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Abstract 
Climate change, pollution and human interference have led to a decrease in biodiversity and 

species being threatened with extinction. Freshwater mussels are more susceptible to 

environmental changes than most due to them being filter feeders. Freshwater mussels are 

widespread and important to numerous and diverse ecosystems around the world. Despite this 

importance, there is a concerning lack of knowledge and, research on the genomes of different 

freshwater mussels. The aim of this research is to increase the knowledge of the genome for the 

duck mussel species Anodonta anatina through performing genome assembly. The investigation 

into the genome of the A. anatina started with sample preparation, continued with DNA extraction, 

Nanopore sequencing before genome assembly was performed and evaluated. The results of the 

experiment were the generation of several genome assemblies through the usage of Flye, which 

were then evaluated by QUAST and compared to other published genome assemblies. The 

evaluation of the assemblies showed smaller assembly sizes than what was desired based on an 

estimated genome size of 1.5-2.9 Gb. The estimated genome size range was based on recent 

published studies on other freshwater mussel species. With the most generous assumption of a 

genome size at 1.5 Gb, the largest assembly created in this experiment covers less than 33% and 

therefore did not yield a satisfactory assembly. However, it can potentially serve as a foundation 

for future research to improve upon with regards to the techniques used and through learning 

from problems encountered during the experiment.  

 



Popular Scientific Summary 
A topic that is very important and extremely relevant in today’s society, all around the world, is 

the environment. Two of the most common topics in day-to-day life connected to the environment 

are climate change and pollution. Regardless of whether someone is rich or poor, the place of their 

birth or their age, the effects of these two are impossible to escape or ignore. Both of these factors 

are harming animals all around the world, many of which are important for human’ survival.  

One group of animals that are showcasing the effect of these problems is freshwater mussels. 

Freshwater mussels are due to environmental changes and other human-related factors such as 

pollution or infringement onto their habitats facing the possibility of extinction all around the 

globe. A decrease in their numbers has the potential to be detrimental due to how important they 

are for ecosystems all around the world. Freshwater mussels fulfil many different important roles 

including, for example, water filtration in the ecosystems they inhabit.  

Despite the acknowledged importance of freshwater mussels for the environment, there is a lack 

of research when it comes to knowledge about the composition of DNA in many of the different 

freshwater mussel species. In the start of the century, a famous project to sequence the DNA 

composition of a human was performed. It took a large number of experts, a lot of work, many 

years and a substantial amount of money to complete. Technology has progressed a lot since then 

and similar projects can now be performed in smaller teams or even individually with a lot less 

resources, opening it up for use in smaller projects. 

The lack of knowledge of the DNA composition of freshwater mussel extends to the duck mussel 

species denoted as Anodonta anatina, found commonly around Europe. The aim of this research 

is to increase the knowledge about the DNA composition of the A. anatina and through this help 

with environmental studies and guiding conservation efforts. This is achieved through, in very 

simplified terms, extraction of DNA from tissue that is excised from the A. anatina, the DNA is 

drawn out from the tissue to separate the DNA from other undesired stuff that are present in the 

tissue as, for example proteins. The DNA is then run through a machine that outputs and identifies 
the building blocks of DNA known as nucleotides. This output is in turn used with software and 

algorithms to put the building blocks back together to give an estimation of how the DNA 

composition looks for the A. anatina. There are a few reasons that it is important to improve the 

existing knowledge about the DNA composition of the A. anatina. Knowledge about the DNA 

composition allows for the design of studies that can be used to measure and indicate the presence 

of pollution in their habitat and potentially even identify, the specific pollution.  

Unfortunately, while a composition, that is representative of a smaller part of the A. anatina was 

created, a representation of the whole DNA composition of the A. anatina was not achieved and 

therefore the conclusion of the experiment is that it was not completely successful. The generated 

DNA composition does however have the possibility of being useful for future projects. This is also 

the case with other knowledge obtained in the experiment with regards to the different processes 

and optimizations which could be used to inform and help future experiments. In other words, 

despite not fulfilling the original desire it can serve as a foundation for further research to improve 

upon.  
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Introduction 

Environmental Challenges 
Numerous different environmental challenges have appeared due to the actions of humankind, 

one of the major environmental challenges for society is pollution. Pollution can be separated into 

different categories dependent on the environment in which they are present such as land, air or 

aquatic pollution (Chen et al., 2022; Goodman et al., 2025). Many different species are threatened 

by this increase in pollution and other environmental changes, often due to actions related to 

humans. This is not isolated to any singular type of environment or location, instead it is a global 

issue that affects aquatic animals, terrestrial animals and amphibians alike. (Di Marco et al., 2018; 

Hirt et al., 2021).  

Freshwater Mussels 
Freshwater mussels, also known under the term freshwater bivalves, are present worldwide and 

are in most of their habitats around the world facing the possibility of extinction due to both 

environmental factors and other factors such as habitat fragmentation (Bolotov et al., 2019; 

Saavedra et al., 2022; Sousa et al., 2023). A common freshwater mussel species in Sweden is the 

Anodonta anatina more commonly known under the term duck mussel. The A. anatina is a part of 

the larger family of Unionidae mussels. Unionidae mussels have a highly varied lifespan depending 

on different factors; however, it is mainly dependent on how clean the water is in their habitats 

due to pollutants having the potential to adversely affect them (Jonsson et al., 2013).  

The lifespans for species of freshwater mussels range from as short as ten years to as long as 100 

years. These lifespan estimates are based on freshwater mussels that are living in a clean 

unpolluted environment (Jonsson et al., 2013). Since the A. anatina are filter feeders, the 

importance of clean water and environment are of the utmost importance. Filter feeder is a term 

used for animals or plants that consume nutrients through the intake of water filtered through an 

organ. This consumption method means that in addition to nutrients it also intakes other harmful 

substances present in the water which in turn negatively impacts the A. anatina (Jonsson et al., 

2013). The existence and presence of freshwater mussels are of key importance in aquatic 

ecosystems when their important environmental functions such as water filtration are taken into 

consideration. In addition to water filtration, freshwater mussels have shown themselves to be a 

useful indicator for environmental changes in their habitats since the mussels generally stay 

immobile or move small distances meaning that the mussels generally stay in their local habitats 

for large periods of time which makes monitoring of local environmental changes in specific 

habitats or locations easier. These characteristics make freshwater mussels of interest in 

environmental research, more specifically with regard to research concerning mutagenic 

pollution since mussel’s intake pollutants present in the water when feeding. (Ferreira-Rodríguez 

et al., 2023; Zieritz et al., 2022).  

