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A B S T R A C T   

The common strain black carp (Cyprinus carpio var. baisenensis) is a culturally important carp 
strain that is raised and cultured in Guangxi Province, China. Its color reflects the interactions 
between the Burau people and their surrounding environment. The population of the common 
carp black strain was isolated and cultured in a rice-fish integration system. To explore the ge
netic diversity and protection of germplasm resources, we analyzed mitochondrial DNA (mtDNA) 
sequences, specifically the displacement loop (D-loop) and cytochrome b (Cytb), using single- 
nucleotide polymorphisms (SNP). We compared these sequences with those from four other 
local common carp populations. The study included a total of 136 adult common carps from five 
strain populations: the common black carp strain (HJ = 31), Jian (F = 30), Heilongjiang (H = 10), 
Songpu (S = 31), and Saijiang (SJ = 34). The results of the Cytb and D-loop analyses showed that 
the Heilongjiang carp (H) and Saijiang (SJ) populations had the highest levels of haplotype di
versity (0.867 ± 0.034785) and nucleotide diversity (π = 0.0063 ± 0.000137 and 0.0093 ±
0.000411), respectively. On the other hand, the Common carp black strain population (HJ) 
exhibited the lowest haplotype diversity in both Cytb and D-loop, with haplotype 2 being the most 
commonly observed among the populations. Private haplotypes dominated the five common carp 
populations, which were significantly different at P<0.001. Furthermore, analyzing the coeffi
cient of genetic differentiation (Fst), the highest genetic difference was observed between Saijiang 
(SJ) and Heilongjiang (H) (Fst = 0.963), whereas the lowest was observed between Songpu (S) 
and the Common carp black strain population (HJ) (Fst = 0.019) for the Cytb gene sequences. For 
the D-loop, the Common carp black strain population (HJ) and Songpu (S) (Fst = 0.7) had the 
highest values, and Heilongjiang (H) and Common black carp strain (HJ) had an Fst of 0.125. 
Additionally, the AMOVA analysis revealed a higher level of variance for the Cytb and D-loop 
genes, indicating lower genetic diversity within the local carp community. On the other hand, the 
phylogenetic tree analysis showed that the five carp populations were closely related and formed 
a distinct cluster. The distinct cluster of populations suggests a common ancestor or recent gene 
flow, possibly due to geographic proximity or migration history, and unique genetic character
istics, possibly due to adaptations or selective pressures. The results of this study provide valuable 
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insights into the genetic diversity of the common strain black carp, which can have implications 
for conservation, breeding programs, evolutionary studies, and fisheries management.   

1. Background 

The common carp, Cyprinus carpio L., is a common freshwater fish of the Cyprinidae family that is native to western Asia, but has 
since been introduced or translocated to other parts of the world. It has since become one of the most significant edible fishes, with 
numerous strains and varieties in various regions of the world [1–3]. Because of its rapid growth and delicious flavor, the species has 
been raised in China during the past few years [4], it is a common aquarium fish that is also edible due to its domestication and cultural 
background, it is well known and holds great significance for Chinese history and culture, which has been in existence for over 8000 
years in China [5]. However, the country has been the highest carp-exporting country since 2017, with 46,504 metric tons and the 
highest culture production of 64.14 % in 2018, although there was a decrease of 10.72 % from 1998 to 2018 [6]. 

Carps have also been introduced into numerous areas during domestication, and their ancestors have undergone genetic modifi
cations. These factors, along with the natural and artificial selection of various elements such as mutation accumulation and long-term 
geographic isolation, have led to the development of numerous carp species. The scales, body shape, skin tone, and stress tolerance 
differ from one another. Carp transported by humans to various sites result in significant gene flow [7]. In the long history of 
aquaculture, distinctive artificial and regional strains have been created worldwide, including Jian fish and carp, with various traits 
that form the basis of their adaptability and variety. 

The black-loving Burau population of Guangxi has a long history of the Common carp black strain population (Cyprinus carpio var. 
baisenensis). The relationship between Bourau and the environment is reflected in the color of the subspecies. There was no microbial 
contamination because this species was geographically separated, isolated, and reproduced. Integrated fish and rice culture technology 
was used to grow a Common carp black strain population. Anthropogenic activities, including agriculture (pesticides, herbicides, and 
excess use of inorganic fertilizers) (International Union for Conservation of Nature), have contributed to the decline of freshwater fish 
species such as Cyprinus carpio var. baisenensis and wild populations have decreased because of habitat degradation and the intro
duction of unchecked alien species [8,9]. 

For the successful implementation of conservation measures, a thorough understanding of gene flow, population genetic differ
entiation, and genetic population identification is required [10]. To deal with the dramatic reduction in economically significant 
species, genetic diversity studies have been carried out. Many molecular techniques have been applied to better understand the 
patterns of genetic diversity and stock genetic resource management. In general, the genetic diversity of aquaculture populations 
(including hatchery populations) of various fish species in China has been reported to be lower than in wild populations, for example, 
Ctenopharyngodon idella [11], Siniperca chuatsi [12], and India Labeo gonius [13]. 

