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ABSTRACT

Maricultured fish species have a very important contribution for the food demand
wordwide. Among the aquacultured species, sea bream (Sparus auratus L.) and sea bass
(Dicentrarchus labrax L.) are among the most widely maricultured ones worldwide and
in Turkey. Natural water sources in Turkey enable aquaculture, but still it is not at its
climax, because of high number of parameters to be controlled, like the quality
parameters of culture area, quality parameters for the feed of fish and the quality
parameters of the cultured fish itself as the food.

Environmental risks of aquaculture and environment’s impact on aquaculture both
exist as a generalized term pollutant stress within a biological system and can be
monitored at various levels starting from molecular level which is the earliest of
biomarker signals. In this thesis our aim is to follow the various DNA and RNA level
variations with modifications of RAPD-PCR and RT-RAPD-PCR profiles.

DNA and RNA mutations can be innate, spontaneous and/or induced according to
the causes and somatic and gonadal depending on the cell types they originate or occur.
In this thesis the aim is to show only the extend of total genomic variation either innate
or induced on various somatic tissues and gonads of cultured Sparus auratus L. and
Dicentrarchus labrax L. samples collected from the same culture area at the same times
of the year. DNA and RNA of organs and tissues from cultured fish: Sparus auratus and
Dicentrarchus labrax have been analyzed by RAPD-PCR amplifications with 12
random primers. Among the 8 random 10-mer nucleotide primers tested, four that yield
stable, well reproducible and differentiating profiles of amplification products were
chosen for further genome-wide mosaicism analysis. With these primers, the differences
in the RAPD and RT-RAPD profiles of some tissues were detected. These differences
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were associated with the modification of mobility or with the gain/loss of the fragment
in the RAPD profile and could be caused by either genomic rearrangements or
mutations involving the regions of DNA-primer pairing. Different epigenetic factors
may also contribute to this process.

Keywords: Fish aquaculture, Sea bream (Sparus auratus L.), Sea bass (Dicentrarchus
labrax L.), DNA variation, genotoxicity, target organ toxicity, RAPD-PCR, RT-PCR,
somatic mosaicism, gonadal mosaicism
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Ulkemizde ve diinyada yaygin olarak ozel hazirlanmis havuzlarda bilimsel
yontemlerle balik tiretme isi olan kiiltlir balik¢iliginda yetistirilen baliklarin ¢evresel ve
kimyasal etkilere ne 6l¢iide maruz kaldigi ve bu etkiler sonucu baliklarin genetik
yapisinda olusan olumsuz degisiklik ve hasarlarin gosterilmesini amaglayan ¢alismamiz,
diinyada da, iilkemizde de bu diizeyde yapilan bilimsel temele dayali bilinglendirme
amacli nadir ¢alismalardandir.

Kiiltiir balik¢iligiyla elde edilen baliklar tim diinyada ve iilkemizde tiiketilen
baliklarin % 30’unu olusturmaktadir. Ozellikle iilkemizde yeni gelismekte olan bu
sektorde var olan balik ciftliklerinin neredeyse tamami higbir kritere dayandirilmadan
gelisigiizel kurulmustur ve gevreye ¢ok biiylik zarar vermektedir. Ayrica bu ¢iftliklerde
balik yetistirmek tizere belirlenmis olan deniz suyu temizligi ve ortam kosullarinin
stirdiiriilebilir olmast gibi c¢esitli kriterlerin olmadigi bilinmektedir. Bu tip eksikler
yaninda yetistirilme ortamina karisabilen bir takim kimyasallar tiim yetistirilen balik
tiirlerini olumsuz yonde etkilemektedir.

Yapilan ¢alismamizla dncelikli olarak belirlenen Cipura ve Levrek baliklarinin bu
etkenlerden kalitim materyalimiz olan Deoksiriboniiklikasit (DNA) ve yardimcisi
Riboniikleikasit (RNA) seviyesinde etkilenme sekilleri, 6zellikle de hangi organ ve
dokularinin DNA ve RNA’larinda daha fazla bozulma oldugu gosterilmektedir.

