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GoMGoM (Gulf of Mexico)(Gulf of Mexico)

Deepwater Horizon Oil Spill
Sediments 

GoM

Water•• Bacteria are abundant in all marine habitatsBacteria are abundant in all marine habitats
Sediment in the Gulf of Mexico. Credit: NASA
Water 
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BACTERIAL ACTIVITIES ARE VITAL FOR MAINTAINING A BACTERIAL ACTIVITIES ARE VITAL FOR MAINTAINING A 
BALANCED ECOSYSTEMBALANCED ECOSYSTEMBALANCED ECOSYSTEMBALANCED ECOSYSTEM

BACTERIA  DO GOOD THINGS !BACTERIA  DO GOOD THINGS !
BUT SOME BACTERIA ARE THREAT TO BUT SOME BACTERIA ARE THREAT TO 

HUMAN and ANIMAL HEALTH !HUMAN and ANIMAL HEALTH !

•• DecompositionDecomposition ofof organicorganic mattersmatters whichwhich
maintainmaintain Earth’sEarth’s carboncarbon,, nitrogennitrogen andand
sulfursulfur cyclescycles

•• SomeSome ofof thethe residentresident bacteriabacteria areare
pathogenicpathogenic toto humanshumans ((ee..gg.. VibrioVibrio))

•• ConsumptionConsumption ofof undercookundercook oror rawraw
•• ServeServe asas foodfood forfor somesome bottombottom‐‐livingliving
organismsorganisms

seafoodseafood
•• WoundWound infectioninfection –– SepticemiaSepticemia
•• DiarrheaDiarrheaOIL SPILLOIL SPILL
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STUDY OBJECTIVESSTUDY OBJECTIVESSTUDY OBJECTIVESSTUDY OBJECTIVES

•• Determine the effects of oil on theDetermine the effects of oil on the•• Determine the effects of oil on the Determine the effects of oil on the 
microbial population dynamicsmicrobial population dynamics

•• The oil degrading potential of the GoM The oil degrading potential of the GoM 
sediments by looking at the “oilsediments by looking at the “oil‐‐eating” eating” 
(biodegradative)  bacteria(biodegradative)  bacteria( g )( g )
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Study SitesStudy Sitesyy
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Samples: Ron Kiene, DISL



APPROACHAPPROACH

MC252 (MC252 (MacondoMacondo Oil)Oil)

GoMGoM

Microbial diversity Microbial diversity 
analysisanalysis

SedimentsSediments
microcosm microcosm 

yy

0 hr0 hrSalt marsh sediments of Salt marsh sediments of 
Bayou LaBayou La BBatreatre AAlabamalabama 7 d7 d

14 d 14 d 
30 d 30 d 
90 d90 d

Bayou La Bayou La BBatreatre, , AAlabamalabama

6
90 d90 d

Untreated Control  Sediment was keptUntreated Control  Sediment was kept



STATE OF THE ART GENOME STATE OF THE ART GENOME 
TECHNOLOGYTECHNOLOGY

bTEFAPbTEFAP for microbial diversity analysisfor microbial diversity analysis
TECHNOLOGYTECHNOLOGY

y yy y

SedimentsSediments
Roche 454Roche 454

SedimentsSediments

~ 400~ 400‐‐500 500 bpbp
16S16S rRNArRNA genegene

MetagenomicMetagenomic
DNA extractionDNA extraction

16S 16S rRNArRNA gene gene 
sequencesequence

DNA extractionDNA extraction

BIOINFORMATICS BIOINFORMATICS 

3K3K‐‐10K reads 10K reads 
generatedgenerated

AND STATISTICAL AND STATISTICAL 
ANALYSESANALYSES

(e g RDP QIIME(e g RDP QIIME
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(e.g. RDP, QIIME, (e.g. RDP, QIIME, 
MOTHUR, MOTHUR, CloVRCloVR
pipelines etc.)pipelines etc.)



