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1. Summary

Apart from gene expression studies DNA microarrays provide a valuable potential for other
fields of research where there is a need for highly parallel detection of a large number of
organisms such as in marine ecology for food web and biodiversity studies and for species
identification in general. This is of special demand with the diminishing number of
taxonomical expertise based on morphological characters.

The development of microarrays and their application in environmental studies depends on
finding of highly specific capture oligonucleotides and on the optimization of specific
experimental conditions for the reliable identification of a single species in presence of large
amount of background samples.

For enabling the utilization of this technology various methodological problems involved in
doing so were extensively studied in this work ending in the development of a microarray
prototype containing 64 oligonucleotide capture probes targeting the 16S and COI genes of 15
common scientifically and economically important invertebrate species in the European seas.
Depending on sequences of target species newly obtained during this work and on sequences
of target and non-target species available in the database a reliable set of probes has been
designed that satisfies the criteria of the specificity in silico and includes redundant probes
after the optimisation of hybridisation conditions.

The specificity and the sensitivity of the chip were investigated in silico and experimentally
under appropriate optimized hybridization conditions. Specific signals were observed from
respective captures on the chip resulting in clear distinction of the species analyzed. False
positive signals could be significantly reduced during these investigations. Designing the
probes from both the 16S and COI genes allowed the improvement of the accuracy of the
identification even of very closely related species showing both inter and intra specific
variations at the level of individuals.

As a first application of the microarray its performance in terms of multiple target
experiments was tested with defined mixtures of various different species in different
compositions mimicking the environmental samples. The ability of the chip to distinguish a
single low abundant target species in the presence of large amount of background samples
was also checked by using various non-target invertebrate DNA. The applicability of the chip
to perform gut content analysis of predator fish was investigated by hybridizing DNA
extracted from the gut content of the demersal fish 7Trigla lucerna. In concord with estimates

using classical methods a mixture of DNA belonging to various invertebrates were identified
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using the microarray. These results were validated by cloning and sequencing the mixed gut
content sample.

These experiments show that the invertebrate chip can provide semi quantitative information
on the important prey species of demersal fishes and also in turn provide information for the
food web studies of marine ecosystem.

As marine invertebrates are very tiny and often troublesome tissues for DNA extraction, a
small comparative study of classical and commercial DNA extraction methods has been
carried out to define a hopefully universal method which can be applied on any kind of tissue
and can extract good amount of DNA. “FTA Elute” was found to be a very reliable, cheap and
convenient method to extract and store DNA even outside of a laboratory under field
conditions.

In summary a fast and relatively easy-to-handle DNA-analytical tool for the identification of
morphologically difficult to estimate, important marine invertebrates as well as for analysing
complex environmental mixtures of organisms has been worked out in the framework of this

thesis.
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2. Introduction

2.1. Trends in development of DNA analytics

The discovery of the double helical structure of deoxyribonucleic acid (DNA) by James
Watson and Francis Crick (Watson and Crick 1953) has revolutionized our understanding of
genetics and cumulated in the decipherment of the complete genome of the human and
meanwhile of more than 1000 other organisms. This new field which is called genomics
utilizes this sequence information to identify, isolate and investigate thousands of genes
simultaneously. Research in genomics is mainly concentrated in biomedical problems as
identifying genes contributing to heritable diseases, studying at the molecular level drug
actions and the molecular architecture of cancer cells as well as other diseases or to identify
pathogens, to name just a few.

Meanwhile the genomics revolution reached the field of biodiversity and uses the new
techniques to find previously unknown life forms in the oceans; to learn how species and
genes evolved in time; to understand the genetic tools that allow species to adapt to diverse
and harsh environments; and to investigate species responses to pollutants. New and
sophisticated techniques became increasingly available to gain more and more knowledge at
the molecular genetic level (Avise 1994; Burton 1996; Ferraris 1996).

One very new application is the identification of any organism and assigning its taxonomical
and phylogenetic relationships via DNA sequences. In fact, this molecular approach to species
identification is considered as the most efficient option to document all life forms present on
earth for biodiversity conservation and monitoring. It is called “DNA barcoding” (Hebert et
al. 2003a) and deals so far with insects, birds, plants and primarily with fish and other marine
organisms. Using the new methods of genomics two theoretical problems are under
investigation as the genetic variation and understanding of the population structure, levels of
gene flow, patterns of historical geography and analysis of parentage and relatedness of
marine organisms at one hand, and their identification and traceability as food and feed, their
monitoring to watch their stocks to guarantee sustainability of their use and other ecological

and biotechnological aspects on the other.

2.2. Molecular identification of species

The classical method of species identification is descriptive and mostly depends on variable
morphological characters. Such kind of identification needs a lot of expertise especially if

closely related species are to be differentiated. This approach becomes very complicated if the
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creatures are very small, if only small fragments of them are available, if the morphology is
very variable during ontogenesis. Species identification is an absolute necessity for many
marine ecological studies but it is often difficult in day by day investigation especially in case
of invertebrates since they can often not be estimated down to the species level by
morphological characters alone (Schander 2005). With the decreasing number of classical
taxonomists (Mallet 2003) it is essential to utilize the new molecular genetic methods,
especially in case of closely related species since classical taxonomic methods are often
problematic and error-prone (Dahlgren et al. 2000). If for example only parts or traces of an
unknown organism which lack the classic taxonomic characteristics are to be identified, for
instance in ecological studies (Pfunder et al. 2004a), forensics (Wan and Fang 2003), quality
control of processed food (Jerome et al. 2003; Sebastio et al. 2001), or screening of gut
content of fishes for food web studies (Deagle et al. 2005), a molecular-based method is often
the only possible way of identification.

As more and more approaches are focussing in this direction, universally usable genes for
taxonomy are discovered which are believed to be useful for the classification of the whole
animal kingdom (Hebert et al. 2003b; Palumbi and Cipriano 1998). Although some
researchers remain sceptical, stating that genetic approaches based on one gene only might
not be enough to fully characterize the planet's diverse flora and fauna (Mallet 2003), a
combined system preferably based on more than just one gene, can probably contribute to and

profit from this field.

2.3. DNA extraction

A prerequisite for the application of any molecular technique is the extraction of DNA from
any kind of organisms under investigation. Reliable and time-efficient methods for isolating
high-quality nucleic acid are essential for the success of PCR based techniques and in
ecological and biodiversity studies. A universal DNA extraction method is a necessity if a
wide range of animals especially marine invertebrates are to be investigated since many of
them contain substances which are not easy to separate from DNA and can disturb the DNA-
analytical techniques.

Traditional methods such as the phenol chloroform extraction, the Chelex method or a range
of commercial kits are commonly used on marine invertebrates (Chen and Yu 2000). These
conventional techniques use organic solvents such as phenol and chloroform to inactivate the
enzymes that degrade the DNA and to denature the proteins and release the pure genomic
DNA. Apart from the time consumption for this technique the solvents may be health hazards
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and their safe disposal is considerably expensive. Along with this various factors such as the
degree of the cell lyses, binding of the DNA to particulate material (silica membranes of
commercial kits) and degradation and shearing of the DNA during the extraction steps may
adversely affect the DNA recovery (Miller et al. 1999), which influences the downstream
processes such as marker gene amplification and sequencing. The collection, transport and the
preservation of the tissue itself also has a great influence on the final quality of the extracted
DNA.

As this study involves diverse organisms belonging to different phyla, the tissue of the
samples varies in structure and hence the treatment for DNA extraction has to be different
because usually different tissues require different protocols. Therefore a universal but easy-to-
handle extraction method usable in the laboratory as well as in the field to efficiently extract
DNA from many different tissues is needed especially in studies involving the analysis of
hundreds of environmental samples. This method should reduce nucleic acid degradation
during sample collection, transport to the laboratory and long time storage. Modifying the
classical methods has not been very successful so far (Aljanabi and Martinez 1997) as shown
by a comparative analysis of commercial kits and optimized protocols (Rohland and Hofreiter
2007).

A promising new approach was introduced into the market about two years ago from
Whatman Schleicher & Schuell (Whatman GmbH) called “FTA elute” paper. FTA is a
chemically treated paper that is designed to collect the samples, store the samples and
efficiently lock the DNA in the network of the paper until elution for subsequent DNA
analysis. FTA paper have been used efficiently for DNA extraction for biomedical purposes
and are widely used in pathological, forensic and diagnostics laboratories for collecting and
transporting blood samples (Devost and Choy 2000) as well as for storage and molecular
testing of tumour samples (Dobbs et al. 2002). FTA was found to be effective in archiving
and processing of mammalian samples and wild life samples (Natarajan et al. 2000; Smith
and Burgoyne 2004), since it stores nucleic acids in the dry stage at room temperature and
allows easy detection of plant genes (Lin et al. 2000) and those of protozoan and
zooxanthellae species whose handling is otherwise cumbersome (Crabbe 2003; Hide et al.
2003). Evaluation studies of FTA paper in comparison with other methods are mostly done
with human diagnostic samples with convincing results in terms of being convenient, easy
and safe to handle during transport and archiving of the samples. It is used simply by spotting
or pressing the sample together with some water or tissue fluid on to the paper and dry it. To

elute the DNA a very small part of the paper is removed and heated in water for about 30 min
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at 95 °C. The quality of DNA obtained this way is reported to be comparable to the costly
commercial kits and can be used for PCR, sequencing or any other downstream processes
(Coyne et al. 2004; Subrungruang et al. 2004). However no literature has been published up to

now using the FTA elute paper for DNA extraction from marine invertebrate tissue.

2.4. Molecular markers

Genes being unique for similar organisms and useful as “signature sequences” are the basis
for the molecular identification of various organisms, so called marker genes. Earlier studies
used often proteins for the identification of species but recently DNA is more favoured for
this purpose as proteins undergo quick degradation (Sebastio et al. 2001), can not be
sequenced easily and the amino acid sequence of two closely related species is not different
since the mutation in which they differ often occurs in the wobble position.

The genes for molecular identification have to be very specific and conserved between
individuals of that species but as diverse as possible among the various species. Both nuclear
and mitochondrial genes have been used for various ecological and phylogenetic studies
(Chen et al. 2002; Palumbi and Cipriano 1998; Weinberg et al. 2003). Though few studies
showed successful utilization of nuclear ribosomal RNA genes in distinguishing closely
related species (Chen et al. 2002), they are mainly used to study relationships of long
evolutionary divergences among organisms (Remigio and Hebert 2003). Mitochondrial
genome usually shows a evolutionary rate 10 times faster than the nuclear genome (Awadalla
et al. 1999), hence they show high levels of polymorphism and are subject to maternal
inheritance. This makes mitochondrial genes very useful for DNA-analytical studies of
marine organisms specially to identify differences between closely related species and at the
same time these genes also show distinction between distantly related taxa (Maggioni et al.
2001; Remigio and Hebert 2003). Many studies have already been published using these
genes for DNA based identification of marine organisms as for example for molecular
discrimination of planktonic copepods (Bucklin 1999), genetic screening of the gut of giant
squid (Deagle et al. 2005), study of marine invertebrate diets (Blankenship 2005), molecular
identification of eggs, larvae and adult fishes (Fox et al. 2005; Kochzius and Blohm 2005;
Kochzius et al. 2003; Ward et al. 2005) and molecular identification of marine invertebrate
larvae (Goffredi et al. 2006).

Three mitochondrial genes are widely used in species identification: 16S rDNA (168S),
cytochrome B (Cyt b) and the cytochrome oxidase I (COI). The gene coding for the
mitochondrial enzyme cytochrome b (Cytb) is the most popular and commonly used marker
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to evaluate the phylogenetics, phylogeography and population analysis of diverse marine
organisms (Jerome et al. 2003; Sebastio et al. 2001). An exclusive study by (Parson et al.
2000) showed that the evaluation of the cytb gene from the DNA of 44 different animal
species belonging to five major vertebrate phyla is possible and proclaimed that cytb can be
used to identify any animal species. However no major investigations using cytb to identify
marine invertebrates are done. Mostly this method is used for the phylogeography studies of
fishes (Radchenko 2004) since the gene turned out to be diverse among the sub populations of
fishes investigated in that study, but it is thought to be too diverse to distinguish very closely
related species.

The 16S rRNA gene 1s found in the highly conserved region of the mtDNA. It has been
widely used to study the genetic differences between and among many marine species
(Weinberg et al. 2003) and also to study microbial diversity (Amann et al. 1996; Amann
2001; Koizumi et al. 2002; Peplies et al. 2003; Rudi et al. 2000; Small et al. 2001; Woese
1998). Though it is extensively used in phylogenetic studies, it is found to be not very useful
for recognising intra specific variation. As the gene sequence is found to be highly similar in
closely related species, it is very difficult to use it all alone as an identification system for
organisms belonging to the same genus. But the gene has been reported to distinguish the
inter-specific variation very well and is therefore used as one of the markers for species
identification.

COI gene has been used as a model for identifying organisms and for evaluating evolutionary
relationships among closely related species (Hebert et al. 2003b; Remigio and Hebert 2003).
Many studies show the successful use of this gene in phylogenetic studies and molecular
discrimination of closely related species and many times it 1s used as molecular evidence for
the morphological identification of marine invertebrates (Blair et al. 2006; Dahlgren et al.
2000; Nygren et al. 2005). The use of CO1 sequence data for species differentiation of
animals as for example, birds (Hebert et al. 2004), fishes (Ward et al. 2005), moths (Hebert et
al. 2003b; Janzen et al. 2005), spiders (Greenstone et al. 2005) and spring tail (Hogg and
Hebert 2004) has also been reported. More over an exclusive study was made to develop
universal COI primers that can successfully amplify the COI gene from 11 different
invertebrate phyla and the sequences thus obtained are useful for phylogenetic analyses at
species and higher taxonomical levels (Folmer et al. 1994). Thus among several molecular
markers the superiority of mitochondrial cytochrome ¢ oxidase subunit 1 (COI) is proposed as
global bio-identification system (DNA barcoding) for animals (Hebert et al 2003) because of

being superior over nuclear genes, lack of introns, limited exposure to recombination and
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haploid mode of inheritance (Saccone et al. 1999), low variation among individuals of one
species and high variability between species. This makes COI particularly useful for
population genetics, evolutionary studies and systematics (Harvey et al. 2003).

With the onset of DNA-analytics and the detailed study of the sequence markers a vast variety
of techniques have been developed for detecting the genetic variability of organisms to
provide an overall understanding of the biodiversity, ecosystems management, environment

assessment and marine genomics (Feral 2002).

2.5. PCR techniques

The invention of the polymerase chain reaction (PCR) by Kary Mullis (Mullis et al. 1986) and
the first successful use of it has paved way to many modern molecular techniques (Saiki et al.
1988). The PCR technique is basically a primer extension reaction for amplifying specific
nucleic acids in vitro. The use of a thermo stable polymerase referred to as Taq, (isolated from
Thermus aquaticus a National Park hot springs bacterium) allows a short stretch of DNA
(usually fewer than 3000 bp) to be amplified to about a million fold so that one can determine
its size, nucleotide sequence etc. The particular stretch of DNA to be amplified, called the
target sequence, 1s identified by a specific pair of DNA primers, oligonucleotides usually
about 20 nucleotides in length. The quantities of produced DNA are sufficient to be directly
visualized on a gel by fluorescence after coloration with stains such as ethidium bromide. The
DNA may also be digested by restriction enzymes or can be sequenced.

The main advantage is that it is now possible to work with a very small initial amount of
DNA. It is the most commonly used technique for molecular investigations. A major
limitation to this approach is the utilization of one specific primer pair per gene detection
reaction. Although multiple primer sets may be successfully combined in one reaction
(Henegariu et al. 1997), they rarely exceed more than about ten primer sets due to the
generation of non specific products or false negatives. Another difficulty with multiplex PCR
1s that it requires additional post amplification analysis to discriminate the products. Size
separation by electrophoresis is frequently used to discriminate multiplex PCR products, but
this requires additional labour and that the amplicons of each reaction be significantly
different in size which can limit the primer pairs that can potentially be multiplexed (Peplies

et al. 2004; Small et al. 2001).

2.6. DNA sequencing

Nucleotide sequences of DNA and RNA offer the greatest genotype resolution as these

methods survey the nucleotides themselves. Sequences can be obtained either by direct
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sequencing of genomic DNA using specific primers to amplify via PCR targeted regions of
the genome or by cloning such regions and sequencing from the cloned fragment. The most
commonly used sequencing method is the Sanger di deoxy method (Avise 1994; Ferraris
1996; Sanger et al. 1977). This method i1s the basis of most automated sequencing equipment
and is still the preferred method, although pyrosequencing based devices, probably the next
generation of sequencing machines, are already on the market (Hudson 2008). High quality
DNA and specific PCR primers for the amplification of the desired fragment of the genome
are the prerequisites for obtaining good sequence data. Sequences are the basis for various
phylogenetic, ecological, evolutionary, phylogeographic studies and it is the main requisite in
the barcoding of life project. Majority of the sequences developed are collected and
maintained by the public database of the National Centre for Biotechnology Information
(NCBI) based on the GenBank (Benson et al. 2008). Today around 150 thousand polychaete
sequences with complete genomes of 8 taxa, around 600 thousands of crustacean sequences
with 38 complete genomes and around 927 thousands of molluscan sequences along with 42
complete genomes are present in GenBank. An unknown organism is identified by comparing
its DNA sequence with the known database sequences and looking for the similarity criteria
thereby deciding the exact species or a close relative. The disadvantage of this method is that
the sequence 1s governed by a prior PCR reaction where there is a possibility of wrong bases
getting incorporated by the Taq polymearase (Chen et al. 1991) and the authenticity of the
sequences submitted to the public databank is also sceptical (Clayton et al. 1995).
Metagenomics, sequencing DNA from whole population is randomly gaining interest to be
used in the evolutionary and environmental studies either to identify an unknown species or to
understand the adaptation of a species to a particular environment (Chen and Pachter 2005).
Apart from the above mentioned basic techniques for most of the molecular studies a bunch of
other methods are also applied for the ecological, environmental and phylogenetic assessment
of marine organisms. DNA finger printing technique has been used for the analysis of
complex environmental samples showing hyper variability within an individual’s genome, by
developing a DNA fragment band pattern (Jeffreys et al. 1985). This method has been
successfully applied for the identification of individual samples and also to measure the
growth of the invertebrate Holothuria in the wild (Uthicke. S. 2002). Reverse transcription
(RT) PCR based essays have become more common for the quantification of gene expression
data and also for comparing the mRNA levels in different gene populations (Orlando et al.
1998).
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As per the demand for various applications this technique is undergoing rapid modifications
and many versions of the same are presented in the form of standardized RT-PCR (Willey et
al. 1998), real time reverse transcription PCR for the quantification of the mRNA levels
(Bustin 2002) and fluorescence based quantitative PCR (qPCR) (Nolan et al. 2006). This
technique 1s very much favourable for the simultaneous analysis of large number of samples
like screening of hundreds of invertebrates for viruses (Gomez et al. 2008), identification and
quantification of invertebrate larvae (Vadopalas et al. 2006) and also to investigate
physiological and genetic structures of marine invertebrates (Clark 2008; Voznesensky et al.
2004).

Though the above methods seemed promising for the genetic evaluation of organisms, they
are very expensive in terms of the equipment and the consumables and the application of
these techniques in the field is not so feasible. Some of the disadvantages in these methods are

overcome by the hybridization techniques.

