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How	
  can	
  we	
  measure	
  complex	
  
communi'es?	
  



Rapid	
  expansion	
  of	
  our	
  knowledge	
  to	
  
uncultured	
  



www.cbs.dtu.dk	
  



A	
  classic	
  16S	
  study	
  



A	
  classic	
  16S	
  study	
  



Contamina'on	
  

Steps	
  must	
  be	
  taken	
  to	
  minimize	
  contamina'on	
  
from	
  a	
  ‘foreign’	
  source.	
  	
  
	
  
Test	
  kit	
  components	
  and	
  laboratory	
  reagents.	
  
	
  -­‐DNA	
  free	
  primers*	
  

	
  
Can’t	
  subtract	
  contamina'on	
  sequences	
  during	
  
analysis.	
  



A	
  classic	
  16S	
  study	
  

~70,000	
  sequences	
  
per	
  sample	
  

Sequence	
  



A	
  classic	
  16S	
  study	
  

~70,000	
  sequences	
  
per	
  sample	
  

Sequence	
  

Data	
  Analysis	
  



Caporaso	
  et	
  al.	
  2010	
  



•  Install	
  QIIME	
  and	
  every	
  single	
  dependency	
  by	
  
hand	
  



QIIME	
  so\ware	
  dependencies	
  
[data-­‐lanemask]	
  
[data-­‐core]	
  
[python]	
  
[setuptools]	
  
[MySQL-­‐python]	
  
[SQLAlchemy]	
  
[pycogent]	
  
[pynast]	
  
[numpy]	
  
[matplotlib]	
  
[mpi4py]	
  
[lxml]	
  
[sphinx]	
  
[raxml]	
  
[fasFree]	
  

[cdbtools]	
  
[chimeraslayer]	
  
[cdhit]	
  
[rdpclassifier]	
  
[blast]	
  
[muscle]	
  
[infernal]	
  
[cytoscape]	
  
[clearcut]	
  
[mothur]	
  
[uclust]	
  
[r]	
  
[ampliconnoise]	
  
[vienna]	
  
[pprospector]	
  



•  Install	
  QIIME	
  and	
  every	
  single	
  dependency	
  by	
  
hand	
  

•  Use	
  the	
  app-­‐deploy.py	
  script	
  



•  Install	
  QIIME	
  and	
  every	
  single	
  dependency	
  by	
  
hand	
  

•  Use	
  the	
  app-­‐deploy.py	
  script	
  
•  Download	
  the	
  QIIME	
  Virtual	
  Box	
  



•  Install	
  QIIME	
  and	
  every	
  single	
  dependency	
  by	
  
hand	
  

•  Use	
  the	
  app-­‐deploy.py	
  script	
  
•  Download	
  the	
  QIIME	
  Virtual	
  Box	
  
•  Use	
  the	
  latest	
  EC2	
  QIIME	
  release	
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Join	
  paired	
  ends	
  

Example:	
  V4	
  region	
  of	
  16S	
  with	
  250bp	
  paired-­‐end	
  sequencing	
  on	
  Illumina	
  MiSeq.	
  	
  Amplicon	
  
length	
  is	
  253bp	
  
	
  
New	
  in	
  QIIME	
  1.8	
  Methods	
  available:	
  
1.  fastq-­‐join	
  
2.  SeqPrep	
  

	
  
Important	
  seQng!	
  --min_overlap	
  sets	
  the	
  minimum	
  number	
  of	
  base	
  pairs	
  in	
  the	
  overlapping	
  
region.	
  

Figure	
  from	
  hip://scoimyourstone.blogspot.com/	
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OTU	
  Picking	
  -­‐	
  “de-­‐novo”	
  

•  Pros	
  
–  Vast	
  majority	
  of	
  reads	
  are	
  clustered	
  	
  
– No	
  reference	
  database	
  bias	
  

•  Cons	
  
–  Speed;	
  not	
  easily	
  parallelizable	
  	
  
–  Erroneous	
  reads	
  get	
  clustered	
  

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
	
  

Clustered Sequences 

OTUS OTU1 
OTU2 
OTU3 

Clustering Algorithm 
CTGGGCCGTGTCTCAGTCCCAAACA 
TTGGAAGATGTCTCAGTTCCAGACA 

CTGGGCCGTGTCTCAGTCCCAAACA 
TTGGAAGATGTCTCAGTTCCAGACA 

CTGGGCCGTGTCTCAGTCCCAAACA 
TTGGAAGATGTCTCAGTTCCAGACA 

Experimental 
Sequences 



OTU	
  Picking	
  -­‐	
  “closed-­‐reference”	
  