Environmental Research 
Research using freshwater mussel species as environmental research species is nothing new, 

however, research using A. anatina as an indicator species is still in its infancy. However, studies 

do exist, which indicates the possibility of further usage of A. anatina as an indicator species 

(Lance et al., 2025). There has in addition been at least two studies conducted using A. anatina 

and associated biomarkers (Ekelund Ugge et al., 2020, 2021). Neither study could be considered 

completely successful, however promise was shown and further studies with regards to suitable 

biomarkers were recommended (Ekelund Ugge et al., 2020, 2021).  
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Freshwater mussels are highly important to numerous and diverse aquatic ecosystems worldwide 

and display potential usage in environmental research, despite this there is a concerning lack of 

knowledge with regard to the genome of a large majority of freshwater mussel species (Smith, 

2021). The cost and complexity of performing whole genome sequencing and genome assembly 

have historically been a significant barrier of entry when applied to complex organisms such as 

eukaryotes. Improvements in sequencing technology and assemblers in conjunction with the 

decline in associated costs has made this area of research more accessible (Bagger et al., 2024).  

Genome Knowledge 
Knowledge of the genome is important to be able to evaluate the health of individuals of the 

associated species and changes in their living environment such as pollution. With an established 

reference genome, mutations in the DNA of individual A. anatina could be discovered and 

potentially indicate the presence of mutagenic pollution (Rosendahl Huber et al., 2021). A 

complete reference genome would additionally make it easier to detect structural variations or 

more numerous mutations that are present throughout the genome. A reference genome gives a 

more coherent view of the organism and the information that can gleaned from this can help with 

development of different diagnostic tests which could help with ongoing and future research 

(Ekelund Ugge et al., 2021). Mutations are not inherently negative and can be due to numerous 

different factors and be both spontaneous or as with the case of mutagenic pollution, occur due to 

external factors and therefore further investigation into suspected mutations and the reason 

behind the mutations would be necessary before drawing conclusions. Another factor that should 

be taken into consideration is that is possible that differences can exist in the genome of different 

populations of the same species due to their specific habitats or inheritable mutations that have 

occurred in that specific population (Gallardo-Escárate et al., 2023; Harney et al., 2022; Lemiere 

et al., 2005). 

Research with regards to the genome of a minority of freshwater mussel species do exist and has 

been performed successfully. Examples of this are two North American species Venustaconcha 

ellipsiformis (Ellipse Mussel) and Potamilus streckersoni (Brazos Heelsplitter) which hade 

genomes assembled in 2018 and 2021 respectively (Renaut et al., 2018; Smith, 2021). Successful 

genome assemblies of freshwater mussel species are sparse and the genome of the vast majority, 

remains unknown. Existing estimates of the number of freshwater species are at approximately a 

thousand different species and only six species have whole genome assemblies produced at the 

time of writing (Gomes-Dos-Santos et al., 2024). A. anatina is unfortunately not one of the 

exceptions.  

Genome Size 
A rough estimation of the genome size of A. anatina was desired for purpose of genome assembly 

evaluation. At the time of writing, a published complete genome assembly did not exist, instead 

an estimation based on published freshwater mussel genome assemblies was used. The sizes of 

genome assemblies of five different freshwater mussel species ranged from 1.5 Gb - 2.9 Gb and 

the genome of the A. anatina was assumed to be around this range (Bai et al., 2024; Gomes-Dos-

Santos et al., 2023a, 2023b, 2024; Renaut et al., 2018). 

Increasing the knowledge of different freshwater mussel species through sequencing and genome 

assembly has the potential be used as a foundation for continued studies both on the freshwater 

mussels and for usage in environmental studies as an indicator species. It should be noted 
however that not all pollutants or environmental changes can be discovered through sequencing 

since not all pollutants or environmental changes lead to structural change in the DNA. The 

aforementioned factors could instead lead to epigenetic changes in the freshwater mussels which 

would not be observable through the commonly used DNA sequencing techniques. 
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Genome Assembly Experimental Outline 
A generalized outline consisting of the main parts of this A. anatina genome assembly experiment 

broken down into five main parts is presented in Figure 1.  

 

Figure 1. Breakdown of sequencing and genome assembly experiment performed on Anodonta anatina 
into five main steps. 

It is important however, to note that the outline of the necessary steps for a successful genome 

assembly differs between different researchers. This is due to the fact that depending on how and 

how thoroughly the different processes are divided or broken down the number of steps will 

change. This means that the exact number of steps can be considered somewhat arbitrary. (Jung 

et al., 2020; Raghavan et al., 2022). Figure 1 is a breakdown specifically created for this A. 

anodonta experiment 

High Molecular Weight DNA Extraction 
The starting point of any research performed on a specific species is to collect individuals of the 

specified species. It is of the highest importance that the specimens collected, belong to the desired 
species. This verification can be performed in different ways. A commonly used method is DNA 

barcoding (Antil et al., 2023). When it comes to experiments where DNA extraction is necessary, 

it is of key importance that pure DNA can be extracted to increase the success rate of downstream 

applications. Numerous different techniques, protocols, kit exist with their own specializations 

making the choice of what to use of major importance. The success or failure of DNA extractions 

is generally evaluated through purity measurements and validation of the size of extracted DNA 

fragments through methods such as pulsed field gel electrophoresis (PFGE) to determine if they 

are of suitable size for downstream applications. What is a suitable DNA fragment size varies 

depending on the end goal of the experiment. In a typical whole genome sequencing assembly, 

high molecular weight DNA (HMW DNA) is typically desired. (Maghini et al., 2021; Ye & Lei, 2023).  

Whole Genome Sequencing 
Whole genome sequencing (WGS) is the process of sequencing the entirety of the DNA of an 

organism. With the most famous case of sequencing the whole genome of an organism being the 

human genome project, which was a massive undertaking (Lander et al., 2001). However, with 

the decline in cost and the increased ease of use due to technological advancements in recent 

years, the use of whole genome sequencing has also started to be used for different clinical 
purposes and smaller research projects. (Bagger et al., 2024). Sequencing techniques are divided 

into three different generations. Sanger sequencing is considered to be of the first generation and 

High Molecular
Weight DNA 
Extraction

Pulsed Field Gel 
Electrophoresis

DNA Sequencing
(Nanopore)

Genome
Assembly

(FLYE)

Evaluation 
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was used in the sequencing of the human genome and now sequencing techniques have reached 

the third generation. In contrast to many other technologies, newer generations are not inherently 

superior to the older generations. The generations have different advantages and drawbacks, 

meaning that depending on the aim of the experiment the suitable generation technique differs 

(Heather & Chain, 2016).  