2.7. Hybridization techniques

Hybridization technique turned in to a fundamental tool of DNA detection in modern
molecular genetics, based on the use of labelled nucleic acid probes. Nucleic acid
hybridization involves mixing single strands of two nucleic acids, a probe which consists of
the known sequence and a target which is complex and unknown nucleic acid molecule that
has to be identified. This binding occurs with a prerequisite of sufficient base
complementarities of both the molecules. Hybridization technique provides a promising
platform to detect huge populations of unknown organisms present in a complex environment,
and also the relative frequencies of the abundance of selected population can be determined.
Wide range of hybridization methods (Fig.1) have been used for different applications such as
identification of pico-plankton algal groups with dot blot and fluorescent whole cell
hybridization was done by designing specific probes for three different groups of taxa (Simon
et al. 2000), detection of the sulphate reducing bacteria in coastal sediments was possible by
dot blot technique (Sahm et al. 1999), and it is also widely used for the quantization of gene
expression and in the screening of alleles differing at a single nucleotide position (Yadetie et
al. 2004).

Fluorescent in situ hybridization (FISH) depends on the specific binding of the fluorescent
probes to the complementary regions on the DNA sequences and evaluation of the binding by
fluorescence microscopy. Fluorescently labelled nucleic acid probes are regarded as

promising tools for the environmental assessment of microorganisms (Amann et al. 1996) and
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hence this technique i1s widely used in the filed of microbial ecology, to identify
microorganisms and bio films (Amann 2001). As FISH is used to find specific features in the
DNA it can also be applied to species identification of organisms. Only a few studies have
been published in this scenario but in sifu hybridization has been successfully used in marine
ecology by tracking the transitory of marine invertebrate larvae, an important component of

the plankton communities (Le Goff-Vitry 2007).
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Fig. 1 Scheme showing different molecular techniques, their principle and the functioning.

2.7.1. Origin and definition

DNA microarray technology has a special place in the molecular biological techniques as its
introduction brought a totally new dimension to the genetic experiments. Until few years ago,
knowing the function and sequence of a single gene was a time consuming and tiresome issue.
But now, with the advent of the microarrays, the complete transcriptome of an organism can
be analysed with a single experiment. The main advantage of DNA microarrays is that they
allow parallel hybridizations of hundreds to thousands of nucleic acids on a small surface
area, mostly with a short DNA strand for identification (Service 1998). The first idea of
identifying a DNA with radio active labelled short single stranded DNA molecules started in
1975 (Southern 1975), where the DNA is immobilized on a membrane and labelled short
strands upon hybridization allowed identification. After fourteen years, in 1989, the reversing

of the above design started the microarray revolution where many DNA could be identified
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simultaneously by immobilizing many sequence specific short DNA strands on the membrane
(Saiki et al. 1989).

DNA arrays found their first major application in quantitative monitoring of gene expression
in 1995 (Schena et al. 1995) and the first array with the complete eukaryotic genome was
produced in the year 1997 (Lashkari et al. 1997). From then on, there has been a rapid
exponential growth (Fig. 2 The increasing significance of the DNA microarrays. A report of
the number of publications in the ISI web of science (http://www.isiwebofknowledge.com/)
during the years 1995 — 2008, searched with the keywords microarray and filtering gene
expression. (Fig. 2) in the microarray research, majority of it being in the field of gene

expression profiling, and very little in other areas. More and more applications are being

explored till date.
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Fig. 2 The increasing significance of the DNA microarrays. A report of the number of publications in the ISI
web of science (http://www.isiwebofknowledge.com/) during the years 1995 — 2008, searched with the keywords

microarray and filtering gene expression.

Today a basic DNA microarray also designated as a “DNA-Chip“ consists of a firm base, e.g.
a glass slide and single stranded nucleic acid molecules are attached at a defined position
(“spots“) whose base sequence is complementary to the sequence of the DNA to be identified
(“target™). The chip surface thus prepared, when treated with the target molecules in a buffer
solution and incubated at controlled conditions, allows specific binding of the probe and
target. By the end of the reaction, the detection of the hybridization is facilitated by
fluorescent dyes incorporated in to the target molecules which emit light when excited by a
laser (Fig. 3). Targets are characterised by detecting the fluorescent signals at specific

positions on the chip.
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Fig. 3 Principle of DNA microarrays. Various oligonucleotides are immobilized on glass slides at fixed positions
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(shown in left side scheme). Fluorescently labelled target DNA are then added to the captures in buffer
conditions and incubated (centre scheme). The binding of the target to specific captures can be visualized by the
fluorescent signal (right side scheme).

2.7.2. Critical factors for the development of microarrays

From “low-density-chips® with a few hundred probes (macroarray) to “high-density-chips®
(microarray) (Lipshutz et al. 1999) which can hold as many as a million spots, a wide variety
of arrays are available commercially including chips that contain whole genome, chips that
use nano crystallized beads (Qbeads) (Xu et al. 2003), fibre-optic gene arrays (Steemers et al.
2000), flow through porous microarrays (Wu et al. 2004).

DNA microarrays have become an essential tool in many areas over the years (detailed in
2.7.3) and the technology continues to grow, being applied to molecules other than DNA.
Immobilization of the capture probes on glass surfaces instead of nylon membranes facilitated
the use of fluorescent labels for hybridization detection and miniaturized the whole detection
area, leading to the use of less sample material. This, along with the development of the
process to synthesize oligonucleotides directly on the slide, patented by Affymetrix
(Affymetrix, Santa Clara) (Fodor 1995) are considered to be the two important milestones in
the evolution of microarray technology (Niemeyer 1999). Spots today may contain proteins,
small organic compounds like carbohydrates, tissue samples or even living cells (Howbrook
et al. 2003). Similarly, faster and less expensive bead coupled arrays are coming into
existence unlike the slides to bind the probes (Kohara et al. 2001). A ,lab on a chip*“ is also

being aimed by various researchers around the world using different approaches. (Kuo et al.
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2002). High possibility of automation is the critical factor driving interest towards the
development of DNA microarray technology even though sometimes the arrays are lacking
consistency of results and involve lengthy, complicated protocols. The critical factors that
have to be considered during a typical DNA microarray experiment are the design of specific
oligonucleotide probes, activation of the glass surface, printing of capture molecules on the
surface, labelling of the target molecules before hybridizing them onto the array, optimizing
the specific hybridization conditions and scanning of the slides and evaluation of the data

(Blohm and Guiseppi-Elie 2001).

2.7.2.1. Capture probe design

The major parameter for the success of any microarray experiment is the design of specific
oligonucleotides. The critical challenge in the designing of probes is to find a number of
captures, which when used in the hybridization experiments as capture probes, can show high
specificity in the same conditions and are able to distinguish between highly similar target
molecules. Many factors that affect the specificity and sensitivity have to be considered while
designing the probes along with the melting temperature (T,,) (Kaderali and Schliep 2002).
Different studies stated a range of criteria that include, total amount of As or Ts should be less
than ten, while a total amount of more than six Gs or Cs per probe is recommended. No more
than six As and Ts should be in a row, palindrome sequences should be shorter than seven
nucleotides, and the probes should not be able to form hairpin loops (Relogio et al. 2002). But
increasing the length of the probes significantly reduces the specificity (Relogio et al. 2002).
60mer showed stronger signals but the signals are less specific than 20 mers. Steric hindrance
is also an important factor influencing the signal intensity. It is clearly observed in PCR
probes of length 200 nt that they give weaker signals than probes of length 20 — 70 nt
(Relogio et al. 2002). In contrary, addition of spacers such as poly A and poly C to the probe
increase the signal intensity without lowering the specificity (Peplies et al. 2003). A more
recent investigation has discussed the influence of the position of the binding of the capture to
the target, on the signal intensity. The nearer 1s the probe binding site to the fluorescent label,
the stronger is the signal. (Zhang et al. 2005). The position and the number of mismatches is
another important factor influencing the probe specificity. Mismatches present at the terminal
positions do not hinder the binding of the target to the specific probes as shown in the study
with the poly A linkers, whose presence did not influence the target binding (Peplies et al.
2003). For a good capture, it 1s preferable to have many mismatches (to the non target
sequences) distributed all through the length of the probe because, if a continuous stretch of
nucleotides in the capture can bind to the DNA that has not been targeted, unspecific signals
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are observed (Bodrossy and Sessitsch 2004; Relogio et al. 2002). A vast number of algorithms
have been in use for designing oligonucleotide probes. In silico design of captures is a crucial
issue, as most of the times the probes developed do not behave in the same way in the
experiment. So the algorithms have to be efficient enough to consider all the possible

influencing factors before generating the output (Nélte 2002).

2.7.2.2. Immobilization of the captures

Efficient immobilization of the captures to the microarray substrate is important for the
success of the whole hybridization process. Wide ranges of pre-activated slides are available
these days, a few of them including a coating of poly-L-lysine (Sigma), organoaldehydes
(Quantifoil Micro Tools, Telechem), silanes (Quantifoil Micro Tools, Eppendorf) or Gamma-
aminopropylsilane (Corning-slides). Oligonucleotides are modified according to the surface
chemistry of the slides for efficient binding. The glass slides used in this work are first treated
with 3-Aminopropyltrimethoxysilane and then coated with 1, 4 phenylene-diisothiocyanate
(PDITC) (Fig. 4). Accordingly the captures are modified at the 3’ or 5° ends with an amino
group linked by six carbon atoms. By the covalent bonding to the glass surface, the capture
nucleotides stand upright on the slide leading to greater density in the spot, reducing the steric

hindrance from the surface for the binding of the target (Shchepinov et al. 1997).
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Fig. 4: Amino modified capture with a six carbon linker covalently binds to the glass slides activated with 1, 4
phenylene-diisothiocyanalte (PDITC).

For the printing of the capture molecules on the slide, ,,spotting* three methods are widely

used. Micro spotting works on the principle of adhesion between the slide and the probe
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solution injected with a needle. Though it is very easy to manufacture and clean microarray
slides by this method, it also has its disadvantages, if spot inhomogeneity and leakage
(Bowtell 2003). Another method 1s micro spraying and it works like an ink jet printer. Next
method is the touch-less transmission of the capture solution, where tiniest quantities are
sprayed on the surface of the slide in predefined fashion reducing the diameter and increasing
the density. In both the procedures the capture sequence accuracies are determined before
hand, in contrast to the photolithographic procedure, where the DNA sequence 1s determined
by modifying the nucleotide bases to the photo specific bases and activating them by a
mercury lamp. A photolithographic mask determines the activated bases with the help of light.
Position of the different bases is determined by using different masks (Lipshutz et al. 1999).
The main disadvantage of this method is the time taken for the production of masks and the

expense of production.

2.7.2.3. Labelling of the target DNA

To detect the hybridization experiments, either the probe or the target has to be labelled. In
case of microarrays, targets labelled as the probes are immobilised on the slide. Labelling is
usually done by attaching fluorophore molecules that emit fluorescence when exposed to
certain wavelength of light. Different fluorophores generating different colors are also used
for parallel detection of many samples. Labelling of the DNA can be done in both sequence
independent ways such as radio active labelling or in sequence dependent ways some of
which are nick translation using Dnase I to introduce single stranded nicks, DNA polymerase
I to introduce labelled dNTPs, end labelling by using T4 polynucleotide kinase or by PCR
using Taq DNA polymerase (Dyson 1991). For microarray experiments, labelling is usually
done by PCR sometimes, where labelled dNTPs are incorporated into the amplified DNA
along side the normal dNTPs by lowering the elongation temperature. However the number of
dNTPs and the level of incorporation cannot be controlled and this results in variation in the
signal intensities of the fluorescent dyes (Liu et al. 2001). Another method involves attaching
the fluorophore to the 5’ end of the target DNA by amplifying with labelled primer. A single
primer is labelled, as the captures on the chip are specific to only one strand. Every DNA
molecule is attached to a fluorophore by this method. To avoid the bias introduced by the
labelling procedure, research is being done to develop label free detection system some of
which are reflectometric interference spectroscopy (RIFS) (Jung et al. 2001). quartz crystal
microbalance (QCM) (Wang 2000) and bioelectronics detection which is a component of the
lab-on-a-chip (Liu et al. 2004).
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2.7.2.4. Optimization of the hybridization conditions

Optimization of hybridization conditions i1s the next crucial factor to obtain strong
hybridization signals. Even single nucleotide mismatch discriminations can be detected by
adjusting the hybridization and washing conditions (Liu et al. 2001; Relogio et al. 2002;
Urakawa et al. 2003). The specificity of the hybridization reaction depends mainly on the
experimental parameters such as incubation temperature, ionic strength; chemicals used in the
washing buffers and probe characteristics such as length, GC content and sequence similarity
to the target. It has been shown that, with the increase in the hybridization temperature, the
stringency 1s increased and the T, yielding the best performance has to be evaluated
experimentally as the common calculating algorithms such as wallace rule (Wallace et al.
1979) and the nearest neighbour method (Santalucia et al. 1996) to name a few, calculate
different T,, for the same capture. (Relogio et al. 2002) states that hybridizations should
always be carried at 5-15 °C below the calculated T,,. Addition of denaturing formamide (1%)
or 6 M urea sometimes reduces the T, whereas higher salt concentration increases the T,
which means the stringency is increased at lower salt concentrations (Dyson 1991). In
general, the stringency during the hybridization should enable specific binding, duplex
formation and in the washing, higher stringency should remove all the unspecific probe target
duplexes retaining the specific duplexes. Other concerns in the microarray experiments that
may effect the signal intensity include, the composition of the spotting buffer used for
printing (Li 2002; Wrobel et al. 2003), the ion composition of the hybridization buffer that
enhances the specificity and the binding of the target (Ku et al. 2004) The thermodynamics of
the capture binding to the target influences the overall hybridization efficiency (Todt 2006;
Zelm 2004).

2.7.3. Microarray applications

2.7.3.1. Gene Expression and Clinical diagnostics

After their invention, microarrays have found their first application in the gene expression as
there was high demand after the whole genome project to study the gene expression of the
complete genome in one experiment (Li 2002). Gene expression profiling has turned into a
major application of microarrays (Blohm and Guiseppi-Elie 2001) and they also have a vast
application in clinical diagnostics to recognise genetic discrepancies , single nucleotide
polymorphisms involved in cancer (Van 't Veer and De Jong 2002), drug discovery
(Gmuender 2002), routine clinical analysis (Vetter 2005), identification of Influenza viruses

(Sengupta et al. 2003), genotyping of Hepatitis C virus (Drutschmann 2004) and very
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recently, microarray multiplex assay has been done to detect Hep B, Hep C and HIV (Hsia et
al. 2007). The above mentioned studies are just a few examples of the use of microarrays in

diagnostics.

2.7.3.2. Ecological and environmental application

Though microarray technology can be used as a potential Its earliest use is for the parallel
detection of environmental micro-organisms (Guschin et al. 1997) and based on that, a few
more studies were done for the characterization, identification, analysis and biodiversity
monitoring studies of marine and fresh water bacterioplankton (Peplies et al. 2006; Peplies et
al. 2004; Pfunder et al. 2004b; Rudi et al. 2000). Broader application of the microarray in the
environment 1s also tested by screening compost for the presence of absence of microbes
(Franke-Whittle et al. 2005), detection of waterborne pathogens within mixed populations
(Maynard et al. 2005), screening of soil extracts for 16S rRNA (Small et al. 2001), monitoring
of algal blooms for harmful algae (Gescher 2007b), quantification and taxonomic
classification of environmental rDNA of both prokaryotic and eukaryotic origin (Desantis et
al. 2005) and detection of sulphate reducing prokaryotes in the environment (Loy et al. 2002).
A recent publication even showed successful quantitative profiling of complex microbial
populations in the human body along with the information about their taxonomic composition
and diversity of the complete microbial flora of the intestine (Palmer et al. 2006). From the
above studies microarray surely seems as a potential tool for environmental studies but its
broad application seems to be constricted by the methodological deficiency, laborious

protocols and insufficient detection limits.

2.7.3.3. Food quality control assessment

High throughput capability, automation and the ability to allow simultaneous analysis of
many samples accurately can make microarray a very useful tool in the food quality control
department. DNA methods such as RFLP have been shown to be applied in the food industry
to 1dentify the fish species in various processed fish samples (Hold et al. 2001). A few steps
using microarrays were taken recently in this direction, where pathogenic vibrio spp. were
detected in shellfish, a popular seafood (Panicker et al. 2004), harmful fusarium species
infecting the cereal grains were identified (Nicolaisen et al. 2005) and marine pathogens
infecting the fish were also detected (Gonzalez et al. 2004; Warsen et al. 2004). Identifying
the species and checking the legality of the manufacturer poses a challenge for the application

of the microarrays in routine analyses.
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2.7.3.4. Species identification

Morphological identification of adult marine species is very tedious and time consuming and
more over, if morphologically intermediate forms also occur then the determination of exact
species needs very high taxonomic expertise, but taxonomic impediments and a decline in the
number of systematics is a worldwide phenomena (Hutchings 1999a) which is gradually
decreasing in the current generation. Hence molecular biological methods have become the
alternative for this purpose and many of the methods mentioned in the section are already in
use. But most of the methods are either restricted, i.e. not flexible enough to be adapted to all
kinds of samples or have certain inherent shortcomings. A robust, high throughput and
sensitive method such as microarray can be a valuable tool for species identification ,an area
which has not been explored much, except for a very few studies, like the identification of
microorganisms (Call et al. 2003; Loy and Bodrossy 2006; Wang et al. 2006), plants
(Ronning et al. 2005) and animals (Pfunder et al. 2004a). Identification of marine organisms
by microarrays has not been explored much except for bacteria (Peplies et al. 2003; Peplies et
al. 2004) and recently the “Fish & Chips” project aimed at developing three different kinds of
chips for the identification of fishes, phytoplankton and invertebrates (Kochzius 2007). A
preliminary fish chip has been developed for the identification of pleuronectiformes by the
German Bight (Silkenbeumer 2004) and on a large scale, a microarray to identify 11 different
fish species from the European Seas, has been developed (Kochzius et al. 2008). Another
study has been reported about the development of an ALEX chip which can identify and
monitor the harmful algae Alexandrium (Gescher 2007b) and similarly a phytoplankton chip
has also been reported for the monitoring of phytoplankton in the European Seas (Gescher
2007a; Metfies 2004; Metfies et al. 2005). Marine invertebrate larvae were identified by
hybridization technique (Goffredi et al. 2006), but no studies have been so far reported to be
using microarrays to identify marine invertebrates at species level and this study will be one

of the most preliminary attempts at developing such a chip.

2.8. Importance of marine invertebrates

95% of the Earth’s animal species are invertebrates, animals lacking a notochord. Different
species live on land, freshwater and oceans, the latter comprise the highest percentage, a
number of them occurring from the sea surface to the sea floor and into the substrate.
Invertebrates from the oceans are commonly called marine invertebrates and they make up a
huge portion of the life in the sea. They include a very long 18 m squid and also a very tiny,

less than 0.25 mm gall mites, and they have an amazing diversity of form. Invertebrates
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include varied range of organisms, belonging to eight different phyla and represent a vast
majority of marine biodiversity, many of them playing an important role in the functions and
processes of the marine ecosystem. Some invertebrates are commercially important for human
consumption and aquarium trade, such as oysters, prawns, scallops, abalone, lobsters, squid
etc., while some are a major source of tourist attraction like corals and the products from
some of them, like pearls are economically important. From the many different kinds of
invertebrates occurring crustaceans, molluscs and polychaetes are the major groups of macro
invertebrates in terms of diversity, size and numeric abundance.

Polychaetes are the multi segmented worms commonly known as bristle worms, sand worms
and tube worms. Approximately 13,000 species of poychaetes belonging to 80 families have
been reported so far and these exhibit a great range of morphological and functional diversity,
as well as reproductive strategies (Rouse 2001). Polychaetes are economically important, as
adult and larvae forms are food for many commercially important fish. The major significance
of polychaetes is seen in bio-monitoring marine environmental quality, they being monitors
for toxic materials and pollution. Polychaetes show sensitivity to anthropogenic compounds
by expressing changes in the growth, reproduction and mortality; hence they are significant as
bio-indicator organisms. Being abundant, having a short life cycle and covering a wide range
of sizes, polychaetes are suitable for assessing the toxicity of sediments. Studies of the
presence or absence of polychaetes in the sediment itself acts as an indicator for the health
and condition of the benthic environment.

