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Introduction

Sturgeons (Acipenseriformes) are of the most commercially and scientifically important fish species in the
globe. These fish are mostly anadromous, spending most of the life cycle in the marine and brackish
waters and migrating to the freshwater rivers to spawn (Kottelat and Freyhof, 2007). The Caspian Sea
basin has been the main refuge for six species of sturgeons namely Huso huso, Acipenser persicus,
Acipenser stellatus, Acipenser guldenstaedtii, Acipenser nudiventris and Acipenser ruthenus, all of which
under critically endangered level of the IUCN red list (IUCN, 2025). Generally speaking, the number of
sturgeon species has declined, and the beluga (H. /uso) is currently in the most critical situation due to a
decline in the number of adults leading to local extinctions of the wild populations (Dudu et al., 2014). It
is worth noting that female beluga does not spawn every year and the optimal reproductive performance of
these fish occurs at an age equivalent to twice the age of first sexual maturity, which can be considered as
a limiting factor in the survival of this species considering the shrinking populations (Boscari et al., 2021).
Several factors such as overfishing and poaching for trade of caviar and meat, dam construction, loss of
nursery grounds, pollution, global warming, and reduced volume of freshwater flowing into the seas are
considered to be the most important components in the decline of wild sturgeon populations. In order to
compensate the loss of wild populations of H. huso and on the other hand providing the human society
required caviar and protein, Iranian Fisheries Organization started the restocking activity since five
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decades ago and stablished sturgeon aquaculture from two decades ago. Due to the sharp decrease in wild
mature beluga of the southern Caspian Sea during the last decades, nowadays most of the aquaculture and
restocking activities are forced to be focused on the brood stock generated from few wild parents in the
past. Therefore, it is necessary to use modern molecular methods and prepare a genomic-based certificate
to protect genetic reserves and enhance the genetic diversity of the native beluga in the south of the
Caspian Sea. Genetic diversity represents the variations in the number and type of alleles available in
chromosomal loci, which is also considered the main basis for the adaptation of species and populations
against changing environmental conditions. While several molecular markers such as SSR, AFLP, and
mtDNA, have been widely used during the four decades in fisheries studies (Robledo et al., 2018), these
days due to the revolution in the genome sequencing technologies (NGS) more robust genotyping methods
such as Genotyping-by Sequencing (GBS) can provide more diverse, sensitive and accurate estimations by
screening thousands of variant markers throughout the whole genome of organisms even in species
without reference genome (Sonah et al., 2013; Andrews et al., 2016; Barria et al., 2018; Liu et al., 2018).
Therefore, during the present study for the first we used a genome-based technique known as GBS in order
to estimate the amount of genetic diversity and identify possible genetic nuclei in H. Auso brood stock
available at International Sturgeon Research Institute (ISRI).

Methodology

The feeding was stopped a week before sampling and each fish specimen was PIT tagged for later
traceability purposes. Caudal fin tissues of 23 Huso huso was sampled and preserved in absolute ethanol
for later molecular experiments. DNA extraction was done from the fin tissues through Phenol-
Chloroform method with minor modifications (Jafari et al., 2022) and their quality and quantity in terms
of DNA integrity, purity and concentration were determined using 0.8% agarose gel and Nano Drop
instrument (ND 1000). After DNA samples were qualitatively approved, DNA pellets were sent to
Novogene for 150bp PE sequencing on a lane of Illumina Novaseq 6000. Quality of the raw reads
generated by sequencing were assessed through Trim Galore
(https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/) and only window reads with mean
quality of 20 were kept in the final dataset. The clean data set then mapped to the genome reference of
Huso huso using Bowtie2 (Langmead and Salzberg, 2012) and the SNP calling was performed based on
Stacks. After conducting SNP calling, SNPs were filtered based on parameters such as MAF of 0.05, LD
and Hardy-Weinberg equilibrium. Dispersal of fish individuals were visualized using Principal
Component Analysis (PCA) based on the two first components in R (Team, 2013). Furthermore,
FineRADstructure was used to illustrate the probable genetic clusters based on coancestry information
through SNPs (Malinsky et al., 2018).

