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Abstract

Genetic variability of three sympatric crucian carp (Carassius carassius) popula-
tions from NW Poland was studied within a research project aimed at assessing the 
utility of those populations for stocking in inland waters. DNA samples were collected
from 65 individuals. Restriction analysis was performed using 4 enzymes (HaeIII, 
HinfI, FspBI, TasI) of known restriction sites. The restriction profi les obtained were 
classifi ed as belonging to a single haplotype (H-1). Selected DNA products were 
sequenced; the subsequent comparison made it possible to detect the presence of substi-
tutions in the genome fragment analysed.
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Introduction

With its 210 genera and 2010 species, the family Cyprinidae belongs to 
the most diverse groups of freshwater fi sh (Nelson 1994). Interrelationships be-
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tween types and timing of colonization by various cyprinid species have been 
explored by studies targeting biogeography, phylogeography, morphology, and 
isoenzymes (Darlington 1957; Winfi eld & Nelson 1991, Buth 1984). Despite 
the multitude of aspects covered by those studies and the utility of their results, 
the evolutionary history of cyprinids has not been fully elucidated yet (Gilles et 
al. 1998). The crucian carp (Carassius carassius L. 1758) belongs to one of the 
8 cyprinid sub-families (Nelson 1994). It inhabits mainly the Eurasian waters, 
from Spain to northern China. It is particularly common in European waters 
(Froese & Pauly 2008). In fi sh populations, geographic isolation may be an un-
derlying cause of morphological differentiation (Poulet et al. 2005). Therefore, 
production of fry intended for stocking calls for preservation of the natural ge-
netic diversity of breeding populations as a guarantee of high biodiversity of the 
introduced fi sh (Brzuzan et al. 1995). The crucian carp is known to have been 
crossed with other cyprinids (Prussian carp, white bream, roach, tench, vimba, 
grass carp, bream); most widespread, however, is the crucian carp x common 
carp hybrid (Terlecki 1997). In Poland, the crucian carp is not farmed at any lar-
ger scale, but occurs in carp polycultures as an ancillary species to increase the 
effectiveness of carp production. The crucian carp importance lies in its popula-
rity among anglers (Szczerbowski & Szczerbowski 1996). 

As shown by data from the year 2000, crucian carp stocking in the prece-
ding years may be considered negligible. Landings of any signifi cant magnitude 
were reported in 1971 (2.4 tonnes). Subsequently, the population seemed to have 
been drastically reduced. At present, the crucian carp occurs in small local low-
biomass stocks (Borowski 2000). In 2002, the crucian carp was stocked by 42% 
of the fi sh farms polled. In 2003–2006, crucian carp stocking was carried out by 
about 36–39% of the farms. Therefore, the rate of crucian carp stocking in Poland 
over the recent years has been maintained at a similar level. 

Materials and methods

Materials 

The study was carried out on samples of crucian carp from three areas 
in NW Poland situated far away from one another (Fig. 1). The fi rst sample 
(15 individuals of mean total length Tl = 15.9 cm) was collected from cultu-
re ponds operated by the Polish Anglers’ Association in Goleniów. The second 
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sample (20 individuals of mean total length Tl = 19.3 cm) was obtained from 
a reservoir in the vicinity of Nowa Wieś. The third sample (30 individuals of 
Tl = 23.57 cm) originated from Grabin. 

Fig. 1. Location of sampling sites: 1, Goleniów; 2, Nowa Wieś; 3, Grabin

DNA extraction

To extract DNA, a 30 g muscle fragment was dissected out from each indivi-
dual; tissue samples were placed in Safe-Lock micro test tubes (Eppendorf Inc.). 
DNA extraction was conducted following standard methodology developed for 
fresh and frozen animal tissues (peqGOLD Tissue Mini Kit of PeqLab Biotech-
nologie GmbH).
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The pure extracted DNA was subjected to 1.5% agarose gel electrophoresis 
to determine the size of DNA fragment and its purity. During electrophoretic 
separation, DNA was stained with ethidium bromide (MP Biomedicals).

