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Title: Deep-sea oil plume enriches indigenous oil-degrading bacteria 

 

Supplemental Material 

Supplemental Data 

The LBNL Mississippi Canyon (MC) 252 oil leak Wiki 

(http://vimss.lbl.gov/horizonwiki/index.php/Main_Page) has all protocols used and samples 

collected for each mission for each ship including maps with sample locations for each mission. 

 

Methods 

Sample Collection 

Water samples were collected from the Gulf of Mexico during two monitoring cruises from May 

27-June 2 on the R/V Ocean Veritas and R/V Brooks McCall.  The cruises were conducted as 

part of the monitoring effort to assess the effect of subsea dispersant use during the MC252 oil 

leak (http://www.epa.gov/bpspill/dispersants.html#directives).  A colored dissolved organic 

matter (CDOM) WETstar fluorometer (WET Labs, Philomath, OR) was attached to a CTD 

sampling rosette (Sea-Bird Electronics Inc., Bellevue, WA) and used to detect the presence of oil 

along depth profiles between the surface and seafloor.  Fluorometer results were subsequently 

confirmed with laboratory hydrocarbon analysis.  A total of seventeen samples were analyzed 

from ten locations (Fig. S1). 

Niskin bottles attached to the CTD rosette were used to capture water samples at various 

depths inside and outside waters with detected hydrocarbons. The Niskin bottles were cleaned 

internally with distilled water and detergents between samplings.  The sampling crews were 

sensitive to the problem of contamination from surface oil and used physical methods to disperse 



the surface slick before initiating sampling by the CTD, e.g. prop wash at the back of the ship 

before deployment and recovery, and detergent if prop wash was insufficient.  For side 

deployments the surface of the water was sprayed with freshwater to disperse surface oil, if this 

was insufficient detergent was applied to the surface of the water then sprayed with freshwater to 

disperse surface oil.  From each sample 800-2000 ml of water was filtered through sterile filter 

units containing 47 mm diameter polyethylsulfone membranes with 0.22 µm pore size (MO BIO 

Laboratories, Inc., Carlsbad, CA) and then immediately frozen and stored at -20°C for the 

remainder of the cruise.  Filters were shipped on dry ice to Lawrence Berkeley National 

Laboratory and stored at -80°C until DNA and PLFA extraction. 

100 ml of water was syringe-filtered and injected into pre-evacuated 125 ml serum 

bottles capped with thick butyl rubber stoppers.  100 ml of water was frozen in 125 ml HDPE 

bottles for nutrient analyses.  For AODC 36 ml water was preserved in 4% formaldehyde (final 

concentration).  

 

Fixed Wavelength Fluorescence Analysis (Ship Based) 

Two fixed wavelength UV fluorometers (Quantech/Thermo Scientific) were employed in tandem 

to determine fluorescence intensity ratios (FIRs).  One fluorometer was equipped with a pair of 

wavelength filters allowing excitation at 280 nm and emission at 340 nm. The second 

fluorometer was equipped with the same 280nm excitation filter and a longer (445 nm) 

wavelength.  Two individual aliquots of 3 ml were transferred to either methacrylate or UV 

grade quartz cuvettes, and emission at 340 nm and 445 nm was recorded on the respective 

fluorometers.  FIRs were then calculated from fluorescence intensity at 340 nm divided by 

intensity at 445 nm. 



 

Synchrotron Radiation-based Fourier Transform Infrared (SR-FTIR) spectromicroscopy 

SR-FTIR spectroscopy is capable of detecting and differentiating amongst petroleum products, 

petroleum degradation products, as well as macromolecules of biological samples.  The spatial 

resolution of SR-FTIR, coupled with optical microscopy, is diffraction limited, or between 2 and 

10 micrometers in the mid-infrared, and with a signal-to-noise ratio 100-1000 times better than 

the conventional FTIR method(S2).  SR-FTIR analyses were conducted on fresh samples. The 

location of the synchrotron probe relative to targets selected with optical microscopy was 

calibrated using infrared-sensitive targets on standards.  Excessive seawater was removed prior 

to SR-FTIR measurements. Background spectra were obtained and used as reference spectra for 

both samples and standards to remove background H2O and CO2 absorptions.  

 

Phospholipid Fatty Acid analysis (PLFA) method 

Filters collected in the field were extracted by the Bligh-Dyer method(S3-S5).  Briefly, filters 

were added to 10 ml of a 10:5:4 mixture of methanol:chloroform:pH 7 phosphate buffer to which 

50µL of 500 mg/L 1,2-dinonadecanoyl-sn-glycero-3-phosphocholine (Avanti Polar Lipids, 

Alabaster, Alabama) was added as an internal standard.  The mixture was vortexed, sonicated for 

2 min and extracted at room temperature in the dark for at least 3 h.  Phases were separated with 

the addition of 5 ml of chloroform and 5 ml of water, vortexed, and centrifuged at 2000 rpm for 

15 minutes to separate the organic and aqueous layers.  The lower organic layer was removed to 

a clean tube and 5 ml additional chloroform was added to the original extract which was re-

vortexed and centrifuged and combined with the first layer.  This combined organic layer was 



dried under N2. The dried extracts were separated into neutral, glycerol, and phospholipids on a 

C-18 silica column by sequential elution with chloroform, acetone, and methanol.  All collected 

fractions were dried under N2. 

The methanol fraction which contain phospholipids were subjected to a mild alkaline 

hydrolysis to remove the head group and create fatty acid methyl esters (FAME) compounds.  

The dried extracts were resuspended with 1:1 chloroform:methanol and 1 ml of 11.2 mg/L KOH 

in methanol.  After vortexing for 2 min they were incubated in a water bath at 37°C for 60 min.  

The resulting FAME compounds were neutralized with 200 µL of 0.1 mM acetic acid, extracted 

with 3x2ml of hexane, and dried under N2.  50 µL of 46.2 mg/L methyl undecanoate (Sigma 

Chemicals, St. Louis, MO) was added to the dried extracts as an external standard.  FAME were 

detected on an Agilent 6890N GC/FID on a HP1 60m column x 0.25 mm ID and quantified by 

comparing to known standards.  Peak confirmation was accomplished by Agilent 6890 GC/MS.  

Double bond position was confirmed by DMDS derivatization(S6). 

 

Nutrient Analyses 

Total ammonia nitrogen (TAN), was quantified using the TL-2800 ammonia analyzer made by 

Timberline Instruments (Boulder, CO)(S7).  Nitrite (NO2-N) was measured colormetrically 

using SM 4500-NO2-N.   Total Iron (Tot Fe) was measured using a reaction with phenanthroline 

according to SM 3500-Fe B.   Ortho-phosphate (PO4-P) was quantified on unfiltered samples by 

the ascorbic acid method adapted from SM 4500-P-E(S8). 