There are still challenges in investigating genetic diversity based on mtDNA because of single-gene analysis, while genetic diversity 
is caused by the different evolutionary rates of genes and regions in the metagenome. However, the challenges in studying common 
carp genetic variation include biased results due to small sample sizes, sensitive detection methods, and careful data analysis [14,15]. 
Therefore, researchers have proposed a new idea, which is to analyze multiple genes or gene clusters in the metagenome. Not a single 
gene or genomic region. This method increases the possibility of revealing the actual evolutionary history of a particular species [16, 
17]. 

The study of genetic research on the common black strain of common carp is crucial for its economic and ecological importance. 
Understanding genetic diversity and structure within and among populations is essential for effective conservation efforts. Previous 
studies by Shuli et al. [18] have assessed the genetic diversity of farmed common carp populations, suggesting that applied fish farming 
practices can preserve and improve genetic diversity for generations. However, the current study compared the common black strain of 
common carp with other local strains, as little is known about the genetic diversity and structure of the common black strain’s 
populations based on mtDNA (D-loop and Cytb) in Guangxi Province. 

2. Materials and methods 

2.1. Fish samples and DNA isolation 

A total of 136 mature common carps were collected from several lakes and farms, of which 5 strain populations (Table 1) were 
sampled, including the common black carp strain (HJ = 31), Jian (F = 30), Heilongjiang (H = 10), Songpu (S = 31), and Saijiang (SJ =
34) (see Table 2). In addition, the Common carp black strain population (8), Huanghe carp (16), and Songpu carp (6) have been 
sequenced using SNP-based studies. However, the procedures outlined by Quan et al. [19] and Kohlmann and Kersten [20], were used 
to extract DNA from fin tissue. The fins of live fish were clipped and immediately soaked in 95 % ethanol during and then stored at 
− 20 ◦C in a freezer until DNA isolation. The total genomic DNA was extracted from fin tissues and preserved in ethanol using 
proteinase-K digestion, a traditional method. This method was employed, along with a phenol-chloroform extraction protocol [21]. 

To test the credentials of the samples, sequencing results were compared using the BLAST tool in the NCBI database (https://blast. 
ncbi.nlm.nih.gov/Blast.cgi). We numbered the haplotypes, uploaded them to the NCBI database, and obtained their accession 
numbers. The sequences were edited and analyzed using MEGA 7.0 [22] and the results were combined with artificial correction. The 
number of haplotypes, polymorphic sites, haplotype diversity (h), and nucleotide diversity (π) were calculated using DnaSP 6 software 
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Table 1 
primer used for amplification of both Cytb and D-loop genes.  

Gene Primer 
Name 

Forward (5’→→’) Based pairs Reverse (5’→→’) Based pairs Size Accession 
number 

Cytb CYTB TTCAACTACAAGAACCACTA A-T, T-A, C-G, A-T, T-A, A-T, C-G, A-T, A-T, C-G, 
C-G, A-T, C-G, T-A, A-T 

GATTACAAGACCGATGCTT G-C, A-T, T-A, T-A, A-T, C-G, A-T, A-T, G-C, A- 
T, C-G, G-C, A-T, G-C, T-A 

930 MT780875.1 

D-loop D-LOOP ATCTTAGCATCTTCAGTG A-T, T-A, C-G, T-A, T-A, G-C, C-G, A-T, T-A, C-G, 
T-A, A-T, C-G, T-A, G-C, T-A 

ACCCCTGGCTCCCAAAGC A-T, T-A, G-C, G-C, G-C, A-T, C-G, G-C, C-G, T- 
A, T-A, G-C, G-C, A-T, C-G 

1126 MT780875.1  
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[23]. Neutrality tests were performed using Arlequin 3.5 [24] to infer historic demographic and spatial expansion events, and de
viations from the neutral model of evolution were determined using Tajima’s D [25] and Fu’s Fs [26] tests with 10,000 random 
permutations. D-loop and Cytb haplotype networks were created via the median joining method using Network 5.1 [27]. 

To conduct population genetic analysis, we used single-nucleotide polymorphism (SNP) array technology. In several studies, it has 
been effective in improving the resolution of the differentiation of genetic stocks [28,29]. SNP array technology is also considered an 

Table 3 
Comparative analysis of mtDNA (Cytb & D-loop Genes) in 5 common carp populations.  

