML, 

ClearCut

Database Submission

(In development)

OTU (or other sample by 
observation) table

Phylogenetic Tree

Evolutionary relationship 
between OTUs

α-diversity and rarefaction

e.g., Phylogenetic 
Diversity, Chao1, 

Observed Species

β-diversity and rarefaction

e.g., Weighted and 
unweighted UniFrac, Bray-

Curtis, Jaccard

Interactive visualizations

e.g., PCoA plots, distance histograms, taxonomy charts, rarefaction 
plots, network visualization, jackknifed hierarchical clustering.

Legend

Required step or input Optional step or input

Currently supported for 
marker-gene data only

(i.e., 'upstream' step)

Currently supported for 
general sample by 
observation data

(i.e., 'downstream' step)

www.QIIME.org



Samples	
  to	
  sequences	
  

Sequencing output 
(454, Illumina, Sanger)

fastq, fasta, qual, or sff/trace files

Metadata

mapping file

Pre-processing
e.g., remove primer(s), demultiplex, 

quality filter

Denoise 454 Data

PyroNoise, Denoiser

Reference based
BLAST, UCLUST, 

USEARCH

Pick OTUs and representative sequences

De novo
e.g., UCLUST, CD-HIT, 
MOTHUR, USEARCH

Assign taxonomy

BLAST, RDP 
Classifier

Align sequences

e.g., PyNAST, 
INFERNAL, MUSCLE, 

MAFFT

Build 'OTU table'
i.e., sample by observation 

matrix

Build phylogenetic tree
e.g., FastTree, RAxML, 

ClearCut

Database Submission

(In development)

OTU (or other sample by 
observation) table

Phylogenetic Tree

Evolutionary relationship 
between OTUs

α-diversity and rarefaction

e.g., Phylogenetic 
Diversity, Chao1, 

Observed Species

β-diversity and rarefaction

e.g., Weighted and 
unweighted UniFrac, Bray-

Curtis, Jaccard

Interactive visualizations

e.g., PCoA plots, distance histograms, taxonomy charts, rarefaction 
plots, network visualization, jackknifed hierarchical clustering.

Legend

Required step or input Optional step or input

Currently supported for 
marker-gene data only

(i.e., 'upstream' step)

Currently supported for 
general sample by 
observation data

(i.e., 'downstream' step)

www.QIIME.org



Relates	
  samples	
  to	
  variables	
  

Cat	
  image:	
  hip://www.heatherbrookes.org/hb-­‐blog/?p=2341	
  

SampleID	
   Sex	
   SampleType	
   Ploang	
  your	
  doom?	
  

400171222	
   Male	
   Poop	
   Naturally	
  



Mapping	
  file	
  



Mapping	
  file:	
  always	
  run	
  
validate_mapping_file.py!

=	
  required	
  field	
  



Check	
  for	
  errors	
  

•  Work	
  through	
  the	
  “Check	
  our	
  mapping	
  file	
  for	
  
errors”	
  secnon,	
  and	
  execute	
  the	
  command	
  

•  Try	
  validanng	
  the	
  “bad”	
  mapping	
  file	
  



Missing	
  mapping	
  file	
  
From:	
  XXXX@gmail.com	
  
To:	
  jose.clemente@gmail.com	
  
Subject:	
  mapping	
  file	
  
	
  
Hi,	
  
	
  
I	
  am	
  doing	
  microbial	
  analysis	
  with	
  QIIME.	
  I	
  got	
  the	
  SFF	
  files	
  back	
  from	
  the	
  sequencing	
  
center,	
  but	
  I	
  lost	
  the	
  mapping	
  file.	
  Can	
  you	
  help	
  me	
  please?	
  
