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Abstract

Stress-specific expression of cellular proteins in responses to exogenous exposure and resulting
physiological alteration provides important insight into the field of ecological research. Due to its
habitat, feeding, lifestyle and physiologic properties, mussel has become an important indicative
measure of aquatic environment pollution in order to assess effect of these pollution in aquatic
life. In order to minimize the threats imposed on the aquatic ecosystem and advancement of
sustainable lifestyle for human, recent ecological studies are more concern about monitoring
different bioindicative properties. In this study, two widely distributed freshwater bivalve mussel
species Anodonta anatina and Unio tumidus was used to conduct comparative study on the
transcriptome of these species in order to identify and quantify the expressed transcripts on both
species and investigate their biomarker properties in mussels for monitoring heavy metal or toxic
exposure. mRNA was isolated and converted to cDNA through reverse transcription PCR. Quality
and quantity assessments of purity, fragment size and concentration was performed. Each cDNA
sample was barcoded and amplified for cDNA library preparation and nanopore sequencing. Basic
bioinformatics tools were used to identify the transcripts for transcriptomic analysis. The findings
shows some common mitochondrial and ribosomal transcripts along with a wide range of
conserved and abundant transcript variants in mussels with important biomarker properties.
Some of the transcripts exhibits expression in multiple samples suggesting characteristic
bioindicator properties. Also in this study, a pipeline for transcriptomic analysis was generated
and critical steps in the procedure were identified and discussed.



Popular scientific summery

Water pollution is a common issue all across the world. A recent study showed that millions of
peoples does not have adequate water supply, proper sanitizations or fresh water usage facility
and still the condition is getting worse. Consumption of such polluted water brings enormous
health hazards to the consumers. Water in river, ocean, lake and ponds are normally polluted
through exposure of sudden hazardous substance including heavy metal, dangerous chemical,
plastic and polybags, industrial sewage, household wastes, marine dumping, accidental oil
leakages and many more. These toxic substances easily dissolves and contaminate water. Water
contamination also impose a great threat for the aquatic life and ecosystem. Heavy pollutant
contamination causes sterility, number of diseases, fatality and sometime extinction of marine
species. Various experiments has been performed in order to minimize the effect of water
pollution such as chemical approaches and bioremediation along with promoting public
awareness. Two basic approaches are available to determine the presence of pollutant in an
aquatic system. The first of which is physio-chemical approach such as chemical oxygen demand
(COD), usage of chemical kits, water nutrient and pH measurement. The second approach Includes
using organism to test presence the pollutants in an aquatic system commonly called as
bioindicators.

Mussels are unique organism with high taxonomical richness and high diversity. Out of total 840
species diversity, there are seven different species of mussels that has been discovered in many
freshwaters such as rivers, lakes, ponds in Sweden. Interestingly, mussels has an ability to filter
approximately 50 liters of water during a day. Due to this filtering ability, they are exposed to a
number of pollutant which accumulates in various tissues inside mussels. A number of studies has
already been conducted where mussel samples has been used as bioindicator of pollutant
exposure such as heavy metals as copper, zinc, cadmium and also other pollutant such as
microplasics, chemical products and many more. These studies shows significant expression of
physiologically important genes of mussel species in response to stress and pollutant exposure. A
recent study at University of Skovde used a species of mussel as sample for monitoring the effect
of copper exposure and biomarker investigation. Analysis of such gene expression in response to
pollutant exposure reveals potential biomarker properties. The ultimate aim of these studies were
to detect the water quality and effect of such pollutant on the transcriptome profile of the mussels.
Developing multi-biomarker panel may also aid in the detection of a variety of contaminant at a
time.

The aim of this study was to compare the transcriptome of two mussels sample Anodonta anatina
and Unio tumidus for identification of potential biomarkers to monitor water ecosystems.
Transcriptomic studies requires sequencing of coding RNA moieties of the species and gene
expression analysis. Identification of various transcripts and their annotation analysis can provide
important insights about the conserved characteristics of mussels, response to external stresses
or exposures, functions and properties. Comparative transcriptomic analysis of two mussel
species shows common transcript variants found in both mussel species and their physiological
role along with transcripts that are only found in one species. These commonly expressed
transcripts can further be investigated to find their role as indicators of freshwater pollution. Such
information from the comparative transcriptomic analysis of two freshwater mussel species may
aid in future ecological studies to detect marker genes for the assessment of water pollution.
Outcomes from the experimental pipeline and approaches followed in this study may help better
understanding of the necessary steps required to improvise quality and quantity of expected
output.
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1. Introduction

Mussels are bivalve aquatic organism belonging to the phylum mollusk and mostly located in
freshwater or saltwater all across the globe. A number of 840 diverse species has been known to
be found and increased diversity has been recorded on the southern countries (Graf & Cummings,
2007). Their distribution and diversity in Sweden is relatively abundant and widespread all across
the nation. Unionidae is the largest family type among all and also found to be rich in species
diversity (Graf et al, 2007). Among 674 species diversity of Unionidae family worldwide,
Anodonta anatina commonly known as duck mussels is one of the species that is found in
abundance in many freshwater in Sweden. Similarly, Unio tumidus commonly known as swollen
river mussel, also belong to the family Unionidae which is also found in many freshwater rivers
and lakes in Sweden (Annie, Ann & Mats, 2013). Both of these species normally feed on freshwater
plankton and filters approximately 50 liters water per day. During water filtration, they are
exposed to a certain number of heavy metals (Chandurvelan, Marsden, Glover & Gaw, 2015)
pollutants such as lipophilic pollutants and polychlorinated biphenyl pollutants (Tanabe,
Tatsukawa & Phillips 1987), microplastic (Li et al, 2019) and chemical products e.g. tributyltin
(Salazar & Salazar, 1996), diclofenac (Cunha, Pena & Fernandes, 2017). Exposure to exogenous
pollutants or metal compounds causes accumulation of these compound in tissues such as
hepatopancreas. Such exposure causes physiological stresses which in turn triggers expression of
transcripts in mussels (Woo, Jeon, Kim & Yum, 2011) (Hiining et al,, 2013). These physiological
response and differential expression of specific stress related transcripts makes both of these
species a potential candidate for investigation of bioindicator properties (Asif, Malik & Chaudhry,
2018) and ecological research (Hoellein, Zarnoch, Bruesewitz & DeMartini, 2017).

Mussels have unique physiology with certain organs conducting major physiological responses as
shown in Figure 1 and a relatively large number of mRNA expression has been reported from
these certain tissues, more specifically hepatopancreas and gills, due to environmental stress or
exposure (Franco et al, 2006 and Moore, Viarengo, Donkin & Hawkins, 2007). This provides
certain insights to understand tissue specific responses in monitoring the effects of certain stimuli
and tissue specific feedback expressions by the organism. However, the study shows a relatively
higher number of mRNA expressions reported in digestive gland i.e. hepatopancreas in respect to
the other organs upon conduction of metabolic responses (Liu et al, 2014). For instance,
monitoring the hepatopancreatic tissue specific expression can also provide important
information about some characteristic bioindicator properties.



Digestive gland

Foot

Gills

Figure 1. Anatomy of Anodonta anatina mussel. The blackish region in the upper right corner is the digestive
gland where hepatopancreas is located. The pink muscular region attached to the right and left valves are
the gills. And at the end of each gills, white small region is the foots of the mussels. The picture was taken
with a camera device during dissection of one of the mussel samples of Anodonta anatina.

The figure 1 shows certain tissues that were found rich in mRNA concentration due to external
stress (Franco et al,, 2006) (Moore et al, 2007) and their tissue distribution in mussel. This
indicates important anatomical target areas to extract mRNA for transcriptomic studies in mussel.

