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Abstract
The Caspian salmon S. trutta caspius in respect to its reproductive life cycle has two immigrant forms namely fall-run and spring-run. As the 

Shahid Bahonar center activities on Caspian salmon stocks restoration in Klardasht of Iran has been just focused on fall-run form propagation, 
it could be proposed that these stocks proportions have been gradually increased. Regarding to lack of information on genetically differences 
between the two groups, in this study, genetic structure of these immigrant forms were analyzed by using 5 microsatellite loci. Results revealed 
that the most allelic frequencies were observed in fall-runs. Average of observed and expected heterozygosity in fall-runs and spring-runs were, 
0.7719, 0.6108 and 0.4435, 0.5911, respectively. In both groups except Str543INRA in spring runs, all loci had deviation from Hardy-Weinberg 
equilibrium. Furthermore except Str543INRA in spring runs, expected heterozygosity in all loci was more than observed heterozygosity. Genetic 
distance between two populations and Fst, as a population distinctive index, were 0.081 and 0.025, respectively. In conclusion 5 microsatellite loci 
used in this study show low genetic differentiation between fall-runs and spring-runs.
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INTRODUCTION

The Caspian salmon S. trutta caspius (Kessler, 1870) 
is an anadromous form and endemic subspecies fish of 
Caspian basin. It is distributed commonly at the western 
and southern coasts of the Caspian Sea. In respect of 
its reproductive life cycle, Caspian salmon has two 
immigrant forms namely fall-run and spring-run. These 
forms migrate to some rivers such as Terek, Kura, Sefid 
Rod, Nav Rod and mostly Cheshmeh-Kileh (Tonekabon) 
of the Caspian Sea for spawning. Fall forms migrations 
begin at the end of summer to the middle of fall with 
rather mature gonads which ready for spawning. Spring 
forms migrate to rivers with immature gonads and 
remain in rivers until next fall to reach sexual maturity 
for spawning. Furthermore, spring forms have more 
fusiform and silver body than fall forms. Therefore, there 
is a hypothesis that these two immigrant forms differ 
from each other morphologically [14]. 

A loss of intra and inter population genetic diversity 
through exploitation of brown trout populations, stocking 
of hatchery bred fish, transfer of fish from other localities, 
pollution, alteration  and degradation of habitats are 
considered to be the main threats to wild brown trout 
populations [15]. S. trutta caspius similar to other brown 
trout populations is at risk of extinction and it was listed 
as threatened by red list (IUCN) [14]. As its propagation 
and stock restoration activities center in Iran (Shahid 

Bahonar center of Kelardasht) has been just focused 
on fall runs propagation and also there hasn’t been 
achieved any successful impacts  in respect to spring 
brood stocks propagation yet, fall run stock proportions 
has been increased. Besides, as a matter of fact, there 
is a probability that spring forms are part of fall forms 
affected by some interior (physiological- hormonal) and 
exterior (climates) parameters begin their migration in 
spring. Finding genetic diversity across this subspecies 
of S. trutta caspius could have great importance for 
aquaculture strains development, protection of small-
endangered populations and biogeographical inferences 
[12]. Consequently, there is an urgent need to describe 
the current genetic diversity of fall run and spring run 
Caspian salmon in order to facilitate proper management 
based on conservation genetics. As the microsatellites 
has proven useful in genetic studies of brown trout 
populations[3, 4, 26] and no DNA based study of the 
current genetic structure of these two immigrant forms 
has been conducted, Genetic structure of the mentioned 
immigrant forms of S. trutta caspius were analyzed by 
using 5 microsatellite loci.

MATERIAL AND METHODS

Study location and fish sampling
Shahid Bahonar propagation is the only salmon 

propagation centers in Kelardasht of Iran, that is received 
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the brood stock collections of the Caspian salmon were 
captured from different rivers in the south Caspian basin. 
Fin clips of S. trutta caspius were collected from the 
center during the autumn of 2007, late winter and spring 
of 2008 and totally 60 fall and spring run samples were 
collected. 

