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Summary

The introduction of brown trout (Selmo tratta) has seriously
threatened the existence of marble trout (Safme marmoratns)
throughout its native range. An identification system for a
reliable and simple differentiation between marble trour and
the hybrids should be established. In this study, mitochondrial
DNA D-loop region and microsatellite DNA were chosen to
be screened for suitable markers. Marble and brown trout
populations from Slovenia were analyzed. Six mitochondrial
haplotypes were detected, one of them being specific to marble
trout. Three microsarellive loci isolated from our own size-
selected genome library of marble trout were analyzed, all of
them exhibiting alleles characteristic of marble trout. These
genetic markers represent an addirional diagnostic tool for
distinguishing between marble rrour and irs hybrids and,
therefore, should be considered as one of the main criteria for
evaluating the genetic purity of marble trout in Slovenia. A
phylogenetic relationship berween marble and brown trout was
established; it revealed marble trour as a distinet evolutionary
branch, highly differentiated from phylogenetic groups of brown
trout.

Povzetek

Vnos pototne poscrvi (Safme trutta) v naselitveno obmoéje soske
postrvi (Salnio marmoratus) je resno ogrozil njen obsto). Postaviti
je treba enostaven in verodostojen ter hkrati enostaven sistem
razlikovanja sofke postrvi od krizancev. V tej Srudiji sra
mirthondrijska DNK D-zanka in mikro sarelic DNK izbrana
za primerne markerje. Analizirane so bile populacije sotke in
potoéne postrvi v Sloveniji. Odkririh je bilo $est mitohondrijalnih
haplotipov, eden od teh je specifiéen za sosko postrv. Analizirani
s0 bili trije mikrosatelitski lokusi, izolirani iz nase lastne genomske
knjiznice, vsi trije z aleli znadilnimi za sotko poscrv. Ti genetski
markerji predstavljajo dodatno diagnostiéno orodje za
razlikovanje sotke postrvi od krizancev. Zaro jih lahko smatramo
za enega od osnovnih kriterijev pri vrednorenju &istosti sotke
postrvi v Sloveniji. Ugotovljena je bila filogenetska povezanost
soske in potoéne postrvi, ki sosko postrv postavlja na mesto lodene
evolucijske veje, zelo razliéno od filogenerskih skupin potoéne
POSErVIL

Riassunto

L'introduzione della trota fario ha messo seriamente in pericolo
l'esistenza della trora marmorara nei suoi luoghi originari.

[ necessario stabilire un sistema semplice ed affidabile per la
differenziazione degli ibridi dalle trote marmorate. In questo
lavoro la regione D-loop del DNA mitocondriale ¢ DNA
microsatellite sono stati scelei per essere screenati come marker
opporcani.

Sono state analizzate popolazioni di trota marmorata e fario della
Slovenia. Sei aplotipi mitocondriali sono stati rilevati di cui uno
specifico della trota marmorata. Tre loci microsatelliti isolati
dalla nostra libreria genomica di dimensioni scelee di troa
marmorata sono state analizzate, tutti esibendo le caraceeristi-
che degli alleli della trota marmorata. Questi marcarori geneti-
ci rappresentano un uleeriore mezzo di diagnosi per distinguere
la trora marmorara dagli ibridi ¢ per questo dovrebbe venire
considerato come uno dei criteri principali per valutare la pu-
rezza genetica delle trote marmorate della Slovenia.

E stata determinata la relazione filogenetica tra la trota
marmorata e la trota fario; essa ha rivelato la trota marmorata
come un ramo evolutive distinto, altamente differenziato dal
gruppo filogenetico della trota fario.
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Introduction

Hybrids berween marble and brown trour, found along
the entire North Adriatic river system, are decisive evidence
of the successful hybridization of these two taxons.
However, little is known about the factors that enable this
hybridization. Analyses performed in the P6 drainage led
to the assumprion that recent hybridization between
marble and brown trour has been the resulr of the
introduction of exoric brown trout populations. It was
reported that before this introduction marble and brown
trout were parapatric and behaved almost as true species
(reviewed by Giuffra ¢t @/, 1996). The situation seems
different in the Slovenian parr of the Adriatic basin where,
according to prevalent belief (reviewed by Pové ez 4l., 1996),
marble trout used to be the only trout species present.

In any case, the introduction of brown trout has seriously
threatened the existence of marble trout throughour its
native range. In the late 1980s, hybrids of marble and
brown trout prevailed in Slovenia, and only the upper
reaches of the Soéa river basin were still inhabited with
marble trout. In order to preserve marble trourt in Slovenia,
an action plan for its reviralization has been developed (Pove
¢t al., 1996). This plan is based on the creation of wild
genitor stocks kept at fish farms. These fish produce
juveniles which, will then be stocked in streams. To insure
the successful performance of the action plan, an
identification system for che reliable and simple
differentiation between marble trout and its hybrids should
be established. This means, ideally, that markers should
be selected which unambiguously idencify any single fish
as belonging to one of the two groups. Tradirionally, the
identity of a fish was determined according rto its
phenotype, such as color, color pattern, body-shape, body-
size, etc. However, such phenotypic markers are readily
influenced by the environment and are hard to define and
measure. Therefore, the differentiation berween marble
trout and its hybrids based solely on their phenotype is
difficult and unreliable.

The rapid progress in molecular biology in the mid-1970s
contributed, among other things, to the development of
new techniques, which enable the study of similarities of
organisms on the molecular level. This approach can
account for a variety of characters that are polymorphic
and not under selection pressure. Analysis of DNA
sequence variation has proved to be suitable for the
differentiation of closely related raxons. Certain non-coding
hypervariable regions of DNA, e. g., mitochondrial (mt)
DNA D-loop region (control region) and microsatellite
DNA (Harrison, 1989; Jarne & Lagoda, 1996), enable the
study of genertic polymorphism from the inter-specific to
the inter-population level. Mitochondrial DN A has many

properties that make it useful for reconstructing a recent
phylogenetic history. The most important features are its
marernal inherirance and absence of recombinartion.
Additionally, mtDNA, particularly its D-loop region,
evolves more quickly than most nuclear genes, allowing
the identification of informative phylogenetic characters
among closely related populations. Microsatellites are
highly variable, tandemly repeated DNA sequences, with
unit repeats one to six bases in length. Length
polymorphism arises from the variation in the number of
repeats. These are spread throughout che nuclear genome
and follow a Mendelian co-dominant inheritance pattern.
The potential areas of microsatellice DNA application in-
clude strain identification, systematics of closely relaced
populations, gene mapping, studies of parentage and
kinship (Queller ¢z &/., 1993).

The main objective of this study was to identify
diagnostic molecular markers, which would help o di-
scriminate reliably between marble trout and ics hybrids
with brown crout. Using these markers, we assessed the
phylogenertic relationship berween marble and brown trout
to understand berrer the early history of marble trout. Due
to their precise resolving power, we chose mtDNA D-loop
region and microsatellite DNA to be screened for suitable
markers.

Material and methods
Material

Blood samples of 191 fish in toral were collected from
1995 to 1999 (Tab. 1). Marble trout was represented by
86 specimens from three tributaries of the Soéa river
(Zadlaséica, Trebuséica and Predelica). The sampling
locations were separated from the lower-river system by
several impassable barriers, preventing upstream fish
migration, and have apparently never been affected by any
stocking activities.


