•  Pros	
  
–  Reference	
  database	
  is	
  a	
  quality	
  filter	
  
–  Speed;	
  easily	
  parallelizable	
  

•  Cons	
  
– No	
  new	
  OTUs	
  can	
  be	
  observed	
  
–  Reference	
  database	
  bias	
  

CTGGGCCGTGTCTCAGTCCCAA 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
	
  

Experimental Sequences 

Reference	
  Sequences 

CTGGGCCGTGTCTCAGTCCCAA 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 

Sequences that hit 
a reference 

CTGGGCCGTGTCTCAGTCCCAA 

Sequences that 
failed to hit 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
	
  

OTUS OTU1 
OTU1 
OTU1 



Reference	
  database	
  



Percentage	
  of	
  
reads	
  that	
  do	
  not	
  
hit	
  the	
  reference	
  
collec'on,	
  by	
  
environment	
  type.	
  



OTU	
  Picking	
  -­‐	
  “open-­‐reference”	
  

•  Pros	
  
–  Best	
  of	
  both	
  worlds	
  

•  Cons	
  
–  Downsides	
  of	
  de-­‐novo	
  

CTGGGCCGTGTCTCAGTCCCAA 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
	
  

Experimental 
Sequences 

Reference	
  
Sequences 

CTGGGCCGTGTCTCAGTCCCAA 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 

Sequences that hit 
a reference 

CTGGGCCGTGTCTCAGTCCCAA 

Sequences that 
failed to hit 

CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
CTGGGCCGTGTCTCAGTCCCAA 
TTGGAAGATGTCTCAGTTCCAG 
TTGGGCCGTATGTCAGTCCCTA 
	
  

OTUS 

OTU1 
OTU2 
OTU3 

OTU4 
OTU5 
OTU6 

Clustering Algorithm 



OTU	
  table	
  

Feature	
  X	
  Sample	
  table	
  

Features	
  →
	
  	
  

Samples	
  →	
  	
  

Count	
  table	
   Rela've	
  abundance	
  table	
  

A	
   10	
   0	
   9	
   0	
   45	
   8	
  

B	
   1	
   65	
   0	
   88	
   45	
   0	
  

C	
   0	
   0	
   1	
   0	
   0	
   0	
  

A	
   0.9	
   0	
   0.9	
   0	
   0.5	
   1.0	
  

B	
   0.1	
   1.0	
   0	
   1.0	
   0.5	
   0	
  

C	
   0	
   0	
   0.1	
   0	
   0	
   0	
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RDP	
  classifier	
  

•  Taxonomic	
  Assignment	
  using	
  16S	
  sequence	
  
iden'ty	
  

•  Assigns	
  taxonomy	
  by	
  matching	
  sequences	
  
segments	
  of	
  length	
  8	
  to	
  a	
  database	
  of	
  
previously	
  assigned	
  sequences	
  



Taxonomic	
  composi'on	
  

•  We	
  can	
  visualize	
  the	
  differences	
  between	
  the	
  
abundances	
  at	
  different	
  taxonomic	
  levels	
  and	
  
our	
  metadata.	
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alpha-­‐diversity:	
  
“How	
  many	
  species	
  are	
  in	
  	
  
a	
  sample?”	
  	
  	
  

beta-­‐diversity:	
  
“How	
  many	
  species	
  are	
  shared	
  
	
  between	
  samples?”	
  
	
  

	
  How	
  do	
  we	
  describe	
  and	
  compare	
  
diversity?	
  



Quan'ta've	
  versus	
  Qualita've	
  
measures	
  

•  Qualita've:	
  Considers	
  presence	
  absence	
  only	
  
	
  
	
  

•  Quan'ta've:	
  Also	
  considers	
  rela've	
  
abundance.	
  



	
  What	
  is	
  a	
  phylogene'c	
  diversity	
  
measure?	
  

•  α	
  Diversity:	
  
–  Phylogene'c:	
  “How	
  much	
  phylogene'c	
  divergence	
  is	
  
in	
  a	
  sample?”	
  	
  

	


•  β	
  Diversity:	
  

–  Phylogene'c:	
  “How	
  much	
  phylogene'c	
  distance	
  is	
  
shared	
  between	
  samples?”	
  



Advantages	
  of	
  phylogene'c	
  techniques	
  

•  Phylogene'cally	
  related	
  organisms	
  are	
  more	
  likely	
  to	
  
have	
  similar	
  roles	
  in	
  a	
  community.	
  

