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Abstract

The objective of this study was to analyse the population genetic structure of the Persian
sturgeon (Acipenser persicus) in Sefidrud and Gorganrud rivers watershed based on the
characterization of microsatellite markers during 2006 — 2008. 100 samples of Persian
sturgeon were collected from two regions. Four microsatellite loci (Ls68, Spl168, Spl173 and
Afu68) were analyzed for the molecular characterization of this species which resulted in
polymorphic patterns. DNA bands were analysed using Biocapt and GenAlex software
package. A total of 109 alleles were observed of which the maximum number of alleles (17)
were found in Spl168 locus which belonged to sturgeons from Sefidrud river's watershed and
the minimum number of alleles (10) in Ls68 locus belonging to the sturgeons from
Gorganrud river's watershed. Results of microsatellite analysis revealed that the differences
between samples of two regions were not statistically significant (p>0.05), neither for the
average number of alleles per locus nor for observed heterozygosities. The calculated F and
Rst between two regions was 0.07 and 0.17 showing that the genetic difference was
significant (p< 0.01). Samples from Sefidrood rivers watershed in Spl173, Afu68 and Spl168
loci and samples of other regions in Afu68 and Spl168 loci were at Hardy-Weinberg
equation. The genetic distance was calculated as 0.4 which represents a significant genetic
difference between samples of two studied areas. In conclusion, this study suggests that the
Persian sturgeons in two regions of the southern part of the Caspian Sea are genetically
differentiated, therefore fisheries management of this unique stocks for restocking and
conservation of gene pools is highly recommended.
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Introduction

Sturgeons are one of the oldest fishes
existing from 200 million-years ago and
being referred as live fossils by several
authors (Grande and Bemis, 1996; Bemis
et al, 1997). Recently, sturgeon
populations in the Caspian Sea are
endangered due to various factors, such as
over-exploitation,  habitat  alternation,
pollutions, barriers to migration and loss of
spawning habitat. (Pourkazemi, 2006).
Therefore all sturgeon species have been
listed in the 1996 IUCN Red List
assessment as an endangered species
(Dugo et al., 2004; Pourkazemi, 2006). At
present, 27 sturgeon species are found
living throughout the world (Ustaoglu and
Okumus, 2004), of which six species
belonging to two genera (Huso and
Acipenser), are found in the Caspian Sea
and its drainage basin which provide the
bulk of the world's caviar yield today
(Pourkazemi, 2006). In the recent years,
Acipenser persicus has comprised the
largest proportion of the total Iranian
commercial catch (Moghim et al., 2006).
This species is also artificially propagated
in the Iranian hatcheries and the
fingerlings are released into the rivers of
the south Caspian Sea for restocking.

An understanding of the genetic diversity
in aquatic organisms can be useful in stock
conservation.  Genetic  diversity s
important in both natural and cultural
populations because it provides the
necessary spectrum of genotypes for
adaptive response to changing conditions
and heterozygous individuals usually are
superior to less heterozygous individuals
in  many economically  important
characteristics like growth, fertility and

disease resistance (Beardmore et al.,
1997). Sturgeon population genetic studies
provide important information which can
be used for management, sustainable use
and conservation of the species concerned
(Rosenthal et al., 2006). Among molecular
markers, microsatellite methods are new
techniques which are commonly applied
for many commercially important aquatic
species that can be examined by using
samples harvested without endangering the
life of the individual. Microsatellite
markers were used to study sturgeon
population structure and can also identify
different brood stocks for management in
hatcheries to conserve diversity and
minimize  inbreeding in  artificial
propagation (Norouzi et al., 2008).
Pourkazemi (2001) and Shabani et al.
(2006) studied mtDNA variation of A.
stellatus populations in south Caspian Sea
by RFLPs method using ND 5/6 gene
regions. They found low genetic variation
among studied areas and mentioned that
the RFLPs method is not a powerful
technique to determine genetic diversity
sufficiently to fisheries management of
this species. Safari et al. (2008) using
microsatellite markers showed high level
of variety of A.nudiventris between Ural
River and samples from the southern part
of the Caspian Sea. Following the results,
they expressed there are two independent
populations  of  this  species, so
conservation policy and restocking
programs are necessary. Sturgeon family
structure and relationships can easily be
identified using microsatellite markers.
Using these methods allows appropriate
broodstock ~ management  both  in
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aquaculture and in sturgeon restocking
programs (Rosenthal et al., 2006). In
recent years, genetic researches have been
limited to a few studies on the Caspian Sea
sturgeon species using a variety of
molecular markers (Rezvani, 1997,
Pourkazemi et al., 1999; Shabani, 2005;
Qasemi et al., 2006; Khoshkholgh, 2007;
Norouzi et al., 2008; Safari et al., 2008)
but despite the commercial importance of
the Persian sturgeon, study on its genetic
and population structure in south Caspian
Sea is scarce and more studies are
necessary. The goal of this study was to
determine the genetic diversity population
and provide a genetic background of this
species for management in the southern
part of the Caspian Sea using

