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Before 
UniFrac 

Several statistical techniques have 
been developed to use environmental 
16S rRNA clone sequences to compare 
microbial communities between 
samples. 

The problem: many of these 
techniques do not account for the 
different degrees of similarity between 
sequences – loss of information. 



Taxonomy And Phylogenesis 
 

• Taxonomy - The science of defining and naming groups of biological 

organisms based on shared characteristics. Organisms are grouped 

together into taxa. 

• Phylogenesis -Reconstruct the evolutionary relationship between 

species and taxons. 

 



Phylogenetic 
Tree 

 



Phylogenetic Tree Of Life 





UPGMA 

• Clustering method that 

gets a distance matrix 

as input and returns 

phylogenetic tree. 

 



Phylogenetic distance measures 

can provide far more power, 

exploit the degree of divergence 

between different sequences. 



Usage of Phylogenesis  

• Two phylogenetic approaches that asses whether communities differ 

significantly in composition have been developed not long before the paper 

was published. 

But: 

• These methods have only been applied to determining whether samples 

are significantly different and have not been used to compare many 

samples simultaneously 

• They don’t use the branch length information. 
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Leading questions in the research that UniFrac 
can answer 

• How does culturing affect similarities between samples? 

 Examination if cultured samples appeared more similar to uncultured 

samples from the same environment or to each other? 

• How Cosmopolitan are bacterial lineage? 

Comparing samples from the same environment but from different 

geographical origin. 

 



Leading questions – cont. 

• Are marine ice, sediment and seawater three distinct homogenous 

habitats? 

These three habitats treated in the literature as distinct habitat types. 

The Authors test whether these habitat types harbor consistent 

bacterial communities that differ from one another. 
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The UniFrac (unique fraction) Metric 

• Measures the phylogenetic distance between sets of taxa in a 

phylogenetic tree as the fraction of the branch length of the tree that 

leads to descendants from either on environment or the other but 

not both. 

• rRNA is used purely as a phylogenetic marker. 



 



Monte Carlo Simulation  

• UniFrac can be used to determine whether two communities differ 

significantly by using Monte Carlo simulation. 

• Two communities are considered different if the fraction of the tree 

unique to one environment is greater than would be expected by 

chance.   

 



 



Producing distance matrix with UniFrac 

UPGMA 



Jackknifing 

• After applying UniFrac to get distance matrix and UPGMA to get 

phylogenetic tree, Jackknifing can be applied to assess  confidence in 

the node of UPGMA. 

• the jackknife is a resampling technique especially useful for variance 

and bias estimation. 
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Data 

Environment type: S, marine sediment; 
W, water; I, ice. 

Geographic location: R, Arctic; N, 
Antarctic; T, temarate; P tropical. 

Derived from: U, environmental 
clones; C, cultured isolated. 



UniFrac P values 
• Based on comparisons to 

1000 trees. 

• Results are listed only if 
the P value ≥ 0.05. 



UPGMA cluster of 
marine samples 

• The number of sequences that 
represent each environment is 
indicated next to the sample 
name. 



The numbers show % of trails that the node occurred in when each environment was represented by only 17,20,31,36,40,58 seq. 



Leading questions in the research that UniFrac 
can answer 

• How dose culturing affect similarities between samples? 

 Examination if cultured samples appeared more similar to uncultured 

samples from the same environment or to each other? 

 

Samples from cultured isolates resemble each 
other rather than uncultured samples from the 
same environment.  



UPGMA cluster of 
marine samples 

• The number of sequences that 
represent each environment is 
indicated next to the sample 
name. 



Leading questions – Cont. 

• How Cosmopolitan are bacterial lineage? 

Comparing samples from the same environment but from different 

geographical origin. 

 

Geography plays a minor role in structing 
communities compared to the environment 
type. 



UPGMA cluster of 
marine samples 

• The number of sequences that 
represent each environment is 
indicated next to the sample 
name. 



Leading questions – cont. 

• Are marine ice, sediment and seawater three distinct homogenous 

habitats? 

These three habitats treated in the literature as distinct habitat types. 

The Authors test whether these habitat types harbor consistent 

bacterial communities that differ from one another. 

  

Uncultured bacterial communities in sediment 
and ice form distinct cluster but communities in 
seawater samples do not 



UPGMA cluster of 
marine samples 

• The number of sequences that 
represent each environment is 
indicated next to the sample 
name. 



PCA 

Principal component analysis (PCA) is a statistical procedure that uses 

an orthogonal transformation to convert a set of observations of 

possibly correlated variables into a set of values of linearly uncorrelated 

variables called principal components 



• Ice 

• Seawater 

• Sediment 

 

 

• (Filled) – Uncultured  

•  (Open) – Cultured  
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Summary and Conclusions  

• Phylogenetic information can be very useful to understand microbial 

communities. 

• In contrast to previous methods, UniFrac utilize the phylogenetic 

information and also can compare many environments simultaneously.  

• The ability of UniFrac to integrate sequence data from many diverse studies 

make it suitable for large-scale comparations between environments.   

• Promising potential to shed light on biological factors that structure 

microbial communities.  



Summary and Conclusions  - Cont. 

• Very known and popular method.  

 

 

 

 

 

• Open source 

• A lot of discussions and related papers published after this paper. 



Discussion 

  The method is not considering the number of samples per 

community. Maybe this information can be useful to get more 

accurateresults? 

 The number of sequences per sample is rather low. Is it enough for 

the conclusions that presented in the paper? 

 

 

 