1.1.Bioindicators and biomarkers

In ecological studies, a bioindicator can be refer to as indicators of ecological health. Living
organisms that has been used to monitor the changes in ecological environment can also be
defined as bioindicators (Parmar, Rawtani & Agrawal, 2016). Mussels are generally assessed for
bioindicator properties for four important reasons, the first being its sensitivity to pollution and
its bioaccumulation properties to assess water quality. Secondly, the larvae of mussels lives on the
aquatic fishes as parasite indicating abundance of fishes in following freshwater environment.
Thirdly, the diversity and taxonomic richness of mussels influences with the geo-ecological
features of the freshwater and affect taxonomic composition of other organisms living on that
ecological environment. Finally, it helps in habituation for other aquatic organism imposing
impact on planktonic ecosystem (Aldridge, Fayle & Jackson, 2007). Various ecological changes
produce different stresses in aquatic organism which eventually trigger several signaling
pathways causing elevated level of gene expressions enabling a chance to detect the quantitative
measure of the changes. Investigation of these expressed gene type and comparative analysis of
these certain elevated level of expressed genes with the closely related species makes it possible
to predict genes that either directly or passively related to the ecological changes or their lifecycle.
Such genes can also be predicted as potential biomarkers by monitoring their properties, ontology
and characteristics of the gene products (Hoffmann & Willi, 2008).



Studies on mussels as bioindicators has been conducted over the time for their bioindicator
properties (Lepoutre et al., 2020), monitoring bioaccumulation of different pollutants (Sohail,
Khan, Chaudhry & Qureshi, 2016), bioremediation and effect of pollutant exposure (Ugge, Jonsson,
Olsson, Sjoback, & Berglund, 2020). Also some studies has been conducted on family level
composition where Anodonta anatina and Unio tumidus species were involved (Bolotov et al.,
2020). A number of studies on these species has been performed for bioindicator property
investigation within these recent period of time in the field of ecological research and diversity
(Zieritz et al, 2018). Different approaches and sequencing methods has also been applied in this
recent time period to make sufficient data available for advanced research in this fields (Prié et
al., 2020). Many gene expression analysis was also performed with or without external stress
provided on the blue mussel i.e. Mytilus edulis and Mytilus galloprovincialis samples (Moore et al.,
2007). Modern sequencing method mostly uses either Illumina or Nanopore sequencing
technology.

This thesis project was a part of the project “Waterassess Multi-biomarker panel for
environmental impact assessment of wastewater effluents”, a cooperative research project
between Lund University and University of Skdvde funded by the Knowledge foundation. Major
focus of this thesis project was to perform sequencing experiment of mRNA from hepatopancreas
tissue of two mussel species Anodonta anatina and Unio tumidus for identification and
quantification of transcripts expressed in natural condition for comparative transcriptome
analysis. Advanced bioinformatics tools will be used in future projects to perform mRNA
expression analysis of the transcripts that has been identified in this thesis project and will be
compared to those with exogenous pollutant or metal ion exposure for biomarker property
analysis.

1.2. mRNA extraction technology

The cell contains different kinds of RNA, all combined are called total RNA content of the cell.
Extracting mRNA requires capturing only those RNA species that can be coded to functional
protein moiety. However, the extraction of only the coding mRNA is very crucial as majority of
RNA species i.e. rRNA and tRNA in total RNA content of the cell are non-coding. The coding mRNA
constituent of only 1-5% whereas the rest of the 95% is the non-coding RNA out of the total RNA
content of the cell (Mattick & Gagen, 2001). It makes extraction of mRNA more challenging. During
post transcriptional modification, primary transcripts undergoes 3’ polyadenylation where a
number of adenine bases is added by the end of the primary transcript. That makes it a long
poly(A) chain. The poly(A) sequence of mRNA can be targeted to extract coding mRNA out of total
RNA using oligo- DT magnetic beads. In this technique, a chain of oligonucleotide thymidine
attached to a magnetic bead and forms complementarily pairs with the poly(A) tail of the mRNA.
Further, a magnet is used to pull the mRNA bound with magnetic beads out of solution as pellet
and thus washed to be extracted as purified poly(A) mRNA. This method is only applicable to
eukaryotic cells. Prokaryotic RNA does usually not contain a polyA sequence. In such cases rRNA
removal techniques are used to degrade the rRNA and tRNA out of total RNA contents and finally
remaining mRNA is extracted using commercially available kits (Peano et al., 2013).

1.3. Nanopore sequencing technology

Nanopore sequencing technology (ONT) uses small and pocket size device i.e. a MinION device to
sequence DNA and RNA molecules. It provides longer reads compared to other next generation
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sequencing technologies about 10 kb and sometimes even more. It is capable of quick and accurate
sequencing of these long fragment molecules (Lu, Giordano & Ning, 2016). The feature of quick
sequencing allows monitoring and diagnosis of pathogens and faster identification of new species
(Hoenen at al,, 2016). Producing faster sequencing may also aid in dealing with disease outbreak,
producing genome sequences in real time, investigate properties and also identification of target
molecules to minimize the outbreak (Jain, Olsen, Paten & Akeson, 2016). The nanopores are
basically nano-scale holes in an electrically resistant membrane which is embedded into a small
size flow cell that is connected the MinlON sequencing device. These pores contain transporter
molecules that allows biological molecules to pass through the pores and these pores are well
stabilized by array of micro scaffolds. lonic current passes though these pores which create
electrical voltage across the membrane. The sample, which can be either DNA or RNA are first
loaded into the flow cell. Flow cell prepares DNA/RNA- enzyme complex with the transporter
protein and thus directed inwards the small pores. In the nanopore, fragments passes one
nucleotide base at a time across the pore causing temporary changes in the electrical voltage as
described in figure 2. This change in electrical voltage is specific for the unique nucleotide base
and is recorded through the device (Feng, Zhang, Ying, Wang & Du, 2015).
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Figure 2. Figure showing the process of nanopore sequencing technology. The membrane contains
transporter protein, has continuous flow of electric voltage over the pore (A). When nucleotide fragment
comes to the opening of the pore, first nucleotide binds to the transporter protein and it allows the
nucleotide pass through the pore causing a unique change in electric current which corresponds to that
specific base (B). The cycle is repeated for the rest of nucleotide bases in the fragment. After passing the
whole fragment through the channel, it produces a sequential wave of electrical signals indicating the
sequence of the fragment (C).

1.4. Aim

The aim of this thesis was to compare expression of gene in two freshwater mussel species i.e.
Anodonta anatina and Unio tumidus in order to identify potential biomarkers for monitoring of
water ecosystems.

Major objectives of this project was, 1) Generation of sequence data from two mussel species
mentioned using available mRNA isolation method and nanopore sequencing technology on
MinION device. 2) Performing alignment of the sample originated sequenced data originated with
the sequences provided in publicly available database NCBI for transcript identification. 3)
Performing GO analysis of each gene product of identified transcripts to reveal their association
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with various conserved biological processes and response to external stresses which may indicate
characteristic biomarker properties.

2. Materials and Methods

2.1. Sample preparation

The mussel samples were collected from the freshwater lake Nasbadet at Skarvalangen, located
near the Skovde city that belongs to Vastra Gotaland county of Sweden at 6th March 2020. During
the collection of mussel samples the pH of the lake was 6.85 and the lake water temperature was
2 2C. Twenty mussel samples were collected in total where ten of them belongs to Anodonta
anatina species and rest of the ten samples were from Unio tumidus. Seven samples from each
species were dissected within three hours the same day. Hepatopancreas tissues were collected
from each samples followed by immediate storage of the tissues in a solution of RNALater
(Thermofisher) separately in different tube at 49C for further use.

Extraction of mRNA was performed using DynaBeads® mRNA DIRECT™ Kit (Thermo Fisher
Scientific). Two methods for tissue homogenization were compared i.e. TissueLyser LT (Qiagen)
and homogenization with syringe and needle. Initially, 20 mg of the hepatopancreas tissue from
Unio tumidus sample was taken in two separate tubes with 1250 pl of lysis buffer from
DynaBeads® mRNA DIRECT™ Kit (Thermo Fisher Scientific). Then the solid tissue in lysis buffer
was either grinded in liquid nitrogen using a 21 gauge needle and syringe or homogenized with a
TissueLyser LT (Qiagen) to make sample lysate. Different spinning frequency (30 Hertz and 50
Hertz) and run time (40 seconds and 60 seconds) were compared for the optimization of the
extraction using the TissueLyser LT. Finally, a 50 hertz frequency and 40 seconds runtime was
used for the final extractions. However, amount of tissue was increased to 50 mg for the five
samples of Unio tumidus and seven samples of Anodonta anatina.

