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Abstract

Molecular techniques are potentially faster and more sensitive than culture, serology, and histology methods that are
traditionally used to identify fish pathogens. During the last 15 years or so, molecular techniques have been increasingly
employed to diagnose fish diseases. These techniques include polymerase chain reaction (PCR), restriction enzyme digestion,
probe hybridization, in situ hybridization, and microarray. Pathogens can be detected from asymptomatic fish by molecular
diagnostic techniques so disease outbreak could be prevented. Thus antibiotic treatment can be reduced so that creation of
antibiotic resistant bacteria may be eliminated. In this paper molecular techniques for detection of fish pathogens are
reviewed and the potential for their application are discussed. The application of new techniques as a routine tool in a
diagnostic laboratory is an area where relevant literature is scarce and this may contribute to the reticence of some to adopt

these methods.
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1. Introduction

Under ideal environmental conditions, healthy
looking fish without a clinical sign or lesion can carry
pathogens that create serious risks for the spread of
contagious diseases in the fish populations. Disease
becomes evident only when stressful condition
occurs. Under intensive aquaculture conditions the
risk of stress increases and a significant proportion of
the stock may become infected. Therefore, detection
of pathogen from carrier fish is essential for the
effective fish disease control. Since most of the time,
prevalence of diseases may change depending on time
of the year and water temperature (Plumb, 1999), it
may be difficult to sample an infected fish from a
population. Statistically, relevant disease surveillance
and monitoring requires testing large numbers of fish.
Reliable detection of fish pathogens in a fish
population is difficult if fish with disease are not
available or only a low percentage of the fish is
infected. The probability of detecting pathogen from
clinically normal fish is increased by testing larger
numbers of fish; the number of fish that should be
tested depends on the level of probability desired, the
population size, and the assumed prevalence of
infection. For example, a random sample of 145 fish
is required to obtain a probability of detecting at least
one infected fish from a population of 2000 fish if 2%
of the population is infected (AFS-FHS, 2003).
Therefore, to detect pathogen carrier fish, a cost-
effective, so sensitive, and specific system is required
for surveillance and monitoring fish population.

Traditionally the diagnosis of the disease is
carried out by agar cultivation and then phenotypic
and serological properties of the pathogen or
histological examination (Bernardet et al., 1990;
Pazos et al., 1996). Furthermore, some of the bacteria
could not be differentiated by conventional diagnostic
methods from other phenotypically similar bacteria of
the same genera (Shewan and McMeekin, 1983).
Some attempts have been made using biochemical
tests, DNA homology and protease variability (Pyle
and Shotts, 1980; Bertolini and Rohovec, 1992; Chen
et al, 1995), but these techniques have some
disadvantages such as need for previous isolation of
the pathogen and insufficient sensitivity to detect low
levels of pathogen.

Last fifteen years or so, great advances have
taken place in understanding the molecular biology of
fish pathogens and their hosts, and molecular biology
has become a routine tool in the search for improved
methods of diagnosis and control of fish diseases and
the epidemiology of bacterial, viral, and parasitical
diseases. Detection of nucleic acid molecules has
demonstrated its usefulness for highlighting hardly
cultivable, non-cultivable, and even dead
microorganisms, generating appropriate novel or
replacement technologies.

Molecular techniques can be used to solve that
type of problems and increase sensitivity and
specificity of pathogen detection. These techniques
include polymerase chain reaction (PCR), restriction
enzyme digestion, probe hybridization, in situ
hybridization, and microarray. Since molecular
diagnostic techniques are faster and more sensitive
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than conventional diagnostic techniques, pathogens
can be detected from asymptomatic fish, so disease
outbreak could be prevented. Thus antibiotic
treatment can be reduced therefore; creation of
antibiotic resistant bacteria may be eliminated.

