
INTRODUCTION
Sturgeons (Acipenseridae) represent a very ancient

group of fish called living fossil. Sturgeons are a source of
two high-value products: boneless and very tasty meat
and black caviar. Almost all sturgeon populations have
been severely reduced to low levels, sometimes to extinc-
tion, due to overharvesting, pollution and damming of
rivers (Birstein et al. 1997). Currently Acipenseriformes
are ranked as one of the most threatened group of verte-
brates with all of their species listed under the Convention
on International Trade in Endangered Species of Wild
Fauna and Flora (Anonymous 1994) Appendix I
(2 species) and Appendix II (25 species).

The economic importance of sturgeons has prompted
a growing aquaculture production of the Siberian stur-
geon, Acipenser baeri Brandt, 1869, in Europe. The
Siberian sturgeon has been domesticated in Europe and
Asia (Chebanov and Billard 2001) and is now one of the
most common and most important sturgeon species cul-

tured in Poland. Currently this fish is the main source of
sturgeon meat and black caviar produced by large interna-
tional companies in Europe. A long period of sexual mat-
uration of sturgeons (excluding the sterlet) is the most
serious constraint in the aquaculture of acipenserid fishes.
With relatively abundant broodstocks of A. baeri in
Europe there is a good opportunity to increase production
of valuable sturgeon products despite the decline in the
natural populations of those fish.

The effective management of the aquaculture produc-
tion of Siberian sturgeon requires contemporary knowledge
of broodstock structure and mating patterns. The knowl-
edge of the genetic structure of spawning populations is
important for maintaining genetic diversity of a broodstock
of the Siberian sturgeon while it is reared. The most reliable
method for studying gene diversity in broodstock is appli-
cation of microsatellite DNA analysis (May et al. 1997,
McQuown et al. 2000, King et al. 2001, Pyatskowit
et al. 2001, Fopp-Bayat et al. 2004, Fopp-Bayat 2007).
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Background. The Siberian sturgeon, Acipenser baeri, is one of the most important sturgeon species cultured in
Poland. The effective management of aquaculture production of this species requires contemporary knowledge
of broodstock structure, mating patterns, and genetic diversity of broodstock. The aim of the present study was
the application of microsatellite DNA analysis for estimation of gene diversity in the Siberian sturgeon farmed
at a Polish fish farm.
Materials and Methods. Fin clips were randomly sampled from 94 specimens of Siberian sturgeon broodstock
reared at the Wąsosze Fish Farm near Konin, Poland. The analysed broodstock has been kept there since 1996,
with new specimens being introduced annually. The fish were studied in 2007–2008. Genomic DNA for ampli-
fication of microsatellite loci was extracted using Chelex 100. Six microsatellite loci (Afu-19, Afu-39, Afu-68,
AfuB-68, Spl-163, and Spl-168) were amplified for examination of the genetic variability of the studied fish.
Results. Within 94 individuals of the Siberian sturgeon, a total of 74 alleles were detected in six polymorphic
microsatellite loci. The number of alleles per locus ranged from 8 to 18, with an average allele number being 12.
The genetic diversity of six microsatellite loci varied from 0.686 to 0.811.
Conclusion. This technology has great potential for use in aquaculture of sturgeon fish, especially when levels of
genetic variation could be monitored and inbreeding controlled in commercial breeding programs.
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The use of microsatellite DNA as high polymorphic DNA
markers has gained in importance for a number fish species
over the past decade owing to the fact that it is an easy and
powerful method (Norris et al. 1999, King et al. 2001,
Fopp-Bayat 2004, Perales-Flores et al. 2007). The
microsatellite, or short sequence repeat (SSR), is a power-
ful genetic marker, useful in many areas of fish genetics
and breeding. Polymorphic microsatellite loci have been
frequently applied to the analysis of genetic diversity,
population genetic structure and genomic mapping
(Clifford et al. 1998, Norris et al. 1999). These co-domi-
nant markers have also been applied to the classification
and taxonomy, parentage identification, germplasm con-
servation and breeding programme of food fish (Blouin et
al. 1996, Chistiakov et al. 2005).

The major aim of the present study was the application
of microsatellite DNA for estimation of gene diversity in
Siberian sturgeon farmed at a Polish fish farm. The results
will be applied to test the purity of hatchery broodstocks
at Polish fish farms and to increase the efficiency of selec-
tive breeding and performance testing programs. The
results of the research will provide baseline data for the
development of scientifically sound management of the
farmed Siberian sturgeon in Poland.

