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Abstract 
Common carp (Cyprinus carpio L) is an important fish species of Ohrid lake. The aim of the present study was 
to evaluate the genetic diversity of common carp using microsatellite markers. A total of 30 individuals were 
genotyped for 4 microsatellite loci (MFW1, MFW6, MFW7, MFW18). All the microsatellite loci were 
polymorphic. A total of 84 alleles were distinguished. The allelic number varied from 19 to 23 with mean allelic 
number of 21. The effective number of alleles varied from 9.92 to 11.84 with a mean of 11.66. The observed 
heterozygosity ranged from 0.32 to 0.73 with mean value of 0.57. The loci were highly informative. The PIC 
values ranged from 0.89 to 0.91 with mean of 0.90. The values of Shannon information index (I) ranges from 
2.63 to 2.78. The population was not in Hardy-Weinberg equilibrium (HWE) for all of four loci. The mean 
expected heterosygosity value (0.91) was higher the mean observed heterosygosity (0.57). The mean fixation 
index (F) over the loci was 0.37. A bottleneck analysis is carried out, which shows no recent bottleneck. 
Factorial Correspondence Analysis (FCA) shows a close relationship between individuals. 
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Introduction 

Common carp (Cyprinus carpio) is among the 
most important freshwater species of Albanian 
Natural Lakes. Originating from the branches of river 
Danube it is considered a native species of our Lakes 
[18; 8; 10]. It lives in different water conditions not 
only in Albania but all over the world [2]. This is due 
to some features attributed to this species such as: 
high potential to adapt with environmental conditions, 
rapid growth, early maturity and high reproductive 
capability, the ability to live in different water quality 
and flexibility with the diet food [6, 7]. The qualities 
attributed to common carp have affected his 
morphological features. Several studies on 
morphological features, the capability of several 
phenotypes of common carp to adapt with the 
environmental conditions of Albanian Natural Lakes 
are done [19, 15, 11, 20, 12]. 

 Recently, molecular markers are used in order to 
estimate genetic differences within and between carp 
populations. Microsatellites are considered as marker 
of choice and are widely used to measure genetic 
diversity of Cyrpinus carpio populations worldwide 
[21; 9; 13; 24, 22; 1]  

In Albania there are not similar studies carried 
out before. In the present study, we intended to 
evaluate genetic diversity of Cyprinus carpio from 
Ohrid Lake using four microsatellite markers.  

Material and methods 

Fish fin were collected from 30 individuasl of 
Ohrid Lake and were preserved in 97% (v/v) ethanol. 
Genomic DNA was isolated by proteinase K 
digestion, chloroform extraction and izopropanol 
precipitation. A total of four microsatellites (MFW1, 
MFW6, MFW7, MFW18) were used in this study. 
PCR was performed with conditions comprising 
1×PCR buffer, 0.2mM dNTP, 2.5µM primers, 1.5mM 
MgCl2, 1U Taq DNA polymerase. Forward primer 
was IRDye 700 labeled. Thermal cycling conditions 
were: 8 denaturing cycles in 94°C for 30 sec, 
annealing in 62°C for 30 sec; and 72°C for 1 min; 
followed by 26 cycles, with denaturing temperature at 
57°C with a final extention at 72°C for 10 minutes. 
PCR products were separated in 6% denaturing 
polyacrylamide gel using 4300 DNA Analyser. 
Fragment length of PCR products was determined 
relative to 50-350 size standards (LICOR).  

Number of alleles per locus, observed 
heterozygosity (Ho) and expected heterozygosity (He) 
were calculated using Genalex 6.5 program [16]. The 
same program was used to test departures from Hardy 
Weinberg equilibrium. Polymorphic information 
content (PIC) was estimated using the Cervus 
software [14]. To detect whether the carp population 
has experienced a recent bottleneck, an analysis was 
carried out, using Bottleneck software [17]. Mode 
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shift indicator, which discriminates bottlenecked 
populations from stable populations, was used. 
Factorial Correspondence Analysis (FCA) was carried 
out using GENETIX v4.02 [3].  

 

Results and Discussions 

The estimated values of different measures of 
genetic variation in C. carpio from Ohrid Lake, across 
4 microsatellite loci are presented in Table 1. 

