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Abstract This study examined impacts of Macondo
MC252 oil from the Deepwater Horizon spill on oildegrading bacteria in fresh and oligohaline marshes
dominated by the common reed Phragmites australis
(Cav.) Trin. ex Steud. and correlated microbial
changes to soil variables. We hypothesized that
indigenous oil-degrading bacteria and soil characteristics in the marshes effectively respond to Macondo
oil. We tested this hypothesis with a greenhouse
mesocosm study. Weathered and emulsified Macondo
oil was applied to P. australis sods at different rates (0,
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4, 8, 12, and 16 L m-2). Populations of oil degrading
bacteria containing alkane monooxygenase and PAHring hydroxylating dioxygenase alpha subunit (PAHRHDa) genes, the expression of these genes, soil
respiration rate, residual total petroleum hydrocarbon,
redox potential (Eh), as well as dissolved organic
carbon (DOC) and its aromaticity index of SUVA254
were measured in soils 2 months after oil addition. Oil
exposure generally increased oil-degrading bacterial
populations, in particular Gram-positive (GP) PAHdegraders, soil respiration rate, DOC concentration,
and aromaticity of DOC, but decreased Eh values. GP
PAH-RHDa genes accounted for approximately 98%
of total detected genes, and expression of these genes
increased by a factor of 3 to 5 at various oil dosages.
Both abundance and expression of GP PAH-RHDa
genes significantly correlated to SUVA254 (P \ 0.05).
The study revealed that indigenous oil-degrading
bacteria effectively responded to weathered Macondo
oil in the P. australis marsh soil wherein GP bacteria
with PAH-RHDa genes played a major role in
biodegradation
of
PAH-enriched
petroleum
hydrocarbons.
Keywords Deepwater Horizon oil spill  Phragmites
australis  Alkane monooxygenase (alkB)  PAH-ring
hydroxylating dioxygenase alpha subunit (PAHRHDa)  Real-time PCR  Gene expression
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Introduction
The blowout of the Deepwater Horizon (DWH)
drilling rig on April 20, 2010 triggered the largest
marine oil spill in United States history (Oil Spill
Commission, 2011). Approximately 4.9 million barrels of light crude oil (Macondo MC252) was
discharged into the Gulf of Mexico over a period of
87 days (Romero et al., 2015). The sheer volume of oil
caused widespread impacts including the oiling of
approximately 1040 km of Gulf Coast marshes (Oil
Spill Commission, 2011). Due to the sensitivity of
microbes to petroleum and their major roles in
breakdown of petroleum hydrocarbons (Wasmund
et al., 2009), a considerable number of studies have
documented changes of the indigenous microbial
communities in various Gulf Coast ecosystems in
response to the DWH spill. Overall, the DWH spill had
a profound impact on the abundance and community
composition of microbes; Colwellia, Gammaproteobacteria (Alcanivorax, Marinobacter), Alphaproteobacteria
(Rhodobacteraceae)
and
cProteobacteria were identified as key players in oil
degradation (e.g., Hazen et al., 2010; Kostka et al.,
2011; Redmond &Valentine, 2012).
Alkanes and polycyclic aromatic hydrocarbons
(PAHs) are the most common constitutes in crude
oil. Alkanes are easier to degrade, and the initial stage
of oil aerobic degradation is primarily catalyzed by
alkane monooxygenases (alkB). The genetics of these
enzymes have been characterized in Pseudomonas
(Van Beilen et al., 1994, 2001), Rhodococcus (Whyte
et al., 2002; Van Beilen et al., 2006), Alcanivorax
(Hara et al., 2004), Xanthobacter (Van Beilen et al.,
2003), and others (Powell et al., 2006; Yergeau et al.,
2009). Degradation of PAHs is usually carried out by
multicomponent aromatic-ring-hydroxylating dioxygenases (RHD), which is in part encoded by the PAHRHDa genes (Yergeau et al., 2009; Muangchinda
et al., 2013). The aerobic pathways of bacterial PAHdegradation that involve PAH-RHDa genes have been
described in a wide range of Gram negative (GN)
bacterial strains and some Gram positive (GP) strains
(Habe & Omori, 2003; Cébron et al., 2008, 2009). The
presence of different genes that encode similar
enzymes in both GN and GP bacteria highlights the
importance of paying attention to both of these groups
to adequately evaluate the PAH-degradation potential
of whole bacterial communities (Cébron et al., 2008).
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Accurately quantifying functional genes in the
environment via real-time PCR (qPCR) has become an
effective approach to understanding ecological processes (Powell et al., 2006). Researchers have successfully quantified copy numbers of alkB, and GP and
GN PAH-RHDa genes from soil samples by qPCR
(Baldwin et al., 2003; Powell et al., 2006; Cébron
et al., 2008), yet expression of these genes has not been
measured even though it has a closer association with
contaminant degradation (Lu et al., 2011). Additionally, in contrast to the documentation of microbial
responses in marine and salt mash habitats, there has
been little published research evaluating the impacts
of the DWH spill on microbes in fresh and oligohaline
marsh. Although the spill mainly contaminated salt
marsh dominated by Spartinaalterniflora, Juncusroemerianus, and Avicenniagerminans, it oiled a sizable
area of fresh and oligohaline marsh dominated by the
common reed, Phragmites australis (P. australis
(Cav.) Trin. ex Steud.) in the Birdfoot Delta at the
mouth of the Mississippi River. An understanding of
how indigenous oil-degrading bacteria respond to oil
exposure is important for the remediation and management of oil-contaminated P. australis marshes. Our
companion study previously reported the impacts of
weathered and emulsified Macondo oil on Phragmites
australis growth (Judy et al., 2014). The objectives of
this study were to (1) quantify the abundance of oildegrading bacterial populations and their functional
gene expression in response to different dosages of oil
in P. australis marsh soil and (2) determine the
correlation of microbial changes to soil variables. We
tested two hypotheses: the first was that indigenous
oil-degrading bacteria can sensitively respond to
Macondo oil addition, and the second was that
indigenous oil-degrading bacteria have close relationships with soil characteristics affected by different oil
dosages.