For extraction of mRNA, DynaBeads® Oligo(DT) pellet collected from 250 pl DynaBeads®
Oligo(DT) (Thermo Fisher Scientific) was suspended in each sample lysate. The mixtures were
incubated in a rotary shaker for 10 minutes at room temperature to allow hybridization of poly(A)
tail of the mRNA with the Oligo(DT) on the beads. After incubation, the mixtures were placed in a
vial magnet for 5 minutes and the pellet of mRNA/beads were collected followed by discarding
the supernatant. The sample was washed several times as per the protocol provided by the
DynaBeads® mRNA DIRECTTM Kit (Thermo Fisher Scientific) and 100 pl of 1x Reverse
Transcriptase buffer from High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific) was used as last wash. mRNA was eluted in 25 pl of 10mM Tris_HCl pH 7.5 at 80 2C in a
RNase-free microcentrifuge tube.

Quantity of the extracted mRNA was assessed on a Qubit 4 Fluorometer (Invitrogen) using Qubit™
RNA HS Assay Kit (Invitrogen) according to the protocol provided with the kit. Quality of extracted
mRNA was assessed using Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific). The
absorbance of 260/280 nm was recorded to check the purity of the mRNA solution. Fragment
Analyzer™ Automated CE System (Agilent) was used to assess the fragment length and quality
using DNF-472 High Sensitivity RNA Analysis Kit, 15 nt (Agilent) according to the protocol
provided with the kit.



2.2.Sequencing Library Preparation and sequencing

For construction of cDNA from mRNA, RT-PCR was performed according to the Protocol (ONT)
provided with PCR-cDNA Barcoding kit (SQK-PCB 109). Only alternative was instead of using only
Maxima H Reverse Transcriptase enzyme (200 U/ul concentration) from Maxima H Minus
Reverse Transcriptase kit (Thermofisher) for all the samples, this enzyme was only used for each
samples of Anodonta anatina species whereas Multiscribe™ Reverse Transcriptase enzyme (50
U/ul concentration) from High-Capacity cDNA Reverse Transcription Kit (Thermofisher) was
used for each samples of Unio Tumidus species. However, same RT buffer recommended by PCR-
cDNA Barcoding kit (SQK-PCB 109) protocol was used for both enzymes. This final mixture was
incubated in RT-PCR program cycle where Reverse Transcription and strand switching step was
performed in 42 2C for 90 minutes and Heat inactivation was performed in 85 2C for 5 minutes in
CFX384™ Real-Time PCR Detection System (Bio-Rad, USA).

cDNA sequencing library was prepared according to the instruction provided with PCR-cDNA
Barcoding kit (SQK-PCB 109). A PCR with a set of total 12 different barcode primers were used
for the 12 individual samples, five samples from Unio tumidus and seven sample from Anodonta
anatina species in order to identify samples after pooling. A reaction mixture for each sample
containing 5 pl of Reverse-transcribed RNA sample, 1.5 pl of 400 nM Barcode primers (BP01-
BP12) from PCR-cDNA Barcoding kit (SQK-PCB 109) each for one individual sample, 0.5 pl of 2
U/ul PCRBIO High Fidelity polymerase from PCRBIO HiFi Polymerase kit (PCRBIO systems), 10 pl
of 1x PCRBIO High Fidelity buffer containing MgCl;, dNTPs, enhancers and stabilizers from
PCRBIO HiFi Polymerase kit (PCRBIO systems) and 33 pl Nuclease-free water was prepared and
subjected to PCR (Table 1).

Table 1. Table describing programming cycle for amplification PCR.

Step Temperature Number of cycle Time
Initial denaturation 95¢C 30 seconds
Denaturation 95¢C 15 seconds
Annealing 62 °C 18 cycles 15 seconds
Extension 65 2C 50 seconds
Final extension 65 2C 6 minutes
Hold 4°C

For purification of desired barcoded cDNA from the PCR reaction mixture, AMPure XP beads
(Beckman Coulter Life Sciences) was added to each reaction mixture according to protocol
provided for cDNA Barcoding kit (SQK-PCB 109). To each reaction tube 1 pl 20 U/pl Exonuclease
1 (New England Biolabs) was added and incubated on HulaMixer and finally eluted in 12 pl elution
buffer (EB) from cDNA Barcoding kit (SQK-PCB 109) on a magnet as per instructions. After elution,
quantity measurement of each eluted sample was carried out on Qubit 4 Fluorometer (Invitrogen)
using Qubit™ dsDNA HS Assay Kit (Thermofisher). Subsequently, 1 pl from the each sample was
pooled together in one reaction tube and the final volume of the pooled cDNA library was 12 pl.
For addition of adapter, 1 ul of Rapid Adapter (RAP) from cDNA Barcoding kit (SQK-PCB 109) was
added.

Sequencing of the cDNA on MinlON device was performed in R9.4.1 Flow cell (FLO-MIN 106D).
Before loading, the flow cell was washed with Flow Cell Wash Kit (EXP-WSH 003A) according to
the protocol (ONT). For priming and loading the MinION Spot on flow cell, instructions provided
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with PCR-cDNA Barcoding kit (SQK-OCA-59) was followed. The standard MinKNOW protocol
script was used for the sequencing. The run time of the MinlOn device was set to 24 hours in 190
voltage without base-calling and the quality score cut off was set to 7.

2.3. Processing of sequencing output data and bioinformatics analysis

Fastq files were generated from sequencing barcodes using automated base call algorithm Guppy
software using version 19.12.5. Quality of the sequencing was assessed using PycoQC software
(Version 2.2).

Non-sequence data was removed from the fastq files using “Regex” function of Python software
but no trimming of barcoding sequence or adapter sequence was performed, since the sequence
data was only used for basic local alignment search tool nucleotide (BLASTn) available at the
National Centre for Biotechnology Information (NCBI). Also no assembly of generated sequence
was conducted. A total of eight fastq-files were chosen randomly from each barcodes where each
barcodes represent a sample from a specific mussel species. For randomization of picking fastq
files, different time period of output file generation and descending file size was taken into
consideration and 97 individual BLASTn search was performed. During BLASTn search, maximum
target sequence parameter was set to 10,000 for each search as the matrix score was too low
below 10000 hits and also it takes a huge time for loading. Also the expected value in BLASTn was
1 for each search. The rest of the BLASTn parameters were kept default. The BLASTn results were
filtered by “Mollusk (taxid:6447)” which displayed the result containing the species belongs to
mollusk phylum. Not all the search produced alignment results and thus were excluded. In case of
Barcode sample 1 which belongs to Unio tumidus species, no result was originated as each file
contained single and short fragment data. In this case, all the fastq-files for this barcode samples
were processed to create sequence only data and then all the data were put together in one file,
which finally used to perform one extra BLASTn search. For analysis of gene ontology QuickGO
(version 2020-08-10) and InterPro (version 81.0) servers were used. In order to study
information about the transcript, secondary database, transcripts from closely related species,
protein activity and proteins active site UniProt was used. In case where no information were
found within the species specification, a different nearby species were used for Gene Ontology
(GO) analysis.