•  Taxon-­‐based	
  methods	
  assume	
  a	
  “star	
  phylogeny”	
  



Principal	
  Coordinates	
  Analysis	
  (PCoA	
  )	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

PC2	
  

PC1	
  
A	
   0	
   0.6	
   0.5	
   0.7	
   0.67	
   0.46	
  

B	
   0.6	
   0	
   0.74	
   0.54	
   0.37	
   0.7	
  

C	
   0.5	
   0.74	
   0	
   0.63	
   .59	
   0.48	
  

0.7	
   0.54	
   0.63	
   0	
   0.46	
   0.75	
  

0.67	
   0.37	
   0.59	
   0.46	
   0	
   0.63	
  

0.46	
   0.7	
   0.48	
   0.75	
   0.63	
   0	
  

PCoA	
  

Distance	
  Matrix	
  



Metric	
  DOES	
  maier	
  

metric	
  1	
  (Jaccard)	
   metric	
  2	
  (Morisita-­‐Horn)	
  

Fierer	
  et	
  al.	
  PNAS	
  2010	
  



Sequencing	
  depth	
  ar'facts	
  can	
  affect	
  
diversity	
  es'mates	
  

Colored	
  by	
  number	
  of	
  
sequences	
  per	
  sample	
  
Either	
  50	
  or	
  500	
  seqs/sample	
  

Alpha-­‐diversity	
   Beta-­‐diversity	
  



How	
  to	
  account	
  for	
  uneven	
  sequence	
  
counts	
  across	
  samples	
  

•  Use	
  frequencies	
  to	
  normalize	
  by	
  total	
  sample	
  
sequence	
  count	
  
– we	
  recommend	
  against	
  this	
  approach,	
  especially	
  
for	
  diversity	
  calcula'ons.	
  We	
  have	
  found	
  that	
  it	
  
can	
  lead	
  to	
  samples	
  clustering	
  by	
  sequencing	
  
depth.	
  

•  Rarefac'on	
  
– equal	
  numbers	
  of	
  sequences	
  are	
  randomly	
  
selected	
  from	
  each	
  sample	
  



Rarefac'on	
  

•  How	
  do	
  you	
  pick	
  rarefac'on	
  depth?	
  
•  Major	
  disadvantage	
  to	
  rarefac'on	
  

– valuable	
  data	
  from	
  high-­‐sequence	
  count	
  samples	
  
are	
  discarded	
  and/or	
  samples	
  discarded	
  

•  Rarefac'on	
  has	
  recently	
  been	
  shown	
  to	
  
introduce	
  errors	
  in	
  analyses	
  

hip://joey711.github.io/phyloseq/	
  



Rela'ng	
  OTU/Taxonomy	
  abundance	
  to	
  
Metadata	
  

•  Correla'on	
  
–  Look	
  for	
  correla'ons	
  between	
  OTU/Taxonomy	
  abundance	
  
and	
  con'nuous	
  metadata.	
  

•  Searching	
  for	
  significantly	
  different	
  OTUs	
  
–  Determine	
  if	
  OTU/Taxonomy	
  abundance	
  is	
  significantly	
  
different	
  between	
  categorical	
  metadata.	
  

•  Clustering	
  
–  Unsupervised	
  clustering	
  of	
  samples	
  given	
  OUT/Taxonomy	
  
abundances.	
  

•  Classifica'on/predic'on	
  
–  Given	
  categorical	
  metadata	
  what	
  OTUs	
  separate	
  the	
  data	
  
and	
  how	
  well	
  	
  



Correla'on	
  

Data	
  

O
TU

	
  A
bu

nd
an
ce
	
  

A	
   10	
   1	
   9	
   0	
   2	
   8	
  

B	
   1	
   65	
   0	
   88	
   90	
   0	
  

C	
   0	
   0	
   1	
   0	
   0	
   0	
  

OTU	
  
A	
  	
  	
  	
  	
  	
  	
  	
  	
  B	
  	
  	
  	
  	
  	
  	
  	
  C	
  

	
  

DA
TA

	
  
1	
  
	
  	
  	
  
	
  	
  	
  
	
  2
	
  	
  	
  
	
  	
  	
  
	
  	
  	
  
3	
  

For	
  every	
  	
  
	
  	
  	
  	
  OTU	
  

For	
  all	
  con'nuous	
  	
  
metadata	
  



Rela'ng	
  OTU/Taxonomy	
  abundance	
  to	
  
Metadata	
  

•  Correla'on	
  
–  Look	
  for	
  correla'ons	
  between	
  OTU/Taxonomy	
  abundance	
  
and	
  con'nuous	
  metadata.	
  