Materials and methods
Experimental design and procedures
In our companion paper (Judy et al., 2014), we
presented the impacts of Macondo oil on the growth
response of the common reed P. australis. In this
work, we adopted the soils from the experiment 2 of
that study (Judy et al., 2014) to be used for soil variable
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and bacterial analyses, with our focus on the responses
of indigenous oil-degrading bacteria to oil exposure.
The details of the experimental settings employed
have been described previously (Judy et al., 2014).
Briefly, P. australis sods with intact vegetation and
soil (28 cm in diameter and approx. 30 cm deep) were
collected from an unoiled marsh site (30°23.2050 N,
90°09.5510 W) in Madisonville, LA, USA in October
2011. Soil pH was 6.4 ± 1.1. Soil salinity was
1.6 ± 0.5. Soil texture was classified as loam with
27.9 ± 3.6% sand, 45.3 ± 3.3% silt, 26.8 ± 2.9%
clay, and 22.4 ± 2.8% organic matter. At the completion of the first experiment (only with shoot oiling)
on effects of common oiling scenarios on P. australis
growth response, the aboveground biomass was harvested. After regrowing for 2 months, the weathered
MC252 oil (see the method of DWH oil weathering
process, Judy et al., 2014) was applied to the marsh
sods at rates of 0 (control), 4, 8, 12, and 16 L m-2,
respectively, to investigate the effects of oil added to
the soil. To evenly disperse oil into soil, weathered and
emulsified oil was applied over standing water in each
sod, and the water was then drained through the soil
column allowing the oil to contact the soil and
encouraging penetration into the sediment. The experimental design was a randomized block containing
five treatment levels replicated in five blocks, resulting
in a total of 25 sods.

collected to assure stable readings (Judy et al., 2014).
After soil respiration and Eh measurements, surface
soil (about 10 cm deep) was collected from the sod.
Some fresh soil without sieve was used for DOC,
aromaticity of DOC and residual total petroleum
hydrocarbon (TPH) analyses. The rest was stored at
-80°C for DNA and RNA extraction.
DNA from soils was extracted by the MoBioPowerSoilÒ DNA Isolation kit, whereas RNA was isolated
with the MoBio RNA PowerSoilTM Total RNA
Isolation kit. The quality of the DNA and RNA was
confirmed by spectrophotometric analysis (NanoDrop2000C, Thermo Scientific). Meanwhile, 1.5%
agrose gel was run to confirm the acceptable DNA
quality. RNA was treated (15 min at 20°C) with
Rnase-free DNase (Qiagen) and subsequently purified
using RNA easy mini Kit (Qiagen) before reverse–
transcription (Louvel et al., 2011). Soil DOC was
measured by the methods of Dong et al. (2009). The
aromaticity composition in dissolved carbonaceous
substrates index of SUVA254 was defined as the UV
absorbance at 254 nm divided by the DOC concentration (mg L-1), and expressed in units of L mg-1
m-1 (Weishaar et al., 2003; Peichl et al., 2007). Soil
residual TPH was determined by the method of Lin &
Mendelssohn (1996).

