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Introduction

Common carp is one of the most widely cultured freshwater fish species worldwide, having been
introduced to all continents except Antarctica over the past two centuries. There are different populations
of common carp, which can be morphologically distinguished, including Cyprinus carpio carpio, C. c.
haematopterus, C. c. viridiviolaceus, and C. c. aralensis, each native to various regions such as Ponto-
Caspian, the far East, northern Vietnam, and central Asia. These populations inhabit diverse environments
due to their genetic diversity and adaptation capabilities. These genetic diversities lead to distinct
phenotypic modifications, including variations in growth rate, body color, scale pattern, body shape,
temperature, and hypoxia. One crucial initial step in establishing a living gene bank is to form a reference
population that exhibits wide genetic and morphological diversity. Genetic diversity enables species to
adapt to changing environments, and it provides a valuable source of individuals and genes for selective
breeding programs in aquaculture, which can help meet production and consumer demands for fish strains.
Knowledge of the population structure and genetic variation of existing strains/ populations is necessary
for fish management and conservation, and many molecular markers and genetic tools have been used to
evaluate the genetic diversity of common carp populations. In this study, we investigated the
morphological differences between various common carp populations collected for the country's first live
gene bank. These populations included Hungarian TATA (Cyprinus carpio carpio), China-originated (C.
¢. haematopterus), North Iran, and South Iran populations, all of which were initially genetically

differentiated from one another using whole-genome single-nucleotide polymorphism (SNP) markers.
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Methodology

The populations (South Iran, North Iran, TATA, and China-originated carp) were cultured under the same
conditions in earthen ponds with the flow-through system at the South Iran Aquaculture Research Institute
(SIARI). Each individual was tagged with a Passive Integrated Transponder (PIT) tag, and the phenotypic
indices, including the length and weight growth, body height, and body width, were investigated in the
populations over two years. Samples for genomic analysis were taken from the caudal fin and preserved in
ethanol. Genomic DNA was isolated with a Denazist Kit (S-1033 GBS, Iran) with some modifications to
the protocol. The purity of DNA was quantified and assessed with a NanoDrop Microvolume
Spectrophotometer (Hercuvan Lab System Nano.300, Malaysia), while DNA integrity was evaluated
through 1% agarose gel electrophoresis. After ensuring the quality of the extracted DNA, the samples
were sent to BGI China for sequencing. The 2100 Bioanalyzer system was used for quality control of
DNA samples. FastQC was employed to check the quality of the raw sequence data from high-throughput
sequencing pipelines, and data editing was performed using Trimmomatic software version 0.35. The
BWA-MEM algorithm was used to align the sequence reads against a large reference genome for
alignment. The pairwise population genetic differentiation index (Fsr) was used to differentiate the
populations. It is important to note that the Caspian-sea common carp population was collected for the
gene bank but not included in the breeding stage, and no morphological data was recorded for it. This
population was included in this study solely to assess the differentiation and genetic identity of the
breeding populations from North and South Iran and to understand its relationship with the breeding
populations.

Results

The results indicated no population stratification among the North Iran, South Iran, and TATA
populations, as evidenced by the low genetic distance between them. The samples from these regions were
relatively genetically uniform. However, the populations from China and the Caspian Sea showed genetic

differences compared to the other three populations (Fig 1).
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Figureure 1: Tagging and recording the phenotypic and biometric indices of selected individuals

After the south Iran carp population, the TATA population exhibited the highest average body weight,
length, and width at the end of the period. The distribution of individuals based on weight growth in all

three populations is skewed, resulting from the selection of superior individuals after one year of breeding.
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However, at the end of the breeding period, the distribution in the Hungarian and North Iran populations is
normal, displaying no skewness or kurtosis. In contrast, the China-originated and south Iran show

skewness and kurtosis in one direction (Fig. 2).
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Figure 2: Cluster analysis of Common carp population originated from five different region Wild refers to Caspian carp

Results from one-way ANOVA and Multivariate analysis of variance tests revealed that factors such as
population, sex, time, and their interaction influenced all body measurements. The highest body height
across all seasons belonged to the South Iran carp, which is consistent with their plate shape. This is likely
a result of several years of selective breeding by farmers in Khuzestan, emphasizing marketability. The
TATA carp also exhibited greater body height and width than the northern and Chinese populations.
Additionally, the South Iran population had the lowest variance in body height, followed by the TATA
population, which aligns with the morphological uniformity observed in these groups. In all populations,
males exhibited larger body sizes than females, with the most significant differences noted in terms of
body weight and length. The TATA, China-originated, and North Iran populations showed a clear
correlation between total length and weight. In contrast, the South Iran population demonstrated more
dispersion, showing the lowest correlation between length and weight. Notably, the growth trend in the
TATA population was superior to that of the Northern Iran and China-originated carp.

Discussion and conclusion

The common carp populations in Iran originated from Hungary approximately 70 years ago. Since genetic
diversity is the origin of morphological differences between populations, the morphological characteristics
v
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of these populations closely resemble those of the Hungarian TATA population. This similarity in body
shape (characterized by high body height and a plate-like shape) in these populations can be attributed to
their genetic background. The genetic differences observed between different common carp populations in
Iran highlight the importance of maintaining these diverse populations in live gene banks. Except for the
South Iran population, the TATA population showed satisfactory growth compared to other populations.
The variations in growth between these populations point to genetic influences, suggesting potential for
improvement through selective breeding. Additionally, sex has been identified as a factor that affects body
measurements, which should be taken into account in selection and breeding programs. Weight and length
are traits that exhibit both genetic and phenotypic correlations. Nielsen et al. (2010) observed a relatively
high heritability for weight, length, and survival during the six months leading up to harvest in common
carp, indicating that selective breeding for growth and survival is likely to be successful. Given the
substantially estimated within-population additive genetic variance for weight, there is considerable
potential for creating a synthetic population with a strong genetic foundation. This could be utilized to
establish a selective breeding program for common carp at SIARI. The findings of this study are valuable
for developing genetic selection programs for common carp and enhancing the potential for utilizing this
species' genetic resources. This research can serve as a foundation for future studies and practical
applications in various aspects of common carp aquaculture. In aquaculture programs, it is essential to
prioritize the maintenance and increase of genetic diversity within different common carp populations.
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Body Weight by Population and Time
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Figure 3: The comparison of body weight in different season among varied population (right) and the distribution of
individual in each population (left)
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Standard Length by Population and Time
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Figure 4: The comparison of standard body length (right) and total body length (left) in different season among varied
population

Body Height by Population and Time
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Figure 5: The comparison of body height (right) and body width (left) in different season among varied population
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Figure 6: The comparison of body weight (up) and total length (down) in different season between male (right) and
female (left) in each population
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Body Height by Population, Sex, and Time
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Figure 7: The comparison of body height (up) and body width (down) in different season between male (right) and
female (left) in each population
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Figure 8: The correlation between length and weight in each population
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Figure 9: The comparison of weight growth trend between population during two years
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Figure 10: Pairwise comparison of weight gains for Chinese (top right), Northern Iranian (top left), Southern Iranian
(bottom right) and Hungarian Tata (bottom left) populations over a two-year period
*Indicates the significance of weight gain in each time period within each population (p<0.05).
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