•  Searching	
  for	
  significantly	
  different	
  OTUs	
  
–  Determine	
  if	
  OTU/Taxonomy	
  abundance	
  is	
  significantly	
  
different	
  between	
  categorical	
  metadata.	
  

•  Clustering	
  
–  Unsupervised	
  clustering	
  of	
  samples	
  given	
  OUT/Taxonomy	
  
abundances.	
  

•  Classifica'on/predic'on	
  
–  Given	
  categorical	
  metadata	
  what	
  OTUs	
  separate	
  the	
  data	
  
and	
  how	
  well	
  	
  



Searching	
  for	
  significant	
  OTUs	
  

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

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	
  

Disease	
  
Control	
  



Give	
  me	
  the	
  tests!	
  

•  G-­‐test:	
  the	
  graphical	
  example	
  we	
  saw.	
  Originally	
  
developed	
  for	
  single	
  value	
  experiments	
  

•  ANOVA:	
  test	
  differences	
  in	
  means	
  
•  T-­‐test:	
  ANOVA	
  for	
  2	
  groups	
  
•  Kruskal-­‐Wallis:	
  Non	
  parametric	
  ANOVA	
  
•  Mann-­‐Whitney-­‐U:	
  Kruskal-­‐Wallis	
  for	
  2	
  groups	
  
•  Bootstrap:	
  Randomizes	
  labels	
  and	
  performs	
  the	
  
given	
  test	
  n	
  'mes	
  and	
  the	
  p-­‐value	
  is	
  =	
  
beier_or_equal_test_sta's'c/random_tests	
  



Rela'ng	
  OTU/Taxonomy	
  abundance	
  to	
  
Metadata	
  

•  Correla'on	
  
–  Look	
  for	
  correla'ons	
  between	
  OTU/Taxonomy	
  abundance	
  
and	
  con'nuous	
  metadata.	
  

•  Searching	
  for	
  significantly	
  different	
  OTUs	
  
–  Determine	
  if	
  OTU/Taxonomy	
  abundance	
  is	
  significantly	
  
different	
  between	
  categorical	
  metadata.	
  

•  Clustering	
  
–  Unsupervised	
  clustering	
  of	
  samples	
  given	
  OUT/Taxonomy	
  
abundances.	
  

•  Classifica'on/predic'on	
  
–  Given	
  categorical	
  metadata	
  what	
  OTUs	
  separate	
  the	
  data	
  
and	
  how	
  well	
  	
  



Clustering	
  

•  UPGMA	
  
•  k-­‐means	
  
•  k-­‐medoids	
  
•  …many	
  other	
  
	
  	
  	
  possibili'es	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

PC2	
  

PC1	
  





Figure	
  4	
  	
  

You	
  can	
  always	
  find	
  clusters….	
  
	
  



Figure	
  4	
  	
  

…but	
  are	
  they	
  actually	
  clusters…	
  



Figure	
  4	
  	
  

…or	
  just	
  a	
  gradient.	
  



Figure	
  4	
  	
  

Plotting mean values of the abundances of taxa that drive 
the gradients in the PCoA plots does not constitute a 
validation of the clustering patterns 





Rela'ng	
  OTU/Taxonomy	
  abundance	
  to	
  
Metadata	
  

•  Correla'on	
  
–  Look	
  for	
  correla'ons	
  between	
  OTU/Taxonomy	
  abundance	
  
and	
  con'nuous	
  metadata.	
  

•  ANOVA	
  
–  Determine	
  if	
  OTU/Taxonomy	
  abundance	
  is	
  significantly	
  
different	
  between	
  categorical	
  metadata.	
  

•  Clustering	
  
–  Unsupervised	
  clustering	
  of	
  samples	
  given	
  OTU/Taxonomy	
  
abundances.	
  

•  Classifica'on/predic'on	
  
–  Given	
  categorical	
  metadata	
  what	
  OTUs	
  separate	
  the	
  data	
  
and	
  how	
  well.	
  



Classifica'on	
  

•  Supervised	
  machine	
  learning	
  
	
  
	
  
•  What	
  does	
  it	
  tell	
  you?	
  