Sample collection and analysis

cDNA was synthesized by DNase-treated RNA
through reverse transcription using Thermo Scientific
Maxima First Strand cDNA Synthesis kit. The
synthetic cDNA and the extracted DNA were used
for qPCR amplification. The abundance and expression of 16S rRNA, alkB, and GN and GP PAH-RHDa
genes were determined by a CFX Connect TM Realtime system (Bio-RAD). Sequences for these specific
gene fragments were acquired from the Genbank
database (https://www.ncbi.nlm.nih.gov/genbank/)
with accession numbers of KC207085 (16Sr RNA,
Pseudomonas putida), M83949 (GN PAH-RHD,
Pseudomonas putida), DQ846881 (GP PAH-RHD,
Rhodococcus opacus), and AJ233397 (alkB, Pseudomonas putida). Standards for qPCR were generated
by serial dilution of template DNA, and the corresponding standard curves over the dilution range and a
detection limit of 101 copies were obtained. The target
gene copy numbers were quantified relative to a
standard curve of positive control (Powell et al., 2006).

Two months after the oil application, soil respiration
rate, expressed as g CO2 m-2 h-1, was measured using
a portable infrared gas analyzer (IRGA). The
portable IRGA system consisted of the PP Systems
Soil Respiration System, with an EGM-4 Environmental Gas Monitor attached to an SRC-1 Soil
Respiration Chamber (PP Systems, Hertfordshire,
UK). Measurements were taken from 25 PVC couplings (10 cm in diameter) installed to 3-cm depth in
the marsh soil. The CO2 flux from each collar was
measured for a 60-s period (Jackson et al., 2009). Soil
redox potential (Eh) was measured at 10 cm into the
soil column with an Accument AP71 pH/mV/°C m
(Fisher Scientific, Waltham, Ma) connected to a
Corning Hi-stab calomel reference electrode and
bright platinum electrodes. Measurements were taken
from each sod with three platinum electrodes. The
electrodes were left in place for 24 h before data were

PCR amplification of specific genes
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Cébron et al. (2008)

CGGCGCCGACAAYTTYGTNGG

RHDa GP R

Gram positive PAH-RHDa

GGGGAACACGGTGCCRTGDATRAA

RHDa GP F

GAGATGCATACCACGTKGGTTGGA

AGCTGTTGTTCGGGAAGAYWGTGCMGTT

Gram negative PAH-RHDa
RHDa GN R

RHDa GN F

306

292

57

Powell et al. (2006)
TGAAGATGTGGTTGCTGTTCC

AlkBFd

Alkane monooxygenase (alkB)
AlkBRd

AACTACMTCGARCAYTACGG

100

50

56
435
AACGCGAAGAACCTTAC

CGGTGTGTACAAGACCC
16S rRNA

Sequence: 50 to 30

1401 F

Soil residual TPH significantly increased with oil
dosages (P \ 0.01). The DOC (one expression of
labile organic carbon) and its aromaticity index of
SUVA254 increased by 11.62–51.52% and
20.63–86.25%, respectively, after oil addition
(Table 2). Oil addition also increased soil respiration

Target gene

Results

Primers

Statistical analyses were done with IBM SPSS 18 for
Windows. One-way ANOVA analysis (LSD) was
performed to compare the differences in soil oil
degrading bacteria containing alkB and PAH-RADa
genes, soil respiration rate, DOC, Eh, and residual
TPH at various oil dosages. Spearman’s rank correlation tests were used to describe the relationships
among target genes, residual TPH, soil respiration
rate, and DOC, and the analysis was done after a
natural logarithm transformation of the data to get a
better normal distribution. All measures of significance were identified at P \ 0.05 unless otherwise
stated.

