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The lack of expansion in the freshwater aquaculture sector as a whole has become an alarming concern over the past 20 years in Ireland (BIM, 2017). This
is in marked contrast with FoodWise2025 that seeks to increase food exports by €19bn by 2025 (DAFM, 2015). Impediments to traditional flow-through
production process encompassing fatal disease outbreaks, issues with uncertainty over discharge licensing and a lack of understanding of the overall
culture water dynamic have contributed to this stagnation. In order to address the intensive sustainability of Irelands’ freshwater aquaculture sector and to
inform these bottleneck concerns, it is important to develop an in-depth understanding of the dynamic mix of biological and physico-chemical parameters
governing desirable rearing water as a baseline for successful operation.
This project focuses on development and testing of novel molecular diagnostic methods facilitating DNA profiling of predominant bacterial and algal
communities in rearing water, with real-time detection of important fish pathogens. Gaining an understanding of target species that contribute to finfish
disease outbreaks and poor water quality is essential for prevention and control of problematic species. Molecular-based techniques, such as real-time
Polymerase Chain Reaction (PCR), have many advantages over traditional plating methods in the identification of species present, as less than 1 % of
microorganisms will grow via the latter method (Stewart, 2012; Zwart, 2002; Buck, 1979). The use of species-specific probes enables detection of
problematic pathogens and therefore aids future characterisation of harmful bacteria and algae.

Vacuum Filtration
Filtration of a water
sample concentrates the
bacterial content onto a
filter. Staining with
SYBRgold, a nucleic acid
binding dye, causes the
DNA present in the
bacteria to fluoresce
under UV light allowing
enumeration of cells.

AlgaeTorch
Automated enumeration of algae using
the algae torch causes excitation of algae
pigmentation via exposure to LED’s. The
fluorescence intensity emitted in
response allows for the enumeration of
the different algal groups (bbe
Moldaenke GmbH, 2010).

Epifluorescent Microscopy
This method has become the standard
method of enumeration of bacterial
cells from the environment. This UV
microscopic technique involves the
staining of bacterial DNA, fixation on to
a glass slide & counting of cells in 5-30
random fields of view, through which
the total number of bacteria in a
sample
can
be
estimated
(Muthukrishnan et al., 2017). In order
to ensure reliability of the counting
method and to minimise variance of
cell counting, it is recommended that
no less than 45 cells are counted per
microscopic field (Seo et al., 2010).

Light Microscopy
This method of counting algae requires
loading of a settled sample onto a
haemocytometer and enumeration of 5
random grids. It is one of the most
common methods of algae
enumeration and is also
used for identification of
different algal species.
Flow Cytometry
Flow cytometry operates by measuring
the light scatter and fluorescence that
occurs following the passing of a laser
through each algal cell. The signals
generated
are
detected
via
a
photodiodes. Cells of a similar
population can be
visualised in the
form of a close
group of data
points (Dubelaar
& Jonker , 2000).

Tangential Flow Filtration
The Sartorius Vivaflow 200 filtration system is
used to concentrate samples by removing fluid
from a solution across a selective membrane
based on the molecular weight cut off (MWCO)
point of the specimen of interest, as the solute
gets recirculated back into the reservoir,
resulting in a more concentrated solute. Bacteria
and algae can be concentrated and separated simultaneously by this method via
different membranes due to their different MWCO’s.
Polymerase Chain Reaction (PCR)
PCR is a technique that amplifies DNA following extraction of DNA from an
organism of interest, which results in multiple copies of the target DNA. Gene
specific primers are used for both bacteria and algae which target different genes.
Targeting of the 16S rDNA
genes for bacteria

Targeting of the 18S rDNA
genes for algae

Gel Electrophoresis
Gel electrophoresis is a technique which separates DNA on an
acrylamide gel upon application of a current, based on DNA
product size. It is required to ensure the presence of the desired
DNA product following DNA extraction and PCR amplification.
Denaturing Gradient Gel Electrophoresis (DGGE)
DGGE is a thin acrylamide gel, with a denaturing
gradient of formamide and urea, which separates DNA
fragments based on their ability to move through the gel
upon application of a current, due to differences in
nucleotide composition. DNA fragments separated stay
in a position in the gel due to the denaturants
(Bukowska et al., 2014). Each microbial and algal species
present in the rearing water is represented by a
particular band on the acrylamide gel. The bands can be
excised from the gel and sequenced in order to identify
each species present. Any variation in bands present
over time is representative of a varying biological
ecosystem over that time.

The use of advanced molecular techniques in the freshwater aquaculture industry will aid in the progression of the industry where outdated diagnostic
techniques no longer provide the necessary information alone to ensure the sustainability of the industry. The use of PCR and DGGE allows for the
generation of the microbial diversity pattern that exists in fish farm rearing water. Linking the biological profile of culture water with water quality
parameters such as nitrates, nitrites and ammonia in a pill-pond farm when production is thriving will allow for the amendment of the process when
production regresses or fails. A major advantage of obtaining real time biological and physico-chemical data is the potential to visually observe the impact
that treatments or interventions have on microbial and algal diversity when introduced to aquaculture site. It will also identify the potential to up-scale
and replicate this type of fish farm in the culturing of a variety of freshwater species such as trout, therefore providing an opportunity to expand the
industry. Findings from this project will inform innovation (including diagnostic sensors) and policy.
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