First generation sequencing is characterized by high costs, complexity and low throughput; 

however the output is considered to be of high quality. Sanger sequencing is the most famous first-

generation technique and is still commonly used due to high accuracy when performed on short 

sequences (Liu et al., 2012; Pareek et al., 2011). Second-generation techniques improved on the 

throughput output and lowered costs, however read lengths are short and the output needs 

additional bioinformatic processing when compared to Sanger sequencing, one of the most 

famous second-generation techniques is Illumina sequencing (Pareek et al., 2011). Third-

generation sequencing differ from earlier generations significantly. While the first and second-

generation underlying techniques can be considered quite similar, third-generation techniques 

function completely different and work on the level of singular nucleotides. Third generation 

techniques (TGS) have a significant increase in read length, substantial decrease in the time to 

perform sequencing and high throughput while demanding significant bioinformatic processing. 

Two famous third generation techniques at the forefront of research today are Nanopore 

sequencing and PacBio sequencing (Lu et al., 2016). 

Nanopore Sequencing (TGS) 
The concept of Nanopore sequencing is relatively old, however it is in recent years that the usage 

of Nanopore sequencing has started on a grander scale due to improvements both in the technique 

itself and in the surrounding field of omics (Head et al., 2024). Nanopore sequencing can be used 

both for simpler experiments using short DNA fragments and for experiments that need long and 

ultra-long read capability (Wang et al., 2021). Nanopore sequencing functions with the help of 

numerous Nanopores located in what is denoted as flow cells. Single stranded DNA are then 

identified based on electrical currents that are generated when DNA is propelled through the 

Nanopores with the help of motor proteins attached during the preparation process (Scarano et 

al., 2024). The nucleotide identification process occurs in real time and simultaneously, the 

nucleotide identification process is usually denoted as basecalling. Basecalling is the process of an 

algorithm converting the electrical currents into a string of nucleotide bases which in turn allow 

for identification on the nucleotide level. This information is then stored and transferred to fastq 

or BAM files and ready for further analysis. Different algorithms can be used for basecallling; 

however, Dorado is integrated into Nanopore sequencing systems and is recommended (B. Lin et 

al., 2021) 

Nanopore sequencing demand specific preparation to function. Oxford Nanopore Technologies 

offers several protocols and kits to tailor to different experiments and therefore determining 

which kit and protocol to use are highly important. Additionally, the choice of flow cells and 

associated systems are also of significant importance. TGS technologies such as Nanopore 

sequencing have reached the point that average read lengths of >10 kb are now possible (Scarano 

et al., 2024). This and the continued improvement with regards to accuracy, and the streamlined 

process that is associated with Nanopore sequencing, all contributed to the decision to use 

Nanopore sequencing for this experiment. 

Genome Assembly & Evaluation 
The aforementioned technique of Nanopore sequencing can be combined with sequence assembly 

when studies are performed related to whole genome sequencing. Genome assembly is a process 

of combining different small or large fragments to obtain larger representative fragments or even 
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a complete representation. These larger representative fragment combinations are commonly 

known as contigs or scaffolds. Sequence or genome assembly can be performed with short or long 

fragments and can go from combining fragments to reach sizes in the low hundreds bp or be 

performed to create a representation of a full genome (Jiao & Schneeberger, 2017; Simpson & Pop, 

2015).  

There exist different software’s and algorithms for sequence assembly with inherent down and 

upsides, therefore depending on the kind of experiment and the size of the assembly, the optimal 

software will vary. With regard to Nanopore sequencing reads, Flye has in recent years become 

the preferred method for genome assembly according to Oxford Nanopore Technologies (ONT), 

the company behind the Nanopore sequencing technology and this is backed up by third party 

researcher’s genome assembly comparisons (Chen et al., 2024; Khrenova et al., 2022). There are, 

however, often still difficulties with choosing which software are optimal and often multiple 

different software are used and the results compared to each other. Evaluation and comparison 

of results from different assemblers are unfortunately not always easy either, however, there 

exists tools such as QUAST (Quality Assessment Tool) which is used in this experiment, that can 

help with performing comparisons and evaluate genome assemblies if desired. A basic 

explanation of some of the important metrics of QUAST will be provided. N50 are the cutoff length 

of where 50% of the genome assembly size are covered by contigs larger than the presented value. 

For N90, this is the same with the exception of the fact that the cutoff is instead at 90%. L50 is 

related to N50 and instead of looking at sizes, it denotes the number of contigs that comprise 50% 

of the assembly (Gurevich et al., 2013) 

Research Aim 
The aim of this research is to create a complete genome assembly of the species A. anatina through 

a combination of whole genome sequencing and genome assembly. The creation of a complete 

genome assembly of the A. anatina will be performed though the fulfilment of three objectives. 

1. DNA extraction: The first objective is to extract High Molecular Weight DNA (HMW) from 

the A. anatina. PFGE is used to verify the desired lengths following DNA extraction (50-

250 kb). 

2. Nanopore sequencing: Sequencing of the extracted HMW DNA using, Nanopore 

sequencing in conjunction with MinION. Sequencing is followed by evaluation of quality 

score of the sequencing data using MinKNOW and PycoQC before proceeding to genome 

assembly.  

3. Genome Assembly: Processing of the Nanopore sequencing data is followed by performing 

genome assembly of the sequencing data with Flye. Followed by evaluation of genome 

assembly quality through the usage of QUAST. Completeness of the genome assembly was 

then evaluated through comparison to the expected genome size of the A. anatina. 
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Materials and methods 

Collection of A. anatina 
The A. anatina used for this experiment was collected locally from the lake Vingsjön located in 

Axvall Sweden during the the time period March – May 2025, with the help of Annie Jonsson at 

Skövde University who have the necessary knowledge for collection and species identification of 

the A. anatina.  

Following collection of the A. anatina, at multiple occasions during the previously stated time 

period, the specimens were stored in individual glass jars filled with tap water and stored in a 

fridge at a temperature of 4°C until dissection could be performed. Due to potential detrimental 

effects on the specimens if stored in the fridge for too long, a time limit of 48 hours was used. New 

specimens were only collected if necessary, however, the decision was taken to only use fresh 

tissue due to recommendations stated in the Monarch® HMW DNA Extraction Kit for Tissue 

(NEB) which was used for DNA extraction. The use of only fresh tissue necessitated the use of 

more specimens than if frozen tissue would have been used instead, however, to achieve the 

optimal results this was deemed to be necessary. Two specimens were used during the final 

experiment and a further eight were used during the optimization process. 

Dissection 
Dissection was carried out within 48 hours of collection to avoid potential health deterioration 

from the A. anatina being transferred out of their natural habitat. The collected A. anatina 

specimens were taken out of the fridge right before dissection and were rinsed gently with water 

to remove dirt and debris from the shell. Following the gentle rinse, the A. anatina was dissected 

through the use of pincers, scalpels and scissors. A scalpel with blade attached were inserted in 

the small opening for the “foot” of the mussel and thereafter the scalpel was moved alongside both 

the shell in both directions until the scalpel reached the anterior and posterior abductor mussels 

which were then excised using the scalpel after which the A. anatina was opened up. Following 

the opening of the A. anatina, a tweezer was used to hold the foot steady while the foot was 

simultaneously excised using scissors and then immediately transferred into a 1.5 ml Eppendorf 

tube and kept on ice.  

