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Methodology: taxonomical and functional profiling 

--16S rRNA profiling of gut microbial 
communities (for this workshop) 
 
--Shotgun metagenomics for 
functional profiling (Ilumina Hiseq) 
 
 
--Alpha-diversity: the richness of 
bacterial taxa within a community 
(i.e. how complex a community is) 
 
 
--Beta-diversity: the shared and 
unique bacterial taxa between 
communities  
(i.e. how different communities are) 

Morgan & Huttenhower, 2012 



Alfa-diversity: observed vs hidden  

Sampling procedure are rarely 
exhaustive/comprehensive 
 
Observed number of taxa: 
dependent on sampling depth 
 
Richness/Diversity: extrapolate on 
rarefaction curve  
 
Evenness: relative proportion of 
each other 



“Biodiversity on one dimension” 

Community comparison 

Hill’s index 

N0=S 

N1=exp (H’) 

N2=1/D 

N∞= 1/p1 

N10, N10’, N21, N21’  

 

Margalef index 

Shannon-wienner  

 

Simpson 

Easy to define, hard to 
compare 

Etc.  



Beta-diversity: paired community comparison 

• Bary-Curtis 

 

 

 

 

Or jaccard (based on presence/absence) 



Clarke & Warwick 1999, “taxonomic distinctness“  
* Of course, now the fancy name is “Unifrac” 
  

The previous measures ignore phylogeny of taxa in question (i.e. equal 
weight for close/remote taxa)  
 
Some measures give different weight on phylogenetically different 
pairs 
 



• IMPORTANT: standardize sequencing depth 
before clustering and making compositional 
matrix, not after—it changes the distribution 
and diversity estimates 

 

Sequencing depth = 5000 

Sequencing depth = 1000 

Rarefaction result 



Defining similarities 

Most common: geographical distance (Euclidean) 



Defining similarities 

Jensen-Shannon divergence 

Mahattan distance 



Biological communities  

Bray-Curtis dissimilarity 

Jaccard dissimilarity 



Clustering: lowering to one-dimensional 
dendogram 



Linkage algorithm: initiating stage of clustering (that made most 
of the differences in defining the next nearest branch)  
 
 



Ordination: PCA/PCoA (lowering to dimension to 2) 

X1 
X2 

X3 

X 

PC 1 

PC 2 

Principle component analysis: components = compositional matrix; similarly for CCA/RDA 
 
Principle coordinates (Co) analysis: based on dissimilarity (end up in coordinates)   



Clusters of human genetic data Clusters of human microbiome data 



Hypothesis testing:  MANOVA and permutation based significance 
 

H0: things occur randomly (and the 
separation will be so…)  
H1: no they don’t (if the separation is 
big enough)  

It’s really a F-test (MANOVA=“multi-variate” 
ANOVA): if between group differences > 
within groups, it’s likely those groups have an 
effect  



Fitting continuous variables: 
 linear way (“envfit”) and surface way (“ordisurf”) 

“Effect sizes” from ordination are similar to 
distance-based, but not entirely the same 
(some information is lost)  
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Honorable mentions 

• SIMPER analysis (much older than Lefese) 
      Taxa contributing to similarity within group/dissimilarity between groups 

 Between  Group sed  &  Group water                                

• Species  Av.Abund    Av.Abund Av.Diss Diss/SD Contrib% Cum.% 

• gam      0.06        0.73   27.29   15.52    47.50 47.50 

• dss      0.07        0.53   17.94    3.72    31.22 78.72 

 

• BEST analysis / BIOENV (finding combination of 
hypothesis for best correlation to distance, non-linear)  
vs. additive (linear model) in RDA/CCA 

 



Heatmaps 

Auto-correlation 
Allo-correlation 



PS: pearson vs spearman correlations 



Network analysis 



Correlation networks (quantitative) 

Microbiome, metabolome, transcriptome, etc…  



Interaction networks (qualitative) 

Protein-protein interaction network (PPI, e.g. STRING-DB) 



Text mining networks…  

Some more complex networks (Qualitative? 
Quantitative? Relational) 