	
  
Thanks,	
  
XXXX	
  

HT	
  to	
  Dr.	
  Clemente	
  for	
  sharing	
  this	
  e-­‐mail	
  



Missing	
  mapping	
  file	
  
From:	
  XXXX@gmail.com	
  
To:	
  jose.clemente@gmail.com	
  
Subject:	
  mapping	
  file	
  
	
  
Hi,	
  
	
  
I	
  am	
  doing	
  microbial	
  analysis	
  with	
  QIIME.	
  I	
  got	
  the	
  SFF	
  files	
  back	
  from	
  the	
  sequencing	
  
center,	
  but	
  I	
  lost	
  the	
  mapping	
  file.	
  Can	
  you	
  help	
  me	
  please?	
  
	
  
Thanks,	
  
XXXX	
  

HT	
  to	
  Dr.	
  Clemente	
  for	
  sharing	
  this	
  e-­‐mail	
  

NO	
  
	
  



Missing	
  mapping	
  file	
  
From:	
  XXXX@gmail.com	
  
To:	
  jose.clemente@gmail.com	
  
Subject:	
  mapping	
  file	
  
	
  
Hi,	
  
	
  
I	
  am	
  doing	
  microbial	
  analysis	
  with	
  QIIME.	
  I	
  got	
  the	
  SFF	
  files	
  back	
  from	
  the	
  sequencing	
  
center,	
  but	
  I	
  lost	
  the	
  mapping	
  file.	
  Can	
  you	
  help	
  me	
  please?	
  
	
  
Thanks,	
  
XXXX	
   NO	
  

HT	
  to	
  Dr.	
  Clemente	
  for	
  sharing	
  this	
  e-­‐mail	
  



Split	
  libraries	
  

•  Perform	
  quality	
  filtering	
  
•  Demulnplex	
  sequences	
  
	
  

hip://www.earthmicrobiome.org/emp-­‐standard-­‐protocols/16s/	
  



Demulnplex	
  your	
  data	
  

•  Read	
  through	
  and	
  execute	
  the	
  
“Demulnplexing	
  and	
  quality	
  filtering	
  
sequences”	
  secnon	
  

	
  



Sequences	
  to	
  OTUs	
  and	
  Phylogeny	
  

Sequencing output 
(454, Illumina, Sanger)

fastq, fasta, qual, or sff/trace files

Metadata

mapping file

Pre-processing
e.g., remove primer(s), demultiplex, 

quality filter

Denoise 454 Data

PyroNoise, Denoiser

Reference based
BLAST, UCLUST, 

USEARCH

Pick OTUs and representative sequences

De novo
e.g., UCLUST, CD-HIT, 
MOTHUR, USEARCH

Assign taxonomy

BLAST, RDP 
Classifier

Align sequences

e.g., PyNAST, 
INFERNAL, MUSCLE, 

MAFFT

Build 'OTU table'
i.e., sample by observation 

matrix

Build phylogenetic tree
e.g., FastTree, RAxML, 

ClearCut

Database Submission

(In development)

OTU (or other sample by 
observation) table

Phylogenetic Tree

Evolutionary relationship 
between OTUs

α-diversity and rarefaction

e.g., Phylogenetic 
Diversity, Chao1, 

Observed Species

β-diversity and rarefaction

e.g., Weighted and 
unweighted UniFrac, Bray-

Curtis, Jaccard

Interactive visualizations

e.g., PCoA plots, distance histograms, taxonomy charts, rarefaction 
plots, network visualization, jackknifed hierarchical clustering.

Legend

Required step or input Optional step or input

Currently supported for 
marker-gene data only

(i.e., 'upstream' step)

Currently supported for 
general sample by 
observation data

(i.e., 'downstream' step)

www.QIIME.org

And	
  coming	
  soon:	
  
SortMeRNA	
  



Pick	
  OTUs	
  

•  Execute	
  the	
  cell	
  that	
  begins	
  with:	
  
–  !pick_open_reference_otus.py –o mov… 



Understanding	
  OTU	
  picking	
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Understanding	
  OTU	
  picking	
  

97%	
  OTU,	
  a	
  “species”	
  	