Ulkemizde en ¢ok tiiketimi yapilan kiiltiir balig1 tipleri Cipura ve Levrek oldugu
icin ¢alismamiza model organizma olarak bu baliklar se¢ilmigtir. Ayrica bu baliklarin
diger kiiltlirii yapilan deniz canlilarina nazaran tiim mevsimlerde ulasilabilir olmasi da
diger bir tercih nedenidir.

Yapilan tiim denemeler ve optimizasyonlar sonucu iki balik tiirliinde de DNA ve
RNA diizeyinde ciddi bozulma olarak yorumlayabilecegimiz degisiklikler ve
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kararsizliklar goriilmiistiir. En ¢ok etkilenen dokunun ise tiikettigimiz kismi olan kas
dokusu oldugu goriilmiistiir. Ayrica diger bir etkilenen dokunun da gonad, iireme
hiicrelerini meydana getiren iireme organi oldugu goriilmiistiir. Bu dokudaki DNA ve
RNA bozulmalar1 gelecek nesillere aktarilabilir, kalitsal bozukluklar olabilecektir.
DNA/RNA bazinda en az bozulma gosteren dokularin ise iki balik tiirii i¢in de beyin ve
karaciger oldugu goriilmiistiir. Bu dokularin diger dokulara nispeten DNA hasarlarina
kars1 daha korunmus olmalarinin sebebi, beyin dokusunda bulunan kan-beyin bariyeri
ve rejeneratif Ozelligi olan karaciger dokusunun detoksifikasyondan sorumlu organ
olmasi ve bircok metabolizma enzimi ile toksik maddelerle miicadele eden bir
mekanizmaya sahip olmasiyla aciklanabilir.

Teorik olarak ayni canlinin DNA’smin biitiin dokularda ayni olmasi beklenirken,
RAPD-PZR sonuglarinda bodyle olmadigi hatta her bir dokunun da cesitli olasi
maruziyetler yiizlinden mozaiklestigi ve tipatip ayni1 bantlasmayr vermedigi
gbzlemlenmektedir.

Anahtar Kelimeler: Kiltiir balik¢iligi, Cipura (Sparus auratus L.), Levrek
(Dicentrarchus labrax L.), DNA varyasyonu, genotoksisite, hedef organ toksisitesi,
RAPD-PZR, RT-PCR, somatik mozaiklesme, gonadal mozaiklesme
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CHAPTER 1

INTRODUCTION

1.1 Aquaculture

Aquaculture, also known as aquafarming, is the farming of aquatic organisms such
as fish, molluscs, crustaceans and aquatic plants. Aquaculture involves cultivating
saltwater and freshwater populations under controlled conditions. Farming implies
individual or corporate ownership of cultivated stock and some forms of intervention in
the rearing process to enhance production, such as regular stocking, feeding, and

protection from predators.

Particular kinds of aquaculture include algaculture (the production of
kelp/seaweed and other algae), shrimp farming, fish farming, oyster farming, and the
cultivation of ornamental fish. Particular methods include aquaponics, which integrates
fish farming and plant farming. Fish culture, also named as pisciculture, refers to the
husbandry of finfish. The most popular aquaculture species are finfish that are grown in

fresh waters, accounting for over 40 % of total aquaculture production (1).

Aquaculture is considered an agricultural activity, mainly producing protein crops
with the disadvantage of accumulation of pollutants in the culture environment.
Consequently, aquaculturists must manage their production units to ensure that water

quality not to deteriorate environment and become stressful to the culture organisms (2).

Fish farming is an industry that accounts for increasing share of world fisheries

production. In previous years, it is a business for small farms, but now pursued by large



agribusinesses. By the early 2000s it had become almost as significant a source of fish

as the as wild fisheries and other varieties (3, 4).

Mariculture is a specialized branch of aquaculture involving the cultivation of
marine organisms for food and other products in the open ocean, an enclosed section of
the ocean, or in tanks, ponds or raceways which are filled with seawater. Side products
of mariculture include fish meal, nutrient agar, jewelries (e.g. cultured pearls), and

cosmetics (5, 6).

1.2 Aquaculture in Turkey and in the World

Aquaculture in Turkey started with carp and trout farming in 1970s and gained
momentum with commencement of gilthead sea bream / sea bass farming in the Aegean
Sea and Mediterranean Sea beginning from the midst of 1980s; cage culture of trout in
the Black Sea during 1990s; and tuna rearing in the Aegean Sea and the Mediterranean
Sea in early 2000s. In 1990s, the attempts for salmon culture in the Black Sea and
shrimp culture in the Mediterranean Sea (Manavgat) started but wasn’t become

successful (7).

