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Abstract: The patterns of genetic diversity by using microsattelites loci was used in order to test their utility
for stock identification. Samples of wild salmon in Iran were genotyped at 8 microsatellite loci for identification
of individuals. The following loci were amplified. Omyl, Otsg100, Otsg409, Otsg483, Otsg478. Otsg108, Strutta58
and Strutta12. All investigated loci were polymorphic, showing a total of 6 to 11 alleles per locus. Observed
hetrozygosity ranged from 0.222 to 0.875. Significant different in allele frequencies were observed among
samples at all loci. Estimates Fst between male and female showed the value of 0.026 and it showed significant
genetic differentiation among the sex population. In conclusion, this genetic survey was intended as a base line
for further genetic monitory of Caspian salmon aquaculture strains and will aid in the development of breeding
program for production and management.
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INTRODUCTION MATERIALS AND METHODS

Caspian salmon (Salmo trutta caspius) is an Specimens of Caspian trout were obtained from
anadermus  fish  species  and  it  is  an important food natural population. The samples of wild fish weight
source for the people of South Caspian Sea. The depletion 2800±200 were collected by local fisherman at 2006 from
of wild fish stocks in the south Caspian Sea [1-2] led to an Tonkabon river in Mazandaran province, Iran.
increase need for research into alternatives to traditional Total genomic DNA was isolated from adipose fin
fisheries, such as aquaculture. Estimate of heritability using standard proteinase K/phenol–chloroform
more than 0.4 of the wild Caspian Salmon is relatively high procedures with subsequent ethanol precipitation [5].
[1]. This high heritability will aid in the selection of stocks DNA was quantified and diluted to 100 ng/µl for
and improve management plan that aim to conserve polymerase chain reaction (PCR) amplification. Samples
diversity and for aquaculture. Genetic variation is also an were assayed for allelic variation at eight dinuucleotide
essential component for artificial selection program that microsatelitte loci known to be polymorphic in Salmo
aim to enhance ecological and economically important trutta caspius. Eight microsatelitte loci were analyzed:
traits [3]. Strutta12, Strutta58, Otsg474, Otsg83, Otsg409, OmyF,

Among   different   techniques   for   analysis  of Otsg108 and Otsg100 [6]. PCRs were performed in 20 1
genetic    variation,    microsatellite,   has   been volumes containing 0.15 U Taq DNA polymerase, 1×PCR
successful in detecting allele frequency difference in buffer, 0.2 mM dNTP mix, 1-2 mM MgCl2, 1 M of each
different  morphotypes.  The  higher level of allele primer set and about 100 ng template DNA. The PCR
variation   at    microsatellitte    markers    make   them conditions for all loci were 3 min at 94°C followed by 30
useful for addressing questions related to genetic cycles of 1 min at 94°C, 0.5min at the optimal annealing
structure  [4].  Particularly  where  genetic  differentiation temperature, 51-62°C with a final extension of 5 min at
be limited, such as Salmo trutta caspius which are 72°C.
endangered. Amplification products were resolved via 6%

The main aim of the present study was to assess the denaturing  polyacrylamide  gel   and   visualized  by
genetic diversity within the wild population in Salmo silver-staining.  A  DNA  ladder  (Invitrogen)  was  used
trutta caspius. as    a   reference   marker   for   allele   size  determination.
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To avoid inaccuracy in scoring due to differences in gels,
a control DNA sample was included in each set of
samples for each gel. Allele frequencies, observed and
expected hetrozygosities and genetic distance [7], chi-
square tests of deviations from Hardy–Weinberg
expectations for each locus were calculated using Gene
Alex. This package was also used to calculate Fst value.

RESULTS

Allele frequencies for the eight microsatellite loci of
Caspian salmon population are shown in table 1. Eighty
alleles were found in the population, ranging from 8 for
locus Ostg478 to 13 for locus Ostg100. The eight
microsatellite loci were all polymorphic in the population.
The degree of variability was different at each locus.
Otsg483 had the highest number of allele, 11 in male while
the lowest number of alleles was in Otsg108 with 6 allele
also in male. The mean number of alleles per locus
detected in male was 8.5, ranged from 6 to 11 over than
female 9 with the range from 7 to10.