Antimicrobial resistance of bacteria in the fish
farms has been intensively studied (Alderman and
Hastings, 1998). In the aquaculture, antimicrobial
agents are released into the surrounding water during
medical treatment of bacterial fish diseases
(Bjerklund et al., 1990). A high incidence of bacteria
resistant to the antimicrobials used in aquaculture
have been found in fish farms and the surrounding
aquatic environments (McPhearson et al., 1991;
Sandaa et al., 1992; DePaola et al., 1995; Schmidt et
al., 2000), and also antimicrobials residues have been
detected in the sediments of marine fish farms
(Bjorklund et al., 1990). Overfeeding and water
currents around marine fish farms stimulate
antimicrobials build up in the sediment (Coyne ef al.,
1994). Numerous investigators have attempted to
elucidate the occurrence and persistence of antibiotic
resistance, mostly in marine aquaculture production
systems (Herwig et al., 1997).

Antibiotic residues may accumulate in integrated
fish farms when the ponds are only or rarely emptied
at the time of fish harvest. That kind of build up could
create selective pressure on the bacteria by favoring
selection and growth of antibiotic-resistant bacterial
strains. Although increased levels of antibiotic
resistance in and around the fish farms may only
occur rapidly, there is a potential risk that antibiotic
resistance genes could be spread into a wide range of
aquatic bacteria (Petersen et al., 2002). The use of
antibiotics as growth promoters or therapeutic agents
in animal husbandry has been linked to certain
antimicrobial resistance patterns among human
bacterial pathogens (Bager et al., 1997; Wegener et
al., 1999), suggesting that there is a possible flow of
antimicrobial resistance genes between animal and
human pathogens. Potential transfer of resistant
bacteria and resistance genes from aquaculture
environments to humans may occur through direct
consumption of antimicrobial-resistant bacteria
present in fish and associated products. The apparent
increase of the occurrence of antibiotic resistance
among bacteria from various areas of animal
production during the past years and its possible
implications for public health have in many countries
lead to an intensified surveillance of bacterial
resistance. The relationship between antibiotic usage
and resistance is strongly supported by data from
several studies which show the presence of an
important population of antibiotic resistant bacteria in
the microflora of fish farms (Kruse and Sorum, 1994;
Adams et al., 1998; Alderman and Hastings, 1998).
Since molecular diagnostic techniques are faster and
more sensitive than conventional diagnostic
techniques, pathogens can be detected from
asymptomatic fish so disease outbreak could be

prevented. The aims of this review are: 1) to evaluate
molecular techniques for the detection and
identification of bacterial and viral fish pathogen, 2)
to explain how to eliminate contaminations among
samples during necropsy and PCR.

2. Molecular tools for fish diseases diagnosis

Disease management and assessment of cultured
fish is a major concern to commercial aquaculturists.
The ability to identification of the presence or absence
of a pathogenic organism in fish quickly would have
significant economic benefits. An additional benefit
would be if the concentration of the infectious
organism could be determined in the fish or the
environment so that changes in abundance of these
organisms could be monitored. Finally, the
development of a system that could accurately assess
the carrier state of fish within an area containing a
disease causative agent would aid in the development
of management programs.

Great advances have been made in improving
the sensitivity and specificity of diagnosis of
bacterial, viral, and parasitical fish diseases. In the
molecular techniques, typically, DNA is extracted
from the sample of interest which can be probed by
DNA hybridization and analyzed by restriction
fragment length polymorphism (RFLP). More
commonly, DNA is amplified by the polymerase
chain reaction (PCR) using specific primers for
diagnostic sequences. This may be followed by RFLP,
PCR linked to hybridization with specific oligoprobes
or, non-specific primers used to produce random
amplified polymorphic DNA (RAPD) (Prichard,
1997; McKeand, 1998).

