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SUMMARY

Marine sponge (phylum Porifera) associated microorganisms are functionally and
economically valuable for marine benthic ecosystem and natural bioactive compounds
discovery. A comprehensive understanding of the sponge microbiome and the specific sponge-
microbe symbiotic relationships are required to guide the rationale exploration of the unique and
untapped microbial resources. This project has developed a novel approach based on Next
Generation Sequencing platform to advance our current understanding of sponge microbiome -
by comprehensively revealing the composition and structure of the complex microbial
communities associated with diverse marine sponges from South Australia. In addition, the
hypotheses of sponge microbial specificity at the host sponge order and family levels were
tested.

The first step in this study was to ascertain the identity of the host sponges to achieve
reliable analyses. A new integrated sponge identification protocol (SIP), utilising a multilocus-
based molecular protocol in conjunction with the examination of morphological characters, was
developed to conduct an effective and reliable sponge classification based on a sample of 37
sponge species.

To ensure the commonly used DNA extraction and PCR amplification protocols are
efficient with minimal bias toward sponge microbiome analysis, this study has established an
appropriate protocol by spiking actinobacterial spores and mycelia into the sponge samples for
optimisation. Different DNA yields per unit weight spores and mycelia, and the potential
inhibitors in 16S RNA gene PCR amplification were found, highlighting the DNA extraction

method validation critical for sponge microbiome analysis.

In contrast to the commonly used single-primer-set strategy in the literature to conduct the
16S rRNA gene based metagenomic sequencing, five primer sets targeting different 16S rRNA
gene regions (V1V3, V3V5, V4, V4V5, and V5V8) were evaluated and validated on 454 pyro-
sequencing and lllumina sequencing platforms. The microbial communities for a given sponge
species showed substantial differences between the profiles generated by different primer sets.
A major finding is that a combination of three primer sets (V1V3, V4V5, and V5V8) with lllumina
MiSeq revealed up to 10 times more of the microbial OTUs than a single primer set. It is
essential to use a combination of multi-region specific primer sets for a more complete
coverage of the sponge microbiomes. As a result, a new paradigm has been introduced to

reveal more comprehensive sponge microbiomes.

The integrated data demonstrated that the sponge-associated microbial community has
the specificity on the structure (the relative abundance of each microbial OTU) more than the
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diversity (the composition of the microbial OTUs) within a phylogenetic unit (e.g. order and
family). Each order and family has specific microbial OTUs, which are valuable in guiding the
exploration of the target microbial groups, particularly for the untapped resources. In conclusion,
this project developed a pipeline for an unprecedented complete characterisation of the sponge
microbiome, which includes reliable identification of sponge samples, efficient extraction of
community DNA, PCR optimisation, evaluation of region-specific primer sets for 16S rRNA gene
based amplicon sequencing, and bioinformatics analysis, for a rationale guided discovery of

untapped marine sponge associated microbial resources.
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CHAPTER 1: INTRODUCTION

1.1 Sponge molecular taxonomy

Sponges (phylum Porifera), sessile and benthic filter feeders, are considered the oldest
multicellular animals (Hentschel et al. 2012). Important roles of sponges in marine ecosystem
include biogeochemical cycling (Wulff 2012), spatial structuring of the seafloor (Gutt 2007), and
benthic-pelagic coupling of nutrient transfer (Bell 2008). Sponges are also commercially
important to the pharmaceutical and biomaterial industries as they participate in complex biotic
interactions with diverse macrobiotic taxa (Bell 2008) and microbiological communities (Webster
& Taylor 2012) to produce highly potent secondary metabolites (Leal et al. 2012).

According to World Porifera Database (Van Soest et al. 2016), there are more than 8,700
valid species, 7,300 of which belong to the class Demospongiae. Species identification of
Porifera traditionally relying on morphological feature is extremely challenging (Andreakis, Luter
& Webster 2012). These characters are their organic and inorganic skeletons, including skeletal
size, shape, structure and composition (Hooper & Van Soest 2002). However, the arrangement
of these skeletal elements can be inconsistent, and our understanding of the evolution of
skeletal traits is incomplete (Poppe et al. 2010). Indeed, traditional morphological identification
methods often lead to erroneous classification (Xavier et al. 2010). The cryptic species
belonging to Porifera are therefore frequently reported (Erwin & Thacker 2007; Reveillaud et al.
2010), which underestimated the existing species diversity and distribution of Porifera (Blanquer
& Uriz 2007; Hooper et al. 2013).

