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Abstract: 
The natural population of all sturgeon species has been 
seriously affected by overexploitation in combination with a 
substantial loss and degradation of habitats during the 20th 
century. Fish species undergoing to restocking require 
information about the genetic identity of the existing fish 
populations. The genetic pattern of sterlet (broodstock and 
offspring) were analyzed, using allozymes and seven 
microsatellite loci (LS19, LS34, LS39, LS54, LS68, Aox45 and 
Aox27) as markers for species identification. From the seven 
microsatellite loci three (LS57, Aox23 and Aox45) have shown 
a tetrasomic profile. The most polymorphic locus for the 
broodstock was LS-57 with 12 alleles in population, followed 
by Aox45, LS-68 and LS-54 with 10 alleles. For offspring, the 
most polymorphic locus was Aox 23 with 11 alleles. Other loci 
presented a lower level of polymorphism range between 2 to 8 
alleles identified for the analyzed individuals. The average 
observed and expected heterozygosities were 0.429 and 0.413 
in the broodstock and 0.500 and 0.423 in the offspring, 
respectively. The preliminary data showed that selected 
allozymes and microsatellite markers allow identification of the 
stellate sturgeon from Bulgarian farms and could be applied to 
test and control the broodstocks used for restocking 
programmes. 
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Introduction 

Most sturgeon species are near extinction and have 
been listed in the Appendices to CITES (Conven-
tion on International Trade in Endangered Species 
of Wild Fauna and Flora (Raymakers, 2007). 
From six sturgeon species distributed in the Lower 
Danube River, five are supposed to be critically 
endangered and only one Acipenser ruthenus is 
classified as vulnerable according to IUCN Red 
List 2010.  

Instead of the five year prohibition (2010-2015) of 
sturgeon catches in Bulgaria to protect the stur-
geon biodiversity, illegal catches in combination 
with a substantial loss and degradation of habitats 
are the main causes of decreases in stellate stur-
geons stocks and the number of adult spawners. 

Genetic-biochemical markers for sturgeon identi-
fication (fillet and caviar) were applied for the 
Bulgarian part of the Lower Danube and the Black 
Sea (Dobrovolov et al., 2004, Dobrovolov et al., 
2005). Sturgeon hybrids were determined on mor-
phological and genetic level in Bulgarian Black 
Sea waters and the Danube River. Three different 
hybrids of various offspring generations with par-
ticipation of Acipenser ruthenus were identified 

(Tsekov et al., 2008). The increasing presence of 
natural sturgeon hybrids in the Danube River and 
the Black Sea is another evidence for decreasing 
sturgeon stocks. Not only their reproduction is en-
dangered, but also the genotypes of sturgeons are 
changed. The decreases of natural population and 
uncontrolled restocking resulting in production of 
hybrids will decrease natural genetic diversity of 
sturgeon species in their original distribution area 

(Havelka et. al., 2011).  

Today many molecular methods are available for 
studying various aspects of wild populations, cap-
tive brood stocks and interactions between wild 
and cultured stocks of fish and other aquatic spe-
cies (Yudha et al., 2012). Use of molecular data to 
assess the genetic structure in Danube sturgeon in-
dividuals is necessary because a classification as 
pure species or as hybrids, based only on morpho-
logical data can be misleading and inaccurate 
(Dudu et al., 2011).  

The population structure and relationships of stur-
geon can be easily identified using microsatellite 
markers. The application of these methods will al-
low an appropriate broodstock management both 
in aquaculture and in sturgeon restocking pro-
grammes (Rosenthal et al., 2006). 

Between seven and nine microsatellite loci varia-
tions were applied for species and hybrids (bester) 
identification in sterlet sturgeon (Acipenser 
ruthenus) from the Lower Danube (Dudu et al., 
2013; Dudu et al., 2015). 

In the case of conservation studies in sturgeons, 
the microsatellites are useful for the characteriza-
tion of genetic diversity and structure of popula-
tions; selection of breeders introduced in assisted 
reproduction programmes with the aim of sustain-
ing the wild population by releasing in the river of 
juveniles resulted in aquaculture conditions from 
wild genitors (Dudu et al., 2013). 