High significant differences in allele frequencies were
observed among samples in all loci and among male and
female samples (P<0.001). Allele composition shows
different between samples from male and female. Thus
some alleles which appears in male e.g. Ostg409 may not
found in the female. The expected and observed
hetrozygosity are given in table 2. A large variation in
observed hetrozygocity, averaged over all samples was
observed among loci and ranged from 0.222 in Otsg478 to
0.963 in strutta12 with a mean of 0.75 in female. The mean
expected hetrozygocity was 0.82 and 0.84 in the male and
female, respectively and ranged from 0.784 to 0.887 in
male. Significant differences in expected hetrozygocity
was detected among the two sex (P<0.05-Table 2).

The Ho were higher than He in almost all loci except
in Strutta12 and Strutta58 and compared to the Ho, the He
were significantly reduced in two groups (P<0.05). Test
for departure from Hardy–Weinberg (H.W) expectations
yielded a number of significant across all loci sampled.
According to the table 4, not deviation from Hardly-
Weinberg equilibrium observed for the loci Otsg483 in
female samples and Strutta12 and Omyf in males. Pair wise
test between samples indicate that all samples are
significantly genotypically differentiated from each others
by P2 test: P<0.05). Fst between male and female samples
was 0.026 and estimation of this value between two
groups was significant (P<0.05). Another test for
determining the polymorphism, is the score of effective
allele in each microsatellite loci. The number of effective
allele are determined and presented in table 4. In average
effective allele in male are much lower than female.

Table 1: Allele frequencies of eight microsatellite loci of Caspian Salmo
trutta Caspius

locus Allele Female Male locus Allele Female Male 

omyf 188 0.111 0.239 Otsg 478 140 0.148 0.217
200 0.074 0.13 144 0.296 0.239
208 0.185 0.196 148 0.167 0.152
212 0.111 0.065 152 0.13 0.109
216 0.148 0.174 252 0.148 0.13
228 0.111 0.065 156 0.056 0.087
232 0.167 0.043 164 0.056 0.065
240 0.056 0.043 172 0.19 0
252 0.037 0.043 Otsg 108 112 0.222 0.217

Otsg 100 112 0 0.391 132 0.111 0.022
120 0 0.022 156 0.333 0.196
128 0.93 0.022 212 0.093 0
156 0 0.109 216 0.13 0
172 0.074 0 236 0.074 0
176 0.019 0.043 252 0.019 0
200 0.056 0.043 264 0 0.239
220 0.056 0.043 280 0 0.065
224 0.074 0 292 0 0.261
232 0.185 0.043 Strutta 58 148 0.148 0.109
232 0.167 0.109 164 0.148 0.109
252 0.093 0 172 0.074 0.043
260 0.185 0.173 180 0.13 0.109

Otsg 409 100 0.241 0.231 192 0.093 0.152
108 0.054 0.022 236 0.167 0.043
116 0.13 0.109 240 0 0.065
120 0.037 0 260 0.093 0.152
124 0.093 0.087 280 0.037 0.109
128 0.111 0.109 284 0.111 0.109
132 0.093 0.087 Strutta 12 144 0.111 0.283
140 0.093 0.196 148 0.056 0
144 0.148 0.152 156 0.03 0.152

Otsg 483 120 0.019 0.222 160 0.056 0.109
164 0.111 0.222 164 0.037 0.217
172 0.093 0.222 176 0.074 0
146 0.13 0.109 180 0.037 0.13
184 0.093 0.152 184 0.185 0.109
192 0.056 0.043 196 0.074 0
200 0.13 0.065 224 0.037 0
204 0.056 0.043
208 0.222 0.304
212 0 0.043
216 0.093 0.174

Table 2: The observed (Ho) and expected (He) heterozygosity of eight
microsatellite loci of Salmo trutta Caspius