microsatellite DNA markers. It can also be
applied for future genetic improvement
and assessment of this species in
hatcheries and to design suitable
management guidelines for artificial
breeding activities.

Materials and methods

Sample collection

A total of 100 fin clips of adult Acipenser
persicus were collected from 2 regions
including 50 samples from Sefidrud
watershed and 50 samples from Gorganrud
watershed (Fig. 1). For each sample, 2-3
cm caudal fin tissue was cut and kept in
absolute ethanol and then transferred to the
Genetic  department of International
Sturgeon Research Institute, Rasht, Iran.
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Figurel: Sampling regions map: Gorganrud watershed (M) and Sefidrud

watershed (@)

Genomic DNA extraction

For each sample, approximately 50 mg of
fin tissues was cut into small pieces and
genomic DNA was extracted by standard
SDS proteinase-K  digestion, phenol:
chloroform: isoamylalcohol extraction and
ethanol precipitation as described by Hillis

et al. (1996). The quantity of DNA was
measured in 260 and 280 nm using UV-
spectrophetometry method by Nanodrop
(ND 1000 model) and the quality of the
extracted DNA sample was checked by
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1% agarose gel electrophoresis. Purified
DNA was stored at -20°¢ until use.

PCR profiles and primer sequences

In this study, we used 4 microsatellite loci:
Ls68, Afu68 (May et al., 1997), Spl168 and
Spl173 (McQuown et al., 2000) all of
which produced polymorphic patterns. The
PCR conditions, especially the annealing

temperatures were optimized for each
microsatellite loci to produce scorable
amplification products (Table 1). The PCR
was performed in a 20 pl reaction volume
containing 100 ng of template DNA, 30
pmol of forward and reverse primer, 200
pum of dNTPs, 5 u / pl of tag DNA
polymerase, 1 pul of 1.5 mM Mgcl, and 2
pl of 10X reaction buffer (Table 2).

Table 1: Characteristics of 4 polymorphic microsatellite loci of Acipenser persicus used in this study

Loci Primer (5-3)) Size (bp) Annealing  Reference
temp. ©¢

Ls68 F- TTATTGCATGGTGTAGCTAAAC 198-264 60 May et al.,
R- AGCCCAACACAGACAATATC 1997

Spl168 F- CACTGATTCGCTACAACCGT 232-310 59 McQuown et
R- AGAAGGACTTGCAGTCCGAA al., 2000

Spl173 F- GGCTTTTGTCTGAAACGTCC 232-292 61 McQuown et
R- TGGTGTGTCATTTTGAAGGC al., 2000

Afu68 F- AACAATATGCAACTCAGCATAA 106-168 55 May et al.,
R- AGCCCAACACAGACAATATC 1997

Table 2: Concentration and kind of materials used in this study

Material Concentration Amount for
20 ul reaction

DNA 100 ng 1l

PCR buffer 10 X 2 ul

dNTP, 10 mM 0.5l

Mgcl, 50 mM 1l

Primer (F) 30 pm 1l

Primer (R) 30 pm 1pl

taq DNA polymerase  5u/ pl 0.2 ul

dH,0 - 13.3 ul

PCR reactions were performed with an
eppendorf thermal cycler (Mastercycler ep
gradient, 96 plus, eppendorf, Germany)
under the following conditions: initial
denaturation of 5 min at 95 °¢ followed by