  
3%	
  

Representanve	
  
Sequence	
  

De	
  novo	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
OTU	
  picking	
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Representanve	
  
Sequence	
  

Failed	
  
Sequences	
  

Closed	
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  OTU	
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Representanve	
  
Sequence	
  

New	
  
Clusters	
  



Understanding	
  OTU	
  picking	
  

Representanve	
  
Sequence	
  

New	
  
Clusters	
  

Open	
  reference	
  
OTU	
  picking	
  



Understanding	
  OTU	
  picking	
  

•  De	
  novo	
  
–  Single	
  study	
  
–  Poor	
  characterizanon	
  of	
  exisnng	
  taxa	
  
–  Good	
  characterizanon	
  of	
  novel	
  taxa	
  

•  Closed-­‐reference	
  
–  Combine	
  studies	
  
–  Good	
  characterizanon	
  of	
  exisnng	
  taxa	
  
–  Poor	
  characterizanon	
  of	
  novel	
  taxa	
  

•  Open-­‐reference	
  (QIIME	
  default)	
  
–  Single	
  study	
  
–  Good	
  characterizanon	
  of	
  exisnng	
  taxa	
  
–  Good	
  characterizanon	
  of	
  novel	
  taxa	
  

In	
  depth	
  discussion	
  here	
  in	
  Rideout	
  et	
  al	
  2014	
  (hips://peerj.com/arncles/545/)	
  



Pick	
  open	
  reference	
  OTUs	
  

•  Workflow	
  script,	
  performs	
  all	
  steps	
  through	
  
building	
  an	
  OTU	
  table	
  
– Determine	
  the	
  OTU	
  clusters	
  
–  Pick	
  the	
  representanve	
  sequence	
  for	
  each	
  OTU	
  cluster	
  
– Align	
  the	
  sequences	
  to	
  a	
  template	
  or	
  other	
  reference	
  
alignment	
  

– Assign	
  taxonomy	
  if	
  performing	
  a	
  de	
  novo	
  OTU	
  picking	
  
–  Remove	
  non-­‐phylogenencally	
  informanve	
  posinons	
  
–  Construct	
  a	
  phylogeny	
  from	
  an	
  alignment	
  
–  Constructs	
  the	
  actual	
  OTU	
  table	
  object	
  



Pick	
  OTUs	
  

•  Read	
  through	
  the	
  rest	
  of	
  the	
  text	
  in	
  the	
  “OTU	
  
Picking…”	
  secnon	
  

•  Once	
  the	
  “pick_open_reference_otus.py”	
  cell	
  
has	
  completed,	
  execute	
  the	
  remaining	
  cells	
  in	
  
the	
  secnon	
  

•  Read	
  through	
  and	
  execute	
  the	
  “Create	
  a	
  single	
  
mapping	
  file…”	
  secnon	
  



OTU	
  table	
  
	
  (classic	
  format)	
  

sample	
  x	
  OTU	
  matrix	
  



OTU	
  idennfiers	
  

OTU	
  table	
  
	
  (classic	
  format)	
  

sample	
  x	
  OTU	
  matrix	
  



Sample	
  idennfiers	
  

OTU	
  table	
  
	
  (classic	
  format)	
  

sample	
  x	
  OTU	
  matrix	
  



Opnonal	
  per	
  OTU	
  taxonomic	
  informanon	
  

OTU	
  table	
  
	
  (classic	
  format)	
  

sample	
  x	
  OTU	
  matrix	
  



•  hip://biom-­‐format.org	
  
•  Genomic	
  Standards	
  Consornum	
  standard	
  
format	
  

The	
  Biological	
  Observanon	
  Matrix	
  (BIOM)	
  format	
  or:	
  how	
  I	
  learned	
  to	
  stop	
  worrying	
  and	
  
love	
  the	
  ome-­‐ome.	
  McDonald,	
  Clemente,	
  et	
  al.	
  Gigascience	
  2012	
  1:7	
  