Molluscs are soft bodied without any internal skeleton, with no standard shape and most of
them have a hard protective shell. They are the second largest phylum of animals after
arthropods and economically one of the most important groups of invertebrates. About
1,20,000 species recorded to date, they show a great structural and ecological variability.
Molluscs are both commercially and economically valued as sea food as well as for their
decorative shells. Their role as pests and disease carriers along with the economic importance
of commercially exploited species has been studied very extensively (Ponder 2008)
Crustaceans are the largest and extremely diverse group of arthropods found 1in all depths of
marine environment. They vary a great deal in shape and form, making it difficult to define
easily recognised traits common to all of them and also some have highly modified bodies.
Crustaceans are economically very significant as many species are fished commercially for
sea food and they are also ecologically important in a variety of roles as grazers, scavengers,

predators and as prey for larger animals such as fish.
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Though having a high economical, commercial and ecological importance, this group of
organisms is still not very well known due to the lack of taxonomic knowledge, hindering the
advances in biological and ecological research. Many groups of invertebrates are still very
poorly known and are difficult to work with and cannot be identified even at a morpho species

level.

2.9. Aim of the Study

DNA based molecular methods are being used extensively these days in ecological studies,
especially for species, difficult to identify morphologically and also for the monitoring of
various biological habitats. PCR based techniques though popular are cumbersome, time
consuming and the degree of multiplexing is limited to about a dozen. Among the recent
molecular biological techniques, microarray is the most advanced and robust high-throughput
tool which allows principally the analysis of tens of thousands of samples very fast,
accurately and simultaneously. DNA microarrays have been used so far extensively in gene
expression analysis and their application as a tool in ecological studies has recently been
started to understand the characterization of complex biological communities.

Invertebrates form a major part of marine biota and are an important group of organisms that
serve as predators for demersal fish, are main bio-indicator organisms for ecosystem
monitoring and also help in the marine environmental assessment. The biodiversity study of
invertebrates is often very difficult because of their morphological complexity and also
because it requires special knowledge and long years of taxonomical expertise.

As a part of the EU-FP6 project “Fish & Chips”, the aim of this work is to demonstrate that an
“Invertebrate microarray” can be developed in terms of its biological and technical dimension.
At least a small prototype would be necessary to test its usability for identifying selected
groups of ecologically important marine invertebrate species occurring in the European Seas
as a prerequisite for routine ecological studies and regular monitoring of the marine
environment and also for the quality control in sea food marketing.

Efficient DNA extraction is an important step for any type of DNA analysis. Since many
invertebrate species are known to resist different standard DNA extraction protocols and
because, for marine research, a wide range of organisms has to be worked on, finding a
method for obtaining reasonable amounts of pure genomic DNA from animals belonging to
different phyla is an additional aim of this study.

The microarray development involves crucial steps, such as the selection of specific

oligonucleotides suitable as species specific microarray capture molecules, preparation of
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labelled target DNA from the organisms to be analyzed, optimization of the hybridization
conditions and efficient analysis of the signal data. To accomplish these main tasks of this
work, the design of the oligonucleotides will focus on the two mitochondrial gene sequences
(16S and COI) of at least a dozen invertebrate species from three phyla. The probes will
initially be selected and tested for their putative specificity in silico by comparing with non-
target species used in the work and also by a wide range of closely related species as far as the
gene sequences are available in the data bases. Based on this work in silico, the microarray
will be produced and evaluated in the laboratory by carrying out hybridizations with different
target and non-target species to check their specificity. Experimental optimization of various
hybridization parameters will be important for trying to overcome the methodological
limitations still existing for this technique. After the initial examination of the microarray with
the selected specific target organisms, the real application of the microarray for analyzing as

an example, the gut content of demersal predator fish was evaluated.
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3. Materials and Methods

3.1. Sample collection

The invertebrate sample species used in this work were chosen according to their economical
importance as prey to fish predators and as bio-indicator organisms. Examples are N.
hombergii, important bio-indicators and L. depurator, common prey to fish. Around 411
individuals belonging to a total of 27 species of crustaceans, molluscs and polychaetes were
collected. As most of the polychaetes chosen for the work are tube dwelling or living in
burrows in the sea bottom, they were carefully selected from the sediment and collected with
van Veen grabs. Most of the polychaetes were collected from six different locations in the
German Bight region of the North Sea during a one week cruise (25.09.04 — 01.10.04) with
the research vessel “Heincke” (Alfred Wegener Institut fiir Polar- und Meeresforschung).
Some additional polychaetes collected from the lagoons in the Mediterranean Sea were
donated by Dr. Christos Arvanitidis of the HCMR Institute (Crete, Greece). Crustacean and
molluscan species were collected during different expeditions in the Adnatic Sea by
collaborators Dr. Monica Landi and Ms. Alessia Cariani from the CIRSA, University of
Bologna (Ravenna, Italy). Out of the 27 species collected only 15 were used for the
development of the chip according to the project requirement. List and species data are
presented in Table 1.

The animals collected were preserved in absolute ethanol and stored at 4 °C. The crustacean
and the molluscan samples were morphologically identified to species level by the
collaborators at UNIBO and the collectors themselves. All the polychaete species were
taxonomically identified by polychaete taxonomist Dr. Christos Arvanitidis from HCMR
Crete during a three week training course in polychaete identification the author of this thesis

experienced in that institute.
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Table 1: List of invertebrates collected during the work. *: Species added on the microarray.

Phyllum Family Species Name Species Code Collection Site No. of individuals
collected
Alpheidae *Alpheus glaber Ag Adriatic Sea 10
Crangonidae *Crangon crangon Cce North Sea 04
Goneplacidae *Goneplax rhomboides Gr Adriatic Sea 10
Arthropoda Portunidae *Liocarcinus depurator Ld Adriatic Sea 10
Portunidae *Liocarcinus vernalis Lv Adriatic Sea 10
Euphausiidae | *Meganyctiphanes norvegica Mn Adriatic Sea 10
Grapsiiiae *Pachygrapsus marmoratus Pm Adriatic Sea 10
Octopodidae *Eledone cirrhosa Ec Adriatic Sea 10
Mollusca Corbulidae *Lentidium mediterraneum Lm Adriatic Sea 10
Veneridae *Chamelea gallina Cg Adriatic Sea 10
Octopodidae *Illex coinderii Ic Adriatic Sea 10
Nereididae *Hediste diversicolor Hd Mediterranean Sea 22
Nephtyidae *Nephtys hombergii Nh Mediterranean Sea & North Sea 56
Pectinariidae *Pectinaria koreni Pk North Sea 13
Sigalionidae *Sigalion mathildae Sm North Sea 12
Capitellidae Notomastus latericus Nl North Sea 4
Cibbatulidae Chaetozone setosa Cs North Sea 1o
Glyceridae Gonieda maculata Gm North Sea 3
Annelida Magelonidae Magelona johnstoni Mij North Sea 17
Orbiniidae Scoloplos armiger Sa North Sea 10
Owenidae Owenia fusiformis of North Sea 21
Poecillochaetidae| Poecillochaetus serpens Ps North Sea 5
Phyllodocidae Phiyllodoce rosea Pr North Sea 1
Phyllodocidae Phyllodoce lineata Pl North Sea 2
Scalibregmidae Scalibregma inflatum Si North Sea 1
Spionidae Spiophanes bombyx Sb North Sea 58
Terebellidae Lanice conchilega Lc North Sea [}

3.2. Instruments

e Automatic capillary electrophoresis machine (Applied Biosystems DNA-Sequencer
prism310)

e Centrifuge (Eppendorf 5403)

¢ Gel documentation system (CAMAG Reprostar)

e Gel electrophoresis chamber (Biometra Agagel G45)

e Hybridization oven (MWG-Biotech Mini 10; Heraeus B12; Heraeus B5028)

e Laminar flow cabinet (Clean Air CA/REV 6)

e Microarray scanner (Axon 4000B)

e PCR Cycler (Biometra Cycler Trio; Eppendorf Mastercycler Gradient S)

e Spectrophotometer (PeqLab NanoDrop ND-1000)

e Spotter (robot for touch-less spotting based on Top Spot technology, proprietary
development of CAG, University Bremen and PicoRapid GmbH)
e Vacuum centrifuge (Savant Speed vac SC110)
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3.3. Bioinformatics Software

e BioEdit sequence alignment editor, Version 7.0.0
e Chromas Freeware, Version 1.45

e (Clustal X, Version 1.81

e Endnote, XI1.0.1

e Genedoc, Version 2.6.002

e Genepix pro, Version 4.1

e MEGA, Version 3.1

e Microsoft Excel, 2003

e Microsoft Visio, 2007

e SeqMAN (DNA star) II, Version 4.05
e Winprobe (Pozhitkov et al., 2002)

3.4. DNA extraction

DNA extraction from crustaceans is considered as not so easy task as it is difficult to digest
the exoskeleton in small individuals, and the tough tissue in larger animals. Similarly various
methods were mentioned in literature to extract genomic DNA from polychaetes because of
the vast diversity of the animals. Therefore various methods were performed which led to an
extra investigation of various classical and commercial extraction methods in order to find a

standard with which DNA can be extracted successfully from all samples.

3.4.1. Classical methods

Initially classical methods such as CHELEX (Walsh et al. 1991) and phenol chloroform
methods (Chomczynski and Sacchi 1987) have been tested for DNA extraction from small
tissues on five different kinds of polychaetes since these animals turned out to behave very

differently in terms of DNA extraction.

3.4.1.1. CHELEX method protocol

Chemicals :
12 % CHELEX (Bio-Rad)
Dithiothreitol (DTT) (Serva)
Proteinase K (Fluka)
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Protocol:

Add 150 pl of 5 % CHELEX, 100 pl of 100 mM DTT and 20 ul of proteinase
K to 20 -25 mg of the animal tissue.

Incubate in a thermomixer at 55 °C, 500 rpm for 4 hrs.

Centrifuge at 13,000 x g for 3 - 5 min.

Collect the supernatant containing the DNA and incubate at 95 °C for 10 min
to inactivate the proteinase K.

Take 2 pl of this extract for DNA amplification by PCR.

3.4.1.2. Phenol Chloroform method

Chemicals and buffers:

Phenol chloroform (Sigma)

5 M NH4-Ac (Riedel-de-Haen)
Isopropanol (Roth)

70% Ethanol (Riedel-de-Haen)
Proteinase K (Fluka)

HOM Buffer for cell lysis:

2 M Tris HCI (Sigma, pH 8.0)
0.5 M EDTA (Roth, pH 8.0)

3 M NacCl (Fluka)

10 % SDS (Sigma)

50 uM DTT (Serva)

TE Buffer for elution:

Protocol:

S U i

10 mM Tris HCI
0.1 mM EDTA
pH 8.0

Add 500 pl of HOM buffer and 20 pl of proteinase K to 10 - 20 mg of tissue.
Incubate in the thermoblock at 54 °C for at least one hour.

Add 500 pl of phenol chloroform.

Centrifuge at 9000 rpm for 15 min.

Transfer the top supernatant in to a new cup carefully.

Add 2 volumes of isopropanol (absolute) and 0.1 volumes of NHsAc¢ (5 M) and
mix thoroughly.
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7. Precipitate overnight at -20 °C.

8. Centrifuge samples at full speed (13,200 rpm) for 30 min at 4 °C.

9. Decant and add 600 pl of cold EtOH (70 %) and centrifuge for 15 min at full
speed, discard supernatant.

10. Repeat the washing step twice and dry the samples in a speed vac.

11. Re-dissolve the precipitated DNA in 30 pul ddH20 or low TE buffer.

3.4.2. Commercial kits

Apart from the routine classical methods a wide range of commercial kits, available for DNA
extraction from various tissues were tested with the polychaete samples to find the best suited
ones. The kits were used according to manufacturer’s protocol (unless specified) and the
evaluation of about 21 different DNA extraction kits used in this work 1s mentioned in Table

2.
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3.4.3. Whatman FTA cards

Chemicals and Buffers:
FTA purification reagent (Whatman)
1X PBS buffer for homogenate:
0.13 M NaCl
2.6 mM KCI (Fluka)
10 mM Na,HPO,4.7H,0 (Fluka)
1.76 mM KH,PO, (Fluka)
pH 74
TE Buffer for washing:
10 mM Tris HC1
0.1 mM EDTA
pH 8.0

Unlike the tested commercial DNA extraction kits a very simple and innovative extraction
method is provided by Whatman in the form of FTA cards where fresh samples can be
prepared during sampling in the field on a special paper without the use of any ethanol.
Ethanol preserved tissues are homogenised in 1X PBS buffer before adding to the paper. Most
of the cell content except nucleic acids and many proteins are destroyed by the chemical
components of the paper retaining preferentially the DNA for long time in the dried state. A
small disc of the paper containing the absorbed DNA of the sample can be used either directly
in the PCR reaction or the DNA can be eluted to be used for PCR. Different use of the two
types of FTA kits available for DNA extraction from tissues, FTA classic cards and FTA

Elute cards are compared in Table 3.

Table 3: Comparison of the two FTA DNA extraction methods.

FTA Classic FTA Elute
Sample ~25 pl of tissue homogenate  |~25 ul of tissue homogenate added on to
application added on to each circle each circle
Drying 15 min to 1 hour 15min to 1 hour
[Extraction from 1.5 mm disc (PCR tube) 3.0 mm disc
Washing 1 |FTA purification reagent 3X Smin| ddH20 3X5 sec
Washing 2 TE buffer 2X5min
Drying 65°C, 20min
Elution 50 ul ddH20, 95°C, 30min
PCR dried disc directly used in PCR |3-5 pul of eluate for 50ul of PCR reaction
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3.5. Marker gene amplification

Chemicals and Buffers:
10X PCR Buffer (Molzym)
100 mM MgCl, (Molzym)
20 mM dNTPs (Molzym)

5 U/ul Taq polymerase (Molzym)
BSA (Sigma)

DNA extracted from the invertebrate species mainly by FTA Elute and Qiagen DNeasy kit
was used as template in PCR for marker gene amplification. Fragments between 500 — 600 bp
of the 16S rRNA gene and 708 bp in case of the COI gene respectively are amplified in the
Biometra Trio-thermoblock and the Eppendorf Mastercycler. PCRs were prepared under

laminar flow cabinet according to the profiles mentioned in Table 4-Table 9.

3.5.1. 16S PCR

Primers: (Palumbi 1991)
16S ar L: 5" CGC CTG TTT ATC AAA AAC AT 3’
16S br H: 5" CCG GTC TGA ACT CAG ATC ACGT 3’

Table 4: PCR reaction profile for 16S amplification.

Concentration Final concentration pl/reaction

Reagent of stock in PCR (Total 50 pl)
10X PCR buffer 10X 1X 5
MgCI2 100 mM 4 mM 2
dNTPs 20 mM 200 uM 1
16S ar L 100 pmol 0.4 uM 2
16S br H 100 pmol 0.4 uM 2
BSA 20 mg/ml 0.8 mg/ml 2

Taq polymerase 50/ 1U 0.2

DNA 2

ddH20 33.8
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Table 5: Temperature profile for 16S amplification.

Initial denaturation 94 °C 2 min
Denaturation 94 °C 1 min
Annealing 50°C 1 min 39 cycles
Elongation 72 °C 1 min
Final el:)ngation 72 °C 5 min
Cooling down 4°C pause

3.5.2. COIPCR

Primers: (Folmer et al. 1994)
LCO 1490: 5" GGT CAA CAA ATC ATA AAGATATTIGG 3’
HCO 2198: 5" TAA ACT TCA GGG TGA CCA AAA AATCA 3’

Table 6: PCR reaction profile for COI amplification.

Concentration Final concentration pl/reaction

Reagent of stock in PCR (Total 50 pl)

10X PCR buffer 10X IX 5

MgCl2 100 mM 2.5 mM 1.25

dNTPs 20 mM 250 uM 1.25
LCO 1490 100 pmol 0.4 uM 2
HCO 100 pmol 0.4 uM 2
BSA 20 mg/ml 0.8 mg/ml 2

Taq polymerase 50/l 2U 0.4
DNA 2

ddH20 34.1

Table 7: Temperature profile for COI amplification.
Initial denaturation 95 °C 2 min

Denaturation 95 °C 1 min
Annealing 40 °C Imin 39 cycles
Elongation 72 °C 1.5 min
Final elangation 72 °C 7 min
Cooling down 4°C pause

3.5.3. “Simplified multiplex” PCR

In order to reduce the number of PCR reactions that has to be performed to carry on all the
single target hybridizations a multiplex PCR was optimized combining the 16S and COI
protocols considering the highest amount of the chemicals adding two sets of primers in the

same PCR cup. PCR is conducted at an optimized annealing temperature of 45 °C.
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Table 8: “Simplified” multiplex reaction profile.

Concentration of Final concentration pl/reaction

Reagent stock in PCR (Total 100 pl)
10X PCR buffer 10X 1X 10
MgCl2 100 mM 4 mM 4
dNTPs 20 mM 200 pM 1
16S ar L 100 pmol 0.3 uM 3
16S br H 100 pmol 0.3 uM 3
LCO 1490 100 pmol 0.3 uM 3
HCO 100 pmol 0.3 uM 3
BSA 20 mg/ml 0.8 mg/ml 4
Taq polymerase 50/l 2U 0.4
DNA 2
ddH20 66.6

Table 9: Temperature profile of “simplified” multiplex PCR.
Initial denaturation 95 °C 2 min

Denaturation 95°C 1 min
Annealing 45°C Imin 39 cycles
Elongation 72 °C 1.5 min
Final elangation 72 °C 7 min
Cooling down 4°C pause

3.6. Standard DNA-analytical methods

3.6.1. Agarose gel electrophoresis

Chemicals and buffers:
Loading dye (Fermentas)
Generuler 1IKB DNA ladder (Fermentas)
Ethidium bromide (Serva)
1X TBE Buffer:
0.89 M Tris
0.89 M Boric acid (Roth)
0.02 M Na,EDTA (Roth)
pH 7.2

Molecular weight of the PCR amplicons is determined by standard 1 % agarose gel by
electrophoresis and ethidium bromide staining (Franklin and Locker 1981). 1 ul of the PCR
product is run in the gel with 5 pl of 6X loading dye at an voltage of 110 for about 45 min in a
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gel chamber containing about 100 ml of 1X TBE buffer. Visualized gel pictures are recorded

with a canon controlled gel documentation system.

3.6.2. Purification of the PCR products and sequencing

To separate the PCR reagents that can interfere in the subsequent reactions from the actual
PCR product, purification of the amplicons is done with the Qiagen PCR purification kit
following the manufacturer's protocol. After the last washing step pure DNA is eluted in to 30
ul of ddH20.

3.6.2.1. DNA-sequencing

Chemicals and buffers:
BigDye terminator v3.1 cycle sequencing kit (Applied Biosystems)
Sodium acetate (Merck)
70 % Ethanol (Riedel-de-Haen)

In this work the di-deoxy termination method originally described by Sanger et al (Sanger et
al. 1977) was used and all the sequencing reactions are performed in the automatic capillary
electrophoretic machine prism310 . The BigDye terminator sequencing reaction was carried
out according to the manufacturer’s protocol Fig. 10 (Rosenblum et al. 1997). Both L and H
strands were sequenced independently using the primers mentioned in the PCR section. A
total volume of 10 pl is prepared with 6 pul of pure PCR product as template, 2 ul of BigDye

terminator solution, 1 pul of ddH,O and 1 pM of the respective primer.

Table 10: Temperature profile of the sequencing PCR reaction.