30 cycles of 30 s denaturation at 94 °¢, 60
s at the respective annealing temperature,
and 60 s extension at 72 °c, ending with 10
min at 72 °c as the elongation period.
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Table 3: Variability of 4 microsatellite loci in two areas of the Persian

sturgeon (A, number

of alleles; Ho, observed

heterozygosity; He, expected heterozygosity; P, P-values of
X2 tests for Hardy-Weinberg equilibrium)

Sefidrud Gorganrud

L P t
ocus arameters watershed watershed
A 14 10
Ho 0.670 0.520
568 He 0.840 0.850
P 0.00 0.000
A 17 15
Ho 1 0.950
Spl168 He 0.840 0.840
P 0.095 0.363
A 16 14
Ho 0.708 0.710
Spl173
P He 0.880 0.860
P 0.1 0.008
A 11 12
H 0.250 0.500
Afu68 °
! He 0.780 0.640
P 0.113 0.285
,;v;rlz?:snuer?ber 145+ 12.75 £ 2.22
P 2.64 oEs
locus
rage H, 0.66 £
67+0.21
0.31 0670
Average H, 0.83+
0.80+0.10
0.04
Gel electrophoresis and staining Following polyacrylamid gel

The PCR products with a standard 100 bp
DNA markers ladder (Fermentas) were
separated by electrophoresis on 6% (w/v)
denatured polyacrylamide gel (29:1
acrylamid: bis acrylamid; 1X TBE buffer)
using a Hoefer gel electrophoresis system
(Pharmacia-Biotech, USA). Gel run
carried out at 120 V until the loading
buffer reached the bottom of the plate.
After electrophoresis, the gel was stained
with silver nitrate protocol (Pourkazemi,
1996).

Microsatellite data analysis

electrophoresis and silver nitrate staining,
one or two clear bands were observed at
each locus for each specimen. The bands
representing alleles were manually scored
based on their sizes. The recorded
microsatellite genotypes were used as the
input data for the GENALEX software
(Peakall and Smouse, 2006). Allele and
genotype frequencies, observed
heterozygosity (Ho), expected
heterozygosity (He) and test of deviations
from Hardy-Weinberg equilibrium were
calculated. Genetic distance between two
areas was estimated using Nei standard
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genetic distance index (Nei, 1972).
Genetic differentiation between two areas
was also evaluated by the calculation of
pairwise estimates of Fs and Ry values.
All calculations were conducted using the
GENALEX version 6.

Results

Allele frequencies at all loci in both areas

are shown in Table 3. Overall, 109 alleles
resulted in 4 microsatellite loci in which
the locus Spl168 presented the highest
of alleles (17) in Sefidrud

watershed, while the locus Ls68 in

number

Gorganrud watershed was the lowest (10).
The average number of alleles per locus

was 145 for samples of Sefidrud
watershed and 12.75 for Gorganrud
watershed. The  average  observed

heterozygosities (H,) were 0.66 and 0.67

in two regions, respectively. The
differences between two regions were not
statistically significant (p> 0.05), neither
for the average number of alleles per locus
observed

nor  for heterozigosities.

Significant  deviations from  Hardy-
Weinberg equilibrium at the locus level in
two regions are shown in Table 4. Except
Ls68 locus in Sefidrud region and Ls68
and Spl173 loci in Gorganrud region, the
other loci in both regions were at Hardy-
Weinberg equilibrium. The Fg (0.07) and
R« (0.17)

comparisons were significant (p<0.01),

values from  pairwise
indicating that the populations of two
regions were divergent from each other.
The genetic distance computed by Nei
(1972) was 0.4.