The inland resources are also very rich in Turkey with 175 km rivers, 1 million ha

natural lakes, 170.000 ha reservoirs, 70.000 ha lagoons, 700 small reservoirs (8).

Turkey import raw fish and export mollusks and crustacean; the need for raw
fish may be met through aquaculture. 70%-80% of export is to European Union
countries (Belgium, Germany and France), followed by Japan. Also in recent years
exportation to China is also increasing continously. Necessary precautions to prevent
pollution and decrease in fish stocks should be taken, evaluated and the present
potentials of seas and inland waters of Turkey. It is necessary that new aquaculture
methods in inland waters and dams to be introduced and encouraged, and additionally
fish varieties with high economic value should be adapted without harming the

domestic fauna (9).



Table 1.1 Number of fish farms, their capacity and amount of production in Turkey (7).

Species Number of fish farms Capacity Product
(tons/year) (tons/year)

Rainbow trout 1215 29998 39674
Rainbow trout (sea) 11 1139 1194
Sea bream and sea bass 345 51211 37773
Mussel 2 320 815

Carp 86 2613 543

Total 1659 85281 79943

98.5% of the production is from the carnivorous fish species (trout, sea bass,
gilthead sea bream and tuna). This is one of the typical characteristics of aquaculture in
Turkey that aquaculture is mostly based on the intensive production of carnivorous fish
species (Table 1.1). Trout ranks have the first place (56.4%) amongst the species
cultured, followed by sea bass (23.4%) and gilthead sea bream (19.1%) (7).

1.3 Sparus auratus ( Gilthead sea bream )

Sparus auratus (Linn., 1758) is a fish of the bream family Sparidae found in the
Mediterranean Sea and the eastern coastal regions of the North Atlantic Ocean. It grows
to about 60 cm length. The gold spot just behind the gill is the main distinguishing
feature of the gilthead bream.

The gilthead sea bream has been cultured for many years in Mediterranean coastal
lagoons and brackish/salt water ponds and especially in the northern Adriatic valleys in
Italy. In ancient times, the extensive fish rearing systems acted like natural fish traps,
taking advantage of the natural trophic migration of juveniles from the sea. Restocking

was usually performed with wild fry and juveniles, collected by fishermen. By the late



1970s, the reduced availability of wild fry and the increasing demand from intensive

farms enhanced the development of induced spawning techniques (10).

1.3.1 Global Aquaculture Statistics of Sparus auratus
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Figure 1.1 Sparus auratus Global Aquaculture Statistics (11).

World production occurs mostly in Mediterranean and Greece (49 %) being by far
the largest producer in 2002. Besides Turkey (15 %), Spain (14 %) and Italy (6 %) are
also the major Mediterranean producers. Additionally considerable production occurs in
Cyprus, Malta, Egypt, Croatia, France, Morocco, Portugal and Tunisia. Also in Red
Sea, the Persian Gulf and the Arabian Sea, gilthead sea bream production is being made.

The main producer is Israel and Oman and Kuwait are minor producers (11).



1.3.2 Taxonomy

Taxonomy of the Sparus auratus is given bellow (12).

Kingdom Animalia
Phylum Chordata
Subphylum Vertebrata
Superclass Osteichthyes
Class Actinopterygii
Subclass Neopterygii
Infraclass Teleostei
Superorder Acanthopterygii
Order Perciformes
Suborder Percoidei
Family Sparidae

Genus Sparus

Species Sparus auratus (Sparus aurata)
1.3.3 Biology

The gilthead sea bream inhabits sandy bottoms and seagrass beds as well as the
surf zone. It is reported as a sedentary fish; even so migrations are likely to occur on the
Eastern Atlantic coast, from Spain to British Isles. It occurs either in small aggregations
or solitary. It is a euryhaline species and moves in spring towards protected coastal
waters in search for abundant food and milder temperatures that means trophic
migration. In late autumn it returns to the open sea for breeding purposes, being very
sensitive to low temperatures (lower lethal limit is 2°C). Sea bream is mainly

carnivorous (shellfish, including mussels and oysters) and sometimes herbivorous (13).