2.1. Polymerase chain reaction

Polymerase chain reaction is a technique for
amplifying a specific region of DNA, defined by a set
of two "primers" at which DNA synthesis is initiated
by a thermostable DNA polymerase. Usually, at least
a million-fold increase of a specific section of a DNA
molecule can be realized and the PCR product can be
detected by gel electrophoresis. The regions amplified
are usually between 150-3,000 base pairs (bp) in
length. (McPherson et al., 1991). Primer design is
important to obtain greatest possible sensitivity and
specificity. Therefore, the primers should be
sufficiently long to allow a high annealing
temperature and reduce the opportunity for
nonspecific primer annealing, but primers that are too
long may facilitate nonspecific annealing even to
regions of DNA that are not perfectly complementary
to the primer sequence. The reaction includes
template DNA that may be in various forms, from a
simple tissue lysate to purified DNA, primers,
polymerase enzyme to catalyze creation of new copies
of DNA, and nucleotides to form the new copies.
During each round of the thermocycling reaction, the
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template DNA is denatured, primers anneal to their
complementary regions and polymerase enzyme
catalyses the addition of nucleotides to the end of
each primer, thus creating new copies of the target
region in each round. Theoretically, the increase in
amount of product after each round will be geometric.
Reverse transcriptase polymerase chain reaction
(RT-PCR) is used to detect specific mRNA and
determine levels of gene expression (Koo and Jaykus,
2000). Compared to the two other commonly used
techniques for quantifying mRNA levels, Northern
blot analysis and RNase protection assay, RT-PCR
can be used to quantify mRNA levels from much
smaller samples. In fact, this technique is sensitive
enough to enable quantitation of RNA from a single
cell. Over the last several years, the development of
novel chemistries and instrumentation platforms
enabling detection of PCR products on a real-time
basis has led to widespread adoption of real-time RT-
PCR as the method of choice for quantitative changes
in gene expression. Furthermore, real-time RT-PCR
has become preferred method for validating results
obtained from array analyses and other techniques
that evaluate gene expression changes on a global
scale. The sensitivity and specificity achieved in a
well-designed RT-PCR make it an ideal tool for use in
the surveillance and monitoring of covert infections.
As in the eukaryotes, the prokaryotic rRNA
genes contain highly conserved sequences. The
potential utility of conserved regions to identify or
amplify the rRNA genes, followed by exploitation of
more variable regions of the genes or spacers to detect
or identify bacteria that may be difficult or even
impossible to culture has long been recognized (Barry
et al., 1990). The rRNA genes have been used in PCR
assays for Renibacterium salmoninarum (Rhodes et
al., 1998), Aeromonas salmonicida (Heie et al., 1999)
and Yersinia ruckeri (Altinok et al., 2000). The same
methods are employed in the detection and study of
significant pathogens that are not included in
European Community legislation. These include

Vibrio  anguillarum (Pedersen et al., 1999),
Lactococcus  garvieae (Zlotkin et al, 1998),
Piscirickettsia salmonis (Marshall et al., 1998),
Flexibacter, (Bader and Shotts, 1998),

Flavobacterium, (Izumi and Wakabayashi, 2000)
Photobacterium  (Osorio et al, 1999) and
Mycobacterium (Patel et al., 1997).

2.2. Multiplex PCR

New developments such as design of PCR
conditions that can detect several pathogens at one
time in a multiplex reaction will improve time and
cost-efficiency of this methodology, countering one of
the major arguments against the adoption of these
techniques as routine (Williams et al., 1999). In
multiplex PCR more than one target sequence can be
amplified by including more than one pair of primers
in the reaction. Multiplex PCR has the potential to

produce considerable savings of time and effort
within the laboratory without compromising test
utility. Since its introduction, multiplex PCR has been
successfully applied in many areas of nucleic acid
diagnostics, including gene deletion analysis
(Chamberlain et al., 1988; Chamberlain et al., 1989),
quantitative analysis (Zimmermann et al., 1996;
Rithidech et al., 1997), and RNA detection (Zou,
1997). In the field of infectious diseases, the technique
has been shown to be a valuable method for
identification of viruses, bacteria, fungi and parasites.

2.3. Labeling and detection of nucleic acids

A variety of labeling and detection systems exist
for nucleic acid probes (Tijssen, 1993). Radioisotopes
were once the norm but, in the interests of researcher
safety, other methods are becoming increasingly
popular. The variety of labels and detection methods
now available can provide a system suitable for any
application, from dot blots to in situ hybridization.
These include labeling with a variety of haptens such
as biotin or digoxygenin and detection by antibody
binding coupled with fluorescent, chemiluminescent
or colorimetric detection methods (Deering et al.,
1991; Hariharan et al., 1995; Tyagi and Kramer,
1996; Gonzalez et al., 1997).