High Molecular Weight DNA extraction 
Following dissection, the tissue was in accordance with instructions present in the Monarch® 

HMW DNA Extraction Kit for Tissue (New England Biolabs) separated into smaller pieces and 

weighed to create 25 mg of tissue which was then further separated through the use of scalpels 

into smaller pieces and then transferred into new 1.5 ml Eppendorf tubes and put on ice in 

preparation of homogenization.  

Homogenization in accordance with instructions present in Monarch® HMW DNA Extraction Kit 

for Tissue (NEB) for pestle homogenizations for fresh tissue were followed. For the first part of 

the protocol denoted as “Tissue lysis” modifications to the protocol were made. Lysis was 

performed following the pestle homogenization, and the samples were run on a thermal mixer for 

15 minutes at 1400 rpm and then kept stationary on the same thermal mixer at a temperature of 

56°C for 45 minutes until fully dissolved as instructed for muscular tissue. For the rest of the lysis 

process, the standard input for the protocol was followed, and no further changes were made. 

For the second part of the protocol denoted as “HMW gDNA BINDING AND ELUTION”, no changes 

were made, and standard input instructions were followed. Following the completion of the 

elution of the extractions, several different methods were available to use to increase the 

trustworthiness of concentrations and purity measurements. The different methods were tested 

during the optimization phase and based on the results of the tests; one method was chosen to be 
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used throughout the experiment. The method chosen was to store the samples for more than 24 

hours at 4°C after elution in 100 μl of elution buffer. Following elution, a step consisting of pipette 

mixing of the elution was added to ensure dispersion of the DNA throughout the elution buffer. 

After 24 hours of storage the samples were measured using Nanodrop 2000 (ThermoFischer) for 

concentration and purity values.  

Purity of the samples were measured through the use of a spectrophotometer that detects the 

absorbance of samples at specific wavelengths to detect contaminants and produce ratios 

depicting this, two commonly used ratios for sample purity are A260/A280 and A260/A230 with 

the desirable ratios being 1.8-2.0 for A260/A280 and 2.0-2.2 for A260/A230.  

Pulsed-Field Gel Electrophoresis Sample Preparation 
Two samples from two different individual mussels, A and B were chosen to proceed with 

following completion of the extraction based on purity and concentration values. Each individual 

sample were split into three separate 1.5 ml Eppendorf tubes, each containing 30 μl from the 

original extraction. The first series of samples are denoted as A1-A3 and the second B1-B3 to 

clarify which sample they originate from. The first tube from each sample series were left 

unmodified. For the other four tubes an individual 4mm stainless steel bead was added to each 

tube and then the samples were pulse vortexed at maximum speed starting at 2 minutes for 

sample A2 with an increase of 30 seconds for each subsequent sample, ending with 3.5 minutes 

for the last sample B3 meaning each sample spent different amount of time being vortexed.  

Pulsed-Field Gel Electrophoresis (PFGE) 
After sample preparation was completed, PFGE was performed to determine DNA fragment size. 

DNA fragment size was important for the project due to the desire to perform sequencing and 

assembly on HMW DNA and this step was added for verification of this. The settings and gel 

concentration used for the PFGE was chosen to reflect instructions present in the “CHEF-DR III 

Pulsed Field Electrophoresis Systems” (BioRad) for the 48.5 kb to 1000 kb which was the size 

marker Lambda ladder (BioRad) used for purposes of size determination of the extracted DNA 

fragments. The specific ladder was chosen due to the expected DNA fragment sizes of 50-250 kb. 

With regards to sample loading, the total amount loaded for each sample was 20 μl using a wide 

bore pipette. The 20 μl was taken from a mixture containing 6 μl of sample, 4 μl of 6X purple dye 

(NEB) and 14 μl of milli-Q ultra-pure water (Millipore). 

The specific settings used for the CHEF-DR III was a ramping switch time of 50–90 seconds, The 

field angle was set to 120°, voltage was set to 5 V/cm, and the run time was set to 22 hours. The 

cooling module was used to keep the temperature steady at 14°C throughout the run. A gel 

concentration of 1.0% was used and 150 ml gel was created. The PFGE was imaged using 

ChemiDoc MP Imaging System (BioRad). The chosen buffer for the gel and circulation throughout 

the run was 0.5% TBE-Buffer. The alternative TAE-buffer was tested; however, results were 

unusable and therefore TBE-Buffer had to be used despite its toxicity. 

Nanopore sequencing (Library preparation and sequencing) 
Following completion of size verification, library preparation and sequencing was performed in 

accordance with the protocol Ligation sequencing DNA V14 (SQK-LSK114, ONT) for the sample 

B3. B3 was the sample chosen to proceed with due to the smaller sized fragments in comparison 

to the other samples. This was based on the results of the PFGE, which was deemed to be desirable 

due to earlier test runs of the experiment and communication with Oxford Nanopore Technologies 

Support. 

There were some key modifications to the protocol for sample B3, all reagents and DNA amounts 

were increased to 1.5x, this change of the protocol was chosen due to poor DNA recovery in test 
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runs of the experiment. In addition, the end elution step was performed twice, this was done to 

create two separate elution’s that could be loaded onto the MinION flow cell separately. This was 

done to increase the potential sequencing output. For the library preparation, long fragment 

buffer was used due to DNA sizes being >3 kb based on earlier size verification. Measurements of 

DNA concentrations were performed both during and at the end of the library preparation and 

were performed using the Qubit™ 1X dsDNA High Sensitivity (HS) kit in conjunction with Qubit 

Fluorometer 4 (Thermo Fisher) 

After completion of the library preparation, the prepared libraries were loaded onto individual 

MinION Flowcells (R10.4.1) (ONT) following Ligation sequencing DNA V14 (SQK-LSK114) (ONT). 

For sequencing, the MinKNOW software (24.11.10) was used. The total length of sequencing was 

46 hours, split in two parts. After 24 hours, the sequencing was stopped, the flow cell was washed 

following the Flow Cell Wash Kit (EXP-WSH004 or EXP-WSH004-XL) (ONT) and reloaded using 

the second elution from the sample and left to run for an additional 22 hours before termination. 

Both elutions of sample B3 were basecalled in conjunction with sequencing, with the settings set 

to high accuracy basecalling which sets the cutoff for the Q-value at 9.  

