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Article Info ABSTRACT

Sexual ratio skew and effective population size reduction are well-known phenomena in
species under the threat of extinction. In the present study, for the first time, whole-
genome sequencing of 10 wild males of Acipenser persicus was used to investigate the
genetic diversity of this species. Fin tissues of males A. persicus were sampled from
Beheshti (Guilan) and Rajaei (Mazandaran) restocking centers. WGS yielded 115,241,304
reads at an average depth of 2.7X. Genomic-based investigation using 1397 SNPs
obtained Hoand Fis of 0.21, 0.20. 0.19 and 0.21 in Guilan and Mazandaran, respectively.
Among the two investigated broodstocks, the Beheshti center harbored more private
alleles (412) than the Rajaei (360), indicating better genepool enrichment of male
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A. persicus in the south-west of the Caspian Sea. Fst as an index of population segregation
obtained 0.09 between Guilan and Mazandaran, which can be an implication for the
moderate level of population divergence in males of A. persicus between Guilan and
Mazandaran provinces. Based on current results, it seems that despite the limited or lack
of natural breeding of A. persicus over the past decade in the southern Caspian Sea, two
genetic groups of this species still inhabit the southern Caspian Sea, with low genetic
diversity due to a small effective population size. Hence, increasing the nucleus size in
restocking programs and using breeding programs such as factorial breeding can be
effective for allelic enrichment and improving genetic diversity.
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EXTENDED ABSTRACT

Introduction

Acipenser persicus is one of the five sturgeon species native to the Caspian Sea, more common in the
southern Caspian Sea basin. According to the IUCN Red List, this species is critically endangered due
to a severe decline in its wild population. Several factors have been cited for the sharp decline in sturgeon
populations, such as overfishing, poaching, water pollution, climate change, dam construction, and
freshwater loss in riverine systems. Sexual ratio skew and effective population size reduction are well-
known phenomena in species under the threat of extinction, all of which can be the main cause for loss
of genetic diversity. Genetic tools have been widely used in biological and fisheries sciences for the past
four decades with different goals, including quantifying genetic diversity and identifying population
structures. Genetic diversity plays a fundamental role in the biodiversity hierarchy, such that the
presence of genetic diversity within a species increases its genetic fitness in the face of environmental
fluctuations and stresses, leading to higher functional potential during biological bottlenecks. Hence, in
the present study, to the best of our knowledge, we used genome sequencing for the first time to
investigate the level of genetic diversity and population genomics of male A. persicus broodstock in the
south of the Caspian Sea.

Material and Methods

To do this, caudal fin tissues from 10 male A. persicus were sampled at the Beheshti and Rajaei sturgeon
restocking centers located along the southern coasts of the Caspian Sea. Genomic DNA extraction was
done using the phenol-chloroform protocol with some modifications. Quality and quantity assessments
of the DNA samples were performed using agarose electrophoresis and a Nanodrop instrument (ND-
1000). Paired-end sequencing of whole-genome libraries with 300 cycles was performed on the [llumina
NovaSeq X-Plus. Quality control of the raw data was performed using FastQC
(https://www.bioinformatics.babraham.ac.uk/projects/FastQC), and after trimming the raw data, the
reads were mapped to the available genome reference of Acipenser ruthenus using BWA. SNP calling
was performed using the samtools pipeline, and the output was filtered for LD pruning and a MAF of
0.05. The Population’s package was used to quantify genetic diversity and the inbreeding coefficient,
and to estimate the number of private alleles in each investigated group of A. persicus. Between-
individual genetic distances were estimated using Nei's method and visualized in R using the ggplot2
package. A clustering based on co-ancestry relationships was done using Fineradstructure to illustrate
the number of genetic clades in males of A. persicus using SNP markers.

Results

Sequencing generated 115,241,314 reads, with an average of 11M reads per sample. The mean coverage
depth and mapping rate of the reads were 2.7x and 92.56 percent, respectively. LD and HWE filtering
resulted in 1397 polymorphic SNP markers in the final dataset. Male broodstock of Acipenser persicus
contained 412 and 360 private alleles in Guilan and Mazandaran provinces, respectively. There were no
significant differences between Guilan (H, = 0.21, P; = 0.31) and Mazandaran (H, = 0.20, P; = 0.29) in
observed heterozygosity and nucleotide diversity, indices of genetic variation. PCA identified 9
components as major variables accounting for variation among males A. persicus, and visualization of
genetic diversity using the two first components showed overlap among individuals. Structure-based
analyses revealed an admixture structure in male broodstocks of A. persicus, with the possibility of
classification into two genetic groups. The mean Fg, based on 1397 SNP loci, was 0.09 among male
broodstocks of A. persicus investigated in the southern Caspian Sea basin.
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Discussion

Population identification and the maintenance of genetic diversity are crucial for the long-term
persistence of fish populations and species. In the present study, we used 1397 polymorphic SNP
markers to investigate the genetic population structure of male Acipenser persicus broodstock across the
southern Caspian Sea. According to the results of the current study, a small level of genetic diversity
was observed in male broodstock of A. persicus. Generally speaking, wild populations of sturgeons are
experiencing severe declines, leading to a small effective population size, a sex-ratio skew, and,
consequently, a loss of genetic diversity. Hence, investigating sex-based genetic diversity seems to be a
priority in fishes under the edge of extinction such as sturgeons. The Fst value, as an index of population
segregation, indicated that the two investigated males of A. persicus are at a moderate level of isolation.
Accordingly, an admixture structure was recognized in males of A. persicus in the current study. Loss
of genetic variability and population breakdown are well-known phenomena in species under restocking
without pre-monitoring based on genetic information. Hence, it is highly recommended to monitor the
sex-specific genetic population dynamics of A. persicus to increase the resilience of this species across
the southern Caspian Sea.
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