sample	
  x	
  observa/on	
  con/ngency	
  matrix	
  
Samples

OTUs

Observa/on	
  
counts	
  



sample	
  x	
  observa/on	
  con/ngency	
  matrix	
  
Metagenomes

Functions

Observa/on	
  
counts	
  



sample	
  x	
  observa/on	
  con/ngency	
  matrix	
  

Metagenomes

Functions

Samples

OTUs

Genomes

Ortholog
groups

Samples

Metabolites

Samples

Taxa

Marker	
  
gene	
  (e.g.,	
  16S)	
  
surveys	
  

Comparanve	
  
genomics	
  

Marker	
  
gene	
  (e.g.,	
  16S)	
  
surveys	
  

Metagenomics	
  
	
  
Metatranscriptomics	
  

Metabolomics	
   .	
  .	
  .	
  



http://biom-format.org/ 	
  



HDF5	
  

•  Blazing	
  fast!	
  
•  Space	
  efficient.	
  
•  Widely	
  used	
  in	
  sciennfic	
  fields	
  

hip://home.web.cern.ch/	
   hip://www.nasa.gov/	
  



HDF5	
  

•  Blazing	
  fast!	
  
•  Space	
  efficient.	
  
•  Widely	
  used	
  in	
  sciennfic	
  fields	
  

hip://home.web.cern.ch/	
   hip://www.nasa.gov/	
  



biom summarize-table!



biom summarize-table!
Fingerprint	
  



biom summarize-table!

Stansncs	
  



biom summarize-table!

Breakdown	
  per	
  sample	
  



Compunng	
  alpha	
  and	
  beta	
  diversity	
  
Sequencing output 

(454, Illumina, Sanger)

fastq, fasta, qual, or sff/trace files

Metadata

mapping file

Pre-processing
e.g., remove primer(s), demultiplex, 

quality filter

Denoise 454 Data

PyroNoise, Denoiser

Reference based
BLAST, UCLUST, 

USEARCH

Pick OTUs and representative sequences

De novo
e.g., UCLUST, CD-HIT, 
MOTHUR, USEARCH

Assign taxonomy

BLAST, RDP 
Classifier

Align sequences

e.g., PyNAST, 
INFERNAL, MUSCLE, 

MAFFT

Build 'OTU table'
i.e., sample by observation 

matrix

Build phylogenetic tree
e.g., FastTree, RAxML, 

ClearCut

Database Submission

(In development)

OTU (or other sample by 
observation) table

Phylogenetic Tree

Evolutionary relationship 
between OTUs

α-diversity and rarefaction

e.g., Phylogenetic 
Diversity, Chao1, 

Observed Species

β-diversity and rarefaction

e.g., Weighted and 
unweighted UniFrac, Bray-

Curtis, Jaccard

Interactive visualizations

e.g., PCoA plots, distance histograms, taxonomy charts, rarefaction 
plots, network visualization, jackknifed hierarchical clustering.

Legend

Required step or input Optional step or input

Currently supported for 
marker-gene data only

(i.e., 'upstream' step)

Currently supported for 
general sample by 
observation data

(i.e., 'downstream' step)

www.QIIME.org



Alpha	
  and	
  beta	
  diversity	
  

•  Alpha	
  is	
  within	
  a	
  sample	
  
– E.g.,	
  how	
  many	
  species	
  are	
  in	
  a	
  sample	
  

•  Beta	
  is	
  between	
  samples	
  
– E.g.,	
  how	
  similar	
  are	
  two	
  samples	
  

•  Lots	
  of	
  ways	
  to	
  calculate	
  these	
  



Alpha	
  diversity	
  
A	
   B	
  



Alpha	
  diversity	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
   Alpha	
  diversity	
  =	
  4	
  



Alpha	
  diversity	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
   Alpha	
  diversity	
  =	
  4	
  