 

Acridine Orange Direct Counts 



Samples for direct counts were preserved with 4% formaldehyde and stored at 4°C.  1 to 10 ml 

sample were filtered through a 0.2 µm pore size black polycarbonate membrane (Whatman 

International Ltd., Piscataway, NJ) supported by a vacuum filtration sampling manifold 

(Millipore Corp., Billerica, MA).  Filtered cells were stained with 25 mg/ml acridine orange for 2 

min in the dark.  Unbound acridine orange was filtered through the membrane with 10 ml filter 

sterilized 1X PBS (Sigma Aldrich Corp., St. Louis, MI) and the rinsed membrane was mounted 

on a slide for microscopy.  Cells were imaged with a FITC filter on a Zeiss Axioskop (Carl 

Zeiss, Inc., Germany)(S9). 

 

SEM methods 

For scanning electron microscope imaging, aliquots of fixed samples were passed through 0.2 

µm Millipore filter membranes. The filters were then gently rinsed two times in 0.1M sodium 

cacodylate buffer for 15 minutes and post-fixed using 1% osmium tetroxide in 0.1M sodium 

cacodylate buffer for an hour and a half at room temperature.  Filters were then dehydrated for 

10 minutes at each step of a graded ethanol series (20%, 35%, 50%, 75%, 95%, 100%) and 

critical point dried using a Tousimis AutoSamdri 815 Critical Point Dryer (Tousimis, Rockville, 

MD).  The filters were then sputter-coated with a 20-25nm layer of gold/palladium using a 

BioRad E5400 Sputter Coater (BioRad, Hercules, CA). Images were collected using a Hitachi S-

5000 Scanning Electron Microscope (Hitachi High Technologies America, Inc. Pleasanton, CA). 

 

Petroleum hydrocarbon Methods 



To determine hydrocarbon concentrations derived from the presence of oil in the samples, 200 

µL of chloroform was added to the neutral lipid extract which was then vortexed followed by a 

30 second sonication.  The extract was analyzed on an Agilent GC/FID and peaks were identified 

by GC/MS.  Quantification was accomplished by comparison to a known hexadecane standard.  

Volatile aromatic hydrocarbons were measured using USEPA methods 5030/8260b using an 

Agilent 6890 GC with 5973 mass spectrometer detector. Initial oven temperature 10°C, initial 

time 3.00 min, ramp 8°C/min to 188C, then 16°C/min to 220°C, hold for 9.00 min.  Split ratio 

25:1. Restek Rtx-VMS capillary column, 60 meter length by 250 micron diameter, 1.40 micron 

film.  Scan 50 to 550 m/z. 

 

DNA Extraction 

Filters were extracted using a modified Miller method(S10).  One quarter of each filter was cut 

into small pieces and placed in a Lysing Matrix E tube (MP Biomedicals, Solon, OH).  300 µL of 

Miller phosphate buffer and 300µL of Miller SDS lysis buffer were added and mixed.  600 µL 

phenol:chloroform:isoamyl alcohol (25:24:1) was then added, and the tubes were bead-beat at 

5.5m/s for 45sec in a FastPrep instrument.  The tubes were spun at 16,000 x g for 5 min at 4°C.  

540 µL of supernatant was transferred to a 2 ml tube and an equal volume of chloroform was 

added.  Tubes were mixed and then spun at 10,000 x g for 5 min 400 µL aqueous phase was 

transferred to another tube and 2 volumes of Solution S3 (MoBio, Carlsbad, CA) was added and 

mixed by inversion.  The rest of the clean-up procedures followed the instructions in the MoBio 

Soil DNA extraction kit.  Samples were recovered in 60µL Solution S5 and stored at -20°C.  

 

Polymerase Chain Reaction 



The 16S rRNA gene was amplified using PCR with primers 27F (5’-

AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-GGTTACCTTGTTACGACTT-3’) for 

bacteria and 4Fa (5’- TCCGGTTGATCCTGCCRG-3’) and 1492R for archaea.  Each PCR 

reaction contained 1× Ex Taq buffer (Takara Bio Inc., Japan), 0.025 units/µl Ex Taq polymerase, 

0.8 mM dNTP mixture, 1.0 µg/µl BSA, and 200 pM each primer and 0.15-0.5 ng genomic DNA 

as template.  For the PhyloChip assay (PhyloTech Inc. San Francisco, CA) analysis each sample 

was amplified in 4 replicate 25 µl reactions spanning a range of annealing temperatures.  PCR 

conditions were 95°C (3 min), followed by 30 cycles 95°C (30 s), 46-56°C (25 s), 72°C (2 min), 

followed by a final extension 72°C (10 min).  Amplicons from each reaction were pooled for 

each sample, purified with the QIAquick PCR purification kit (Qiagen, Valencia, CA), and 

eluted in 20 µL elution buffer.   

 

Construction of clone libraries 

Bacterial 16S rRNA genes were PCR amplified using the primer set B27F and 1492R for 30 

cycles. Three clone libraries from samples BM580104, OV00301, and OV01102/03 were 

generated by ligating 16S amplicons into the pCR4-TOPO cloning vectors (Invitrogen).  96 

clones from each library were selected.  Inserts were PCR amplified and sequenced bi-

directionally using M13F and M13R primers. 

 

Sequence analysis 

Plasmid vectors were trimmed, contigs were generated, and sequence quality (chimeras) was 

checked using GreenGenes (http://greengenes.lbl.gov/).  This analysis resulted in 250 high 



quality sequences, which were used for construction of a distance matrix with greengenes.  The 

DOTUR-1.53 program (S11) was applied to cluster sequences into operational taxonomic units 

(OTUs) based on 97.5% sequence similarity (S12-S14).  Final trees were computed in ARB 

software package (S15) based on the neighbour joining algorithm with bootstrap values of 1000 

replicates. 

 

PhyloChip Assay Design 

 The PhyloChip microarray probe design approach previously described(S16) was 

extended and re-applied to all known high-quality 16S rRNA gene sequences containing at least 

1,300 nucleotides. Briefly, sequences (Escherichia coli base pair positions 47 to 1473) were 

extracted from the NAST multiple sequence alignment(S17) available from the16S rRNA gene 

database, greengenes.lbl.gov(S18).  This region was selected because it is flanked by universally 

conserved segments that can be used as PCR priming sites to amplify bacterial or archaeal 

genomic material using only 2 to 4 primers(S19).  Putative chimeric sequences were identified 

and removed where Bellerophon (S20) divergence ratios >=1.1 with >=90% lane-masked 

identity to one or both putative parents were encountered.  Sequences containing three or greater 

homooctomers or longer or those with >=0.3% ambiguous base calls were also omitted.  From 

the sub-alignment, putative 25 mer targets were selected with G+C of content ranging from 35-

75%, secondary structure free energy (ΔG) >= -4 kcal/mol as calculated by RNAfold(S21), 

complementary melting temperature of 61°C and 80°C, and self-dimerazation melting 

temperature less than 35°C as calculated by Thermalign (S22). 

