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Genetic variability of trout populations from 13 localities situated
in all three sea basins (Black, Aegean and Adriatic) of Serbia was
ascertained using the restriction endonuclease Alu I, i.e., by RFLP
(Restriction Fagment Length Polymorphism) technique on PCR
(Polymerase Chain Reaction) amplified control region of the mtDNA.
Restriction endonuclease Alu I cut the control region of the mtDNA at
two characteristic profiles featured by populations of trout from the the
Black Sea basin and those from basins of Aegean and Adriatic Seas
("southern" populations), respectively. This revealed a strong
correlation between the geographic situation and the genetic
differentiation of trout populations.
Key words: Salmo, Serbia, PCR, mtDNA, RFLP, genetic
differentiation
INTRODUCTION

Brown tout Salmo trutta L., 1758 shows very high level of genetic
differentiation in its dispersal area (Largiadèr and Scholl, 1995). Analyzes
accomplished so far revealed that great part of brown trout’s intraspecific
variability was lost, whereas the rest of it is strongly jeopardized (Laikre et al.,
1999). The loss of intraspecific variability comes as an outcome of human
activities of three general types: habitat degradation, overfishing and fish stocking
(Allendorf, 1988; Laikre and Ryman, 1996).
Estimation of the loss of genetic variability was accomplished using genetic
markers: allozymes (Morizot and Schmidt, 1990; May, 1992), microsatellites
(Poteaux et al., 1999; Hansen et al., 2000) and mtDNA. mtDNA is an important
genetic marker used for investigations of the genetic structure of populations,
reconstruction of phylogenetic relationships between taxa, as well as of migration,
introduction rates and speciation (Bernatchez et al., 2001; Weiss et al., 2001;
Duftner et al., 2003; Cortey et al., 2004). Bernatchez et al. (1992) used sequencing
of the mtDNA control region to desribe five phylogenetic lineages of European
trout: Mediterranean, Adriatic, Danubian, Atlantic and marmoratus that mainly
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correspond to the specific geographic locations where the samples originated
from. Since sequencing is both an expensive and complex method, the RFLP
(Restriction Fagment Length Polymorphism) analyis of particular regions of
mtDNA (Berg and Ferris, 1984; Dov~ et al., 2004) was often used to ascertain interand intraspecific genetic variability of geographically distinct populations that
belong either to the same, or to different sea basins.
The territory of Serbia, being an important refuge during the Pleistocene
glaciations (Hewitt et al., 1999), contains a plenty of phylogeographic information.
It is a "hydrographic node" of the Balkans, i.e., it contains the watershed of three
great drainages: those of Black, Aegean and Adriatic Sea basins (Gavrilovi} et al.,
2002). The hydrographic diversity of Serbia is a derivative of paleogeographic,
paleoclimatological and geotectonic events (Stevanovi}, 1982) that determined
the occurrence of separated, locally specific populations of brown trout. Thus,
four original brown trout taxa were reported from waters in Serbia: Salmo labrax
(Pallas, 1814) in river drainages of the Black Sea basin (Jankovi}, 1963;
Simonovi}, 2001), Salmo macedonicus (Karaman, 1924) in the Dragovi{tica River
drainage of the Aegean Sea basin (Mari} et al., 2004), as well as Salmo
marmoratus (Cuvier, 1829) and Salmo farioides (Karaman, 1937) in the Beli Drim
River drainage of the Adriatic Sea basin ([ori}, 1990).
The aim of this paper is to ascertain the genetic differentiation between trout
populations from drainages of all three sea basins of Serbia using the Alu I
restriction endonuclease in the PCR and RFLP analysis on the control region of
mtDNA and to compare it with their current taxonomic status.
MATERIAL AND METHODS