– Whether	
  or	
  not	
  your	
  samples	
  
are	
  separated	
  by	
  a	
  group	
  of	
  
features	
  

– What	
  features	
  best	
  separate	
  
your	
  groups	
  



Classifica'on	
  

•  QIIME	
  	
  
– Only	
  implements	
  random	
  forests	
  classifica'on	
  

Examples	
  of	
  commonly	
  employed	
  supervised	
  classifica'on	
  
methods	
  are	
  described	
  in	
  Knights	
  et	
  al.	
  (2011))	
  



How	
  does	
  it	
  work?	
  



How	
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How	
  does	
  it	
  work?	
  



Classifica'on	
  

•  QIIME	
  	
  
– Only	
  implements	
  random	
  forests	
  classifica'on	
  

•  Many	
  other	
  resources	
  available	
  outside	
  of	
  
QIIME…	
  
– Several	
  R	
  packages	
  
– Scikit-­‐learn:	
  machine	
  learning	
  in	
  python	
  

Examples	
  of	
  commonly	
  employed	
  supervised	
  classifica'on	
  
methods	
  are	
  described	
  in	
  Knights	
  et	
  al.	
  (2011))	
  



Keep	
  in	
  mind…	
  

•  Distribu'on	
  of	
  OTU/Taxonomy	
  abundances	
  
– OTU	
  abundances	
  are	
  not	
  normally	
  distributed,	
  but	
  
pearson	
  correla'on,	
  ANOVA	
  and	
  many	
  other	
  
sta's'cal	
  tests	
  in	
  QIIME	
  assume	
  normality.	
  

	
  

•  Mul'ple	
  tes'ng	
  correc'on	
  
–  If	
  you	
  test	
  all	
  OTUs/Taxonomy	
  against	
  all	
  
metadata 	
  you	
  are	
  performing	
  thousands	
  of	
  tests.	
  



Data	
  Normaliza'on	
  



Data	
  Normaliza'on	
  
Log	
  transforma'on:	
  

Box-­‐Cox	
  transforma'on:	
  



Zero-­‐inflated	
  OTUs	
  



Zero-­‐inflated	
  OTUs	
  
Log	
  transforma'on:	
  

Box-­‐Cox	
  transforma'on:	
  



Keep	
  in	
  mind…	
  

•  Distribu'on	
  of	
  OTU/Taxonomy	
  abundances	
  
– OTU	
  abundances	
  are	
  not	
  normally	
  distributed,	
  but	
  
pearson	
  correla'on,	
  ANOVA	
  and	
  many	
  other	
  
sta's'cal	
  tests	
  in	
  QIIME	
  assume	
  normality.	
  

	
  

•  Mul'ple	
  tes'ng	
  correc'on	
  
–  If	
  you	
  test	
  all	
  OTUs/Taxonomy	
  against	
  all	
  
metadata 	
  you	
  are	
  performing	
  thousands	
  of	
  tests.	
  



Mul'ple	
  Tes'ng	
  



Poten'al	
  Issues	
  When	
  Doing	
  Larger	
  Studies	
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Poten'al	
  Issues	
  When	
  Doing	
  Larger	
  
Studies	
  

•  Different	
  sequencing	
  runs	
  
•  Different	
  collec'on	
  'mes	
  
•  Different	
  processing	
  'mes	
  
•  Change	
  of	
  protocol/personnel	
  
•  Mul'ple	
  collec'on	
  sites/sequencing	
  sites	
  
•  BE	
  CONSISTENT!	
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  Effect/Run	
  Effect	
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  16S	
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The	
  TLR5-­‐/-­‐	
  Microbiome	
  
WT	
  T5KO	
  

Metagenome	
   Metatranscriptome	
  



Thanks!	
  



scikit-­‐bio	
  

●  Generic	
  biological	
  data	
  analysis	
  in	
  python	
  
○  Replacement	
  for	
  PyCogent	
  

●  Thoroughly	
  tested	
  and	
  documented	
  
○  hip://scikit-­‐bio.org	
  	
  



qiita	
  (pronounced	
  cheetah)	
  

●  Web	
  interface	
  to	
  create	
  and	
  share	
  meta-­‐
analyses.	
  

●  MIxS	
  compliant	
  metadata	
  (GSC).	
  
●  Submit	
  datasets	
  to	
  EBI	
  



Do	
  amylase	
  levels	
  affect	
  the	
  microbiome?	
  

