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Importance of Marine Invertebrates
Larvae of marine invertebrates are important constituents of

intertidal and sediment marine ecosystems around the world. They are
ecologically and economically important species. For example, the
barnacles are most dominant group of fouling organisms and are
extensively used in larval settlement and anti-fouling research [1]. The
bryozons and polychaetes are also cosmopolitan fouling organisms
distributed in intertidal to shallow subtidal water [2,3]. These species
form large colonies on ship hulls, piers and underwater structures
causing a serious economic loss to shipping industries. It has been
reported that biofouling of such species cost billions of dollars in
shipping industry [4]. The academic and industrial marine research is
mainly focused on biofouling species with the goal of understanding
their larval settlement process and hoping for prevention of settlement
and accumulation of such species on underwater structures. The life
cycle of most marine invertebrates has two distinct stages: the pelagic
larvae and the adults attached to marine substratum [5].
Understanding the larval settlement and attachment processes is
important for prevention of biofouling. Most of the anti-fouling studies
target larvae settlement process. However, process of settlement at
molecular level is largely unknown due to limited genome information
available for these species. In recent years, rapid technological
advances in next-generation sequencers (NGS) have opened up
possibilities to sequence larval transcriptome of marine invertebrates.
Since NGS rapidly generates huge amount of sequence data in a very
cost-effective way, larval biologists are now starting to integrate such
sequencing methods into their research methods.

Choice of NGS Platforms
Sequencing platforms generates humongous data at reasonably less

cost with increasing read lengths. However, a challenge currently
larvae researcher facing is how to efficiently analyse the sequencing
data. Are these tools producing meaningful data that helps to address
the fundamental questions in larvae settlement biology research? In
the beginning, our team and other researchers used 454
pyrosequencing platforms for producing transcriptome. Because of the
difficulty in characterizing reads and assembly, many researches now
consider Illumina platform is the better option. Recently, we produced
a high coverage of transcriptome dataset obtained from paired-end
Illumina sequences from barnacle larvae [6]. Currently, the RNA-Seq
data produced by the Illumina assembly offered the best reference
maps with the highest number of reads and contigs. Assemblies
obtained by Illumina produce longer contigs and more gene
annotations thereby yielding high coverage of the transcriptome. Some
studies utilize both 454 and Illumina to maximize the number of
annotations and minimize the error rate by correcting the 454 library
with Illumina data [7].

Application of NGS for Larvae Settlement and Anti-
fouling Research

In recent years, transcriptomic studies aiming to define the role of
genes or transcripts during settlement of marine larvae are rapidly
increasing. For example, in barnacle Balanus amphitrite, 454
pyrosequencing generated ~630,000 reads and assembly of reads led to
identification of 23,451 contigs in cyprids larvae [8]. This study
identified several transcripts involved in larval settlement pathways.
The availability of this transcriptome dataset in public domains
prompted several researchers to carryout investigations on barnacle
genome. Yan et al. [9] carried out in silico data analysis of barnacle
larvae transcriptome dataset to identify transcripts of neuropeptides/
peptide hormones and investigated their potential role in barnacle
larval settlement. Another study, by using 454 platforms, characterized
lectin-like isotigs and their involvement in barnacle larvae settlement
[10]. In this study, the authors generated EST libraries containing stage
specific contigs for each developmental stage. Lin et al. [11] used
Illumina sequencer to generate ~77 million reads which produced
~100,000 contigs after assembly and annotation from tissue of
prosoma and the base of the barnacle Tetraclita japonica formosana.
Here the authors identified barnacle cement proteins that are involved
in adhesion or attachment process. Recently, Wang et al. [12] reported
the transcriptome of barnacle cement gland tissue and showed that
expression of genes of cement proteins appears to be remains constant
throughout the molt cycle. The above referred two studies offer
valuable insight into growth and adhesion process during larvae
molting and settlement. More recently, we constructed a transcript
dataset of ~150 million reads and ~90000 contigs in nauplius larvae of
barnacle from Red Sea [6]. Our study identified several stress
responsive and osmoregulative transcripts which play a key role in
developing larval adaptation and survival strategies in extreme marine
environments. In the first transcriptome study of bryozon Bugula
neritina, ~120,000 high-quality reads were assembled to produce
nearly 6400 contigs [13]. This study demonstrated that integrated
“OMICS” as a promising approach for accelerating the genomics
studies in non-model marine species. In the follow-up study, the
authors used Illumina HiSeq2000 platform to identify various genes
involved in development, immune response and neurogenesis during
developmental stages in the larvae of B. neritina [14]. We conducted
integrated study of RNA sequencing and proteome analysis in the
larval stages of polychaete Pseudopolydora vexillosa. We identified
several transcripts and molecular processes that play a crucial role
during larval-adult transition.

Challenges in Marine Larval Genomics Research
The substantial amount of sequence data from larvae is presenting

considerable challenges. Our own studies identified huge numbers of
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transcripts that doesn’t match to reference genome datasets. The
function such putative or hypothetical transcripts are often unknown.
Those could be novel genes or specifically expressed in particular
species or developmental stage. Novel data analysis pipelines are
required to deduce the function of such transcripts. In order to develop
broad spectrum anti-fouling compounds there is a need for commonly
expressed transcripts in many biofouling marine species which meant
that obtaining more sequencing data for other species. It will be
difficult to explore the common function of genes found in such
organisms. Bioinformatics analysis is the major the limiting factor in
larval genome research. The data mining, assembly, annotation and
visualization of thousands of transcripts are new concepts in larval
research. So larvae biologists should aware of such pipelines for
efficient analysis of the raw data.

Future Perspective
Transcriptomic studies cataloged hundreds of transcripts and

revealed their possible association with molecular pathways of larval
attachment. Such transcripts or genes may serve as potential targets for
anti-fouling compounds. However, larval settlement is a complex
process and it is rather challenging to build direct connection between
the gene targets and anti-fouling compounds. The target genes should
be validated by RNAi or knockouts methods that call for more studies
at functional level. Further, the transcriptome represents only a small
portion of genome so RNA sequencing doesn’t provide the complete
picture of genes structure and function. The future investigations
should focus on whole genome sequencing. Finally, adapting efficient
data mining pipelines for transcriptome or genome datasets increase
the chance of obtaining information on gene regulation, DNA and
protein interactions and epigenetics. This will enable larvae biologists
to look into such areas for better understanding of larval settlement.
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