2.4. Restriction enzyme digestion

Restriction enzymes (or restriction
endonucleases) cleave DNA in a very specific
fashion. Type II restriction enzymes, most commonly
used for DNA analysis and genetic engineering, each
have a unique nucleotide sequence at which it cuts a
DNA molecule. A particular restriction enzyme will
cleave DNA at that only recognition sequence that is
often a six base pair palindromic sequence, but others
recognize four or even eight base pair sequences. A
common use for restriction enzymes is to generate a
"fingerprint" of a particular DNA molecule. Because
of the sequence specificity of restriction enzymes,
these enzymes can cut DNA into discrete fragments
which can be resolved by gel electrophoresis. This
pattern of DNA fragments generates a "DNA
fingerprint" and each DNA molecule has its own
fingerprint. Other restriction enzymes can be used to
further characterization of a particular DNA molecule.
The location of these restriction enzyme cleavage
sites on the DNA molecule can be compiled to create
a restriction enzyme map (Grizzle ef al., 2002). These
maps are very useful for identifying and
characterizing a particular DNA plasmid or region.

Restriction enzymes recognize specific short
sequences of DNA and cleave the DNA at that site.
Single nucleotide changes can result in the gain or
loss of a restriction site, thus altering the number of
fragments produced following digestion of DNA.
These RFLP can be visualized following gel
electrophoresis of the digested DNA to separate the
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fragments according to size. Differences in the RFLP
profiles have revolutionized criminal investigations
and have become powerful tools in the identification
of individuals in paternity and maternity cases,
population genetics, and in the diagnosis of a variety
of diseases.

2.4.1. Restriction Fragment Length Polymorphism
(RFLP)

RFLP is a technique in which organisms may be
differentiated by analysis of patterns derived from
cleavage of their DNA. If two organisms differ in the
distance between sites of cleavage of a particular
restriction endonuclease, the length of the fragments
produced will differ when the DNA is digested with a
restriction enzyme. The similarity of the patterns
generated can be used to differentiate species (and
even strains) from one another.

Isolation of sufficient DNA for RFLP analysis is
time-consuming and labor intensive. However, PCR
can be used to amplify very small amounts of DNA,
usually in 2-3 hours, to the levels required for RFLP
analysis. Therefore, more samples can be analyzed in
a shorter time.

2.4.2. Amplified Fragment Length Polymorphism
(AFLP)

A rapid PCR-based technique, AFLP can be
used for typing prokaryotes and eukaryotes. The
method is based on the selective PCR amplification of
genomic restriction fragments of the whole genome
(Vos et al., 1995) and has been shown to be rapid,
reproducible, and highly discriminatory (Boumedine
and Rodolakis, 1998). Selected markers are amplified
in a PCR, which makes AFLP an easy and fast tool
for strain identification in agriculture, botany,
microbiology, and animal breeding. The AFLP
method used was essentially that described by
Valsangiacomo et al., (1995).

AFLP analysis belongs to the category of
selective  restriction  fragment  amplification
techniques, which are based on the ligation of
adapters to genomic restriction fragments followed by
a PCR-based amplification with adapter-specific
primers (Vaneechoutte, 1996). For AFLP analysis,
only a small amount of purified genomic DNA is
needed; this is digested with two restriction enzymes,
one with an average cutting frequency (like EcoRI)
and a second one with a higher cutting frequency (like
Msel or Taql). Double-stranded oligonucleotide
adapters are designed in such a way that the initial
restriction site is not restored after ligation, which
allows simultaneous restriction and ligation, while
religated fragments are cleaved again. An aliquot is
then subjected to two subsequent PCR amplifications
under highly stringent conditions with adapter-
specific primers that have at their 3' ends an extension
of one to three nucleotides running into the unknown

chromosomal restriction fragment (Ajmone-Marsan et
al., 1997).

Alternative AFLP typing procedures are based
on one enzyme with a single adapter and analysis by
agarose gel electrophoresis (Gibson et al, 1998). A
major improvement has been obtained by switching
from radioactive to fluorescently labeled primers for
detection of fragments in an automatic sequence
apparatus (Koeleman et al., 1998). In addition, it has
been shown that for small bacterial and fungal
genomes a single PCR amplification with one and two
selective nucleotides, respectively, on both primers
are sufficient (Mueller et al., 1996; Koeleman et al.,
1998; Duim et al., 1999).