3. Results

3.1. Optimization of mRNA extraction conditions
Selection of an appropriate extraction method and optimization of extraction conditions was
required for achieving relatively pure mRNA with desired concentration. An optimization was
first performed between two commonly used tissue homogenization methods i.e. TissueLyser LT
(Qiagen) and homogenization with syringe and needle using liquid nitrogen in order to select the
suitable method that can used for the mRNA extraction with high yield. After tissue grinding,
mRNA extraction was performed twice followed by quality assessment by Nanodrop 2000
spectrophotometer (Thermofisher) at the absorbance of 260/280 ratio and quantity assessment
by Qubit 4 fluorometer (Invitrogen). Qubit assay showed grinding with syringe method yielded
1.7 ng/ul mRNA while 2.6 ng/ul mRNA was extracted from grinding with TissueLyser LT in
average. Purity measured by Nanodrop (260/280 ratio) for mRNA solution extracted with needle-
syringe method was 2.99 and for TissueLyser LT it was 1.86 in average. As the TissueLyzer LT



gave the better quantity and quality it was selected for the remaining extractions. The results from
the optimization are retrieved by using the qubit and nanodrop as shown in Appendix A.

After selecting TissueLyser LT tissue homogenization method, it was required to optimize the
spinning frequency of TissueLyser and run time.

3.2. Quality and quantity of extracted mRNA
An amount of 50 mg of hepatopancreas tissue for each of the 12 different samples were used for
mRNA extraction according to the optimized procedure mentioned above and also according to
the tissue volume suggested by the protocol provided with DynaBeads® mRNA DIRECT™ Kit
(Thermo Fisher Scientific) and further assessed for quality and quantity measurement. The
overall assessment was designed into three part measurement (Table 2), a) Quantity estimation
with Qubit 4 Fluorometer to measure the concentration of extracted mRNA in the sample b)
Quality of purity of the extracted mRNA with Nanodrop 2000 spectrophotometer at 260/280
absorbance ratio, c) Quality of fragments present in extracted mRNA with Fragment Analyzer™
Automated CE System (Agilent). The sample extraction and quality and quantity measurement
was only performed one during the overall experiment.

Table 2. Values for RNA concentration, absorbance ratio and RNA quanlity number (RQN) is given for each
sample in each row accordingly.

Sample no Concentration of (260/280) absorbance RQN

RNA (ng/ul) ratio
U-1 4.60 2.80 1.1
U-2 4.00 1.70 3.8
U-3 3.20 1.84 1.1
U-4 9.40 2.09 9.4
U-5 8.40 191 8.9
A-1 35.60 2.10 4.2
A-2 30.20 2.20 1.9
A-3 4.20 2.25 1.4
A-4 2.60 1.42 3.0
A-5 51.00 2.20 7.3
A-6 4.00 1.92 2.5
A-7 16.1 1.89 7.5

The result of the quantity assessment shows values between 2.6 ng/ul to 51 in ng/pl. In purity
assessment, six of the sample resulted a 280/ 260 absorbance ratio higher than 2.0. The RQN score
mentioned in table 2 ranges from 1.1 to 9.4 as an indicative measure for RNA fragmentation. The
graphical demonstration of gel image (figure 3) and fragmentation curve (figure 4) reported from
fragmentation quality assessment is used in this study in order to provide a clear picture that what
these values signifies. Also an elaborated explanation for these assessments is mentioned in the
discussion part of this report.

Figure 3 shows a number of strong bands for sample A-2, A-3 and A-6 visible in lower band (<500
nucleotide) region. Also a similarity in relatively low RQN score is observable for all three samples
mentioned. A common type of medium light bands are noticable for sample U-2, A-1 and A-4 with
a medium RQN score. The sample U-4, U-5, A-5 and A-7 exhibit light bands that is slightly visible
in the lower region with a strong band in the 4000 nucleotide region and these sample carries
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relavily high RQN score. But no bands observed for the sample U-1 and U-3 both carrying lowest
RQN score. For this reason, 3 different fragment curve representing different level of RQN score
is given on figure 4 where A) has shown a lots of short RNA fragments ranging fram 100 to 1800
nuceotides and also carries lower RQN score. B) A number of short framgent ranging from 100 to
1800 with a larger density in 4000 nucleotide region with a medium RQN score. C) Very few
number of short fragment around 100 but a high abundance of peaks in higher nucleotide region
ranging from 3800 to 6500 nuceotide region with higher RQN score. In order to analyze the
itegrity of extracted RNAthe library or cDNA was run on an fragment analyzer. High RQN
indicating low fragmentation and low RQN indicating high fragmentation.

Unio-1 Unio-2 Unio-3 Unio-4 Unio-5 d 1 d 2 d d 4 d 5 | o 7 RNA ladder

Figure 3. The gel image generated by ProSize Data Analysis Software after running all the samples in
fragment analyzer. The lane in red in the upper row represents sample wells ranges from well 1 to well 12
while well 13 indicating the RNA ladder. The column showing blue lanes represent band in base pairs
originated from RNA ladder.
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Figure 4. Fragmentation curve of three different sample containing three different RNA quality score is
shown in the figure where A) is the sample anodonta-2 with RQN value 1.9 B) is Unio-2 with RQN score 3.8
and C) is Unio-5 with RQN score 8.9 respectively. In the following figures, size in length of nuceotide
fragment is given on x-axis and relative fluorescence unit (RFU) is given on y-axis. LM corresponds to lower
marker that is 15 nucleotides long. The numerics in blue are the length of fragments detected during
fragment analysis.

3.3. Quality and Quantity assessment of sequence library

It is important to quantify the concentration of each eluted cDNA barcoded sample to record their
final concentration for further understanding of its effect on sequence output quality. Also
qualitative purity of each sample ensures that samples does not contain any contamination.
Quality assesment with Nanodrop at absorbance ratio 260/280 ratio showed that all the samples
in the mixure had shown a value with in the range of 1.8 to 2.0. In case of quantity assessment
with Qubit difference in sample concentration was observed (table 3).

Table 3: Values of concentration written as “Conc.” for each sample is given in ng/pl measurement scale
with 280/260 absorbance ratio as purity index. Here sample title U and A represents the sample from Unio
tumidus and Anodonta anatina species respectively.

Sample U-1 U-2 U3 U4 U5 A1 A2 A3 A4 A5 A6 A7
Conc. 200 168 200 130 171 102 046 022 050 082 153 0.80
Purity 2.00 198 187 192 195 188 180 2.00 187 198 200 185

Concentration of cDNA higher than 1 ng/ul was observed for eight samples where a very low
concentration of cDNA was observed for five other samples. Samples containing low cDNA
concentration were mostly from Anodonta anatina species.
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3.4. Quality control of mRNA sequence data

Sequencing output and performance data was assessed qualititvely with quality control
assessment software PycoQC (Version 2.2). It produces an output that provides information
about the number of reads generated during a sequencing experiment, quality of sequencing,
number of pass reads, average length of fragment present, channel activity during sequencing
reaction and number of reads per barcodes. Table 4 shows a short summery of overall sequencing
run with given number of reads and bases detected, average read length and quality, number of
actuve channel and run duration and finally the number of barcodes detected. Figure 5 shows the
overall summery in channel activity.

Table 4. The sequence run summery generated by quality control assessment software PycoQC (Version
2.2) is shown in this table.

Reads Bases Read Read Active Run Barcodes
length Quality Channels Duration
(Median) (Median) (h)
3,771,813 733,237,130 173.00 8.3 486 24 h 13
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Figure 5. Channel activity during sequencing run is shown with an increasing time period. The overall
summery of channel activity is plotted in a graphical representaion where channel ID is given in x-axis and
experiment time in hour is given on y-axis. The channel activity of each channel ID during the run period
has shown in colors ranging from white to deep dark. Deep dark color indicating the high activity while
white and yellow indicating poor channel activity.