 Filtered rRNA gene sequences were clustered to enable selection of perfectly 

complementary probes representing each sequence of a cluster.  Putative amplicons containing 



17-mers with sequence identity to a cluster were included in that cluster.  The resulting 59,959 

clusters, each encapsulating an average of 0.5% sequence divergence (Fig S12), were considered 

operational taxonomic units (OTUs).  The OTUs represented 2 domains, 147 phyla, 1,123 

classes, and 1, 219 orders demarcated within the archaea and bacteria.  Each OTU was assigned 

to one of 1,464 families according to the placement of its member organisms in the taxonomic 

outline as maintained by Philip Hugenholtz (S23).  The OTUs comprising each family were 

clustered into sub-families by transitive (single linkage) sequence identity of 72% common 

heptamers.  Altogether, 10,993 sub-families were found.   

 The objective of the probe selection strategy was to obtain an effective set of probes 

capable of correctly categorizing mixed amplicons into their proper OTU.  For each OTU, 

multiple specific 25-mer targets were sought for prevalence in members of a given OTU but 

dissimilar from sequences outside the given OTU. In the first step of probe selection for a 

particular OTU, each of the sequences in the OTU was separated into overlapping 25-mers, the 

potential targets.  Then each potential target was matched to as many sequences of the OTU as 

possible. It was not adequate to use simplistic pattern searches to match potential targets and 

sequences since partial gene sequences were included in the reference set.  Therefore, the 

multiple sequence alignment provided by Greengenes was necessary to provide a discrete 

measurement of group size at each potential probe site.  For example, if an OTU containing 

seven sequences possessed a probe site where one member was missing data, then the site-

specific OTU size was only six.  In ranking the possible targets, those having data for all 

members of that OTU were preferred over those found only in a fraction of the OTU members.  

In the second step, a subset of the prevalent targets was selected and the probe orientation was 

flipped to the reverse complement to minimize hybridization to unintended amplicon.  Probes 



presumed to be potentially problematic were 25-mers containing a central 17-mer matching 

sequences in more than one OTU(S24).  Thus, probes that were unique to an OTU solely due to a 

distinctive base in one of the four flanking bases were avoided.  Also, probes with mis-

hybridization potential to sequences having a common tree node near the root were favored over 

those with a common node near the terminal branch.  Probes complementary to target sequences 

that were selected for fabrication are termed perfectly matching (PM) probes. As each PM probe 

was chosen, it was paired with a control 25-mer (mismatching probe, MM), identical in all 

positions except the thirteenth base.  The MM probe did not contain a central 17-mer 

complimentary to sequences in any OTU.  The probe complementing the target PM and MM 

probes constitute a probe pair analyzed together. The average number of probe pairs assigned to 

each OTU was 37 (s.d. 9.6). 

 The chosen oligonucleotides were synthesized by a photolithographic method at 

Affymetrix Inc. (Santa Clara, CA) directly onto a glass surface at an approximate density of 

10,000 molecules per µm2 (S25) and placed into “midi 100 format” hybridization cartridges.  

The entire array of 1,016,064 probe features was arranged as a grid of 1,008 rows and columns.  

Of these features, the majority represents publicly available 16S rRNA genes, as described 

above.  Additional probes for quality management, processing controls, image orientation, 

normalization controls, hierarchical taxonomic identification, or for pathogen-specific signature 

(S26) detection and some implement additional targeted regions of the chromosome (S27).  

Furthermore, probes complementary to lower comfidence16S sequences were included to enable 

broadening the phylogenetic scope of analysis, when those sequences are validated with 

unambiguous entries into public repositories.  The PhyloChip assay design includes control 

probes for preanalytic, processing, prelabeled hybridization controls, and negative controls.  



Preanalytic and hybridization controls also interpretation of background signal intensity and 

support normalization of overall fluorescent intensity for sample to sample comparisons. 

 

Preparation of Samples for PhyloChip Assays 

 From Deep Horizon nucleic acids, 500 ng of bacterial PCR product and 25 ng of archaeal 

PCR product were prepared for PhyloChip hybridization.  PCR mass of the Latin Square samples 

is listed in Table S8.  PCR products were fragmented (S28, S29) to a range of 50-200 bp as 

verified by agarose gels.  Commercial kits were utilized for DNA preparation: Affymetrix (Santa 

Clara, CA) WT Double Stranded DNA Terminal Labeling, and Affymetrix GeneChip 

Hybridization, Wash, and Stain kits were used for PhyloChip analysis.   Briefly, fragmented 16S 

amplicons and non-16S quantitative amplicon reference controls were labeled with biotin in 40 

µL reactions containing: 8 µL of 5X TDF buffer, 40 units of TDF, 3.32 nanomoles of GeneChip 

labeling reagent.  After incubating at 37°C for 60 min, 2 µL of 0.5M EDTA was added to 

terminate the reaction. Labeled DNA was combined with 65µL of 2X MES hybridization buffer, 

20.4 µL of DMSO, 2 µL of Affymetrix control oligo B2, and 0.4 µL nuclease free water.  Each 

reaction mixture was injected into the hybridization chamber of an array cartridge and incubated 

for 16 h in an Affymetrix hybridization oven at 48°C and 60 RPM.  Hybridization solution was t 

removed and the microarrays were stained and scanned according to the manufacturers 

instructions. 

 

PhyloChip Assay Analysis 

 Fluorescent images were captured with the GeneChip Scanner 3000 7G (Affymetrix, 

Santa Clara, CA).  An individual array feature occupied approximately 8x8 pixels in the image 



file corresponding to a single probe 25mer on the surface. The central 9 pixels were ranked by 

intensity and the 75% percentile was used as the summary intensity for the feature.  Probe 

intensities were background-subtracted and scaled to the Quantitative Standards (non-16S spike-

ins) and outliers were identified as previously described(S16).  The hybridization score 

(HybScore) for an OTU was calculated as the mean intensity of the perfectly matching probes 

exclusive of the maximum and minimum.   

