
Chad Burrus
April 6, 2010

1
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ÁWhat is UniFrac?
ÁMaterials and Methods
ÁResults 
ÁDiscussion
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ÁThe vast majority of microbes cannot be 
cultured with current methods
ÁOnly half (26) out of the 52 major bacterial 

lineages have cultured representatives

ÁMost of those culturable strains are only distantly 
related to the dominant phylotypes

Á!ÕÔÈÏÒÓȭ #ÌÁÉÍȡ  ΅ɍ/ɎÕÒ ÓÏÌÅ ÓÏÕÒÃÅ ÏÆ 
information about the biology of much of the 
diversity of life is the environmental 
distribution of sequences."
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ÁSørenson and Jaccard indices of group 
overlap
Á,ÉÂ3ÈÕÆÆ ÁÎÄ Ў-LibShuff
ÁHierarchical clustering and ordination based 

on the distribution of sequences
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ÁLimitations

ÁDon't account for different degrees of similarity 
between sequences

ǐIf the 16S is within 95-98% identity, the sequences are 
treated equally, even if looking at the entire sequence 
shows a 3-40% sequence divergence.

ÁResults in a substantial loss of information
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ÁP test
ÁFSTtest
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ÁLimitations

ÁOnly have been applied to detect significant 
differences

ÁCannot compare multiple samples simultaneously

ÁDo not account for branch lengths
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ÁȰ5ÎÉÑÕÅ ÆÒÁÃÔÉÏÎ ÍÅÔÒÉÃȱ
ÁA new, lineage-based phylogenetic distance 

method

ÁMeasures 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 one environment or the 
other, but not both
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ÁA true distance measurement

ÁCan compare multiple samples simultaneously

ÁCan be used with standard multivariate statistics 
(e.g., UPGMA or PCA)

ÁWeb service @ 
http://bmf2.colorado.edu/unifrac/index.psp
ÁDownloadable software module for Python 

built on an old version of PyCogent
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ÁCaptures the amount of evolution unique to 
each state
ÁReflects changes in one environment that 

would be harmful in the other(s)
ÁIt XORs the branches in the set of 

environments and compares the remaining 
branch lengths 
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Image from http://bmf2.colorado.edu/unifrac/help.psp



ÁSimilar environments can be translated into 
each other with few changes in species

ÁE.g., seawater from two bays in California, as we 
talked about last week in the PHACCS paper

ÁDivergent environments should each have a 
few species that can't survive (or can't  survive 
well) in the other environment(s)

ÁE. g., water from hot springs versus water from 
the Arctic
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ÁHow does culturing affect similarities 
between samples?

ÁDo cultured samples really reflect the 
environments they come from?

Á!ÕÔÈÏÒÓȭ 4ÅÓÔȡ #ÏÍÐÁÒÅ ÖÁÒÉÏÕÓ ÃÕÌÔÕÒÅÄ ÓÁÍÐÌÅÓ 
versus the environments they came from  to see 
how similar they are.
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ÁHow cosmopolitan are bacterial lineages?

ÁMost lineages seem to be pretty worldwide

ÁIs the same true for extremeophiles such as 
Arctic/Antarctic bacteria?

ǐAside:  we saw an example of this in the Salinibacter 
ruber paper last week--two very similar extremeophiles 
were found in two widely dispersed environments:  one 
in California, one in Spain

Á!ÕÔÈÏÒÓȭ 4ÅÓÔȡ 4ÅÓÔÅÄ ×ÈÅÔÈÅÒ ÐÓÙÃÈÒÏÐÈÉÌÉÃ ɉÃÏÌÄ-
loving) bacteria could cross the equatorial sea
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ÁAre marine ice, sediment, and seawater three 
distinct, homogeneous habitats?

ÁGenerally treated separately in the literature--
should they be?

Á!ÕÔÈÏÒÓȭ 4ÅÓÔȡ  #ÏÍÐÁÒÅÄ ÍÁÒÉÎÅ ÉÃÅȟ ÓÅÄÉÍÅÎÔȟ 
and seawater to see how the various samples 
clustered together.
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ÁTell whether two communities differ 
significantly through Monte Carlo simulations

ÁAuthors did this by keeping the tree intact and 
randomly assigning environmental labels

ÁProduce a distance matrix to describe the 
phylogenetic differences between microbial 
communities
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ÁSamples examined

ÁStarted with 23 small-subunit rRNA sequence 
libraries from 12 different marine studies

ÁAfter data cleaning, removed 3 of those samples 
due to lack of sequence information

ÁIncluded cultured and uncultured samples from 
seawater, sea ice, and marine sediment
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ÁWritten in Python on a Mac running OS X, 
including a UPGMA and a PCA implementation

ÁPulled down sequences from Genbank
ÁAligned sequences using the Arb1 tools and 

manual curation
ÁA GUI tool for sequence database handling and data 

analysis
ÁContinued to use Arb to fill in a tree via 

parsimony
ÁUsed the UniFrac tools to perform significance 

tests, UGPMA clustering, and PCA
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ÁExamine how the number and evenness of 
sequences affect UPGMA clustering
ÁRan several simulations using 100 reduced 

trees

ÁEach environment was randomly assigned a 
specific number of sequences  defined at the start 
of each experiment

ÁSequences (and environments) were added or 
removed as appropriate for each iteration
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ÁList of samples that are 
not significantly 
different at a cutoff of 
P-ÖÁÌÕÅ Ј ΦȢΦΫ

ÁKind of hard to see the 
clusters here
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Image generated  by Graphviz using the FDP algorithm.  Edge 
lengths  NOT proportional to the real distance between the samples.
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PC1 divides ice/cultured from other  uncultured
PC2 divides  open sea from sediment/coastal

PC3 divides seawater from sediment and ice
PC4 --)ȭÍ ÎÏÔ ÓÕÒÅȢ  3ÅÄÉÍÅÎÔ ÄÅÐÔÈȟ ÍÁÙÂÅȩ