Cytb D-loop 

Sample Size N h π size N h π 

F 30 2 0.370 ± 0.014606 0.001 ± 0.000037 30 3 0.384 ± 0.016432 0.0044 ± 0.000183 
H 10 7 0.867 ± 0.034785 0.0037 ± 0.000443 10 7 0.867 ± 0.034785 0.0093 ± 0.000411 
S 31 3 0.374 ± 0.016164 0.0004 ± 0.000036 30 3 0.384 ± 0.016432 0.0042 ± 0.000183 
SJ 34 6 0.781 ± 0.006860 0.0063 ± 0.000137 34 4 0.711 ± 0.006860 0.0073 ± 0.000120 
HJ 31 2 0.065 ± 0.010776 0.0004 ± 0.000072 31 2 0.065 ± 0.010776 0.0004 ± 0.000018 
Total 136 15 0.839 ± 0.001286 0.0064 ± 0.000034 135 16 0.844 ± 0.01205 0.009 ± 0.000017 

Number of haplotypes (N), haplotype diversity (h), nucleotide diversity (π) and mean ± SE. 

Table 2 
The Morphological differences and physical description of the 5 different common carp studied.  

Common carp 
populations 

Morphological differences Physical appearance 

Jian carp (F) The Jian carp is a streamlined fish with a slightly compressed body shape, 
a concave forehead, and a pointed snout. It is often silver or grayish with a 
reflective sheen. 

Heilongjiang carp 
(H) 

Heilongjiang carp has a large head, broad forehead, and blunt snout, with 
a robust body structure and lighter shades on the belly, typically dark 
brown or blackish coloration 

Common black carp 
strain (HJ) 

The common black carp strain has a sleek, elongated body shape with a 
slightly arched dorsal profile, rounded head, small eyes, and wide mouth, 
typically dark, ranging from black or gray to olive or brownish. 

Songpu carp (S) The Songpu carp has a deep, thick, and protruding fish with a large head 
and protruding upper jaw, often displaying bronze or golden body color 
and metallic-shining scales. 

Saijiang carp (SJ) The Saijiang carp has a slender, elongated body shape with a pointed 
head and slightly upturned mouth, typically silver or grayish with a 
reflective appearance. 
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Fig. 1. Cytb clustered neighbor-joining tree for 5 common carp populations, with the numbers at the nodes representing the bootstrap values.  

Fig. 2. D-loop clustered neighbor-joining tree for 5 common carp populations, with the numbers at the nodes representing the bootstrap values.  
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effective tool for studying population structure and the effects of natural and artificial selection at the genomic scale [30]. Additionally, 
the population structure was investigated using analysis of molecular variance (AMOVA) [31] in Arlequin 3.5 [24]. The levels of 
genetic differentiation and mobility in the population were estimated using F-statistics (paired FST). The P value of FST was derived 
using 10,000 permutations. 

3. Results 

3.1. Genetic diversity and phylogenetic analyses 

For the cytb gene, 136 individuals and 16 haplotypes comprised the entire sample, and the overall genetic diversity was relatively 
high. The Cytb and D-loop results revealed that Heilongjiang carp (H) and Saijiang (SJ) exhibited the highest haplotype diversity (h =
0.867 ± 0.034785) and nucleotide diversity (π = 0.0063 ± 0.000137 and 0.0093 ± 0.000411), respectively. However, the lowest 
haplotypes of the Common carp black strain population population (HJ) of both Cytb and Dloop were (0.065 ± 0.010776), whereas the 
nucleotide diversity was (π = 0.0004 ± 0.000072 and 0.0004 ± 0.000018), respectively. This result implies that the Common carp 

Table 4 
15 Haplotype-based genetic statistics of Cytb in 5 common carp populations.  

haplotype Number F H S SJ HJ 

Hap_1 25 24  1   
Hap_2 35 7 4 24   
Hap_3 1  1    
Hap_4 1  1    
Hap_5 1  1    
Hap_6 1  1    
Hap_7 7  1 6   
Hap_8 30     30 
Hap_9 1     1 
Hap_10 12    12  
Hap_11 9    9  
Hap_12 6    6  
Hap_13 1    1  
Hap_14 3    3  
Hap_15     3 1  

Table 5 
16 Haplotype-based genetic statistics of D-loop in 5 common carp populations.  

Haplotype Number F H S SJ HJ 

Hap_1 25 24  1   
Hap_2 32 6 4 22   
Hap_3 1 1     
Hap_4 1  1    
Hap_5 1  1    
Hap_6 1  1    
Hap_7 1  1    
Hap_8 1  1    
Hap_9 30     30 
Hap_10 1     1 
Hap_11 6   6   
Hap_12 1    1  
Hap_13 12    12  
Hap_14 13    13  
Hap_15 6    6  
Hap_16 3    3   

Table 6 
Tajima’s D and Fu’s Fs neutrality tests for D-loop and Cytb fragments in 5 common carp populations.  

