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Abstract
In this study, the genotypic differences of five different trout populations were compared using microsatellite markers.
Fish analyzed were; Balıklı Lake (BLK) and Abant Lake (ABN) found in lakes, and Fırat Basin (FRT), Aras Basin (ARS),
Çoruh Basin (CRH) found in rivers. Allele numbers in each locus were determined by application of Single Strand
Conformation Polymorphism (SSCP) to the microsatellite sections. Totally 62 alleles were observed from 10 microsatellite
loci. According to the results from factorial correspondence analysis, it was determined that all of the populations formed
different groups from each other. Considering all loci, observed heterozygosity (H o) and expected heterozygosity (He), values
changed from 0.602-0.668 and 0.570-0.670, respectively. Ho value was significantly (P<0.01) higher than He value of
populations of FRT. Fixation index for subpopulations (FIS) values were ranged from 0.069 to -0.173 (BLK to FRT) in
populations, and the overall average diversity between populations (F ST) value of the all loci was calculated as 0.0790.
According to FST values calculated among populations, genetic distance was found to be significant (P<0.05) among four
populations. It was determined that four of five populations were at the Hardy-Weinberg equilibrium (HWE). Considering
genetic distance in populations, it was observed that the distance was shorter in lake forms compared to River forms.
Keywords: Salmo trutta, microsatellite, SSCP, genetic variation.

Türkiye’deki Beş Farklı Yerli Alabalık Türünün Genetik Varyasyonunun Mikrosatelit Markırlar ile
Belirlenmesi
Özet
Bu çalışmada beş farklı alabalık poulasyonunun genotipik farklılığı mikrosatelit markırlar kullanılarak karşılaştırıldı.
Analiz edilen balıklardan; Balıklı Göl (BLK) ve Abant Gölü (ABN) gölde, ve Fırat Havzası (FRT), Aras Havzası (ARS) ve
Çoruh Havzası (CRH) nehirde yaşamaktadırlar. Her bir lokustaki allel sayısı Single Strand Conformation Polymorphism
(SSCP) yöntemi vasıtasıyla belirlendi. 10 mikrosatelit bölgede toplam 62 allel gözlendi. Faktöriyel uyum analizi sonuçlarına
göre, populasyonların tamamının birbirlerinden farlı gruplar oluşturduğu saptanmıştır. Tüm lokuslar ele alındığında gözlenen
(Ho) ve beklenen (He) heterozigotluk değerleri sırasıyla 0,602-0,668 ve 0,570-0,670 arasında değişmiştir. FRT
populasyonunda Ho değeri He değerinden önemli derecede yüksek çıkmıştır (P<0,01). popülasyonlar arası fiksasyon indeksi
(FIS) değeri 0,069 (BLK) -0,173 (FRT) arasında ve tüm lokuslardaki popülasyonlar arası genel ortalama çeşitlilik (F ST) 0,0790
olarak hesaplanmıştır. Popülasyonlar arası hesaplanan genel ortalama çeşitlilik (FST) değerine göre dört popülasyon arası
genetik mesafe önemli olarak bulunmuştur (P<0,05). Beş popülasyondan dördünün Hardy-Weinberg dengesinde (HWE)
olduğu belirlenmiştir. Popülasyonlardaki genetik mesafe değerlendirildiğinde mesafenin nehir formlarına göl formlarında
daha dar olduğu gözlenmiştir.
Anahtar Kelimeler: Salmo trutta, mikrosatelit, SSCP, genetik varyasyon.