Sample	
  B	
  is	
  more	
  diverse	
  than	
  sample	
  A	
  



Alpha	
  diversity	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
  
Total	
  sequences	
  =	
  4	
  

Alpha	
  diversity	
  =	
  4	
  
Total	
  sequences	
  =	
  8	
  





Alpha	
  diversity	
  



Alpha	
  diversity	
  



Phylogenenc	
  Diversity	
  (PD)	
  



Phylogenenc	
  Diversity	
  (PD)	
  



Rarefacnon	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
  
Total	
  sequences	
  =	
  4	
  

Alpha	
  diversity	
  =	
  4	
  
Total	
  sequences	
  =	
  8	
  

Randomly	
  select	
  4	
  sequences	
  from	
  B	
  



Rarefacnon	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
  
Total	
  sequences	
  =	
  4	
  

Alpha	
  diversity	
  =	
  4	
  
Total	
  sequences	
  =	
  8	
  

Rarefy	
  to	
  4	
  sequences	
  



Rarefacnon	
  
A	
   B	
  



Rarefacnon	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
   Alpha	
  diversity	
  =	
  2	
  



Rarefacnon	
  
A	
   B	
  

Alpha	
  diversity	
  =	
  3	
   Alpha	
  diversity	
  =	
  2	
  

Sample	
  A	
  is	
  more	
  diverse	
  than	
  sample	
  B	
  



Beta	
  diversity	
  
A	
   B	
  

C	
  



Beta	
  diversity	
  
A	
   B	
  

C	
  

A	
  –	
  B	
  =	
  2	
  



Beta	
  diversity	
  
A	
   B	
  

C	
  

A	
  x	
  B	
  =	
  2	
  
A	
  x	
  C	
  =	
  2	
  



Beta	
  diversity	
  
A	
   B	
  

C	
  

A	
  x	
  B	
  =	
  2	
  
A	
  x	
  C	
  =	
  2	
  
B	
  x	
  C	
  =	
  1	
  



Idenncal	
  communines	
  
D	
  =	
  0.0	
  

Related	
  communines	
  
D	
  ~	
  0.5	
  

Unrelated	
  communines	
  
D	
  =	
  1.0	
  

Lozupone	
  and	
  Knight,	
  2005,	
  Appl	
  Environ	
  Microbiol	
  71:8228	
  

Unweighted	
  UniFrac:	
  	
  
	
  	
  a	
  qualitanve,	
  phylogenenc	
  β-­‐diversity	
  metric	
  

Percent	
  of	
  observed	
  branch	
  length	
  that	
  is	
  unique	
  to	
  
either	
  sample	
  



Clustering	
  by	
  UniFrac	
  distance	
  



In the ancient times of ... 2012 

• We	
  used	
  KiNG	
  to	
  view	
  3D	
  plots	
  in	
  QIIME.	
  



It's 2014! 



Visualizing ordination plots (3D) 



Visualizing ordination plots (10D) 

Parallel	
  Plots	
  



•  Integrates	
  with	
  QIIME	
  and	
  it's	
  workflows	
  
•  Use	
  case-­‐driven	
  
•  Deals	
  well	
  with	
  rich	
  metadata	
  
•  Lightweight	
  

Overview 

hip://www.khronos.org/webgl/	
  
hip://www.oracle.com/	
  



Output File Size Comparison 



Reproducible Science 



Online Resources 

	
  hip://emperor.colorado.edu	
  	
  

•  Request	
  a	
  feature:	
  
o  www.github.com/biocore/emperor	
  

•  Or	
  contact	
  the	
  QIIME	
  Forum	
  
o  hip://groups.google.com/group/qiime-­‐forum	
  



Differennal	
  feature	
  abundance	
  

Sample_1	
   Sample_2	
   Sample_3	
   Sample_4	
   Sample_5	
   Sample_6	
  

OTU_1	
   100	
   150	
   1000	
   250	
   275	
   600	
  

OTU_2	
   345	
   297	
   611	
   35	
   14	
   0	
  

Which	
  features	
  (OTUs)	
  of	
  your	
  data	
  are	
  most	
  
different	
  between	
  sample	
  classes?	
  
