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Measure and model 

Treatment, Surveillance, Prevention? 

Animal	
  Disease	
  

Human	
  Disease	
  

Zoono/c	
  Pathogen	
  Microbial	
  	
  
Communi/es	
  

Nutri/on	
  

Host	
  immunity	
  

Host	
  genes	
  

Demographics	
  

Pathogen Ecology & Evolution 



Today	
  

Microbiome	
  1.0	
  
Phylogene/cs	
  1.0	
  



Microbes	
  in	
  our	
  World	
  
	
  

	
  
•  Fermenta/on	
  (e.g.	
  –	
  beer)	
  
•  Industrial	
  products	
  (e.g.	
  –	
  medicinals,	
  
cosme/cs,	
  etc…)	
  

•  Environmental	
  communi/es	
  (e.g.	
  –	
  human	
  
gut,	
  ocean,	
  soil,	
  etc…)	
  

•  Nitrogen	
  fixa/on,	
  nutrient	
  cycles	
  in	
  
ecosystems.	
  



The microbial environment 
Scientific American interactive 

microbiome 

Scitechdaily.com	
  



The	
  Human	
  Microbiome	
  
	
  



A world of environments 



Virus-­‐figh/ng	
  bacteria	
  



Microbial community profiling 
•  What criteria make a good molecular 

target? 



16S rRNA 



Primer bias is a problem 

Hamady	
  and	
  Knight,	
  2009	
  





Community profiling 
•  # unique reads vs # total reads 
 
•  # sequences vs taxonomic units (OTUs) 

1)  Does the rare biosphere matter? 
 
2)  Is there a core microbiome? 



Rare biosphere 



Models of a core microbiome 

Hamady	
  and	
  Knight,	
  2009	
  



Network-based analyses of fecal bacterial communities in 
60 mammalian species  

R E Ley et al. Science 2008;320:1647-1651 

Published by AAAS 



Back to the core questions   
•  What do we know? 

•  How does it go awry? 

•  How might we possibly manipulate it? 



Phylogene/cs	
  1	
  



Phylogenetic reconstruction 
Produce a phylogenetic tree – 
Describing likely descent from a common 
ancestral sequence of a set of aligned 
contemporary sequence. 



Haeckel	
  (1866),	
  a	
  Swiss	
  naturalist,	
  was	
  the	
  first	
  to	
  create	
  a	
  natural	
  kingdom	
  for	
  	
  
the	
  microbes,	
  which	
  had	
  been	
  discovered	
  nearly	
  two	
  centuries	
  before	
  by	
  Antony	
  van	
  Leeuwenhoek	
  



Whitaker,	
  1967	
  



Pace,	
  Science	
  276	
  1997	
  



Revised	
  tree	
  of	
  life	
  

Pace	
  Nature	
  2006	
  



Phylogene/c	
  trees…	
  
•  are	
  graphs	
  with	
  nodes	
  &	
  edges	
  
•  organisms,	
  etc…	
  are	
  connected	
  by	
  the	
  passage	
  
of	
  gene/c	
  informa/on	
  along	
  branches	
  of	
  the	
  
tree	
  

•  models	
  evolu/on	
  as	
  a	
  bifurca/ng	
  process	
  

	
  



Some	
  important	
  terms	
  used	
  
	
  to	
  describe	
  phylogene/c	
  trees	
  



Four	
  trees,	
  all	
  depict	
  	
  
same	
  evolu/onary	
  history	
  

















Phylogene/c	
  trees	
  are	
  useful	
  for	
  inferring	
  
evolu/onary	
  rela/onships…	
  

…but	
  usefulness	
  is	
  influenced	
  by	
  sampling	
  (i.e.	
  
how	
  well	
  the	
  samples	
  represent	
  the	
  popula/on)	
  



More	
  tree	
  terminology	
  



Monophyle/c	
  



Paraphyle/c	
  



Polyphyle/c	
  



Cu]ng	
  with	
  scissors	
  



Binary	
  branching	
  
	
  
•  A	
  fully	
  binary	
  tree	
  is	
  called	
  ‘fully	
  resolved’	
  

•  What	
  about	
  cases	
  where	
  one	
  	
  
	
  	
  	
  lineage	
  splits	
  simultaneously	
  	
  
	
  	
  	
  into	
  mul/ple	
  descendants?	
  