Cytb D-loop 

F H S SJ HJ F H S SJ HJ  

Tajima’sD 1.097 − 1.434 − 0.809 0.903 − 2.176 1.110 − 0.140 − 0.079 1.768 − 2.008 
P 0.842 0.076 0.242 0.847 0.001 0.899 0.449 0.529 0.963 0.003 
Fu’sFs 3.704 − 1.190 0.045 6.991 1.459 7.900 0.518 5.667 10.348 0.864 
P 0.942 0.180 0.401 0.987 0.668 0.997 0.601 0.977 0.999 0.475  
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black strain population population (HJ) had less genetic variation than the other common carp populations (Table 3). In addition, the 
findings also showed that different base pair sizes in the D-loop area have variable levels of genetic variation and haplotype diversity. 
Smaller sizes may have greater values, presumably reflecting the genetic make-up and evolutionary history of the 5 common carp 
strains, whereas larger sizes typically have more haplotypes and nucleotide diversity. The phylogenetic tree among the 5 different carp 
populations comprising 135 sequences was analyzed using Mega 7.0 for both Cytb and D-loop genes, which shows that the genes of the 
5 common cap populations were clustered and closely related to one another, as shown in Figs. 1 and 2, respectively. 

3.2. Haplotype analysis 

3.2.1. Haplotypes of cytb 
15 haplotypes were identified in all 5 common carp populations in Cytb (Table 4). The results showed that several haplotypes were 

detected in all 5 common carp populations. However, Hap_1 found 25 carps, primarily in the Jian (F) population; Hap_2 was spread 
across several populations, including Jian (F), Heilongjiang carp (H), Songpu (S), and Saijiang (SJ); Hap_3 to Hap_6 was only found in 
H; Hap_7 and Hap_8 were specifically found in the Common carp black strain population (HJ) population; Hap_9 to Hap_14 were 
specific to Saijiang (SJ) and Common carp black strain population (HJ) populations; and Hap_15 was found in Saijiang (SJ) and 
Common carp black strain population (HJ) populations. 

3.2.2. Haplotypes of the D-loop 
Table 5 shows the 16 D-loop haplotypes detected in 5 populations of common carp, of which 2 populations (one apiece) were found 

in Jian (F) and Heilongjiang carp (H). In addition, 32 haplotypes were found in Hap_2; of these, 6 were from the Jian (F) population, 4 
were from the Heilongjiang carp (H) population, and 22 were from the Songpu (S) population. From Hap_3 to Hap_8, each haplotype 
appeared only once and was from the Jian (F) population. Hap_10 occurred only in the Common carp black strain population (HJ) and 
was not associated with a specific population in the table. Hap_11 was detected only once, specifically in Songpu (S). Furthermore, 
Hap_12, Hap_13, Hap_14 and Hap_15 were detected in Saijiang (SJ) 1, 12, 13, 6, and 3, respectively. 

3.3. Neutrality test and mismatch analysis 

Tajima’s D and Fu’s Fs tests were performed to determine whether the D-loop and Cytb fragments were subjected to evolutionary 
forces under neutral conditions. The results were negative in most populations (Table 6) and not statistically significant (P > 0.05). 
According to the findings, the average Fu’s Fs value for the Cytb gene was 2.2018 (P > 0.05), while the D-loop gene had a value of 
5.0594 (P > 0.05). This implies that the populations did not deviate much from the neutral model of evolution for either the D-loop or 
Cytb genes. Furthermore, the results indicated a possible population increase, with Songpu (S) having the highest Dloop of 10.348 and a 
P-value of 0.999. There was also no significant deviation in Jian’s (F) Dloop genes with 7.900 (P-value = 0.997 and 0.899). Tajima’s D 
value for the common black strain (HJ) populations was also − 2.008, indicating a significant deviation from neutrality. Fu’s Fs was 
0.864 with a P-value of 0.475, indicating no significant divergence from neutrality. Tajima’s D values for the Heilongjiang (H) pop
ulations show a slight deviation from neutrality, with P-values of 0.601 and 0.518, respectively. There was a positive selection in the 
Saijing (SJ) population, although there was no significant distinction. 

Table 8 
Analysis of molecular variance (AMOVA) for common carp populations.   

Source of variation df Sum of squares Variance component Percentage of variation 

Cytb Among populations 4 319.89 2.97** 70.09 
Within populations 131 166.02 1.27 29.91 
Total 135 485.91 4.24 100 

D-loop Among populations 4 276.25 2.55** 55.04 
Within populations 130 270.33 2.08 44.96 
Total 134 546.58 4.63 100  

Table 7 
Gene flow (Nm) analysis of 5 common carp populations by Cytb and D-loop mitochondrial markers.   

Cytb Dloop 

F H S SJ HJ F H S SJ HJ 

F  1.567 0.296 0.944 0.034  1.434 0.444 0.702 0.125 
H 0.242a  2.292 3.511 0.061 0.258a  0.152 0.180 2.603 
S 0.629a 0.179a  0.964 0.019 0.530a 0.132a  0.770 3.948 
SJ 0.346a 0.125a 0.341a  0.188 0.416a 0.152a 0.435a  1.322 
HJ 0.936a 0.892a 0.963a 0.726a  0.800a 0.722a 0.798a 0.569a  

Note: The data above the diagonal are Nm; the data below the diagonal are Fst. 
a indicates highly significant difference (P < 0.01). 
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3.4. Genetic differences of 5 carp populations 

The Fst values between the 5 common carp populations are shown in Table 7, based on two genetic markers, Cytb and D-loop. 
Higher levels of Fst indicate greater genetic diversity between populations. 

