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ABSTRACT: Four broodstocks of European huchen (Hucho hucho) from Poland, Germany, Slovakia, and Ukraine 
were investigated using five selected fragments of mtDNA. The mitochondrial DNA sequence analysis was success-
fully applied to the Polish and German broodstocks of European huchen for the first time. A very low haplotype (h = 
0.097) and nucleotide (π = 0.00013) diversity across 3573 bases of mtDNA fragments (partial regions of NADH-1,  
NADH-5, ATPase 6, Cytochrome b, and D-loop) evidenced by three closely related mtDNA haplotypes were found. 
The analysis of pairwise genetic differentiation (Fst) displayed a statistically significant differentiation between 
German (clade A) and the rest of examined broodstocks (clade B), clustering them into two separate groups. More- 
over, the applied mtDNA markers did not reveal any differences among fish from the clade B, suggesting that other 
markers should be used to display a deeper genetic background of the studied broodstocks. The two clusters of Euro-
pean huchen distinguished under the current study should be considered as distinct management units by manag-
ers, who may be tempted to transport brood fish or yearlings across the range of European huchen distribution. It 
means that stocking material and spawners of European huchen from the upper parts of the Danube River (Clade A) 
should not be mixed with those from the lower parts (Clade B). Moreover, for any supplementation of broodstocks 
in order to increase their genetic variability only the fishes within the described management units should be used.

Keywords: Salmonidae; broodstocks; conservation; genetic structure; mtDNA

INTRODUCTION

European huchen (Hucho hucho), also known as 
Danube salmon, is endemic to the Danube River 
drainage in Central Europe, inhabiting cool mon-
tane and submontane reaches of large streams and 
swift rivers (FishBase 2014, http://www.fishbase.
org). According to FishBase, European huchen is 
one of the largest salmonid fish species, reaching 
up to 1.65 m standard length and 60 kg in weight. 
Furthermore, this fish species has been listed in 

annex II and annex V of the Council Directive 
92/43/EEC of 21 May 1992 on the conservation 
of natural habitats and of wild fauna and flora, 
and is considered as an endangered species with 
respect to its global distribution (see the Red List 
of Threatened Species, http://www.iucnredlist.
org), including Poland (Polish Red Data Book of 
Animals: Vertebrates, http://eunis.eea.europa.
eu/references/1782/general). In recent years the 
distribution range of the species has dwindled and 
the population size has declined rapidly through 
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the effects of anthropogenic habitat alterations, 
such as river regulation by constructing dams 
and weirs, siltation of spawning ground, hydro-
power development as well as both industrial and 
agricultural pollution (Witkowski et al. 2013a). 
Additionally, the unique biological features make 
this fish species a popular target for anglers. As 
a result, a severe decline of European huchen 
population causes its dependence on programs of 
conservation of running waters (Geist et al. 2009). 
In order to supplement the local populations of 
European huchen, controlled reproduction is being 
in progress. According to some authors, due to 
low natural reproduction success a majority of the 
wild populations of the European huchen depends 
on the stocking activities (Witkowski et al. 2013a). 
In Poland, European huchen inhabits the Dunajec, 
Poprad, and San Rivers, where it is protected by 
a fishery supplementation and enacted rigorous 
fishing restrictions. Currently, there is only one 
fish farm situated in Lopuszna (southern Poland), 
which is the only existing source for European 
huchen stocking material in Poland (Witkowski 
et al. 2013b). The mentioned broodstock is kept 
ex situ all the time, being maintained only from 
spawnings. Furthermore, supplementation of the 
Polish broodstock by fish from natural popula-
tions or even from other hatcheries in Europe is 
not currently carried out and also any breeding 
program has not been implemented yet (Krzys 
2014 – personal communication).

Although salmonids are one of the most exten-
sively studied fish group, genetic information for 
some rare species are limited. Genetic data on Euro-
pean huchen are still sparse and mostly restricted to 
phylogenetic analysis of a few specimens in higher 
order systematic studies (e.g. Crespi and Fulton 
2004; Shedko et al. 2013) or research focused on 
the congener taxa, such as taimen (Hucho taimen) 
(Froufe et al. 2005; Maric et al. 2014a), lenok (Bra-
chymystax lenok) (Xia et al. 2006; Liu et al. 2015), 
Sichuan taimen (Hucho bleekeri) (Wu 2006; Wang 
et al. 2011), and Japanese huchen (Hucho perryi) 
(Oleinik and Skurikhina 2008). Some previous ge-
netic studies on the phylogeographic structure 
associated with multiple broodstocks and wild 
populations of European huchen among major 
drainages provided fragmentary information about 
their genetic structure and variability (Geist et al. 
2009; Weiss et al. 2011; Maric et al. 2014b; Kucinski 
et al. 2015). It should be emphasized that one of the 