Sequencing data processing 
The sequencing data was investigated for both individual runs to evaluate the quality of the 

sequencing data. MinKNOW presents data such as Q-values, read length, passed/failed reads and 

more. However, PycoQC (2.5.2) was used, in addition, to evaluate the sequencing data quality and 

was used with default settings with the exception of increasing the Q-value threshold to 9 to match 

the cutoff used when basecalling was performed and the results from MinKNOW and PycoQC were 

compared, MinKNOW is a part of the Nanopore sequencing system and PycoQC was added for 

purposes of comparison to other published results not using Nanopore sequencing (Leger & 

Leonardi, 2019).  

Genome Assembly 
The data from the two individual runs contained in fastq.gz files were merged into one combined 

file to create the largest possible data for use in genome assembly. Genome assembly was 

performed using the genome assembly program Flye (2.9.6). One change was made from the 

default settings, and this was “Mode” being changed to either Nanopore Raw, Nanopore High 

Quality or Nanopore Corrected for three different analyses (Lin et al., 2016). 

Following completion of Flye, QUAST Genome Assembly Quality (QUAST) (5.3.0) was run on the 

different Flye assemblies to get an easier overview of data with metrics such as number of contigs 

and total length of the assembly. Options changed from the default options for QUAST were type 

of organism to Eukaryote and activating the setting for large genome (>100 Mbp). Additionally, 

the type of reads was set to Nanopore since Nanopore sequencing is what was used for sequencing 

of the DNA. The bioinformatics processing with regards to the programs PycoQC, Flye and QUAST 

were performed using the Galaxy EU server (Abueg et al., 2024).  
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Results 

DNA extraction 
The extracted DNA samples were measured for concentration and sample purity with nanodrop 

2000 (ThermoFischer). In Table 1. purity and concentrations values are presented for these 

samples, which were from two different individuals denoted as A and B.  

Table 1. Samples from tissue excised from the “foot” of the A. anatina from two different individuals denoted 

as A and B. Concentrations and purity measurements of the DNA samples was measured with nanodrop 

2000 (ThermoFischer) after High Molecular Weight DNA extraction had been performed. 

Sample DNA Conc (ng/ul) A260/A230  A260/A280  

A 105 2.15 1.85 

B 116 2.05 1.85 

Pulsed-Field Gel Electrophoresis 
Due to issues occurring when following the original experimental setup an extra step was added 

before proceeding to PFGE for size verification. An additional shearing step of the DNA samples 

were added. This step was performed with 4mm stainless steel beads in conjunction with a vortex 

after A and B had been separated into three new equal parts, A1-A3 and B1-B3. The new samples 

were sheared for different amounts of time with the effects of the shearing process presented in 

Table 2. A1 and B1 were left untouched and used as baselines for the PFGE. 

Table 2. Concentrations and purity measurements using nanodrop 2000 (ThermoFischer), following the 

separation of sample A1 into A2 and A3. Similarly sample B1 were split into B2, B3 and the amount of time 

each sample were vortexed.  

Sample Time (Seconds) DNA conc (ng/ul) A260/A230 A260/A280 

A1 0 105 2.15 1.85 
 

A2  120 190 1.29 1.88 

A3 150 121 1.14 1.87 

B1 
 

0 116 2.05 1.85 

B2  180 197 1.20 1.83 

B3 210 107 1.20 1.87 

 

Following completed PFGE run, the fragment sizes of the different samples were evaluated and 

compared to the baseline, meaning: A2, A3 to A1 and B2, B3 to B1 to allow for selection of a 

suitable sample (50-100 kb) to proceed with to Nanopore sequencing. The results of the PFGE are 

presented in Figure 2.  
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Figure 2. Pulsed Field Gel Electrophoresis imaged using ChemiDoc MP Imaging System (BioRad) following 
22-hour PFGE run of samples extracted from A. anatina denoted as A1-A3 and B1-B3, L1, L2, denotes loaded 
CHEF DNA size standard - Lambda Ladder (BioRad) and covers 48.5 kb to 1000 kb. 

The picture taken following the PFGE presented as Figure 2 run shows differences between A1 

and its associated samples that it served as baseline for, the samples A2 and A3. The results of the 

PFGE show that the majority of the DNA sizes of the samples A2 and A3 are in the range of 50 - 

150 kb. A clear difference in DNA size between baseline sample B1 and its associated samples B2 

and B3 can be observed as well. Sample B2 resembles the same 50-150 kb size range as samples 

A2 and A3. For sample B3, size instead ranges mainly between 50-100 kb with some fainter 

fragments above and below.  

Nanopore Sequencing 
Following PFGE, the sample denoted as B3 was chosen to proceed with sequencing due to the 

desire of smaller fragments based on earlier sequencing runs during optimization of the 

experiment that were unsuccessful with larger sizes. Measurements of DNA concentration were 

performed with Qubit™ dsDNA High Sensitivity (HS) kit in conjunction with Qubit Fluorometer 4 

(Thermo Fisher) to determine the absolute DNA mass present during the preparation and loading 

process of sample B3. These measurements could be used to estimate how well the DNA recovery 

present in library preparation functioned.  

Starting amount of DNA for library preparation was chosen to be 1500 ng from the sample B3. 

Following the step of “DNA repair and end-prep” in the Ligation sequencing DNA V14 kit (SQK-

LSK114, ONT), 810 ng of DNA was measured to be present in the sample. Measurement was 

additionally performed following completion of the library preparation. The total amount of DNA 

mass available for loading of the MinION flow cell were 237.2 ng of DNA from two subsequent 

elution’s of the sample B3. 128.4 ng from the first elution and 108.8 ng from the second elution. 

Due to the load limit of 15 ul for one run of the MinION, two separate runs, one for each elution 

had to be performed. 
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Following completion of library preparation, flow cell check was performed, and the check was 

successful. Following completed flow cell and hardware check loading of the first prepared library 

was performed. The maximum amount of DNA that could be loaded from the first elution 

consisted of 128.4 ng which is below the 300 ng that is desired for loading and therefore all 

available elution was loaded. The available pores in the flow cell at the start of the sequencing run 

were 1180 pores and at the time of manual termination after 24 hours, available pores had 

decreased to 312. 

The first sequencing run used the setting for high accuracy for basecalling, which set the cutoff for 

passed reads at the q-value of 9. The first sequencing run generated 4.19 M reads and basecalled 

4.9 Gb. Of the 4.19 M reads, 3.7 M of them passed the quality score of 9 while 0.5M did not pass 

the quality score cutoff. Of the 4.9 Gb basecalled bases, 4.56 Gb passed, and 0.351 Gb did not pass 

the quality score cutoff. The ratio of pass and fail of the basecalled bases is over 90%, while with 

regards to the numbers of reads, the pass rate falls below 90% down to 88%. 

Following the manual termination, cleaning of the flow cell was performed and the pores available 

for sequencing was increased from 312 to 452, indicating that the flow cell wash was successful. 