The aim of this study was to examine the genetic 
variability of Acipenser ruthenus broodstock and 
offspring using seven microsatellite DNA markers 
and allozymes, considering its possible applica-
tion for further restocking programs of the Bulgar-
ian part of the Lower Danube. 

Materials and Methods 

Microsatellites 

Fin clips were collected from 14 Acipenser 
ruthenus individuals (brood stock and offspring), 
captured in 2014-2015 from aquaculture (sturgeon 
farm”Fishinvest”, Montana, Bulgaria), doing re-
stocking of the Bulgarian part of Danube. Sterlet 
brood stock samples were caught in May 2014 
from the Danube River (Belene region, river km 
505-565) from the wild population and breed in a 
mentioned above sturgeon farm. 

Total DNA was extracted from ethanol-preserved 
fin clips by using „Omega Bio-tek”, E.Z.N.A. Tis-
sue DNA Kit (D3396-10, USA). For PCR ampli-
fication seven primer pairs: LS19, LS34, LS54, 
LS59, LS68, Aox23 and Aox45, tested for North-
American sturgeons and sterlet in the Lower Dan-
ube (Dudu et al., 2013) were used (Table 1) for 
fragment analyses. 

Two multiplex PCR reactions were performed: a 
4-plex reaction for LS-19, LS-34, LS-57 and LS-
68, and a 3-plex reaction for LS-54, Aox23 and 
Aox45. For microsatellite loci detection, we used 
the forward primers labeled with four different flu-
orescent dyes: PET, VIC, 6-FAM and NED.   

Multiplex PCR reactions were carried out in a 20 
μL final volume with the following reaction 
components: 10 µl PCR Mastermix (Bioneer), 
primers (1 µL from each primer), 2 µL target DNA 
and ultrapure water to reach the final volume. 
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PCR amplifications were performed in gradient 
PCR (Swift MaxPro Thermal Cycler), using the 
following program: a first denaturation step at 
95°C for 10 minutes, 40 cycles of denaturation at 
95°C for 30 seconds, annealing at 55°C for 30 sec-
onds, and extension at 72°C for 60 seconds and a 
final extension step at 72°C for 20 minutes. After 
amplification the PCR products were tested on 2% 
agarose gel. 

The length of amplified fragments were deter-
mined using an Applied Biosystems Genetic Ana-
lyzer AB 3130. The analyses of sample data were 
performed using the GeneMapper v.4 software. 
Calculation of the observed and expeted heterozy-
gosity and FST was prepared using Genalex soft-
ware (Peakall & Smouse, 2012). 

Allozymes: For electrophoretic analyses, the 
samples were stored at –20oС until the analyses in 
the laboratory. For analysis of the esterases (EC 
3.1.1.1-EST) and general muscle proteins 
(PROT), a homogenate of white dorsal muscle 
was used. The proteins were separated by 
horizontal starch gel electrophoresis (Dobrovolov, 
1973). The staining of different enzymes was 
performed as previously decribed (Shaw & 
Prasad, 1970). The buffer systems (Dobrovolov, 
1976) were used for the electrophoresis. The 
nomenclature of loci and alleles used here 
followed essentially previously published 
recommendations (Shaklee et al., 1990). 

Table 1. Primer sequences 

Locus                              Primer sequences (5’-3’)
LS-19         F:6 FAM catcttagccgtctgtggtac 

R: caggtccctaatacaatggc 
LS-34                               F: VIC-tacataccttctgcaacg 

R: gatcccttctgttatcaac 
LS-54                               F: NED- ctctagtctttgttgattacag 

R: caaaggacttgaaactagg 
LS-57                               F: PET-gcttggttgctagtttgc 

R: gtacagtatgagaccacaggc 
LS-68 F: NED-ttattgcatggtgtagctaaac 

R: agcccaacacagacaatatc 
Aox23 F:6FAM-cagtgtgctagcttctcaata 

R: gttagcttaaccatgaattgtg 
Aox45 F: PET-ttgtccaatagtttccaacgc 

R: tgtgctcctgcttttactgtc 

Results and Discussion 

Restocking with sturgeon fishes has been fulfilled 
in the Bulgarian section of the Danube River since 
1998 and continued to 2005 (data from MoEW).  
The species used for this purposes were Acipenser 
guildenstaedti (506 873 numbers, by weight of 19 
to 280 grams), Huso huso (38 950 numbers, 5 to 
350 grams) and Acipenser ruthenus (1 300 num-
bers, 50 to 180 grams) (Table 2).  