DNA amplifi cation 

DNA was amplifi ed with Polymerase Chain Reaction (PCR). PCR parame-
ters and the composition of a PCR mixture (Table 1) were determined empirically 
for a pair of primers (Table 2). The profi le obtained with the temperature gradient 
function was considered optimal. The PCR proceeded through the following 
stages:

1. preliminary denaturation, 95°C/3min;
2. denaturation, 95°C/15s;
3. primer binding, 68°C/30s;
4. polymerisation reaction 72°C/40s;
5. fi nal elongation, 72°C/7min; 
6. sample cooling, to 4°C.
Denaturation, primer binding, and polymerisation steps were repeated in 

35 cycles. The volume of the PCR mixture together with the DNA matrix added 
amounted to 25μl. 

Table 1. Composition of the normalised PCR mixture for the CarCytbF and CarCytbR 
primer pair

Water 5x 
Buffer MgCl2 dNTP(s) CarCytbF CarCytbR GoTaq 

Polylmerase DNA

13.45 μl 5 μl 2.5 μl 0.5 μl 0.5 μl 0.5 μl 0.125 μl 2.5 μl

The primers shown in Table 2 were designed with the Primer3 software from 
an mtDNA sequence of Carassius carassius published in NCBI (NC_006291h), 
compared - using the BLAST programme - to the 330 bp cytochrome b sequence 
of Carassius auratus ( AJ388458). The sequences compared were highly homo-
logous (96% homology) (Fig. 2). 
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Fig. 2. Sample 18 PCR products (1–6 from Goleniów, 7–12 from Nowa Wieś, 13–18 
from Grabin); M – size marker (100 bp); product size (602 bp)

Table 2. Primers used in this study to test for a possible intraspecifi c variability

Primer Primer nucleotide sequence 
CarCytbF 5’-GCCAATGGAGCATCATTCTT-3’
CarCytbR 5’-ATTGATCGGAGAATGGCGTA-3’

Restriction analysis

Restriction analysis was carried out using four out of several enzymes ana-
lysed with the WebCutter 2.0 software (Table 3). The sites recognised by restric-
tases were selected so that the fragments could be unequivocally identifi ed after 
digestion. The restriction analysis was run in a mixture of H20 (3.2μl), buffer 
(1.5μl), and the enzyme (0.3μl), enriched with 10μl of a PCR product.

Table 3. The restriction enzymes selected, with recognisable sequences 
(WebCutter 2.0)

↓Restrictase Restrictase sequence Enzyme cutting site Enzyme digestion 
temperature [°C]

HaeIII 5’...GG↓CC...3’
3’…CC↑GG…5’

53 bp
549 bp 37

HinfI 5’…G↓ANTC…3’
3’…CTNA↑G…5’

281 bp
321 bp 37

FspBI 5’…C↓TAG...3’
3’...GAT↑C...5’

162 bp
201 bp
239 bp

65

TasI 5’…↓AATT...3’
3’...TTAA↑...5’

115 bp
142 bp
345 bp

37
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Gel electrophoresis

Electrophoretic separation was run in a PowerPack™ Basic apparatus 
(BioRad). The 1.5% agarose gel was prepared from 100 ml of 1x concentrated 
TBE buffer (Fermentas) and 1.5 g agarose plus (Prona). A PCR product (10μl) 
was placed on the gel together with the buffer (2μl) (Fermentas). Electrophoresis 
proceeded in 1x concentration TBE buffer for 45 min; ethidium bromide was 
added to the gel to detect the PCR product. A marker (PeqLab, 100–3000 bp) was 
used as a size standard. The electrophoretic pattern was read from the gel with 
a Gel Doc™XR apparatus (BioRad) equipped with the Quantity One® software.

Sequencing and sequence analysis 

Sequencing was carried out at a Polish Academy of Sciences’ laboratory. 
The sequences obtained were compared using the ClustalX software. Moreover, 
Tajima’s D test was used to detect a possible genetic variability (Tajima 1989). 
The test detects characteristic segregating sites which are referred to the total 
number of nucleotide differences between the pairs sampled. 

Results

Amplifi cation with the CarCytbF and CarCytbR primer pair produced, in all 
the samples, 602 bp size products (Fig. 3), 

Fig. 3. Restriction patterns showing characteristic cutting sites of the four (FspB I, Hinf 
I, Tas I, Hae III) restriction enzymes (numbers – particular samples); M – size 
marker (100 bp), PAGE

The amplicons obtained were analysed using the following restriction en-
zymes: HaeIII, TasI, FspBI, and HinfI. The DNA restriction patterns produced 
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by digesting did not show any differences in the size of the fragments obtained 
(Fig. 4). 