EXPECTED RESULTSEXPECTED RESULTS
GoMGoM sedimentssediments

OIL OIL 

BEFOREBEFORE AFTERAFTERBEFORE BEFORE 
ADDING ADDING 

OILOIL

AFTER AFTER 
ADDING ADDING 

OILOIL
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OILOIL OILOIL



Phylum Phylum level distributionlevel distribution
Sediment samples 14 days after oil exposureSediment samples 14 days after oil exposure

O‐2 Proteobacteria

Bacteroidetes

Oil‐2 
weeks

Firmicutes

Acidobacteria

C
Actinobacteria

Others

Control 
(no oil)

0% 20% 40% 60% 80% 100%
Relative abundanceRelative abundance

Bar charts depicting the phylum level distribution of the microbial population Bar charts depicting the phylum level distribution of the microbial population 
before (C, Control) and after twobefore (C, Control) and after two‐‐week incubation with MC252 oil (Oweek incubation with MC252 oil (O‐‐2) of the 2) of the 
salt marsh sediments from of Bayou Lasalt marsh sediments from of Bayou La BatreBatre Alabama using RDP classifierAlabama using RDP classifiersalt marsh sediments from of Bayou La salt marsh sediments from of Bayou La BatreBatre, Alabama using RDP classifier., Alabama using RDP classifier.

9Proteobacteria: Nitrogen fixation; pathogens; Bacteroidetes = distributed in the environment, including in soil, in sediments, sea water and in 
the guts and on the skin of animals;; Firmicutes: Gram positive; Acidobacteria = Important for sound ecosystem; found in soils and sediments; 
Actinobacteria = Soil and sediment bacteria, involved in carbon cycle; 



Class level Class level distributiondistribution

Sediment samples 14 days after oil exposureSediment samples 14 days after oil exposure

Control 
(no oil)

Oil‐2 
weeks
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Sediment Sediment 
l 14l 14

11

samples 14 samples 14 
days after oil days after oil 
exposureexposure



OTU heatmap

( )OTU heatmap showing the number of times each OTU was found in the sediment samples (C and O‐2) including the taxonomic
assignment. The OTU heatmap displays raw OTU counts per sample, where the counts are colored based on the contribution of each
OTU to the total OTU count present in that sample (blue: contributes low percentage of OTUs to sample; red: contributes high
percentage of OTUs). The lineages that increased or appeared after MC252 oil addition are highlighted with yellow color.
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THE OIL DEGRADING POTENTIAL OF THE THE OIL DEGRADING POTENTIAL OF THE GoMGoM SEDIMENTSSEDIMENTS

PCR amplification of the biodegradative PCR amplification of the biodegradative genesgenes

Table 1. Table 1. Results for PCR amplification using different primer sets for biodegradative genes Results for PCR amplification using different primer sets for biodegradative genes 
in community DNA extracted fromin community DNA extracted from control and oilcontrol and oil enriched samples from Gulf coastenriched samples from Gulf coast

p) bp
)

bp
)

in community DNA extracted from in community DNA extracted from control and oil control and oil enriched samples from Gulf coast.enriched samples from Gulf coast.
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Microbiology of the sediment samples collected from Gulf CoastMicrobiology of the sediment samples collected from Gulf Coast
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OTU (Operational Taxonomic Units) network map 

O‐2

CC

OTU (Operational Taxonomic Units) network map generated by QIIME showing OTU interactions between
the rarefied sediment samples without (C‐Control) and after 2 weeks incubation with MC252 oil (O‐2). The
lines radiating from control samples C are colored brown and oil treated O‐2 are colored blue and
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lines radiating from control samples C are colored brown and oil treated O‐2 are colored blue and
represent the OTUs present. Each white dot represents an OTU. OTU size is weighted with respect to
sequence counts within the OTU.



SummarySummarySummarySummary
•• Overall, some changes in the microbial community Overall, some changes in the microbial community , g y, g y
occurred, but not drasticoccurred, but not drastic

•• Certain oil eating (biodegradative) class of bacteria Certain oil eating (biodegradative) class of bacteria 
proliferatedproliferatedpp

•• Pathogens such as Pathogens such as VibriosVibrios were not detected were not detected gg

•• LongLong‐‐term (90 days term (90 days –– 120 days) effects on the 120 days) effects on the gg ( y( y y )y )
microbial community are being investigatedmicrobial community are being investigated
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