3.5. Data analysis and interpretations
Sequencing with MinION device generates hundreds of fastq files for each barcode samples
(Appendice B). After basecalling with MinKNOW software, total 12 barcode files containing fastq
files of the corresponding sample and one unclassified samples containing fastq files whose
sampling group was uncertain was generated. Due to lack of a complete reference genome for
both species it was not possible to conduct alignment which might directly denote the
corresponding gene or gene product. Instead, BLASTn (Zhang, Schwartz, Wagner, & Miller, 2000)
was used to identify the transcripts present in the sample (Figure 6). BLASTn results showed high
sequence identity above 90 percent for some of the transcripts from some of the closely related
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species. The species that shares highest sequence identities for most of the BLASTn searches are
mostly freshwater mussels from Unionidae family or other nearby species belonging to mollusk
phylum. Species with high sequence identities to samples from both Unio tumidus and Anodonta
anatina species are Sinanodonta woodiana, Cristaria plicata and Hyriopsis cumingii but the
hightest identity was observed for Sinanodonta woodiana. Although, few BLASTn search did not
showed any alignement result but still a number of transcripts were identified from both of the
species samples. These identified transcripts were mostly similar for same species samples but
not so common for the other sampling species. Identified transcripts from Unio tumidus were
shown in Appendix C and transcripts from Anodonta anatina were shown in appendix D.

Enter accession number(s), gi(s), or FASTA sequence(s) &

Database

E—

Query sequence taken from barcode samples

Fusconaia flava 18S ribosomal RNA gene, partial sequence

. Fi ia fl: 18S rib I RNA , partial . o
Accession ID e ST e Alignment score Coverage of Percentage of
- gth: 1240 Number of Matches: 17
lange 1: 41 o GenBank Gra = Mat

of queryto portion aligned identity of
i . - £ "
Aligned query i target sequence query sequence aligned query
sequence with the whole sequence with
target sequence aligned target
- sequence
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sequence
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Figure 6: Figure showing the output generated for one of the query sequence file from barcode sample 12
(A-7). In the figure, query seugence was used for search into nucleotide database and then the generated
result is shown with arrows.

4. Discussion

The main objective of this project was to perform mRNA sequencing experiment on two
freshwater mussel species Anodonta anatina and Unio tumidus taken from their natural habitat
which allows studying the common and uncommon transcripts between the species and their
biomarker properties. The analyzed data originated from this project are discussed below
emphasizing on discussion of the methods that has been used for this project with biomarker
property investigation of the identified transcripts.

4.1. Sample preparation

A good RNA and mRNA quantity and quality was critical for downstream steps in the experimental
procedure and the outcome of the experiment. Hepatopancreas tissue was used for RNA
extraction in this project but this tissue itself contains a large quantity of endogenous
ribonucleases (RNases) (Beintema, Campagne & Gruber, 1973). This enzyme catalyzes the
degradation of cellular RNA into smaller fragments and makes it difficult for extracting intact
fragments of mRNA from the tissue. RNase are thermostable due to presence of its disulphide
bridges and it is very difficult to inhibit its activity. Hepatopancease also have cellular enzymes
that causes self-destruction of cellular molecules through its autolytic properties and causes
fragmentation and destruction of cellular RNA (Beintema et al, 1973). RNase 7, aribonuclease that
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belongs to the superfamily RNase A, were found on healthy human skin and participates in innate
cutaneous defense and exhibits antimiocrobial activity (Rademacher, Simanski & Harder, 2016)
can also contaminate samples through human interaction and cause RNA degradation. In order to
inhibit RNAse activity, an area free from RNase’s was required which was brought by cleaning the
working area with RNase AWAY™ (Thermo Fisher Scientific), an RNase decontamination reagent.
However, result in this study still shows certain fragmentation for some samples (Figure 3 and 4).

Before selecting the suitable extraction kit for mRNA extraction, it was important to optimize the
tissue homogenization method and amount of tissue for extraction. In this case, TissueLyser LT
showed relatively higher yield with higher purity of extracted mRNA than Syringe-needle method.
Also during optimization of the spinning frequency and run time of TissueLyser LT, 40 Hz spinning
frequency for 50 seconds showed relatively higher yield with higher purity (Appendix A). Finally
50 mg of tissue samples were used for extraction of mRNA. Below that amount of tissue sample
the yield was too low for further experiments.

DynaBeads® mRNA DIRECT™ Kit (Thermo Fisher Scientific) is used for mRNA isolation because
the reagents in the kit are maintained RNase free with RNase inhibitory agents. Also the protocol
for this Kit is very flexible to scale up or down to the sample size. This kit allows rapid isolation of
pure polyadenylated mRNA and has a high expected yield (Thermo Fisher Scientific, 2012). The
expected yield for 50 mg of liver tissue is 400 pg of total RNA and 1-5% of the total RNA is the
expected mRNA concentration according to the instruction provided with the kit. A recent study
also uses this kit for mRNA extraction (Engstrom, 2019) and thus was followed in this project.

Qubit™ RNA HS Assay Kit (Invitrogen) used in quantity assessment allows highly sensitive, fast
and easy detection of RNA. It uses very small sample size of 1 pl and produce highly accurate result
for measurement of RNA concentration present in the solution (Invitrogen, 2015). Qubit
assessment on extracted mRNA showed that the concentration of mRNA ranged from 3.20 ng/ pl
to 51.00 ng/ pl. The concentration required for the next step i.e. RT-PCR was 1 ng/ul (ONT, 2019).
That means the concentration present in each sample was higher than the required concentration.
However, the difference in concentration possibly arose from presence of less mRNA in the tissue
sample or due to fragmentation that caused loosing 3’ poly(A) tail (Vermeulen et al.,, 2011).

Nanodrop 2000 spectrophotometer was used for the assessment where absorbance of extracted
mRNA was at 260/280 absorbance ratio indicating the purity of the mRNA present in sampling
solution. The value of 260/280 absorbance ratio higher than 2.0 is considered pure for RNA
solution. Six of the samples including U-1, U-4, A-1, A-2, A-3 and A-5 shows similar absorbance
ratio and can be considered pure. But samples U-2, U-3, U-5, A-4, A-6 and A-7 shows absorbance
ratio below 2.0. This might be possible due to presence of contaminants like protein, phenol,
carbohydrates or other contaminants (Wilfinger, Mackey & Chomczynski, 1997). The kit used for
the mRNA extraction does not contain any reagents with such contaminants but the incorporation
of these contaminants possibly arose from external environment, tissue lysate or association of
other tissue specific contaminants (Peirson & Butler, 2007)

DNF-472 High Sensitivity RNA Analysis Kit, 15 nt (Agilent) used for the fragment quality
assessment uses a very small volume of sample size which is 2 pl and also have a high accuracy
(Agilent, 2020). Fragment analyzer produces an electrophoresis graph from which the RQN
number can be calculated. RQN rates the RNA degradation quality from scale 1 to 10 where 1
considered as highly degraded fragments and 10 corresponds to highly intact mRNA fragment
(Schroeder et al, 2006). The electrophoresis gel image shows visual interpretation of
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electrophoresis run and is used in this report to explain the RNA fragmentation quality. Four
different types of bands is observable from the figure 3 as mentioned earlier, the first type with
strong bands and low RQN score is a clear indication of high RNA fragmentation for corresponding
samples. The second types being moderately light brands and medium RQN score is an indication
of medium fragmentation. Which means, the corresponding samples are neither fully fragmented
nor completely intact. The third type with light band and high RQN score indicates highly intact
RNA fragment. The last type with no bands is a clear indication of highest fragmentation in RNA.
These statements are supported by the fragmentation curve shown in figure 4 where three
different samples were presented with three different RQN and lower to highest RQN indicating
lowest to highest fragmentation depending on the abundance of peaks observable for fragment
sizes mentioned in result section. This difference in fragmentation quality possibly arisen from
the RNase contamination while working with samples. The volume of tissue used also has an
impact on RNA integrity as the higher amount used shows lower the integrity of RNA (Li et al,
2009). Finally repeated freezing and thawing of frozen sample tissue also causes RNA degradation
which can also be the case in here as the extracted samples were kept in freezer below 4°C for
storage and were also used while required for further steps (Florell et al.,, 2001). Fragmentation
in some of the samples can cause generation of low quality sequencing output as explained further
in the discussion below.

