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Various ysis of genenc the DNA-
level have been developed Notable i may be foundin the
DNA and the mi

atellites and microsatelites of genomic DNA. Suchpalymorphisms

are exceedingly numerous and may provide a promising basis for snuriber of scientiic

as well as practical applications i

jenetic studies in Tilapia. Anex panded number of
genetic markers would inorease cttisteal insights on marker-based popu[a\lun s\udlls
in

jhly relevant
sle:ks of Tilapia. In ad

ortant

n, utilization of mase genatic markers caulelcontribute to the

maps an

and produ:tmn—rela(ed traits of fish.

markers for health

fisheries.
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Tilapia has become increasingly important in
squaculture i tropical and sublropical countries, such
s the Philippines, Taiwan, Israel and Sub-Saharan
Africa. Itis much appreciated by consumers, being a
good and affordable source of protein. Low input and
figh returns for rearing Tilapia extends the favor 1o fish
farmers as well. There are 20 or more commercially
important species, and of these, four are found in the
Philippines that contribute significantly to annual fish
production in the country. Initially distributed in a
neighboring country (Singapore) as an aquarium fish,
Oreachromis mossambicus was the first 1o enter the

species, which gained wide acceptance because it
produces monosex dfsping when crossed with O.
niloticus (Pullin & Capii 1988). Red Tilapia, a hybrid,
the last of the Philippine species, so called because of
its red color in contrasito the grayish brown dark gray
color of the other spedes (alman et al. 1988).
Problems in fish management, however, still arise
in Tilapia production because of its capacity to over
bresd. Atayoungage, ihese fishare able lo reproduce,
often leading to the overciowding of fishponds, thus
limiting the growth of incliiciual fish. In an effor to
address this problem, monesex nupulauons have been
The

Philippines waters. Because of its
appearance and slow growth rate, the popularity of this
species soon declined when Oreochromis nilotucus
fom (srael was introduced. This second species has

produced,

revot hess mathods esived v mames inspection
and separation of seies. A second procedure, which
is less labor extensive, involves (he use of hormones

but in growth as well. Oreochromis aureus is a third

“Conesponding author.aomlog @oaulo.edung
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Obalini Awolowo Uriversiy
-, Nigor

ystagefish. The third method

‘employs the discoveryhalhybiidization of two different

species would produce skewed sex ratios, some of

which to nearly 100%maleoffspring. These and other
fsup:
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of fast growth, loleance o adverse environmental
conditions, resisance to fish diseases. etc. gave foots
toa widespreadinterestin the study of Tilapia genelics
(Pullin & Capii 1986]

Stock identiicaion and assessment in Tilapia has
been rapidy improved. Morphological description and
‘morphometric analjses were the first tools used to
define tilapine spe cies (Galman & Avtalion 1983, Pante
etal. 1988). Bul these techniques are rather arbitrary.
and biochemica | means (i.e. electrophoresis of
expressed isozjmes) soon lound a more reliable use
in such studies (Macarafias et al. 1986, Galman et al.
1988). Biochemica investigations, however, are st
limited in that mosi of the isozymes are affected by

/¢

chromosomal proteins, a structural rather than genetic
function. Owing to the fack of function, this DNA
derivative is thought to experience low selection

(Turner etal 1991). One oihernteresting chanctersto

is that it is mainly composed of repeated siuctues

presentin variable amount (termed as variablenumber
de VNTRs),

may be based.
here are a number of techniques in molecular
biology that may be employed in analyzing DNA-evel
polymorphism. One of the most basic woud be the
use of enzymes (REs) isolated from bacteria fhat cleave
the DNA at specific sites . For stock identificaion anc/
NA, e.

conditions

and/or
(Galman & Caino 1975). DNA-level
penet

hy s

. the transfer of
toa film, may be done to produce more

provides diredt investigations of the genetic make-up
of several fish species, thus efiminaling the effects of
extraneous lictars. Furthermore, polymorphisms
(variant form) in the DNA are highly numerous as
compared to hat dlisozymes. This equips DNA-level
analysis witha (ot of genetic markers from which
accurate stod ickentification and assessment can be
deduced. Some ofthese DNA markers are described
in this paper. Each cescription of the genetic marker
ends with a cited paper giving an example of the
application ofhe use of this type of molecular analysis
1o tilapia research.