2.4.3. Random Amplified Polymorphic DNA
(RAPD)

The technically demanding method of RAPD
has been applied to the study of crayfish plague
fungus, Astacus astaci (Huang et al., 1994). RAPD
uses a single primer in low-stringency polymerase
chain reactions (Welsh and McClelland, 1990).
Random binding of primers results in different sizes
of fragments from samples with nonidentical DNA.
Application of the RAPD technique grouped different
isolates of the fungus and provides the means to carry
out epidemiological investigations (Lilley et al., 1997;
Oidtmann et al., 1999). The method has also been
used to examine another Aphanomyces species that
has resulted in serious losses in both farmed and wild
fish in Asia (Lilley ef al., 1997). Other fish pathogens
have been studied using RAPD, but problems with
reproducibility and risks of contamination render the
method unsuitable as a stand-alone method of
diagnosis. However, RAPD can be a useful technique
as a first step in the development of specific primers
or probes and has been used in such a way in the
study of bacteria.

2.5. In Situ Hybridization

In situ PCR has become a powerful molecular
tool in research as well as clinical practice. This
technique has resulted in an increased understanding
of infectious and neoplastic diseases and
improvements in diagnosis of disease. In situ RT-PCR
gives more detailed information by allowing for
highly sensitive detection of low abundance gene
expression in a given cell while providing anatomical
information. The usefulness of these techniques has
been hampered by low detection sensitivity, poor
reproducibility, and high backgrounds. Moreover,
many of the methods used to visualize the results of
PCR amplification within cells and tissues employ
radioactive tracers, making performance of the
techniques cumbersome and costly.

Researchers have developed a method for
specific fluorescent detection of gene expression
using in situ RT-PCR. This method enables the
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researcher or clinician to detect low levels of gene
expression within tissues with very low background
interference while addressing many of the other
existing drawbacks to using in situ RT-PCR. Potential
Areas of Application are detection and diagnosis of
viruses and other infectious agents in specific cell
types within tissues, detection, and characterization of
tumor cells within a tissue, detection, and diagnosis of
genetic mutations in inherited diseases, and detection
of genes and gene expression in tissue.

Fluorescence in situ hybridization, or FISH, is a
method used to label cells or chromosomes according
to the sequences of nucleic acids contained within
them. In microbiology, the nucleic acid that is
labelled as RNA or DNA of the ribosomes and the
target is usually whole cells. The process works by
taking fluorescently labelled pieces of DNA or RNA
called probes that are around 20 nucleotides in length.
The probes are incubated in the presence of cells
under appropriate conditions to permit specific
hybridization of probe to target nucleic acid. Cells
types that contain ribosomes with complementary
RNA sequences become labeled by the binding of the
fluorescent probe in situ. These labelled cells can then
be visualized by flow cytometric or fluorescence
microscopy.

2.6. DNA microarrays

There are a number of ways of using DNA
microarrays for the detection of unique DNA (or
RNA) sequences. One method is to fluorescently label
all the DNA sequences in the test sample. The sample
DNA that hybridizes to a specific location on the
microarray can be detected by fluorescent array
detection and the data analyzed by computer
programs. Often more practical is to use competitive
hybridization in which the test sample competes for
hybridization to the tethered oligonucleotide, on the
chip, with a fluorescent labeled competitor
oligonucleotide. When the test DNA is perfectly
complimentary to the tethered oligonucleotide, it will
hybridize to the chip. When the test DNA is not
perfectly  complementary to  the  tethered
oligonucleotide, the fluorescent labeled competitor
oligonucleotide ~will bind to the tethered
oligonucleotide on the chip and displace the test
DNA. A fluorescent microarray detector and
computer program can then analyze the fluorescent
array for the presence or absence of the species/strain
specific DNA sequence.