Devia/ons	
  from	
  binary	
  branching	
  

•  Polytomy	
  a	
  node	
  with	
  >2	
  descendent	
  lineages	
  

– Hard	
  polytomy	
  =	
  real	
  specia/on	
  event	
  involving	
  	
  
	
  	
  	
  	
  >	
  2	
  lineages	
  diverging	
  from	
  a	
  common	
  ancestor	
  
– Sod	
  polytomy	
  =	
  insufficient	
  phylogene/c	
  
informa/on,	
  uncertain	
  	
  

	
  	
  	
  	
  tree	
  topology	
  (uh	
  oh)	
  



Devia/ons	
  from	
  binary	
  branching	
  

Wagner et al. (2012) Ecological opportunity and sexual selection together predict 
adaptive radiation. Nature: doi:10.1038/nature11144 



Devia/ons	
  from	
  binary	
  branching	
  

•  Polytomy	
  a	
  node	
  with	
  >2	
  descendent	
  lineages	
  

– Hard	
  polytomy	
  =	
  real	
  specia/on	
  event	
  involving	
  	
  
	
  	
  	
  	
  >	
  2	
  lineages	
  diverging	
  from	
  a	
  common	
  ancestor	
  
– So5	
  polytomy	
  =	
  insufficient	
  phylogene/c	
  
informa/on,	
  uncertain	
  	
  

	
  	
  	
  	
  tree	
  topology	
  (uh	
  oh)	
  



The	
  Origin	
  of	
  Species	
  

Father of evolution: 
Chuck D. 



Characters	
  vs	
  States	
  

•  Character	
  is	
  an	
  agribute	
  that	
  can	
  poten/ally	
  
vary	
  at	
  the	
  /ps	
  (ie.	
  hair	
  color)	
  

•  State	
  are	
  alterna/ve	
  versions	
  of	
  the	
  same	
  
character	
  (ie.	
  black,	
  brown,	
  blonde)	
  



Example:	
  DNA	
  sequence	
  
Character	
  (site)	
  

State	
  (nucleo/de)	
  



Roots	
  



Roo/ng	
  trees	
  
•  Trees	
  can	
  be	
  rooted	
  or	
  unrooted	
  
•  Rooted	
  trees	
  indicate	
  flow	
  of	
  /me	
  i.e.	
  /me-­‐calibrated	
  tree	
  

•  An	
  outgroup	
  is	
  oden	
  used	
  to	
  root	
  (ie.	
  taxa	
  known	
  to	
  be	
  	
  
	
  	
  	
  	
  distantly	
  related	
  to	
  ingroup)	
  
	
  

•  One	
  node	
  between	
  outgroup	
  
	
  	
  	
  	
  and	
  ingroup	
  is	
  iden/fied	
  	
  
	
  	
  	
  	
  as	
  the	
  root	
  
	
  
	
  
	
  	
  



Roo/ng	
  trees	
  



Flipping	
  branches	
  



How many rooted and unrooted possibilities are there? 



Number	
  of	
  OTUs	
   #	
  rooted	
  trees	
   #	
  unrooted	
  trees	
  

2	
   1	
   1	
  

3	
   3	
   1	
  

4	
   15	
   3	
  

5	
   105	
   15	
  

6	
   954	
   105	
  

7	
   10,395	
   954	
  

8	
   135,135	
   10,395	
  

9	
   2,027,025	
   135,135	
  

10	
   34,459,425	
   2,027,025	
  

How many rooted and unrooted possibilities are there? 



          Tree building	
  
	
  