Table 1 Primers and conditions used for real-time PCR assays

Statistical analysis

968 R

Amplicon
size

Annealing
temperature

References

The reaction mixtures for PCR amplification contained 5.0 ll of Bio-Rad SsoAdvancedTM SYBR
Green Supermix (including necessary buffer, hot start
Sso7d-fusion polymerase, SYBRÒ green dye, dNTPs,
MgCl2, enhancers, and stabilizers), 500 nM of each
forward and reverse primer, 4.0 ll of DNA template
diluted to 10-1 or 10-2 concentration of the original
DNA extraction or the synthetic cDNA, and nuclease
free water adjusted to a final volume of 10 ll. Primers
and thermal cycling conditions were all derived from
the published research (Table 1) but with some modifications. For the genes of 16S rRNA and GP PAHRHDa, thermal cycling conditions were as follows:
95°C for 5 min, forty cycles of denaturing temperature
of 95°C for 30 s; annealing temperature of 56°C for
30 s; and 72°C for 40 s, and 72°C for 7 min. For the
GN PAH-RHDa, the thermal cycling conditions were
consistent with above genes but the annealing temperature was 57°C. For the alkB, thermal cycling
conditions were as follows: 94°C for 15 min, forty
cycles of denaturing temperature of 84°C for 20 s;
annealing temperature of 50°C for 30 s; and 72°C for
45 s, and 45°C for 1 min.

Cébron et al. (2008)
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Table 2 The effects of oil on soil respiration, residual TPH, Eh, and DOC and its aromaticity index with various oil dosages in
Phragmites australis marsh soil
Treatment
4 L m-2

Control
TPH (mg g-1 dry soil)
DOC (mg kg

-1

dry soil)

SUVA254 (L mg

-1

-1

m )

Soil respiration rate (g CO2
m-2 h-1)
Eh (mV)

0.96 ± 0.12e

8 L m-2

9.86 ± 2.76d
c

12 L m-2

28.40 ± 4.88c
b

16 L m-2

48.84 ± 2.40b
b

70.20 ± 16.18a
bc

1475.22 ± 118.10a

973.61 ± 43.30

1177.33 ± 38.86

1107.39 ± 48.53

1068.66 ± 22.43

d

a

b

b

0.64 ± 0.05c

ab

2.41 ± 1.48a

-110.2 ± 14.5ab

-145.7 ± 13.2a

0.53 ± 0.02

0.99 ± 0.04

b

0.76 ± 0.45

-68.5 ± 15.3b

0.82 ± 0.04

ab

ab

1.57 ± 0.79

1.40 ± 0.36

-111.9 ± 12.2a

-125.1 ± 10.5a

0.87 ± 0.02
1.82 ± 0.57

The values are means and standard errors (n = 5). Different letters indicate significant differences between treatment-level means
(P \ 0.05)
TPH, total petroleum hydrocarbons; DOC, dissolved organic carbon; Eh, soil redox; SUVA254, the UV absorbance at 254 nm

rate, but only at the highest oil level it reached to the
significant level (Table 2). Oil exposure significantly
decreased soil Eh (Table 2). Residual TPH was
significantly correlated with DOC content and soil
respiration rate, and there was a significant relationship between DOC content and soil respiration rate
(Table 3).
Oil exposure numerically increased the abundance
and expression of the 16S rRNA gene, and the oildegrading bacterial populations containing alkB and
PAH-RADa genes increased significantly (P \ 0.05),
approximately two or three times higher than the
control (Fig. 1). The relative abundance of oil-

degrading genes (i.e., relative to 16S rRNA gene) also
increased with increasing oil dosages (Table 4). The
percentage of GP PAH-RHDa gene was approximately 97 (gene abundance) and 226 (gene expression) times higher than the GN PAH-RHDa gene in
the control treatment, and these numbers reached to
the highest values of 152 (abundance) and 795
(expression) times in the oil treatment (Table 4). The
expression of oil-degrading genes was positively
correlated to residual TPH concentration (Table 3).

Table 3 The correlations
among target genes, TPH,
soil respiration rate, and
dissolved organic carbon,
N = 25

TPH

DOC

SUVA254

Soil respiration rate

16S rRNA
alkB

0.192
-0.230

-0.030
0.102

0.244
0.260

0.121
-0.031

Spearman’s rank correlation
coefficients (range from -1
to ?1) are followed by *
values
TPH, total petroleum
hydrocarbons; DOC,
dissolved organic carbon;
SUVA254, UV absorbance
at 254 nm