Denaturation 95 °C 15 sec
Annealing 40 °C, 50 °C 15sec 26 cycles
Elongation 60 °C 4 min

The DNA from the sequencing reaction is precipitated and washed with 1/10 of the PCR
product volume of 3 M sodium acetate (pH 5.2) and twice the PCR product volume of
absolute ethanol. Pelleted DNA is washed with 70 % ethanol and centrifuged again. The DNA
pellet is dried under a fume hood before resuspending in 30 ul of ddH20O for sequencing. The
DNA fragments are separated according to their size by a POP4 polymer (Applied
Biosystems) with an injection time of 15 sec. Most of the 16S and COI sequences are

obtained by using this method but the COI sequences from 10 samples collected from the
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Adriatic Sea were obtained using the commercial sequencing service of the Macrogen
company in Korea. A total number of 159 sequences were obtained from the 15 species and

128 of them were used for the oligonucleotide design. See Table 14.

3.6.2.2. Sequence editing

The sequence chromatograms obtained were carefully checked and edited for gaps and
mismatches. Three different sequence editing programs are used during this work namely
Chromas (McCarthy 1998), Seqman II (DNA star Inc. 2000) and MEGA 3.1 (Kumar et al.
2004). The forward and the reverse strands are edited separately and then aligned with
Genedoc software Version 2.6.002 (Nicholas 1997) to check ambiguities. Sequences of all
individuals belonging to one species are then aligned using GeneDoc or Bioedit to check for
single nucleotide polymorphisms. After editing, the identity of the sequence with the similar
sequences already submitted to the public databank 1s checked by a nucleotide BLAST search
against the NCBI Genebank (Altschul et al. 1990). Sequences of the target species available
in the databank are downloaded and aligned with those sequences obtained from the work. A
multiple alignment of all the sequences is performed in BioEdit Version 7.0.0 (Hall 1999) to
cut them to an equal length and to submit them to the capture design program. Number of
sequences obtained from the work and those downloaded from the databank for each species

are given in Table 13.
3.7. Microarray

3.7.1. Design of the capture oligonucleotides

A set of sequences belonging to closely related species of the target organisms are
downloaded to be used as non-targets during oligonucleotide design. The oligonucleotides
used in this work are designed by a Chip designing internet service (CDIS) offered by the
Miconet service of the Techno mathematics department of the University of Bremen.
Principle of their algorithms is a sequence comparison by alignments and looking for short
stretches of oligonucleotides which are specific for a particular species. In silico selection 1s
done by calculating of the thermodynamic properties of the oligonucleotides and the potential
cross hybridizations with other sequences. Specificity tests are carried out by comparing the
oligonucleotides with other target sequences and vast number of non-target sequences
downloaded from the databank. The final set of the oligonucleotides generated consists of the
sequence of the captures along with their thermodynamic criteria such as length, GC content,

hybridization temperature and self dimerization probability. The mismatch criterion of every
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single capture is also provided both from the comparison with the target and the non-target
sequences. Two sets of oligonucleotides were obtained and used during this work for two

different prototypes of the invertebrate microarray.

3.7.1.1. 16S Invertebrate chip

For the design of captures a total of 70 sequences of the 15 targets obtained from this work
their sequences already present in the NCBI databank were used (Table 14). Additional 1489
sequences from the NCBI databank representing closely related species from the European
seas and belonging to the three groups of invertebrates used in this work were downloaded
and used for the capture probe design as non-target background sequences.

239 captures were generated in the initial calculation from the 16S gene of 10 species and for
the rest 5 captures were designed from both 16S and COI genes. The 43 captures (Table 15)
selected gave an average of 3 probes per species. The criteria of probe design are the length in
the range of 23 to 50 bases, GC content 35 - 55 %, specific binding with the target sequences,
the hybridization temperature to be at a NaCl concentration of 1 M and according to the above
parameters and is in the range of 70 - 80 °C. The probes were checked for any secondary
structure formation and self complementarities and no cross reaction with any of the other
targets and those non-targets included. A capture was considered for experimental testing if it
recognizes the target species with 0 mismatches and shows with other target and non target

species at least 3 or more mismatches in the centre of the alignment.

3.7.1.2. COI Chip

COI sequencing of the samples was done with universal COI primers (Folmer et al. 1994).
The sequences were edited with DNA star and aligned with their targets with Bioedit. From a
total of 58 target sequences and 3170 non target sequences (Table 14) 84 capture probes were
designed in the similar way as for the 16S chip but with much narrower criteria of length
ranging from 23 - 35 bp and a GC content of 40 - 50 %. Finally 30 captures were used to spot
on a separate COI chip (Table 16).

3.7.1.3. Invertebrate chip
To test whether the chip will be more beneficial if both 16S and COI are present those

captures which were giving good specific signals in the previous experiments were chosen
and an Invertebrate chip was spotted with 64 captures selecting 35 captures from the first set
and 29 captures from the second. The captures that are not included in the invertebrate chip
are marked with a star * in Table 15 and Table 16.
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3.7.2. Microarray spotting

Buffers:
Spotting Buffer:
150 mM Na-phosphate (Fluka)
1 M Betaine (Sigma)
Washing buffer (spotted slides):
1X SSC (Invitrogen)
0.05 % SDS (Sigma)

The oligonucleotides mentioned in the tables were chemically synthesized by Thermo
electron with a 5’-amino modification and HPLC purified captures are obtained in
concentration of 100 uM. The amino group is attached to the 5’-hydroxyl group of the
oligonucleotide with a chain of six carbon atoms (C6-linker). The amino group enables the
specific covalent binding of the oligonucleotide to the glass surface which is treated first with
3-Aminopropyltrimethoxysilane and then with 1, 4-Phenylenediisothiocyanate (Fig. 4). These
coated slides were purchased as Genorama SAL-1 slides from Asper Biotech, Estonia.
Oligonucleotides were taken up with spotting buffer in a concentration of 20 uM and
dispensed contactless on the Genorama SAL-1 slides (Asper Biotech) using the Top Spot
technology based CAG robot at 65% relative humidity at 23 °C creating spots of 200 nm in
diameter. The spotted slides are incubated overnight in a 75% relative humidity chamber
(containing saturated sodium chloride solution) to saturate the binding of the captures to the
glass slide. Later the slides are washed in 1X SSC + 0.05% SDS at room temperature for 3
min with gentle agitation followed by three washes with ddH20, 1 min each. The slides are
then dried by centrifugation (3 min, 2000 rpm), packed under N2 conditions and stored at 4 °C
until further use.

3.7.3. Array configuration

Each array used in this work is a set of 96 spots each arranged in 4 rows and 24 columns on a
glass slide. The amino oligonucleotide 5’-TAT GAT CCA TCG ACT ACA ACG-3’ (called
S1 21) was spotted as positive control and spotting buffer as negative control along with the
target specific captures. The arrangement of the captures in the array is carefully planned so
that the capture replicate are equally distributed all over the plane of the glass slides. The
positive controls are spotted either on the edges of the array or at those positions which makes

tracing the spots easy during analysis. For the invertebrate 16S chip a total of 43 captures (31
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16S and 12 COI) were spotted twice on the array with positive (S1 21) and negative controls
(8.4.1).

In case of the COI chip a total of 30 COI probes were spotted in triplicates on the array with
positive and negative controls respectively (8.4.2).

The Invertebrate-chip is composed of 64 captures (34 COI and 30 16S) spotted once on the
array along with the positive and negative controls (8.4.3). Each array is spotted 15 times on
the slide in three groups each containing 5 arrays, so that three different hybridization

experiments can be carried out on one slide as shown in the Fig. 5.
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112

1305

750

93

i #

Fig. 5: Layout of the microarray. Dimensions of the slide are given in mm.

3.7.4. DNA-target preparation

The 16S and COI PCR products carrying the fluorescent dye (Cy5) as end label served as
DNA targets to be hybridized to the captures on the chips. For preparing these targets DNA
from at least three individuals of each species are used for amplification. This target PCR was
performed in a similar way as the PCR mentioned above but 100 ul wise in a total volume of
300 - 600 pl to assure good yield of DNA for hybridization. The reaction mixture was similar
to the previous PCR except the reverse primers 16S ar-b and H2098 labelled with Cy5 at the
5’-ends are used. These primers are adding the label to the amplified fragment during PCR
and produces CyS5 end labelled target PCR products. After testing these PCR products on an
agarose gel the target preparation was cleaned with the Qiagen PCR purification kit following
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the manufacturer’s protocol. 30 - 60 ul of purified PCR product is eluted in the final step. The
concentration of this DNA was measured in the NanoDrop photometer.

In order to reduce the number of PCR reactions the multiple target preparations were done in
a “simplified multiplex PCR” as described in 3.5.3, which was tested to work with all samples
except C. crangon for which both 16S and COI PCR were performed separately. Abundant
amounts of dNTPs and Mg”" were added along with equal amounts of the primers to make
sure that both the genes are amplified to the same extent. Finally, the PCR products are mixed

in required amounts.

3.8. Hybridization

Microarray hybridization is carried on with the help of Geneframes (65 ul, 1.5 x 1.6 cm,
ABGene). Geneframes are plastic materials forming a square shaped hollow space of definite
height surrounded by a double sided sticky gel bands for fixing them in a waterproofed way to
the glass surface of the array. After tightly attaching them to the slide around the array and
closing them with a cover slip provided in the kit it forms a separated reaction chamber on the

slide for hybridization.

3.8.1. Hybridization protocol

Chemicals and buffers:
2X Hybridization buffer:
40 mM Tris-HCI, pH 7.3
2 M NaCl
10 mM EDTA, pH 7.3
0.1 %(w/v) Tween20
Washing buffer 1 (TETBS):
20 mM Tris-HCI, pH 7.3
1 M NaCl
S mM EDTA, pH 7.3
0.05 % (w/v) Tween20
Washing buffer 2 (TBS):
20 mM Tris-HCI, pH 7.3
1 M NaCl
After attaching the Geneframes to the slides (three per one slide) hybridizations were carried
out with 65 pl hybridization solution containing 10 nM target DNA and 1 nM positive control
and hybridization buffer each. The solution was prepared by denaturing it at 95 °C for 10 min
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and shock cooling by transferring it immediately on to ice until hybridization. Denatured
hybridization solution is added carefully and quickly to the array and the gene frames are
sealed tightly with cover slips to avoid air bubbles and also evaporation of the hybridization
solution. Thus prepared slides are put in a closed humid chamber to avoid the evaporation of
the DNA at high hybridization temperatures before transferring them to the incubator.
Hybridization is carried on in a hybridization oven at 60 °C for 3 hrs with the slides
horizontally placed without any agitation. After hybridization gene frames are removed from
the slides and the slides are washed with TETBS buffer 2 times for 60 sec each at room
temperature with mild agitation to remove the unbound target DNA molecules. A second
wash 1s done with TBS buffer 2 times for 5 min each at room temperature and mild agitation.
The slides are dried by centrifugation at 2000 rpm for 3 min and visualized by scanning in an
Axon 4000B Scanner at photo multiplier tube (PMT) values of 450 and 600 for Cy3 as well
as for Cy?5 labels respectively.

3.8.2. Signal detection and data analysis

The fluorescence scanner Axon 4000B which simultaneously acquires data at two different
wavelengths 528 nM (Cy3) and 635 nM (Cy5) measures the positive controls which are
labelled with Cy3 dye as well as Cy5-labelled target signals. As oligonucleotides tend to
hybridize faster to the oligonucleotide captures than to the long PCR products, the positive
control signal is measured at a lower PMT value. The fluorescence is measured as absolute
signal intensity which indirectly denotes the hybridization efficiency of the captures to bind to
the target DNA. The analysis of the fluorescence signals on the array is done with the help of
the Genepix pro, Version 4.1 software. The software allows automatically detecting and
assigning features to the spots, so that spots can be marked and individually checked
manually for the aligned features and edited if needed. This way artefact originated from salt
depositions or air bubbles can be marked for separate evaluation. The means and medians of
the pixels in the spots are generated according to the array configuration by the software
along with the local background. Local background is the mean of the pixels measured in a
ring around the spot two times its diameter. The mean of the means of the individual
replicates 1s later calculated and depicted in Excel diagrams as absolute intensities. The signal
intensities of the negative control signals are considered as background and the signals are
graphically represented only after subtracting two times the background value from the signal

values.
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4. Results

4.1. Comparison of DNA extraction methods

The classical DNA extraction methods such as phenol chloroform and chelex were not able to
produce good quality DNA from few of the crustaceans and polychaetes. Though there was
good DNA band observed on the gel from the extracts obtained by the phenol chloroform
method, there were no successful PCR products produced.

Initial experiment with the commercial method Qiagen DNeasy kit produced good amount of

the DNA from majority of the samples except the tough tissue of crustaceans. (Fig. 6)

Fig. 6: COI PCR products of DNA extracted with Qiagen DNeasy Kkit.

M: 1Kb DNA ladder; 1, 2: N. hombergii; 3,4: C. crangon; 5: positive control; 6: negative control.

2 ul of DNA extract used as a template in PCR showed strong amplification bands on the gel.
Both the DNA extracts and PCR products were observed as clear bands on the gels.

An another method, Peqlab DNA extraction kit tested along with Qiagen produced very weak
DNA bands from the samples and there were no DNA extracts obtained from many of the
tissues.

The paper DNA extraction technology FTA which is simple and less time consuming gave
good PCR products from the crustaceans, but the result was not repeatable as the amount of

DNA locked in the paper disc cut out each time was not quantifiable. The negative PCR result
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can be because of presence of very less DNA in the disc taken or very high amount of DNA
locked in the network of the disc. A dilution experiment was performed in order to check if
the DNA is overloaded on the paper which may inhibit the PCR reaction. Serially diluted
tissue homogenates in the ratios of 1/10, 1/25, 1/50, 1/75 and 1/100 were added to the paper
and the PCR products from the respective dilutions showed no bands on the gel. The
drawback is that it is not possible to check the DNA extracted by this method on the gel and
the result of successful extraction can be observed only after the PCR.

In contrast the DNA extracted from FTA Elute papers is eluted in to solution and can be
checked on the gel and so are the PCR products. 3 — 5 ul of the DNA extract is used as a
template in the PCR reaction of 50 pl and good bands are observed from almost all the
samples tried. A comparison of the three extraction methods tested on 15 species significantly
used for the microarray is shown in Table 11.

The PCR results obtained from the Qiagen and the FTA Elute isolations are quite similar
except for the crustacean C. crangon, which gave a PCR product with DNA from FTA Elute
cards whereas no PCR product is seen from Qiagen. FTA classic cards gave no PCR product
in any of the target species. The amount of template used in the PCR is slightly higher in case
of DNA eluted from FTA Elute as the concentration of DNA obtained by this process is
almost 10 times lower than the concentration obtained from Qiagen kit. But FTA Elute cards
generated similar amount of DNA even from very less amounts of tissue such as 10 mg
whereas Qiagen kit needs at least 20 mg of the tissue to obtain a good quantity of DNA that
can be used in PCR. The 260/280 ratio of the DNA from FTA Elute was slightly higher than
normal (>1.80) indicating the inability of the cards to remove protein debris completely but
this quality assessment did not effect any of the downstream processes starting from PCR
amplification, sequencing and microarray hybridisations. The time required for the extraction
of DNA with FTA Elute cards is quite low when compared to the Qiagen Dneasy kit and the
DNA obtained did not show any significant difference in the results to that of the Qiagen
DNA.
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Table 11: Comparison of the PCR product yield on an agarose gel from DNA extracted using three different

methods. ++: strong band; +: intermediate band; -: no band.

Species Code

Ag
Cc
Gr
Ld
Lv
Mn
Pm
Ec
Lm
Cg
Ic
Hd
Nh
Pk
Sm

Species Name

Alpheus glaber

Crangon crangon
Goneplax rhomboides
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Pachygrapsus marmoratus
Eledone cirrhosa
Lentidium mediterraneum
Chamelea gallina

Illex coindetii

Hediste diversicolor
Nephtys hombergii
Pectinaria koreni

Sigalion mathildae

Extraction method

QIAGEN kit

++
++
++
++
++
++
+
++
++
++
++
++
++

FTA Classic

+

FTA Elute
—
++
++
++
++
++
—

+
++
+
+
++
—
+
—

Other commercial kits tried gave mixed results. Peqlab DNA kit and nucleospin kit produced

DNA from polychaetes and molluscs but not from crustaceans. Even though the DNA extract

bands on the gel were strong, PCR applicant bands were found to be very weak. DNA lyses

kit from Viagen, PCR based Microlysis kit and the modified protocol of the magnetic bead

extraction method AGOWA did not show any kind of result.

The result of ten important extraction methods out of the total 21 checked in the work with

the number of samples tried and the successful PCRs is shown in Table 12.
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4.2. PCR of the 16S and COI genes
Amplification of the 16S and COI fragments worked well with the standard protocol using

universal primers as mentioned in the section 2.5. All the reactions are performed either with
2 ul of the Qiagen extracted DNA template or 3 ul of the FTA Elute extracted template. At
the optimized annealing temperature the amplified products produced by PCR could be seen
on the agarose gel as clear bands and without any unspecific products. 5 pl of PCR product is

added to each lane with 1 pl of 6X loading dye. 16S PCR products are about 550 bp long
(Fig. 7) and COI products are around 708 bp in length. (Fig. 8)

HilH
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[E—

750 bp
500bp. WM W

Fig. 7: 16S PCR products of polychaete DNA extracted with the FTA Elute method.
M: 1kb DNA ladder, 1: N. hombergii; 3: H. diversicolor; 2.4,5,6: C. crangon; 7: positive control; 8: negative

control

Fig. 8: COI PCR products of different invertebrate DNA extracted with the Qiagen Kkit.
M: 1Kb DNA ladder; 1: A. glaber; 2,3.4: C. gallina; 5,6,7: E. cirrhosa; 8,9,10: L. mediterraneum
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4.3. Sequencing of the 16S and COI genes

All the PCR products were purified with Qiagen PCR purification kit and the pure DNA 1is
used as a template for sequencing PCR reaction. The chromatograms obtained from the
sequencing reaction are edited with Chromas, Seqman and Mega programs and the final
readable sequence is a bit shorter than the actual length of the amplicon. Both the forward and
reverse strands are sequenced separately and after editing are aligned together to fill up the
missed gaps and a final sequence is obtained. Each individual sequence is then verified with
the NCBI BLAST search for the specificity of the species. There are not many sequences of
the targets used in the work are available in the databank and in cases where there are no
sequences of the exact species, the closest relative was considered and checked for the
authenticity of the sequence. The total number of sequences obtained during the work and the
number of sequences that are used from the databank can be checked in the following Table
13. And the alignment of all the target sequences obtained can be seen in 85.1 and a
phylogenetic tree understand the relationships between the targets 8.3.1.

All the sequences obtained in the work can be viewed in the appendix in fasta format along
with a phylogenetic tree depicting the cluster formation of the different individuals of the

same species showing the intra specific and inter specific variations 8.3.1.