Samples and DNA isolation
A total of 60 trout individuals from 13 locations across southern Serbia were
collected by electrofishing and fly-fishing from 1997 until 2004. Twenty six of these
individuals came from 6 sample sites distributed across the tributaries in Serbia
feeding the Danubian drainage (Black Sea basin), 24 from five tributaries of the
Vardar and Struma Rivers (Dragovi{tica River drainage) in the Aegean Sea basin
and the remaining 10 from two upper stretches of the Beli Drim River drainage of
the Adriatic Sea basin (Fig. 1).
Total DNA was isolated from fin clips preserved in 96% ethanol using the
Wizard Genomic DNA Purification Kit (Promega).
DNA amplification and Restriction fragment length polymorphism - RFLP
PCR amplification of the entire control region (mtDNA CR) (ca. 1050 bp) was
performed using primers 28RIBa (Snoj et al., 2000) and HN20 (Bernatchez et al.,
1993). The conditions for PCR were: initial denaturation (95oC, 3 min) followed by
30 cycles of strand denaturation (94oC, 45 s), primer annealing (52oC, 45 s) and
DNA extension (72oC, 2 min). All PCR amplifications were performed in a
programmable thermocycler GeneAmp® PCR System 9700 (AB Applied
Biosystems). A total PCR volume of 30 ìl was used, containing 1 mM of each
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Figure 1. Sampling locations in Serbia (names and sample sizes (N)). Three main
drainages are marked (¢ Danubian drainage,  Aegean drainage, p Adriatic
drainage).
1. Resava (N=4), 2. Godljeva~ka River (N=4), 3. Buk (N=5), 4. Crni Stream (N=5), 5.
Brevina (N=4), 6. Gradac (N=4), 7. Bo`ica (N=6), 8. Dejanov Stream (N=3), 9.
Brankova~ka River (N=5), 10. Tisova River (N=5), 11. ^erena~ka River (N=5), 12.
Pe}ka Bistrica (N=5), 13. Prizrenska Bistrica (N=5).
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primer, 0.2 mM dNTP, 1.5 mM MgCl2, 1 x PCR buffer, 1 U Taq polymerase (PE
Applied Biosystems) and 100 ng of genomic DNA. To chech the efficacy of
amplified DNA, fragments were run on a 1.5% agarose gel.
The amplified segments were subsequently screened for polymorphism
with the endonuclease Alu I. To a 0.5 mL microcentrifuge tube the following were
added: 5 µL PCR product, 2 µL digestion buffer, 0.5 µL (5 U) restriction enzyme
(Alu I) and 12.5 µL autoclaved distilled water, which totals 20 µL for the restriction
reaction. The samples were digested at the appropriate incubation temperature
37oC for 3h. The total restiction reaction was loaded on to 1.5% agarose gel with
0.5 x TBE electrophoresis baffer, stained with ethidium bromide and run 5 min on
80 V, and jet 10 min at 120 V. The gel was observed by UV light (302 nm) and
documented photographically. For molecular weight size standard a 1kb ladder
(Pharmacia) was used. The exact length of fragments derived from Alu I
endonuclease use was ascertained from the positions of the characteristic
sequence ag/ct on the complete sequence of the mtDNA control region of brown
trout available in Gene Bank (Accession No. X93586), with the reference to the
characteristic polymorphisms of samples from the Danubian and Adriatic Sea
basins (Corty et al., 2004).
RESULTS AND DISCUSION

RFLP techique, i.e., Alu I restriction enzyme provided preliminary data on
the presence of mtDNA lineages (Bernatchez et al., 1992) of brown trout in
drainages of all three sea basins in Serbia. The Alu I restriction enzyme cut the
mtDNA control region at a length of about 1050 bp at the sequence ag/ct on
fragments of characteristic lengths for two different restriction profiles. In all
samples from drainages of the Black Sea basin, Alu I cut the control region on four
places and formed five fragments of lengths of 464, 311, 252, 37 and 4 bp.
Samples from drainages of the Aegean Sea basin and Adriatic Sea basin, where
cut by the same enzyme on three places and formed four fragments of lengths
563, 464, 37 and 4 bp. The fragments 4 i 37 bp long were too small to be visible on
gels (Fig. 2). Thus, it provided the efficient discrimination of the Black Sea basin
brown trout Salmo labrax from "southern" trout (Salmo macedonicus, Salmo
farioides i Salmo marmoratus) populations from drainages of seas (Adriatic and
Aegean) that belong to the Mediterranean Sea basin.
In spite of that Alu I can also provide efficient discrimination of Salmo
marmoratus within the "southern" trout group (Dov~ et al., 2004), the third profile
was not recorded on this occassion due to the lack of samples of Salmo
marmoratus from the Miru{a River, the only habitat reported for Serbia ([ori},
1990). It is also possible that there is no third profile due to the lack of a close
relationship between marble trout of Bosnia and Herzegovina, Montenegro and
Serbia on one, and that of the So~a River drainage on the other side. In marble
trout from the Neretva, Zeta and Cijevna Rivers no marmoratus mtDNA
haplotypes were discovered, opposite to marble trout from the So~a River
drainage (Ale{ Snoj, pers. comm. – unpublished data). There are yet no relevant
data on the mtDNA haplotype of marble trout from the Miru{a River, a tributary of
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the Beli Drim River of Serbia that is the only reported locality of this species, which
is now inaccessible.