MATERIAL AND METHODS
Fin clips were sampled from 94 specimens of the

Siberian sturgeon broodstock reared at the Wąsosze Fish
Farm near Konin, Poland. The analysed broodstock has
been kept there since 1996, with new specimens being
introduced annually. The fish were studied in 2007–2008.
Genomic DNA for amplification of six microsatellite loci
[Afu-19, Afu-39, Afu-68, AfuB-68, (May et al. 1997), Spl-
163, Spl-168 (McQuown et al. 2000)] was extracted using
Chelex 100 (Walsh et al. 1991) (Table 1). All microsatel-
lite loci were amplified using Polymerase Chain Reaction
procedure (PCR). Reaction mixes for amplification
microsatellites were prepared in a total volume of 25 µL

with 40 ng DNA template, 1 × PCR reaction buffer
(50 mM KCl, pH 8.5; Triton X-100), 0.4 mM of each
primer, 0.25 mM) of each deoxynucleotide triphosphate
(dNTP), 3.3 mM MgCl2 and 0.6 unit Go Taq Flexi DNA
Polymerase (Promega, Madison, WI, USA). Re-distilled
water was used to bring the reaction mixture to the desired
final volume. Amplification was conducted with a
Mastercycler gradient thermocycler (Eppendorf,
Germany), with initial denaturation at 94ºC for 5 min, fol-
lowed by 35 amplification cycles (94ºC, 1 min; 53–57ºC,
30 s; 72ºC—30 s; Table 1), and final elongation at 72ºC
for 5 min. Aliquots containing PCR products and reaction
buffer were electrophoresed using 6% polyacrylamide gel
and DNA bands were visualized by the silver staining
method (Tegelström 1986). Electrophoresis was conduct-
ed on a Bio-Rad SequiGen Sequencing Cell-system, and
the gel size was 38 × 30 cm. Amplified fragments were
sized by comparing migration with two DNA standards:
фX 174 DNA/Hinf I DNA Step Ladder (Promega,
Madison, WI, USA) and 25 bp DNA Step Ladder
(Promega, Madison, WI, USA). The size and intensity of
alleles in the studied microsatellite loci was estimated
using Densitometer GS-800 with Quantity One software
(Bio-Rad).

Allele frequencies, observed heterozygosity (Ho),
expected heterozygosity (He) and information content
(PIC) values for each locus were computed using the
microsatellite toolkit for MICROSOFT EXCELTM (Park
2001). The gene diversity was calculated based on het-
erozygosity value (H).

H = heterozygosity value at locus,
qi = frequency of ith allele at locus,
n = number of specimens.
For calculation of more loci the formula was:
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Table 1
Primer sequences, annealing temperature and references of studied microsatellite loci

in studied specimens of Siberian sturgeon, Acipenser baeri

Microsatellite
locus Primer sequence Temperature [oC] Reference

Afu-19 F..CATCTTAGCCGTCTGTGGTAC
R..CAGGTCCCTAATACAATGGC 53 May et al. 1997

Afu-39 F..TCCTGAAGTTCACACATTG
R..ATGGAGCATTATTGGAAGG 57 May et al. 1997

Afu-68 F..TTATTGCATGGTGTAGCTAAAC
R..AGCCCAACACAGACAATATC 55 May et al. 1997

AfuB-68 F..AACAATATGCAACTCAGCATAA
R..AGCCCAACACAGACAATATC 55 May et al. 1997

Spl-163 F..TGCTTGTAAACTGCCCCACT
R..CCACATGCAGTTTGAGCTGC 57 McQuown et al. 2000

Spl-168 F..CACTGATTCGCTACAACCGT
R..AGAAGGACTTGCAGTCCGAA 57 McQuown et al. 2000



H = heterozygosity value at locus,
qi = frequency of ith allele at locus,
n = number of specimens,
r = number of studied loci.

The Polymorphism Information Content (PIC value) was
calculated for each locus.

pi = frequency of ith allele in population,
pj = frequency of jth allele in population.

RESULTS
In this experiment, all six microsatellite loci were suc-

cessfully amplified. The gels obtained with each of the six
microsatellite loci were read taking into account the allele
doses. Among the six studied microsatellite loci, three:
Afu-68, AfuB-68, and Spl-168 were tetrasomic. Every
tetrasomic locus was examined as two disomic loci and as
a result the average frequency was considered for estima-
tion of genetic variation. (Fig. 1 presents the example of
microsatellite DNA variation at tetrasomic locus Spl-168
in Siberian sturgeon individuals). The size of the alleles at
an individual locus varied between 100 base pairs (bp) and
252 bp. A total of 74 alleles were detected in the studied strain
of Siberian sturgeon. The number of allele per locus ranged
from 8 for locusAfu-39 to 18 for locusAfuB-68 with an aver-
age of 12 alleles per locus. Locus AfuB-68 occurred as the
most variable locus among all the 18 alleles detected.

Table 2 presents expected heterozygosity, observed
heterozygosity, number of alleles and PIC value at stud-
ied microsatellite loci in Siberian sturgeon. The studied
groups of fish were characterized by various gene diversi-
ty in the analyzed microsatellite loci (Table 2). The most
polymorphic loci are: Spl-163 and Spl-168 with the
PIC-value 0.787 (Table 2).