Female brood Male brood
--------------------------- -----------------------------
Ho He Ho He

omyf 0.852 0.869 0.99 0.843
Otsg 100 0.778 0.869 0.652 0.784
Otsg 409 0.815 0.861 0.739 0.842
Otsg 483 0.852 0.872 0.739 0.831
Otsg 474 0.222 0.818 0.348 0.832
Otsg 108 0.889 0.796 0.652 0.784
Strutta 58 0.63 0.875 0.826 0.887
Strutta 12 0.936 0.796 0.913 0.809
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Table 3: The effective number of allele per locus in male and female Salmo
trutta Caspius

Female brood n=27 Male brood 2=23
------------------------- --------------------------
Ne Na Ne Na

omyf 7.63 9 6.37 9
Otsg 100 7.63 10 4.64 10
Otsg 409 7.18 9 6.33 8
Otsg 483 7.84 10 5.91 11
Otsg 474 5.48 7 5.94 7
Otsg 108 4.89 8 4.64 6
Strutta 58 8.01 9 8.81 10
Strutta 12 4.90 9 5.91 7

Table 4: The results of test of Hardy-Weinberg at different loci in Salmo
trutta Caspius

Female brood df Chi-square Prob. Sig.

Strutta 12 36 57.97 0.012 *
Strutta 58 36 162.35 0.00 ***
Otsg 108 28 49.01 0.008 **
Otsg 474 21 95.43 0.00 ***
Otsg 483 45 46.76 0.4 Ns
Otsg 409 36 81.96 0.00 ***
Otsg 100 45 7.56 0.001 **
Omyf 36 60.13 0.007 **

Male brood
Strutta 12 15 22.82 0.08 Ns
Strutta 58 45 109.67 0.00 ***
Otsg 108 15 59.75 0.00 ***
Otsg 474 21 76.53 0.00 ***
Otsg 483 55 75.74 0.03 *
Otsg 409 28 72.72 0.00 ***
Otsg 100 45 76.73 0.002 **
Omyf 36 49.33 0.07 Ns

DISCUSSION

It has identified that the application of microsatellitte
technology to stock identification can provide the most
reliable and cost–effective results [8]. The genetic
variation of eight microsatellitte loci proved to be
extensive, as the genetic variability indices in terms of the
mean number of allele per locus ranged from 8.3 to 8.8 in
male and female, respectively. This was obviously higher
than those estimated for domesticated Atlantic salmon
(Salmo salar L.) and significantly lowers than wild
population of this fish [9]. In a study involve 15
microsatellitte loci, Norris et al. [10], observed between 20
and 48% fewer allele in farmed strains from Ireland and
Norway compared to some selected wild populations. In
another study of wild salmon and hatchery derivation in
the Baltic, Koljonen et al. [11] found a significant
reduction of alleles in the first generation hatchery fish.

The reduced allelic diversity in Caspian sea trout
compare to wild population of salmon reported in different
studies [9] could be due to either founder effect or genetic
drift over generation during artificial propagation for
restocking programmers. The Caspian sea trout is an
endanger fish and in spite of releasing several hundred
fingerlings to Caspian Sea, every year, yet genetic drift
will occur over generation due to reduction in original
population. On the other hand, The number of alleles
observed in this set of loci can be considered moderate if
they are compared with data noted by McConnen et a1.
[12], who report to 52 alleles per locus. However, in other
works on Atlantic salmon[13-15] as in other Salmonid
species, similar numbers of alleles per locus were reported
[16-18].

Expected hetrozygosities ranged from 0.74±0.2 within
population of Caspian sea trout, were the same as Atlantic
salmon. The same level of length variation of the
mocrosatellitte found here is similar to the pervious report
in domesticated Atlantic salmon [9]. 