Microsatellite analysis
Genomic DNA was extracted from caudal fin, 

stored in 96% ethanol, using Roche DNA extraction 
kit (Roche, Germany). The quality and quantity of the 
extracted DNA were determined on 1% agarose gels. 
Five microsatellite loci were used in this study: strutta 
12, strutta 58, OmyFgt1TUF, Str 543INRA and Str 
598INRA. These loci were chosen for their ease of PCR 
based allele scoring and because they have been assayed 
in other brown trout populations [26, 3, 4, 11] and also, 
because of their polymorphic status based on previous 
studies [8, 21].Each PCR reaction was performed in a 
25 µl reaction volume using 4-40 ng/mL DNA, 0.4 mM 
primers, 1.5 mM MgCl2, concentration of Taq DNA 
polymerase 1-1.5U and nucleotides (dNTPs) 0.2 mM and 
was the same for all loci. PCR conditions were optimized 
for five microsatellite loci. Thermo-cycling parameters 
were 5 min at 94 ºC for an initial denaturation, 35 cycles 
of denaturation at 95ºC for 1 min, annealing temperature 
for 30 S and extension at 72 ºC for 1 min followed by a 
final extension step at 72 ºC for 10 min (Table 1).

PCR was followed by electrophoresis of products in 
6% polyacrylamide gels. DNA fragments were visualized 
by silver staining method [25].

Data analysis
Exact tests of microsatellite deviation from Hardy-

Weinberg equilibrium and calculation of allele frequency, 
the number of allele per locus, observed heterozygosity 

(HO) and expected heterozygosity (HE) were performed 
with the Gene Alex6 program [20] and GENEPOP 3.2 
[22] [23]. Genetic differentiation between two immigrant 
forms was analyzed by calculation of Fst values by using 
Gene Alex6, furthermore AMOVA test was performed in 
FSTAT program [10].

RESULTS

All of five microsatellite loci for both groups showed 
polymorphism with numbers of alleles ranging from 7 
(Strutta 543INRA, Strutta 598INRA) to 15 (Strutta12) 
for fall form and 2 (Strutta543INRA) to 7 (Omyfgt1) 
for spring form (table 2). The number of effective alleles 
was lower than the number of observed alleles, In all 
loci. Calculation of allelic richness per locus based on 
minimum samples for fall run and spring run were, 6.602-
11.998 and 2-7 respectively (table 3). Results revealed 
that the most allelic frequencies were observed in fall 
runs. Average of observed and expected heterozygosity in 
fall run and spring run were, 0.7719, 0.6108 and 0.4435, 
0.5911 respectively. In both groups except Str543INRA 
in spring form all loci showed deviation from Hardy-
Weinberg equilibrium. Furthermore except Str543INRA 
in spring runs expected heterozigosity was more than 
observed heterozygosity.

Application of distance method based on the number 
of different alleles (Fst) between these immigrant 
forms was 0.025 (table 4). It showed nominal genetic 
differentiation between fall run and spring run. Genetic 
flow and genetic distance between these groups were, 
9.696 and 0.081 respectively. Population assignment for 
two groups indicated that fall and spring runs weren’t 
distinctive (figure 1). AMOVA test using FSTAT program 
showed that there is low differentiation between two 
immigrant forms which their intra population genetic 
variation was more than their inter population variation.

Table 1 Flanking primers, annealing temperature, observed Size range and Genbank Accession number of 5 
microsatellite loci

Locus Primer
Size

(bp)

Temp.

(°C)

Genbank Accession 

No.

Strutta58
5’-AACAATGACTTTCTCTGAC-3

5’-AAGGACTTGAAGGACGAC-3’
102-190 57 U60223.1

Strutta 12
5’-AATCTCAAATCGATCAGAAG-3’

5’-AGCTATTTCAGACATCACC-3’
124-216 57 U60220.1

OmyFgt1TUF
5’-AGATTTACCCAGCCAGGTAG-3’

5’-CATAGTCTGAACAGGGACAG-3’
187-263 59 BX9272291.8

Str543INRA
5’-ATTCTTCGGCTTTCTCTTGC-3’

