
Results: Environment Type
In this section, we examine the influence of environment on the composition 
of marine microbial communities. Relationships between communities 
determined with weighted UniSplit are depicted as a community tree (right) 
and a principal coordinate analysis plot (bottom). Sequence-level jackknifing 
was performed in order to access the robustness of each subtree in the 
community tree. These results indicate that:

• the freshwater community at Lake Gatun is highly distinct from all other 
communities

• the estuarine communities are similar to each other, but distinct from all 
other communities

• the Bay of Fundy community is similar to the Northern Atlantic coastal 
communities

• the Northern Atlantic and Caribbean Sea communities form separate 
subtrees. However, the low jackknife values bring into question this 
distinction. We hypothesize that increased sampling effort would provide 
support for this bipartition.

• the Bedford Basin falls outside the subtree containing the Northern 
Atlantic coastal communities suggesting the microbial community here 
may be distinct   

Examination of the pie charts suggests a number of reasons for the observed 
differences between communities from different environment types:

• Lake Gatun is the only site containing significant numbers of 
Acidobacteriales and Candidatus Microthrix and contains relatively little 
Alphaproteobacteria compared to the other sites

• Actinobacteridae is found in higher abundances at low salinity sites 
whereas Gammaproteobacteria is present in significant quantities at all 
sites except the low salinity sites

• significant numbers of Betaproteobacteria are found only at the estuarine 
sites

• Prochlorales is present in 
significant quantities only 
in the Caribbean Sea sites

These results indicate that 
environmental factors such as 
salinity and temperature can 
have a significant influence on 
the composition of marine 
microbial communities.

Exploring Marine Microbial Community Diversity
Donovan H. Parks and Robert G. Beiko

Abstract
In this work, we investigate the influence of geographic proximity and environ-
mental factors on the composition of microbial communities from marine eco-
systems. We approach this question by applying a novel phylogenetic beta-
diversity measure to samples collected along the Atlantic seaboard of continental 
North America. For the spatial and genomic sampling effort considered, we find 
no correlation between spatial proximity and community composition. However, 
our results provide strong evidence that environmental factors, especially salin-
ity level, have a significant influence on the composition of marine communities.

Conclusions
Evidence was found that Northern Atlantic coastal samples are distinct from 
those collected in the Caribbean Sea. However, within these environment types 
we found no evidence indicating that samples form a cline along the Atlantic 
seaboard of continental North America. Increased sequence sampling effort 
applied to densely spaced sites from within a single environment type is required 
to more fully appreciate the role of geographic proximity on the composition of 
marine microbial communities.

Our results strongly support the hypothesis that salinity is a major determinant of 
microbial community composition. The single freshwater sample was found to 
be highly distinct from all other samples. Similarly, the two low salinity 
estuarine samples were found to be similar to each other and different from all 
other samples. In contrast, the Bay of Fundy estuary sample which has salinity 
levels similar to that of a typical coastal sample was found to cluster with the 
Northern Atlantic coastal samples. The Northern Atlantic coastal samples were 
found to form a distinct cluster from the Caribbean Sea samples which may be a 
result of higher salinity levels or temperatures within these waters. However, 
these clusters were found to be sensitive to sampling effort indicating increased 
sampling effort is required. 
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Methods
The following steps were taken in order to perform a UniSplit analysis of the partial 16S sequences obtained from the GOS sample sites:

A. An all-versus-all blast search between non-coding GOS sequences obtained from the CAMERA website and the 16S rDNA database compiled by 
GreenGenes on Jan. 28, 2009 was performed using blastall with default parameters in order to identify 16S rDNA sequences in the GOS data set.

B. The blastall results were filtered to remove any hits with an expectation value greater than 1.0E-5, an alignment length less than 50 nt, or a percent identity 
less than 70%. For these significant matches, the 16S rDNA sequences from the GreenGenes database were used as proxies for the corresponding short reads 
within the GOS data set. 

C. Identical 16S sequences were removed before performing multiple sequence alignment (MSA), but total counts were retained to allow a weighted UniSplit 
analyses to be carried out.

D. Nearest alignment space termination (NAST) was used to align the 16S sequences. 
E. Hyper-variable regions from the MSA were masked out using the mask columns tool at the GreenGenes portal.
F. A split network was constructed from the MSA by using the Phylip program DNADist to calculate a distance matrix which was processed by the 

neighbour-net algorithm implemented in SplitsTree. Distances were calculated using the F84 nucleotide substitution model with gamma distributed rates 
across sites. 

G. UniSplit produces a distance matrix indicating the distance between all pairs of microbial communities. Unweighted pair group method with arithmetic 
mean (UPGMA) clustering and principal coordinate analysis (PCoA) were applied to these matrices in order to visualize the relationships between 
communities. 