A higher value of Nm (gene flow) was observed between common carp populations (HJ) and Songpu (S) for Cytb, and with Fst =
0.963 and Fst = 1.434 between common carp populations (HJ) and Songpu (S) for D-loop genes, respectively. The strong variation in 
Fst between the populations in terms of both genes indicates that there was gene flow between the populations, although it could be 
small (Table 7). The findings show that Fst values differ among populations, as observed in Jian carp (F) and Heilongjiang (H), which 
had Fst values of 1.567 for Cytb and 0.296 for the D-loop. This indicates that these two populations have a sizable degree of genetic 
differences. Similarly, various levels of genetic divergence between other population pairs are indicated by their FST values. In 
addition, the Fst values for Heilongjiang (H) and Songpu (S) were 0.179 and 3.511 for Cytb and D-loop, respectively, indicating a 
significant genetic divergence between these two groups. 

Furthermore, the results offer important insights into the genetic variety and differentiation among the 5 populations analyzed, but 
the significant values underlined the genetic distinction between the common carp populations. The results also indicate that there are 
distinct genetic differences between the common carp populations, which may be caused by several different factors, including 
geographic isolation, genetic drift, or the process of natural selection. 

3.5. Population variation 

Table 8 displays the results of the Analysis of Molecular Variance (AMOVA), which enabled us to understand how genetic variation 
is distributed both within and among the 5 common carp populations for the genetic variation of Cytb and D-loop. 

According to statistics, differences among populations accounted for 70.09 % of the genetic variation in Cytb, whereas variance 
within populations accounted for 29.91 % of the variation. Given that the variation in the variance component among populations was 
2.97, the sum of squares among populations was 319.89, indicating a significant level of genetic differences among groups. 

Similar results were found for the D-loop, where differences among populations were responsible for 55.04 % of the genetic 
variance and population variation accounted for 44.96 %. Likewise, the variance component was 2.55, and the sum of squares across 
populations was 276.25. 

4. Discussion 

The common carp strain is cultured across all provinces of China and worldwide and has been subjected to numerous artificial and 
natural genetic modifications. Several evolutionary forces, such as overfishing, development of coastal economies, increasing pollution 
that damages natural habitats, and breeding techniques, have influenced their genetic diversity. This has been generalized to almost all 
aquatic animals and is considered a driver of genomic modification in aquatic species, including the common carp population [32,33]. 

However, several subspecies of common carp have been identified on the basis of location or region. For instance, the common carp has 
been divided into two subspecies based on the location or region of origin. For instance, C. c. haematopterus is from Asia and C. carpio from 
Europe [20,30]. However, with the extensive use of mitochondrial DNA sequencing in research, many researchers have proposed that carp 
originated in East Asia and then spread to Europe because there is no polymorphism in the D-loop region of wild carp in Europe and Central 
Asia [18,34]. Also, there are many factors that have led to the genetic variation of the common carp strain, as proposed by Xu et al. (30), as 
this has given rise to Jian carp in China through multiple rounds of hybridization and genetic introgression [16]. 

On a global scale, the genetic diversity of Chinese carp was compared with that of the Hungarian common carp using mtDNA. The 
phylogenetic tree showed that the Chinese common carp is the basis of the Hungarian common carp, and they are placed in a single 
clade. This finding is consistent with those of Kohlmann and Kersten [17,35], Gross et al. [36], Kohlmann et al. [37,38], and Thai et al. 
[39,40]. However, some haplotypes and specimens of Chinese common carp were found in common carp in Hungary, but they were 
not found in the reports by Kohlmann and Kersten [17,35], Gross et al. [36], and Kohlmann et al. [37,38], although their research 
included the Amur carp (this may be the offspring of the Amur carp with some eggs, which were produced in the gene bank of the Czech 
Republic rather than the original wild population of the Amur. In addition, the haplotype network showed that some haplotypes of 
Chinese wild common carp appeared in Hungarian common carp, indicating that there is no isolated and possible genetic link between 
Chinese and Hungarian common carp. 

The common carp strain is cultured across all provinces of China and worldwide, and has been subjected to numerous artificial and 
natural genetic modifications. Several evolutionary forces, such as overfishing, the development of coastal economies, increasing 
pollution that damages natural habitats, and breeding techniques, have influenced their genetic diversity. This has been generalized to 
almost all aquatic animals and is considered to be a driver of genomic modification in aquatic species, including the common carp 
population [32,33]. 