Goleniow        GCCAATGGAGCATCATTCTTCTTCATCTGTATCTACGTACACATTGCCCGAGGCCTATAT 60 
Grabin          GCCAATGGAGCATCATTCTTCTTCATCTGTATCTACGTACACATTGCCCGAGGCCTATAT 60 
NowaWies        GCCAATGGAGCATCATTCTTCTTCATCTGTATCTACGTACACATTGCCCGAGGCCTATAT 60 
                ************************************************************ 

Goleniow        TATGGATCATACCTTTACAAAGAAACCTGAAACATTGGAGTAGTCCTATTTCTTCTAGTT 120 
Grabin          TATGGATCATACCTTTACAAAGAAACCTGAAACATTGGAGTAGTCCTATTTCTTCTAGTT 120 
NowaWies        TATGGATCATACCTTTACAAAGAAACCTGAAACATTGGAGTAGTCCTATTTCTTCTAGTT 120 
                ************************************************************ 

Goleniow        ATAATAACAGCCTTTGTTGGTTATGTTCTCCCATGAGGACAAATATCCTTTTGAGGCGCT 180 
Grabin          ATAATAACAGCCTTTGTTGGTTATGTTCTCCCATGAGGACAAATATCCTTTTGAGGCGCT 180 
NowaWies        ATAATAACAGCCTTTGTTGGTTATGTTCTCCCATGAGGACAAATATCCTTTTGAGGCGCT 180 
                ************************************************************ 

Goleniow        ACAGTAATTACAAACCTCCTATCCGCTGTGCCATATATAGGAGATATATTAGTTCAATGA 240 
Grabin          ACAGTAATTACAAACCTCCTATCCGCTGTGCCATATATAGGAGATATATTAGTTCAATGA 240 
NowaWies        ACAGTAATTACAAACCTCCTATCCGCTGTGCCATATATAGGAGATATATTAGTTCAATGA 240 
                ************************************************************ 

Goleniow        ATTTGAGGAGGCTTCTCCGTAGACAACGCAACATTAACACGATTCTTCGCATTTCACTTC 300 
Grabin          ATTTGAGGAGGCTTCTCCGTAGACAACGCAACATTAACACGATTCTTCGCATTTCACTTC 300 
NowaWies        ATTTGAGGAGGCTTCTCCGTAGACAACGCAACATTAACACGATTCTTCGCATTTCACTTC 300 
                ************************************************************ 

Goleniow        CTATTTCCATTCATTATTACTGCCGCTAGTGTAATCCATCTACTATTTCTTCACGAAACA 360 
Grabin          CTATTTCCATTCATTATTACTGCCGCTAGTGTAATCCATCTACTATTTCTTCACGAAACA 360 
NowaWies        CTATTTCCATTCATTATTACTGCCGCTAGTGTAATCCATCTACTATTTCTTCACGAAACA 360 
                ************************************************************ 

Goleniow        GGGTCAAACAACCCCATTGGACTAAACTCGGACGCAGACAAAATTTCTTTCCACCCATAC 420 
Grabin          GGGTCAAACAACCCCATTGGACTAAACTCGGACGCAGACAAAATTTCTTTCCACCCATAC 420 
NowaWies        GGGTCAAACAACCCCATTGGACTAAACTCGGACGCAGACAAAATTTCTTTCCACCCATAC 420 
                ************************************************************ 

Goleniow        TTTTCATATAAAGACCTCCTTGGATTCGTAATTATACTATTAGCCCTTACACTCCTAGCA 480 
Grabin          TTTTCATATAAAGACCTCCTTGGATTCGTAATTATACTATTAGCCCTTACACTCCTAGCA 480 
NowaWies        TTTTCATATAAAGACCTCCTTGGATTCGTAATTATACTATTAGCCCTTACACTCCTAGCA 480 
                ************************************************************ 

Goleniow        TTATTCTCCCCAAACCTTTTAGGAGACCCAGAAAACTTTACCCCCGCCAATCCCCTGGTT 540 
Grabin          TTATTCTCCCCAAACCTTTTAGGAGACCCAGAAAACTTTACCCCCGCCAATCCCCTGGTT 540 
NowaWies        TTATTCTCCCCAAACCTTTTAGGAGACCCAGAAAACTTTACCCCCGCCAATCCCCTGGTT 540 
                ************************************************************ 