 Comparison of the PM and corresponding MM intensities is summarized as the pair 

difference score, d:  

€ 

d = 1− PM − MM
PM +MM
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The d scores are standardized to enable comparison of probe pairs with various nucleotide 

compositions.  The goal in this transformation is determining if a pair’s d value is more similar to 

d values derived from negative controls (NC, probe pairs without potential cross-hybridization to 

any 16S rRNA sequence nor Quantitative Standards) or tod values from positive controls which 

are the Quantitative Standards (QS, probe pairs with PM’s matching the non-16S rRNA genes 

which are spiked into the experiment).   Because the dQS values are dependent on their target’s 

A+T count and T count, the QS pairs are grouped by these attributes into classes and a separate 

distribution of dQS values are found for each.  The dNC values are grouped in the same way. A 

distribution is estimated for each class from the observations.  Examples are shown in Figure 

S13.  Comparison of the two orange density plots demonstrate that although both are normally 

distributed, dNC values are not the same among classes.  In class “9T 14AT”, the mean dNC is 

greater than class “4T 11AT”, also the variance is greater for class “9T 14AT”.  Comparing the 

green density plots (estimated to follow a gamma distribution), quantitative reference controls 



for class “4T 11AT” nearly always produce d scores close to zero whereas class “9T 14AT” 

contains more observations of higher d scores (less distinction between PM and MM).  In this 

example it can be seen that class “9T 14AT” has a larger range of d scores shared by both NC 

and QS.  Each d value from an OTU probe set is compared to the distributions of dQS and dNC 

from the same class to produce a pair response score, r. 

 

 

The r scores for a set of probe pairs complimentary to an OTU are considered collectively in 

Stage 1 probe set Presence/Absence scoring. At minimum, 18 probe pairs are considered. The r 

scores are ranked and the quartiles, rQ1, rQ2 and rQ3 are found.  For an OTU to pass Stage 1, all 

three of the following criteria must be met: rQ1 ≥ .70, rQ2 ≥ 0.95, and rQ3 ≥ 0.98.  OTUs which 

pass Stage 1 are considered in Stage 2 scoring for subfamily detection.  In this stage, a cross-

hybridization adjusted response score, rx, is calculated for all responsive probes (r > 0.5): 

 



 

After all penalties are considered, the rx values are ranked and quartiles found as above (rxQ1, 

rxQ2, rxQ3).  Subfamilies having a rxQ3 values >=0.48 were considered present. 

 Significantly enriched OTUs within the plume were defined as those achieving a p-value 

<0.05 with Student’s t-test upon log2 (HybScores), Stage1 present call in >=4 of 9 plume 

samples, and an increase in mean HybScores compared to background (outside of plume 

samples) of >1000 units and >35%. 

 

PhyloChip Assay Performance 

 Twenty-six 16S rDNA mixtures from different species were prepared as mock 

communities using a semi-randomized Latin square structure described by Jacobson and 

Mathews(S30)  A stepwise function was used so that each successive organism was added at a 

final concentration 37% greater than the previous organism.  Each test organism was represented 

in all mixtures at each possible concentration step (Table S8).  The 26 DNA mixtures were 

hybridized in triplicate on different days.  Also as a control, one hybridization was carried out 

using d only to the quantitative reference controls.  All 16S probe pairs producing a response 

score, r, above 0.5 for the reference controls were masked from subsequent analysis.  

 Background-subtracted probe intensities from 12,202 replicate probes representing 3,548 

different 25-mer combinations were used to determine the coefficient of variation (CV) for each 

assay.  Figure S14 displays the CV grouped by mix where each mix was analyzed in 3 different 

PhyloChip hybridizations on different days.  Overall, the variations were minor producing a 

mean CV = 0.097.   Additionally, a significant correlation was found between the concentrations 



of each gene in the Latin Square and the corresponding HybScore generating and average 

correlation coefficient, r = 0.941) (Figure S15).   

 The ability to detect and classify amplicons within the hybridization mix was evaluated 

using receiver operating characteristic (ROC) curves. The rQ1, rQ2 and rQ3 probe set 

summarizations were collected from each of the possible OTUs from all Latin Square results.  

ROC curves were plotted (Figure S16) to evaluate the effect of choosing a singe threshold to 

determine presence. The y-axis, Expected Positive Rate, is the fraction of OTUs expected to be 

present that were called present.  The x-axis, Unexpected Positive Rate, is the fraction of OTUs 

not-expected to present that were called present Presence/Absence thresholds for each quartile 

were varied from 0, least stringent to 1, most stringent.  For example, in the rQ1 plot, a threshold 

of 0.5 (green section of curve) allows 97.5% of the expected detection events to pass. Instead of 

relying on a singe threshold to determine presence, all three quartiles of a probe set are examined 

to ensure the distribution of response scores are skewed toward 1.  Collectively, rQ1 ≥ .70, rQ2 ≥ 

0.95, and rQ3 ≥ 0.98 was required to achieve a 0.961 Expected Positive OTU Rate for amplicons 

>2 and <348 pM with a 0.020 Unexpected Positive OTU Rate.   In Stage 2 rxQ3 subfamily 

thresholds set at 0.48 allowed a 0.969 Expected Positive Subfamily Rate with a corresponding 

0.019 Unexpected Positive Subfamily Rate when applied to the Latin Square data over the same 

concentration range. 

 Hybridization results were reduced to a community profile from each PhyloChip assay in 

a format useful for multivariate statistics.  OTUs passing Stage 1 within subfamilies passing 

Stage 2 constituted the community profile.  Replicate community profiles of the Latin Square 

mock communities were compared by ordination. Inter-profile distance was calculated with 

either the Bray-Curtis or weighted Unifrac method (S31) and resulting distance matrices were 



ordinated with non-metric multidimensional scaling(NMDS) (Figure S17).  Profiles from each of 

the 26 mock communities were clearly distinguishable using either distance method.  Analysis of 

variance using either distance matrix (Adonis) (S32) concluded a significant difference among 

mock-communities (p<0.005).   

 

GeoChip-based functional gene array hybridization 

For assessing the impacts of oil plume on microbial community functional structure, a 

new generation of functional gene array (GeoChip 4.0) (S33, S34) was used (See the web site for 

more detailed information related to GeoChip technologies and applications, http://ieg.ou.edu). 

GeoChip 4.0 contained 83,992 50 mer oligonucleotide probes targeting 152,414 genes in 410 

gene categories for different microbial functional and biogeochemical processes including 

carbon, nitrogen, phosphorus, and sulfur cycling, energy processing, metal resistance and 

reduction, organic contaminant degradation, stress responses, antibiotic resistance, bacterial 

phages and important  human pathogens (Table S4).  GeoChip 4.0 is the most comprehensive 

functional gene arrays for analyzing microbial community functional structure. GeoChip 4.0 is 

synthesized by Nimblegen in their 12-plex format (i.e., 12 arrays per slide).   

DNA extracted from within the oil plume and non-plume as described above was used for 

functional gene array hybridization.  Aliquots of DNA (4 µL) were amplified with the Templiphi 

kit (GE Healthcare; Piscataway, NJ) using WCAG (whole community genome amplification) 

(S35) with modifications to increase DNA yield and minimize bias.  All samples yielded 

between 2.8-3.3 µg amplified DNA.  The amplified DNA (2 µg) was then labeled with Cy-3 

using random primers and the Klenow fragment of DNA polymerase I (S35).  Labeled DNA was 

then dried in a SpeedVac (45°C, 45 min; ThermoSavant). 