most important factors determining the efficiency 
of conservation management of endangered fish 
species is the origin and quality of stocking mate-
rial. Baseline genetic data are essential during well-
developed restitution programs, enabling proper 
identification and selection of stocking material for 
supplementing wild populations, originating from 
proper stocks, being characterized by a high level 
of genetic diversity (Razpet et al. 2007; Snoj et al. 
2009). Therefore, studies on the genetic structure 
of stock or population are crucial for conservation 
management of endangered fish species protected by 
a rehabilitation measure, such as European huchen. 
Despite the conservation, the management of Eu-
ropean huchen urgently needs information on the 
genetic structure and differentiation, these data are 
still sparse for the Polish broodstock of the species.

The major objective of the present study was 
the assessment of the current genetic structure 
of four European huchen broodstocks from Po-
land, Germany, Slovakia, and Ukraine by means of 
selected mitochondrial DNA fragments analysis. 
The results of the research will provide baseline 
data for the improvement of existing conservation 
program management of the European huchen 
broodstock in Poland.

MATERIAL AND METHODS

Sample collection and DNA extraction. Fin clips 
from a total of 119 European huchen specimens 
were non-invasively sampled from four Europe-
an huchen broodstocks and used for the genetic 
analysis. Fish tissues collected during 2011–2013 
were derived from the following fish farms: Poland 
(Restocking Centre and Trout Hatchery Lopuszna), 
Germany (Fish farm Lindbergmuehle, Bavaria), 
Slovakia (Fish farm Pribovce, Martin province), and 
Ukraine (Fish farm “Ishkhan” Baniliv, Chemivtsi 
province). Small (< 1 cm2) pelvic or pectoral fin 
clips were placed in Eppendorf tubes (Eppendorf 
AG, Hamburg, Germany) and kept in 96% ethanol 
at a temperature of 4°C until DNA extraction. 
Genomic DNA was extracted from collected fin 
clips using Genoplast Tissue Genomic DNA Ex-
traction Mini Kit (Genoplast, Pruszkow, Poland) 
following the manufacturer’s protocol.

Amplification and sequencing. Five fragments 
of mtDNA genes (NADH-1 (ND1), NADH-5 (ND5), 
ATPase 6 (ATP6), Cytochrome b (Cytb), and D-loop 
(CR)) were amplified using polymerase chain re-
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action (PCR) (Table 1). Reaction mixtures were 
prepared in a total volume of 25 μl with a 0.7 μl 
DNA template (4.6 ± 0.5 μg/ml), 5.0 μl of 10× PCR 
reaction buffer (100mM KCl, 100mM (NH4)2SO4, 
200mM Tris-HCl pH 8.5, 20mM MgSO4, 1% Tri-
ton X-100), 1.0 μl of each primer, 0.5 μl (500μM) 
of each deoxynucleotide triphosphate (dNTP), 
and 0.3 unit TaqDNA polymerase RUN (A&A 
Biotechnology, Gdynia, Poland). Re-distilled 
water was used to bring the reaction mixture 
to the desired final volume. Amplification was 
performed with a Mastercycler gradient ther-
mocycler (Eppendorf AG) under the following 
conditions: initial denaturation at 94°C for 3 min, 
followed by 34 cycles at 94°C for 30 s, anneal-
ing at 52–59°C (Table 1) for 45 s, elongation at 
72°C for 2.5–3 min, and final elongation step at 
72°C for 10 min. Subsequently, amplified DNA 
templates were purified using DNA CleanUp 
Kit (A&A Biotechnology). All sequencing reac-
tions were prepared using a BigDye® Terminator 
v3.1 Cycle Sequencing Kit (Applied Biosystems, 
Foster City, USA) following the manufacturer’s 
protocol with slight modifications. The amplified, 
fluorescently labelled and terminated DNA was 
salt-precipitated with BigDye® XTerminator Pu-
rification Kit (Applied Biosystems) and analyzed 
on an Applied Biosystems 3130 Genetic Analyzer. 
The obtained sequences of ND1, ND5, ATP6, 
Cytb, and CR genes were deposited in GenBank 
under Accession Nos. KM593284–KM593293.

