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Environmental hypoxia is becoming more prevalent in aquatic environments due to eutrophication and climate
change. While the ecological and physiological responses of marine animals to hypoxia have received consider-
able attention, the molecular responses remain largely undetermined. We have assembled a transcriptome for
the brackishwater amphipod, Gammarus chevreuxi, exposed to three different levels of environmental oxygen
(100, 40 and 20% air saturation). Sequencing using Illumina HiSeq 2000 produced 227.1M reads which were as-
sembled into 291,934 contigs corresponding to 218,558 genes. The assembled transcriptome provides a valuable
resource to explore themolecularmechanisms underpinning responses to chronic hypoxia in an ecologically-im-
portant aquatic invertebrate.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Animals inhabiting shallow coastal regions are increasingly being
subjected to prolonged episodes of low oxygen (chronic hypoxia) driv-
en by the combined effects of climate change and eutrophication (Diaz
and Rosenberg, 2008; Rabalais et al., 2014; Altieri and Gedan, 2015).
Chronic hypoxia can result in ecological restructuring of communities
and mass mortality of sensitive organisms (Diaz and Rosenberg,
1995), but some hypoxia-tolerant species are able to make adjustments
at both the physiological and molecular level to promote survival
(Hochachka et al., 1996; Spicer, 2016). While the physiological re-
sponses of marine animals to low oxygen have been well documented
(Spicer, 2016), the underlying molecular mechanisms have received
little attention, particularly for marine invertebrates (Spicer, 2014).
Gammarid amphipods are abundant in coastal and estuarine areas
where they play important functional roles (Lincoln, 1979). They are ex-
cellent models for investigating molecular responses to hypoxia, as
physiological responses are relatively well understood (Bulnheim,
1979; Agnew and Taylor, 1985; Agnew and Jones, 1986; Hoback and
Barnhart, 1996; Hervant et al., 1999; Spicer et al., 2002). As emerging
model organisms for ecotoxicology (e.g. Chaumot et al., 2015) and
developmental biology (Wolff and Gerberding, 2015), amphipods
have received renewed interest. Accordingly, the availability of genomic
resources for amphipods is increasing, with transcriptomic data now
available for a few amphipod species (Zeng et al., 2011; Gismondi and
. Collins),

.ac.uk (J.I. Spicer),
Thomé, 2016; Truebano et al., 2016; Ford et al., 2008). The aim of this
study is to assemble a transcriptome for hypoxic G. chevreuxi that can
be further explored to investigate themolecularmechanisms underpin-
ning the responses to chronic hypoxia, as well as adding to the growing
body of genomic resources for this species.

2. Data description

2.1. Hypoxia exposure and library preparation

Gammarus chevreuxi were collected from the River Plym, Plymouth
(−50° 39′ 03″N, 4° 08′ 56″W) and acclimated to laboratory conditions
(T = 15 °C, S = 15, 12 h L:12 h D regime) for a minimum of 4 weeks
prior to experimentation. They were fed carrot ad libitium. Only adult
maleswere used in this study to remove the effects of life cycle and gen-
der. Individuals were exposed to normoxia (100% air saturation), mod-
erate hypoxia (40% air saturation), or severe hypoxia (20% air
saturation) for 1 week. This was achieved using a mesocosm system
consisting of 16 sealed aquaria (vol. = 0.48 L, T = 14.52 °C, S = 15,
eight aquaria per treatment, 15 animals in each). Normoxic aquaria
were aerated using an air pump (Mistral 2000, AquaMedic GmbH, Ger-
many). Aquaria water was made hypoxic by bubbling with a gas mix-
ture of nitrogen and air controlled using adjustable flow valves
(Platon NG series glass flowmeter 0–10 L min−1, CT Platon, France;
Flowmeter RA609325, KDG, UK). Due to the design of the mesocosm
system, the effects of moderate and severe hypoxia were investigated
in separate experiments. Upon removal individuals were frozen in liq-
uid nitrogen and stored at −80 °C. Total RNA was extracted from
three pools of animals per treatment (n = 10) using the PureLink
RNA Mini Kit (Ambion, USA) with a TRIzol step. RNA integrity was
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Table 1
MixS descriptors.

Item Description

Investigation_type Eukaryote
Project_name Adult transcriptome for Gammarus chevreuxi
Lat_lon −50° 39′ 03″ N, 4° 08′ 56″ W
Geo_loc_name United Kingdom: Plymouth
Collected_by Manuela Truebano
Collection_date 01-Jun-13
Environment Brackish estuary
Biome ENVO:00002137
Feature ENVO:00000229
Material ENVO:00002019
Depth b0.5 m
Alt-elev 0 m
Temperature 15 °C
Salinity 15 PSU
Sequencing method Illumina HiSeq
Assembly method Trinity (v 2.2.0)
Assembly name Gammarus chevreuxi adult transcriptome
Genome coverage ×10 Fig. 1. Transcripts mapping to the top 15 GO terms expressed as a percentage of all

transcripts generated by the assembly.
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determined using a Bioanalyzer (Agilent Technologies, USA). TruSeq
RNA libraries (Illumina, San Diego, USA) were synthesised and se-
quenced on a single lane of an Illumina HiSeq 2000 using 100 base
paired-end sequencing (HiSeq 2000, Illumina, San Diego, USA). MixS
descriptors are presented in Table 1.
2.2. Assembly and annotation

Sequencing produced 227.1 M 100 bp paired-end reads. De novo
transcriptome assembly was performed using the Trinity pipeline (v
2.2.0, with the parameters –trimmomatic, for adapter trimming, and –
normalise reads, for digital normalisation) (Haas et al., 2013). Contigs
were annotated using Trinotate (v 3.0.0, www.trinotate.github.io)
with an e-value cut-off of 1e-05 (Table 2). Transcriptome assembly
contained 291,934 contigs assigned to 218,558 genes (Trinity genes).
Filtering of the assembly (FPKM N 1 and Isopct N 1) reduced complexity
to 144,501 sequences corresponding to 107,528 genes. Within the as-
sembly, 24,030 transcripts contained gene ontology (GO) term annota-
tions (Supplementary File S1). The assembled transcripts corresponded
to 12,400 unique GO terms (Supplementary File S2). The top 15 GO
terms and the percentage of transcripts mapped to each term are pre-
sented (Fig. 1).

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.margen.2017.01.006.
Data deposition

Assembled contigs (TSA project accession number GFCV01000000,
sequences GFCV01000001-GFCV01144501) and raw reads (SRA:
Table 2
Assembly statistics.

Assembled
bases

Number of
contigs

Mean contig
length

Median contig
length

N50 GC
content

117,494,825 144,501 813.11 350 1618 43.94

Annotation statistics (transcripts)

Swissprot (blastx) SignalP GO Eggnog KEGG
23,498 2902 24,030 17,852 18,833
SRR5109797- SRR5109805) have been deposited in the European
Nucleotide Archive, Bioproject Number “PRJNA357029”.
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