Dried DNA was rehydrated with 2.68 µL sample tracking control (NimbleGen, Madison, 

WI, USA) to confirm sample identity.  The samples were incubated at 50°C for 5 min, vortexed 

for 30 min, and then centrifuged to collect all liquid at the bottom of the tube.  Hybridization 

buffer (7.32 µL), containing 40% formamide, 25% SSC, 1% SDS, 2% Cy5-labeled common 

oligo reference standard (CORS) target, and 2.38% Cy3-labeled alignment oligo (NimbleGen) 

and 2.8% Cy5-labeled common oligonucleotide reference  standard (CORS) target (S36) for data 

normalization, was then added to the samples, vortexed to mix, spun down, incubated at 95°C for 

5 min, and then maintained at 42°C until ready for hybridization.  CORS probes were placed 

randomly throughout the array and are used for signal normalization (S36). 

For hybridization, an HX12 mixer (Nimblegen) was placed onto the array using 

Nimblegen’s Precision Mixer Alignment Tool (PMAT), and then the array is preheated to 42°C 

on a Hybridization Station (MAUI, BioMicro Systems, Salt Lake City, UT, USA) for at least 5 

min.  Samples (6.8 µL) were then loaded onto the array surface and hybridized approximately 16 

h with mixing. After hybridization, the arrays were scanned with a laser power of 100%.  Low 

quality of spots was removed prior to statistical analysis as described previously(S33).  Mantel 

test was used to establish the correlationships between geochemical parameters and microbial 

community functional structure as described previously(S37). 

 

Biodegradation Rates of the Oil Plume 

To estimate biodegradation rates in the plume, four data sets representing concentrations of C13-

C26 n-alkanes were used to investigate degradation of hydrocarbons in the plume.  Two of the 

data sets were field measurements from sites included in this paper: BM57, BM58, BM53, 

BM54, OV011, OV010.  N-alkanes were not detected in any or the other field samples.  The first 



data set was provided by BP and included analysis of a wide number of compounds from whole 

water samples, including n-alkanes.  This data set is inclusive of all samples with the exception 

of OV011.  The second data set are n-alkanes quantified from the neutral lipid fraction of the 

PLFA analysis and represents samples collected on a 0.2 µm PES filter.  Both of these data sets 

were taken from the same CTD deployment but analyzed by different labs.  The LBNL and the 

BP data can be accessed in The LBNL Mississippi Canyon (MC) 252 oil leak Wiki under ARF 22 

revision 4 (ARF Rev4.pdf).  The current analytical list includes:  VOAs, PAHs, Alkyl PAHs, 

Dispersants by DAI (propylene glycol and 2-butoxyethanol), Biomarkers (pristine, phytane, 

hopanes/triterpanes, steranes, and triaomatic steroids).  These analyses are currently being 

performed by Lancaster laboratories.  Initially, Louisiana State University (LSU) laboratory in 

Baton Rouge was being used for UV-Vis analyses.  Samples with detected concentrations of 

TPH were then analyzed.  The LSU lab backlog samples were sent to Gulf Coast Analytical in 

Baton Rouge, Lancaster Laboratories in Lancaster PA for analysis.  Subsequent to that the BP 

samples were sent to Lancaster. 

The other two data sets represent 5°C laboratory degradation studies of degradation of 

source oil in microcosm water collected outside the plume with MC252 oil as the carbon source 

and isolates from the plume mixed as a consortia with MC252 oil.  Microcosms were set up as 

triplicates using non-contaminated water from plume depth (OV02302) sampled June 6th 2010. 

100 ml of the water was placed in 125 ml serum bottles and crude oil (MC252) was added to 

obtain a concentration of 100 mg/L.  Bottles were closed using Teflon coated rubber stoppers 

and were incubated at 5°C in the dark for 20 days.  Samples for analysis of hydrocarbons were 

taken after 0, 1, 5, and 20 days of incubation in triplicate samples.  Oil Degradation in Consortia: 

2 ml of oil plume depth water (OV01003) was enriched in 18 ml bicarb buffered minimal marine 



medium (S38) amended with 0.05 g bactopeptone and 500 µL MC252 oil.  From this 

enrichment, after four weeks, a transfer was made into fresh minimal marine media with no 

Carbon source.   After incubation for 48 h, this was used as the inoculum for the oil degradation 

experiment.  The experiment was initiated in 45 ml minimal marine medium with 1000 mg/L 

MC252 oil as the sole carbon source in triplicates at 5°C.  Heat killed controls were set up in 

parallel to account for abiotic loss of oil hydrocarbons. Samples were withdrawn for GC-MS 

analyses using sterile syringes after well mixing after 0, 2, 5, and 8 days. Degradation rate 

coefficients and half-life (Table S3, S4) were calculated from the alkane data from these four 

sources using the 1st order rate equation (S39, S40).  For field experiments, BM53, BM54, and 

OV011 were considered a day 0 sampling point, and BM57, OV010 were considered 

intermediate points (either 1 or 3 days) and BM58 was considered the final point (either 2 or 5 

days), using estimated travel times of 2 – 5 days between the day 0 and final sampling points.  

This range is the best estimate given recorded ocean currents 

(http://www.ndbc.noaa.gov/station_page.php?station=42916&unit=M&tz=STN, (S41)).   
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Tables 
 
Table S1.  Dispersed MC252 plume and non-plume parameters at 1099-1219 m.  Parameter with 
significant differences are highlighted (Student’s T-test, P <0.05) 

 
1 Benzene, toluene, ethylbenzene, isopropylbenzene, n-propylbenzene, 1,3,5-
trimethylbenzene, tert-butylbenzene, 1,2,4-trimethylbenzene, sec-butylbenzene, p-
isopropyltoluene,n-butylbenzene, naphthalene, o-xylene, m,p-xylenes. 
 



 
Table S2. γ-proteobacteria taxa enriched by the oil plume.  Taxa that include known 
hydrocarbon degraders or previously shown in cold waters to become enriched in response to 
crude oil are indicated(S42-51).  
 