DISCUSSION
The role of aquaculture in the production of the Siberian

sturgeon has increased over the past 10 years in Poland.
Aquaculture practices may decrease the genetic variability
present in the farmed stock by breeding related individuals
or by the use of small numbers of parents as the broodstock.
Some selective breeding programs based on a small num-
ber of “superior” families may be related. Unless pedigree
records are being maintained, there is a risk of selecting
related individuals as parents and thereby increasing
inbreeding (Norris et al. 1999). The effect of inbreeding is
connected to high inbreeding depression of survival and
growth trait (Su et al. 1996, Norris et al. 1999).

Breeding programs generally focusing on morpholog-
ical data are insufficient for selection management.
During several cycles of selection, it is difficult to know
if the original genetic diversity present in the breeding
pool has been maintained, increased through introduction
or decreased through intense selection. The key point for
solving such problems is the introduction of genetic sur-
veys in broodstock. Genetic marker analyses have
become an important tool for providing information
regarding genetic variability, parentage relationships and
the performances of lines in breeding programs.

Studies of genetic variation in farmed strains have usu-
ally utilised microsatellite DNA analysis. Application of
genetic markers enable description of fish strain condition,
including many parameters, for example gene diversity
based on observed heterozygosity or Polymorphism
Information Content (PIC). The PIC-value is an indicator of
how many alleles a marker has, how evenly the frequencies
of these alleles are distributed and if a marker has few alleles
or many alleles but with only one being frequent, which is
when the PIC-value will be low. The fact that all the loci in
the present study had a PIC-value higher than 49% (Table 2)
could be considered as supporting selection of polymorphic
markers for a study on parental relationship, paternity and
genetic mapping (Blouin et al. 1996, Chistiakov et al. 2005).
In recent years, genetic techniques have been found to be
more powerful in analysing population structure in salmonid
strains (Clifford et al. 1998) and acipenserid fishes (King et
al. 2001, Fopp-Bayat 2004, 2007). There are numerous stud-
ies that clearly demonstrate loss of genetic diversity follow-
ing hatchery culture in aquatic organisms, for example in
Salmo salar (see Norris et al. 1999), Cyprinus carpio (see
Desvignes et al. 2001, Bártfai et al. 2003), or Ictalurus punc-
tatus (see Perales-Flores 2007).
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Table 2
Expected heterozygosity (Hexp), observed heterozygosity (Hobs), numer of alleles (Na),

and polymorphism information content (PIC) at studied microsatellite loci
in Siberian sturgeon, Acipenser baeri

No. Locus No Hexp SD Hobs SD Na PIC- value
1 Afu-19 92 0.581 0.010 0.755 0.032   9 0.499
2 Afu-39 94 0.611 0.075 0.686 0.034   8 0.551
3 Afu-68 90 0.773 0.029 0.811 0.029 14 0.731
4 AfuB-68 95 0.781 0.033 0.718 0.023 18 0.749
5 Spl-163 94 0.809 0.016 0.771 0.031 13 0.787
6 Spl-168 94 0.814 0.012 0.611 0.035 12 0.787



In the presently reported study, most individuals exhibit-
ed banding patterns with more than two bands and asymme-
try in band intensities for the three duplicated loci (Afu-68,
AfuB-68, and Spl-168). The multiple banding patterns
observed at locus are consistent with tetrasomy in the
Siberian sturgeon and have also been shown in A. sinensis
(see Zhu et al. 2002), and A. fulvescens (see Pyatskowit et
al. 2001, McQuown et al. 2002). Polyploidization may
also play a role in failed amplification, as competitive
hybridization with the non-homologous (homeologous)
sets of chromosomes may lead to variable amplification
and hence problems in replication within individuals or
from parents to offspring (Zhu et al. 2002).

Similar studies have been conducted on a population of
A. sinensis in the Yangtze River and a low heterozygosity
and a low percentage of PIC value have been reported
based on allozymes and RAPDs analyses (Zhu et al. 2002).
It has been suggested that the microsatellite DNA analy-
sis is more suitable for studying genetic diversity in stur-
geons. Zhu et al. (2002) show that mature individuals and
juveniles (primarily produced naturally) have the same
number of alleles, suggesting the population has not lost
very much genetic variation to date. This can be contrast-
ed with the results reported by Norris et al. (1999), who

demonstrated a considerable loss of rare alleles in a
farmed Atlantic salmon, Salmo salar, population was
demonstrated, which did not coincide with a significant
difference in overall heterozygosity between the farmed
and wild strains.

The present study has clearly demonstrated the poten-
tial of genetic assignment of the Siberian sturgeon in aqua-
culture, providing farmers with a tool to monitor various
aspects of production and management. However, Siberian
sturgeon producers are now very interested in designing
genetic improvement regimes and the present study is a
valuable step in defining the genetic variation in the actual
commercial strain of the Siberian sturgeon in Poland. The
next stage should involve studying genetic diversity in
other strains of the Siberian sturgeon cultured in Poland.
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Fig. 1. Example of microsatellite DNA variation at locus Spl-168 in studied specimens of Siberian sturgeon,Acipenser baeri
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