•  Collect	
  metadata	
  	
  
•  Balance	
  genders	
  
•  Determine	
  BMI	
  range	
  
•  Consider	
  controlling	
  diet	
  
•  Weight	
  gain	
  or	
  loss	
  could	
  become	
  a	
  variable	
  
•  Determine	
  types	
  of	
  samples	
  to	
  be	
  collected	
  
•  Collect	
  samples	
  at	
  mul'ple	
  'mepoints	
  
•  Determine	
  sample	
  processing	
  and	
  storage	
  condi'ons	
  

High	
  copy	
  number	
   Low	
  copy	
  number	
  Human	
  Subjects	
  



Figure	
  2	
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Fecal	
  sample	
  processing	
  and	
  storage	
  condi'ons	
  

•  Fresh	
  
•  Frozen	
  and	
  ground	
  under	
  liquid	
  nitrogen	
  
•  Freeze	
  dried	
  and	
  milled	
  

Be	
  consistent.	
  

Bahl	
  et	
  al.	
  	
  (Feb.	
  2012)	
  Freezing	
  fecal	
  samples	
  prior	
  to	
  DNA	
  extrac'on	
  affects	
  the	
  Firmicutes	
  to	
  Bacteroidetes	
  
ra'o	
  determined	
  by	
  downstream	
  quan'ta've	
  PCR	
  analysis.	
  	
  FEMS	
  Microbiology	
  Leiers.	
  	
  Epub	
  ahead	
  of	
  print.	
  



Kuczynski	
  et	
  al.	
  2012	
  
	
  

Effects	
  of	
  primer	
  choice	
  in	
  targeted	
  
amplicon	
  sequencing	
  	
  



Choice	
  of	
  universal	
  PCR	
  primer	
  	
  

•  F27–R338	
  is	
  highly	
  specific	
  for	
  bacteria	
  (as	
  
opposed	
  to	
  archaea	
  and	
  eukaryotes)	
  but	
  lacks	
  
sensi'vity	
  for	
  taxa	
  such	
  as	
  Bifidobacterium,	
  which	
  
is	
  an	
  important	
  member	
  of	
  the	
  gut	
  microbiota.	
  	
  

•  F515–R806	
  amplifies	
  a	
  broad	
  range	
  of	
  bacterial	
  
and	
  archaeal	
  phyla	
  (good	
  for	
  soil)	
  but	
  poorly	
  
amplifies	
  Propionibacterium(bad	
  for	
  skin)	
  



UniFrac	
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The	
  UniFrac	
  metric	
  measures	
  the	
  difference	
  between	
  two	
  environments	
  in	
  
terms	
  of	
  the	
  branch	
  length	
  that	
  is	
  unique	
  to	
  one	
  environment	
  or	
  the	
  other.	
  

In	
  the	
  tree	
  above	
  all	
  of	
  the	
  
branch	
  length	
  is	
  unique	
  to	
  one	
  
environment	
  or	
  the	
  other.	
  

In	
  the	
  tree	
  above	
  there	
  is	
  about	
  
as	
  much	
  branch	
  length	
  unique	
  
to	
  each	
  environment	
  as	
  shared	
  
between	
  environments.	
  

D	
  =	
  1	
   D	
  =	
  0.5	
  

Lozupone	
  and	
  Knight,	
  2005	
  



Lozupone	
  et	
  al.,	
  2007.	
  Appl	
  Environ	
  Microbiol	
  73:1576 

Qualitative Quantitative 

Weighted	
  UniFrac	
  



Metagenomics	
  

•  Provides	
  informa'on	
  about	
  genes	
  with	
  the	
  
poten'al	
  for	
  being	
  expressed,	
  but	
  cannot	
  
determine	
  which	
  ones	
  are	
  func'onal	
  	
  

•  Also,	
  because	
  we	
  sequence	
  total	
  DNA,	
  it	
  is	
  not	
  
possible	
  to	
  dis'nguish	
  genes	
  from	
  ac'vely	
  
growing	
  cells	
  from	
  those	
  in	
  dormant	
  or	
  dead	
  
cells	
  	
  



The	
  Metagenomic	
  Pipeline	
  
Size	
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Low	
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Metatranscriptomics	
  

•  The	
  study	
  of	
  RNA	
  molecules	
  present	
  in	
  a	
  cell	
  
at	
  any	
  given	
  'me	
  

•  Neither	
  primers	
  nor	
  probes	
  are	
  needed,	
  so	
  
there	
  is	
  no	
  need	
  to	
  an'cipate	
  important	
  genes	
  
beforehand	
  and	
  transcripts	
  from	
  microbial	
  
assemblages	
  are	
  sequenced	
  with	
  liile	
  bias.	
  	
  



The	
  Metatranscriptomic	
  Pipeline	
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