The second elution containing 108.9 ng, which is less than the desired amount of 300 ng and 

therefore all was loaded, the settings from the first sequencing run was kept. The second 

sequencing run was left to run for 22 hours before it was terminated. The second sequencing 

generated lower reads and basecalled bases than the first run. The amount of reads in the second 

run ended at 1.84M with 1.57M of the reads passing the quality score and 0.27M of the reads failed 

the Q-score. The basecalled bases ended at 2.49 Gb with 2.29 Gb bases passing the quality score 

and 0.2 Gb failing. The pass rate for the reads is barely lower than for the first sequencing at 85% 

while the passing rate for basecalling was relatively consistent at over 90%. 

The sequencing data from the two runs were further analysed separately using PycoQC (2.5.2) to 

visualize potential differences in quality and read length between the two runs. Relevant statistics 

from the PycoQC are median read lengths, N50 values and quality scores for the two different 

runs. For the first run the median read length of all reads is 464 bp while the N50 is 2860 bp. For 

the second run the median read length of all reads is 481 bp while the N50 is higher at 4130 bp. 

With regard to quality scores these are graphically represented in In Figure 3. The density of the 

reads is presented on the Y-axis and the quality scores of the reads on the X-axis giving a quick 

overview of the quality of the sequencing runs. Figure 3a is for the first run while Figure 3b is for 

the second run. Median values for both runs are close to each other with the median varying 

between 15-16.  

 

Figure 3. A graphical representation of the quality of the sequencing data created using PycoQC (2.5.2) with 
read density on the Y-axis (The amount of reads with specific quality scores) and quality scores of reads on 
the X-axis giving a quick overview of the quality of the two sequencing runs. A) is for the first run while B) 
is for the second run. First run has a median value of 16.1 while the second run has a median value of 15.6. 



Page: 12 
 

Genome Assembly 
The data from the Nanopore sequencing stored in POD5 files were merged for the individual runs 

and then subsequently merged for both runs to create the largest possible dataset available for 

genome assembly to achieve the best possible result. The combined amount of basecalled bases 

following the mergers ended at 6.85 Gb.  

The genome assembly was performed using Flye for the merged data for the two runs and was 

performed thrice with one change which was that the first run used the setting for Nanopore raw 

the second one used Nanopore High Quality and lastly the third run used Nanopore Corrected 

instead. QUAST software was used on all three assemblies, some important metrics for the QUAST 

output are N50, N90, L50 and total length. The key parameters for the different Flye runs are 

shown in Table 3 to give an easier overview of the differences between the Flye assemblies. 

Table 3. Important parameters from QUAST analysis of three different genome assemblies: Nanopore Raw, 

Nanopore High Quality and Nanopore Corrected. All were performed using Flye and QUAST settings were 

kept identical for all assemblies.  

Read settings Nanopore (Raw) Nanopore (Hq) Nanopore (Corrected) 

Contigs (>0 bp) 55 537 44 045 45 450 

Contigs (>1000 bp) 48 422 40 090 40 296 

Total Length (>0 bp) 393 149 kb 438 532 kb 446 258 kb 

Total Length (>1000 bp) 387 736 kb 435 816 kb 443 377 kb 

Largest Contig 179 kb 176 kb 180 kb 

N50 12 749 bp 18 544 bp 19 708 bp 

N90 3201 bp 4693 bp 4695 bp 

L50 8582 6676 6492 
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Discussion 
The process of performing a genome assembly has historically been considered expensive, time 

consuming and difficult. Rapid advancements in recent years have made it cheaper and simpler 

than before. (Cosma et al., 2023). Genome assembly is however not trivial. Especially when 

performing de novo genome assembly. De novo genome assembly is what has been performed in 

this study and refers to assembly performed without a reference genome. (Michael et al., 2018; 

Sohn & Nam, 2018). 

Preparation 
Preparation and planning of the entire the experiment was of the utmost importance. Two key 

parameters were decided for this experiment based on the available resources and the aim of 

performing de novo genome assembly. Nanopore sequencing with MinION would be used and 

HMW DNA was desired. HMW DNA was desired since it tends to produce more coherent 

assemblies. (Maghini et al., 2021; Petersen et al., 2022). HMW DNA is however more fragile due to 

its length and therefore demands specialized techniques, kits and equipment. There are 

difficulties with regards to measurements of concentration and purity of HMW DNA and 

optimization of commercially available kits are generally needed for success, regardless, using 

HMW DNA has proven successful in several freshwater mussel assemblies in recent years. 

(Gomes-Dos-Santos et al., 2024; Volarić et al., 2021) 

Species Identification & Collection 
Help with the collection and identification of the A. anatina were available and morphological 

identification, specifically visual inspection was used. Ideally both morphological and molecular 

identification would have been performed; however, it was determined to not be possible with 

the allocated time and resources. The downside of visual inspection is the possibility of 

misidentification due to it being a subjective evaluation instead of objective (Velasquez-Restrepo 

et al., 2024; Yang et al., 2022). However, visual identification has been used successfully in 

published genome assemblies of freshwater mussels (Bai et al., 2024). An objective method that 

could be used in future experiments would be DNA barcoding which compares sequenced DNA 

from an organism to an existing database to allow for species identification. (Hauck et al., 2023).  

Extraction & Pulsed-Field Gel Electrophoresis 
Extraction is of one of the most important processes for downstream analysis, a low-quality DNA 

sample have massive influence on every step following which compounds on itself when multiple 

steps are necessary before analysis (Schalamun et al., 2019). What is considered good 

concentrations of DNA is dependent on the type of tissue and what is needed for the downstream 

applications and therefore cannot be generalized. 

With regards to purity, there are generalized accepted guidelines for what is considered desirable. 

Desirable purity values of A260/A230 and A260/A280 are 2.0-2.2 and 1.8-2.0 respectively (Cruz 

et al., 2025). These ratios functions on detection of contaminants present in the wavelengths of 

230 nm and 280 nm respectively. These guidelines are therefore used when evaluating the results 

of this experiment. The ratios of 2.05 and 2.15 for A260/A230 and 1.85 with regards to A260/280 

presented in Table 1. fall within the desired range of both ratios (Cruz et al., 2025; Schalamun et 

al., 2019). Therefore, based on purity values, both extractions can be considered successful. When 

comparing the purity ratios to a published study using the same extraction kit, similar values were 

observed which additionally indicates a successful extraction (Volarić et al., 2021). The amount of 

DNA following elution is presented in Table 1. and is substantially more than what is needed to 

perform both PFGE and Nanopore sequencing. Therefore, the extraction could be considered 

successful with regards to both purity and concentration. 
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Size verification was performed using PFGE. The PFGE run additionally worked as a verification 

of the added shearing step which was inspired by the research article “A Simple Approach for 

Effective Shearing and Reliable Concentration Measurement of Ultra-High-Molecular-Weight 

DNA” with some modifications (Koetsier & Cantor, 2021). The shearing step was added due to 

undesirable sequencing results in the test run of the experiment despite good concentrations and 

purity values. This decision came after communication with Oxford Nanopore Technologies 

support, and it was decided to attempt the same process with smaller sized fragments 

necessitating the addition of a shearing step. (Personal Communication, Oxford Nanopore 

Technologies Support, April 2025). It should however be noted that this decrease in DNA fragment 

size contradicts the stated guideline for Monarch® HMW DNA Extraction Kit for Tissue (NEB) 

used in this experiment, where the stated desired size for downstream applications was 50-250 

kb and the fragment size used in this experiment instead was around 50-100 kb. The downside of 

the smaller DNA fragments is that the point of using HMW DNA was its improved ability to 

generate more coherent genome assemblies, which could potentially be compromised by 

reduction in size (Petersen et al., 2022). There is however no set definition of what constitutes 

HMW DNA and depending on the source, 50-100 kb could be considered HMW DNA. 