Markers at the DNA level
There are two main types of DNA found in the
ach i

e
These are he_genomic or nuclear DNA and the
mitochondrial DNA (miDNA); the former being that

permanent records (vs. gels) of the fragmen patters.
DNA hybridization may also be done to be able to

rve or compare homologous DNA sequences. In
this technique, a probe is hybridized to the fragnent
under a given stringency. Polymerase chain reaction
(PCR). the ampification of DNA fragments usig priners
of known sequences, may be emplayed for those in
which prior knowiedge on the DNA lengh (i.e. the
sequence) is available. n the case of Tilapia, wherein
neither genomic nor miDNA has been sequenced,
arbilrary primers have been used instead, ghing fise to
the technique AP-PCR or arbitrarily primed-PCR (Harris
etal. 1991). Here there is a random amplfication of
the DNA and the fragments obtained are somelimes

DNA. Usually, a combination of molecular biology
techniques would yield highly informative data.

DNARFLP

whichis foundin tie ponsib

for directing celilar processes, while the latter is
exclusively lound in the mitochondria and almost
independenty didates the functions in this organelle.
Markers in the DNA are observable as restriction
fragment length polymorphisms (RFLPs). These are
variations inhe DNA sequence reflected in different
lengths of DNA fragments obtained through
endonuclease dgestion of the DNA molecule. In
MIDNA, the RFLP may be analyzed soon after its
digestion wih resiriciion enzymes (REs) at specified
conditions. Forgenomic DNA, resultant fragment
lengths, howev ey, wouild be excessively numerous for
practical andysis. Instead, pori of the

For reasons mentioned earlier, DNA-level analyses.
of genetic make-up proves advantageous against
Between mIDNA i
the former would also have certain advanlages over
the latter, aithough such advantages are not sfriclly
empirical. To begin with, MIDNA is smalle;, making it
easier to handle than genomic DNA. Al it is highly
uniform in size, at least among the vertebrales and the
invertebrates (ie. it is 15-18 kb in fish). Due o the
matemal inheritance, sequences within a population

are highly conserved, so that it is possible 1o lal the
lated &Ferrs

genomic ONA areeither hybridized or analysed further.
One particuarly interesting group of genomic DNA is
the satelliteDN. “satellite”

1984). On the other hand, its rapid evoluton, which is
ten times that of genomic DNA, provides ascalefor the

peak upon dbsabance analysis of the DNA. Satellite
DNA has no ascertained functions and is simply
hypoythesizad 1 take part in binding and stabilzing
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. By p
against the degree of divergence, it is possble to
pinpoint the divergence between two species fom a
‘common ancesty. Using mice mIDNA, the calbration



scale for divergence vas found 1o be 0.02 per 1 million
years (Brown etal. 1

RFLP analysis ar mlDNA may be done througha
four-step methodology. The first step involves the
isolation and purification of m\DNA usmg sither Cicr

steps following isolation, is e, RE mgesunn and
subsequent agarose gel electrophoresis (Alejandiito,
1993). When the fragments are obtained. these are then
compared and subjected to statistical tests (Ferrs &
Berg 19862).

Several mveshgannns on species and subspedes
vaiation of Tila /e been successfully shovnlo
generate AFLPe. Some enzymes are only ableto
distinguish between tilapia species but as for Apa,

of O. niloticus (Seyoum & Komfield 1992) (Fig. 1). Tis
Pl o,

importance in aquaculture which introduction fom

different hatcheries and farms all over the world has

been uncontrolled and undocumented, as the casein
hatcheries and

research institutes have been improving the gene pool
of their hatchery stocks with imported stocks fiom

o e S5
Figure 1. Resticon endonuclease dgeston of mDYA of
atous Oreachroms nlotcus (i) subspecies wih Apal.
Q. canc
O ikani. 146 molcularweight siandad, O spta
and O.n. baringoensis (Source: Seyoum & Kol 180)

ONA-makers for Tilapia Genstics
Taiwan, Israel or Africa.

Genomic DNA RFLPs and Satellite DNA

Methods emp!eyed in the anzlysis of genomic DNA
. hybridization and
PGR o reveal polymorphic fagments. Sevoral DA
sequences, however, are more practical amplified
randormly and thus AP-PCR is used instead to produce
RAPDS as was done simuitaneously in three different
i i

and O. niloticus (Fig. 2) (Harris et al, 1991). The PCR
tech

reflections of polymorphism. However, this techniue
requires rigicly controlled set-ups that, for instance, a

The entire genome is too large and excessively
polymorphic that genetic comparisons using
digestion hardy facilitates RFLP analysis - if at all
However, certain noncoding and repetitive segments
of the genome known as sateflte DNA, thought to be
only structurally functional, have now found use in
genelic analyses. It has the advantage of ease in
analysis in that it is rather small (less than 1 kb) and
thus enables even sequence comparisons. Despite the
smallsize, these portions of the genome may containa
high degree of polymorphism. Due to these
characteristics, the resolution becomes more defined
and detailed studies such as linkage analysis and DNA
fingerprinting can be done. Also, amount of DNA
required for analysis is rather low thus resuling to a

in certain instances (e.g. imported germplasm or
valuable hatchery geneic resources).