No major relationship has been observed for fragment quality with sample concentration and
purity. For example, sample A-1, A-2, A-5 and A-7 shows relatively higher concentration than
other samples where only first three samples has purity higher than 2.0. RQN score for each
sample mentioned is different. Only similarity has been observed between last two samples
mentioned. A similar study also measured RNA integrity number with different RNA
concentration using different quality and quantity assesment methods but no relationship was
observed between RNA concentration and RNA integrity (Wong & Pang, 2013).

According to a study by Ugge et al. (2020) the expected amount of total RNA in 50 mg of mussel
tissue sample is 56.25 pg (90 pg of total RNA was estimated in following study from 80 mg of
sample). This means the expected concentration of mRNA per sample should be within 562.5 ng
to 2810 ng in this study. Most of the sample shows a concentration ranges from 0.3% to 4.5 % of
the expected total RNA quantity. However, the possible reason for few sample with lower
concentration might lies with mRNA extraction method. As Dynabead’s poly(A) based extraction
method only extracts those mRNA that contains fragments containing poly(A) tail, it is possible
that those mRNA that are fragmented and does not contain poly(A) tail at the 3’ end were not
extracted out of total RNA content (Garalde et al.,, 2018).

After extraction, the next step of the project included sequencing library preparation with PCR-
cDNA Barcoding kit (SQK-PCB 109) that allows sample input as low as 1 ng and simultaneously
sequence 12 samples. Two different RT enzymes were used for RT-PCR as mentioned earlier due
to unavailability of enough volume of enzyme required for all of the samples. The protocol (ONT)
for PCR-cDNA Barcoding kit suggested Maxima H Minus Reverse Transcriptase enzyme but the
volume present in Maxima H Minus Reverse Transcriptase kit met the requirement only for
samples of Anodonta anatina species. However, PCR amplification can introduce bias in
sequencing coverage. The types of biases includes, secondary structure and primer dimer
formation, loss of specific RNA species, sample loss due to target specificity, duplication of
sequences (Van Dijk, Jaszczyszyn & Thermes, 2014). Possible effect of PCR bias was assumed in
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this study where low concentration of library cDNA sample was observed (table 3). Such biases
can be avoided by using cluster amplification step instead of PCR step (Kozarewa et al., 2009).

Quality assessment with Nanodrop at 280/260 ratio for cDNA samples ensured the purity of the
samples as all the samples showed a value within the range of 1.8 to 2.0 (Table 3) and absorbance
ratio within this range is considered pure for DNA samples (Wilfinger et al.,, 1997). Quantity
measurement with Qubit showed two different types of concentration variance, the first one being
below 1 ng/pl and second one is higher than 1 ng/ul (table 3). All the samples of Unio tumidus
species and two samples from Anodonta anatina showed a concentration higher than 1 ng/ul.
Possible reason for this difference may arise from sample loss due to PCR bias or usage of different
polymerase enzyme as two different enzymatic unit/pl concentration for two enzymes has been
used. In general, cDNA concentration of 1 ng/ul shows better sequencing output (Oxford
Nanopore Technologies, 2019). Due to low concentration of cDNA for few samples lower than 1
ng/ul, cDNA integrity assessment on cDNA library samples was required. Only one attempt in
quality assessment with fragment analyzer was performed with dsDNA 915 Reagent Kit (35-
5000bp) (Aligent) on cDNA library samples but no result was observed due to presence of
contamination in dilution marker. This problem also caused loss of cDNA library samples. After
one attempt, no further quality assessment was possible to perform with fragment analyzer on
cDNA library samples due to presence of lower volume of the samples than required. Thus, this
caused loss of important data regarding fragment size and quality for cDNA library samples.

4.2. Sequence data output

The sequencing of polyA mRNA was performed using a MinlON and nanopore sequencing
technology (ONT). An average of 943 fastq files (Appendix B) with total number of 3,771,813
number of sequence reads were generated (Table 4). This number of reads generated by the run
is much lower than sequence reads from other similar studies, where a total number of 9,900,000
reads were generated by poly(A) mRNA sequencing with Oxford nanopore technology (Workman
et al,, 2019). However, similar sequence read result cannot be expected from a study conducted
on human or other mammalian animals but there should be 7,000,000 to 12,000,000 sequence
reads in a single run per flow cell with PCR-cDNA sequencing kit (ONT, 2019). Also, the number
of reads generated in this study are also very lower than average sequence reads generated in
general from those that uses illumina sequencing technology for sequencing (Mizrachi, Hefer,
Ranik, Joubert & Myburg, 2010). This might caused from having a highly fragmented sequences
or lower fragment size that is undetectable by the nanopore. These shorter fragments mostly
creates background noise in sequence output rather than meaningful sequencing data which is
usually not detectable by the basecalling algorithm.

The average read length for this sequencing experiment was 173 base pairs (Table 5). But the
fragment lengths produced by nanopore sequencing can exceed 10,000 base pairs (Lu et al,
2016). Some studies showed relatively shorter mediun mRNA fragments of 600-1200 base pairs
with nanopore sequencing (Boldogkéi, Moldovan, Szlics & Tombacz, 2018). The length of
fragment length might depends on the organism and experiement type. A stydy by Ugge et al.
(2020) showed a medium fragment size of 650 base pairs. On the other hand, illumina sequencing
technology generates much shorter fragment sizes than nanopore sequencing technology
(Mizrachi et al,, 2010). Problem with shorter fragment size than expected possibly arose from
impropoer sample storage or its duration and repeated freezing and thawing of frozen mRNA
samples numorous time. The sample preparation started at the beginning of April 2020 and
sequence run was performed in 11t May 2020. Longer shortage period has effect on nucleic acid
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integrity through biolysis (Srinivasan, Sedmak & Jewell, 2002). Also repeated freezing and
thawing of tissue and sample produces bad quality sample (Botling et al., 2009).

Quality assessment on sequncing output showed an avetage sequencing quality score of 8.3 (Table
5). it corresponds to base call accuracy less than 90%. Basically, a read quality of 8.3 means there
is a probability to receive one error nucleotide base read out of every 8.3 nucleotide reads higher
than the cutoff value i.e. sequencing quality score 8 (Tyler et al, 2018). But the current standard
for Oxford nanopore technologies is nanopore sequencing generating a quality score of 10 and
has 90% accuracy of base call. Quality score produced by nanopore technology is very different
from Illumna sequencing technology. Illumina HiSeq 2000 in average produces a quality score
greater than 30 and also has a base call accuracy of 99.9% (Illumina, 2012). This shows that
nanopore sequencing is much more error-prone than illumina sequencing when it comes to base
calling accuracy. Proper guidance for error correction is required (Goodwin, 2015). Also an
average of 943 fastq file generation was observed after basecalling (Appendix B).

During five hour of sequence run, the channel activity was very low indicating low sequence read
during this period (Figure 5). After 10 hours of runtime, the channel activity increased gradually
till next 14 hours. This indicates that highest number of sequence read was received during this
time period. According to product information of R9.4.1 Flow cell (FLO-MIN 106D) each flow cell
should contain 512 active channels. But in this case only 486 channels were active. The possible
reason might be loss of channel activity during washing step or bockage.

4.3. Interpretation and analysis
Due to lack of reference genome from Anadonta anatina and Unio tumidus in publicly available
databases, no trail alignment with reference genome was possible for detection target transcripts.
In case, NCBI BLASTn server was used to identify sequenced transcripts.

Output of BLASTn showed the alignment region of target sequence with the query sequence and
the measurement parameters of the alignment (Figure 6). Expected threshold, alignment score
and sequence identity is the most important factors for identification of homology for a genetic
sequence (Pearson, 2013). A rule of thumb implies an alignment score higher than 50 is always
statistically significant and is sufficient as statistically significant for a database with 7 million
entries thus considered as a minimum threshold. Also the same rule predicts that the sequence
identity higher than 30% and E value less than 0.01 is also always significantly higher also are
minimum thresholds (Pearson, 2013). In this project, minimum alignment score was set to 70, E
value was 1 but all transcripts reported had an e value less than 0.01 and finally all the identified
transcript had sequence identity higher than 30%. However, the cutoff for sequence identity was
found assumed different i.e. 90% in another study (Unneberg, Wennborg & Larsson, 2003). Also
a study used 95% sequence coverage in order to accept transcripts fully reliable (Roberts,
Pimentel, Trapnell & Pachter, 2011). In this study, the sequence output was not merged and highly
fragmented, so in this case sequence identity, Expected threshold and alignment score was
considered for more reliability over sequence coverage.