How	
  to	
  build	
  a	
  phylogene/c	
  tree	
  

1	
   • Collect	
  data	
  i.e.	
  DNA	
  

2	
   • Retrieve	
  homologous	
  sequences	
  

3	
   • Mul/ple	
  sequence	
  alignment	
  

4	
   • Model	
  selec/on	
  

5	
   • Assessing	
  confidence	
  in	
  topology	
  



How	
  to	
  build	
  a	
  phylogene/c	
  tree	
  

1	
   • Collect	
  data	
  i.e.	
  DNA	
  

2	
   • Retrieve	
  homologous	
  sequences	
  

3	
   • Mul/ple	
  sequence	
  alignment	
  

4	
   • Model	
  selec/on	
  

5	
   • Assessing	
  confidence	
  in	
  topology	
  



How	
  to	
  build	
  a	
  phylogene/c	
  tree	
  

1	
   • Collect	
  data	
  i.e.	
  DNA	
  

2	
   • Retrieve	
  homologous	
  sequences	
  

3	
   • Mul/ple	
  sequence	
  alignment	
  

4	
   • Model	
  selec/on	
  

5	
   • Assessing	
  confidence	
  in	
  topology	
  





Retrieve	
  homologous	
  sequences	
  

•  Common	
  tool:	
  BLAST	
  (Basic	
  Local	
  Alignment	
  
Search	
  Tool)	
  used	
  to	
  find	
  homologs	
  

•  BLAST	
  finds	
  homologs	
  by	
  loca/ng	
  short	
  
matches	
  between	
  sequences	
  (aa=3,	
  nt=11)	
  

•  Pros:	
  quick	
  and	
  easy,	
  rela/vely	
  accurate	
  
•  Ques/on:	
  what	
  bacterial	
  species	
  share	
  
common	
  ancestry	
  with	
  my	
  isolate	
  of	
  interest?	
  



How	
  to	
  score	
  homologues	
  

•  Use	
  E-­‐values,	
  not	
  percent	
  iden/fy	
  to	
  infer	
  
homology	
  

•  E-­‐value	
  =	
  number	
  of	
  hits	
  one	
  can	
  expect	
  to	
  
see	
  by	
  chance	
  	
  

•  The	
  lower	
  the	
  E-­‐value	
  the	
  more	
  significant	
  the	
  
match	
  (ie.	
  the	
  beger!)	
  

•  E-­‐	
  value	
  <0.001	
  is	
  significant	
  for	
  most	
  searches	
  



E-­‐values	
  



How	
  to	
  build	
  a	
  phylogene/c	
  tree	
  

1	
   • Collect	
  data	
  i.e.	
  DNA	
  

2	
   • Retrieve	
  homologous	
  sequences	
  

3	
   • Mul/ple	
  sequence	
  alignment	
  

4	
   • Model	
  selec/on	
  

5	
   • Assessing	
  confidence	
  in	
  topology	
  



Evolu/on	
  of	
  DNA	
  sequences	
  

•  Evolu/on	
  of	
  visible	
  (phenotypic)	
  characters	
  is	
  
the	
  result	
  of	
  changes	
  at	
  the	
  molecular	
  level	
  

•  types	
  of	
  muta/ons:	
  	
  
–  indel	
  (frameshid)	
  

•  Inser/ons/dele/ons	
  	
  
•  frameshid	
  

– subs/tu/ons	
  

refresher	
  



Mul/ple	
  sequence	
  alignment	
  
•  Inser/ons	
  &	
  dele/ons	
  (‘indels’)	
  obscure	
  sites	
  
that	
  are	
  homologous	
  (=	
  traits	
  descended	
  from	
  
common	
  ancestor)	
  

•  Goal	
  of	
  MSA	
  is	
  to	
  introduce	
  gaps	
  so	
  that	
  
nucleo/des	
  in	
  same	
  column	
  are	
  homologous	
  



MSA	
  in	
  ac/on	
  

Common	
  ancestor	
  

4	
  x	
  descendent	
  taxa	
  



S0 ATGTCGCCTGATAATGCC 
S1 ATGCCGCTTGACAATGCC 
S2 ATGCCGCGTGATAATGCC 



S0 ATGTCGCCTGATAATGCC 
S1 ATGCCGCTTGACAATGCC 
S2 ATGCCGCGTGATAATGCC 



S0 ATGTCGCCTGATAATGCC 
S1 ATGCCGCTTGACAATGCC 
S2 ATGCCGCGTGATAATGCC 



S0 ATGTCGCCTGATAATGCC 
S1 ATGCCGCTTGACAATGCC 
S2 ATGCCGCGTGATAATGCC 
S3… 
	
  



Distance - UPGMA 
OTU S0 S1 S2 
S1 dS0S1 
S2 dS0S2 dS1S2 
S3 dS0S3 dS1S3 dS2S3 

S0 

S1 dS0S1/2 



Distance - UPGMA 
OTU (S0S1) S2 
S2 D(S0S1)S2 
S3 D(S0S1)S3 dS2S3 

S0 

S1 dS0S1/2 
S2 

d(S0S1)S2/2 