Data analysis. DNA sequences were aligned 
using the computer program ClustalX (Version 
2.1, 2007) and checked by eye. Haplotype (h) and 
nucleotide diversity (π) as well as average number 
of nucleotide differences (Kt) were assessed em-

ploying DNAsp software (Version 5.1, 2009). The 
number of transitions and transversions within the 
protein coding genes of selected mitochondrial 
DNA fragments and the genetic differentiation (Fst) 
among European broodstocks were obtained using 
Arlequin software (Version 3.5, 2010). Pairwise Fst 
values were calculated employing the Kimura’s two-
parameter algorithm (gamma correction = 0.09), 
which accounts for differing rates of transition and 
transversion substitutions and 10 000 permuta-
tions. The same software was used for the analysis 
of molecular variance (AMOVA), also based on 
the Kimura’s two-parameter distance matrix. The 
UPGMA dendrogram based on pairwise genetic 
differentiation (Fst) matrix was constructed using 
MEGA6 software (Version 6.0.5, 2013).

RESULTS

In the present study, altogether 3573 bp frag-
ments of mitochondrial genome were sequenced 
in European huchen. In total 7 (0.2%) nucleotide 
positions were polymorphic, including 5 parsimony 
informative positions and 2 singleton polymorphic 
positions. The final alignment for all the examined 
specimens included 910 bp for ND1 gene, 746 bp 
for ND5, 664 bp for ATP6, 463 bp for Cytb, and 
790 bp for CR. Three haplotypes were found for 
the ND1 gene, two for ND5, ATP6 as well as Cytb, 
and one for CR. Combining the sequences, three 
haplotypes emerged in total. One haplotype was 
dominant and found in all broodstocks (Haplo_1), 
whereas two haplotypes (Haplo_2 and Haplo_3) 
were fixed only in the German broodstock. The 
haplotypes distribution among the broodstocks for 
all genes is shown in Table 2. The values for total 

Table 1. Characterization of five fragments of mitochondrial DNA genes applied in the study of European huchen: 
gene designation, primer sequences, optimal annealing temperature (Ta), and source reference

Structural gene Primer sequence (5’→3’) Ta (°C) Reference

NADH-1 B1NDF: TAAGGTGGCAGAGCCCGGTA
B1NDR: TTGAACCCCTATTAGCCACGC 59 Froufe et al. 2005

NADH-5 ND5-F:CTCTTGGTGCAAATCCAAGT
ND5-R: GTGCTGGAGTGTAGTAGGGC 52 Wang et al. 2011

ATPase 6 L8558: AGCTTCTTCGACCAATTTATGAG
H9208: TATGCGTGTGCTTGGTGTGCCA 54 Giuffra et al. 1994

Cytochrome b L14735: AAAAACCACCGTTGTTATTCAACTA
H15149: GCCCCTCAGAATGATATTTGTCCTCA 55 Wolf et al. 2011

D-loop ND5/CytbF: TTCTTCCCCGCTATCATCCACCG
CR2R: GCTGAAAGGAAAAAAAAAAAAAG 58 Wang et al. 2011, 

present study
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haplotype and nucleotide diversity were h = 0.097 and 
π = 0.00013, respectively, and differed in individual 
broodstocks (h = 0.342, π = 0.00045 for the German 
broodstock; h = 0.000, π = 0.00000 for the rest of 
the examined broodstocks). The average number of 
nucleotide differences was Kt = 0.454. In the case of 
protein coding genes, the transition : transversion 
ratio was 1 : 2 for ND1, 2 : 0 for ND5, 1 : 0 for ATP6, and 
1 : 0 for Cytb. The overall genetic differentiation (Fst) 
among European huchen broodstocks was 0.1353. 
The analysis of pairwise Fst displayed a statistically 
significant differentiation between the German and 
the rest of the examined broodstocks, clustering 
them into two separate groups (Table 3, Figure 1.). 

The analysis of the genetic structure of the studied 
broodstocks with AMOVA method revealed that 
13.47% of genetic diversity was distributed among 
broodstocks and 86.53% occurred among individuals 
within the broodstocks.

