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Enhanced biological phosphorus removal (EBPR) is a treatment process where microorganisms are 
employed to remove excessive inorganic phosphate from wastewater which, if left untreated, would 
result in eutrophication of outfall ecosystems. Although the economic and environmental benefits of 
EBPR have led to its global adoption in wastewater treatment plants (WWTP), the performance of 
these systems varies over time and location for reasons that are still poorly understood due to an 
incomplete understanding of EBPR microbiology. Here we compare the functional profiles of 
Candidatus  phosphatis strains, the dominant EBPR phosphate-accumulating 
organisms, from two lab-scale WWTP in Australia and the US (García Martín et al., 2006).

The A. phosphatis genes from these two communities were assigned by MG-RAST (Meyer et al., 
2008) to 26 functional classes (bar plot below, left) which contain a total of 491 SEED subsystems 
(scatter plot below, right). The 22 subsystems identified as statistically significant by Fisher’s exact 
test after applying the Bonferroni correction for multiple comparisons are shown below. While 
‘phosphate metabolism’ is significantly overrepresented in the US community, it is not clear that this 
overrepresentation is related to the key polyphosphate metabolism processes in the EBPR 
community. The ‘general secretion pathway’ covers a wide range of putative functions including 
exopolysaccharide biosynthesis, and Type II and III secretion systems. Several categories of 
transport proteins related to metals were identified in each of the two samples; metadata concerning 
metal ion concentrations in these systems could reveal links between toxic metals and the systems 
needed to detoxify or exclude them. Overrepresentation of mobile elements (Tn552) and phage-
associated proteins (CBSS-159087.4.peg.2189) may indicate endemic strains of phage and mobile 
elements (Kunin et al., 2008).
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Identifying differences between metagenomic samples allows us to infer the influence of ecological 
factors on the diversity and distribution of microbial lineages and metabolic functions. Statistical 
hypothesis tests help us distinguish between differences arising from ecological influences and those 
which are simply sampling artifacts. However, knowledge of only the p-value from a statistical test is 
insufficient to make inferences about biological relevance. We have developed the STatistical 
Analysis of Metagenomic Profiles (STAMP) software package in order to promote the use of effect 
sizes and confidence intervals in assessing biological importance. A graphical interface permits easy 
exploration of statistical results and generation of publication-quality plots for inferring the biological 
relevance of features in a metagenomic profile. STAMP is open source and freely available for all 
major platforms.

Arumugam et al. (2011) analyzed the gut microflora of 32 individuals (9 Japanese, 
Italians, 4 Spaniards, 4 Danes, and 1 American) and found that the taxonomic composition of these 
samples formed three distinct clusters or enterotypes. A statistical analysis based on pooling samples 
into two groups (e.g., samples from enterotype 1 vs. samples from enterotypes 2 and 3 ) and applying 
Fisher’s exact test revealed that these three enterortypes can be identified by the variation in the 
abundance of one of three genera: Bacteroides (enterotype 1), Prevotella (enterotype 2), or 
Ruminococcus (enterotype 3). 

Here we use STAMP to perform a more thorough statistical analysis between these enterotypes. An 
ANOVA is performed to identify genera whose mean abundances likely differ between these three 
enterotypes and a Tukey-Kramer post-hoc test is used to identify which pairs of enterotypes are 
significantly different. Of the 248 genera found in these samples, 21 have an ANOVA p-value < 0.05. 
However, only 4 of these have an average abundance above 0.5%. These include the three genera 
identified by Arumugam et al. (2011) along with Parabacteroides. Bar plots and the results of the 
Tukey-Kramer post-hoc test are given below. The results of this post-hoc analysis suggest that the 
difference in abundance of Ruminococcus is only marginally significant between enterotypes 1 and 3, 
while being unable to distinguish between the other pairs of enterotypes. The bar plots and post-hoc 
tests illustrate that no single genus is sufficient for identifying the enterotype of a sample.
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