Satellite DNAS have been first observed as extra
peaks (- thus the term “satellte") generated upon

bp N1

oy
Figure 2. Polymarphic RAPD fingerprints arrows) generaled

{lanes 1:3), Poccla retculaa (anes 4-6) and Oreochrons
niloticus { lanes 7-9). Molecular weight marker is BSIEIl d-

ested lambda phage DNA. The last lane is of negaive reac
tion without template. (Source: Harris et al. 1991

1
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plotting of DNA content against its buoyant densit.
Four different satellites are typed according to size:
(1) macro-, (2) midi-, (3) micro-; and (4) minisatelites
which may be selectively isolated through isopicnic
centrifugation. pulse-field electrophoresis, agarose gel
and denaturing

respecively. Of these, the mini-(2-100 bp) and the
microsatellites (1-4) are best characterized. Most
satellite DNA analysis are thus based on these types.

A general protocol involved in satelite DNA analysis
involves basic molecular biology techniques.  Initay.
isolated genomic DNA is digested with an appropriate
RE. Satellte DNA, after gel electrophoresis, is seen as

. ey

of satelile DNA is due to the presence of his fragment

fength in large quantites brought about by the multple

estriction sites individually present within a monomer

of the repetiive sequence. Polymorphic pattemns in the

satellite DNA are hypothesized to be generated because
f

o i9.3). 3 g
sites are solated outside the repeitive sequences and
thus. the satelite is kept intact as a large fragmen.
Second, the recognition site is found at the repelitive
units, but such recognition sites are lost towards the
end of the satelite array. Laslly, the lost recognition

‘Noninteger Fragmenss
Isolated Blocks o Satellite DNA
o ra

—L—»x—»ln—>—>-—-——

Terminiof Satellte Arrays

N !

S.moss. hors

{ Tcna

Figure 4. Southern blot and hybridzationof aconed satelite
repeal lrom O. niloticus to EcoRl dgess of various fiapine
DNAS (tight panel). Lelt panel; 2% agaross gel electophore-
sis of Ecol digests of genomic DNAs fron O.aurews(O.aur),

o . ). 3
T aili (T. zili). Trendali (Trend..and he hyorid strain O,
Omossinon).

Franck el al. 1992).

repeats (Franck et al. 1992). Sauthen biotting is then
done for a more permanent record of the fragment
patterns. This type of analysis was used in differentiating
different tilapia species (Fig. 4). Thisshowed the utilty
of microsatellite genetic markers as tools in
morphologically similar, e.g. O. aureus and O. niloticus
or 0. mossambicus and O. hormonsm Futthermore, the
clorex

Internal Polymorphism

Shbbo b

Figure 3. Proposed mechanism for the gencraton of paly.
morphic fragments in satelite DNA. Monomer salelite DNAs

fesent the proposed Pal resirction endonuclease recogri-
tion sites (Source: Franck et al. 1992).
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generated utther analysis,
such as PCR andlor sequencingstudes, or labelled to
be used as a probe in genotyping unknown stocks,
mixed or introgressed populations and offspring from
parental stocks.

Conclusions

There are several potential and already-utiized
applications of the study of DNA‘%velmarkers. Amon
these, genetic branding, phylogen elis, conservation

iology, diagnostics and even forensis are relevant to
the piscine system. Varietal andpa rental identication
as well as marker-based screening ofresource strains



may be greatly facilitated by these studies. Studies on
molecular phylogenetics, such as genomic mapping,
population and genomic evolution studies, and geneic
Ikage may b criedout by RFLP anaysisr by DN

nserv eﬂn

DNA-matkers for Tiapia Genetics

Nigeria and thePHipranes
Figures 1 anct 2were reprinted respectively from
Aquaculture 102, Seyoum & Kornfield 1992 and

o
introgression is 1mpm(an( s well as accurate
Slinoaton botween wid stocks rom hybrids. Although
rostvaluable in humans disease, diagnosis may also
te employed in fishes, particularly if such diseases are
genevelated. Identification of loci which is related to
dsease resistance, immune responsiveness, or cell
gowh is also part of diagnostics which is valuable in
aquaculture. Forensics in game fish sports may also
employ DNA-based investigations, as in one particular
case where a large bass trout, iliegally introduced into
he fishing waters, was found to be a native of another
ocalty (Hallerman & Beckman 1988)

The application of DNA-based genetic ana!ysis in
liapia research and stock

 Haris etal. 19
Excerpta Medca e. Figures 3 and 4 were reprinted
from Genome 35, franket al. 1992.
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