Figure 2. Photograph of RFLP of the control region mtDNA after restriction with the
endonuclease Alu I. The numbers above profiles represent sampling locations. The
marker used is a 1kb

Previous investigations revealed that haplotypes of the Ad lineage occur the
in Aegean Sea basin, as well as that they are identical in both Aegean and Adriatic
Sea basins, e.g., haplotype Ad1 (Apostolidis et al., 1997). That hindered Alu I to
reveal the occurrence of genetic differentiation between "southern" trout taxa of
Aegean (Salmo macedonicus) and Adriatic (Salmo farioides) Sea basins.
The applicative significance of Alu I endonuclease use is in the successful
detection of aboriginality of trout populations in Serbia, especially considering
frequent translocations that occurred mainly on watersheds between particular
drainages. The use of RFLP tecnique (Alu I endonuclease) is a simple, noninvasive way to ascertain the genetic identity of trout populations. That provides a
quick and efficient establishment of a system for biological conservation included
into the sustainable fisheries utilization of trout stocks of Serbia. In addition to the
conservation at the species level, it is important to conserve the differences in
genetic structure occuring within and between local populations. Since in all
investigated localities the aboriginal populations of trout occur yet as revealed in
this paper, it is possible to restore and conserve the original trout diversity in all
drainages. This is to be accomplished by conservation of trout habitats and of the
original genetic structure of populations within them. The use of RFLP technique
is necessary for the establishment of brood stocks for the production of
autochtonous stocking material, when stocking is necessary. However, it should
be cautious about mtDNA as a genetic marker regarding its maternal inheritance
which disables its use in differentiation of hybrids in populations subject to
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introgressions, when the use of more informative nuclear genetic markers is
recomended (Ferris and Berg, 1988).
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UTVR\IVANJE GENETI^KE DIFERENCIJACIJE POPULACIJA PASTRMKE
(SALMO SPP.) NA TERITORIJI SRBIJE, UPOTREBOM RFLP TEHNIKE NA
PCR AMPLIFIKOVANOM KONTROLNOM REGIONU MITOHONDRIJSKE DNA
MARI] S, SNOJ A, NIKOLI] VERA i SIMONOVI] P
SADR@AJ

Utvr|ivanje geneti~ke varijabilnosti populacija poto~ne pastrmke sa 13 lokaliteta iz sva tri sliva (crnomorskog, egejskog i jadranskog) na teritoriji Srbije izvedeno je upotrebom restrikcijske endonukleaze Alu I, odnosno RFLP (Restriction
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Fagment Length Polymorphism) tehnike na PCR (Polymerase Chain Reaction)
amplifikovanom kontrolnom regionu mitohondrijske DNA. Restrikcijska endonukleaza Alu I rezala je kontrolni region mtDNA na dva restrikcijska profila, od kojih jedan karakteri{e populacije poto~ne pastrmke crnomorskog sliva, a drugi populacije egejskog i jadranskog sliva ("ju`ne" populacije). Upotrebom endonukleaze
Alu I, uo~ena je korelacija izme|u geografskog porekla populacija poto~ne pastrmke i njihove geneti~ke diferenciranosti.