Introduction
Many populations and species of plants and
animals are in danger of losing significant
components of their genetic variation as a result of
lowered population sizes and habitat fragmentation

leading to restricted gene flow (Hedrick and Miller,
1992). This general problem is also compromising the
gene pools of Salmonid fish species.
Brown trout Salmo trutta L., have been found in
genetically subdivided populations over different
geographical areas (Ryman, 1983; Ferguson, 1989;
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Apostolidis et al., 1997; Carlsson et al., 1999). On a
large geographic scale (between river or lake basins),
it was found that the genetic differentiation may be a
result of repeated post-glacial colonization (Carlsson
et al., 1999). On a smaller scale (within river or lake
basins), geological features such as impassable
waterfalls may lead to isolated populations that
differentiate by genetic drift (Hindar et al., 1991).
The genomes of animals and plants contain
regions that consist of a series of repeated units of
DNA–Variable Number Tandem Repeats (VNTR).
One type of VNTR microsatellites consist of
dinucleotide (e.g. CACACACA), trinucleotide (e.g.
GTAGTAGTAGTA)
or
tetranucleotide
(e.g.
TAGCTAGCTAGCTAGC) repeats (Beaumont and
Hoare, 2003). The number of repeated units contained
within a particular microsatellite locus can vary
within a population, and this produces variation in the
length of the locus (Beaumont and Hoare, 2003).
Microsatellite DNA markers have been proved to be
useful for assessing the stocked or indigenous status
of salmonid fish populations (Nielsen et al., 1997;
Poteaux et al., 1999; Hansen et al., 2000).
An individual primer pair amplify only
microsatellite locus because the primers are specific.
Any variants of microsatellite size have been revealed
by gel electrophoresis of the polymerase chain
reaction (PCR) products from different individuals.
Thus, all size variations of the microsatellite repeat
have been detectable. A high proportion of such PCR
analyses reveal several marker “alleles”, or differentsized strings of repeats (Griffiths et al., 2000).

Common measures of genetic diversity are
heterozygosity (the proportion of heterozygous
individuals in the population), allelic diversity
(number of alleles at a locus in the population), and
the proportion of polymorphic loci (Pujolar et al.,
2005; Chistiakov et al., 2006).
The main purpose of this study was to analyze
genetic variation among five indigenous trout strains
using microsatellite markers. To execute this, the
genetic differentiations among the strains and amount
of genetic variation within strains were quantified.
The results were compared to literature data, and
found to be in correspondence.

Materials and Methods
Research Regions and Populations
Samples were collected from five different trout
populations, two of which are found in lakes and three
in rivers. The rivers are the main sources that feed
basins where they are located whereas lakes are under
national park protection and there is no human
activity. All of these brown trout populations are
genetically healthy and sustaining, and random
mating populations. A description of the five
populations used can be found in Table 1 and Figure
1. For identification of the species, population was
analyzed to use it as an external control (Geldiay and
Balık, 2002).

Table 1. Description of five populations of brown trout studied
Station
1
2
3
4
5

Population
BLK
ABN
FRT
ARS
CRH

Basin
Aras
West Black Sea
Karasu/Fırat
Aras
Çoruh

Location
Balıklı Lake
Abant Lake
Yeşildere River
Hamzanlar River
Yağlı River

Coordinate
39° 45′ N 43° 33′ E
40° 36′ N 31° 16′ E
40° 07′ N 41° 25′ E
39° 27′ N 41° 15′ E
40° 21′ N 41° 04′ E

Figure 1. Geographical locations of five samples of brown trout assayed in this study.

Species
S. t. labrax natio lacustris
S. t. abanticus
S. t. macrostigma
S. t. caspius
S. t. labrax

Table 2. Description of five populations of brown trout studied
Details of the microsatellites

BS131
543AE

T3-13

Forward
Reverse

CACATCATGTTACTGCTCC
CAGCCTAATTCTGAATGAG
CTTTCTCTTGCGATAGTACGG
GTTTCTACAGTCAGCACAAG
TC
CCAGTTAGGGTTCATTGTCC
CGTTACACCTCTCAACAGAT
G

85

GGAAGGAAGGGAGAAAGGT
GGAAAATCAATACTAACAA

43AEU +
43AEL

GTTGTGGGCTGAGTAATTGG
CTCCACATGCATCTTACTAAC
C

FGT1

MST-73

Strutta-12

AGATTTACCCAGCCAGGTAG
CATAGTCTGAACAGGGACAG
CTATTCTGCTTGTAACTAG
CCTA
CCTGGAGATCCTCCAGCAG
GA
AATCTCAAATCGATCAGA
AG
AGCTATTTCAGACATCACC