Table 4: Hardy-Weinberg equilibrium Test of 4 microsatellite loci in two areas of Persian

sturgeon in this study

Regions Locus DF X?(ChiSq)  Level of Probability of
significant  significant
Ls68 21 76.11 0.00 b
Sefidrud Spl168 45 57.83 0.095 ns
watershed Afu68 10 15.55 0.113 ns
Spli73 22 57.51 0.1 ns
Ls68 15 52.78 0.000 *n
Gorganrud Spl168 36 38.37 0.363 ns
watershed Afu68 6 7.41 0.285 ns
Spl173 55 83.65 0.008 *n

p<0.05 % p<0.001 % #* ns: no significant
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Discussion

Anthropogenic influence and other factors
caused the dramatical decrease of sturgeon
stocks such as Acipenser persicus in the
Caspian  Sea. This  required the
development of conservation programs
and genetic studies to distinguish different
populations. Among molecular methods,
microsatellite markers allow the evaluation
of intraspecific genetic diversity and offer
the possibility to distinguish differences
between populations due to their high level
of allelic variation (Dudu, et al., 2008). For
this purpose, we evaluated the genetic
diversity in Persian sturgeon from two
regions in the southern part of the Caspian
Sea, using  microsatellite  markers.
Polymorphic patterns produced by primers
in the present study confirmed that the
microsatellite markers used are suitable for
genetic diversity studies. According to the
results there are no significant differences
between samples of the two regions
(p>0.05) neither for the average number of
alleles per locus nor for observed
heterozygosities. The high level of
heterozygosity in this species can be
attributed to use of most breeders in
hatcheries and fingerlings released into the
south Caspian Sea Rivers (Sefidrud and
Gorganrud rivers) for restocking. However
regular monitoring of genetic variability
among the offspring of each region is
essential to avoid the loss of current
polymorphism due to inbreeding and
outbreeding problems.

The value of Fg and Ry based on
ANOVA test is a useful measure of
genetic differentiation among populations
(Ballox and  Lugan-Moulin,  2002).
Previous research has showed that low

levels of Fs between samples of A.
stellatus in four fishery regions are
significant (Norouzi et al., 2008). In this
study, the Fs was low (0.07) and Ry value
was 0.17 but Fy and Rg were significant
between samples of two regions (p<0.01).
Although the lowest value of Fs can be
considered as an important genetic
difference between populations (Wright,
1978; Hartl and Clark, 1997). According
to decisions of CITES (Convention on
International Trade in  Endangered
Species), setting annual quotas of caviar in
the Caspian Sea is based on sturgeon stock
assessment. In the future, it is possible to
determine quotas of caviar based on
molecular genetic methods for the
identification of sturgeon populations. The
data presented here suggests that the
populations of these two studied areas are
genetically differentiated and do not
represent a single panmictic population.
The genetic distance value based on Nei,
(1972) for conspecific  populations
averaged 0.05 (range: 0.002-0.07) and for
congeneric species averaged 0.30 (range:
0.03-0.61). The distance value obtained in
this study (0.4) falls within the average
value of congenerics and indicated that
genetic differences among these two
studied  populations is  pronounced
(p<0.01).

Samples of the two studied areas
were mostly of loci at Hardy-Weinberg
equilibrium  test. ~ The  significant
differences from Hardy-Weinberg
equilibrium could be explained either by
sample bias, migration, artificial breeding
or the presence of null alleles. The
inheritance of microsatellite null alleles
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have been reported by most of researchers
(Pyatskowit et al., 2001; Welsh et al.,
2003; Rodzen et al., 2004; Zhao et al.,
2005; Norouzi et al., 2008). It may also be
related to not using species specific
primers and the most important reason,
sampling from mixtures of migrating
population and sampling methodology
(McQuown et al., 2003). To detect such a
population structure, samples must be
collected from spawning sites. Samples
from non-spawning adults may reflect
mixtures of  migrating  population
(McQuown et al., 2003).

The data generated in this study
showed that populations of A.persicus in
two studied areas in the southern part of
the Caspian Sea are genetically
differentiated. Accurate species
identification is the first step in each
successful conservation program. This
information can be applied for future
genetic improvement and the assessment
of this species in hatcheries. We strongly
suggest  special  consideration  on
conservation policy and restocking
program of this species in Sefidrud and
Gorganrud.

Acknowledgments

We thank M.R. Noruzfashkhami, head of

the Genetic department of Dr. Dadman

International Sturgeon Research Institute.

