SUPPLEMENTAL ONLINE MATERIAL

Materials and Methods

Study Site, sampling and strain isolation.

Samples for strain isolation and nucleic acid extraction were collected monthly at high tide from the marine end of the Plum Island Sound estuary (northeastern Massachusetts) (1). Strains were isolated by subsampling each of four 1-liter water samples by direct plating onto TCBS (Difco) agar plates containing 2% NaCl. From the 9/18/02 samples, aliquots of 0.1 ml were plated directly; for all other samples, bacterioplankton was concentrated on filters (0.2 µm) (Supor); these were placed onto plates and incubated at room temperature. For samples taken on 8/12/03, 9/10/03 and 10/11/03 aliquots of 100 µl to 2 ml were concentrated, while for 3/7/03, 10 to 20 ml were used. The total volumes sampled were 12.1, 8, 8, and 140 ml for 8/12/03, 9/10/03, 10/11/03 and 3/7/03, respectively. Single colonies were picked and purified by serial subculture onto TCBS and 2216 agar (Difco) and were stored in glycerol at –80°C. For culture-independent estimation of total vibrioplankton and V. splendidus abundance (2), bacterioplankton was concentrated onto duplicate 0.2 µm filters (Sterivex or Poretics) in aliquots of 300 to 700 ml and stored at –20°C. Water temperatures for the dates of strain isolation were (16, 16, 16, 13.5 and 1.5˚ C respectively) and salinity was between 30-33 ppt.

Estimation of Population Abundance.

Nucleic acids were extracted from filter-concentrated bacterioplankton with a bead-beating method (2). The abundance of V. splendidus was determined by QPCR with Vibrio-specific 16S rRNA primers using a competitive internal standard, followed by separation and quantification of the resulting amplicons by constant denaturing capillary electrophoresis (CDCE) (2). V. splendidus populations were identified as amplicons co-migrating in CDCE spectra with amplicons from V. splendidus isolates obtained from the study site and from cloned 16S rRNA genes obtained from a previous investigation (2). Total vibrioplankton abundance was obtained by summing all Vibrio-specific CDCE-peaks observed (2). Cell numbers were inferred based on an average of 9 rRNA operons per genome for V. splendidus determined by Southern blot analysis of several strains; for total vibrioplankton the average operon number for the genus Vibrio was used (2).
DNA extraction from strains and sequence analysis.

DNA from bacterial isolates was purified using the PureGene kit (Gentra Systems). The 16S rRNA and Hsp60 genes were PCR amplified using conditions described previously (2) with primers 27F and 1492R (3), and H279 and H280 (4), respectively. Sequences were determined using primers 27F and 789R (16S rRNA) (3), and H279 and H280 (Hsp60). All unique alleles were confirmed by reamplification and sequencing. Neither the 16S rRNA nor the Hsp60 gene fragments of the V. splendidus strains contained any length heterogeneity resulting in unambiguous alignments of 723 and 541 nucleotides, which were used for all further analysis. The 16S rRNA sequences contained multiple, clustered ambiguities, which likely stem from sequence heterogeneity among the 8-10 rRNA operons we have detected by Southern hybridization of representative isolates (data not shown). However, overall sequence divergence remained <1% even when ambiguities were counted as differences.  This is, consistent with previous analysis of operon heterogeneity in published genomes (5).