Table 1. Measures of genetic variation in common carp 

Locus N Na Ne I Ho He UHe Sign FIS PIC 

MFW1 30 23.0 11.84 2.75 0.63 0.91 0.93 *** 0.308 0.910 

MFW6 26 19.0 12.51 2.71 0.73 0.92 0.93 ** 0.206 0.915 
MFW7 25 22.0 12.37 2.79 0.60 0.91 0.93 *** 0.347 0.914 

MFW18 25 20.0 9.92 2.63 0.32 0.89 0.91 *** 0.644 0.892 
Mean 26.500 21.0 11.66 2.72 0.57 0.914 0.931  0.376 0.907 
SE 1.190 0.91 0.59 0.03 0.08 0.005 0.005  0.094  
Number of individuals (N), number of alleles (Na), Effective number of alleles (Ne) Information index (I), Observed 
heterozygosity (Ho), Expected heterozygosity (He), Unbiased heterozygosity (UHe), Fixation index (F),Polymorphism 
information content (PIC). 
  ns=not significant, ** P<0.01, *** P<0.001 
 

Number of alleles varied from 19 (MFW6) to 23 
(MFW1 There were identified 58 alleles for 4 
microsatellite markers. Number of effective alleles 
varied from 9.92 (MFW18) to 12.51 (MFW6). Gene 
diversity was 0.57, lower than five wild Central Asian 
common carp analyzed for four microsatellite loci 
[0.851; 9], twenty Vietnamese wild common carp 
analyzed for four microsatellite loci [0.77-0.83; 22]. 
The same gene diversity (0.57) has published Li et al. 
2013 [13] who analyzed thirty microsatellite loci for 
six wild populations of Cyprinus carpio of China. Our 
value was greater than ten Croatian common carp 
analyzed for fifteen microsatellite loci [0.369-0.612; 
23]. Observed heterozygosity ranged from 0.32 
(MFW18) to 0.73 (MFW6).  The values of expected 
heterozygosity ranged from 0.89 (MFW18) to 0.92 
(MFW6). The mean value of observed heterozygozity 
(0.57) was lower than the mean expected 
heterozygosity (0.914), indicating losses in 
heterozygosity values. All loci showed significant 
deviation from Hardy Weinberg equilibrium (P<0.01, 
P<0.001). FIS values for all markers ranged from 
0.206 (MFW6) to 0.644 (MFW18), with an average 
value of 0.376 indicating high level of heterozygote 
deficit. This may be due to the inbreeding effect that 
may have occurred to common carp of Ohrid Lake. 
Reduction in heterozygosity values were shown in 
previous results for Ohrid and Shkodra Lake [4]. 
Similar positive FIS values are observed for 10 
Croatian populations of Common carp, using 15 
microsatellite markers [23]. 

The value of Shannon information index (I) 
ranged from 2.63 to 2.79. The PIC values ranged from 

0.892 (MFW18) to 0.915(MFW6). Mean PIC value is 
0.90. A gene is highly informative if PIC value is 
higher than 0.5 [5]. All of four our loci were highly 
informative. 

We used Wilcoxon sign rank test under SMM, 
IAM and TPM evolution models for estimating a 
recent bottleneck, because, of its relatively high 
statistical power and it can be used with as few as four 
polymorphic loci and any number of individuals.  The 
heterozygosity was not significant under all models (p 
> 0.05). The mode-shift indicator showed a normal L-
shaped, indicating lack of population bottleneck 
(Figure 1). The most abundant alleles are those with 
low frequency (0.01 – 0.1). 

 

 

Figure 1: Mode shift curve showing lack of 

recent bottleneck in common carp
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Figure 2: Factorial Correspondence Analysis (FCA) between individuals of common carp 

Factorial correspondence analysis (FCA) 
suggests that first axis accounted for 5.82%; second 
5.72% and third 5.64% of the total variance (Figure 2) 
showing a close genetic relationship between 
individuals. A few individuals show higher genetic 
distance from the rest of the populations, and thus 
greater genetic diversity.  

The whole population showed a high deficit of 
heterozygotes of 37.6% that supports also a close 
genetic relationship between sampled individuals 
displayed by FCA. 

References 

1. Alam N, Alam S: Genetic varaition in three 
captive populations of two strains of common 
carp (Cyprinus carpio L.) in Bangladesh 
revealed by microsatellite DNA markers. 
Global Journal of Bio-Science & Biotechnology 
2012, 2, 223-228. 

2. Balon E. K: The common carp, Cyprinus carpio: 
its wild origin, domestication in aquaculture, 
and selection as coloured nishikigoi. Guelph 
Ichthyology Reviews1995, 3, 1-55. 

3. Belkhir K, Borsa P, Chiki L, Raufaste N, 
Bonhomme F: GENETIX 4.02, logiceil sous 
Windows TM pour la genetique des 
populations, Laboratoire Genome, 
Populations, Interactions, CNRS UMR 5000, 
Universite de Montpellier II: Montperllier. 2001. 

4. Biba A, Hoda A, Bakiu R: Allelic frequencies of 
microsatellite loci MFW1 and MFW6 in 

common carp (Cyprinus carpio) of Ohrid and 
Shkodra Lake. Proceedings of the Xth 
International Symposium Biodiversity- 
Conservation and Sustainalbe Use for Rural 
Development, 2013. In press. 

