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Abstract

The global decline in wild sturgeon populations has led to the implementation of policies to
conserve and protect this species. Sturgeon conservation is a major concern today, and actions
must be taken in this direction. When discussing this topic, it is important to understand how
species adapt to survive in different environments. Studying their DNA is the most accurate
method for determining evolutionary relationships among sturgeon species. Molecular genetics
focuses on the genetic information contained within DNA molecules that is responsible for the
development, functioning, and diversity of all living organisms. Genomic DNA extraction is a
fundamental molecular biology technique used in studies of genetic diversity and the
phylogenetic evolution of species. In this work, we propose an effective method for extracting
DNA from sturgeon fin fragments that were preserved in ethanol and stored in the refrigerator
for an extended period of time.
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Introduction

Sturgeons, considered living fossils, are located at the phylogenetic base of fish and are of
great economic and biological importance [1], [2], [3]. They evolved 250 million years ago during
the Jurassic period, and they belong to the Chordata phylum, the Osteichthyes superclass, the
Actinopterygii class, the Acipenseriformes order, and the Acipenseridae family [1], [4].
According to the International Union for Nature Conservation (IUCN), sturgeons are a critically
endangered species [5]-[8]. Sturgeons are found across Europe, Asia, and North America,
inhabiting rivers and seas such as the Lower Danube, the Caspian Sea, and the Yangtze River [9].
The Acipenseridae family consists of 25 species of sturgeon, six of which are native to the Danube
basin: Acipenser stellatus, Acipenser sturio, Acipenser ruthenus, Acipenser nudiventris,
Acipenser gueldenstaedtii, and Huso huso [3], [10], [11]. Recent data suggest that Acipenser
sturio and Acipenser nudiventris are extinct in the Lower Danube and the Black Sea [8], [12].

Natural disasters, alongside anthropogenic factors such as deforestation, fires, water and air
pollution, overfishing, and illegal fishing, are leading to ecological degradation, as evidenced by the
decline in global fish populations [13], [14], [15]. This is also due to the disruption of historical
migration routes to the Middle and Upper Danube sectors resulting from hydro-technical works and
dredging operations [16], [17], [18]. These worrying effects emphasize the importance of
developing methods and taking action to ensure the conservation and perpetuation of species in the
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future [19], [20]. The global management and conservation of declining wildlife populations and
biodiversity is a crucial concern today. Since most sturgeon species are considered critically
endangered, it is necessary to develop a strategic approach to protect genetic diversity and help
restock [7]. Biology conservation based on DNA studies provides important information about the
ability to adapt [21]. It also provides information about the diversity of species facing extinction
[22], [23]. In this context, the scientific literature presents different methods of storing tissue
samples from fish. These include fins, gametes (eggs and sperm), spermatozoa (sperm cells),
ovarian cells, and gonads (ovaries and testes). The preservation of various fish samples is achieved
through the use of the following methods: cryopreservation, storage at temperatures of -80°C, and
formaldehyde or ethanol [24], [25]. An essential step in researching the molecular biology of species
is the correct extraction of DNA, which can later be used for various applications [26]. The
extraction protocol, which was first discovered by Friedrich Miescher in 1869, has undergone
numerous modifications over time [27], [28].

This study aimed to develop a reliable DNA extraction technique using sturgeon fin tissues
that were refrigerated for an extended period of time. The protocol adapted for tissue samples
preserved in an ethanol solution at refrigeration temperatures for approximately ten years is
summarized, evaluating the obtained DNA yield and discussing the importance of this method in
species identification and conservation monitoring.

Materials and Methods

Collection and preservation of sturgeon tissue samples

The collection of samples was conducted as part of the in sifu monitoring activities that
were conducted on sturgeons [29]. The sampling location is the Lower Danube area in Romania.
A veterinarian performed a non-invasive sampling procedure on the sturgeons, harvesting a
portion of up to 1 cm? of their fins. Throughout the sample collection period, staff wore protective
gloves and used sterile equipment. Once sampling was complete, the sturgeons were released
back into the water. The samples were placed in containers with ethanol, labeled, and kept at
refrigeration temperature during transportation, and upon arrival at the laboratory, they were
stored under refrigerated conditions.

DNA isolation

DNA extraction is the process of isolating DNA from a cell or organism and separating it
from other cellular components, such as proteins and lipids [30], [31], [32]. A major concern in
molecular biology was the challenge of extracting DNA from different types of biological
samples [33]. The process of molecular genetic techniques begins with the extraction of
biomolecules, with a focus on genomic DNA [26], [34]. A variety of sources can be used to
extract DNA, ranging from clinical samples to water, soil, and plant samples, as well as tissues
from vertebrate and invertebrate organisms.