5’-ATCTGGTCAGTTTCTTTATG-3’
119-169 60 AB001062.1

Str591INRA
5’-CTGGTGGCAGGATTTGA-3’

5’-CACTGTCTTTCGTTCTT-3’
146-198 59 AB001066.1
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DISCUSSION

In this study no alleles were found that identify 
strictly differentiation of fall run and spring run. Highest 
allelic frequency was related to fall runs. If all alleles 
have the same frequencies and they are not affected by 
rare or private alleles (P<0.01), the number of effective 
alleles per population will equal to the actual number of 
alleles [17]. In order to lower number of effective alleles 
compare with the number of observed alleles in all loci, It 
is assumed that all alleles of this study have been affected 
by rare alleles. As average of observed and expected 
heterozygosity in fall run were higher than spring run 
(table 2), genetic variation in fall run was more than 
spring run. As the previous studies on the Caspian salmon 
populations revealed that there was the genetic variation 
between all populations [16, 21]. Furthermore, the mean 
heterozygosity in this study was significant (0.7143) and 
all 5 loci were polymorphic, there was genetic diversity 
between fall run and spring run. The number of alleles 
in this study compare with some other studies on brown 
trout was low [4, 26] but it was in agreement with the 
previous studies of the Caspian salmon populations. In 
spite of genetic variation between fall run and spring 
run populations, no significant genetic differentiation 
was found between them (Fst= 0.025). In the similar 
study on S.trutta, it was proven that no differentiation 
between the anadromous and resident forms coexisting 
in the Oir basin was found but there was a large amount 
of variation among them [4]. As well, investigating of 
genetic variation and population structure of S. trutta 
populations in two Swedish rivers, using microsatellites 
showed that genetic variation among these population 
was high while genetic differentiation of them was 
low [19]. In other study, Banks et al. (2000) in order to 
assess genetic diversity within and among the four runs 
(winter, spring, fall and late fall) of Chinook salmon 
(Oncorhynchus tshawytscha) in California’s Central 
Valley using 10 microsatellite loci reported that in spite 

of low genetic differentiation among subpopulations, 
substantial genetic divergence was found among runs [2]. 
In this study, AMOVA test using Fstat program showed 
that there is differentiation between two immigrant 
forms which intra population genetic variation was more 
than inter population. On the basis of assignment test 
results (figure1), only Str543INRA in spring run was in 
accordance with Hardy-Weinberg equibrilium. Observed 
deviation from Hardy-Weinberg in other loci could be 
derived from reduction of heterozygosity [21, 26]. As 
all fall run loci showed deviation from Hardy-Weinberg 
disequilibrium, It is illustrated that fall run fishes have 
several distinctive populations. Owing to expected 
heterozygosity in all loci except Str543INRA in spring 
run was more than observed heterozygosity, it could be 
confirmed that inbreeding was performed among them.

Genetic differences between subpopulations will 
evolve in the course of time if there is little or no 
gene flow between them [6] Gene flow rates of 10% 
or less may justify treatment as separate stocks [5]. 
Consequently, calculation of gene flow indicated that 
the amount of gene flow between two immigrant forms 
were high (Nm= 9.696). With high levels of migration 
and gene flow between populations, the similarity of 
populations increases [18] and there isn’t considerable 
genetic differentiation among them.

