oyster using global transcriptome analysis
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The problem
Global

transcriptome analysis

is of growing importance in

understanding the effect of environmental pollutants to living organisms.
The Genomics Research Group applied next generation sequencing
technologies to study the effects of deepwater horizon oil spill on the

transcriptome of Atlantic oysters.

The Deepwater Horizon oil spill resulted in the release of over 200
million gallons of crude oil into the waters of the Gulf of Mexico. Over two
million gallons of chemical were used to emulsify and disperse oil plumes
posing further risks to the environment in addition to the direct impacts of
crude oil. Biota such as the commercially important oyster Crassostrea
virginica, were inevitably exposed to spill-related contaminants in the Gulf.

The potential

effects of oiled water and

sediments on oysters range from non-detectable
to reduced settlement to impaired immune
function, acute intoxication, and death due to
bioaccumulation of contaminants. Oil also may

affect oxygen diffusion through

the water

column, and in some cases lead to hypoxic
conditions that prompt avoidance migration by

Results and Discussion
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« Chemistry

Total polycyclic aromatic hydrocarbons (PAHs) were
measured in the water and in oyster homogenates. The
total amount of PAHs is significantly higher on June 28,
when the oil reached the area. The PAH composition was
also different at that time (Fig 2).
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hyposic conditions in our hypoxic treatments.

* Method 3

The 1,204,744 Miseq and 100,959,733
Hiseq sequences were used in a de novo
transcriptome assembly using the oases module
of the velvet short read assembler. Hiseq reads
were mapped to the assembled transcriptome
using Bowtie (Johns Hopkins University). Read
counts and RPKM values for each transcript
were  generated using RPKMforgenes.py.
Differential gene expression was determined by
a negative binomial model with the DESeq
library in the statistical programming language

mobile species. Sedentary organisms such as
oysters are even more susceptible to these
negative effects of oil contamination.

The mechanisms of toxicity of the oil and
spill-related compounds and their toxicity as
secondary stressor in hypoxic conditions are not
well understood. In order to understand these
mechanisms, we used RNA-sequencing of oyster
samples from before and after the spill.

Our approach

Atlantic oysters were
transplanted (Sand Reef, AL) at
two different depths in either
normoxic or hypoxic conditions.
Oysters were collected before the
spill (06/09/10) and after the spill
(06/28/10) and RNA  was
extracted from the gill. Total PAHs
were measured from water and
oyster. Dissolved oxygen was
measured in the water to confirm
the normoxic/hypoxic conditions.

Fig 1: oil reaching Mobile Bay on June 20% 2010, Site
of exposure is shown in re

RNA-sequencing was performed
on the oyster samples (3 replicates
per treatment). Libraries were
constructed  using the Nugen
RNAseq Complete System. The
libraries were sequenced using the
Illumina HiSeq (single end, 50 bp
length reads). In order to help with
the de novo assembly, another run
was performed on an Illumina
MiSeq (single end 150 bp).

As the Atlantic oyster genome is not yet available, we followed three
different approaches to assemble the transcriptome. First, the sequences
were mapped to the Pacific oyster genome using GeneSifter (Perkin Elmer).
Secondly, a reference transcriptome was assembled de novo using Trinity

Finally, the HiSeq and MiSeq

( .

sequences were assembled using the Oases module of Velvet (European
Bioinformatics Institute). All transcripts were annotated using BLAST and
gene expression analyses were performed.

« Method 1

A total of 4,818,117 assembled sequences were
mapped to the recently published Pacific oyster genome
. About 16% of the
sequences matched the Pacific oyster. Differentially
expressed genes were calculated using a 2-way ANOVA. A
total of 4,848 genes were found differentially expressed,
with 543 genes differentially expressed by time and 629
were differentially expressed by depth.
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Fig 4: Principal Component Analysis (PCA) of the 12 different samples using all
differentially expressed genes. The samples cluster clearly by treatment.

Fig 5: Hierarchical clustering of the
12 different samples using  the
differentially expressed genes by
ither depth or time.

Conclusions

Global transcriptome analysis is a promising tool to identify the effects of environmental stressors on wildlife. A major challenge when
using this type of analysis is the availability of a reference genome. Interestingly, our results show that RNA-sequencing is extremely useful for
the study of environmental samples. Nevertheless, the approach used to assemble the transcriptome seems to have a big impact on the final
results. Methods 2 and 3 use a de novo transcriptome assembly and give a higher number of mapped sequences than method 1, which maps the
sequences to a reference genome. That potentially translates into better biological information due to a higher number of annotated transcripts.

* Method 2

A total of 4,818,117 assembled sequences were used to
create de novo a reference transcriptome using Trinity. The
assembled sequences were then mapped to the transcriptome
in order to create a transcript list for each sample. A 66% of
the sequences mapped to the reference transcriptome.
Differentially expressed genes were calculated using a two-
way ANOVA (5% FDR). A total of 1,002 genes were
differentially expressed by time and 1,606 were differentially
expressed by depth.

Method 2
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Fig 6: PCA of the 12 different samples. Samples cluster mostly by treatment, although
w0 of the treatments (pre- and post- spill hypoxia) appear to be more similar.

Fig 7: Hicrarchical clustering of the 12
different samples using the differentially
expressed genes by cither depihor ime.

R. The 9,446 homologies with the Pacific
Oyster were ined by reciprocal BLAST
alignments between the Atlantic Oyster
transcriptome and the proteome of Crassostrea
gigas.
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Fig 9: PCA of the 12 different samples. Samples cluster mostly by treatment,

some of the samples share some similarity.

cellular protein modification process.

small molecule metabolic process

Immune system process

embryo development

\vesicle-mediated transport

lgrowth

lipid metabolic process

cellular component assembly
oskeleton organization

neurological system process

locomotion

Table 1: enriched biological processes from differentially expressed genes.

Some of these processes are known to be related to PAH exposure.
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Fig 8: Outer track represents Atlantic Oyster transcriptome (blue)
and Pacific Oyster proteome (green), with red stroked and lines (n
= 689) linking them representing differentially expressed genes
(p<0.05). Black lines represent the 9,446 homologies identified by
the reciprocal BLAST. Inner tracks show the mean difference in
RPKM values in test 1 (black, treatments 1 and 3) and test 2
(ereen, treatments 2 and 4).
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Fig 10: Hierarchical clustering of the 12 different samples
using the top differentially expressed genes.
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