MgCl2
(mM)

Denaturation
94 oC

Anneali
ng
(Tm)

Extension
72 oC

Final
extension
72 oC

Cycles

References

160–
186

1,5

1 min

45 s

1 min

5 min

30

Estoup et al.
(1998)

52

147–
175

1,2

1 min

45 s

1 min

5 min

30

Estoup et al.
(1998)

(TG)10CG(TG)40

54

180–
256

1,0

1 min

45 s

1 min

5 min

27

Estoup et al.
(1998)

(CT)23

54

160–
180

1,5

1 min

45 s

1 min

5 min

28

Estoup et al.
(1998)

56

156–
166

60

190–
246

58

148–
166

1,5

30 s

30 s

30 s

10 min

30

(GT)43

55

151–
231

1,5

45 s

45 s

45 s

10 min

30

Poteaux et
al. (1999)

Repeat motif

Annealing Temp.
(oC)

(TG)6 …(TG)18

50

(CT)13

(TG)5AG(TG)4TA(TG)
3AG
(TG)7TA(TG)7AG(GT)

Allele size
range (bp)

1,2

1 min

45 s

1 min

5 min

28

Estoup et al.
(1998)

4

(GT)23GC(GT)5GC(GT
)2
GCGTGC(GT)2GC(G
T)4
(GT)13TTATCT(GT)
3

0,8

1 min

45 s

1 min

5 min

27

Estoup et al.
(1998)

Poteaux et
al. (1999)

AACAATGACTTTCTCTGAC
AAGGACTTGAAGGACGAC

(GT)40

55

135–
205

1,5

45 s

45 s

45 s

10 min

30

Poteaux et
al. (1999)

OMM-1338

TTCCCCTCAAACTGATGCA
TA
TTTAGAATCCTCCGGTTC

ATG

58

230–
260

2,5

30 s

30 s

30 s

10 min

36

Palti et al.
(2002)
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Microsatellite Analysis
Fish were captured by cast nets and killed with a
sharp blow on the head. Dorsal muscle that obtained
from the point between linea lateral and dorsal fin was
cut out, and frozen under liquid nitrogen and than
transferred to laboratory for extraction. DNA was
extracted from the muscle tissue using the
phenol/chloroform method according to Asahida et
al., (1996) with minor modifications (Aksakal and
Erdoğan, 2007). The quality and concentration of
DNA from both sources were assessed by 1% agarose
gel electrophoresis, and then samples were stored at 20 ºC until use.
Totally 60 specimens from five populations
(each population contains 12 individuals) were
screened for genetic variation at ten microsatellite
loci. PCR reactions (20 µl) contained approximately
50 ng of total DNA, 1 unit of Taq polymerase, 20
pmol of each primer, 200 µM of each dNTP and 10x
buffer, 5% w/v dimethyl sulphoxide (Kitade et al.,
2003) and MgCl2 (see Table 2 for the concentration of
MgCl2). All chemicals used in analyses were provided
by Sigma. Primer sequences, annealing temperatures,
MgCl2 concentration, PCR conditions and references
for all microsatellite loci are shown in Table 2.
For each amplification fragment, 5 µl of PCR
product was diluted with 5 µl of the loading buffer
(95% formamide, 100 mM NaOH, 0.05%
bromophenol blue, 0.05% xylene cyanol). After
heating at 95ºC for 10 min, the mixture was
immediately placed in ice for denaturation and then
loaded on a 6% polyacrylamide SSCP gel (acr : bis,
29 : 1) in 1x TBE buffer for 14 h at 100 V. After
etidium bromide staining, the GeneSnap version 6.05
software was used to determine the size of alleles.
The number of alleles at each locus (A), factorial
correspondence analysis (FCA), Hardy-Weinberg
departure, observed (Ho) and expected (He)
heterozygosities were estimated for each population
using Genetix 4.02 software (Belkhir, 2001). One
thousand permutations were generated to assess
significance of the value according to Excoffier et al.
(1992). Observed and expected heterozygosity were
calculated, and FIS values were obtained. Genetic
differentiation among the strains was estimated using
FST values according to Weir and Cockerham (1984)
by means of the same program. Neighbor-Joining
dendogram produced by Population software 1.2.28,
showing the relationship between five populations by
microsatellite data set. Bootstrap value was obtained
from 100 replicates. Neighbor-Joining dendrogram
was drawn by TreeView software (Page, 1996).