If amount of Fst, as a population distinction index 
is 0 - 0.05, genetic differentiation will be little [28]. In 
this study, Fst indicated weak genetic differentiation 
between two groups. On the other hand, genetic distance 
between runs was 0.081. It revealed nominal genetic 
differentiation, too. As FIS parameter was more than zero 
(0.188), indicating inbreeding and intermixing [28] of 
fall run and spring run Caspian salmon fishes. The loss 
of genetic variation, due to prolonged selection, loss of 
heterozygosity due to (random) inbreeding or isolation 
may result in a decrease of the potential adaptability of 
a population [9]. The dangers inherent in subdivision of 
fish populations are that inbreeding and genetic drift will 
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Figure 1 population assignment for fall and spring runs of the Caspian salmon
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lead to fixation of genes, loss of fitness (vigour, viability, 
fecundity, resistance to disease) and ultimately extinction 
of local populations [9]. Allelic richness was positively 
correlated with effective population size at founding. 
The results indicate that considerations concerning 
effective population size in hatcheries must be taken 
seriously to promote high levels of genetic variation 
among individuals and minimize loss of genetic diversity 
[1]. Bottlenecks due to small number of breeders are 
common in hatchery reared commercial stocks [27] 
Consequently, the hatchery produced brood stocks 
face the risk of reduction of the genetically effective 
population size (Ne), resulting in excessive inbreeding 
and loss of genetic variation. Ryman and Laikre (1991), 
showed how supportive breeding may reduce effective 
population size and therefore accelerate the loss of 
genetic diversity within wild populations [24]. This loss 
may reduce the viability of individuals, for example 
through reduced heterozygosity, and it may also impact 
the potential evolution of new adaptations by populations 
over the long term.

CONCLUSION 

This study indicates high levels of Polymorphism in 
S. trutta caspius detectable with microsatellite primers 
developed from brown trout and rainbow trout. Results 
of the present study demonstrate that, we may assume 
the samples are from same population. It means one 
population exists in the southern part of the Caspian Sea. 

This is just a preliminary study and it is necessary to 
continue the study in order to increase the certainty of 
the assumption of having one population in the southern 
part of the Caspian Sea. 5 sets of microsatellite primers 
produced replicable amplification in S. trutta caspius. 
However, they show low genetic differentiation between 
fall and spring runs. 

Results suggest that there is evolutionary conservation 
of the flanking regions for these loci among related 
taxa. The cross amplification between salmon species is 
consistent with earlier findings that primers developed in 
one species often work in other related species. It seems 
that spring form is probably a part of fall run population 
and the deference between them could be attributed to 
physiology or environmental factors. Artificial breeding 
practices may inadvertently decrease the genetic 
variation of the Caspian salmon population by breeding 
related individuals or by the use of small numbers of 
parents as brood stocks and these two immigrant forms 
may have affected bottleneck. Consequently, inbreeding 
and genetic drift are increased with reduction of effective 
population size.
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Forms Tests Strutta58 Strutta 12 OmyFgt1TUF Str543INRA Str591INRA

Fall 

No. of  observed alleles
No. of  effective alleles

H-W. test
HE
HO

11
5.776
** *

0.8382
0.5405

15
5.358
** *

0.8245
0.6486

10
4.511
** *

0.7890
0.6486

7
2.771
** *

0.6479
0.5135

7
3.991
** *

0.7597
0.7027

Spring 

No. of  observed alleles
No. of  effective alleles

H-W. test
HE
HO

5
2.911

*
0.6367
0.4783

5
2.617

**
0.5961
0.3478

7
3.706

*
0.7150
0.6087

2
1.446

Ns
0.2937
0.3487

6
3.459

**
0.7140
0.4348

Table 2 Summary of microsatellite data: number of observed and effective alleles per locus, tests for deviation from 
Hardy-Weinberg equilibrium, expected (HE) and observed (HO) heterozygosity in fall and spring runs of the Caspian 
salmon

*Significant at the 0.05 level; ** Significant at the 0.01; ns. not Significant 
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Table 3 Calculation of Allelic Richness in fall and spring runs of the Caspian salmon (Gene Alex6)

Form
Locus Fall Spring Both

Strutta58 9.113 5 8.463

Strutta12 11.998 5 10.338

Omyfgt1TUF 8.873 7 8.287

Str543INRA 6.602 2 5.856

Str598INRA 6.741 6 6.949

Table 4 F Statistics and Gene flow (Nm ) of the Caspian salmons

    Locus 

Test

Strutta58 Strutta12 Omyfgt1TUF Str543INRA Str598INRA Mean

FIS 0.282 0.281 0.128 0.056 0.193 0.188

FIT 0.303 0.296 0.141 0.093 0.209 0.209

FST 0.029 0.021 0.015 0.040 0.020 0.025

Nm 8.299 11.610 16.090 6.059 11.990 9.696

Nm = 0.25(1 - Fst)/Fst
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