
Fredriksson et al. - Long-term dynamics of the bacterial community in a Swedish full-scale wastewater treatment plant
Supporting material including supporting figures and tables
OTU division – alignment of sequences
There were slight differences in the similarities between the sequences generated from the alignment of assembled and 5’-end sequences and the alignment of the assembled and 3-end sequences (explained in supporting material). For the assembled sequences, which were included in both data sets, the differences were due to small differences in the alignments. The unassembled 5’ and 3’-ends from the same clone showed differences in similarity with the assembled sequences, because the similarity was based on different sections of the gene. For all clones with sequences included in both data sets, i.e. either an assembled sequence or both a 5’ and a 3’-end sequence, the similarity with the other clones was recalculated as the average similarity of the similarities derived from both the 5’-end alignment and the 3’-end alignment.  For example: In the 5’-alignment the 5’ –end sequence of clone B79 was determined to be 98.9% similar to the assembled sequence of clone B62 and in the 3’-alignment the 3’-end sequence of clone B79 was determined to be 99.8% similar to clone B62. The similarity of clone B79 and B62 was then calculated to be 99.4%, the average of 98.9% and 99.8%.  The similarities between clones only present as either 3’ or 5’-end sequences were set to 0.  
CAP method
The CAP method is a principal coordinate analysis (PCA) followed by a canonical discriminant analysis and was based on Bray-Curtis distances between the T-RF profiles. CAP may reveal patterns that are masked in ordinary PCA or MDS, and the hypothesis of no significant difference between sample groups can be tested by a permutation procedure. The permutation tests were performed with 999 permutations. CAP also allows for identification of the variables, i.e. the T-RFs, contributing the most to the differences between the groups. To do this, the correlation between the variables and the canonical axes is calculated and used as a measure of the contribution of the variables to the multivariate pattern. TRFs with a correlation coefficient greater than 0.5 with any of the three canonical axes were considered as the most important for the differences between the sample groups.