Based on the study, it was discovered that the Heilongjiang carp exhibited the highest levels of Cytb and Dloop haplotype diversity, 
with values of h = 0.867 ± 0.034785 for both. Additionally, the Heilongjiang carp also had the highest nucleotide diversity found in 
the Dloop, with a value of π = 0.0093 ± 0.000411. On the other hand, the Common carp black strain population had the lowest 
haplotype diversity and nucleotide diversity when compared to the other populations, as shown in Table 3. This could be attributed to 
the low recombination rate, demographic history, and dispersal hindrance [41]. This could also be attributed to the predominance of 
other common carp population haplotypes or to genetic isolation triggered by many environmental determinants [42]. The results of 
this study are also consistent with those of Shuli et al. [18], who reported the lowest genetic diversity of common carp in the 
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Nandujiang River in Hainan, China. The current study also found variable levels of genetic variation and haplotype diversity in 
different base pair sizes in the common carp population, which could be attributed to biological factors, including breeding patterns 
along the population [43], environmental factors [44], and genetic drift, which may cause random frequency fluctuations of alleles 
across the general population [44,45]. 

The results shown in Table 4 indicates that the haplotypes were not highly shared. This was probably due to the limited gene flow 
and demographic history of the populations; however, the most common haplotype of the 5 common carp populations was haplotype 
2, which was found in the Jian Carp (J), Heilongjiang (H), and Songpu (S) populations; these populations could probably have the same 
ancestral and easy dispersal mechanisms. The lower frequency of haplotype 2 in the Jian (J) and Common carp black strain population 
(HJ) populations can be attributed to their divergence many centuries ago. Almost all haplotypes were shared by a small population, 
indicating little differentiation. This means that almost all haplotypes had the same origin, and their genetic distance was small. 

Furthermore, AMOVA demonstrated that Cytb accounts for 70.09 % (Table 8) of the total variation, which corresponds with dif
ferences among common carp populations, whereas the D-loop accounts for 55.04 % of the variation within the population [46], which 
could possibly decrease haplotype diversity. These findings demonstrated substantial genetic variation in the D-loop genes among 
populations. The data from the Cytb and D-loop markers show considerable genetic variation among populations, which raises the 
possibility of population structuring or genetic differentiation. These results were different from those of a previous study conducted by 
Zhao et al. [43] in China on the genetic variation of common carp, which revealed that 72.71 % of the common carp populations were 
within population variation, whereas 27.79 % were among populations. 

Similar results revealed that genetic variance within populations (86.2 %) was higher than that among populations (13.8 %) [18]. 
These results may have been due to several factors. First, a small and close population with effectiveness and a parental sex ratio imbalance 
can result in a disproportion in the proportion of gametes [47], which may influence gamete binding and cause loss of some haplotypes. 

4.1. Genetic structure of 5 common carp populations 

Generally, there are factors that can lead to the differentiation of organisms, such as the biological characteristics of the species, 
ecological requirements of various stages of life, physical and biological barriers, and human activities [50]. Our results revealed that 
the 5 common carp populations were highly different (P < 0.001) by analyzing their coefficients of genetic differentiation (Fst). The 
highest genetic difference was observed between Saijing (SJ) and Heilongjiang (H) (Fst = 0.963), whereas the lowest was observed 
between Songpu (S) and the Common carp black strain population (HJ) (Fst = 0.019) for Cytb gene sequences. For the D-loop, the 
Common carp black strain population (HJ) and Songpu (S) (Fst = 0.7) were the highest, and the Heilongjiang (H) and Common carp 
black strain population (HJ) had an Fst of 0.125. Generally, genetic differentiation is higher among populations, which may be 
attributed to several factors. However, research has found that phenotypic divergence undoubtedly increases as taxonomic relatedness 
decreases [48], although this pattern has rarely been documented systematically. The greater the divergence, the higher the proba
bility of creating a new species [49]. 

The study reveals low gene flow in the 5 common carp populations due to intensification and long-term domestication, with genetic 
interventions like selective breeding, chromosome manipulation, sex reversal, and transgenesis [50,51], resulting in various breeds 
and strains. Although the number of studies assessing genetic variability and phenotype performance using molecular markers con
tinues to increase, most domesticated carp strains remain genetically characterized. Several studies have documented that the 
Common carp black strain population population, as with other common carps, has faced different threats, including environmental 
degradation [52] and the invasion of “exotic” genotypes into natural populations of Japanese carp as a result of domestication and 
translocation [53]. It is not surprising that low haplotype and nucleotide diversity can be attributed to a reduction in the stock. Thai 
et al. [40] conducted research on Vietnamese common carp with molecular markers and proved its homogeneity, which can be a 
warning for conservation of common carp and effective management of both domestic and wild stock. 

As assessed using molecular markers, it is relatively genetically homogeneous and could represent a unique genetic resource for 
common carp that needs to be conserved. Exploiting molecular markers should provide comprehensive DNA-based datasets. 