The sample B3 was chosen due it best fulfilling the desired objective of the added shearing step of 

lowering the DNA fragment size and was estimated to be around 50-100 kb based on the PFGE. 

However, purity measurements performed after the shearing step showed a decrease in the purity 

values of the DNA samples presented in Table 1 and Table 2. The A260/A280 values were 

relatively consistent, and the small differences could be considered natural variations between 

different measurements. For A260/A230 values however, a drop to around 1.2 was observed 

which could have significant negative effects on the Nanopore sequencing. A lowered A260/A230 

ratio indicates the presence of contaminants that absorbs at 230 nm, shearing of DNA using beads 
is nothing that inherently should lower the A260/A230 values, however the measurements for all 

four samples have this decrease. The beads used in this experiment was from an opened container 

and it is possible that contaminants were present on the beads or otherwise introduced during 

the shearing (Arseneau et al., 2017; Schalamun et al., 2019). Studies using HMW DNA extraction 

with shearing steps as a part of the extraction and reaching the desired purity values does exist 

indicating that shearing itself is not likely to be the reason (Volarić et al., 2021). It was decided to 

proceed with the experiment despite the lowered purity values. Optimally, additional 

purifications steps would have been performed. However, due to the limited amount of DNA 

available for downstream applications following the sample split this was decided against due to 

the risk of potential DNA loss during the purification process. 

Nanopore Sequencing 
During the library preparation for the Nanopore sequencing, large amounts of DNA was lost 

leading to substantially less DNA being available for loading on the MinION flow cell than the 300-

ng desired. A possible reason for this is the lower than desired A260/A230 values, it is possible 

that the library preparation did not function as intended due to contaminants (Schalamun et al., 

2019). Another possibility is wrongly estimated DNA size, according to the kit manufacturer, an 
inaccurate estimation of fragment sizes has the potential to lead to lower recovery (Oxford 

Nanopore Technologies, 2025). With no comparative runs performed, where the 300-ng 

requirement was fulfilled, it is not possible to state with certainty the effect, this lower amount of 

DNA had. It could, however, be inferred that lower amount of DNA would lead to less sequencing 

output. With the earlier stated concerns about the DNA sample quality following the shearing 

process, an unfortunate expectation was that the sequence output would not be optimal 

(Arseneau et al., 2017; Schalamun et al., 2019).  
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More stringent demands of sequencing are used in some recent published works performed with 

Nanopore sequencing with cutoffs of Q-score far surpassing the 9 used in this experiment with 

values >20 being used instead, however for a smaller experiment performed by an individual, 

those cutoffs are not realistic with the available time and resources (de Souza et al., 2023; Zubach 

et al., 2025). The combined output of the sequencing runs ended at 6.85 Gb basecalled bases, 

which is far below the desired minimum output for the genome assembly and far lower than the 

claimed potential output from Oxford Nanopore of 50 Gb from one singular MinION flowcell. 

Genome Assembly  
The fact that sequencing output fell below the desired output for genome assembly was based on 

the estimated genome size of the A. anatina. Genome size was as stated in the introduction based 

on recent successful de novo genome assemblies of other freshwater mussel species. The genome 

size estimation range of 1.5Gb to 2.9Gb was then used in conjunction with the sequencing data 

output for purposes of evaluation. Flye demands a minimum coverage of 30x of the genome size 

for good quality assemblies meaning that at minimum the necessary sequencing data output 

would be 45Gb. (Y. Lin et al., 2016). It should however be noted that these different freshwater 

mussels differ in the degree of taxonomical relationship to the A. anatina and is used only as a 

rough estimation.  

When evaluating the amount of sequencing data produced using the lower end of the estimated 

size range (1.5 Gb) the coverage is approximately 4.5x, which is far lower than desired. Despite 

this, three assemblies were successfully generated with varying read settings input which were 

then analysed using QUAST of which the results can be observed in Table 3.  

There are differences in the results of all three of the different assemblies in the parameters of 

assembly length, contigs, largest contig, N50 and L50. The results of the Nanopore high quality 

and Nanopore corrected could be considered relatively close, while the results of the Nanopore 

raw assembly differ throughout. When evaluating the genome assemblies against each other using 

the QUAST result, a smaller number of contigs is desired since this indicates a more coherent 

assembly. When it comes to the parameter of total length, the largest value is what is desired 

which is similarly the case with the parameters N50 and N90. The parameter of L50 in similarity 

with the number of contigs, desires instead lower values. Based on how these different 

parameters compares in the different assemblies, the best one can then be chosen. (Mikheenko et 

al., 2023). The stated desired parameters for the different metrics in the output from QUAST in 

Table 3 give a clear indication that the worst assembly is Nanopore raw. Reaching a conclusion 

when it comes to determining the best out of Nanopore high quality and Nanopore corrected is 

much more difficult. This is because the values of these assemblies are much more similar. 

Another factor that significantly contributes to difficulty when it comes to comparisons of similar 

Flye assemblies is that Flye is by nature not deterministic, meaning that small variations occur 

despite the same input data (Kolmogorov et al., 2019). The sequence input data for this 

experiment is recommended to be used with Nanopore raw or high-quality since no correction of 

the sequencing data was performed. Therefore, the Nanopore high-quality assembly will be 

evaluated. With even the most generous assumptions about the estimated genome size of the A. 

anatina at 1.5 Gb, the assembly does not come close to full coverage and ends at below 33% 

coverage at a total assembly size of 0.4 Gb.  