DISCUSSION

Mitochondrial DNA is widely used as a marker 
for evolutionary and population studies due to its 
compact size, nearly complete maternal inheritance, 
and fast evolutionary rate. Moreover, mitochondrial 
DNA markers were also applied for identifying 
both farmed and wild populations/stocks of fish, 

Figure 1. UPGMA dendrogram based on pairwise genetic 
differentiation (Fst) matrix illustrating the relationships 
between four European huchen broodstocks under the 
current study

Table 2. List of haplotypes and their frequencies for five fragments of mtDNA genes (ND1, ND5, ATP6, Cytb, and CR) 
across four sampled broodstocks of European huchen (n = 119 individuals examined)

Genes and haplotypes
Broodstocks (n of individuals)

Poland Germany Slovakia Ukraine
ND1
Hh_ND1_1 30 24 30 29
Hh_ND1_2   5
Hh_ND1_3   1
ND5
Hh_ND5_1 30 25 30 29
Hh_ND5_2   5
ATP6
Hh_ATP6_1 30 24 30 29
Hh_ATP6_2   6
Cytb
Hh_tRNAGlu-Cytb_1 30 25 30 29
Hh_tRNAGlu-Cytb_2   5
CR
Hh_Cytb-CR_1 30 30 30 29
Combined haplotypes
Haplo_1 30 24 30 29
Haplo_2   5
Haplo_3   1

Table 3. Pairwise genetic differentiation (Fst) between four 
European huchen broodstocks analyzed (below diagonal) 
and significance of these values (above diagonal)

Broodstock Poland Germany Slovakia Ukraine
Poland * ns ns
Germany 0.1353 * *
Slovakia 0.0000 0.1353 ns
Ukraine 0.0000 0.1353 0.0000

*significant for α = 0.01, ns = not significant

0.06 0.05 0.04 0.03 0.02 0.01 0.00

0.0677

0.0677

mtDNA H. hucho, SLO

mtDNA H. hucho, UKR

mtDNA H. hucho, POL

mtDNA H. hucho, GER
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estimating the relative contribution of individual 
stocks in the multi-population catches, quantify-
ing the range of genetic variation in stocks as well 
as identifying the species or interspecific hybrids 
(Sunnucks 2000). In the present study, the selected 
fragments of mitochondrial DNA were sequenced 
for the first time in European huchen from Poland 
and Germany. The genetic analysis, based on se-
quenced fragments of mitochondrial DNA, provided 
new information on genetic diversity of the studied 
European huchen broodstocks.

The previous assessment of the phylogeographic 
structure of European huchen left some blank spots 
in the characteristics of its genetic structure across 
the Danube River Basin, which is known as perhaps 
the most important refuge of freshwater organisms 
in Europe. To date, two main groupings between 
the western part (Clade A: Austria and Slovenia) 
and the eastern part of the Danube catchment 
(Clade B: Slovakia, Ukraine, Bosnia-Herzegovina, 
Montenegro, and Serbia) have been distinguished 
for wild populations of huchen in Europe (Weiss et 
al. 2011; Maric et al. 2014b). The present analysis 
based on the ATP6, ND5, and Cytb genes in four 
European huchen broodstocks confirms the divi-
sion, previously observed by Weiss at al. (2011) and 
Maric et al. (2014b) for CR and ND1 sequencing 
results, into two subclades: (1) Germany (Clade A) 
and (2) Poland, Slovakia, and Ukraine (Clade B). The 
current results seem to evidence that the examined 
broodstocks reflect the genetic structure of wild 
populations of European huchen across the Danube 
River Basin. Moreover, similar genetic differentia-
tion has also been recorded in another Danubian 
salmonid species, European grayling (Thymallus 
thymallus) on the basis of microsatellite and mi-
tochondrial DNA sequence data, which probably 
originated in the course of two independent post-
Pleistocene colonization events (Maric et al. 2011).

The examined broodstocks of European huchen 
exhibited a very low overall haplotype (h) and nu-
cleotide (π) diversity. The current results are in 
accordance with data on interspecific variability in 
European huchen (Weiss et al. 2011; Maric et al. 
2014b), where only four haplotypes for ND1 and 
two haplotypes for CR have been found in wild 
populations across Europe. Similarly, low values 
of these indices have been also reported for other 
close related species such as taimen (Froufe et al. 
2003, 2005; Balakirev et al. 2013; Liu et al. 2015) and 
Sichuan taimen (Wu 2006). The highest haplotype 

(h) and nucleotide (π) diversity observed in German 
broodstock of European huchen is congruent with 
previously published microsatellite data (Kucinski 
et al. 2015). In the case of huchonine fish species, 
Froufe et al. (2003, 2005) hypothesized that their 
lower mtDNA nucleotide diversity compared to 
other salmonids may be associated with a slow-
er molecular clock. Furthermore, on the basis of 
comparative phylogeographic data the mentioned 
authors found a much greater mtDNA sequence 
divergence within the genus Thymallus (> 4%) than 
in Brachymystax lenok and Hucho taimen across 
the same region in Asia. Various biological charac-
teristics of huchonine subfamily, such as long life 
span, big body size, slow metabolic rate, and low 
body temperature would support this hypothesis 
(Gillooly et al. 2005). However, the low historical 
effective population size, founder effect, and more 
recent human-caused bottlenecks may explain the 
limited genetic diversity within the studied Euro-
pean huchen broodstocks. In turn, earlier presented 
genetic data on European huchen broodstocks seem 
to confirm the occurrence of the bottleneck effect 
or founder effects in the past (Kucinski et al. 2015).