ND = No data 

	
  
	
  



	
  
Table	
  S3.	
  Summary	
  of	
  PLFA	
  Data	
  
	
  

	
  

Sample ID Date

Sample 

Depth (m) Plume

Total PLFA 

(lipids/ml)

cells/ml 

from lipids unk 14:1 14:0 i14:0 i15:0 a15:0

OV00301  05/27/10 1020 No 0.222 5.55E+03 0.023 0.000 0.064 0.000 0.000 0.031

OV00305 05/27/10 300 No 0.094 2.35E+03 0.024 0.000 0.064 0.000 0.000 0.032

OV00405 05/28/10 1100 No 0.146 3.65E+03 0.022 0.000 0.057 0.000 0.000 0.029

OV00903 05/29/10 1100 No 0.147 3.67E+03 0.022 0.000 0.057 0.000 0.000 0.030

OV01001 05/29/10 1155 Yes 0.425 1.06E+04 0.012 0.000 0.027 0.000 0.000 0.000

OV01003 05/29/10 1135 Yes 0.391 9.78E+03 0.014 0.000 0.029 0.000 0.000 0.008

OV01005 05/29/10 1100 Yes 0.639 1.60E+04 0.015 0.000 0.019 0.000 0.000 0.018

OV01101 05/29/10 1285 No 0.639 1.60E+04 0.015 0.000 0.019 0.000 0.000 0.018

OV01102  05/29/10 1207 Yes 0.165 4.13E+03 0.018 0.000 0.022 0.000 0.000 0.010

OV01104  05/29/10 1181 Yes 0.722 1.81E+04 0.018 0.000 0.015 0.000 0.000 0.009

OV01106 05/29/10 1042 No 0.173 4.33E+03 0.013 0.000 0.026 0.000 0.000 0.012

OV01107 05/29/10 501 No 0.028 6.89E+02 0.028 0.000 0.060 0.000 0.000 0.000

BM530104 5/30/10 1219 Yes 0.349 8.73E+03 0.013 0.000 0.227 0.000 0.000 0.000

BM540104 5/30/10 1194 Yes 0.408 1.02E+04 0.024 0.000 0.098 0.000 0.000 0.000

BM570104 5/31/10 1174 Yes 1.165 2.91E+04 0.035 0.003 0.078 0.002 0.001 0.012

BM580104 5/31/10 1179 Yes 0.859 2.15E+04 0.032 0.000 0.083 0.000 0.007 0.025

Sample ID 15:1w10 15:0 i16:0 16:1w5c 16:1w7c 16:0 unk 20.3 i17:1w9c 10Me16:0 a17:1w9c a17:0