In aquaculture, many reared fish species [8-10, 19]
demonstrated a reductions compared to their wild
progenies. In the present study we had no previous study
to compare the result of present population, but reduction
in broodstocks migration and denoted this fish as
endanger fish is a sign of considerable allele loss in
propagated Caspian Sea trout. Maintenance of genetic
variation is believed to be essential for long-term survival
of populations because the extent of variation determines
their potential to adapt to changing environment [20].
Probably the reduction in stocks of Caspian Sea trout is
a sign of losses of genetic variation and in adaptation of
a part of brood stocks. Therefore, to make a program of
increasing variation among population is use the effective
population size in aquaculture populations; the genetic
variability is positively associated with the number of
broadstocks used to produce each population [21]. The
low number of alleles and expected hetrozygosity seen in
the present work is may be caused by the limited number
of captive fishes. The effective population size in the
artificial propagation of population should be several
hundreds of male and females, with maximum possible of
crosses. Genetic differentiation between the two group of
fishes, is significant as indicated by Fst analysis, while
the pair wise analysis of allele frequencies indicate
differentiated at several loci. The existence of significant
differentiation between male and female is related to low
number of sampling, to insufficient number of individual
used for broodstock biased sex ratio, unequal spawning
success, differential viability of functionality of gametes
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and inbreeding [21] or alleles present in one sex. That my 2. Yousefian,  M.,  Sh.   Najafpour,  S.V.  Farabi  and
refer of sex marker to be confirm of the latest possibility G.D. Najafpour, 2010. Artificial spawning and early
more investigation should be done and among the other development of Acipenser persicus. World J. Fish
possibility it is important to consider maintaining effective and Marine Sci., 2(3): 258-263.
population size and avoiding mating closely related brood 3. Falconer, D.S. and T.F.C. Mackay, 1996. Introduction
fishes to do the best way it is suggested to have a to quantitative genetics (4th edn). Richard Frankham.
multiple crosses. Trends in Genetics, 12(7): 280.

The low level of genetic variation most likely reflects 4. Lundrigan, T.A., J.D. Reist and M.M. Ferguson, 2005.
the difficulties in genetic management of broodstock Microsatellite genetic variation within and among
leading to low Ne. According to Caspian Sea trout Arctic charr (Salvelinus alpinus) from aquaculture
hatchery management 100 or more parent fish are used and natural populations in North
each  year  for  propagation.  Based  on  the  work of America  Aquaculture, 28: 63-75.
Hansen et al. [22], on Brown trout (Salmo trutta L.) that 5. Moritz, C. and D. Hillis, 1990. Molecular Systematics:
even with fairly largely number of female spawner per year Context and Controversies Sinauer Associates,
same loss of variability at the mtDNA level would be Sunderland, MA.
expected to take place, but based on the work of Norris et 6. Nelson, R.J. and T.D. Beacham, 1999. Isolation and
al. [10], who analyzed genetic diversity between three cross species amplification of microsatellite loci
farmed and four wild populations of Atlantic salmon from useful for study of pacific salmon. Animal Genetic.
Ireland and Norway using 15 microsatellite markers, high 30: 228-229.
levels of polymorphism were observed over all 7. Nei, M., 1978. Estimation of average heterozygosity
populations with the average number of alleles and and genetic distance from a small numer of
average heterozygosity at 17.8 and 0.70, respectively. individuals. Genetics. 89: 583-590.
They statement farmed salmon showed less genetic 8. Beacham, T.D. and J.B. Dempson, 1998. Population
variability than wild salmon in terms of allelic diversity but structure of Atlantic salmon from the conne River,
not necessarily in terms of overall heterozygosity. Newfoundland as determined from microsatellite
Therefore artificial propagation even with high number of DNA. J. Fish Biol., 52: 665-676.
brood stocks may lead to lose of allelic number of Caspian 9. Skaala, O., B. Heyheim, K. Glover and G. Dahle, 2004.
trout. Microsatellite analysis in domesticated and wild

In  conclusion,  to  avoid  lose  of  allelic  (or gene Atlantic salmon (Salmo salar L.):  allelic  diversity
drift),  in  native  population  we  may  have  a  special and   identification    of  individuals.  Aquaculture
crosses (one male with more than 10 female and vise 240(13) 1-143.
wires) or establish natural spawning to guarantee the 10. Norris, A.T., D.G. Bradley and E.P. Cunningham,
random mating. 1999. Microsatellite genetic variation between and
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