METHODS

Sequence Data. SSU rRNA sequences and associated metadata were obtained from three sources: the Comprehensive Ribosomal RNA Databases (SILVA; Pruesse et al 2007; downloaded on July 15, 2010 from http://www.arb-silva.de/), the International Census of Marine Microbes (MICROBIS; REF; downloaded on September 28, 2010 from icomm.mbl.edu/microbis), and the Global Ocean Survey (GOS; Rusch et al 2007). SILVA and MICROBIS sequences are from multiple independent studies. MICROBIS and GOS sequences were obtained via PCR using bacterial universal primers targeting SSU-rRNA. To identify SSU-rRNA homologs in the GOS data shotgun sequence data, we used blastn with the phylogenetically diverse STAP database (Wu 2008) as a target (e-value < 10-5). 

To ensure that all SSU-rRNA sequences were sampled from surface ocean waters, we examined associated metadata for each study that contributed sequences to our data set. For SILVA sequences, we used the Marine Ecological Genomics Portal (MegX; megx.net; Kottmann et al 2009) to determine geographic location (latitude, longitude), sea surface temperature (1km x 1km grid), and ocean depth. For MICROBIS sequences, information regarding depth and sampling environment were available in the MICROBIS sample description database. For GOS sequences, we obtained sample metadata from CAMERA (http://camera.calit2.net/). Three independent researchers manually examined the metadata for each study. Only sequences where all three agreed that the sample was marine and from a depth of 150m or less were retained. The resulting dataset consisted of 240956 sequences (6215 SILVA/MegX, 223930 MICROBIS, 10811 GOS) from 167 surface water sites (72 SILVA/MegX, 46 MICROBIS, 49 GOS) distributed across world oceans (Supplemental Figure of sample locations). 

Taxonomic Profiling. To assign sequences to taxa, we used the RDP MultiClassifier (Wang et al 2007). The RDP web server was used for the GOS and SILVA/MegX sequences, and the command line version of the program was used for the much larger MICROBIS dataset. Only high-confidence taxonomic assignments within Bacteria with bootstrap values greater than 50% were used. We excluded taxa that were detected in fewer than ten sampling locations, because such rarely occurring taxa are known to cause bias in Maxent (Pearson et al 2007) and increase the variance of GLM estimators. Our results therefore pertain only to relatively common bacteria.

Environmental Data. We selected six environmental variables based on the following criteria: 1) public availability of global measurements; 2) documented potential to influence marine microbial diversity; 3) lack of strong correlation with another variable (coefficient of determination <0.85)(Booth et al 1994, Elith et al 2006); and 4) presence of sequence data study locations across most of the global range of the variable. Environmental variables meeting these criteria were obtained from Locarnini et al (2010)(mean sea surface temperature), Ready et al (2010)(primary productivity), Antonov et al (2010)(salinity), Garcia et al (2010a)(dissolved oxygen saturation), and Garcia et al (2010b)(phosphate concentration, silicate concentration). Sea surface temperature, primary productivity, and salinity are strong determinants of global distributions of marine microrganisms (Fuhrman et al 2008). For temperature and salinity, we included annual mean and annual range, as both have been shown to affect the distribution of species (REF). Oxygen, phosphate, and silicate concentrations are limiting factors in the growth of marine microbes (e.g., Jickells et al 2005, Johnson et al 2006). Nitrate, another well-known limiting nutrient, was omitted because it was highly correlated with phosphate and therefore did not provide additional predictive information. Multivariate environmental similarity surface (MESS) plots showed that sequence data sampling locations covered the global range of these seven environmental variables well (Elith et al 2010)(Figure?). All environmental variables were measured at 0.5- or 1-degree resolution; 1-degree measurements were up sampled to 0.5-degree resolution.	Comment by Katherine Pollard: Check if Nitrate and N/P ratio are correlated between remote and MICROBIS measured. 
Decide about including Nitrate in place of Phosphate. 
Add N/P ratio? 
Add description of correlation analysis of remote vs. measured.

Niche Modeling. We performed niche modeling using methodology based on two established approaches. The Maxent algorithm was used for most primary results, and generalized linear modeling (GLM) was used for validation analyses as well as estimating diversity at different levels of sequencing effort. With both methods, we performed niche modeling at several taxonomic levels: XX for AA and YY for BB. 

Maxent. Maxent (Phillips et al 2004, Phillips et al 2006) is a widely used method for estimating the suitability of geographic sites for a taxon of interest based on observations of taxon occurrence at some sites plus measurements of environmental conditions at all sites. Maxent has been shown to perform well in benchmark studies (e.g., Elith et al 2006) and is designed to handle data with relatively sparse occurrence observations without absence measurements (Franklin 2010). We used Maxent version 3.3.3a with default settings (Phillips and Dudik 2008), except where noted. Because of the global scale of our predictions, we did not use threshold features, as these have been shown to aversely affect predictions of ranges at global scales  (Pearson and Dawson 2003, Trabucco et al 2010). The predictions generated from Maxent can be strongly biased if regions with certain environmental conditions are disproportionately sampled (Phillips et al 2009, Loiselle et al 2008). To resolve this issue, we used the target group background approach detailed in Phillips et al (2009) and Mateo et al (2010) with all RDP classified sequences as background data. INSERT DETAILS ABOUT AUC ANALYSIS USED TO TUNE MAXENT.

GLM. Generalized linear models are standard statistical tools for estimating the probability of an event as a non-linear function of a collection of independent variables. Logistic regression is a form of GLM that has been used to estimate the probability of taxon occurrence based on global environmental data (REFS). INSERT DETAILS OF MULTINOMIAL LOGISTIC REGRESSION MODEL THAT WE USED.

Range Estimation. To predict ranges from suitability estimates output by Maxent, we inferred that a taxon was present at any location with relative suitability above the minimum value over locations at which the taxon was observed (Pearson et al 2007). Ranges were not inferred from GLM occurrence probability estimates; rather, the estimates were used directly to predict patterns of diversity.

Rapoport’s Rule. We calculated the breadth of the range of each taxon as the distance between the most northerly and most southerly location at which the taxon was predicted to occur. For Maxent, predicted occurrences were based on the ranges inferred from thresholding taxon suitability values (see above). For GLM, we simulated 100 ranges for each taxon using estimated occurrence probabilities and used the maximum breadth over the 100 simulations. 

Global Diversity Estimates. To assess global patterns of marine bacterial diversity, we used a “predict first, assemble later” approach (Ferrier et al 2007) based on our estimates of each taxon’s range. We combined predicted ranges for all taxa at a given taxonomic level or in a given taxonomic group to estimate patterns of biodiversity for that group of taxa. To estimate global patterns of species richness, we summed occurrence data over all taxa. We used predicted ranges for Maxent and occurrence probabilities for GLM. 

Richness vs. Latitude. RICHNESS VS LATITUDE ANALYSIS: DETAILS BEING DETERMINED.

Species-Area Relationship. INSERT TEXT ABOUT JAMES’ SPECIES-AREA ANALYSES