OV00301  0.000 0.035 0.000 0.158 0.019 0.259 0.015 0.009 0.015 0.023 0.025

OV00305 0.000 0.035 0.000 0.139 0.036 0.245 0.000 0.000 0.000 0.049 0.024

OV00405 0.000 0.034 0.000 0.153 0.016 0.247 0.019 0.010 0.015 0.020 0.026

OV00903 0.000 0.033 0.000 0.154 0.014 0.252 0.026 0.000 0.015 0.020 0.026

OV01001 0.000 0.000 0.000 0.110 0.039 0.180 0.000 0.000 0.000 0.000 0.000

OV01003 0.000 0.018 0.000 0.087 0.051 0.171 0.000 0.000 0.000 0.000 0.016

OV01005 0.000 0.023 0.001 0.054 0.161 0.198 0.001 0.067 0.023 0.028 0.027

OV01101 0.000 0.023 0.001 0.054 0.161 0.198 0.001 0.067 0.023 0.028 0.027

OV01102  0.000 0.012 0.004 0.148 0.446 0.115 0.049 0.003 0.005 0.006 0.008

OV01104  0.000 0.014 0.000 0.011 0.237 0.161 0.015 0.000 0.000 0.000 0.016

OV01106 0.000 0.017 0.000 0.096 0.030 0.254 0.023 0.000 0.000 0.039 0.014

OV01107 0.000 0.035 0.000 0.152 0.038 0.281 0.000 0.000 0.000 0.027 0.023

BM530104 0.000 0.000 0.012 0.019 0.089 0.223 0.091 0.000 0.000 0.000 0.000

BM540104 0.000 0.017 0.028 0.013 0.313 0.241 0.031 0.000 0.000 0.000 0.007

BM570104 0.000 0.019 0.019 0.009 0.391 0.190 0.023 0.002 0.003 0.008 0.011

BM580104 0.000 0.033 0.007 0.011 0.352 0.189 0.007 0.000 0.000 0.012 0.021

Sample ID 17cy 17:0 2-OH 16:0 18:3 18:3 18:1w9c 18:1w9t 18:0 unk 27.4 19cy sat

OV00301  0.000 0.000 0.000 0.000 0.061 0.147 0.016 0.099 0.000 0.000 0.457

OV00305 0.000 0.019 0.000 0.000 0.075 0.146 0.028 0.084 0.000 0.000 0.448

OV00405 0.000 0.017 0.000 0.000 0.066 0.157 0.018 0.093 0.000 0.000 0.449

OV00903 0.000 0.016 0.000 0.000 0.058 0.140 0.016 0.122 0.000 0.000 0.479

OV01001 0.000 0.000 0.000 0.000 0.133 0.321 0.053 0.125 0.000 0.000 0.332

OV01003 0.000 0.009 0.000 0.000 0.210 0.260 0.018 0.097 0.012 0.000 0.323

OV01005 0.000 0.030 0.000 0.000 0.069 0.138 0.030 0.099 0.000 0.000 0.369

OV01101 0.000 0.030 0.000 0.000 0.069 0.138 0.030 0.099 0.000 0.000 0.369

OV01102  0.000 0.008 0.000 0.000 0.022 0.082 0.013 0.028 0.000 0.000 0.186

OV01104  0.000 0.017 0.000 0.000 0.064 0.302 0.043 0.057 0.021 0.000 0.263

OV01106 0.000 0.012 0.000 0.000 0.078 0.155 0.028 0.204 0.000 0.000 0.513

OV01107 0.000 0.000 0.000 0.000 0.060 0.166 0.023 0.108 0.000 0.034 0.484

BM530104 0.000 0.000 0.000 0.000 0.031 0.130 0.023 0.110 0.034 0.000 0.559

BM540104 0.000 0.009 0.000 0.000 0.025 0.097 0.025 0.072 0.000 0.000 0.438

BM570104 0.003 0.009 0.000 0.005 0.034 0.071 0.021 0.044 0.000 0.002 0.340

BM580104 0.007 0.029 0.000 0.005 0.043 0.060 0.023 0.052 0.000 0.001 0.386

Sample ID

mono-

unsaturated branched brmon cyc hyd unk cyc/mono trans/cis mono/sat

16:1w5c/

16:1w7c

OV00301  0.436 0.056 0.048 0.000 0.000 0.039 0.000 0.109 0.953 0.122

OV00305 0.459 0.056 0.049 0.000 0.000 0.024 0.000 0.188 1.025 0.258

OV00405 0.445 0.055 0.045 0.000 0.000 0.040 0.000 0.112 0.991 0.107

OV00903 0.415 0.056 0.035 0.000 0.000 0.048 0.000 0.113 0.866 0.094

OV01001 0.656 0.000 0.000 0.000 0.000 0.012 0.000 0.166 1.975 0.351

OV01003 0.644 0.024 0.000 0.000 0.000 0.026 0.000 0.068 1.993 0.582

OV01005 0.475 0.046 0.117 0.000 0.000 0.016 0.000 0.217 1.288 2.995

OV01101 0.475 0.046 0.117 0.000 0.000 0.016 0.000 0.217 1.288 2.995

OV01102  0.723 0.022 0.014 0.000 0.000 0.067 0.000 0.153 3.887 3.016

OV01104  0.671 0.025 0.000 0.000 0.000 0.054 0.000 0.142 2.550 21.080

OV01106 0.404 0.026 0.039 0.000 0.000 0.035 0.000 0.177 0.789 0.311

OV01107 0.473 0.023 0.027 0.034 0.000 0.028 0.071 0.137 0.976 0.250

BM530104 0.291 0.012 0.000 0.000 0.000 0.138 0.000 0.174 0.520 4.735

BM540104 0.489 0.035 0.000 0.000 0.000 0.055 0.000 0.257 1.119 23.535

BM570104 0.548 0.045 0.013 0.005 0.000 0.066 0.009 0.291 1.614 44.405

BM580104 0.523 0.060 0.012 0.008 0.000 0.040 0.015 0.388 1.355 31.084



Table S4.  Summary of GeoChip 4.0 probe and sequence information by functional gene 
category. 



Table S5. Mantel test to show the relationships between overall functional community structure and oil contaminants based on the 
geochemical data from the ten samples (oil contaminated samples: BM053, BM054, BM057, BM058 and BM064; non-oil 
contaminated samples: OV003, OV004, OV009, OV013 and OV014). 
 

Simple mantel Genes Environmental variables r p 
All environmental variables1 0.3719 0.022* 
Temperature 0.4147 0.014* 
DO probe 0.3791 0.013* 
Fluorometer detection of oil 0.3289 0.027* 
Small particle concentrations -0.0571 0.619 
AODC 0.06439 0.323 
Phosphate -0.084 0.655 
Benzene 0.387 0.017* 
Toluene 0.3868 0.017* 
Isopropylbenzene 0.1633 0.18 
n-Propylbenzene 0.2295 0.086 
1,3,5-Trimethylbenzene 0.176 0.145 
Tert-butylbenzene 0.2186 0.117 
1,2,4-Trimethylbenzene 0.176 0.144 
p-Isopropyltoluene 0.2673 0.069 
n-Butylbenzene 0.2295 0.09 
Naphthalene 0.2973 0.046* 
Total xylenes 0.3759 0.032* 
Total volatile HC 0.3842 0.018* 

All functional 
genes 

Total petroleum hydrocarbons - 
extractable (DRO) 0.1666 0.156 

1All environmental variables: temperature, DO probe, fluorometer detection of oil, small particle concentrations, AODC, phosphate, 
benzene, toluene, ethylbenzene, isopropylbenzene, n-propylbenzene, 1,3,5-trimethylbenzene, tert-butylbenzene, 1,2,4-
trimethylbenzene, p-isopropyltoluene, n-butylbenzene, naphthalene, total xylenes, total volatile hydrocarbon and total petroleum 
hydrocarbons - extractable (DRO).  



Table S6. Significant relationships (p<0.1) of key hydrocarbon degradation genes to different concentration of oil contaminants. The 
values in this Table are the p values determined by Mantel test. Any p value <0.05 is bolded. Only major abundant genes shown here. 
 



Table S7.  MC-252 alkane half-life (days) from field and laboratory with currents that would allow 2 days or 5 days to move 10 km 
from source.  According to Camilli et al () the plume is constrained by bathymetric features but the width of plume can double over 
the distance of our study area, our data also indicates that the vertical extent of the plume varies from 100 m at the source to 200 m at 
locations distant from the plume.  Based on this information the plume has a relatively stable configuration but conservatively could 
expect dilution alone to represent up to half of the reported half-life in the plume data.  Lab simulations suggest that these decay rate 
estimates are reasonable. 

 

	
  



 
Table S8. Twenty-six 16S rDNA mixtures from different species were prepared as mock communities using a semi-randomized latin 
square structure. A stepwise function was used so that each successive organism was added at final a concentration 37% greater than 
the previous organism.  Each test organism was represented in all mixtures at each possible concentration step. 
 
 

 
 



Figures 
 
Figure	
  S1.	
  	
  	
  Sampling	
  sites	
  around	
  the	
  MC252	
  well	
  head	
  from	
  May	
  25	
  to	
  June	
  2,	
  2010.	
  



Figure	
  S2.	
  	
  Measured	
  water	
  concentrations	
  of	
  total	
  BTEX,	
  alkanes,	
  and	
  PAH	
  concentrations	
  
by	
  depth	
  and	
  distance	
  from	
  the	
  MC252	
  well	
  head	
  from	
  May	
  9,	
  2010	
  until	
  June	
  19,	
  2010.	
  
	
  
	
  

	
  
	
  
 
 
 
 
 
 
 
 



Figure S3.  Chromatogram for MC252 oil from the wellhead. 

 

 
 
 



Figure S4.  Bacterial richness detected in oil plume. A total of 951 subfamilies were detected in 
62 bacterial phyla using Phylogenetic microarray (PhyloChip) analysis (see supplemental 
methods). Only 16 subfamilies in one subphylum (γ-proteobacteria) were significantly enriched 
in the plume relative to outside the plume. 
 

 



Figure S5.  Bacterial taxa enriched by oil plume.  Differences in estimated 16S rRNA gene 
concentration are shown as percent of non-plume concentration for a representative OTU in each 
of the 16 subfamilies that were significantly enriched in plume samples (Table S2). 
 

 
 

 

 



 
 