Diversity Measure: UniSplit
Processes such as adaptation and genetic drift cause the amount of evolution 
unique to a community to increase as pairs of communities become increasingly 
genetically isolated due to diverging habitats, function, or spatial proximity. The 
unique split (UniSplit) metric quantifies the difference between two microbial 
communities by determining the amount of evolution within a phylogenetic 
network which is unique to a single community. Bipartitions induced by the 
network can be weighted in order to account for the relative abundance of 
different taxa. UniSplit is a new phylogenetic diversity measure which can be 
seen as a generalization of the popular UniFrac metric [5].

The example below illustrates the computation of unweighted UniSplit.  In this 
example, there are two microbial communities identified by green and blue 
letters whose taxa are related by a split network.  The two outgroup taxa, O1 and 
O2, are used to root the network. Removing parallel edges in this network 
induces a bipartition or split of the taxa. The splits coloured purple are those that 
lead to descendants from a single community, while the black splits represent 
shared evolution. UniSplit measures the amount of evolutionary divergence 
between these two communities by dividing the amount of unique evolution 
(purple splits) by the total amount of evolution represented in the network (sum 
of purple and black splits). The UniSplit metric ranges from zero (both 
communities have identical taxa) to one (all splits represent unique evolution).
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Results: Geographic Proximity
Here we investigate if the nineteen North Atlantic GOS samples form a 
cline. We approach this question using GenGIS which supports 
visualizing and analyzing tree structures where leaf nodes are bound to 
geographic locations. Hypothesized clines can be tested within GenGIS 
by drawing a line indicating the cline of interest. Location sites are 
projected onto this line to indicate their ordering along the hypothesized 
cline. The ordering of leaf nodes within the tree is then optimized to 
minimize the number of crossings that occur between the lines which 
connect leaf nodes to their corresponding projected geographic locations. 
This allows a rapid qualitative assessment of the goodness-of-fit between 
a tree topology and a user specified cline to be performed.

The number of crossing which occur after applying the optimization 
algorithm can also be interpreted as a quantitative measure of the 
goodness-of-fit [6]. This allows a Monte Carlo permutation test to be 
used to determine if a tree (or subtree) fits a cline better than expected by 
chance alone. To test this null hypothesis, the tree topology and cline are 
held constant while permuting the assignment of leaf nodes to locations.

When UniSplit is applied to a collection of sample sites, it produces a 
distance matrix indicating the pairwise distance between all sites. By 
applying a clustering algorithm such as UPGMA to this distance matrix, 
a community tree indicating the relationships between the sites can be 
obtained. The figure to the right depicts a weighted UniSplit community 
tree laid out on a north-south cline along the Atlantic seaboard (the 
parallel dashed lines in the figure). Location sites have been coloured 
according to their environment type and colours propagated through the 
tree to indicate the influence of environment type. The pie charts indicate 
the taxonomic composition of each site at the class level. 

A permutation test indicates this tree produces significantly fewer 
crossings than would be expected by chance alone (p-value < 0.02). 
However, it is evident that most of the geographic structure exhibited by 
the community tree is due to the Northern Atlantic and Caribbean Sea 
samples forming distinct subtrees. A permutation test of each of these 
subtrees indicates they are not significantly correlated with a north-south 
cline (Northern Atlantic, p-value > 0.5; Caribbean Sea, p-value > 0.8). 
These results indicate that geographic proximity is not a strong predictor 
of how similar the composition of two microbial communities will be.

Introduction
Culture-independent studies of microbial communities provide data sets suitable 
for evaluating hypotheses about microbial biogeography. By quantifying the 
compositional differences between microbial communities, the influence of 
geography and ecology on the spatial and temporal patterns of microbial 
biodiversity can be explored.  Here we use a novel phylogenetic beta-diversity 
measure to investigate the influence of geographic proximity and environmental 
factors on the composition of microbial communities from marine ecosystems. 
We analyze nineteen metagenomic samples situated along the Atlantic seaboard 
of continental North America collected at an average interval of 320 km during 
the Global Ocean Sampling (GOS) metagenomic survey [1].  

The influence of geographic proximity on the composition of these microbial 
communities is explored using GenGIS [2], a geographic information system for 
genomic data which supports the interactive exploration and analysis of 
biogeographical hypotheses. To investigate the role of environmental factors, we 
divided the nineteen samples into six environment types according to metadata 
provided with the GOS dataset. Of the nineteen samples, fourteen are either 
coastal or oceanic samples. We have divided these into two groups, Northern 
Atlantic and Caribbean Sea, as these geographic regions are characterized by 
significantly different average temperature and salinity values. Three sites were 
identified as estuary samples. However, we have separated the Bay of Fundy 
estuary sample from the other estuary samples as its salinity content is similar to 
that of a typical coastal sample [3]. A single fresh water sample is also present 
along with a sample from Bedford Basin, which is of interest as the water in this 
area is known to be contaminated [4].
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