	
  

Disease	
  

Control	
  



Differennal	
  feature	
  abundance	
  

•  Huge	
  body	
  of	
  literature	
  and	
  stansncal	
  
techniques	
  available.	
  Choose	
  wisely.	
  	
  
	
  

•  Not	
  a	
  subsntute	
  for:	
  
– A	
  trained	
  stansncian	
  
– Proper	
  experimental	
  design	
  
– Mechanisnc	
  understanding	
  



Differennal	
  feature	
  abundance	
  

•  New	
  techniques	
  are	
  emerging	
  in	
  microbial	
  
ecology	
  (they’ve	
  been	
  used	
  in	
  other	
  fields	
  for	
  
a	
  while	
  elsewhere)	
  
–  	
  “Waste	
  Not	
  Want	
  Not”	
  McMurdie	
  and	
  Holmes	
  
2014	
  

•  QIIME	
  1.9	
  (next	
  release)	
  will	
  contain	
  some	
  
new	
  methods.	
  



Supervised	
  learning	
  

•  Subset	
  of	
  machine	
  learning.	
  
•  We	
  ‘supervise’	
  the	
  algorithms	
  learning.	
  It	
  
learns	
  from	
  training	
  data	
  and	
  applies	
  what	
  it	
  
learned	
  to	
  test	
  data.	
  	
  

•  Training	
  data	
  and	
  test	
  data	
  both	
  come	
  from	
  
your	
  dataset	
  -­‐	
  you	
  aren’t	
  taking	
  new	
  samples	
  
or	
  using	
  someone	
  else’s	
  data.	
  	
  



DATA	
  

TRAIN	
  

.	
  .	
  .	
  	
  

TEST	
  

TRAIN	
  TEST	
  

TRAIN	
   TEST	
  

Spit	
  the	
  data	
  into	
  X	
  groups	
  for	
  ‘X-­‐fold’	
  cross-­‐validanon	
  

Learn	
  on	
  the	
  
‘train’,	
  predict	
  on	
  
the	
  ‘test’	
  

Learn	
  on	
  the	
  
‘train’,	
  predict	
  on	
  
the	
  ‘test’	
  

Learn	
  on	
  the	
  
‘train’,	
  predict	
  on	
  
the	
  ‘test’	
  



Supervised	
  learning	
  

•  Cross-­‐valida)on	
  prevents	
  overfiang.	
  	
  
•  Overfi�ng	
  is	
  ‘over-­‐learning’	
  your	
  data	
  –	
  
learning	
  its	
  idiosyncrasies	
  rather	
  than	
  it’s	
  
underlying	
  paiern.	
  

	
  
“Supervised	
  Classificanon	
  of	
  Human	
  Microbiota”	
  Knights	
  et	
  al.	
  2011	
  
Andrew	
  Ng’s	
  Coursera	
  Course	
  on	
  Machine	
  Learning	
  
“Elements	
  of	
  Stansncal	
  Learning”	
  Hasne,	
  Tibshirani,	
  Friedman	
  
scikit-­‐learn:	
  hip://scikit-­‐learn.org/stable/	
  	
  

	
  



That	
  is	
  all	
  …	
  for	
  now	
  



hip://github.com/biocore/qiime	
  	
  	
  

hip://octodex.github.com/front-­‐end-­‐conkocat/	
  



Modified	
  from	
  
hip://bio.sacnas.org/uploads/Judges/we_need_you.jpg	
  	
  



Search	
  the	
  forum	
  
hip://forum.qiime.org	
  	
  
We	
  try	
  to	
  answer	
  within	
  24	
  hours	
  	
  

forum	
  

Qiime Forum 



QIIME Forum 
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Tesnng	
  



Tesnng	
  



Evolunon	
  of	
  QIIME	
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