60

Ll. Results

B)eP PRALLRl THON

saruanbas 100

saduanbas go1

€9¢ €L €1 €9 JIoMm 21 SuLmp paurelqo sasuanbas [ejop
L i SEPIUOIESIS 0 S 0 € ws UPJIYIDW UOIDSIS
€€ 01 JepuIRUIIg o€ L ¢ € d 1240y PLRULI2d —
0 0 seprajydaN 0 S 0 €1 N 1na.2quioy sAaydayn :
cl C SEPIPISIaN 01 L 0 S PH L0]021S.1201p 2ISIPZH
89 1 seprydansemmo I € I z B 1apu103 X3)|]
<9 ¥S1 SEPLISUSA z € € z E) DULD3 D3J2UIDYD ——
1 0 JEPINQIOD) 0 € 0 z w UINAUD.LIBIIPAUL WNIPHUAT
c¢ 9¢T aepipodoldQ I € 3 € RE DSOI.LID 2UOPS|T
a7 I€ seprsdern 0 € 7 ¥ wd sn.LouLnui snsdv34yong
0€ 09 sepusneydng Z 3 i ¥ U vo132:040u saupydus{uD3a
o1 IS SEPIUNIO 0 € 0 - AT SIDULBA SHUIDADIOIT
o1 1§ sepIunIod I € 0 3 P Aoipandap snuio.p2017 | epodonyry
0 0 aeproejdsuon 0 ¢ 0 € 1D sapioquioy.i xpjdauon
1 0 JLPIIOSTEID 0 6 0 g 2D HOSUDAD UOSUDLD
9¢C [ sepraydy 0 3 0 ¥ 5y 12q]3 snaydjy
I9ON |qomwoly| [GON | YI0M woaj
saduanbas 10 [ seouanbas go1 Aqure g sjasaer s1a5.IeL apod sapads aureu sanadg wnpiyd

“ueqeiep au) pPue J}Iom ) WoJ paureiqo seduanbas jo requinu [e10] (€] J[qeL




4. Results 6l

4.4. In silico characterization of capture oligonucleotides

The total number of 63 16S sequences and 73 COI sequences (Table 15 and Table 16) are
generated during the work. The identity of the sequence is confirmed from NCBI BLAST
results, those sequences which show at least 95% matching with the existing sequences are
considered for the probe designing. All the sequences obtained in the work and also the
sequences of the species already present in the NCBI databank (13 16S and 363 COI
sequences) are aligned and after eliminating the sequences which are too short in the
alignment a total of 70 16S and 58 COI sequences are used for designing the probes. The
numbers of sequences per each species that are considered for probe designing are shown in
Table 14. The alignment of all the sequences used for probe designing can be seen in the
appendix 8.2.

Following the criteria mentioned in the materials and methods section 3.7.1, 239 captures
were generated in the calculation from the 16S sequences and 84 from the COI sequences.
The probes are then checked Insilco for the specificity and any mismatches with the other
target and non-target sequences. The probes are also checked for self-complimentarity, dimer
formation and hairpin structure formation. A probe which matches only with the specific
target sequence and doesn’t show any resemblance with the other targets or non-targets is
definitely selected. In case of those probes which match with the specific target completely
but also show resemblance to other targets or non targets with certain mismatches, they are
selected only if the mismatches are with at least 3 or more base pairs and preferably these
mismatch bases are present in the middle of the sequence and not at the edges. After checking
every probe thoroughly a total of 43 captures (targeting 16S gene of 15 species and COI gene
of 5 species) and 30 probes (targeting COI gene of 15 species) are selected to spot on the
respective microarrays. The length and GC content parameters of the selected 16S probes are
in the range of 23 — 46 bp and 35 — 52% and of COI probes are 23 — 35 bp and 35 — 54%. All
the probes selected are showed in Table 15 and Table 16 along with the parameters that are
considered for the selection. Initially two separate chips, one containing majority of thel6S
probes and the other COI probes were developed. After optimizing the hybridization
conditions and evaluating the probes for their specificity, an invertebrate microarray was
prepared with the both the 16S and COI probes that gave good signals on individual arrays.
The captures that are marked with an asterisk (*) in Table 15 and Table 16 are not considered

for the combined invertebrate microarray.
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4.5. Target preparation for microarray hybridizations

16S and COI genes were successfully amplified with the universal primers at specific
annealing temperatures (Fig. 6). Strong amplification bands were observed from the DNA of
the 15 species used in the work. Cy5 labelled targets were prepared by amplifying the DNA
with labelled primers. For this purpose the reverse primers of both 16S and COI genes were
labelled and used in the PCR reaction.

In order to reduce the experimental steps for microarray hybridization multiplex PCR was
designed in which both the genes are simultaneously amplified from the same template.
Optimized multiplex PCR reaction and the temperature profile produced very distinct and
strong PCR products of both the genes from all the species except the crustacean C. crangon.
16S gene from C. crangon amplifies at 50 °C and COI at 40 °C annealing temperature. At the
optimized multiplex temperature of 45 °C, only 16S PCR product is obtained and there is no
amplification of the COI gene. So in case of C. crangon both the genes are amplified
separately for the microarray experiments. Both the 16S and COI are successfully amplified
from all the other species at 45 °C using both sets of universal primers. (Fig. 9)

7 8 9

Fig. 9: PCR products of the 16S and COI genes amplified in the same reaction
M: Molecular ladder; 1.2: A. glaber; 3.4: L. mediterraneum; 5,6: L. vernalis; 7.8: C. gallina; 9,10: C. crangon;
11: NK
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4.6. Optimization of microarray conditions

4.6.1. Optimization of hybridization temperature and incubation time:

Initially single target hybridizations were carried on with three different targets at four
different hybridization temperatures (50°, 55°, 60° and 65°C) and at three different
hybridization durations of 2 hours, 3 hours and 4 hours. Best results were obtained at 60 °C
temperature and when carried for 3 hours (Fig. 10). At 50 °C and 55 °C the signal intensity
from the specific probes when the target H. diversicolor is hybridized is very high, lowering a
bit at 60 °C and only one probe showed a signal at 65 °C. Some weak signals of unspecific
binding is observed from four probes both at 50 °C and 55 °C, whereas only two unspecific
signals are found at 60 °C and at 65 °C (Fig. 11). So, 60 °C is found out to be the optimal
temperature for specific hybridizations on this chip. Similarly with the incubation 3 hours is

found out to be the optimal time to get good hybridization signals (data not shown).

10000
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Fig. 10: Signal intensities from the specific probes for target H. diversicolor when hybridized at different

temperatures.
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Fig. 11: Signal intensities from the unspecific binding of the target H. diversicolor when hybridized at different

temperatures.

Similarly the signals observed in Fig. 12 when the target L. vernalis is hybridized at four
different temperatures also shows that though the specific signal is lowered the unspecific
signals are significantly reduced at 60°C. Though the signals at 65 °C shows similar pattern,

the positive control is lowered to a great extent. So, further experiments are carried out at 60

°C.
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Fig. 12: Signal pattern of the target L. depurator when hybridized on to the microarray at different temperatures.
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4.7. Specificity test of the microarray

4.7.1. Single target hybridizations

In order to check the behaviour of each target separately on the chip and also the signal
patterns obtained by hybridizing different genes is checked by amplifying the two genes
separately and hybridizing separately.

After the conditions are optimized single target hybridizations of 16S gene with two
individuals of each target species were carried on. Each hybridization was performed thrice
and the average signal intensity of both the individuals from a total of six hybridizations was
considered for the final calculation.

From the signal pattern (Fig. 13) it can be seen that at least one 16S probe gave a very good
specific signal with the target DNA. Probes from two species (C. crangon and G.
rhomboides) gave no specific signals. Only very few probes showed false positive signals
with non specific targets which is almost comparable with the negative control signal and the
signal from the specific target is much higher than the false positives. The results of all the
168 single target hybridizations are shown in the Fig. 13.

COI gene from all the 15 species was labelled by amplifying with the Cy5 end labelled
reverse primer and three individuals of all the 15 species were hybridized separately in a
concentration of 10 nM at 60 °C for 3 hrs. The signal intensities shown in the Fig. 14 are the
mean of three hybridizations. Each target species has two specific probes from the COI gene
and all the probes gave a signal with the target that is not observed from the 16S captures. The
signal intensity is also higher compared to the signals from the 16S probes. Four false positive
signals are observed from the H. diversicolor, L. vernalis and L. depurator probes hybridizing
with G. rhomboides, L. mediterraneum, E. cirrhosa and S. mathildae but their intensity was
very low compared to the true positive signals.

All the probes from the 16S gene of L. depurator always give a cross hybridization signal
with the L. vernalis target whereas only one probe shows a slight cross hybridization from the
COI targets of the respective species.

Some species such as M. norvegica and H. diversicolor show a very high signal from the 16S
probes whereas majority of the species except the M. norvegica and N. hombergii show high
signals from at least one probe of COIL. The crustacean C. crangon was not detected with the

16S probes but a slight signal is seen from the COI probes.
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Fig. 13: Signal pattern of all the 15 single target hybridizations on the 16S chip.
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Fig. 14: Signal pattern of all the 15 single target hybridizations to the COI probes.
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4.7.2. Two target hybridizations:
A total of 65 captures that gave good signals in the single target hybridizations of both 16S

and COI genes are chosen for the combined invertebrate microarray. The captures that are not
included in the invertebrate chip are marked with an (*) in Table 15 and Table 16.

Both 16S and COI genes from all the 15 target species except C. crangon were amplified in a
multiplex PCR with two sets of primers (end labelled reverse primers) as shown in the Fig.
15. As there are two genes amplified in the same solution 20 nM is added to the array instead
of 10 nM as in the case of single target hybridizations.

As all the hybridization parameters are checked and the signal pattern of every single target is
known, to reduce the number of experiments and time two non-interfering targets were
hybridized together on to the microarray each in a concentration of 20 nM. Each experiment
was repeated thrice and the final signal intensities are the mean values of three replicate
experiments. The intensities shown in the Fig. 15 are those that are two times higher than the
negative control. The black bars in the diagram are the 16S signals and the white are COL
Striped bars are the false positive signals. The overall signal patterns of all the single targets
along with the values are shown in Table 17.

At least one probe for each of the target gives signal except the 16S probes of C. crangon and
G. rhomboides. For some of the targets 16S probes show very high signal and for some COI
probes. So in order to identify a species accurately it is advantageous to have probes from

both the genes as even if one of the sets shows low signals, the other give high signals.
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Fig. 15: Signal intensities from the 16S and COI probes present on the array when the 15 target species are added in two target hybridizations.
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An overall summary of the two target hybridizations conducted on the invertebrate microarray

can be found in the Table 17.
Table 17: Overall result of the hybridizations of the 15 targets on the invertebrate chip.
[EIEERBIBERE: T:ue positive signals; Blue blocks: True negative signals; [RBll: False positive signals.

Fame Az | Cc | Cr | Td | Tv [ Mo | Pm | Fc | Lm | Cz | Ic | Hd | Nb
Az 165 a

Az 165 b
A=z COI_a
Az COLb
JCe-165 a
[ce165b
|Ce-168 ¢
JCc-COL_c*
[cco1a
[c_cor b

-]
IF'I

Sm

|Gr 165 a

Pk-165 a
Pk-165 b
PE-165 ¢
Pk-COI_d*
Pk-COI e*
Pk_COIL a

Sm-165_a
Sm-165_b
Sm-COI_c*

|5m_COI_a
|5m _COI b
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4.7.3. Position effect of the oligonucleotides

Though the potential captures were thoroughly checked for specificity and the mismatch
criteria In silico before spotting on the microarray, there is a great variation observed in the
signal intensities after hybridization of different probes designed for the same target. The
probes having completely similar characters Insilco were behaving differently on the
microarray. In order to check if the position of the binding of the probe to the fluorescent
labelled target i.e. the distance between the end label and the probe binding site is related to
the signal intensity, the following analysis was done calculating the distance between the label
and probe and the signal intensity of the corresponding hybridization separately from the
results of the single target hybridizations of both 16S and COI.

As seen in Fig. 16 and Fig. 17 both 16S and COI results have shown a direct relation between
the distance of the fluorescent label to the probe binding site and the signal intensity. The
lower the distance the higher the signal and the farther the binding site the signal

comparatively got weaker.
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Fig. 16: Effect of the distance between 16S capture binding sites and the fluorescent label on a target.
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Fig. 17: Effect of the distance between COI capture binding site and the fluorescent label on the target.

4.7.4. Non-target hybridizations
Four different polychaete species (Table 18) from the North Sea which are very closely

related to the target annelids on the microarray are collected and tested on the chip to check
the specificity of the captures. Both 16S and COI genes are amplified from the DNA of the
non-targets and 10 nM of each gene is hybridized on the microarray. Each one of the non-
targets 1s hybridized separately and also a mixture of all the four is added in one experiment
(Fig. 18). Two of the non-targets gave a very weak signal with 16S capture of polychaete V.
hombergii, the third non-target gave a signal with the 16S capture of L. depurator. Mixture of
all the four added in the concentrations of 10 nM together gave signals from the captures
shown in the Fig. 18. The signals obtained are very weak and as the signal intensity is very
low it can be neglected and the chip can be considered to be very specific to the selected 15

species of invertebrates.

Table 18: Non-target polychaetes that are used to test the specificity of the chip.

Species Name Family Order
Chaetozone setosa Cirratulidae Spionida
Magelona johnstoni | Magelonidae | Spionida
Scoloplos armiger Orbiniidae Orbiniida
Lanice conchilega Terebellidae | Terebellida
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Fig. 18: Signal pattern of the non-target polychaetes when hybridized on the array individually and also a
mixture of different kind of DNA.

4.8. Sensitivity test of the microarray

4.8.1. Two target hybridizations

Two target hybridizations were performed to check the influence of two closely related targets
upon each other when hybridized together on the same chip and also the effect on the signal
intensities of the probes of one target when the other target is present in different
concentrations. For this purpose three sets of targets were selected from the three phyla used
in the work. N. hombergii, S. mathildae (Annelida), G. rhomboides, P. marmoratus
(Crustaceans) and E. cirrhosa, C. gallina (Molluscs). The first two sets are selected according
to the criteria that they are closely related but did not show any common cross hybridization
in the single target experiments. It was difficult to choose non interfering species as three out

of four mollusc species give a cross hybridization with the 16S probe specific for the fourth
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target. So two targets that gave signals with both 16S and COI probes during single target
hybridizations were selected.

In all the cases each target is amplified with both the 16S and COI primers together resulting
in two PCR products. For each set of the targets two kinds of experiments were performed.
Target mix and a multiplex PCR. In the target mix the concentration of all the PCR products
amplified individually 1s measured and the mixes are prepared according to the desired ratios
just before the hybridization. In the multiplex PCR both the targets are added as templates in
the same reaction in the desired ratios and the amplified product is purified and directly used
for the hybridization. The hybridization results of the multiplex are checked to find any
correlation between the concentration of the template DNA and the signal intensities after the
hybridization. And these results are in turn compared to the target mix experiments to check
the accuracy and reliability of the multiplex PCR.

The first experiment was conducted with varying mixtures of labelled amplicons of N.
hombergii and S. mathildae (Fig. 19). Five different combinations of the two targets were
prepared and hybridized on to the microarray. While keeping the concentration of the one
target constant at an average of 10 nM the second target is mixed in increasing amounts and
the same is repeated with the second target. Bordered captures in the figure denote the
specific probes for the targets added and the rest of the captures are those showing cross
hybridization with either of the two target DNA. All the signals shown in the figure are
analysed with a threshold of two times the intensity of the negative control.

A significant pattern of the increase in the signal intensity with the increase in the DNA
concentration can be observed in both the cases. The rapid increase in the amount of the
closely related second target did not effect the signal of the first very much and vice versa
except one S. mathildae capture Sm 16S b where the actual signal itself is quite low
compared to the other captures and there is no signal seen from the capture when the N.
hombergii target 1s added in the highest concentration. Out of the seven captures showing
false positive signals all of them except two seem to be because of the high concentration of
the N. hombergii target DNA and the rest are showing high signals when the S. mathildae 1s
added in high amounts.
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Fig. 19: Signal pattern when the target mix of N. hombergii and S. mathildae at different concentrations is
hybridized in the ratio of N. hombergii : S. mathildae.

Similar experiments were conducted with a multiplex PCR where both the genes and both are
targets are amplified in the same reaction. The two target templates are added to the PCR
reaction in different concentrations as mentioned in the above experiment. Keeping the
concentration of one of the target constant the other one is increased significantly. Initially the
concentration of the DNA extracts is measured and as both of them are found out to be almost
the same the first reaction is made with equal amounts of the template (1 pl each) the other
combinations are made according to the ratios. The resulting labelled PCR amplicons are
purified and are hybridized on the microarray at a concentration of 40 nM.

As seen in the Fig. 20 the absolute signal intensities from these experiments are very low
compared to the target mix results. But a gradual increase and decrease patterns are observed
from the captures of both the target. There is no significant increase in the signal observed
with the increase in the concentration of the target as expected and also as seen in the above
experiment. Moreover a decrease in the signal of the N. hombergii probes is observed when S.
mathildae concentration is increasing and there is a gradual decrease in the S. mathildae

signal with the increase in the N. hombergii concentration. Two new captures showed false
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positive signals compared to the target mix experiment. The signals from the cross

hybridizations are however very low compared to the specific signals.
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Fig. 20: Signal pattern from the hybridization of the N. hombergii and S. mathildae on the microarray at the

mentioned concentrations in the ratio N. hombergii-S. mathildae.

The same experiments are also performed with the other two sets of closely related species to
check if they show any influence upon each other. Fig. 21 shows the signal pattern when E.
cirrhosa and C. gallina are hybridized together at different proportions. Both E. cirrhosa and
C. gallina captures showed high signal intensities compared to the non-specific captures. The
bordered captures are the specific ones, showing a pattern of increased intensity with the
increase in the concentration and there is no significant influence of the second target seen
except one C. gallina capture (Cg COI b) where the signal is totally lost when the E.
cirrhosa target 1s added 3 times and 10 times higher. The common cross-hybridizing capture
Ic _16S_a for both the targets produced a very high signal almost equal to the true positive and
the highest 1s seen when the E. cirrhosa target is added in the highest concentration. The
signal 1s completely lost when C. gallina 1s added in the highest amount. The cross
hybridizations from three captures of M. norvegica and one probe of L. vernalis show high

signals when the target E. cirrhosa is added in highest amounts. L. mediterraneum and G.
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rhomboides probes show signals only when the C. gallina target is present in the

hybridizations.

Signal intensities (a.u.)
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Fig. 21: Signal patterns from the mixture of PCR amplicons of targets E. cirrhosa and C. gallina hybridized

together on the microarray at different concentrations in the ratio E. cirrhosa:C. gallina.

As seen in the case of N. hombergii and S. mathildae the multiplex approach of amplifying

two targets at different concentrations in the same reaction and hybridizing on the microarray

showed very low signal intensities from the targets E. cirrhosa and C. gallina when compared
to the target mix results. A gradual decrease and increase in the signals of one target when the
corresponding target is increasing or decreasing is also seen as in the case of N. hombergii and
S. mathildae. Strangely the signal from the specific E. cirrhosa signal is very low when the
target 1s added in the highest concentration. In case of C. gallina two probes did not show any
signals when the other target E. cirrhosa 1s added in higher concentrations. The cross
hybridization signals are comparable to those from the target mix results. All the captures of

M. norvegica showing cross-reaction when the target mix is hybridized are not seen in this

experiment
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Fig. 22: Signal patterns from the multiplex PCR product of targets E. cirrhosa and C. gallina hybridized on the

microarray at different concentrations.

The last set of the two target hybridizations is the crustaceans G. rhomboides and P.
marmoratus. Similar to the other two sets the target mix hybridizations showed good signals
from all the specific probes corresponding to the increase in the concentration of the target.
The signals of one target are not influenced when the other target is increased to higher
concentrations. The cross-reaction from the H. diversicolor and M. norvegica captures is high
when the concentration of the target G. rhomboides 1s high. There is just one signal seen from
the capture C. gallina when the concentration of P. marmoratus is the highest. Only one 16S
probes is added to the microarray and even though the probe is thoroughly checked Insilco
before spotting on the microarray. It gave very weak signals when the target is present in

lower concentrations and no signals at all when the concentration is increased.
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Fig. 23: Signal pattern after the hybridization of the target mix G. rhomboides and P. marmoratus. The

concentrations of the targets are shown in the legend with G. rhomboides: P. marmoratus ratios.