Special thanks to: Leila Azizzadeh for her

laboratory help, Mr. Sohrab Dejandian and

Mr. Mohammad Khoshghalb and Mr., Ali

Hallajian for their help in collecting the

samples.

References

Ballox, F. and Lugon-Moulin, N., 2002.
The estimate of population
differentiation ~ with  microsatellite

markers. Molecular Ecology, 11, 155-
165.

Beardmore, A.L., Mair, C.G. and Lewis,
C.G., 1997. Biodiversity in aquatic
systems in relation to aquaculture.
Aquaculture Research, 28, 829-839.

Bemis, W.E., Findeis, E.K. and Grande,
L., 1997. An overview  of
Acipenseriformes. Environmental
Biology of Fishes, 48, 25-71.

Dewoody, J. A. and Avise, J. C., 2000.
Microsatellite variation in marine,
freshwater and anadramous fishes
compared with other animals. Journal
of Fish Biology, 56, 461-473.

Dudu, A., Georgescu, S. E., Luca, C.,
Suciu, R. and Costache, M., 2008.
Microsatellite DNA variation in the
Black Sea Stellate sturgeon (Acipenser
stellatus). Lucrari stiintifice Zootehnie
si Biotehnologii, 41(1), 78-82.

Dugo, M. A., Kreiser, B. R., Ross, S. T.,
Slack, W. T., Heise, R. J. and
Bowen, B. R., 2004. Conservation and
management implications of fine-scale
genetic structure of Gulf sturgeon in
the Pascagoula River, Mississippi.
Journal of Applied Ichthyology, 20,
243-251.

Grand, L. and Bemis, W. E., 1996.
Interrelationships of Acipenseriformes
with comments on “Chondrostei”. IN:
Interrelationships of Fishes. M.L.J.
Stiassny, L.R. Parenti and G.D.
Johnson (eds). Academic Press, San
Diego. 496 pages. pp. 85-115.

Hartl, D. L. and Clark, A. G., 1997.
Principles of Population Genetics, 3th
edition. Sinauer Assoc  Inc. Pub.,
Massachusetts, USA. 542 pp.



Iranian Journal of Fisheries Sciences, 10(4), 2011 604

Hillis, D. M., Mable, B. K., Larson, A.,
Davis, S. K. and Zimmer, E. A. 1996.
Nucleic acids IV: sequencing and
cloning. In: Hillis, D.M., Moritz, C.,
Mable, B, (Eds.), Molecular
Systematics, second ed. Sinauer
Associates, Sunderland. pp. 321-381.

IUCN, 1996. IUCN Red List of threatened
Animals. Gland, Switzerland. IUCN.
70: 235-236.

Khoshkholgh, M., 2007.  Genetic
population  structure of  Persian
Sturgeon (Acipenser persicus) and
Russian Sturgeon (Acipenser
guldenstadti) in South of Caspian Sea
using microsatellite markers. Ph.D.
Thesis. Gorgan Univ. Agric. Sci. Nat.
Res. pp: 145.

May, B., Chales, C., Krueger, C. and
Kincaid, L., 1997. Genetic variation at
Microsatellite loci in sturgeon primer
sequences homology in Acipenser and
Scaphyrhinchus. Canadian Journal of
Fisheries and Aquatic Sciences, 54,
1542-1547.

McQuown, E. C., Sloos, B. L., Sheehen,
R. J. and May, B., 2000.
Microsatellite analysis of genetic
variation in sturgeon: New primer
sequences for Scaphyrhinchus and
Acipenser. American Fisheries Society,
129, 1380-1388.

McQuown, E. C., Krueger, C., Kincaid,
H. L., Gall, A. E. and May, B., 2003.
Genetic comparision of lake sturgeon
population: Differentiation based on
allelic frequencies at seven
microsatellite loci. Journal of Great
Lakes Research, 29(1), 3-13.

Moghim, M., Kor, D.,
Tavakolieshkalak, M. and

Khoshghalb, M. B., 2006. Stock
status of Persian Sturgeon (Acipenser
persicus Borodin, 1897) along the
Iranian coast of the Caspian Sea.
Journal of Applied Ichthyology, 22,
99-107.
Nei, M., 1972. Genetic distance between
populations. American Naturalist
106, 283-292.