Figure S6.   Correspondence analysis of alkanes with distance from the plume, fluorometry data, 
and AODC cell counts. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S7. DCA analysis of the normalized signal intensity data for oil-contaminated samples 
and non-oil samples showing that the oil spill significantly affected the microbial community 
structure.  The signal intensity of the functional gene sequences present in at least two of 5 
samples were used for DCA. The filled circles are for oil-contaminated samples, and non-filled 
circles are for non-oil samples. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S8. The normalized total signal intensity of the detected genes involved in alkanes, 
alkynes, cycloakanes and aromatic carboxylic acid degradation.  The normalized signal intensity 
for each functional gene was the average of the total signal intensity of all detected genes from 
all the replicates.  All data are presented as mean ± SE. **p<0.01, *p<0.05. It should be noticed 
that Hydrocarbon degradation gens: alkB, alkane 1-monooxygenase; alkH, aldehyde 
dehydrogenase; alkJ, alcohol dehydrogenase; BMO, butane monooxygenase; ChnA, 
cyclohexanol dehydrogenase; chnB, cyclohexanone 1,2-monooxygenase; ChnE, 6-oxohexanoate 
dehydrogenase; cpnB, cyclopentanone 1,2-monooxygenase; Xamo, alkene monooxygenase. 
Aromatic carboxylic acid degradation genes: bclA, benzoate-CoA ligase; bco, benzoyl CoA 
reductase; benAB, benzoate 1,2-dioxygenase; benD, benzoate/cis-diol dehydrogenase; BpH, 
benzoate 4-monooxygenase; GcdB, glutaconyl-CoA/decarboxylase; GCoADH, glutaryl-CoA 
dehydrogenase; HcaB, 2,3-dihydroxy-2,3-dihydrophenylpropionate/ dehydrogenase; hmgA, 
homogentisate 1,2-dioxygenase; hmgB, fumarylacetoacetase; hmgC, maleylacetoacetate 
isomerase; mdlA, mandelate/racemase; mdlB, L-mandelate dehydrogenase; mdlC, 
benzoylformate decarboxylase; mhpA, 3-(3-hydroxyphenyl)propionate hydroxylase; nagG, 
salicylate 5-hydroxylase; nagI, gentisate 1,2-dioxygenase; nagK, acylpyruvate/hydrolase; nagL, 
maleylpyruvate isomerase; ohbAB, halobenzoate 1,2-dioxygenase; ophC, 4,5-
dihydroxyphthalate/decarboxylase; PhaB, acetoacetyl-CoA reductase; phtA, phthalate 4,5-
dioxygenase; pimF, enoyl-CoA hydratase; PobA, p-hydroxybenzoate hydroxylase; xylG, 2-
hydroxymuconic semialdehyde dehydrogenase. 
 

 

 
 
 
 
 
 
 
 
 
 
 



Figure S9. The normalized total signal intensity of the detected genes involved in other 
aromatics (except aromatic carboxylic acid). The normalized signal intensity for each functional 
gene was the average of the total signal intensity of all detected genes from all the replicates. All 
data are presented as mean ± SE. **p<0.01, *p<0.05. A, BTEX and related aromatics; B, 
chlorinated aromatics; C, heterocyclic aromatics; D, nitoaromatics; E, other aromatics; F, 
polycyclic aromatics. akbF, 4-hydroxy-2-oxovalerate aldolase; Apc, acetophenone carboxylase; 
bbs, E-phenylitaconyl-CoA hydratase; catB, muconate cycloisomerase; pchCF, 4-cresol 
dehydrogenase; todC, toluene dioxygenase; tutFDG, benzylsuccinate synthase; xylC, 
benzaldehyde dehydrogenase; cbdA, ortho-halobenozate dioxygenase; tfdA, 2,4-D/alpha-
ketoglutarate dioxygenase; tfdB, chlorophenol monooxygenase; tftH, hydroxyquinol 1,2-
dioxygenase; arhA, PAH dioxygenase; carA, carbazole dioxygenase; nbaC, 3-
hydroxyanthranilate 3,4-dioxygenase; nhh, nitrile hydratase; nmoA, nitrilotriacetate 
monooxygenase; pnbA, nitrobenzoate nitroreductase; AmiE, aliphatic amidase; Arylest, 
arylesterase/ aryl-ester hydrolase/ aromatic esterase; BADH, benzylalcohol dehydrogenase; 
Catechol, catechol 1,2-dioxygenase; catechol_B, catechol 2,3-dioxygenase; CDD, dienoate 
decarboxylase; cmuA, alpha subunit of ethylbenzene dioxygenase; mdlD, benzaldehyde 
dehydrogenase; nitA, nitrilase; pcaG, protocatechuate 3,4-dioxygenase; pheA, phenol 2-
monooxygenase; proO, protocatechuate 4,5-dioxygenase; xlnD, hydroxybenzoate hydroxylase; 
bphA, biphenyl 2,3-dioxygenase; bphC, 2,3-dihydroxybiphenyl 1,2-dioxygenase; bphD, 2-
hydroxy-6-oxo-6-phenylhexa-2,4-dienoate hydrolase; nahA, naphthalene 1,2-diooxygenase; 
phdCI, carboxylate/isomerase. 
 

 

 

 
 



 
Figure	
  S10.	
  Consortia	
  experiment	
  (no	
  Corexit)-­‐	
  8day.	
  

	
  
	
  
	
  



	
  
Figure	
  S11.	
  Respirometer	
  1	
  without	
  Corexit	
  	
  

	
  
	
  
	
  
	
  
 



 

Figure S12.  Distribution of mean sequence divergence within OTUs.  Sequence differences 
were determined using the F84 method after NAST alignment (S17) as previously 
described(S52).  The method was chosen due to its recognition by phylogenetic tree 
reconstruction biologists (S53). The method masks the hypervariable regions resulting in less 
perceived dissimilarity.  The majority of the OTUs contain either singleton genes or sets of genes 
with no divergence among the conserved positions. 
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Figure S13. Variation among distribution of pair difference scores, d, between quantitative 
standards (QS) and negative controls (NC) and between target’s AT content. 
 

 
 



Figure S14.  Background-subtracted probe intensities from 12,202 replicate probes representing 
3,548 different 25-mer combinations were used to determine the coefficient of variation (CV) for 
each array.  CV grouped by mock community mix where each mix was analyzed in three 
different hybridizations on different days.  Overall the mean CV was 0.097. 
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Figure S15.  Relationships between HybScore and Concentration.  X-axis is log2 concentration 
of the amplicon in the hybridization mixture expressed in picomolar (pM). Y-axis is log2 
hybridization score (HybScore).  
 
 

 
 



Figure S15 (cont.) 
 
 

 



Figure S15 (cont.) 
 
 

 
 
 



Figure S16. Receiver Operator Characteristic (ROC) curve analysis of Stage 1 P/A.  The y-axis, 
Expected Positive Rate, is the fraction of OTUs expected to be present that were called present.  
The x-axis, Unexpected Positive Rate, is the fraction of OTUs not-expected to present that were 
called present.  The performance of the rQ1, rQ2 and rQ3 thresholds are shown in top, center and 
bottom panels, respectively.  Color bar indicates the threshold tested at each point and ranges 
from the least stringent, 0, to most stringent,1. Plots were created with rocr, Plots were created 
with rocr (http://rocr.bioinf.mpi-sb.mpg.de 
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Figure S17.  Ordination of 78 Latin Square PhyloChips results. Each of 26 mock communities 
were replicated 3 three times.  Inter-array distance was calculated with either the weighted 
unifrac or Bray-Curtis method and resulting distance matrices were ordinated with NMDS.  Back 
circles represent individual PhyloChip community profiles and green polygons link replicate 
communities.  
 

 

 



 
Figure S18.  Alkane ratios for sites at various distances from the source indicating changes due 
to biodegradation, due to lighter hydrocarbons being degraded faster. 
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