The results from the multiplex hybridization of G. rhomboides and P. marmoratus show good
pattern of the signals corresponding to the respective concentrations but as seen in the other
two sets that overall intensity of the signal is too low when compared to the target mix
experiment. The cross hybridizations pattern is also comparable to the target mix. The
captures from H. diversicolor and M. norvegica showed high signals when the G. rhomboides
target is added in higher amounts. Ic 16S a capture gave a signal only when the G.

rhomboides target is high in concentration.
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Fig. 24: Signal pattern from the hybridization of the G. rhomboides and P. marmoratus multiplex targets at
different concentrations. The targets are added in the ratios as shown in the legend (GR: PM)

4.8.2. Three target hybridizations

To check the number of targets the microarray can identify without any interference three
species belonging to the same phyla are hybridized together in the microarray. In order to
carry on the multiple target experiments three targets at different concentrations are amplified
in a multiplex PCR with two sets of primers (16S and COI). The resulting PCR product is
hybridized on to the chip to check if there is a correlation between the template concentration,
the PCR amplification of different targets and the signal intensities.

Three species of annelids (N. hombergii, S. mathildae and P. koreni), three species of
molluscs (E. cirrhosa, C. gallina and I. coindetii) and three of crustaceans (G. rhomboides, P.
marmoratus and L. vernalis) are used in this experiment. In the first PCR all the targets are
added in equal amounts (1:1:1) and the later experiments are carried on keeping one target at
the minimum and adding other two targets in the highest concentrations. The concentration of
the targets is measured before the PCR in the Nanodrop machine and the amount of the
template in the PCR i1s decided based on the concentration of the template and also and the

corresponding ratio in the mixtures.
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The set of the polychaetes N. hombergii, S. mathildae and P. koreni are amplified in the
required ratios and the signal pattern obtained after the hybridization is seen in the Fig. 25.
The ratio of the templates i1s shown in the legend denoting N. hombergii: S. mathildae: P.
koreni. The signals in the figure show that all the three targets are successfully amplified in
the multiplex PCR and the signals from all the captures denote that both the genes are
amplified. The bordered captures in the Fig. 25 are specific for the targets and the rest of them
are captures showing false positive signals. Except one 16S and one COI captures for P.
koreni all the other specific captures showed signals and they are corresponding to their
template concentration in the PCR. Very good signals are seen from the 16S captures of the
target N. hombergii while the COI signals are very weak. There is no signal seen from the
COI captures of N. hombergii COI probes when the other two targets are present in higher
amounts. Though two of the targets did not show any signals the result from the rest of the
probes is comparable to the ratios of the targets. Highest P. koreni signal is seen when both P.
koreni and S. mathildae are in higher amounts. In the third combination even though P. koreni
is present in the highest amount along with N. hombergii the signal is reduced slightly
compared to the second combination. Specific signals are seen from all the captures from S.
mathildae and the signal is not lost even when the other two targets are present in higher
amounts. Though a few cross hybridizations are seen, their signal strength 1s very weak

compared to the specific signals.
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Fig. 25: Signal pattern of the hybridization of three closely related polychaete species when amplified in

different combinations.

The second set of multiple targets consists of the molluscs (E. cirrhosa: C. gallina: I
coindetii) hybridized on to the microarray in after amplifying the targets in a multiplex PCR
with varied proportions of the templates as shown in the legend (Fig. 26). The signal patterns
show that only E. cirrhosa target is amplified well and the other two are amplified weakly as
the signal intensity from the specific probes is very low compared to the signal target
experiments. Nevertheless a specific pattern of the signals is seen corresponding to their ratios
in the PCR reaction. All the four probes for the target EC gave good signals and the highest
signal is observed when the target is present in 1 nM equally with the other two templates.
But strangely the signal decreased when the concentration of the target is very high.

The overall signal from the captures for C. gallina is very low. The 16S probe signals
corresponded to the concentration of the targets added to the PCR reaction. No signal is
observed from the COI probes of C. gallina except a small one from Cg COI a from the
reaction where the concentration of C. gallina 1s very high. Captures specific for I. coindetii
gave good signals correlating with the template concentrations in the multiplex PCR reaction.
Target E. cirrhosa gives a strong cross hybridization with the Ic 16S a probe. So it is

expected that the signal from Ic_16S a will be very high but the signals obtained are quite
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low indicating poor amplification of the I coindetii target and also due to competition
between the I coindetii and E. cirrhosa, the latter could not bind to the captures in presence
of the specific target. The cross hybridization of the Lv_COI a with E. cirrhosa target is very
high almost equal to the specific signals. Other cross hybridizations is very low and almost

negligible.
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Fig. 26: Signal pattern from the hybridization of multiple mollusc targets in different concentration as shown in

the legend in the combination of (E. cirrhosa: C. gallina: I. coindetii)

The third set of organisms; crustaceans are amplified together in a multiplex PCR in the
required combinations of the templates. All the three targets seem to be amplified as desired
and good signals are seen from all the specific probes. There is no signal seen from the
hybridization of the second combination where G. rhomboides DNA is very low and both the
other targets are in high amounts. The signals from the specific captures of other two targets
are very strong and correspond to the concentration of the templates added in to the PCR.
Very high cross hybridization signals are observed from the 16S captures of L. depurator,

which is very closely related to the target L. vernalis. The other false positive signals are very

low compared to the specific signals.
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Fig. 27: Signal pattern from the multiplex PCR amplicons of three closely related crustaceans in the ratio G.

rhomboides: P. marmoratus: L. vernalis.

4.8.3. Target detection in presence of background samples

The efficiency of the captures in detecting a single target in presence of large number of
background samples was checked by hybridizing a mixture of environmental samples
containing DNA from gut content of fishes and non-target polychaete samples collected from
the Adriatic and the North Sea from where the targets are being collected. The influence of
the presence of background samples on the signal intensity has been checked by hybridizing
the target DNA along with different concentrations of the environmental samples. Fig. 28
shows the signal patterns of N. hombergii and I. coindetii when hybridized with different
concentrations of the background samples and the signals gradually decreased with increasing
concentrations of the background. When the background is 20 times higher than the target
DNA the signal of I coindetii 1s completely lost and N. hombergii can still be recognised with
a weak signal.
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Fig. 28: Signal pattern of the targets N. hombergii and I. coindetii when hybridized with varying concentrations
of the background samples.

4.9. Application of chip in ecological studies

4.9.1. Gut content analysis:

To check if the chip can be applied to environmental samples, gut of demersal fish 7rigla
lucerna 1s put to analysis. The gut content sample was collected, DNA extracted and both the
16S and COI genes were amplified with labelled reverse primers and hybridized on to the
chip. G1 from Fig. 29 is collected from a single prominent material that appeared like a crab
under microscope and G3 is the homogenised sample of random picks from the miscellaneous
material present in the gut. G5 is a mixture of PCR amplicons from six different samples in
the gut. All of samples gave a significant signal from probes specific to the crustacean G.
rhomboides. Very weak signals are however seen from other probes specific for M.
norvegica, H. diversicolor and L. depurator. The gut mix sample gave signals from many of

the probes but the signals are very low to decipher the real presence of the target.
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Verification of the result is done by sequencing the 16S and the COI gene of all the gut
content samples and aligning them to the known sequences. The best fitting alignment can be

seen in the appendix 1.1.
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Fig. 29: Signal pattern of the gut content of Trigla lucerna hybridized on to the microarray. G1: sample collected
from one position and non-homogenised, G3: homogenized sample of the random picks from different places of

the gut, G5: mixture of all the gut content samples.
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5. Discussion

Essentially, the development of a first prototype of an Invertebrate microarray has been
accomplished in the course of this study, its function was successfully tested by identifying a
few invertebrates found in the gut of a predator fish and for one of the critical steps, the DNA
extraction from these animals, the FTA elute method was adapted which is already a standard
in biomedical DNA-analytics. Nevertheless, some technical and biological details could not
be worked out satisfactorily as for example the “simplified” multiplex PCR and sensitivity as
well as specificity tests under practical conditions. The status reached in terms of these still

existing limitations will be discussed in more detail in the following paragraphs.

5.1. Standard DNA extraction method

None of the ten DNA extraction methods comparatively tested in this study gave satisfactory
results with all animals included and belonging to three different phyla. The most commonly
used commercial kit (Qiagen) and the new technology based on FTA Elute (Whatman) are
found to give best results if the amount and quality of the extracted DNA were taken as
criteria (Table 12). Whereas no DNA could be obtained from individuals of the species C.
crangon and L. mediterraneum with any of the ten methods tested, in all other cases DNA
extraction was successful (Table 11). Out of the two classical methods phenol chloroform and
Chelex the former one produced more DNA compared to the latter but the marker gene
amplification from this DNA was not successful. Whether chemical components used during
the extraction process may act as PCR inhibitors blocking the Tag polymerase or whether
other reasons are responsible for this failure could not be investigated in the framework of this
study. But these classical extraction methods commonly used in many molecular genetics
studies of marine invertebrates (Chen and Yu 2000; Sinha 2001), are not considered as
suitable since they are very time consuming, are based on tiresome protocols and the
chemicals used are toxic or an potential health hazards. Majority of the DNA extraction kits
summarized in Table 2 use proteinase K for cell lyses, silica membranes for purification or
diverse other materials which makes them sophisticated and expensive (Rohland and
Hofreiter 2007). Only the Qiagen and the Peqlab extraction kits and none of the others were
able to produce any DNA from the samples used. Since all the samples used in this study are
stored in ethanol, it could be that lysing the dehydrated tissue is difficult for some of the
methods and not for others and in case of the polychaetes and molluscs the amount of tissue

was possibly too less since their tissues are hard and leathery and the crustaceans could partly
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not lysed at all because of their shells, but relevant is the comparison and that there are
methods which worked. So, the Quigen kit and the Whatman FTA Elute system were found to
be suited as standard methods which can overcome these drawbacks and can efficiently
extract DNA from any kind of tissue. Since the DNA extraction and storage protocol is much
more simple and robust in case of FTA Elute it was finally selected as method of choice.
Using this method DNA extraction was successful with all samples (Table 11), it is easy to
handle and the purification and elution protocol is simple and quick. The DNA extracted from
the new FTA Elute cards 1s quantifiable as it is eluted into the solution unlike the standard
FTA cards, but the concentration of DNA 1is lower compared to DNA extracted using the
Qiagen kit. Hence more volume is used as template in the PCR reactions (Coyne et al. 2004)
and there is no problem with degradation of the DNA since the FTA paper can be stored for
long time and the DNA can be eluted from the paper when ever necessary which allows the
analysis of the same sample many times. Since storage i1s performed in dryness at room
temperature this method avoids both the high costs of freezer and activation of nucleases in
water containing samples. Though the Qiagen kit produces more DNA FTA Elute is more
preferable to use because the samples can be “extracted” during collection directly on the
field without ethanol (Dobbs et al. 2002), the easy transport is very advantageous because of
customary air transit problems (Crabbe 2003), for large collections storage at room
temperature 1s cheap (Lin et al. 2000) robust and safe (Smith and Burgoyne 2004) it can be
used on any kind of tissue with minimum amounts of tissue and above all, one of its greatest
advantages 1s the extremely low cost per sample. All this makes FTA elute a promising

standard technique for microarray based DNA-analysis of environmental studies.

5.2. “Simplified” multiplex PCR

As the invertebrate microarray consist of both types of probes deduced from 16S and COI
genes, it 1s desirable to label both targets in the same PCR reaction to reduce cost and time.
Such a multiplex PCR amplification procedure is broadly used and after optimization of the
annealing temperature and the concentration of Mg”" ions and dNTPs good results can be
obtained (Henegariu et al. 1997). Both 16S and the COI genes have been successfully
amplified from all the target species except the crustacean Crangon crangon (Fig. 9). COI
DNA from this organism amplifies at 40 °C annealing temperature (Fig. 8) and not at 45 °C
the optimized temperature for the multiplex reaction. (Fig. 9). Therefore target DNA from

these two genes are amplified in separate reactions. With the addition of similar amounts of
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the primers, dNTPs and Mg”" ions an equal amplification of both the genes is shown in the
gel picture in Fig. 9, but that is the situation if the PCR’s are run in separate vials.

A true multiplex PCR can not be carried out, since the fragment size is identical in all targets
and there 1s no analytical technique available to quantify the amount each gene is contributing
during the PCR reaction. Therefore this type of PCR is called “simplified multiplex”, since it
can be assumed but it is not proven that the concentration of the individual target DNA 1is
identical or at least similar or rather different.

This approach was also used to amplify both the genes from two, three and mixed templates
for the sensitivity experiments of the array. All the chemicals and the conditions were kept the
same as during the “simplified multiplex” PCR mentioned above except that the two and three
different DNA templates were added in different concentrations but normalised in such a way
that their final amount in the common single reaction was identical. Even the 16S amplicons
which vary between different organisms because of the small gaps in their sequences (looped
structure), can not be discriminated on the gel. Presuming the amplification to occur in the
desired ratios, further assessment could have made at the level of the hybridization results.
But the overall intensity of the signal was found to be very low (Fig. 19 and Fig. 20)
indicating that the degree of amplification during the PCR was very low in general. One
reason would be competition of the primers for binding to the template leading to less
amounts of amplicons from each of the templates. In some cases when mixed templates are
used in varied amounts, the final product did not seem to maintain the same ratios (Fig. 27).
The reason could be the high number of amplification cycles used for labelling. Generally the
most obvious variation in the amount of PCR products compared to the amount present at the
starting phase occurs around 24 -28 cycles, since at 40 cycles a plateau state is reached which
makes it impossible to estimate the amplification rate of different targets. Nevertheless all the
targets used in the mixed PCR showed hybridization signals which means that all the
templates were amplified successfully. So, for more quantitative results a calibration method
1s needed to estimate the PCR efficiency of each target, since the advantage of using identical
PCR primers for all targets should not be given up. Such a method would be very beneficial
for field applications since an efficient true multiplex PCR is very much necessary to amplify

the diverse DNA present in the environmental samples.

5.3. Evaluation of the capture oligonucleotides

The success of any microarray experiment depends on the quality of the oligonucleotide

captures present on it. The critical issue i1s that all the probes should exhibit similar
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characteristics in terms of binding behaviour, steric hindrance and orientation, so that the final
hybridization signal is comparable from all the probes. This greatly depends on the GC
content corresponding to the melting temperature of the probes. One of the chip design
internet services, CDIS (http://www.miconet.uni-bremen.de/) has the advantage of managing
vast sequence data sets and generate probes according to the specified criteria along with the
mismatch details to other targets or non-targets and direct links them to the possible cross
hybridizing sequences present in the NCBI databank. This reduces the work necessary for
checking the specificity of each probe separately first by BLASTn search and then
experimentally.

Only a few sequences of the target species are newly obtained during this work (Table 13)
compared with the total number of invertebrates present in the European Seas and with the
number of them their sequences can already be found in the database (Table 14). Therefore
the non target sequences may not represent the whole population of invertebrates. So, DNA
from other organisms can produce false positive signals during hybridizations when
environmental samples are analysed with the microarray. Therefore the reliability of the set of
capture probes which was designed and used during this study was checked in silico against
all sequences available from organisms of the three phyla. In an attempt to further reduce
false positive results redundant probes were selected after optimizing the hybridization
conditions and after checking the specificity with a few non target organisms.

Single nucleotide polymorphisms were not observed among the 16S and COI sequences of the
species used in this work. But as the sequences used represent only an extreme small part of
the individuals found in the environment, unspecific binding from other organisms or false
negative signal from specific target sequences not belonging to the species covered by the
microarray developed here are to be expected. To minimize this effect more than one probe is
designed for each species and is not removed from the microarray even if its signal intensity
was found to be very low.

The capture design from the short COI sequences showing a high degree of diversity was easy
compared with 16S probes which could not be generated within the narrow range of length
and Tm because of their restriction in terms of secondary structure and less sequence
diversity. One of the 16S probe (Ic_16S_a) is even 45 bp long showing luckily a moderate Tm
of 84 °C because of the GC content of 36% (Table 15). The oligonucleotide binding mainly
depends on the hybridization temperature which is primarily dependent on the Tm. Often long
captures operate under low stringent conditions (Guschin et al. 1997; Loy et al. 2002; Rudi et
al. 2000; Southern et al. 1999; Wilson et al. 2002). To increase their sensitivity concurrently
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fragmented target molecules (Guschin et al. 1997; Koizumi et al. 2002; Small et al. 2001) or
short PCR fragments (Rudi et al. 2000; Wilson et al. 2002) are used for hybridization
analyses. But this increases the danger of false positive signals. By avoiding the fragmentation
of the target in combination with optimized hybridization conditions the redundant probes of
both 16S and COI used 1n this study highly specific signal intensities were obtained (Fig. 14).
Even though the probes are diverse in their criteria in silico, at optimized hybridization
temperatures majority of them gave strong signals. But these true positive signals are
significantly heterogeneous in their intensities (Fig. 15). These differences in the fluorescence
signals from the probes of the same species can be clearly seen on the array picture (Fig. 30).
This problem was commonly seen in many hybridization experiments (Kochzius et al. 2008;
Peplies et al. 2003; Ronning et al. 2005; Warsen et al. 2004) and it may be overcome by a two
color approach (Palmer et al. 2006) or only by adapting extreme methodical effort (Shi et al.
2006). The binding efficiencies of the probes on the microarray may be sequence dependant
or effected by the steric hindrance and secondary structures (Southern et al. 1999)
(Shchepinov et al. 1997). Another reason for the heterogeneous signals could be the position
of label (POL) effect (Zhang et al. 2005), which describes the difference in the distance
between the capture binding site of the target DNA molecule and the position of the
fluorophore attached to that molecule. In both cases of 16S and COI probes a direct relation
was seen between the signal strength and the distance of the capture binding site to the probe
(Fig. 16 and Fig. 17). Preventing this effect is possible by using alternative labelling methods
during amplification of the target DNA with labelled dNTPs or by adding labelled signal
captures into the hybrization solution (Giinther 2004), which bind to and label the conserved
regions of the target DNA used.

S.4. Specificity of the microarray

Application of microarray based identification of invertebrate species using specific markers
was achieved in the present investigation. Earlier reports of suitability of COI as well as 16S
rRNA for species differentiation has prompted us to test and compare both these genes for
discriminating the invertebrate species. While 16s rRNA marker based probes could
differentiate only 12 of the 15 species (Fig. 13 and Fig. 15), the COI markers worked well for
all 15 species (Fig. 14 and Fig. 15) thus indicating superiority of COI over ribosomal marker.
Furthermore, the overall cross hybridization observed were less which mainly included cross
hybridisation by the 16S probes of closely related crustacean and molluscan species which

could be due to the conserved nature of the ribosomal gene in a single class of organisms
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(L. depurator and L. vernalis) (Fig. 30) and also due to the relatively long 16S capture
designed for the molluscan species I. coindetii, all other molluscan targets were binding to it.
However the total number of cross hybridizations observed was less and their signal intensity
1s so low that it 1s quite negligible compared to the very high true positive signals (Fig. 15).
On the other hand COI targets bound very specifically to the probes and out of the 15 species
only one was found to bind unspecifically to the capture of other targets which makes the
mitochondrial COI gene very useful for species level discrimination of these animals. Further
testing of the microarray with the non target species is important to analyse the specificity of
the chip because even after extensive in silico analysis with comprehensive sequences, there
1s a chance of the individual non target DNA collected from the same environment that is not
sequenced yet or have an SNP with the target gene to bind specifically to the target capture
(Kochzius et al. 2008). Hybridization of four non target DNA from polychaetes that are
closely related to the targets enhanced the specificity of the microarray as they showed a weak
cross reaction from just a single probe specific for the target N. hombergii (Fig. 30 and Table
17). Hybridization temperature and the incubation time greatly effect the specificity of the
microarray since they vary depending on the annealing temperature of the primers used for
target labelling and Tm of the oligonucleotide probes. Optimization of these conditions for
high specific signal and low unspecific binding is highly desirable prior to any routine
hybridization experiments (Fig. 10 and Fig. 11). Under optimized hybridization conditions the
invertebrate microarray developed in this study was found to be highly specific for the 15
target species used and can probably be applied in species identification procedures in
ecological studies if used with care. The reduced cross reaction signals and the high
specificity of this microarray may be due to the low number of species investigated. But
extending the chip for the identification of more species may not retain the specificity to this

extent.
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Fig. 30: Example of a microarray showing signal profile of two closely related targets (L. depurator and L.
vernalis). In these experiments both 16S and COI genes are hybridized together. 16S probes of both the species
show cross hybridization with both target DNA while the COI probes show signal only with the specific target.
Complete thick lines: True-positive signals; Dotted lines: False positive signals.