Selecting an effective extraction protocol is important because the quality and quantity of
obtained DNA can directly affect subsequent applications. The QIAamp DNA Investigator kit
was used for DNA extraction, and in accordance with the manufacturer's guidelines [35], the
current protocol was adapted for the total extraction of DNA from tissue samples from sturgeon
fins preserved in ethanol and stored at refrigeration temperatures for approximately ten years. We
used QIAamp MinElute® Columns for the extraction of DNA from sturgeon fins. The reagents
required for the isolation process included collection tubes, 96-100% ethanol, Buffer ATL, Buffer
ATE, Buffer AL, Proteinase K, Buffer AWI1, and Buffer AW2. The reagents were stored
according to the manufacturer's instructions [35]. When handling reagents and conducting
laboratory activities, it is important to prevent contamination of biological samples. The process
of nucleic acid isolation was initially performed manually, and then adapted to automatic isolation
using QIAcube® Connect (QIAGEN, Germany). The working stages of DNA extraction can be
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divided into four major phases. The first stage of the process involves lysing the sample in the
presence of proteinase K. In the second stage, DNA binds to the membrane and is separated from
contaminants. In the third stage, the contaminants are washed away, and in the final stage, pure
DNA is removed from the membrane. The working protocol began with the fragmentation of the
biological material, sturgeon fins, into small pieces, which were then transferred into 1.5 ml tubes.
Then, 300 uL of ATL buffer and 20 uL of proteinase K were added, followed by vortexing for
10 seconds. The tube was then inserted into a thermomixer preheated to 56°C until the sample
was dissolved. A 300 uL AL buffer solution was added, followed by vortexing for 10 seconds.
Also, the tube was inserted into the thermomixer preheated to a temperature of 70°C for 10
minutes. The supernatant was transferred to a 1.5 ml tube, to which 150 pl of 90-100% ethanol
was added, followed by vortexing for 15 seconds. After homogenization, the supernatant was
transferred to a QlAamp MinElute column. This was centrifuged for one minute, with repeated
centrifugation to ensure the total lysate passed through the filter membrane. The QIAamp
MinElute column was then inserted into a 2 ml collection tube, to which 500 pl AW1 buffer was
added, followed by a one-minute spin. It was then added to the QlAamp MinElute 700 ul AW2
buffer columns, which were then centrifuged for one minute. After transferring the QIlAamp
MinElute column to a new tube, 700 pL of 96-100% ecthanol was added, followed by
centrifugation. The membrane was dried by centrifugation for three minutes. Then, QIAamp
MinElute was inserted into a new 1.5 ml microcentrifuge tube and incubated with the lid open at
15-25°C for ten minutes. After incubation, 100 ul of the previously prepared ATE buffer was
added to ensure complete elution of the bound DNA. All samples were processed in duplicate.
For each sample, 100 puL of eluate was obtained. The buffer solutions required for the protocol
were prepared in advance. The DNA that was extracted was then stored at -80°C for future
analysis. The steps of the extraction protocol used for the complete extraction of DNA from
sturgeon fins that have been preserved in ethanol are shown in Figure 1. The efficiency of the
protocol depends on the quality of the reagents and the equipment available in the molecular
biology laboratory. Figure 2 shows a collage of the equipment used in the extraction protocol.

Sample extraction (lysis, DNA
binding, washing and elution)

@ & B Y F

Sample collection Refrigeration (4-8 °C) DNA storage for future
(sturgeons fins) applications (-80 °C)

Transportation

Fig. 1. Workflow used for the total extraction of DNA from sturgeon fin samples

DNA quantification

Evaluation of DNA qualities, including the assessment of its purity, concentration, and
quality control, was performed by spectrophotometric analyses. For this purpose, we used the
Qubit 4 fluorometer (Thermo Fisher Scientific, USA), which enabled us to measure the
concentration of DNA quickly and accurately. It enables the quick and accurate quantification of
DNA from a sample size of 1-20 pL. Each DNA sample was eluted in 100 pL, from which a
1:10 dilution was prepared using 1 pL of eluate and 9 pL of nuclease-free water. Our diluted
samples were then quantified.
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Fig. 2. Equipment used for DNA extraction, where: A. Tissue samples stored in the refrigerator; B. Two fin samples
selected for DNA extraction; C. Tubes placed in a thermal shaker; D. Vortexing stage; E. Preparing the QIAcube
Connect for automatic extraction; F. The QIAcube Connect system is prepared for analysis; G. UV decontamination of
equipment after DNA extraction; H. DNA quantification