Identification of T-RFs and interpretation of changes in T-RF profiles
For all three gene libraries, theoretical T-RFs were predicted from the sequences and used as an aid in the interpretation of the series of T-RF profiles, first to determine the relevance of the groups represented by the T-RFs. Although similar sequences are more likely to have the same T-RF length each T-RF does not necessarily represent a phylogenetic unit. The analysis of the gene library sequences showed that most predicted T-RFs were derived from sequences of a single genus. Other predicted T-RFs included sequences with the lowest common phylogenetic level of order, family, class or even phylum. Second, the gene libraries were also used to evaluate whether the same T-RF length in different profiles represents the same group of bacteria, which is often assumed in T-RFLP analyses. In the HhaI analysis 13 of 14 predicted T-RF lengths that were found in all three gene libraries, were of at least the same class. In the RsaI analysis 10 of 13 predicted T-RF lengths that were common to all three gene libraries, were of at least the same class.  Thus, although the three samples that were analyzed using gene libraries may not completely represent the diversity of all samples in the series, we assume that the T-RFs represent more or less the same groups of bacteria in all samples.    
The predicted T-RFs were also compared with the observed T-RFs in the T-RF profiles of the samples from which the libraries were generated. It is well-known that there is a difference between predicted T-RF sizes and observed T-RF sizes which can make identification of T-RFs difficult. The difference, which has been reported to range from one to eight bases [Kaplan and Kitts, 2003], has been proposed to depend on true T-RF length, nucleotide content and secondary structure melting point [Bukovská et al., 2010; Kaplan and Kitts, 2003]. The main difficulty in identifying observed T-RFs by comparison with a gene library from the same sample is that several observed T-RFs may be in the range of reasonable differences in size and relative abundance to a predicted T-RF size, or vice versa. Therefore, as a starting point, observed T-RFs that were both at least five bases shorter and longer than another T-RF were identified first. A size difference of two to three bases between observed and predicted T-RF sizes were seen. The remaining T-RFs were then matched with the observed T-RFs, assuming a size difference of two to three bases between the two. However, not all predicted T-RFs could be matched to an observed T-RF, and vice versa. Most strikingly, for the predicted T-RFs that were most abundant in the gene libraries there were more than one observed T-RFs that were 3-5 bases shorter. For example, in the HhaI analysis a predicted T-RF of length 478 bases was abundant in all three libraries but in the observed T-RF profiles there were two T-RFs: one of length 473 bases and one of length 474 bases. This discrepancy might be explained by the nucleotide composition of the predicted T-RFs. For predicted T-RFs where there was only one corresponding observed T-RF, there was little difference in GC content and melting temperature (Figure S1, panel B). However, for T-RFs with more than one corresponding observed T-RF, there were relatively large differences in GC content and melting temperature (Figure S1, panel A), both of which have been proposed to influence the differences between observed and predicted T-RFs. Based on the analysis of nucleotide composition we assume that the predicted T-RFs of 478 bases correspond to the observed T-RFs of 473 and 474 bases, and for the same reason, that the predicted T-RFs of 306 bases correspond to the observed T-RFs of 300, 302 and 303 bases.
Because of the uncertainty in determining which predicted T-RF that correspond to which observed T-RF and because the same T-RF length was observed to represent different taxa in the different gene libraries, we conclude that assigning an exact identity is not credible for most observed T-RFs. However, as the predicted T-RFs of similar sizes, which were difficult to assign to observed T-RFs, were all or most of the same taxa, that information can be used to assign identities and to interpret the changes in community composition observed in the T-RFLP analysis. For example, all predicted HhaI T-RFs of lengths 304 to 308 bases were derived from Alphaproteobacteria sequences, either Rhizobiales or Rhodobacterales. Instead of assigning a specific identity to each of the corresponding observed T-RFs of lengths between 300 and 304 bases, we conclude that it is likely that they all represent Alphaproteobacteria sequences, either Rhizobiales or Rhodobacterales. In the same manner, the observed HhaI T-RFs of lengths 163 to 168 bases are likely from sequences of the order Burkholderiales as most of the predicted T-RFs of lengths 165 to 174 were derived from sequences of that order.
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Figure S1. Analysis of nucleotide composition of predicted T-RFs. GC content (gray columns) and melting temperature (black dots) for the predicted HhaI T-RFs of lengths 478 bases (panel A) and 324 bases (panel B) from all three gene libraries.
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Figure S2. Temporal variations of operational parameters. Temporal variations are shown for the ethanol dosage (empty squares□) and temperature (filled circles●) in panel A, the COD (empty squares□) and phosphorus concentration (filled circles●) of primary settled wastewater in panel B and the food to microorganisms ratio of the activated sludge  (empty squares) and the iron dosage (filled circles) in panel C. The marked and numbered groups are the temporal groups given by the NMDS analysis of HhaI profiles. The time when the primary settlers were by-passed is indicated by the dotted vertical line. The values given are average for six days prior to each sludge sampling occasion.


[image: ]

Figure S3. Accumulated number of observed T-RFs versus time. Filled (●) and empty circles (○) are the accumulated number of T-RFs in the HhaI and RsaI analysis, respectively. The time when the primary settlers were by-passed is indicated by the dotted vertical line.
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Figure S4. Mantel correlograms based on Jaccard similarities. HhaI T-RFs (panel A) and RsaI T-RFs (panel B) were analyzed. The average Jaccard similarities for all observed times between sample collection, measured in weeks, are given with the standard deviation as error bars.
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Figure S5. Mantel correlograms based on Bray-Curtis similarities between RsaI profiles. All T-RFs (panel A), only core T-RFs (panel B) and only variable T-RFs (panel C) were analyzed. The average Bray-Curtis similarities for all observed times between sample collection, measured in weeks, are given with the standard deviation as error bars.
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Figure S6. Community stability. Bray-Curtis similarities between all RsaI T-RF profiles and the first profile in the time series. All T-RFs (filled circles●), only core T-RFs (empty squares□) and only variable T-RFs (triangles∆) were analyzed. The time when the primary settlers were by-passed is indicated by the dotted vertical line.
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Figure S7. CAP analysis. CAP analysis of HhaI and RsaI T-RF profiles based on Bray-Curtis distances and the groups suggested by the NMDS analysis. The symbols indicate the time of sample collection: filled circle(●)s – summer 2003, (□)empty squares – autumn 2003, (∆)triangles – winter 2004, (○)empty circles – spring and summer 2004, empty diamonds – (◊) summer 2004 and filled diamonds –(♦) late summer 2004. The samples in the two last groups were collected after the primary settler were by-passed.
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