Molecular approaches, such as DNA barcoding, provide the potential solution (Erpenbeck
et al. 2012; Fontaneto, Flot & Tang 2015; Kress et al. 2005; Wdérheide & Erpenbeck 2007). The
mitochondrial DNA (mtDNA) exists in all eukaryotic cells and often provides good markers for
species identification due to its clonal (maternal) mode of inheritance and clock-like evolutionary
rate (Galtier et al. 2009; Shearer et al. 2002; Vargas et al. 2012; Voigt, Eichmann & Wdérheide
2012). It has been used to study species identification, sponge diversification patterns (P6ppe
et al. 2010) as well as phylogenetic relationships (Erpenbeck et al. 2012) with varying degrees
of success (Dohrmann et al. 2012; Lavrov, Wang & Kelly 2008). The COl mtDNA locus is the
most commonly used mitochondrial marker of approximately 700 bp at the 5end of the
cytochrome c oxidase subunit | (COIl) gene - a locus that is relatively easy to amplify as it is
conserved across multicellular animals (Folmer et al. 1994) and abundant in eukaryotic DNA
(Heim, Nickel & Brimmer 2007b). Blanquer & Uriz (2007) reported that COI mtDNA

successfully discriminated between species in the genera Tethya and Scopalina. However,
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some species that can be clearly distinguished on the basis of morphology show similar COI
sequences (Heim, Nickel & Brummer 2007a; POppe et al. 2010). Studies on the COI
intraspecific variation have been used more regularly to classify other metazoans at the species
level, but less so for sponges (Duran, Pascual & Turon 2004; Wérheide 2006).

Slow mitochondrial evolution is a problem for the resolution of phylogenies at the species
and genus levels using standard mitochondrial markers. However, the question remains as to
whether faster evolving gene regions can be identified for use in conjunction with the standard
COI mtDNA barcode (POppe et al. 2010). The nuclear ribosomal genes of eukaryotes, such as
the 28S (large subunit, LSU) rRNA genes (Gerbi 1985), are arranged in tandemly repeated
clusters, where transcribed units alternate with non-transcribed units called spacers, such as
the internal transcribed spacer 1 (ITS1) and 2 (ITS2) (Borchiellini et al. 2000; Hillis & Davis
1988). The 28S rRNA gene has regions that are sufficiently heterogeneous to address
phylogeny at many different levels (Cardenas et al. 2011; Erpenbeck et al. 2012). Various
regions have been evaluated to be the DNA markers for sponge taxonomy (Céardenas, Pérez &
Boury-Esnault 2012; Redmond et al. 2011; Thacker et al. 2013). The more rapidly evolving ITS
regions are commonly used as “high resolution” markers. In general, ITS regions are used to
reconstruct relationships ranging from those between populations to those between the
taxonomic “families”. They have been used for phylogenetic and phylogeographic analyses of
non-bilaterian metazoans such as corals (Pillay et al. 2006) and sponges (Erpenbeck et al.
2011; Wahab et al. 2014).

For sponges, there is no reliable molecular protocol available for species identification.
Based on the current knowledge about the resolution of different DNA markers, no single ideal
marker for all sponge species exists as each marker has its own strengths and limitations
(Duran, Pascual & Turon 2004; Szitenberg et al. 2013; Voigt, Eichmann & Wdrheide 2012;
Wodrheide 2006). The incomplete sequence entries in the gene database limit the application of
the phylogeny-based molecular taxonomic approach for species identification. In the NCBI
database, the sponge derived gene submissions only cover a few hundreds (Benson et al.
2009) out of the known 8,700 sponge species. It is essential to establish an effective and
practical molecular approach for sponge identification to respond 