Norouzi, M., Pourkazemi, M., Keyvan,
A., Fatemi, S. M. R. and Kazemi, B.,
2008. Population genetic structure of
Stellate Sturgeon (Acipenser stellatus
Pallas, 1771) in the South Caspian Sea
using microsatellite markers. Journal
of Fisheries and Aquatic Science. 3(3),
158-166.

Peakall, R. and Smouse, P. E., 2006.
GENALEX 6: Genetic analysis in
Excel. Population genetic software for
teaching and research. Molecular
Ecology Notes, 6, 288-295.

Pourkazemi, M., 1996. Molecular and
biochemical genetic analysis of
sturgeon stocks from the South
Caspian Sea. Ph.D Thesis, School of
Biological sciences, University of
Wales, Swansea.

Pourkazemi, M., Skibinski, D.O.F. and
Beardmore, A., 1999. Application of
mtDNA d-loop region for the study of
Russian sturgeon population structure
from Iranian Coastline of the Caspian
Sea. lranian Journal of Fisherie
Sciences, 2(1), 1-12.

Pourkazemi, M. and Skibinski, D. O. F.,
2001. Allozyme and mtDNA study on
population  structure of stellate
sturgeon  (Acipenser stellatus) in
Iranian coastlines of the south Caspian
Sea. 4™ International Symposium on



605 Chakmehdouz Ghasemi et al., Application of microsatellite markers to determine populations of....

Sturgeon, Oshkosh, Wisconsin, USA.
8-13 July, 2001. Extended Abstract
Book. General Biology: 52.

Pourkazemi, M., 2006. Caspian Sea
sturgeon conservation and fisheries:
Past, Present and Future. Journal of
Applied Ichthyology, 22, 12-16.

Pyatskowit, J.D., Krueger, C.C,,
Kincaid, H.L. and May, B., 2001.
Inheritance of microsatellite loci in the
polyploidy lake sturgeon (Acipenser
fluvescens). Genome, 44, 185-191.

Qasemi, A., Pourkazemi, M. and
Kalbassi, M. R., 2006. Comparision
of genetic variation of Ship sturgeon
(Acipenser nudiventris) in the Southern
Caspian Sea and Ural River using
PCR-RFLP. Iranian Scientific
Fisheries Journal, 14(4), 151-164.

Rezvani, S., 1997. Molecular population
genetic studies of sturgeon species in
the South Caspian Sea. Ph.D Thesis,
School of Biological Sciences,
University of Wales, Swan Sea. UK.

Rodzen, J.A., Famula, T.R. and May,
B., 2004. Estimation of parentage and
relatedness in the polyploidy white
sturgeon (Acipenser transmontanus)
using a dominant marker approach for
duplicated microsatellite loci.
Aquaculture, 232, 165-182.

Rosenthal, H., Pourkazemi, M. and
Bruch, R., 2006. The 5th international
Symposium  on  sturgeons. A
conference with major emphasis on
conservation, environmental mitigation
and sustainable use of the sturgeon
resourses.  Journal  of  Applied
Ichthyology, 22, 1-4.

Safari, R., Pourkazemi, M., Rezvani
Gilkolaei, S., Shabani, A. and

Bagherian Yazdi, A., 2008. Genetic
relationships of Iranian coastline ship
sturgeon  (Acipenser  nudiventris)
samples and Ural population based on
microsatellite DNA. Iranian Journal of
Fisheries Sciences. 7(2), 229-241.

Shabani, A., 2005. Study of mtDNA
variation  of  stellate  sturgeon
(Acipenser stellatus) population from
the North (Volga River) and South
(Sefidrud River) Caspian Sea using
RFLP analysis of PCR Amplified
ND5/6 gene regions. Ph.D Thesis,
Gorgan Univ. Agric. Sci. Nat. Res.

Shabani, A., Pourkazemi, M. and
Rezvani, S., 2006. [Study of mtDNA
variation of stelate sturgeon (Acipenser
stellatus) population from the north
(Volga River) and the south (Sefidrud
River) Caspian Sea using RFLP
analysis of PCR Amplified ND 5/6
gene regions]. Journal of Agriculture
Sciences and Natural Resources, 12(6),
195-204. (in Persian)

Ustaoglu, S. and Okumus, 1., 2004. The
Sturgeons:  Fragile Species Need
Conservation. Turkish  Journal of
Fisheries and Aquatic Sciences, 4, 49-
57.