DNA

GP PAH-RHDa

0.215

0.018

0.527*

0.255

GN PAH-RHDa

0.617**

0.674**

0.355

0.304

Sum of oil-degrading genes

0.215

0.018

0.527*

0.255

16S rRNA

0.122

0.381

-0.048

0.025

alkB

-0.258

-0.315

-0.113

-0.062

GP PAH-RHDa

0.504*

0.306

0.554*

0.173

GN PAH-RHDa

0.478*

-0.009

-0.045

0.157

Sum of oil-degrading genes

0.495*

0.273

0.569*

0.175

TPH

1

RNA

*Indicates significant
effects at P \ 0.05

DOC

0.602*

1

SUVA254

0.097

0.242

1

**Indicates significant
effects at P \ 0.01

Respiration

0.644**

0.570*

0.120

1
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Fig. 1 The effects of oil on the abundance and expression of
target genes with various oil dosages in Phragmites australis
marsh soil. The values are means and standard errors (n = 5).

Different letters indicate significant differences between treatment-level means (P \ 0.05)

Discussion

rhizosphere of P. australis (common reed) and bulk
soils in the Yellow River Delta when they were oil
contaminated (Nie et al., 2009). The results indicated
that petroleum hydrocarbons were an important source
for the dissolved carbonaceous substrates when oil
was added to soil, especially for the aromaticity
constituents (Nie et al., 2009). Soil respiration rate, an

Oil exposure significantly affected soil characteristics
(Table 2). The significant correlations between residual TPH and DOC as well as the increased aromaticity
index of SUVA254 with increasing oil dosages
(Table 3) were consistent with the findings of the
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Table 4 The percentages of oil-degrading genes relative to 16S rRNA gene at various oil dosages in Phragmites australis marsh soil
Percentage (%)

Treatment
Control

4 L m-2

8 L m-2

12 L m-2

16 L m-2

DNA (target genes/16S rRNA)
alkB

0.06 ± 0.03

0.09 ± 0.05

0.06 ± 0.03

0.03 ± 0.01

0.04 ± 0.02

GN PAH-RHDa

0.17 ± 0.20

0.28 ± 0.20

0.16 ± 0.12

0.32 ± 0.18

0.55 ± 0.24

GP PAH-RHDa

15.99 ± 3.52

28.25 ± 16.28

25.08 ± 6.52

25.96 ± 11.75

14.64 ± 3.94

Sum of oil-degrading genes

16.22 ± 3.75

28.61 ± 16.53

25.31 ± 6.67

26.31 ± 11.94

15.24 ± 4.21

RNA (target genes/16S rRNA)
alkB

0.04 ± 0.01

0.11 ± 0.13

0.14 ± 0.15

0.03 ± 0.04

0.05 ± 0.06

GN PAH-RHDa

0.02 ± 0.01

0.04 ± 0.04

0.09 ± 0.09

0.03 ± 0.01

0.08 ± 0.10

GP PAH-RHDa

4.20 ± 1.52

15.02 ± 11.18

12.43 ± 10.48

21.91 ± 18.06

15.47 ± 14.93

Sum of oil-degrading genes

4.25 ± 1.55

15.17 ± 11.36

12.65 ± 10.72

21.97 ± 18.12

15.60 ± 15.09

The values are means and standard errors (n = 5)

indicator of microbial activity (Teepe et al., 2001),
was significantly affected by oiling (P \ 0.05). The
soil respiration rate at the highest oil dosage
(16 L m-2) was about three times higher than the
control (Table 2), which was in agreement with a
previous study that found oil addition increased soil
respiration in a tidal wetland (Qiao et al., 2012). The
added oil provides a good amount of fresh organic
carbon, stimulates the growth of heterotrophic
microorganisms such as Alkanexedens, and thereby
increases the strength of soil respiration of the
rhizosphere (Wang et al., 2001; Li et al., 2007). The
significant correlations between soil respiration rate
and residual TPH and DOC (Table 3) in this study also
support the above point. Meanwhile, the microbial
metabolic activities reduced the level of oxygen and
other electron acceptors in soil and thus decreased soil
Eh with increased oil dosages (Table 2; Ellis &
Adams, 1961; Llangovan & Vivekanandan, 1992;
Nie et al., 2010).
To further understand the process of oil biodegradation in fresh and oligohaline marsh soil, oildegrading genes and their expression were quantified
by qPCR. The results indicated that the relatively
higher bacterial population after oil contamination
was mostly attributed to the increase in oil-degrading
bacteria as they can use petroleum as carbonaceous
substrates for their growth (Hamamura et al., 2006;
Paissé et al., 2008). The activities of oil-degrading
bacteria were also correlated with the aromaticity