Sequences were compared to establish relationships and test population substructure in the samples. Percent sequence similarity groups of 16S rRNA and Hsp60 alleles were calculated using Clusterer (1). All phylogenetic analyses were performed using programs contained in PAUP* (Phylogenetic Analysis Using Parsimony) [provide full citation] (6). Neighbor Joining trees were used as a preliminary tool to identify microdiverse ribotype clusters (with roughly ≥99% internal 16S rRNA sequence identity) from among all 333 Vibrio and (closely-related) Photobacterium isolates. The resulting clusters were named according to the closest sequence identified by Seqmatch implemented in the RDPII (Ribosomal Database Project) website (7). A representative subtree, including one sequence from each cluster, was constructed using Distance methods with Jukes-Cantor correction and 100 Bootstrap replicates. Relationships among Hsp60 alleles from strains used for detailed genome size determination were inferred by maximum-likelihood (PAUP, default parameters except with molecular clock enforced), and 100 Bootstrap replicates were performed. The ratio of nonsynonymous to synonymous mutations (KA/KS) among Hsp60 sequences was determined using DNASP v. 4.0 (8). For each sampling date, and for all sampling dates combined, three hierarchical components of Hsp60 allelic diversity (within date(s), within date(s) among sub-samples and within sub-samples) were tested using Analysis of Molecular Variance (AMOVA) [implemented in Arlequin 2.0 (http://lgb.unige.ch/arlequin/) move link to ref list (9)]. For estimation of allelic and genotypic richness in the samples, the Chao-1 non-parametric richness estimator was used (10, 11) because it does not assume a specific abundance distribution model.

Genotypic diversity, genome size determination and identification of plasmids.

Pulsed field gel electrophoresis (PFGE) was used as a robust method for determining whole genome differentiation (genotyping) and genome sizes. All digests were run using the Chef II and Chef mapper (Biorad) and analyzed using the Gel Compar II software package (Biomathematica). For genotyping, Not I digests of whole genomic DNA were separated (6V/cm with a 5.3 to 34.9 second switch time for 19 hours at 14˚C) and 50-500kb fragments were normalized to the lambda ladder (BioRad) and compared to each other. Patterns were replicated for ~25% of the strains. RAPD-PCR with primers OPD11 and OPD20 (12) was used as an independent genotyping method to confirm PFGE results and also for routine checks of strain identity. Genome sizes were determined for 12 strains. These were selected to form six pairs such that within pairs Hsp60 alleles were identical while between pair differences reflected the total range of divergence observed among strains. Genome sizes were determined as averages of six independent estimates, each obtained from single enzyme digests run using conditions optimized to resolve large, medium and small-sized bands and repeated three times for each of two enzymes (NotI/SfiI or NotI/AscI) per genome. Fragments >500kb, between 500 and 50, and <50kb were sized using conditions recommended to resolve the Saccharomyces cerevisae ladder (BioRad), lambda ladder (BioRad), and the low molecular weight PFGE ladder (New England Biolabs), respectively. Co-migrating bands not resolved under the three PFGE conditions were identified by band intensity. For detection of plasmid DNA, alkaline lysis preps were performed to exclude genomic DNA and these were resolved on agarose gels (13). 

Supplemental References

S1.
S. G. Acinas et al., Nature 430, 551-554 (2004).

S2.
J. R. Thompson et al., Appl. Environ. Microbiol. 70, 4103-4110 (2004).

S3.
D. J. Lane, in Nucleic Acid Techniques in Bacterial Systematics E. Stackebrandt, M. Goodfellow, Eds. (Wiley & Sons, Chichester, 1991) pp. 115-175.

S4.
S. H. Goh et al., Journal of Clinical Microbiology 34, 818-823 (Apr, 1996).

S5.
S. G. Acinas, L. A. Marcelino, V. Klepac-Ceraj, M. F. Polz, J. Bacteriol. 186 (2004).

S6.
D. L. Swofford. (Sinauer Associates, Sunderland, Massachussetts, 2002).

S7.
J. R. Cole et al., Nucleic Acids Res. 31, 442-443 (2003).

S8.
J. Rozas, J. C. Sanchez-DelBarrio, X. Messeguer, R. Rozas, Bioinformatics 19, 2496-2497 (2003).

S9.
S. Schneider, D. Roessli, L. Excoffier. (Genetics and Biometry Lab, Dept. of Anthropology, University of Geneva, 2000).

S10.
A. Chao, Scand. J. Stat. 11, 265-270 (1984).

S11.
J. B. Hughes, J. J. Hellmann, T. H. Ricketts, B. J. M. Bohannan, Appl. Environ. Microbiol. 67, 4399-4406 (2001).

S12.
P. S. Sudheesh, K. Jie, H. S. Xu, Aquacult. 207, 11-17 (2002).

S13.
C. I. Kado, S. T. Liu, J. Bacteriol. 145, 1365-1373 (1981).