Results and Discussion
Biodiversity includes genetic variation within
species, the variety of species in an area, and the
variety of habitat types within a landscape. The
assessment of biodiversity in a given ecosystem

depends on making detailed inventories of species and
varieties. Thus, the current study aims in
determination of the genotypic variation of five
different native trout populations using ten
microsatellite loci. Microsatellites have been
increasingly used as molecular markers, because their
polymorphisms have shown high efficiency for many
studies (King et al., 2012; Meier et al., 2011). In
present study, all selected microsatellites were
polymorphic, and sixty-two different alleles were
observed among all populations. The mean number of
alleles per locus within populations ranged from 2.0
to 9.0 (Table 3). The lowest allele number within
populations was 2, and the highest was 11 (Table 3).
In general, there was significant correlation between
genetic diversity and the number of alleles. Therefore
the number of alleles can be used for the evaluation of
genetic diversity (Huang et al., 2002). Average
observed heterozygosity (Ho) and expected
heterozygosity (He) within populations varied from
0.570 to 0.670 and from 0.602 to 0.668 respectively
as shown in Table 3. We observed that He>Ho for
BLK population which spent their whole life in Ağrı
Balıklı Lake. However, although the situation was
different in ABN population, endemic form in Abant
Lake, the values (0.640 and 0.662) were not far from
each other (Table 3). The highest difference between
He (0.570) and Ho (0.656) was found in FRT
population which has the greatest genetic variety inter
population (Figure 2 and Table 3).
DeWoody and Avise (2000) reported that overall
expected
heterozygosity
calculated
from
microsatellites falls within the average found for 48
species of no piscine animals (0.58±0.25). They
suggested that this level of diversity appears to be the
result of high levels of population structure, however,
retention of diversity from a larger historic population
size cannot be discounted.
A decrease in levels of genetic variability often
leads to an increase in homozygosity and inbreeding
in the successive selected generations as fewer and
genetically less diverse individuals contribute to the
next breeding generation (Romano-Eguia et al.,
2004). Low heterozygosity then indicates inbreeding
and fitness may be lost through increased expression
of deleterious recessive alleles (Hoffman et al., 2006).
In the current study, FCA was used which
allows observation of the genetic distance of interpopulation and intra-population on a three
dimensional graph. According to the graph, short
distance between the individuals belonging to the
same population indicates low inter-population
genetic distance. It was clear from our data that
genetic distance was closer in lake populations (BLK
and ABN), rather than brook populations (FRT, ARS
and CRH). Similarly, Beacham et al. (2004) observed
that river-type sockeye salmons were more
genetically diverse than lake-type sockeye salmon.
As shown in figure 2, BLK and FRT populations
are the farthest populations. But BLK is the closest to

S.B. Ceyhun and A. Çiltaş / Turk. J. Fish. Aquat. Sci. 13: 785-793 (2013)

789

Table 3. Number of alleles (A), observed heterozygosity (Ho), expected heterozygosity (He) and FIS by Population
(GENETIX 4.02) for 10 microsatellites for five populations of Salmo trutta L
Microsatellite
Locus
BS131

543AE

T3-13

85

43AEU+43AEL

FGT1

MST-73

Strutta-12

Strutta-58

OMM-1338

Main

He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
He
Ho
A
FIS
P (He;Ho)