composition in the dissolved carbonaceous substrates,
especially for the PAH-RHDa gene expression
(Table 3). The distribution of oil-degrading bacteria
changes with the composition of the hydrocarbons
(Sotsk et al., 1994). In this study, the oil applied had
been weathered approximately 40% by weight (Judy
et al., 2014), so the main petroleum constitutes would
be PAHs, and therefore the oil-degrading bacteria
containing PAH-RHDa genes played a more important role.
The oil-degrading bacteria containing alkB gene
did not appear to show a significant increase 2 months
after oil addition; in fact, they showed a decreasing
trend at higher oil dosages (Fig. 1). The relationship
between oil dosage and the alkB gene did not reach a
significant level, though (Table 3). These results were
consistent with the findings in chronically polluted
coastal sediments (Paisse et al., 2011) and contaminated and pristine alpine soils (Margesin et al., 2003).
On the one hand, the potential for alkane degradation
and the use of alkanes as substrates by microorganisms
is a widespread trait, not only restricted to the case of
oil exposure (Kloos et al., 2006). On the other hand,
much of the alkanes in soils may have disappeared two
months after oil application as alkanes exhaust more
quickly than PAHs (Atlas et al., 1991) as well as
because the weathered oil was applied in this study.
The significantly increased percentages of PAHRHDa genes with oil addition (Table 4) and its
significantly positive relationships with residual TPH

123

72

concentration and the aromaticity index of SUVA254
(Table 3) suggest that primary oil-degraders have
become PAH-degrading bacteria 2 months after oil
application. This was consistent with the report that
the compositions of bacterial populations following
hydrocarbon contamination were dynamic and new
community structures would form which are better
suited to oil contamination (Powell et al., 2006; Paissé
et al., 2008; Kostka et al., 2011).
For the oil-degrading bacteria containing PAHRHDa gene, the percentage of GP PAH-RHDa gene
was significantly higher than the relative abundance of
GN PAH-RHDa gene (Table 4) in this study, especially for the gene expression that reflects the level of
living bacteria. This suggests that bacteria containing
GP PAH-RHDa gene played a major role in degradation of aromatic constitutes in the oil-contaminated
soils, which corresponded to the significant correlation
between GP PAH-RHDa gene and the aromaticity
index of SUVA254 (Table 3). The relatively large
populations of GP PAH oil-degraders in this study
differed from previous reports in which GN bacteria
were identified as the main PAH degrading bacteria in
mangrove sediments of Thailand (Muangchinda et al.,
2013) and Antarctic soils (Ma et al., 2006; Panicker
et al., 2010). Nonetheless, other studies have suggested that GP bacteria may be more important in the
environmental biodegradation of high-molecularweight PAHs than GN bacteria (Ceébron et al.,
2008; Jurelevicius et al., 2012). It is likely that GP
oil degraders are more resilient and more capable of
degrading high molecular weight oil components
(Cébron et al., 2008). The peptidoglycan cellular
envelope of GP bacterial cells makes them better fit for
survival than their GN counterparts in certain volatile
environments (Zhuang et al., 2003; Alonso-Gutiérrez
et al., 2010); Also, the anatomy of GP bacteria may
provide extra protection against toxic agents and thus
increase the capacity to breakdown recalcitrant hydrocarbons (Alonso-Gutiérrez et al., 2010). The results of
this study indicate that GP bacteria may be used as an
effective tool for bioremediation in oil-polluted P.
australis marsh soils.

Conclusions
This study evaluated the responses of soil characteristics and indigenous bacterial populations to various
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oil dosages to the marsh soil dominated by P.
australis. Oil exposure generally increased oil-degrading bacterial populations, soil respiration rate,
DOC concentration, and aromaticity in dissolved
carbonaceous substrates, but decreased soil Eh. The
expression of oil-degrading genes was also significantly increased by oiling. When compared with alkB
degrading bacteria, PAH degraders seemed to play a
more important role in oil biodegradation possibly due
to the depletion of alkanes and persistence of recalcitrant PAHs 2 months after oil addition. The abundance and expression of GP PAH-RHDa gene
accounted for approximately 98% of the total detected
genes and it significantly correlated to SUVA254,
which together indicate that GP bacteria were the
primary drivers in PAH degradation. Future research
on temporal changes of both oil-degrading genes and
corresponding hydrocarbons compounds would help
further identify the dynamic mechanisms involved in
biodegradation of petroleum in marsh soils at different
stages of oiling.
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