Compared with traditional nucleic acid
hybridization with membranes, microarrays offer the
additional advantages of high density, high
sensitivity, rapid detection, lower cost, automation,
and low background levels (Shalon er al., 1996).
Microarrays may provide a better option for large-
scale diagnostic testing and can survey a sample for a
multitude of sequences simultaneously (Southern,
1996; Mir, 2000). Since most of the pathogens genetic

sequences are available in the GenBank,
oligonucleotide probes complementary to all
pathogens can be made and inserted into microarray
so that variety of microbes could be detected by a
single microarray chip. As a result, microarray-based
technology is potentially well suited for identifying
fish pathogens in fish populations. The microarray
techniques does not require such sequence
conservation, however, because all of the diverse gene
sequences from different populations of the same
functional group can be fabricated on arrays and used
as probes to monitor contagious fish disease
especially during the asymptomatic period of the
diseases (Zhou and Dorothea, 2004). Microarrays are
already proving valuable for assaying gene
expression. A large number of probes on an array can
reveal which genes are expressed or are present in the
sample. This type of array would be particularly
useful in studies of pathogens, where the presence of
certain genes or gene products indicate whether the
organism is pathogenic or not. Set up cost for the use
of DNA microarrays is high. However, once the
equipment is available and microarrays have been
prepared, cost per unit of sample analyzed will be
low. Furthermore, analysis time is extremely short.
DNA microarray technology will be used in the future
for fish diseases diagnosis especially during the
asymptomatic period of diseases.

3. Potential
contamination

problems and avoiding

The choice of tissue sampled may have a
significant effect on PCR results. Various substances
such as hemoglobin, bacterial constituents, and high
concentrations of no target DNA can inhibit
amplification (Wilson, 1997). High concentrations of
DNA from the host and high numbers of fish cells can
inhibit amplification of 4. salmonicida DNA (Heie et
al, 1997) and are also likely to inhibit other
amplifications. The impact of PCR inhibitors such as
selective components and fish tissues can be
minimized by using a high-throughput and high-
quality nucleic acid extraction system.

To eliminate contamination during necropsy and
PCR, use new (disposable) dissecting tools for each
fish or clean dissecting equipment between fish
should be wused. Equipment disinfection should
include both manual cleaning of equipment to remove
all tissue from crevices of dissecting tools and use of
a chemical agent such as bleach followed by a series
of rinses in water. Alcohol and flaming are not
satisfactory for this method because they do not
reliably destroy DNA. If samples need to be
homogenized, to avoid cross contamination between
samples use stomacher instead of polytron because
alcohol treatment of polytron will not destroy the
bacteria and virus especially enveloped virus. To
avoid cross contamination between samples, a
different room should be used for each of the
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following steps: (1) necropsy (2) DNA extraction, (3)
PCR master mix preparation, (4) DNA quantification
and addition of DNA to PCR mixture, and (5)
thermocycler and electrophoresis. Laboratory coats,
gloves, and pipettes should not be taken from one
room to another. Uracil-DNA glycosidase (UNG)
should be used with dUTP to eliminate PCR
contamination with the reaction product. UNG
degrades uracil-containing DNA at 20°C and is
inactivated at elevated temperatures. To check the
efficiency and the sensitivity of the PCR, it is
advisable to apply standard molecules as indicators of
the procedures. It is important to detect false negative
results depending on pipetting errors or inhibition of
the amplification, often observed when PCR is
performed with complex samples, such as blood and
tissues. To eliminate false negative PCR results
internal control such as B-actin gene primers should
be used to amplify B-actin gene. The size difference
allowed easy discrimination between their PCR
products. Using the internal control undoubtedly
facilitated the interpretation of negative PCR results
and it was easy to identify samples which were
inhibiting the amplification (Grizzle et al., 2003).

4. Conclusions

Molecular tools are increasingly relevant to fish
diseases. The sequencing of the complete genomes of
pathogens is allowing great advances in studying the
biology, and improving diagnosis and control of
pathogens. Using nucleic acid as targets, and new
methods of analyzing polymorphism in this nucleic
acid, can improve specificity, sensitivity, and speed of
diagnosis and offer means of examining the
relationships between genotype and phenotype of
various pathogens. Progress in techniques aids
epidemiological studies as well as identifying causes
of disease outbreaks or the presence of pathogens.
Therefore, molecular biology can be a routine tool in
the search for improved methods of diagnosis and
control of fish pathogens and the epidemiology of
infectious fish diseases. However, in Turkey the
applications of these techniques on a routine basis in
diagnostic laboratories are few. The time has now
come for their application in the diagnosis of diseases
in aquaculture.
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