Nowadays restocking programs were renewed 
with the introduction of the Acipenser ruthenus 
samples in 2014 and 2015 in the Lower part of the 
Danube River. According to this program in Octo-
ber 2014 on Danube river km 565, 10 523 samples 
were restocked. During June 2015 totally 40 660 
samples were restocked on the 743 and 369 river 
km. 

Genetic-Biochemical Data 

The samples were tested for species identity using 
first biochemical genetical markers pointed for 
sturgeon species (Dobrovolov et al., 2005). 
Analyses of (PROT) showed ten monomorphic 
zones, species specific for sterlet (broodstock and 
offspring), (Figure 1A). Electrophoretical spectra 
on the samples analyzed were typical for sterlet 
described earlier (Dobrovolov et al., 2005; Tsekov 
et al., 2008). Esterases were polymorphic with two 
esterases zones, but they did not show species 
diversity (Figure 1B). The polymorphism 
observed could be used as a marker for 
identification of sterlet populations (Acipenser 
ruthenus). 
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Figure 1.  A. Electrophoregrams on general muscle proteins (PROT) and  
B. general unspecified esterases (EST) on Acipenser rutenus,  
1-4- broodstock, 5-8 – offspring, 0 – origin. 

 
Table 2. Aquaculture produced sturgeon fingerlings released in Danube River for (1998-2005) 

Year Total 
number 

Acipenser 
gueldenstaedti 

Average 
weight (g) 

Huso 
huso 

Average 
weight (g) 

Acipenser 
rutenus 

Average 
weight (g) 

1 2 3 4 5 6 7 8 
1998 1 500 1000 250 200 300 300 180 
1999 30 100 27 400 230 2 700 320 - - 
2000 21 150 20 400 200 750 350 - - 
2001 28 100 28 100 200 - - - - 
2002 23 530 22 530 280 - - 1 000 50 
2003 166 617 161 317 82 5 300 5 - - 
2004 211 126 211 126 18,87 - - - - 
2005 65 000 35 000 15 30 000 15 - - 
Total 547 123 506 873 - 38 950 - 1 300 - 

 

On the base of morphological and genetic data 
three different sturgeon hybrids with participation 
of sterlet (Acipenser gueldenstaedti x Acipenser 
ruthenus, Acipenser stellatus x Acipenser 
ruthenus, Huso huso x Acipenser ruthenus) were 

described along the Bulgarian Black Sea coast and 
the Danube river (Tsekov et al.,  2008). 
Electrophoretical data on the sterlet samples 
analyzed did not show hybrid spectra. 
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Microsatellite Data 

In this study, we have successfully amplified all 
seven species specific microsatellite loci for 
Acipenser ruthenus (Figure 2A - D).  The loci LS-
57, Aox23and AoX45 are considered to be 

tetrasomic, while the loci LS-19, LS-34, LS-54 
and LS-68 are considered to have a disomic profile 
(Fig 2A-D). The same pattern of each 
microsatellite locus were pointed for the sterlet 
species (Dudu et al., 2013). 

 

 

Figure 2.  Electrophoretic profiles in Acipenser ruthenus for: A. LS-19 and LS-34; B. LS-57 and LS-
68; C. Aox 45 and LS-54; D. Aox 23. 
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Genotypes were determined for all individuals. 
The number of allele peaks depends on the level 
of ploidity of the analyzed species and on whether 
the individual tested is heterozygote or homozy-
gote.  

All seven loci presented polymorphic profile. The 
size of the alleles at individual loci varied between 
68 – 209 bp. For the broodstock a high level of 
polymorphism was observed for LS-57 - 12 alleles 
in range of 130-203 bp, 10 alleles of 125-209 bp 
for LS-54, LS-68 and Aox 45. For offspring a high 
level polymorphism was observed for Aox 23  - 11 
alleles in range 100-185 bp. Other loci (LS-19, 
Aox23, LS-34 for broodstock and LS-19, LS-54, 
LS-68, LS-34, LS-57 and Aox 45 for offspring) 
present a lower polymorphism in population, only 
2 to 8 alleles being identified for all individuals. 
The size of the alleles (bp) and the number of al-
leles of each locus are presented in Table 3. 