5.5. Sensitivity of the microarray

Routine utilization of any microarray would desire simultaneous detection of large number of
samples in one experiment and efficient discrimination of the target species even in presence
of high amount of background samples. The results shown in Fig. 19, Fig. 21 and Fig. 23
representing the hybridizations of two target DNA mixed in varied proportions demonstrate
that the signal of one target was not effected at all. Even in the presence of ten fold higher
amount of the second target the two targets can be easily be discriminated by the microarray.
In case of hybridizations with mixed PCR amplified samples the signal of one target
decreased gradually with the increase in the amount of the second target indicating the
influence of similar populations upon each other in the hybridization solution. Similarly in
three-target hybridizations Fig. 25 - Fig. 27 when two targets are present in very different
amounts the third target can still is detected at least in case of one probe. But an overall
decrease in the signal intensity from the multiple target amplified products was probably due
to the low amplification efficiency during the labelling PCR.

Further, the ability of the microarray to detect the target species in the presence of large
amount of background samples in different proportions can be seen in Fig. 28. A variety of
DNA from phytoplankton, polychaetes and gut content of fishes were mixed and used as a

“background” in this experiment to mimic a natural situation in the oceans. The target signal



5. Discussion 97

gradually decreased as the background concentration was increased but the target can still be

detected in the presence of a 20-fold increased concentration of the “background”.

5.6. First application

The main drawback of using microarray for the detection and monitoring of environmental
samples is their possible cross reaction or unspecific binding resulting in mis-identification of
species. This could originate from the many unknown organisms present in the environment
since the microarray is designed only for the known species. Additionally, as the microarray
carries captures for only a limited number of organisms it is impossible to detect those
organisms not represented on the array (Gentry et al. 2006). Further, DNA microarrays used
in environmental applications may pose problems in identifying the species lacking exact
match, undiscovered haplotype and geographic variants as they cannot anneal to the probes in
the array (Hajibabaei et al. 2007). Designing higher level probes such as those specific to the
genus and class may probably help to identify unknown organism belonging to the same
taxonomic group.

Though having these minor drawbacks microarrays have already been developed for broader
application for example in ecological and biodiversity assessment studies of microbial
communities and algal blooms (Franke-Whittle et al. 2005; Gescher 2007b; Peplies et al.
2004). The critical step was in these cases the optimizing of the probe design criteria and
hybridization conditions for the particular environment. Overcoming the above mentioned
problems would further increase the applicability of microarrays as a barcoding tool by
identifying any organisms down to species level without extensive sequencing taxonomical
investigations (Hajibabaei et al. 2007; Hebert et al. 2003b).

Application in the environment of the invertebrate microarray described in this study could be
in ecological and marine food web studies. One example would be analysis of the gut content
of demersal fish (predators of invertebrates). This is an important procedure to have an
overview on the invertebrate biodiversity and the marine food chain. Hybridization of the
DNA extracted from the gut content of the demersal fish 7rigla lucerna Fig. 29 showed high
signals from the probes for the target G. rhomboides and few weak signals are also seen from
the probes for other crustacean indicating the high presence of crustaceans especially crabs
which are known to be common preys of the fish. Though the signal intensities indicate the
definite presence of the target in the gut sample, validation of the result with some other
analytical techniques is necessary to support the initial observations of the hybridization

experiments. As the gut of fish would undergo dynamic changes and the ratio of the prey
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species vary randomly quantification would be desirable but is not possible in this stage of
development. Nevertheless the microarray can be used for regular monitoring of the gut
content for ecological statistics and also to investigate the common preys of commercially
important food organisms.

Validation of the gut content analysis was performed by classical microscopy (Mr. M.
Stagioni, Laboratory of marine biology, University of Bologna, Italy) of the gut content
and/or by cloning and sequencing of the genetic markers from DNA isolated from the gut
content (Mrs. A. Cariani, Laboratory of marine biology, University of Bologna). BLASTn
search of that sequence provided information about the exact species if the sequences
obtained are known from databases or it it is similar to a closer relative with a certain
percentage of identity. The morphological identification of the prey in the gut of fish Trigla
lucerna performed validates that crustaceans comprise majority of fish diet and the crab
Goneplax rhomboides 1s present in highest percentage along with less amounts of Liocarcinus
spp., Alpheus glaber and Pachygrapsus marmoratus appendix 8.6. PCR amplification,
cloning and sequencing of DNA isolated from the gut content performed also validates the
microarray results obtained. The BLASTn results of the sequences showed an 87 % identity to
a crustacean belonging to the class decapoda. But as the microscopical analysis confirms the
presence of G. rhomboides the clone sequences are aligned with the target sequences obtained

in this work and a 100 % identity was found see Appendix 8.5.

5.7. Double marker species identification using microarray

A combination of 16S conserved region and the diverse COI region for designing the
oligonucleotides for microarray was advantageous as the signals from two genes provide an
additional validity of the species identification. 16S gene being much conserved among the
species belonging to a single group, it was hard to find specific regions for capture design.
And even though the probes were thoroughly checked for the specificity in silico, targets
belonging to the same group showed cross hybridizations with the 16S probes of each other.
On the other hand COI being very distinct the probe designing was easier and the cross
hybridization on the microarray was also not observed. Targets L. depurator and L. vernalis
belonging to the same genus were difficult to distinguish with the 16S probes as they showed
cross hybridizations with each other, while no unspecific binding was seen with the COI
probes and both the species could be identified accurately in Fig. 15 and Fig. 30. 16S probes
targeting the species C. crangon, G. rhomboides and L. mediterraneum showed false negative

signals. At least one COI probe for each species gave a signal, though lower in intensity
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compared to the 16S. 16S probes for the targets L. depurator, L. vernalis, M. norvegica, N.
hombergii, P. koreni and H. diversicolor gave very strong signals with specific targets
indicating higher binding capacity of the probe which is beneficial for the exact identification
of the species. In some cases the probes from the COI gene showed higher signals than the
16S. So a particular pattern of signals had been seen which can be assigned to each species
and can be compared while evaluating unknown samples. As both genes can be simul-
taneously amplified in the same reaction as shown in this work, the separate amplification
cost and time are reduced. Having probes for two genes on the same microarray is beneficial

for the correct identification of the species.

5.8. Outlook

The results obtained in this work allow a bunch of further investigations related to
methodological improvement and application on real life samples. Signals from different
probes specific for the same species were very heterogeneous and it would be beneficial to
study the probe characteristics such as binding efficiency (Todt 2006) and spatial arrangement
along with the target behaviour in the hybridization solution to obtain more homogenous
signals. Though very less the occurrence of false positive signals is not avoided in this work
and there are chances of even more such incidents while analysing unknown samples leading
to mis-identification. This can be adjusted by optimizing the hybridization conditions
following simple modifications of the protocols such as increasing the hybridization
temperature by few degrees, using more stringent washing conditions and using different
incubation methods. Achieving modulated amplicons from simplified multiplex PCR was not
successful during the multi target amplifications and two and three targets together should be
worked on to know the exact limitations of the templates than can be amplified together.
Similarly the detection limits of the microarray also need further investigation to know the
least possibility of target identification amidst diverse DNA in the environment. Furthermore
it is important to adjust the design of the microarray and the analysis of the hybridization data
for normalization purposes which was not in this work. Specific signal intensity has to be set
as a control which determines a positive signal for each probe individually which is more
important in analysis mixed samples.

Quantification of the species identification is also needed for any ecological studies and to
analyse populations in a defined environment, methods already shown to quantify microbial
population (Palmer et al. 2006), can be adopted to marine organisms to investigate the diverse

populations of the ocean.
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Another chance for using this DNA based system is for the quality control of sea food. There
1s an urgent requirement for reliable and modern analytical methods to check the quality of all
commercial sea food species in Europe and in the USA with the increasing concern of the
public about the mislabelled sea food species sold in the market as already seen in case of the
fish (Marko et al. 2004). Including species name in the labelling of the sea foods has been a
strict regulation by the European Union (EU Council regulation No. 104/2000). This also
implies to the invertebrate food species such as mussels and shrimps and microarray which
can 1dentify these species will be of potential help for these purposes. But further extension of
the chip will be required in terms of developing probes for all the commercially important
species so that all of them can be analysed simultaneously. The sequences developed for the
targets on the chip and some of the additional sequences developed in this work can be used
for the probe designing approach for microarrays or for any taxonomical studies or even for
the barcoding purposes. Further the invertebrate chip can be extended to more probes for the
identification of more species present in the European Seas. And in far outlook with the
development of more probes a separate crustacean, polychaete and mollusc chips might be

produced for identification of species of particular phyla on a large scale.
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7. Zusammenfassung

Neben Genexpressionsstudien haben DNA Mikroarrays auch grofles Potential, in anderen
Bereichen der Wissenschaft eingesetzt zu werden, in denen der Bedarf zur hoch parallelen
Untersuchung einer groen Anzahl von Organismen besteht. Hierzu zdhlen in der marinen
Okologie das Studium von Nahrungsnetzen, der Biodiversitiit oder die Artenidentifikation im
Allgemeinen. Auf Grund der sinkenden Zahl von auf morphologische Kennzeichen
spezialisierter Fachleute ist dies von groffer Wichtigkeit.

Die Entwicklung von Mikroarrays und ihre Anwendbarkeit in Umweltstudien hingt sowohl
von der Verfiigbarkeit hoch spezifischer Fangeroligonukleotide als auch von der Optimierung
der spezifischen experimentellen Bedingungen ab, um eine einzelne Spezies in der Gegenwart
einer grofen Menge an Hintergrundproben nachweisen zu koénnen.

Um die Nutzung dieser Technologie zu ermdoglichen, wurden die damit verbundenen
vielfaltigen methodischen Probleme in dieser Arbeit intensiv untersucht. Dies fiihrte zur
Entwicklung eines Mikroarray Prototypen mit 64 Oligonukleotidfingern gegen 16S und COI
Gene von 15 haufigen Invertebratenarten mit wissenschaftlicher und 6konomischer Relevanz
der européischen Meere.

Ausgehend von Sequenzen fiir Zielspezies, die im Rahmen der Laborarbeit erlangt wurden,
und von Sequenzen fiir Ziel- und Nicht-Zielorganismen aus der Datenbank wurde ein
verlassliches Set von Fiangern entwickelt, das das Kriterium der Spezifitit in silico erfiillt und
nach der Optimierung der Hybridisierungsbedingungen noch redundante Proben enthalt.

Die Spezifitit und Sensitivitit des Chips wurden sowohl in silico als auch experimentell
untersucht. Hierz7u wurden die Hybridisierungsbedingungen entsprechend optimiert.
Spezifische Signale an den jeweiligen Fiangern auf dem Chip konnten beobachtet werden, was
zu klarer Unterscheidbarkeit der untersuchten Arten fiihrte. Falsch positive Signale konnten
wiéhrend der Untersuchung signifikant reduziert werden. Das Design der Fanger sowohl fiir
168 als auch fiir COI Gene erlaubte die Steigerung der Genauigkeit bei der Unterscheidung
sogar sehr nah verwandter Arten, die auf Individuenniveau sowohl inter- als auch
intraspezifische Unterschiede zeigten.

Als erste Anwendung des Mikroarrays wurde das Verhalten in Multi-Target Experimenten
untersucht. Hierbei wurden Unweltproben durch definierte Gemische verschiedener Arten in
verschiedenen Zusammensetzungen nachgeahmt. Die Fahigkeit des Chips, eine niedrig
konzentrierte Zielart in Anwesenheit eines groflen Hintergrunds nachweisen zu konnen,

wurde ebenfalls durch den Einsatz von DNA verschiedener Nicht-Zielinvertebraten
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nachgewiesen. Die Fihigkeit des Arrays, den Inhalt des Verdauungstraktes von Raubfischen
zu analysieren, wurde untersucht indem extrahierte DNA aus dem Darminhalt des
Grundfisches Trigla lucerna hybridisiert wurde. In Ubereinstimmung mit Abschitzungen
durch klassische Methoden wurde ein DNA-Gemisch verschiedener Invertebraten mit Hilfe
des Mikroarrays identifiziert. Diese Ergebnisse wurden durch Klonierung und Sequenzierung
des Darminhalts verifiziert.

Diese Experimente zeigen, dass der Invertebratenchip semiquantitative Informationen iiber
wichtige Beutearten von Grundfischen und dadurch schlussendlich auch iiber Nahrungsnetze
mariner Okosystem liefern kann.

Da marine Invertebraten sehr klein und ein fiir die DNA Extraktion haufig schwieriges
Gewebe sind, wurde eine kleine vergleichende Studie von klassischen und kommerziell
erhiltlichen DNA Extraktionsmethoden durchgefiihrt. Hierbei sollte eine im Idealfall
universelle Methode definiert werden, um ausreichende Mengen von DNA aus allen Arten
von Gewebe isolieren zu konnen. ,,FTA Elute” stellte sich als sehr verldssliche, billige und
bequem zu handhabe Methode heraus, um DNA zu extrahieren und zu lagern, selbst
auBerhalb des Labors unter Praxisbedingungen.

Zusammenfassend wurde innerhalb dieser Arbeit ein schnelles und relativ einfach zu
handhabendes DNA-Analysesystem zur Identifikation von sowohl morphologisch schwierig
zu unterscheidenden, wichtigen marinen Invertebraten als auch von komplexen

Organismengemischen ausgearbeitet.
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8. Appendix

8.1. Pictures of the target species

Though they were ugly and untouchable at the first sight, they behaved very well all through

the study and they are the most beautiful creatures under microscope.

8.1.1. Mollusca:

Eledone cirrhosa Lentidium mediterraneum  Chamelea gallina Iilex coindetii

Source: www.marlinacuk gy ce: wyw digilander.liberoit  Source: www.marlinac.uk  Source: wwiw.mareinitaly.it

8.1.2. Annelida:

Hediste diversicolor  Nephtys hombergii Pectinaria koreni Sigalion mathildae

Source: WWw.uv.es Source: www.animaldiversity.edu  gource: www.wikipedia.org Source: www.wikipedia.org

8.1.3. Crustacea:

Alpheus glaber Crangon crangon Goneplax rhomboides  Liocarcinus depurator

T

R -
Source: www.marlin.acuk  Source: www.wikipedia.org  Source: www.seaslug.org.uk Source: www.seaslug.org.uk

Liocarcinus vernalis  Meganyctiphanes norvegica  Pachygrapsus marmoratus

Source: www.wikipedia.org  Source: www.wikipedia.org Source: www.marlin.ac.uk
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8.2. Allignments of the target sequences

8.2.1. 16S alignment and oligonucleotides

All the oligonucleotide probes designed are marked in grey and the dark portions show the

overlapping regions.

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum

Liocarcinus depurator

10 20 30 40 50 60 70 80

B T I I I T TR IR IR IR IR P IR e R R
AGCATAGTCAATAGTCTTTTAATTGGAGGCTTGAATGAATGGTTGGACATAGGGAATACTGTCTCTATTTAATARRAGTG

...... Bevevieennn Be.. . Al CUNN OGN .. 7. .......T.TA
...... A A.T.TCC A...ATA.....A ... ... .. ... ... GA.RATT.AT...........AT.ATT.TTA.
...... iy T T.........AGRA. T. . ... A._.A. . BG...........AT.A...TTGA
...... iy T.T.C.......... A ... A.T.....A. ACAC...AGAAT. .AG.......AT..G...TTTTREAT
GC.A..... T C..e e G.AAAG.T..... G..ACT G.G..A.TA. .. .... T.T.RAATGAG.TTTGA
...... A...T....TC........BGRA. . G.T.........C.....AGA.AG.G.......... A ATTA. . TT.AR
...... A...T....TC........BGRA..G.T.........C.....AGRA.AGTA. ........GA.GTTC..TT.AR
...... B T e e i i eeeeae T CL .. AGRRRAC.G.......TC.A. .G.ATTT.T..
...... iy T.T.C.......... A ....A.T.....C..ACRRA.TGA. .ATT.AG........TARAG.A.TCTRARDL
...... A..GT....T.C........GAT....T.. ... BB AG.AT......T.. . AGTTG.C.TTGA
G.GA.A.T.C.C.C........ TG...... T e e e oo A AR, . GAG..CC.AG........ T.AGT.A..CTRARD
...... iy T Co e e B .G ... CLBARE. GAGATT. .C........C.. AR, .CTTCCTAT
G.GA.A.G.T. .. i e i iiaa AR.G.T.......... TA..G...RAT.ACTGTCT.TGGARL . TA...TTRAL
...... AAT.T.C...A.....T...... B .. ... T...GA... TT.AT..........C.T..TTTTTA.
80 100 110 120 120 140 150 160

..... TC..C.AGGTGA...G.C.TACGTA.ATG. .ARA.ACGAGA.GAC. .TATCG.GCT.GGT .ATAG.TG. .C.AGA

.T.GACTT..AAG. .ARA..GGCTT.AAT....TAGG...ACGAT.AG.CC.TA. .A.GCTT.AT.CAT.A.G..A.GT.A
.T.GACTT..AAG. .RA..GGCTT.AAT....TAGG...ACGAT.AG.CC.TA. .A.GCTT.AT.CATTRAAGC.G.GT.A
............. A..A. .. ....T.A....A. ... AARAT. ... .. iitieeeseennn...G. . AAT.A.ARCTATAA

..A.T...CAGGTGA.G...C.TGATTA...A. .ARA . ACAAGA.GAC. .TAT.G.GCT...C.TRAAACC. .A.ATC.

.C..A.CT...A.GTGA...G.CTTAA.TATAT.A.A. .. .ACGATA.GAC. .TATA. .GCT.G.TATTC.TT.AGTAT.A
.GGC....AGGTGA...GAC.TARA.TA.A..C.AA. .ACAAGA.GAC...GTAG.GCTC.GT.CTCAT. .RATATAG
LJALL.GLCLLL.GLL L. G..A.C.A...CCCA..ARRR...A.G. ... TG.GT..T..CARAT.ARAT.T.A

170 180 190 200 210 220 230 240

B L B T I B e B T e T N e N
TTATAATTTATGGTTARAGGGAAGT T T ARG I ACCTCAT T ATGETGEEEEEGCAGGAATARAATTTGTARCTGTTCTTAR
AATA.T..GG.A...T..AATT.TA...G....TT.TTG.TGAGCT. . .GC.GTTTTTAT. . .ARAA.T.ACTG. AAGTT
..T.TT..A.A.T.A.T.TAATTA.G.T.TGGGTT.A.A.T.TGATT. .G.TG.TC. .GG. . TAAAAA .GA. TAATG. . T
AT.G..... AATA.T..A.ATTTAA.TTAA.T.T.TTA.T.TA.T...GC.ATAT. .AT.T.AG.TAT.T.AACTG.TT
AA.CTTAG.TATTAGTTT. . TTG.GAC. .CC. . AAGACAA . . AAACCTCTTAGEWA . T. . . TCACACAC. .ACCCAA. . .
. .GGGTAC.TA.RA.GTTTTACTG.GGC . GTAG. ARAGGAA . ACT . TTT . TTATTTA . CGG . TCCC . TCGTTA.G. .AA.G

AT .G.2aTA. A T RGNS TARGG ST AT . .GTAAC .GA. TG
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Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber
Crangon crangon
Eledone cirrhosa
Goneplax rhomboides

Hediste diversicolor

A.T..... G.A.TA...... Tr TN CARENFCTINCEN T . .~ . TAAGG. . T. .. .AT.GGTAAC.GA.T.
BA........ GCTA.TT.ARATTTA..T...GGAT.TTA.T.TA.T...GC.ATAA. .AT...A.AAGT.ACTG.T..T.
.CTA.TAA.TATA. .TT.CTATCERRACCARCHANNTTCCTINGENE . 2 . ABAG. A . .AC. . .AACC.TC. .TCA. . .TT
acTCT . A . JCCANCEETNTARNGIEIIGETGCTTARAT . . TATTATATTG. .GC.AT . A. .GTARRA . G.A. AR . BACTG

GGGG. .A.AT.TTA.CTTTTTTCTA.A.TTAA . ARGAGAAC.CAGCT . .G.CGGCTG.GG. . .A. .AA.T. .TCCA..T.
AT.TT.A.CGAT. .TGTT. .GGCGACCCAGG. .CATT.A.AC.CTCCTTTAT.CTC.AG.GC.AATCCCTCA. .TCA.T
ATC....AGAAT..TT.TT.GG.CAAT.TAA.TCAA.A. .ACGGTTTAATAACTAG. . ... GA.CC.TGTC.ARAGA. .
AT.T.A.ATATT.A..T.AT..TA.AT.AA.TTTAAT.GGG.TGATTAA. .A.TA. .G. . TTA.ATA.TARC...C.T.