4.2. Neutrality test 

The neutrality test results showed that the Common carp black strain population (HJ) population had low values of Tajima’s D, 
− 2.176 and − 2.008 < 0 respectively (Table 8). For both Cytb and D-loop genes, this implies population expansion toward biased rare 
alleles. The population of the Common carp black strain population accounted for some individuals compared with other local carp 
populations. Its habit has been degraded because of human activities such as integration, rice production, and farming, which could be 
the effect of its disappearance. The combination of anthropogenic and natural activities has caused some changes in its genome; thus, 
the differences we found when compared with the common carp populations [54]. The frequency distribution of segregating sites, as 
reflected by Tajima’s D, did not significantly deviate from the expectations for Tajima’s D and Fu’s Fs for each of the D-loop and Cytb 
genes, respectively. From our results, both Cytb and D-loop genes showed positive Tajima’s D coefficients for both Jian (F) and Saijing 
(SJ) of 1.097 and 0.903, respectively, whereas others were negative. Tajima’s D was significantly negative for one gene compared with 
another, and Fu’s Fs was significantly negative for two mtDNA genes. Generally, the sharing of haplotypes between individuals was 
quite low for all populations, which was considered the reason for low population expansion. The sharing of haplotypes may be due to 
common ancestral origins and subsequent gene flow among populations [55]. 
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5. Conclusion 

This study aimed to explore the genetic diversity of a Common carp black strain population (Cyprinus carpio var. baisenensis) in 5 
populations of common carp species. The results showed that the population of Common carp black strain populations had lower 
haplotypes and nucleotide diversity, which probably reflects its low individual recombination rates and dispersal barriers. A higher 
variation was found among the populations than within, implying strong genetic differences among the 5 populations of common carp. 
Despite the variation, the results from the phylogenetic tree population analysis of Cytb and D-loop revealed that the 5 carp populations 
were clustered and closely related to one another. The more private haplotypes found were probably due to lower population dif
ferentiation, demographic factors, and dispersal mechanism issues such as barriers. 
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[38] K. Kohlmann, P. Kersten, M. Flaǰshans, Microsatellite-based genetic variability and differentiation of domesticated, wild and feral common carp (Cyprinus 
carpio L.) populations, Aquaculture 247 (2005) 253–266, https://doi.org/10.1016/j.aquaculture.2005.02.024. 

[39] B.T. Thai, C.P. Burridge, T.A. Pham, C.M. Austin, Using mitochondrial nucleotide sequences to investigate diversity and genealogical relationships within 
common carp (Cyprinus carpio L.), Anim. Genet. 36 (1) (2005) 23–28, https://doi.org/10.1111/j.1365-2052.2004.01215.x28. 

[40] B.T. Thai, A.T. Pham, C.M. Austin, Genetic diversity of common carp in Vietnam using direct sequencing and SSCP analysis of the mitochondrial DNA control 
region, J. Aquacul. 258 (2006) 228–240, https://doi.org/10.1016/j.aquaculture.2006.03.025. 

[41] J. Feng, Z. Fu, Y. Guo, J. Li, B. Guo, Z. Lü, Y. Ye, Strong genetic differentiation of the clam Meretrix lamarckii in the China Sea revealed by mitochondrial DNA 
marker, Mol. Biol. Rep. 47 (1) (2019) 693–702, https://doi.org/10.1007/s11033-019-05177-9. 

[42] S. Manel, P.E. Guerin, D. Mouillot, et al., Global determinants of freshwater and marine fish genetic diversity, Nat. Commun. 11 (2020) 692, https://doi.org/ 
10.1038/s41467-020-14409-7. 

[43] Y. Zhao, X. Zheng, X. Zhu, Y. Kuang, X. Sun, Genetic variation of common carp Cyprinus carpio L. in China based on mitochondrial COII gene, J. Aquaculture 
Reports 18 (2020) 100462, https://doi.org/10.1016/j.aqrep.2020.100462. 

[44] H. Ellegren, N. Galtier, Determinants of genetic diversity, Nat. Rev. Genet. 17 (2016) 422–433, https://doi.org/10.1038/nrg.2016.58. 
[45] B. Charlesworth, Effective population size and patterns of molecular evolution and variation, Nat. Rev. Genet. 10 (2009) 195–205, https://doi.org/10.1038/ 

nrg2526. J. Nat. Rev. Genet., 10(3) (2009)195-205. 
[46] J.C. Avise, J. Arnold, R.M. Ball, et al., Intraspecific phylogeography – the mitochondrial-DNA bridge between population genetics and systematics, J. Annual 

Review of Ecol. and Systemat. 18 (1) (1987) 489–522, https://doi.org/10.1146/annurev.es.18.110187.002421. 
[47] P.A. Hohenlohe, Limits to gene flow in marine animals with planktonic larvae: models of Littorina species around point conception, California, Biol. J. Linn. Soc. 