Sea bream is a proterandrous hermaphrodite: it is a functional male in the first two
years and over 30 cm in length becomes female. During the male phase, the bisexual
gonad has functional testicles with asynchronous spermatogenesis and non-functional

ovarian areas (14, 15).



Ovarian development is also asynchronous, and females are batch spawners that
can lay 20.000-80.000 eggs per day for a period of up to 3 months. In the
Mediterranean, they reproduce between October and December. The eggs are pelagic
and spherical with a diameter lower than 1 mm and with a single large oil droplet. The

planktonic larval stage lasts about 50 days at 17 °C -18 °C (16).

Microalgae are used to feed the rotifer or to indirectly feed the larvae of Sparus
auratus at first step. Algae help holding the quality of various water parameters at
optimum ranges in algae tanks, minimises bacterial contamination and nitrogen
concentration and stimulates larvac immune systems. Isocrysis galbana,
Nannochloropsis gadinota, Nannochloropsis oculata and Tetracelmis suecica are the
most common species for feeding the larvaes. These species are chosen for their rich
protein potentials, even though some of these algae species are not enough nutritious
especially on ®3 fatty acids concentrations. These species are selected for their sizes,
production aptitudes and absence of toxic effects. For adult feeding, two different types
of feeding is applied; for startup from 3-4 months to ovogenesis period a protection diet
is being applied that daily feeding rate is about to 1-1.5% of total weight. Enriched diet

is serving as main feed for gametogenesis and during hatching period (10).

Before harvesting the fish some days of starvation are needed. The length of this
period varies according to feeding rate and temperature (for example, at 25 °C, 24 hours
may be enough). 48-72 hours are necessary at lower temperatures. The fish are ready to
be harvested after correct starvation. The presence of dying or dead fish needs to be

checked before starting this process.

1.3.4 Life Cycle of Sparus auratus

There are two life cycles of Sparus auratus known as extensive and intensive

system. (Figures 1.2 and 1.3)
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Intensive grow-out follows other intensive farming phases, named reproduction,
pre-fattening and larval rearing, as described above. Gilthead sea bream intensive pre-
fattening and grow-out phases may be carried out in land-based installations with
rectangular concrete tanks that vary in size (200-3000 m?) according to fish size and the
demands of production. Also grow-out may occur in sea cages, either in sheltered or
semi-exposed sites named floating cages or totally exposed sites (semi-submersible or

submersible cages).

Extensive system is based on the natural migration of euryhaline fish, when the
fish may be caught, generally in typical fishing traps. Since this practice provides a very
limited and unpredictable source of natural juveniles, many modern commercial

extensive production units rely on both wild-caught and hatchery-reared juveniles.

1.4 Dicentrarchus labrax ( SEA BASS)

The European sea bass, Dicentrarchus labrax ( Linn., 1758 ) is found in coastal
waters of the Atlantic Ocean from South of Norway (60°N) to Western Sahara (30°N)
and almost found everywhere in the Mediterranean Sea and the Black Sea. It has been
introduced for culture purposes in Israel, and recently in Oman and the United Arab

Emirates (18).

Cultivation of sea bass was started in coastal lagoons in the late 1960s. Fish
culture was initially associated with salt production in coastal evaporation pans and
marshes in ancient times. The salt was harvested during the high evaporation season of
autumn and summer; fish were cultured during winter and spring. This culture came

from trapping of fish that lived in these estuarine areas.

One of the largest success stories in European aquaculture has been the sea bass
industry, which in less than 15 years grew from a few thousand tonnes to 57.000 tonnes

today (19, 20).



1.4.1 Global Aquaculture Statistics of Dicentrarchus labrax
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Figure 1.4 Capture fisheries and aquaculture production for European sea bass in the

Mediterranean and in Europe (18).

In 2004, the global sea bass capture fisheries production was of 11.481 tonnes (19)

and aquacultured sea bass capture is about to 75.000 tonnes.

1.4.2 Taxonomy

Taxonomy of the Dicentrarchus labrax is given bellow (21).