250 260 270 280 290 300 310 320
B e e e T e e e N e e e
ARRAAAATAATTATAATTAGTATGTGACCCTARACTTTAGGT TGGAAGATCAAGTTACTTTAGGGATAACAGCGTTATTT
~..TT..A.TA..A.TA..TAG.T.A.TAAG.TC.C....... T.G....T..RAG...AAGTTAC.TTAG.GA.A.CAG
.T.T.T..T.ACT.CC...TATATAA.TAT.T.TAGA. .AA.ARACC. .GAGTT. .G. . .A.AA.TA.GTTA.CA. .GGG
«...TT.AT.CA.A...ATT.GGT.T.RAAGTT.AAGATCC. . TTT.TGGATTT.A.GGC. .A. TTACTTTAG . GATAAC
TGTCTT.G...ATAGC.ACC.TA.G. .TARC.GG. . AATCC.ACT.GAGAG.TCAC.T.GACA.T.GGGGTTG.CACC.C
(O G.T.CCG..GGG.TA.CAGCGTAA. TTT. . AEFINAGIIEHL . . .G.A GGAAAGTTT.CG.C.TCGA.GT.GG
.G..GT.ATCAATG.TA.TTGG.TAA.G.A. . . TTGA.CCT. . TT. .AGATT.AAG.T.AAGTTAC. TTAG.GA.A.CAG
. ..G.C.ATCAATA.TAGTTGT . TAAGTTA. . . TTGA.CCT.CTT. .AGATT.AAG.T.AAGTTAC. TTAG.GA.A.CAG
.T.TTTTA.TGATAGT.GTCAT.T.A.GAG.G.T.C.GTAT.ATAG.TTAT. . .A. TAAG. TACTT. . GEGGATAAC .GCG
.G.CCT..C.G.TAC.A.GACCC.GT.TTACCG.T.AR.A.ARAA.GCTA.C. TAGGGA.A.CA. .CT.ATC.T.CTAGA
CTTT.TT.TTGG.C..AATT. .ATGATTAG.GTGTAAC . AAAGATCCT . AAT . TAG.T. .A.A.AT. . .GTTAC. . TAGG
..TC.G.ACT..GA.TAGC.C.AT.AGG.T.C..GCCC.ATC.TA. .CTGACCCC.TA.AGGATC.A.GA . AATAGC . AC
T.G.TCC.TTA..G.TCC.CAGAA.A.A.TACC. TAGGGATAACAGGCT . ATCT . CTTAGAGA .CTC. . ATTGA . A.GAA
.T.GC..R.GC..CCGCAG.G..RAC.G.G.T.T.C..CTTAA.AG. TCGA. TTGAGAGAAG. . TT.GCG.C.TCG. .G.
G.TT..... TA....TAG.TA.A..A...RAT..TA.ATT.C.TAT.ATAT.GT.AC.A.AG. .ATA.CAGCGTRAT. .G

330 340 350 360 370 380 390 400
B e e e T e e e N e e e
CTCTTGAGAGTTCTTATCGACAGAGATGTTTGCGACCTCGATGTTGAATTAAAGTTTTACCTAGGAGTAGTCGTTTAGET
ATAATTTTCC.TGAGAGTT.TT.TCGACAG.A.TAG.T.GACC.CG. .GTN.A. .AA.GTCTCCTC.T
A.ARCAG.GTRAT..T.TT.G....T.C..ATTA.ARARAA . A .A.TGCGACCTCGA.GTTGG.TT.AA.T.ACC..T. .G
AG.G.T.TTC..T...AGAGTTC.T. .CGAARAA.GAGTTTGCGACCTCG.TGT .GAATTAA .AT . TCTA . ATAG.GCAG
GATG.TG.CT.AG.GTAACTATT. .GC.CAGC. .TTRATA.A. .N.GT.GGTCAACCNTTAA.TCCT.CCGT.GA.CT.A
A.TAAAGCTCC.A. .TGGCGT
.GTAATTTTT.CTGAGAGTC. .T.TCGAAGARAA.GT.T.CGACCTCGA.GTT.AA. . .ARAT.TCT.TA.RA.GC. .CA
.GTAATTTTT.CTGAGAGCC. .T.TCGAAGARAA.GT.T.CGACCTCGA.GTT.AA. . .ARAT.TCT.TA.RA.GC. .CA
TAA..TTCTT.AAGAG.TCTT.TCT.CAAGARA. .TTG...CC.C..TG.TG.A. .AA.AG.TCTTTA..GT. .AGCA.C
GAGCCC.C.T.GA.AGAA.GG.TT.GCACC.CGATGT.G.C.TAGA.TACCCTCCGG.G.AGCA .CCCG.GRARAGGTTG
GATARAC..C...A..T.TTTTGAGAG.TC. .ATCGARARA .AAG.TTGCG.CCTCGA .GTTG.ATTAA.A.TTC. .TACA
.. .GG.GATAACAGAT.AAT.CTTCT. .AGA.TTC. .ATTGACAGA . GGGCTT . ACACCT.G.T.TTGGC . TAGGATATC
GGTC..GC.CC. .GATGTTGGCTTAGG . CACC . TCTRAATCC.AA.GT.AG.G.GG.AGTTGGTC . ACTT . TAAGGCCC
TGGA.T.T..AAAC.TCTTGGT .CAGCAGC.AT..TGGT. .GAC. .TTCGTCTT. .AATT...T
T.TAGAGAGT.CT.AT.GA.A.ACA.GA. .GCGAC.TCGATGT.G. .T.A. .GTAACCTTAAG. TGCAGAAGC. . ... TA

410 420 430 440 450 460 470 430
B I e e e e e e N e T e

GGTAGGTCTGTTCGACCTTTAARACTTTACA

T.C..ARAGCTCAGATAGG.G..TCTG. .CG.TTTTTARAATTTTAC
CTGCTA.ARAAGRAAGGTC .GTTCGACC . TT.ARATTTTACGTGATCTGAGTTCAGACC
.TCCRA
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Lentidium mediterraneum

Liocarcinus depurator .T..TRARR.D

Liocarcinus vernalis .T..TRRRA . RRA.T.TG..CG.CT....A.TTTTTACGTGATCTGAGTTCAGRACCGGA
Meganyctiphanes norvegica TT. .ATAGAAGGTCTGT.CG.CCTT.AA.TTTTTACGTGATCTGAGTTCAGACCGG

Nephtys hombergii ...T....AACCAT.AAAA.TCTC.G.G.TCTGAGTARA
Pachygrapsus marmoratus AT.GCAGGA. ..GT.AGAGA.GGT. .G.T.GACCTTTAAAATTTTACGTGATCTGAGTTCAGACCGGA
Pectinaria koreni CTGGA.GT..CAGA.G...CC..CGG.GGGTTTGTTCAACCCTTARAAATCCCTACGTGATCTGATCTGAGTTCAGACCGG

Sigalion mathildae
Chamelea gallina

Tllex coindetii A.GTARATCTG.TCGAT...T......

8.2.2. COI alignment and oligonucleotides

10 20 30 40 50 60 T0 a0
D e e e e
Alpheus glaber GTGATAATTTTTTTTATAGTTATGCCAATCATRATTGGGGGGTTTGGARACTGACTTGTCCCCCTAATATTAGGTGCCCC
Crangon crangon FR Cn i it A..T..TC.T..... A..A... . ..., T...T.A..G..TT.......... A..A..
Eledone cirrhosa R C...T...... B...G.T........ T..A..C..... T...T.A...... T e eeee e A..T..
Goneplax rhomboides - A..... C.ouTeennn.. L..A........ T.o... h..... AT.......... h.....
Hediste diversicolor T. Ao C..CT....... B...G.A..... C..... B..... T..Tee.... B....AT..... C.G..G.....
Lentidium mediterraneum R CT.Guuuennnn T..B..... 2 T...T.A..T..TA..... C..TCC.TT..
Liocarcinus depurator R W [ o G..A. . A .T..Teueeeienan.. h..... T T..G.... L..T..
Liocarcinus vernalis L T. . T B..BA..... T T...... Conieee et
Meganyctiphanes norvegica ..R........ C..... G..... A..... T eeenn S GT.A..T..G..T........ L..A..
Nephtys hombergii T.A........ C..CT....A..A...G.A..... o T..AT..... C....Gooo..
Pachygrapsus marmoratus R e e e A G..T........ T. . B iee e [ T..TT.G.evveenn A.o....
Pectinaria koreni C.T..oo..l-- C...C.T..C..A..CG..T.T..... 1 AT..... C.T.C...T..
Sigalion mathildae T.A....a... C...C.T..A..A..... TC.TG.G..A. . A, . i i e e A....TT..... C.T..G..T..
Chamelea gallina FR C...C....A..A. . T.. AL iiinnnn A..... G..... GT.A..T..TT....GC..RCRATA..
Tllex coindetii g o B..T..Teeeeann. B, T..T...T.A. B B..T..
g0 100 110 120 130 140 150 160
| | | | | | | | | Ny p—— | | | | |
Alpheus glaber GGATATGGCCTTCCCCCGAATRRACARATATARGATTCTGGCTCCTGCCCCCCTCTCTAACTCTTCTCTTATCTAGGGGGET
Crangon crangon T.o.... A..T..... A..T..... T AT.GT.A..T..TG..T.......... TC. . .[EET
Eledone cirrhosa B..... B..A..... B, Tt e eieeennnn A..T..C..... T..C..C...T.A..TC.CA.ATCT.CCG
Goneplax rhomboides T..... L.o.... T..T..T..... T..C..G..... T..AT.A..T..T...... T oen . CT.AC..ATL. .L..L.
Hediste diversicolor T..... B..A..... A o o AT.AT.AR..A..AR..C..... L A..A.CRG
Lentidium mediterranseum —  ......... T..T.. B T...T....T..T..AA.T..T..TTG....T.CGG.T.AT.AAC. . .G.TCTCTTT
Liocarcinus depurator T..C.. B Teuun. T eeenn [T AT.A..C..A..T..Geveeereennnn C.CATA..A..CA
Liocarcinus vernalis T..... A..T........ T..... T..C..G..... T..AT.G..A. . ...... G..... G..... TC.CATG. .A..TA
Meganyctiphanes norvegica T..... A..A..T..A..... G..T..C........ T..AT.AT.AL.A..T...T........ T.A. .. GEEIIANITY
Nephtys hombergii To.... A..T..... T..TT....T...... TCT..... A..T..T..... T3 00T000locoaac TG . TAFATCCICAG
Pachygrapsus marmoratus L.o.... A..T..T. . G........ B T..A..TT.B..T..... cT..T....CT.AC.TA.L. . RR LD
Pectinaria koreni A..C..... 2 C..... Tewon. A..T..C..T..GG.C..G.T...... TC.GAGCTCC.CTG
Sigalion mathildae T..C..... T.o.... A..TC.T..Tuuuu.... G..T..A..A..C..T..T....... Pocooao 7. . .G . nG
Chamelea gallina A..C..A..A..... T..T..... T...C.T..G..... AT.GT....GGTG...A..TTAT.A..A...GG.TCT.CTT
Illex coindetii L..... A, .T..... G..T..... Tt eeieens T..AT.A..T..A..A...T..... A AT.AC..G.CTCTTCAG
170 180 190 200 210 220 230 240
D e e e e

Alpheus glaber TGGTGGARAAGCGGCGTCGGCACTGGGTGAACTGTCTACCCCCCTCTGTCAGCTGGGATTGCCCACGCTGGGGCCTCAGTA
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Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
Meganyctiphanes norvegica
Nephtys hombergii
Pachygrapsus marmoratus
Pectinaria koreni
Sigalion mathildae
Chamelea gallina

Illex coindetii

Alpheus glaber

Crangon crangon

Eledone cirrhosa
Goneplax rhomboides
Hediste diversicolor
Lentidium mediterraneum
Liocarcinus depurator
Liocarcinus vernalis
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8.3. Phylogenetic trees of the target sequences

8.3.1. 16S Phylogenetic tree
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Fig. 31: Phylogenetic tree of the 16S sequences
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8.3.2. COI Phylogenetic tree
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8.4. Layout of the Microarrays

8.4.1. 16S Microarray
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8.5. Alignment of the cloned gut sequences to the target sequences

8.5.1. 16S alignment
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8.5.2. COI alignment
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8.6. Microscopical validation of the gut content analysis

Strategia alimentare di Trigla lucerna (Teleostei, Triglidae) in
Alto-Medio Adriatico: note di 7 campagne di pesca a strascico

M. Stagioni*?, E. Mazzoni', 5. Montanini', M. Vallisnen?

Laharatonio di Biologia Marina e Pesca o Fana (PU), Universita di Bologna, ltalia
Dipartimento di Biologia Evoluzionistica Sperimentale, Universita di Bologna, ltalia.

Introduzione

Mellambito della gestione delle risorse alizutiche, di parficolars
rizalto sono gli studi relativi alle strategie alimentari, ai rapport
preda-predatore ed a livelli trofici, iali per i gl

L'atlivitd alimentars & maggiore nei gicvanili (<130mm). durante

effetti della pesca sull'ecosistema Obistive di questo studio,
svolto rell'ambite di un progetio ministeriale MIPAAF, & la messa
a punto di un modello di analisi dela strategia afmentare di una
“specie target’ del Mediterranes  cenfrales Trigls  fucema
(Linnasus, 1758), defta cappone o galinella che presents una
distribuzicne omogenza nelle acque costiere del versante italiano
dell'Adratico ceniro seftentrionale.

Materiali e metodi

Mel corso degli anni 2005 e 2008, sono stafi effetiuati 204
campicnamenti in  Alto-Medic Adriafico fra 10 e 280 m di
profondia (Figura 1). Su un totale di 1098 esemplari sono stati
regisirai: lunghezza totale (LT, mm|, peso corporen (P, g). sesso
(diagnosi macroscopica, distinguende fra femmine “F7, maschi
“NT, indzterminati “I” & non determinabili “ND7). E' stato valutato lo
stato di riempimento degli stormaci & sono state identificate e
prede {ino al livello tasscnomico pil basso possibile), contate,
pesate & fotografate digitalmente. | dati sono stati informatizzati
mediantz database relazionale “Meorosoft Access™ e analizzafi
mediantz “pacchetto stafistico R™. £ stata condotta un'analisi dei
cluster sulla taglia, utiizzande come misura di similarita le prade.
Sono siati caleolati i principali indici di abbondanza, al fine di
individuare |= variazioni del regime trofico in rapporto al sesso,

alla taglia, alle stagioni, alla profondia.
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Figura 1 - Carina dei sifi di cattura di Trigls lucems.

Risultati
La tagliz & compresa fra 82 e 415 mm, con media di 135 mm
(Figura 2).
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Figura 2 — Distibuzione per taglia di Trigls iucema.

Tabella 2 - Frincipali specie predate e relativi indici di
abbondanza: M%) abbondanza numerica, 'W(%) abbondanza
(%) freg g . IRI3%) indica di

l'estate & & basse p ita, [E] ibuzi =
I" delle reclute. L'analisi qualitative dei  contenut
stornacali ha I ve di 55 specie, i

a B categorie sistematiche princpali (tabella 1). L'analisi di
similarta, basata sui contenuti stomacali delle varie classi di
tagha, rvela un 3
gli individui giovani da quelli adulfi (Figura 3). Lanalisi quantitatva
evidenzia che |'alimento preferito a tulte le taglie & costiuito da
Crustacea (88,7% del numero & 58% in peso) e Teleostea (8.7 %
in numero totale & 38.7% in peso). Prede accessorie sono
rappresentate da Mollusea (1,8 % in numere otale & 0,6% in
pesal.
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Figura 3 - Analisi dei Cluster sull'afimentazione di Thigla
Iucems alle diverse taglie.

Tabella 1 - Principali categorie sistematiche predate e relativi
indici di abbondanza: M%) abbondanza numerca, W)
abbondanza ponderale, C(%) fraguenza di occorrenza, [RI(3%)
indice di importanza relativa espressi in percentusle.

Gruppi N(%)  W(%) O(%) IRI%)
Crostacei 89,60 58,01 5301 9224
Pesci 6,72 3974 3974 7,45
Bivalvia 1,13 0,23 0,23 0,03
Gastropoda 0,3 0,22 0,22 0,01
Cephalopoda 0,14 01 0,1 =0,01
Polychaeta 0,03 0,01 0,01 =001

Mell'ambito Crustaces, le specie dominanti sonc, tra | Decapoda
reptantia i Brachiura Goneplax rhombaoides (14,2% del numero e
20,5% in peso) & Liocarcinuz sp. (13% del numere e 24.7% in
peso), tra | Decapoda natantia Philocheras sp. (58.5% del numero
& 2.5%in peso). (Tabella 2)
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ir relativa espressi in percentuale.

Specie N W) O0H) IR
Goneplax rhombaides 1413 2857 2082 503
Fhilocheras 5p 4433 153 151 2851
Linesreinus depurator 688 2032 20,32 1047
Lioesreinus 5p. T.08 447 5[4
Prilocherss SspNosus 13,1 Dgn A
Processa sp. 6,15 1.8 18 188
Engrsuiis enzrasicolus 08 118t 1191 114
Gobius niger 08 BT 0.78
Squillz manis 043 185 198 QIf
Alpheus glaber 0.83 1.01 1,01 [

Salenscera membranaces DE2 15 15 07

Lesuarigabivs friesi D49 15 157 013
Cepolz macohthalma 03 oz oo 0.5
Corystes cassivelzunus 011 178 1TE 0

Pachygrspses marmoratus o4 032 03 0M3
Leauerigobiwa aveni 0.28 0.08 0,08 0.2
GCorbuls gibts

Jaxes noctuma

LiDearcinus macuaius

Turrifeliz communis

Trisopferus minwius

Armoglossus latemna 0.08 1 1 on
Gobius sp. 0.08 05 om
Macropodia sp. 02 016 0.0
Serranus hepatus 02 078 oo

Discussione

In relazione allz taglia, si delineanc dus modelli di “stategie
alimentari™ il prime, tipico dei giovanii, che =i nutrono
prevalentemante di crostacel, numerosi e di piccole dimensioni; il
secondo, propria degli adulti, che si nutrono prevalentemente di
pesci (in numerc minore ma di dimensioni  maggiori),
pa al’ i al i sessuale ed
al

iglis o della capacita In sintesi, T. lucama si
presenta come “consumatore epportunisia”, caratterizzato da una
elevata biodiversita delle prede; tutiavia, la comunita alimentare di
cui si nutre, che rispecchia la comunita dellarea, risulta composta
da un insieme di nicchie trofiche presumibilments correlate a
difierenze ontogenstiche.
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