82 (2004) 169–187, https://doi.org/10.1111/j.1095-8312.2004.00318.x. 
[48] S. Einum, T. Burton, Divergence in rates of phenotypic plasticity among ectotherms, Eology Letters 26 (1) (2022) 147–156, https://doi.org/10.1111/ele.14147. 
[49] P. Nosil, J.L. Feder, Z. Gompert, How many genetic changes create new species? Science 371 (6531) (2021) 777–779, https://doi.org/10.1126/science.abf6671. 
[50] M. Vandeputte, Selective breeding of quantitative traits in the common carp (Cyprinus carpio): a review, Aquat. Living Resour. 16 (2003) 399–407. 
[51] Z.Y. Zhu, Y.H. Sun, Embryonic and genetic manipulation in fish, Cell Res. 10 (2000) 17–27. 
[52] A. Murakaeva, K. Kohlmann, P. Kersten, B. Kamilov, D. Khabibullin, Genetic characterization of wild and domesticated common carp (Cyprinus carpio L.) 

populations from Uzbekistan, Aquaculture 218 (2003) 153–166. 

S.L. Sumana et al.                                                                                                                                                                                                     

https://doi.org/10.1038/nrg3966
https://doi.org/10.1007/s13205-023-03523-0
https://doi.org/10.1007/s10126-015-9639-7
https://doi.org/10.2478/s11535-009-0024-2
https://doi.org/10.2478/s11535-009-0024-2
https://doi.org/10.1111/jfb.15340
https://doi.org/10.1360/aps050066
https://doi.org/10.1016/j.aquaculture.2012.11.006
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref21
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref21
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/genetics/147.2.915
https://doi.org/10.1093/genetics/147.2.915
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1016/j.ygeno.2018.10.001
https://doi.org/10.1186/s12863-018-0711-y
https://doi.org/10.3389/fgene.2019.00660
https://doi.org/10.1016/1050-3862(92)90005
https://doi.org/10.3724/SP.J.1141.2009.03240
https://doi.org/10.1016/j.ecss.2017.08.032
https://doi.org/10.1006/jfbi.2002.2046
https://doi.org/10.1016/S0044-8486(98)00474-8
https://doi.org/10.1016/S0044-8486(98)00474-8
https://doi.org/10.1016/S0044-8486(01)00836-5
https://doi.org/10.1016/S0990-7440(03)00082-2
https://doi.org/10.1016/S0990-7440(03)00082-2
https://doi.org/10.1016/j.aquaculture.2005.02.024
https://doi.org/10.1111/j.1365-2052.2004.01215.x28
https://doi.org/10.1016/j.aquaculture.2006.03.025
https://doi.org/10.1007/s11033-019-05177-9
https://doi.org/10.1038/s41467-020-14409-7
https://doi.org/10.1038/s41467-020-14409-7
https://doi.org/10.1016/j.aqrep.2020.100462
https://doi.org/10.1038/nrg.2016.58
https://doi.org/10.1038/nrg2526
https://doi.org/10.1038/nrg2526
https://doi.org/10.1146/annurev.es.18.110187.002421
https://doi.org/10.1111/j.1095-8312.2004.00318.x
https://doi.org/10.1111/ele.14147
https://doi.org/10.1126/science.abf6671
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref50
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref51
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref52
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref52


Heliyon 10 (2024) e30307

12

[53] K. Mabuchi, H. Senou, M. Nishida, Mitochondrial DNA analysis reveals cryptic large-scale invasion of non-native genotypes of common carp (Cyprinus carpio) in 
Japan, Mol. Ecol. 17 (2008) 796–809. 

[54] L. Yu, J. Bai, T. Cao, J. Fan, Y. Quan, D. Ma, X. Ye, Genetic variability and relationships among six grass carp Ctenopharyngodon idella populations in China 
estimated using EST-SNP Markers, Fish. Sci. 80 (3) (2014) 475–481, https://doi.org/10.1007/s12562-014-0709-y. 

[55] S.P. Das, S. Swain, J.K. Jena, P. Das, Genetic diversity and population structure of Cirrhinus mrigala revealed by mitochondrial ATPase 6 gene, Mitochondrial 
DNA Part A 29 (4) (2017) 495–500, https://doi.org/10.1080/24701394.2017.1310852. 

S.L. Sumana et al.                                                                                                                                                                                                     

http://refhub.elsevier.com/S2405-8440(24)06338-2/sref53
http://refhub.elsevier.com/S2405-8440(24)06338-2/sref53
https://doi.org/10.1007/s12562-014-0709-y
https://doi.org/10.1080/24701394.2017.1310852

	Genetic diversity of the common carp black strain population based on mtDNA (D-loop and cytb)
	1 Background
	2 Materials and methods
	2.1 Fish samples and DNA isolation

	3 Results
	3.1 Genetic diversity and phylogenetic analyses
	3.2 Haplotype analysis
	3.2.1 Haplotypes of cytb
	3.2.2 Haplotypes of the D-loop

	3.3 Neutrality test and mismatch analysis
	3.4 Genetic differences of 5 carp populations
	3.5 Population variation

	4 Discussion
	4.1 Genetic structure of 5 common carp populations
	4.2 Neutrality test

	5 Conclusion
	Data availability
	Funding
	Ethnic approval and consent to participate
	CRediT authorship contribution statement
	Declaration of competing interest
	References