Comparison between the transcriptome generated from mussel species Anodonta anatina and
Unio tumidus shows common mitochondrial transcripts such as COX I, II and IIl, NADH
dehydrogenase subunit 4 that are part of in aerobic respiratory eletron transport chain (GO:
00019646) and ATP synthase FO subunit 6 that is a part of ATP systhesis process (G0O:0015986)
and combinedly aid in proton pumping process aross the mitochondrial membrane (Michel, Behr,
Harrenga & Kannt, 1998). However these transcripts are highly conserved and common in most
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living oeganism. Ribosomal subunits such as 128, 16S and 28S rRNA found were also common for
both species. But, presence of these rRNA transcripts was unexpected as the extraction method
was specified only for mRNA species. The possible reason for this might be due to contamination
with rTRNA during mRNA purification step. A study also supports the statement that the
optimization of reagent buffer and strictly controlled handling during purification is necessary to
ensure higher purity of mRNA in sequence library sample (Wang, Wang, Zang, Sun & Yang, 2018).

Gonadotropin releasing hormone/ corazonin is the last common transcript found in both species
and this protein is a part of reproduction system (GO:0007275). It is also found involved in central
functions including feeding, locomotion, heartcontrol, and reproduction (Fodor et al., 2020). This
indicates the mussel samples that were going through stresses of reproductive phase.

Sigma-class glutathionine S-transferase, Pi- glutathione S transferase are transcripts that give rise
to protein binding (GO:0005515) protein that plays role to protect cells from oxidative stress and
exogenous toxic compunds (Li, Yang, Huang & Li, 2015) These proteins were identified in different
species in Anodonta anatina and their presence indicates those mussels were experiening
episodes of oxidative stress or toxic exposure. The concept of investigating glutathionine S-
transferases can further be explored for assessment of toxic exposure on agatic environement.

Methallothionein is a type of transcript codes for ion bindidng protein that has been identified
from different samples of Anodonta anatina species. Methallothionein is associated with metal ion
binding (GO:0046872). Association of this protein was reported for protection against metal
exposure and increase metal binding (Roesijadi et al., 1994). Association of this protein was also
reported as indicator of heavy metal exporure in recent studies (Le, Zimmermann & Sures 2016).
Presence of methallothionein indicates exposure of used mussel samples to heavy metal.

The transcrpit for Heat shock protein 70 produces a multifunctional regulatory protein. Major role
of this highly conserved protein is protein folding chaperone (G0:0044183) activity to translocate
protein molecules within cell. It also function as providing protein protection and restoration of
damaged protein. Increased expression of HSP70 has been reported due to cellular and
physiological stress and heavy metal exposure (Kiang & Tsokos, 1998). This transcript was
identified from a sample of Anodonta anatina species. Elevated level of this transcript indicates
cellular stress or metal exposure to the mussel samples. Thus this protein can further be
investigated for bioindicator properties to monitor extracellular stress on aquatic life.

Some other transcripts that are only identified in Anodonta anatina indicates some important
biomarker properties. Some of them found involved in biomineralization process (Calmodulin,
Ferritin 1 and Ferritin 2) as shown in appendix E. Each of these transcripts are very important
indicative of biomarker characteristics.

In summary, comparative transcriptome of Anodonta anatina and Unio tumidus species shows five
common mitochondrial and three ribosomal transcripts along with some non-common transcript
variants with biomarker characteristics which responds to exogenous compounds and stress. The
analysis and interpretations focuses ultimately to investigate biomarker properties in mussels for
monitoring heavy metal or toxic exposure. However, due to low quality sequencing output and
high fragmentation of sequence library caused loss of important transcriptomic data. Error
corrected base calling data for better transcriptomic analysis is needed.
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5. Ethical aspects and impact on the society

The 3R principle (reduction, replacement and refinement) was considered in case of ethical
aspects for this project, (Sneddon, Halsey & Bury, 2017). The reduction principle concerns with
the concept of using as few animals as possible for the research purpose. Although frozen mussels
samples from previous experiments in Hogskolan i Skovde were available for a possible
transcriptomic analysis but due to prolong storage time, the genetic material of the mussel
samples were degraded and found difficult of extract mRNA from rendering tissue. In order to
overcome this problem, fresh samples from freshwater was required and frozen samples had been
avoid for transcriptomic and sequencing analysis. In this project, minimum number of animal
samples i.e five mussels for Unio tumidus and seven for Anodonta anatina was collected for
ensuring enough data for conducting transcriptomic research and check for individual variation.

Replacement principle concerns with the replacement of live animals with other techniques that
do not require live animals. However, in this study, it is impossible to replace the mussels taken
from their natural environment with a non-animal option.

Refinement principle states that pains should be eliminated from the animal samples during
experiment. Nervous system and sense organ of species Anodonta anatina and Unio tumidus are
capable of responding to diverse stimulus but they lack spinal cord and brain. Due to lack of
central nervous system and nociceptors i.e. receptors that responsible for sensing pain, they are
not capable of feeling pain.

Considering the global situation of water pollution with toxic substances and ecosystem damage,
use of mussels can also be motivated as they have been proven as a potential bioindicators. The
two species used, Anodonta anatina and Unio tumidus, are common in Sweden and considered in
the Least Concern-category of the International Union for Conservation of Nature (IUCN) list.
Using appropriate species may open a window to solve this global situation.

6. Conclusion

The major aim of this project was to study the comparative transcriptome of two mussel species
Anodonta anatina and Unio tumidus. Because of complications during sample preparation and
sequencing, the quality of sequence output was not satisfactory. Quality of mRNA fragments was
moderately fragmented, sequence library had lower cDNA concentration and quality of sequence
data had relatively low quality score. Comparison of transcripts identified from sequence output
showed common mitochondrial transcripts and some uncommon transcripts with biomarker
characteristics. Analysis on sequence output also revealed degree of conservation in identified
transcripts between two species. However, unavailability of data and research in the same field
from shared species makes it much challenging for monitoring bioindicator properties. For future
investigation, more planned and careful method selection for sample preparation is required
along with sample handling. In order to improve the accuracy of base calling, error correction
method is recommended. Better quality sequencing and advance bioinformatics analysis may give
a better resolution on investigation of bioindicator characteristics in freshwater mussels.

7. Future perspectives

The pipelines and methods used in this project provides important insights into the areas to
improvise for better quality and quantity of output. In addition, outcome from this project
suggests usage of better extraction method to avoid loss of mRNA concentration and quality. Also
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this project emphasize on performing better base calling algorithm with higher accuracy and
sequence quality followed by using error correction methods. Most importantly, comparative
transcriptomic analysis revealed mitochondrial transcripts in both species along with other
transcripts with possible biomarker properties. Information about these transcript that were
investigated and predicted as potential biomarker can aid in future research to further validate
the result and application.
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10. Appendix

A. Optimization of spinning frequency and Runtime in TussieLyser LT

Optimization of the spinning frequency and runtime in TissueLyser LT tissue homogenization method.

Assay 30 Hz 40 Sec. 50 Hz 40 Sec. 30 Hz 60 Sec. 50 Hz 60 Sec.
Concentration (ng/ pl) 4.1 4.4 3.1 3.2
(260/280) absorbance 1.47 2.00 2.34 2.47

ratio

B. Number of Fastq files generated per sample.

Number of fastq files generated per sample after base calling.