Results and discussion

Significant advances in extraction techniques have been made since Friedrich Miescher's
groundbreaking work in 1869 [36]. These methods have become more reliable, being fast and
easy to perform, with higher yield in terms of quality and quantity of DNA [37], [38]. The
isolation of nucleic acids is an important step in biology, as they are vital for obtaining genetic
information in various areas of activity, including identifying sturgeon species for conservation
purposes. Storing biological material in ethanol under refrigerated conditions for an extended
period of time can affect the integrity of the DNA. However, using the earlier-presented protocol,
we were able to obtain the favorable results. The measured DNA concentrations ranged from 1.53
ng/uL to 8.53 ng/uL for the sturgeon fin tissue samples. These concentrations obtained from the
DNA extraction process confirm the efficiency of the protocol described in our paper.

A variety of DNA extraction protocols and quantification techniques have been applied in
numerous studies. In a study conducted by Arciuch-Rutkowska in 2024, the quantity and purity of
DNA samples were determined from young hybrid sturgeons (Acipenser gueldenstaedtii %
Acipenser baerii) using a Nanodrop spectrophotometer (Thermo Scientific Nanodrop One,
Waltham, MA, USA) [13]. Also, the study conducted by Grunwald in 2002 showed a variation in
DNA concentrations extracted using spectrophotometric analysis at 260 and 280 nm [39]. Bruijns's
2022 study used a Qubit 2.0 fluorometer to quantify DNA samples from salmon and herring,
obtaining values between 0.6 = 0.0 ng/uL (herring) and 1.0 + 0.1 ng/uL (salmon). Since the study
compared spectrophotometric and fluorometric quantification methods, the researchers concluded
that the spectrophotometric method tends to overestimate DNA concentration compared to
fluorometric methods [40]. Jafroudi's 2023 study on the identification and spread of Acipenser
persicus, Acipenser ruthenus, and Acipenser baerii in the Caspian Sea revealed variations in DNA
concentration extracted from fine tissues, ranging from 150 ng/uL to 370 ng/uL. The concentration
of the DNA samples was verified using a spectrophotometric analysis made with Thermo Fisher,
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Nanodrop1000 [41]. The study, conducted by Shuttleworth in 2022, compared different methods of
DNA extraction from the scales of teleost fish. The concentrations obtained from the extraction
varied between 29.66 ng/ul and 81.73 ng/uL [23]. Also, the concentration of DNA in water samples
collected from various aquatic areas has been studied in order to determine the diversity of fish
species present in those areas. For example, water samples were collected in Lake Mondsee by
Rund et al. (2024) and isolated. For quantification of the DNA content, the Qubit 3.0 fluorometer
was used according to the Broad-range protocol Assay Kit (Invitrogen, Thermo Fisher Scientific,
Schwerte, Germany). The DNA eluate concentrations, in this study, varied from 0.4 pg/uL to 36.6
pg/pL, with a mean concentration of 10.8 £ 8.5 pg/uL [42].

The quantity and quality of the DNA isolated from non-invasive samples, such as sturgeon
fins, are of great interest for future genetic diversity studies for conservation purposes. The DNA
isolated from sturgeon fins using the above-described protocol can be used for a wide range of
downstream applications. These include performing polymerase chain reaction (PCR) on
molecular markers such as amplified fragment length polymorphism (AFLP), single-nucleotide
polymorphism (SNP), and restriction fragment length polymorphism (RFLP), as well as DNA
sequencing [43].

Conclusions

The DNA extraction and purification method proposed in this study proved to be effective
for obtaining high-quality genetic material from ethanol-preserved sturgeon fin samples stored
under refrigeration. The protocol has been demonstrated to be suitable for long-term stored tissues
and can support various downstream molecular analyses. Its successful implementation provides
an important tool for non-invasive genetic monitoring and contributes to future research focused
on the conservation of endangered sturgeon species in the Danube River. Reliable DNA data
allows researchers to evaluate population structure, inbreeding, and gene flow in endangered
sturgeon species. Collecting genetic data helps implement breeding programs and habitat
protection. Identifying changes in the sturgeon population helps implement improved
conservation practices, such as restocking programs, in affected ecosystems. Therefore, since
sturgeon samples may originate from various sources, it is essential to have a reliable extraction
method enabling molecular analyses.
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