Goleniow        ACTCCCCCTCATATTAAACCAGAGTGATATTTCCTATTTGCCTACGCCATTCTCCGATCA 600 
Grabin          ACTCCCCCTCATATTAAACCAGAGTGATATTTCCTATTTGCCTACGCCATTCTCCGATCA 600 
NowaWies        ACTCCCCCTCATATTAAACCAGAGTGATATTTCCTATTTGCCTACGCCATTCTCCGATCA 600 
                ************************************************************ 

Goleniow        AT 602 
Grabin          AT 602 
NowaWies        AT 602 

**

Fig. 4. Alignment of cytochrome b gene sequences of crucian carp representing 3 sam-
pling sites)
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The study failed to reveal any between-population differences either in the 
number or the size of the fragments obtained. A single haplotype (H-1), determi-
ned with the restriction pattern showed in Table 4, was obtained, which evidences 
genetic homogeneity between the crucian carp populations studied. 

Table 4. H-1 haplotype characteristisation with 4 enzymes 

Population Hae III Hinf I Tas I FspBI Haplotype

Goleniów A A A A 1

Nowa Wieś A A A A 1
Grabino A A A A 1

Sequence analysis

Analysis of the sequences obtained showed no differences in nucleotide 
composition of the sequences analysed; they were eventually deemed homo-
genous (Fig. 5). 

Fig. 5. Sequence comparison with ClustalX

Tajima’s D neutrality test failed to reveal genetic variability between the se-
quences analysed. According to the test procedure, all the sites that did not carry 
any genetic information were ignored during sequence comparison to provide 
a true refl ection of the genome fragment (Table 5). Parameter m is the number 
of sites among which the segregating (polymorphic) sites S should be identi-
fi ed. The value of Ps is equal to S/m and π denotes nucleotide differentiation. As 
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shown by the table below, there were no genetic differences between the samples 
analysed. 

Table 5. Results of Tajima’s D test run using the MEGA4 software  

m S Ps π
18 0 0.000000 0.000000

Discussion

The homogeneity between the crucian carp samples analysed in this study 
could have been related to the species’ population dynamics which, given the 
coexistence of numerous species with the crucian carp in natural water bodies, is 
not high. The dynamics increases as a result of habitat changes, when those spe-
cies more sensitive than the crucian carp disappear and thus create conditions for 
more effective reproduction of the latter (Zawisza & Antosiak 1991). The repro-
ductive potential is inhibited by resource defi ciency and by the predator pressure, 
whereby individual growth is frequently reduced and the formation of a dwarfed 
form (humilis) is induced. The crucian carp pond culture is based on lacustri-
ne broodstock characterised by fast growth rate (Szczerbowski & Szczerbowski 
1996). The number of Polish reservoirs with crucian carp populations amenable 
to managing is low. Where the crucian carp is abundant, it occurs as the humilis 
form, which additionally limits genetic variability of the stocking material.  

Variability involves the presence of geno- and phenotypic differences be-
tween individuals belonging to the same population (within-population variabili-
ty) or to different populations of the same species (intraspecifi c variability). The 
only distinct morphological form identifi ed within the crucian carp (Carassius 
carassius) is the dwarfed morph (Carassius carassius morpha humilis). However,
Brönmark & Miner (1992) described two forms differing in dorsal curvature; 
their appearance in the crucian carp is induced by the presence of a predator 
(pike). Changes occurring this way are related to the composition of the fi sh fau-
na in a water body (adaptation to changes). The adaptive ability is transferred to 
the brood, but is not hereditary.  

In some regions of Poland, e.g., in the Vistula Lagoon, the crucian carp 
population biomass is estimated as low or very low (Borowski 2000). When pre-
paring the stocking materials for open waters, it is risky to cross low numbers 
of individuals. By eliminating some spawners from the broodstock, the breeder 
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removes the genetic information they carry from the gene pool of the population. 
The removed alleles may include those responsible for adaptations to local envi-
ronmental conditions (Brzuzan et al. 1995).

The results obtained in this study showed the fi sh examined to have belon-
ged to a single population. This is evidenced by the lack of heterogeneity within 
the gene fragment analysed. Moreover, no segregating sites were identifi ed either 
by comparing the sequences or by Tajima’s test. This may mean that the crucian 
carp populations occurring in NW Poland are suffi ciently homogenous to render 
them suitable for stocking in all the water bodies of the area without jeopardising 
the homogeneity of the native population. 
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