Results

The sequence quality analysis showed that the quality of the sequences was high with an average 0f 92.55.
In total, 294 Gb of DNA data obtained from GBS libraries contained an average of 41% guanine (G) and
cytosine (C) bases in the genome of Huso huso. PE genomic sequencing produced 261,974,459 reads, with
an average alignment of 90% to the reference genome (Table 1). The average number of reads obtained
from DNA sequencing in each specimen was about 11 million reads. The results of variant calling showed
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that a total of 1836 SNP markers with a minimum allele frequency of 0.05 were called from genome
sequencing in H. huso with the maximum number of SNPs detected on chromosome 58 (Fig. 1). Based on
the results obtained from SNPs obtained from genomic sequencing, the amount of genetic diversity
observed in the H. huso broodstock was 0.35. Also, the inbreeding and nucleotide diversity were
calculated to be 0.02 and 0.28, respectively (Table 2). The distribution of genetic diversity in the H. huso
broodstock using the two first components of PCA is depicted in Figure 2. Based on the results of the
PCA, the first two components accounted for 31.89% of the variance. The results of the phylogenetic
relationships based on coancecstry relationship also showed that the studied broodstock of H. huso can be
considered in two main genetic sub-groups (Fig. 3).

Discussion and conclusion

Identifying genetic reserves and maintenance of genetic diversity are among the most important measures
in managing broodstock either in a sustainable aquaculture activity or in a restocking program. In
sturgeons’ aquaculture, there is a particular concern about the reduction of genetic diversity in intensive
beluga farming. Preservation of an appropriate level of genetic diversity within the population is of great
importance in diminishing negative effects of inbreeding and genetic drift. In the present study, and to the
best of our knowledge for the first time in Iran, the identification of genetic groups in the broodstock of
Huso huso available at the International Sturgeon Research Institute was carried out using GBS method.
Accordingly, creation of a genetic certificate using 1836 SNP markers obtained from GBS was
successfully implemented on 23 H. huso. Based on the obtained results from 1836 SNP marker, the
observed heterozygosity was 0.36 in the investigated broodstock of H. huso. Observed heterozygosity is
the most common indicator of genetic diversity used in determining the genetic health of fish broodstocks.
Alongside with the observed heterozygosity, allelic richness should also be taken into consideration in
assessment of genetic diversity. Results of the SNP markers showed a considerable number of alleles (A=
105) in the studied broodstock of H. huso, indicating a satisfactory level of heterogeneity in this
broodstock. This was also supported by the small value of inbreeding (£3= 0.02). The UPGMA tree based
on coancestry information revealed an admixture pattern of genetic clustering in H. huso. It seems that
wild parents from different populations had been used in generating the broodstock of H. huso at ISRI
during the past decades. However, based on the genetic clustering heatmap it is suggested to consider two
genetic nuclei in the investigated broodstock of H. huso in order to keep the genetic diversity for future
sustainable aquaculture purposes.
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Table 1: Raw reads obtained from GBS libraries in H. huso

Sample Q30 (%) GC (%) Base number (b) Read number
LWS-1 94.59 40.18 3156888872 10589391
LWS-2 94.37 40.54 3367234649 11313069
LWS-3 94.52 40.50 3101866023 10431469
LWS-4 94.54 40.75 3640055055 12294239
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LWS-11 94.56 40.65 3547642492 11909925
LWS-12 94.52 40.58 3493466981 11750308
LWS-13 94.48 40.75 3381049835 11359683
LWS-14 94.41 40.99 3673380587 12383783
LWS-15 94.65 40.50 3664207000 12296679
LWS-16 94.47 40.64 3130740829 10517162
LWS-17 94.40 40.73 3468149234 11659250
LWS-18 94.48 40.47 3310527674 11104526
LWS-19 94.47 40.69 3282350356 11031335
LWS-20 94.68 40.42 3163272069 10608266
LWS-21 94.29 40.67 2963891418 9944608
LWS-22 94.56 40.58 3552295775 11925479
LWS-23 94.51 40.71 3371938129 11314882
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Table 2: Results of some genetic indices obtained from GBS in H. huso

Parameter Value
An 105
Heo 0.36
Ho 0.64
Hee 0.27
He 0.72

o 0.28
Fis 0.019
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An: number of alleles, Heo: observed heterozygosity, Ho= Observed homozygosity, Hee: Expected heterozygosity, He:
Expected homozygosity, 7: Nucleotide diversity, Fis: Inbreeding coefficient.
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Figure 2: PCA scatter plot of H. huso broodstock using the two first components.
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Figure 3: UPGMA phylogenetic tree based on co-ancestry relationships in broodstock of H. huso at ISRI
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