The program QUAST, was used to evaluate the genome assembly. The results were not indicative 

of a desirable result when compared to other freshwater mussel studies. The assemblies used for 

size estimation are generally of higher quality which shows in a substantial amount of fewer 

contigs, larger N50 values and the trend of detrimental differences are unfortunately present with 

regards to largest contig, L50 and N90 values as well (Bai et al., 2024; Gomes-Dos-Santos et al., 
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2023a, 2023b, 2024; Renaut et al., 2018). QUAST was used to evaluate the assemblies in all of the 

aforementioned studies which makes comparisons to the genome assemblies produced in this 

study relevant. However, analysis of the genome assemblies was additionally performed using the 

tool BUSCO (Simão et al., 2015). BUSCO uses other metrics than QUAST and the two tools are 

therefore often used in conjunction (Bai et al., 2024; Gomes-Dos-Santos et al., 2023a, 2023b, 2024; 

Renaut et al., 2018).  

For the referenced works of freshwater mussel genome assemblies, different sequencing 

technologies, assemblers and other bioinformatics processing software have been used (Bai et al., 

2024; Gomes-Dos-Santos et al., 2023a, 2023b, 2024; Renaut et al., 2018). The main sequencing 

technology used in these articles are HiFi-sequencing which according to some studies display an 

increased accuracy when compared with Nanopore sequencing, however a trade-off is that it 

generally has a lower read length (Yu et al., 2024). With regards to assemblers, Flye was used in 

this experiment while Hifiasm was used in the other works. Comparisons between different 

assemblers are difficult, the sequencing technology used is often what determines which 

assembler is suitable and studies using both ONT reads and Hifi reads for comparison are sparse 

(Yu et al., 2024). Studies do even contradict each other with regards to what assemblers is suitable 

for a specific sequencing technology. For example, two different studies on Hifi-reads assembled 

with Flye and Hifiasm showed different results. In one of the studies Flye was evaluated to be 

superior on Hifi-reads while in the other Hifiasm was evaluated to be superior (Yu et al., 2024; 

Zhang et al., 2022). Additionally, depending on the processing of the sequencing data with regards 

to polishing, using reference genome and other processing options, studies have shown different 

results with regards to the optimal assembler (Burger et al., 2025). Therefore, it is unwise to state 

a superior sequencing technology or assembler, this is especially the case with assemblers since 

Flye, Hifiasm and others are still under active development which means that the most optimal or 
suitable might change. Two programs that were used in other genome assembly studies and for 

whom no suitable replacement was found were Jellyfish and Genomescope. These two programs 

work in conjunction to create an estimated genome size based on the sequencing reads of the 

experiment and functions on both Hifi-reads and Nanopore. This makes the programs useful when 

optimising the methods used in this experiment or for evaluation when using the methods present 

in the published freshwater mussel studies (Marçais & Kingsford, 2011; Ranallo-Benavidez et al., 

2020). 

Conclusion 
To conclude, a genome assembly of the A. anatina was created and therefore the individual 

objectives of sample preparation, Nanopore sequencing and genome assembly can be considered 

fulfilled. The same can however not be said with regards to the aim of the experiment. The 

assembled genome covers less than 33% of the smallest (1.5Gb) of the recent published 

freshwater mussel assemblies and therefore the experiment did not yield a satisfactory assembly. 

In addition, the evaluation metrics when it comes to the quality and coherence of the genome 

assembly falters when compared to recent published works of freshwater mussel genome 

assemblies. The fulfilment of individual objectives and that an actual genome assembly of the A. 
anatina was produced, makes it possible for this experiment to serve as a base for improvement 

of the associated experimental techniques and help guide the direction of future experiments. 
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Ethical Considerations & Societal Impact 
When performing research that requires the usage of living organisms, ethical considerations with 

regards to whether it is necessary to use these specific living organisms are needed. The desired 

data, meaning a published complete genome of the A. anatina did at the time of the experiment 

not exist. No other alternatives than using A. anatina to attempt to create a complete genome of 

the A. anatina was deemed possible.  

The hope is that this and other similar studies can serve as a foundation for continued studies on 

the A. anatina itself with regards to its potential usage in environmental studies. However, despite 

it being necessary to use living organisms for this experiment, it is still important to treat the 

samples created from these organisms with care so that no more than the necessary number of 

organisms are used. The primary consideration when it comes to usage of the A. anatina is to use 

as few individuals as possible. No permission from Länsstyrelsen, Jordbruksverket or equivalent 

are needed to perform this experiment. 

One of the major challenges that society face is pollution and how it effects climate change and 

biodiversity. Pollution has the ability to have massive detrimental effects on the whole of mankind 

and change the structure of society itself. When considering the added effect, it has on climate 

change and biodiversity, the challenge these connected factors, create for today’s societal 

structure and mankind are even more pronounced. This research project has the potential to 

function as a foundation for further continued research with relevant implications on studies of 

pollution, biodiversity and climate change. With regards to pollution, the A. anatina could 

potentially be used as an indicator for the presence of mutagenic pollution in their habitats or as 

an indicator of general water quality. The usage of A. anatina as an indicator species would allow 

for a quick and easy way to indicate the general health of an aquatic environment. This would in 

turn allow for more informed decisions regarding if further investigation is necessary or if 

resources should be allocated to other areas. Resource prioritization is of the utmost importance 

since limited resources are available for environmental efforts. Therefore, it is highly important 

to use the limited resources efficiently and where the resources have the largest possible impact.  

The increased knowledge obtained from continued studies also has the possibility to aid in 

conservation efforts. Determining what efforts are most impactful for conservation of a species 

demand a significant amount of information both with regards to the organism itself but also 

about its habitats and numerous other factors. This means that knowledge about the genome of 

the A. anatina is in of itself not enough however it is one important factor.  
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Future Research 
The conclusion of this report is that the genome assembly unfortunately was not of the desired 

completeness. The starting point for future research should therefore be to achieve a complete 

genome. As can be seen in published works on other de novo assemblies in the last five years, it is 

not impossible to create high quality genome assemblies for other freshwater mussels (Bai et al., 

2024; Gomes-Dos-Santos et al., 2023a, 2023b, 2024). Therefore, there is nothing that indicates 

that the associated technologies used in this study cannot achieve this. Worth noting however, is 

that for the referenced published works of other recent freshwater mussel genome assemblies, 

other techniques and technologies have been used (Bai et al., 2024; Gomes-Dos-Santos et al., 

2023a, 2023b, 2024; Renaut et al., 2018). Therefore, a natural progression would be to start and 

see what could be adapted to this project to determine if a higher quality genome assembly could 

be created using those methods.  

A commonality for the assemblies is the use of multiple sequencing techniques, further quality 

control and deeper bioinformatics processing than what was used in this study. The pros of 

looking into these already published articles is that thanks to the methods and material sections, 

there are a lot of information given that makes it possible to use their tested method and apply 

these on the A. anatina (Bai et al., 2024; Gomes-Dos-Santos et al., 2023a, 2023b, 2024; Renaut et 

al., 2018). It should, however, be noted that these individual studies were all performed jointly by 

multiple people, and this, combined with the associated techniques would mandate the use of 

significantly more resources than what was used in this study.  
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