Kingdom Animalia
Phylum Chordata
Subphylum Vertebrata
Superclass Osteichthyes
Class Actinopterygii
Subclass Neopterygii
Infraclass Teleostei
Superorder Acanthopterygii
Order Perciformes
Suborder Percoidei
Family Moronidae
Genus Dicentrarchus

Species Dicentrarchus labrax
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1.4.3 Biology

The European bass is a member of the Moronidae family and the
name Dicentrarchus comes from the presence of two dorsal fins. It has silver sides and
a white belly and juveniles maintain black spots on the back and sides. This
fish's operculum is spined and serrated. D.labrax may grow to a total length of over 1 m

and 15 kg of weight (21).

D.labrax has a body rather elongated. These fish have opercle with 2 flat spines;
preopercle with large, forward-directed spines on its lower margin and a diffuse spot
been on the edge of opercle. The color of the fish is silvery grey to bluish on the back,
silvery on the sides, belly sometimes tinged with yellow and young ones have some

dark spots on upper part of body but adults never spotted (19).

Sea bass is a gonochoristic species. Females spawn in winter in the Mediterranean
Sea (December to March) and spawn in the Atlantic Ocean up to June. They present a
high fecundity (on average 200.000 eggs / kg of female). These fish start to reproduce
over 2 kg and can reach 6 to 7 years in the wild (22, 23).

1.4.4 Life Cycle of Dicentrarchus labrax

There are two life cycles of Dicentrarchus labrax known as extensive and

intensive system that given in the Figures 1.5 and 1.6.
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In intensive production, ongrowing units are supplied with fry from hatcheries and
controlled diet is provided. Juveniles are sold to farmers at a size of 1.5-2.5 g. The
ongrowing juveniles reach 400-450 g in 18-24 months. Feeds are distributed by
automatic feeders every 10-15 minutes for small fish (2-15 g), or by hand for larger fish.
Grading is necessary at least two or three times per cycle, in order to avoid growth

differentiation and cannibalism. Fattening can occur in tanks or in cages system.

The traditional extensive method of lagoon management places special barriers in
appropriate lagoon sites to capture fish during their autumn migration to the open sea. In
this system sea bass is usually cultured in polyculture with sea bream, mullets and eels.
Sea bass reach a commercial size of 400-500 g in 37 months, with a total lagoon
production of 50-150 kg. The limiting factor is in the natural feeding behaviour of the
sea bass that, as predators, may drastically reduce the natural resources of the lagoon

ecosystem (19).

1.5 Molecular Researches on Aquaculture

The development of DNA-based genetic markers has a revolutionary impact on
animal genetics. It is theoretically possible to observe and exploit genetic variation in
the entire genome with DNA markers. Popular genetic markers in the aquaculture
community include allozymes, mitochondrial DNA, RAPD, RFLP, AFLP, SNP,
microsatellite and EST markers. The application of DNA markers has allowed rapid
progress in aquaculture investigations of genetic variability and inbreeding, species and
strain identification, parentage assignments and the construction of high-resolution

genetic linkage maps for aquaculture species (24).

Several marker types are highly popular in aquaculture genetics. In the past,
allozyme and mtDNA markers have been popular in aquaculture genetics research but
more recent marker types that are finding service in this field include restriction
fragment length polymorphism (RFLP), randomly amplified polymorphic DNA
(RAPD), amplified fragment length polymorphism (AFLP), microsatellite, single
nucleotide polymorphism (SNP), and expressed sequence tag (EST) markers (25). Table

1.2 summarizes the basic properties of mentioned marker types.
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Table 1.2 Types of DNA markers, their characteristic and potential applications (24).

Requires ) Major
) Likely .
Marker type Acronym prior Mode of Locus under el applications
allele
or alias molecular inheritance investigation
numbers
information
Linkage
Allozyme Mendelian ) .
Yes ) Single 2-6 mapping
codominant
Mitochondrial
Metarnal Multiple Maternal
DNA mtDNA No . ) )
Inheritance haplotypes lineage
Restriction
fragment Linkage
Mendelian
length RLFP Yes ) Single 2 mapping
. codominant
polymorphism
Fingerprinting
Random for population
amplified RAPD Mendelian studies
No Multiple 2
DNA AP-PCR dominant Hybrid
identification
Amplified Linkage
fragment mapping
Mendelian
length AFLP No ) Multiple 2 Population
dominant
polymorphism studies
Linkage
mappin
Microsatellites Mendel