BLK
0.700
0.545
3
0.221
0.700
0.495
2
0.293
0.600
0.700
6
-0.167
0.400
0.480
2
-0.200
0.700
0.495
2
0.293
0.800
0.810
6
-0.013
0.700
0.495
2
0.293
0.800
0.825
8
-0.031
0.700
0.745
7
-0.064
0.600
0.560
3
0.067
0.670
0.615
4.1
0.069
P<0.05

ABN
0.600
0.480
2
0.2
0.700
0.565
3
0.193
0.700
0.815
6
-0.164
0.500
0.620
3
-0.240
0.600
0.605
3
-0.008
0.600
0.840
8
-0.400
0.600
0.480
2
0.200
0.800
0.880
10
-0.100
0.800
0.830
7
-0.037
0.500
0.505
3
-0.010
0.640
0.662
4.7
-0.037
ns

CRH, because, BLK population (S. t. labrax natio
lacustris) is lake ecotype of CRH (S. t. labrax). When
river populations are compared to each other, CRH
and FRT are the closest populations. Similarly, ARS
population is closer to FRT than CRH. Also,
according to the expected and observed heterozygoty
values, it is clearly seen from the graph that the interpopulation genetic distance is the farthest in FRT
population. Samuiloviene et al. (2009) reported that
significant population differentiation was found both
between river systems and between population pairs
within the same river system in sea trout (Salmo
trutta) populations in Lithuanian rivers. They

Populations
FRT
0.600
0.650
4
-0.083
0.700
0.635
3
0.093
0.400
0.640
4
-0.600
0.500
0.485
3
0.030
0.700
0.595
3
0.150
0.600
0.795
6
-0.325
0.500
0.495
2
0.010
0.600
0.795
6
-0.325
0.600
0.745
5
-0.242
0.500
0.720
4
-0.440
0.570
0.656
4.0
-0.173
P<0.01

ARS
0.600
0.480
2
0.2
0.600
0.480
2
0.200
0.700
0.685
5
0.021
0.500
0.495
2
0.010
0.600
0.420
2
0.300
0.500
0.790
6
-0.580
0.500
0.495
2
0.010
0.800
0.875
10
-0.094
0.600
0.615
3
-0.025
0.600
0.685
4
-0.142
0.600
0.602
3.8
-0.010
ns

CRH
0.700
0.695
5
0.007
0.700
0.565
3
0.193
0.700
0.815
7
-0.164
0.400
0.480
2
-0.200
0.500
0.495
2
0.010
0.700
0.795
6
-0.136
0.600
0.480
2
0.200
0.800
0.880
11
-0.100
0.666
0.845
9
-0.269
0.600
0.625
3
-0.042
0.637
0.668
5.0
-0.050
P<0.05

Main
0.640
0.570
3.2
0.680
0.548
2.6
0.620
0.731
5.6
0.460
0.512
2.4
0.620
0.522
2.4
0.640
0.806
6.4
0.580
0.489
2
0.760
0.851
9
0.673
0.756
6.4
0.560
0.619
3.4

suggested that even geographically adjacent
tributaries exhibited significant genetic differences.
According to our results, a phylogenic analysis
was plotted and shown in Figure 3. The phylogenic
analysis was in correspondence with FCA results.
BLK and CRH populations belong to the same
linkage group at the ratio of 55%, because the BLK
population is a form of the lake ecotype of CRH
population. FRT and ARS also belong to the same
linkage group at the ratio of 63%. The other
population, ABN, belongs to different linkage group
from the others, because the population is endemic to
Abant Lake.
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Figure 2. Factorial Correspondence Analysis (FCA) for populations.

Figure 3. Neighbor-Joining dendogram produced by population software 1.2.28, showing the relationship between 5
populations by microsatellite data set. Bootstrap value obtained from 100 replicates. Tree generated by TREEVIEW
Software (Page, 1996).