5. Botstein D, White R. L, Skolnick M, Davis R: 
Construction of a genetic linkage map in man 
using restriction fragment length 
popymorphisms. American Journal of Human 
Genetics, 1980, 32, 314 

6. Brumley A. R: Family Cyprinidae. Carps, 
Minnows, etc. In: Freshwater Fishies of 
Southeastern Australia. Second Edition. Sydney. 
1996.  

7. Crivelli, A. J: The biology of the common carp, 
Cyprinus carpio L., in the Camarague, southern 
France. Journal of Fish Biology 1981, 18, 271-
290. 

8. Flloko A. Fish marketing and trading in 
Albania. 2005, ADRIAMED publication. 

9. Kohlmann K, Gross R, Murakaeva A, Kersten P: 
Genetic variability and structure of common 
carp (Cyprinus carpio) populations throughout 
the distribution range inferred from allozyme, 
microsatellite and mitochondrial DNA 
markers. Aquat. Living Resour.2003, 16, 421-
431. 

10. Kolaneci V, Kuka B, Boçari A, Sadikaj R: 
Popultion parameters of carp (C. carpio carpio) 
in Shkorda lake. Akademia e Shkencave të 
Shqipërisë & Akademia e Shkencave dhe të arteve 
të Malit të Zi 2011, 67-71.                 

 255



Biba et al 
11. Kolaneci V, Shegani Ç, Nikolla M, Kuka B: 

Some biological properties of two Cyprinid 
fishes living in Shkodra Lake. Conference on 
water observation and information system for 
decision support, 2010. BALWOIS, II. 

12. Kristo R: List of freshwater, brackish and 
marine fishies of Albania. 2001. 

13. Li D, Kang D, Yin Q, Sun X, Liang L: 
Microsatellite DNA marker analysis of genetic 
diversity in wild Common carp (Cyprinus 
carpio L.) populations. Journal of genetics and 
Genomics 2007, 34(11), 984-993. 

14. Marshall T: Cervus statistical software, 1998 

15. Papa L, Sadikaj R, Spaho V, Kolaneci V: The 
effect of cultivation system on the survival of 
three scale pattern phenotypes of carp 
(Cyprinus carpio, Linee 1758). J. Int. 
Environmental Application & Science 2011, Vol. 
(6): 734-737. 

16. Peakall R, Smouse PE: GenaAlEx 6.5. Genetic 
Analysis Exel. Population genetic software for 
teaching and research. 2003. Publication of the 
Australian National University, Canberra, 
Australia. 

17. Piry S, Luikart G, Cournet J. M: 
BOTTLENECK: a programe for detecting 
recent effective population size reductions from 
allele data frequencies. 1999, Montpellier France 

18. Rrakaj N: Iktiofauna e Shqipërisë. Shtëpia 
Botuese e Librit Universitar, Tiranë, 1995. 

19. Shermadhi V, Spaho V: Morphometric and 
meristic features variability among Carp 

(Cyprinus carpio Linnaeus, 1758) populations 
in three different lakes in Albania. J. Int. 
Environment Application & Science 2013, Vol 8 
(1), 25-31. 

20. Shumka S, Paparisto A, Grazhdani S: 
Identification of non-native freshwater fishies 
in Albania and assessment of their potential 
threats to the national biological freshwater 
(sic) diversity. Proceedings Balwois Conference, 
2008, 040, 1-6. 

21. Tanck M. W. T, Baars H. C. A, Kohlmann K, Van 
der Poel J. J, Komen J : Genetic characterisation 
of wild Dutch common carp (Cyprinus carpio 
L.). Aquac. Res. 2000,31, 779-783. 

22. Thai B. T, Pham A. T, Austin C. M: Genetic 
diversity of common carp in Vietnam using 
direct sequencing and SSCP analysis of the 
mitochondrial DNA control region. Aquaculture 
2007, 258, 228-240. 

23. Tomljanovići T, Treeri T, Vlatka Č, Ćubrić T, 
Safner N, Špremi M. P, Matulići D, Safneri R, 
Anićić I: Microsatellite-based genetic 
variability and differentiation of hatchery and 
fereal common carp Cyprinus carpio L. 
(Cyprinidae, Cypriniformes) populations in 
Croatia. Arch. Biol. Sci. 2013, 65(2), 577-584  

24. Yousefian M, Laloei F: Genetic variations and 
structure of common carp,(Cyprinus carpio) 
populations by use of biochemical, 
mitochondrial and micro satellite markers. 
Middle-East Journal of Scientific Research 2011, 
7(3): 339-345. 

 

 256