Welsh, A.B., Blumberg, M. and May, B.,
2003. Identification of microsatellite
loci in lake sturgeon, Acipenser
fluvescens and their variability in green
sturgeon, Acipenser medirostris. Mol.
Ecol. Primer Note. pp: 47-55.

Wrigth, S., 1978. Evolution and the
Genetics of Population, Variability
within and among Natural Populations.
The University of Chicago Press,
Chicago.



Iranian Journal of Fisheries Sciences, 10(4), 2011 606

Zhao, N., Ai, W., Shao, Z., Zhu, B., sturgeon ( Acipenser sinensis Gray)
Brosse, S. and Chang, J., 2005. genetic variability, Journal of Applied
Microsatellite assessment of Chinese Ichthyology, 21, 7-13.



VvV Chakmehdouz Ghasemi et al., Application of microsatellite markers to determine populations of....

Sl pl (Bl b Carer Slld Cgz Coding Sl S 5 5k & 9yl
1P Sbiyd 29 J>1gw (Acipenser persicus)

oo ¢ Gk Slige ¢ (T dgato ¢ (AL gy demo T (w190 dasr 9wy
S 29 O3y 3990 ¢ plo 0315 >

ol

s Jlsw 3558 5 5 55 ki gl Sy, 5T 4o (ACIPENSEr PErCicus) il sl (Saj ksl
5,5 (Microsatellite) o, sale s, isy 5l eslizal L AYAS — VWA ldle Olalewls 3 bl e b 5 s
PRt oli:ﬁuﬂ@j;;,ﬂ@?(a}g\n leaz) dibio o 3 4ses O Slun jebite p b 23S LI F )y
i Bl 55 DNA mlmaal 51y 5 8 Jize (Cs)) Olasls 175 ()bl obale Ml o Ol 2zl
Sistle un 5 (PCR) Se (6 ooy sla 2S5 plowil g (microsatellite) o, 45, (Primer) ;T
S o iy 45 A5 ocaliie I +4 g pama 3 i3 005 (o) g0 () (IS8 i (ol 5 (Son o7 s oslinal (S5
Glaze LSB8 ol 55 (Vo) (adly P sl o a8 5 355kt 65355 3 1T 050 SPILE8 oKl 4 laze (VW) 315 JI
odalie I sl 5 Kle wlol y (syls gme ol (oDl aibaie 53 Sl 4 ged o 9 35,8 5 lisgy 3T o5 @
el wli S Rt 5 Fst Ol (P> 4/00) dts odalie 55 ool 53 (HO) ot oalive o 55155 20 5 (NB) ot
V) 3 ls g dilate 93 (SUs @ ged o cmer M) 5 T Cowl VY /oY O il o SOUSS I s Cama
G395 5 5T 055 sls 4 sas 5 SPILB8 5 AfUBS SPILT3 cleallr 5 39,0t ailssgy 3 1T 655 Sl 45505 (P <
dilate 53 a Gl wsas 35 Sl i 53 5 03 5ty (63, Jsli 5 SPILB8 5 AfUBB (LSl 55 55,8 5
o sty JB SKai Suls Kb & Ad alons +/F dilate 55 6la 4sas o (S5 ool L Lsls 0L 1) dale 1 ol
S S allan 3550 bl Sl el Comer 45 a3 (0 OLE G gl ooy Bl (8 anlllan 3 50 Ghli (Gla 4 o
G5 Al L s 65 Gl s et b5 S Sy e by ins (o OLE |y e Comaz a5 03 s
238 4o b ET

257 b3 (Camar 655 ol gale 5 ¢ (S5 kb (Sl l alenls (Gl OB 519

FAIPFD FFPF s (5gio iy cObesls ;575 65k sl Olale Ml oy Slidios st

chakmehdouz13@yah00.CoM :J g ot 55 (S 3 SN Sy oy T3¢