When the study evaluated in terms of using
microsatellite loci, less variation was detected in
MST-73 which has two alleles, and the highest
variation was detected in Strutta-12 which has eleven
alleles. It was also pointed out that the highest
average allele number was 9.0 in Strutta-12 locus, and
the lowest average allele number was 2.0 in MST-73
locus.
Poteaux et al. (1999) found that average allele
numbers of Strutta-12 and Strutta-58 loci ranged from
11 to 16 and 12 to 18 respectively and MST-73 locus

was 4 in Mediterranean brown trout. In our study, it
was found that the average allele number was 6.4 in
Strutta-58 locus. In another study, Estoup et al. (1993)
found seven alleles for MST-73 locus in brown trout
(Salmo trutta L.). OMM-1338 locus was
characterized for rainbow trout (Oncorhynchus
mykiss) and the number of alleles was 4 in different
trout species (Palti et al. 2002). We also confirmed
that the average allele number in the same locus was
3.4. The allele numbers of BS131, 543AE, T3-13, 85,
43AEU+43AEL and FGT1 were compared to those of
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Table 4. Genetic differentiation (FST) between pairs of populations calculated by Populations software

BLK
ABN
FRT
ARS

ABN
0.0926 *

FRT
0.1201**
0.0645 *

Estoup et al. (1998) in French brown trout (Salmo
trutta L.). Our allele numbers lay between Estoup’s
allele numbers limitation.
Seventeen of observed sixty-two alleles were
unique. These unique alleles were; two of them
belong to the BLK population, one to ABN, four to
FRT, three to ARS and seven to CRH. The highest
number of alleles was found to be 11 in Strutta-12
locus in CRH population concerning locus and
population together (Table 3).
The lowest FIS (-0.173) and the highest FIS
(0.069) were calculated in FRT and BLK populations,
respectively. It can be expressed that whole
populations were in Hardy-Weinberg equilibrate
except for FRT. It can be mentioned that
heterozygoting was higher in BLK population which
has the higest FIS value, opposite to other populations.
While the closest population to HW equilibrate was
ARS, the farthest was FRT. Ward et al. (2003)
reported that investigated six of forty tests for HW
expectations gave significant deviations which
cause(s)
are
unknown
in
rainbow
trout
(Oncorhynchus mykiss) introduced to Western
Australia. Three of these gave heterozygote excesses;
all were from the one population. They suggested that
this naturally recruiting population is maintained by
small numbers of spawners, giving some HW
deviations in descendants. This naturally recruiting
situation is maybe the same for our FRT population.
FST values, which represent genetic distance
among populations, changes between 0.0731 and
0.1447. According to these data, the closest
populations are BLK and CRH (Table 4). In Carlsson
et al. (1999)’s study, five microsatellite loci revealed
a pronounced genetic structure in research area, and
global multilocus FST was estimated at 0.031 (0.011 to
0.071) in brown trout. In another study, Corujo et al.
(2004) estimated FST values as 0.066 and 0.0423 in
Deuro and Sil basin, respectively in brow trout.

Conclusion
In order to prevent depletion of biodiversity due
to man-made efforts or otherwise, it is necessary to
understand how the diversity of life particularly at the
genetic level is maintained under natural conditions
(Narain, 2000). It is equally necessary to know how
the terminal extinction of species takes place under
natural conditions. The protection of biodiversity is
expected to be both crucial and continuing, with
conservation genetics being of primary importance for
avoiding the extinction of most endangered species

ARS
0.1447**
0.0837 ns
0.0700 ns

CRH
0.0731 *
0.0342 ns
0.0509 ns
0.0510 *

alongside the ecological, political and economic
aspects of biodiversity protection. In addition to there
are a lot of studies related to biochemistry, genetic
and molecular biology (Ekinci et al., 2011a; 2011b;
Ceyhun et al,. 2011a; Ceyhun et al., 2011b; Erdogan
et al., 2011; Aksakal et al., 2011) the application of
molecular techniques, including genome approaches,
to conservation genetics has made possible the
examination of the genetics of species in danger of
extinction and genetic analysis has become widely
used in conservation research (Oliveira et al., 2006).
Our results not only show that there was a
genetic variation according to their living habitats and
geographic region, but also how genetic variation
changed, intra and inter relative variation among
population using 10 microsatellites loci.
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