The heterozigosity is among the most important 
statistical values that can offer essential infor-
mation about the diversity and history of the pop-
ulation, stock or aquaculture strain. The loci LS-
57, Aox23 and Aox45 are considered to be tetra-
somic, while the loci LS-19, LS-34, LS-54 and 
LS-68 are considered to have a disomic profile 

(Dudu et al., 2013).  

For the disomic loci the assessment of the genetic 
variability was realized by determining the values 
of observed (HO) and estimated heterozygosity 
(HE).The values of Ho for Acipenser ruthenus  
(broodstock  and offspring)  0,429 and 0,500  were 
a little bit higher  than these of expected heterozi-
gosity (He) - 0,413 and 0,423 (Table 4).  FST was 
calculated (– 0,002) and indicated no differentia-
tion between the populations. 

The analysis of a higher number of loci and indi-
viduals will provide more precise information of 
the genetic diversity by means of nuclear markers. 
Analyses of microsatellites and mtDNA could be 
used for identification of hybrids and the pure-
stock of sturgeon species (Burcea et al., 2014).  
The application  of  these  methodologies  at  fish  
farms would  allow  to  precise species identifica-
tion, avoiding the usage of hybrids  in  reproduc-
tion  and  repopulation  programs, that  might  lead 
to the alteration of the native populations. 

The multiplex PCR reaction is a good method for 
evaluation of intraspecific genetic diversity used 
for the first time in Bulgaria for this species and 
allow characterizing the genetic variation of the 
sturgeon. 

 

Table 3.  The size of the alleles (bp) and N (number of alleles of each locus) analyzed on A. rhutenus 
(broodstock and offspring). 

Locus 
Broodstock Offspring 
Size N Size N 

LS-19 130-139 5 130-139 2 
Aox 23 100 -185 7 100 -185 11 
LS-54 160-170 10 160-170 8 
LS-68 162-209 10 162-209 8 
LS-34 68-188 5 68-188 6 
LS-57 130-203 12 130-203 7 
Aox45 125-147 10 125-147 7 
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Table 4. Genetic diversity in sterlet broodstock and offspring 

 

 

The one and same size of the alleles and number 
of the alleles in each locus for the two groups 
(broodstock and offspring) were visualized as an 
evidence for the origin of the offspring. They are 
included in the size range, marked for Acipenser 
rhutenus from the Lower Danube (Dudu et al., 
2011, Dudu et al.,  2013; Dudu et al., 2015), which 
proved the species identity used for restocking of 
the Danube River during the 2014-2015. Hybrids 
were not identified in the samples analyzed using 
allozymes. 

Restocking of sturgeons (Acipencer guilden-
staedti, Huso huso and Acipencer rhutenus) into 
natural populations in Bulgarian part of the Lower 
Danube River between 1998-2005 were not based 
on the genetical identification of broodstock and 
juveniles. Only in 2014 and 2015 introduction of 
the A. rhutenus samples was done after application 
of molecular markers (allozymes and microsatel-
lites) for species identification to avoid uncon-
trolled restocking and to ensure the distribution of 
the native sterlet sturgeon progeny in the Lower 
Danube. 

Microsatellite analysis is a useful method for spe-
cies identification of sturgeons, which is con-
firmed with the data, received for Acipenser 
rhutenus and could be applied for species identifi-
cation in restocking programs. Such analyses are 
necessary to issue a permission for restocking the 
local rivers (Fopp-Bayat et al., 2015). 

Conclusions 

Genetic identification on the base of microsatel-
lites and allozymes of the parental samples and 
their progeny was applied for characterization of 
the genetic variation in Acipenser rhutenus sam-
ples used for restocking purposes of Bulgarian 
part of the Lower Danube. The data received is im-
portant to avoid hybridization and implementation 
of non-native for the river sturgeons’ species as 
well as to protect the biodiversity of sturgeons in 
the Lower Danube River. 
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