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Today	
  

Donut	
  Day	
  
Finish	
  Phylogene3cs	
  

Microbiome	
  –	
  other	
  considera3ons	
  
Basic	
  Epidemiology	
  



Assessing	
  confidence	
  

•  Trees	
  obtained	
  by	
  phylogene3cs	
  are	
  subject	
  to	
  
error	
  like	
  all	
  other	
  scien3fic	
  hypotheses	
  

•  A	
  tree	
  will	
  be	
  generated	
  regardless	
  of	
  whether	
  
there	
  is	
  a	
  phylogene3c	
  signal	
  

•  Need	
  to	
  quan3fy	
  how	
  strongly	
  data	
  supports	
  
each	
  of	
  the	
  rela3onships	
  in	
  the	
  tree	
  

•  What	
  is	
  the	
  extent	
  to	
  which	
  characters	
  within	
  
a	
  matrix	
  contradict	
  each	
  other?	
  



Bootstrapping	
  

•  Typically	
  tackled	
  with	
  a	
  sta3s3cal	
  test	
  called	
  
bootstrapping	
  

•  Assesses	
  chances	
  of	
  recovering	
  a	
  par3cular	
  
clade	
  again	
  if	
  we	
  randomly	
  re-­‐sample	
  our	
  data	
  

•  Data	
  matrix	
  is	
  sampled	
  with	
  replacement	
  to	
  
produce	
  pseudo-­‐replicate	
  datasets	
  

•  Measures	
  which	
  parts	
  of	
  the	
  tree	
  are	
  weakly	
  
supported	
  with	
  a	
  low	
  bootstrap	
  %	
  



Bootstrap	
  cut-­‐offs	
  

•  Exact	
  interpreta3on	
  of	
  bootstrap	
  %	
  is	
  elusive	
  
•  Higher	
  is	
  beMer	
  but	
  what	
  is	
  a	
  reasonable	
  cut-­‐
off?	
  70%?	
  

•  Warning:	
  bootstrapping	
  predicts	
  whether	
  the	
  
same	
  result	
  would	
  occur	
  	
  

	
  	
  	
  	
  if	
  more	
  data	
  were	
  collected	
  	
  
	
  	
  	
  	
  not	
  whether	
  the	
  result	
  is	
  	
  
	
  	
  	
  	
  correct	
  	
  



 









Back to the core questions   
•  Structure of the microbiome? 

•  Function of the microbiome? 

•  How can it be changed? 



Rare biosphere 



Models of a core microbiome 

Hamady	
  and	
  Knight,	
  2009	
  



Does diet affect microbial 
composition? 

•  Genetically Obese mice harbor a 
significantly different community than 
lean conventional mice 

 



Turnbaugh	
  et	
  al,	
  Cell	
  Host	
  &	
  Microbe	
  	
  2008	
  213	
  -­‐	
  223	
  

Diet affects microbial composition 



Correlation of diet and gut microbial taxa 

G D Wu et al. Science 2011;334:105-108 

 



The	
  Human	
  Microbiome	
  





If taxonomy is not conserved, 
what does that mean for 

function? 

•  Functional core? 
•  Interchangeable parts? 



PJ Turnbaugh et al. Nature 000, 1-5 (2008) doi:10.1038/nature07540 

Comparison of taxonomic and 
functional variations 



Function is more relevant than 
taxonomy 

Nature	
  486	
  (2012)	
  



Host-gut microbiota metabolic interactions 

J K Nicholson et al. Science 2012;336:1262-1267 

•  After birth ~ 100 microbial spp. 
•  Env., nutrition, influence later 

development 
•  Microbiota influences normal 

development, physiology, 
immune system, etc, at all life 
stages 

•  Dysbiosis involved in a # of 
diseases: 

•  IBD, IBS, colon cancer 
•  ulcers, fatty liver, obesity 
•  asthma, hypertension 
•  Mood and behavior (GLP-1) 



Host-gut microbiota metabolic interactions 

J K Nicholson et al. Science 2012;336:1262-1267 

Is engineered homeostasis 
achievable? 
  - C. difficile transplants 



Do	
  you	
  trust	
  the	
  microbiome?	
  

5	
  ques3ons:	
  
1)  Can	
  experiments	
  detect	
  differences	
  that	
  maMer?	
  
2)  Do	
  studies	
  show	
  causa3on	
  or	
  just	
  correla3on?	
  
3)  What	
  is	
  the	
  mechanism?	
  
4)  How	
  much	
  do	
  experiments	
  reflect	
  reality?	
  
5)  Could	
  anything	
  else	
  explain	
  the	
  results?	
  



Evaluation of a diagnostic test 
•  Sensitivity 

•  Specificity 



Calculating sensitivity and specificity 

True disease 
+ - 

Te
st

 

+ 

- 

a b 

c d 

10 2 

5 83 

Sensitivity = a/(a+c) 
10/15 

d/(b+d) 
83/85 

= Specificity 



Test Accuracy 

True disease 
+ - 

Te
st

 

+ 

- 

a b 

c d 

2 20 

10 68 

Accuracy = 
88/100 = 88% 

Prevalence = 
30/100 = 30% 





Sensitivity and Specificity and Predictive values 

True disease 
+ - 

Te
st

 

+ 

- 

a b 

c d 

2 

Sensitivity = 67% 98% = Specificity 

Positive  
Predictive 
Value = 

Negative  
Predictive 
Value = 

20 

10 68 

20/22 

68/78 

10/12 

83/88 

a/(a+b) 

d/(c+d) 



Liklihood ratios – diagnostic utility of a test 

True disease 
+ - 

Te
st

 

+ 

- 

a b 

c d 

2 

Sensitivity = 67% 98% = Specificity 

Liklihood 
Ratio for a 
Positive Test= 

Liklihood 
Ratio for a 
Negative Test= 

20 

10 68 

a/a+c 
1-(d/b+d) 
20/30 
1-(68/70) 

33.5 = 

1-(a/a+c) 
d/b+d 
1-(20/30) 
68/70 

0.33 = 



Comparing tests?  
•  When is a test with high sensitivity 

most useful? 

•  When is a test with high specificity 
most useful? 