Our results showed a certain genetic diversity 
between broodstocks (13.47%), however, a majority 
of the diversity was observed among individuals 
within the broodstocks (86.53%). Similar genetic 
diversity (14%) was observed among Atlantic salmon 
(Salmo salar) populations from the Bay of Fundy 
in southeastern Canada (Verspoor 2002). A higher 
genetic diversity was reported among Brachymystax 
lenok tsinlingensis populations from the streams of 
the Qinling Mountains (26.02%) and from the water 
system of eastern China (24.17–41.26%) (Xia et 
al. 2006; Liu et al. 2015). According to the current 
results, the overall genetic differentiation (0.1353) 
between German and the rest of examined brood-
stocks was moderate (Balloux and Lugon-Moulin 
2002). The presented data evidences that despite 
the low overall levels of mtDNA haplotype and 
nucleotide diversity, a substantial genetic dif-
ferentiation between the tested broodstocks of 
European huchen is observed and is similar with 
genetic data previously reported for the micro- 
satellite DNA analysis (Kucinski et al. 2015).

Based on the current results, two subclades of 
European huchen were distinguished: (1) Germany 
and (2) Poland, Slovakia, and Ukraine. These two 
groups should be considered as management units 
by managers, who may be tempted to transport 
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brood fish or yearlings across the range of Euro-
pean huchen distribution. It means that stocking 
material and spawners of European huchen from 
the upper parts of the Danube River (Clade A) 
should not be mixed with those from the lower 
parts (Clade B). Moreover, for any supplementa-
tion of broodstocks in order to increase their ge-
netic variability, only fishes within the described 
management units should be used. It is considered 
that breeding programmes, reintroductions, sup-
plementation, and removal of migration barriers 
without any genetic structure knowledge may pro-
mote the extinction of populations of the already 
endangered fish species (Geist 2011). Moreover, 
increasing population size by restocking activi-
ties may result in outbreeding depression (Huff 
et al. 2011). On the other hand, stocking activi-
ties by inbreeded material pose the risk of a total 
diminution of wild populations genetic variability. 
The after-effects of these interventions are highly 
unpredictable, particularly when small and frag-
mented populations, such as European huchen, are 
involved (Frankham et al. 2002). Unfortunately, the 
long-term results assessment of historic stocking 
of huchen in Europe is very poorly known. Thus, 
the influence of hatchery fish on wild populations 
remains an open question and a topic of major 
concern. For European huchen, stocking activities 
have not been well documented, thus no official 
information is available regarding the number of 
currently existing broodstocks, purpose of stock-
ing, cross-basin transport, and the origin or the 
numbers of stocked fish. The obtained results 
clearly evidence a strong need to map in a higher 
resolution the genetic structure of huchen natural 
populations across the Danube River Basin, which 
will enable us to assess the impact of restocking 
by material from artificial reproduction on wild 
populations of huchen in Europe.

CONCLUSION

In conclusion, the lack of information on the 
genetic structure of European huchen broodstock 
in Poland essentially limits the sustainable con-
servation of this species. Moreover, the Polish 
broodstock of this fish species is characterized by 
insufficient values of breeding indicators, such as 
low rate of growth (10 years spawners reach the 
mass of less than 5 kg), low fry survival (30–40% 
from hatching to fry), and high frequency of defor-

mations within raised juvenile specimens (Krzys 
2014 – personal communication). Additionally, 
within broodstock only 50% of individuals are 
fertile and their sexual products (eggs and melt) 
are characterized by still lower quality with each 
next spawning season (Ciereszko 2014 – personal 
communication). In order to avoid these negative 
effects, the species conservation management 
protocol based on genetic analysis, morphologi-
cal observations, and optimum selection of the 
spawners should be elaborated and implemented 
in the European huchen broodstocks in Poland and 
other countries. Baseline genetic data are crucial 
to guide future population specific conservation 
programs and research efforts on European huchen 
in Poland. The presented results suggest that the 
newly applied tree fragments of mtDNA (ATP6, 
ND5, and Cytb) can be useful for future investiga-
tions and conservation of European huchen stocks.
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