Sample U-1 U-2 U3 U4 U5 A1 A2 A3 A4 A5 A6 A7
Number 298 943 943 943 943 943 943 943 943 943 943 943
of file

C. Transcripts identified from Unio tumidus species

Transcripts identified from Unio tumidus species. Result shown here only from species belonging to phylum
mollusk (exception Coturnix Japonica and parasutterella sp.) and has a alignment score with corresponding
target transcript higher than 70, expected value close to 1. Percentage identity of aligned query sequence
with aligned target sequence is given with the coverage of the query sequence with the target transcript
sequence according to each target transcript in each row along with species source and its accession ID.
Barcode samples represent the source of query sequence.

Target transcript Target Species Accession or mRNA Barcode

identity protein ID of query samples
target cover

12S Ribosomal RNA 84/85 Anodonta GU584015.1 85/570 U-1, U-2
(99%) anatina (15%)

16S Ribosomal RNA 34/35 Parasutterella  MN135768.1 35/4114 U-1, U-2,
(97%) Ssp. (1%) U-4, U-5

28s Ribosomal RNA  80/85 Aculamprotula  MK687417.1 85/791 U-2
(94%) polysticta (11%)

Cytochrome c 84/98 Lamprotula AND82411.1 98/1529 U-2

oxidase subunit I (86%) scripta (6.4)

(Mitochondrial)

cytochrome c 263/286( Unio tumidus AQM37837.1 286/681 U-2

oxidase subunit II 92%) (42%)

(Mitochondrial)

cytochrome c¢ 195/242( Lasmigona ADL62635.1 242/880 U-2

oxidase subunit III 81%) compressa (28%)

(Mitochondrial)
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ATP synthase FO 173/209( Utterbackia ADL62617.1 209/702 U-2

subunit 6 83%) imbecillis (30%)
(Mitochondrial)

NADH 100/105( Unio tumidus AQM37831.1 105/1347 U-2
dehydrogenase 95%) (8%)

subunit 4

(Mitochondrial)

*Gonadotropin 31/32 Lymnaea QIH29241.1 32/360 U-3,U-4
releasing hormone;/ (97%) stagnalis (9%)

corazonin

*Domain containing 30/31 Coturnix XP_015724597.1 31/510 U-5

6 (LYPD6) (97%) Japonica (6%)

D. Transcripts identified from Anodonta anatina species.

Identified transcripts from Anodonta anatina sample. Result shown here were taken from species only
belongs to phylum mollusk and has a alignment score with corresponding target transcript higher than 70,
expected value close to 1. Percentage identity of aligned query sequence with aligned target sequence is
given with the coverage of the query sequence with the target transcript sequence according to each target
transcript in each row along with species source and its accession ID. Barcode samples represent the source
of query sequence.

Transcript Target Species AccessionID mRNA Barcodes
identity query
cover
60s acidic 61/72 (85%) Pomacea XP025090121.1 72/118 A-1
ribosomal protein canaliculata (61%)
P1-like
*Gonadotropin 32/33 (97%) Lymnaea QIH29241.1 33/360 A-1,A-3
releasing stagnalis (9%)
hormone/
corazonin
NADH 289/311 Anodonta AVI15553.1 311/489 A-1
dehydrogenase (93%) cygnea (64%)
subunit 6
(Mitochondrial)
Cytochrome C 378/411(92%) Anodonta AGS18010.1 411/681 A-1, A-2,
Oxidase subunit II anatina (60%) A-3, A4
(Mitochondrial) A-7
18S Ribosomal 558/621 Fusconaia KX342024.1 621/1240 A-1, A-2,
RNA (90%) flava (50%) A-5,A-7
*Sigma-class 247/269 Sinanodonta ~ AQW43003.1 269/612 A-1,A-3
glutathionine S- (92%) woodiana (44%)
transferase
*Ferritin 1 189/208 Sinanodonta ADZ04888.1 208/525 A-1, A-4
(91%) woodiana (40%)
*Ferritin 2 189/208 Sinanodonta AEK27025.1 208/525 A-1, A-4
(90%) woodiana (40%)
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NADH
dehydrogenase
subunit 4
(Mitochondrial)
128 Ribosomal
RNA

16S Ribosomal
RNA

*Pi- glutathione S
transferase
Trypsin-
protein
*Calmodulin
(CaM)
Alpha- amylase

like

Phage lysozyme 1

Cytochrome C
Oxidase subunit I
(Mitochondrial)
Cytochrome C
Oxidase subunit I11
(Mitochondrial)
ATP synthase FO
subunit 6
(Mitochondrial)
28S Ribosomal
RNA
Tropomyosin

NADH
dehydrogenase
subunit 2
(Mitochondrial)
*Methallothionein

*Heat shock
protein 70 mRNA
Beta-actin

Elongation factor
1- alpha
Y-box protein

112/116
(97%)

502/592
(85%)
182/192
(95%)
282/307
(92%)
340/393
(87%)
321/345
(95%)
370/467
(79%)
131/144
(91%)
335/354
(95%)

321/337
(95%)

354/373
(95%)

240/278
(86%)
70/85 (82%)

254/309
(92%)

302/361
(84%)
350/388
(90%)
498/593
(84%)
279/309
(90%)
285/300
(95%)

Anodonta
cygnea

Anodonta
anatina

Anodonta
anatina

Cristaria
plicata
Hyriopsis
cumingii
Hyriopsis
cumingii
Hyriopsis
cumingii
Cristaria
plicata
Anodonta
anatina

Anodonta
anatina

Anodonta
anatina

Anodonta
cygnea
Saccostrea
glomerata
Anodonta
anatina

Unio tumidus

Sinanodonta
woodiana

Fusconaia

flava

Fusconaia
flava
Hyriopsis
cumingii

AVI15554.1

GU584012.1

MF781083.1

ADMS88875.1

AEB70966.1

ACI22622.1

AGW45296.1

ALL27411.1

AGS18009.1

AGS17980.1

AGS18007.1

AM779650.1

AVD53650.1

AGS18013.1

ABP01350.1

AMR60410.1

ANY58936.1

ANY58937.1

AIT55908.1

116/1347
(9%)

592/1347
(44%)
192/1310
(15%)
307/618
(50%)
393/864
(45%)
345/450
(77%)
467/1572
(30%)
144/468
(31%)
354/1542
(23%)

337/780
(43%)

373/780
(48%)

278/1487
(19%)
85/855
(10%)
309/966
(32%)

361/413
(87%)
388/1974
(20%)
593/1048
(57%)
309/1113
(28%)
300/690
(43%)

A-1,A-4

A-1, A-4,
A-5,A-7
A-1, A-4,
A-5,A-6
A-2

A-2

A-2

A-2

A2, A3,
A-4

A-2, A-3,
A-4

A-2,A-4

A-2,A-5

A-3,A-4

A-4

A-7

A-7

A-7

A-7

E. Gene ontological information of the identified transcripts.

27



Molecular functions of each transcripts identified from both species are given here along with the biological
processes they are involved in. Here N/a means not applicable as not all the transcripts are involved in

biological process and are thus can be called multifunctional protein.

Transcript

Biological process

Molecular Function

ATP synthase FO subunit
6 (Mitochondrial)
Gonadotropin releasing
hormone/ corazonin

Domain containing 6
(LYPDG6)
60s acidic ribosomal

protein P1- like
Sigma-class

glutathionine S-
transferase, Pi-
glutathione S
transferase

Ferritin 1, Ferritin 2
Trypsin- like protein

Calmodulin (CaM)
Alpha- amylase
Phage lysozyme 1
Tropomyosin

Methallothionein
Heat shock protein 70

Beta-actin

Elongation factor 1-
alpha

Y-box protein

ATP synthesis coupled proton
transport (G0:0015986)

multicellular organism
development (GO:0007275)

Wnt/beta-catenin
(Ozhan etal., 2013)

Translational
(GO:0006414)

N/a

signaling

elongation

Iron ion transport (GO:0006826)

Protein metabolic process
(G0:0019538)
Calcium-mediated signaling

(G0:0019722)

Carbohydrate metabolic process
(G0:0005975)

peptidoglycan catabolic process
(G0:0009253)

N/a

N/a
N/a

N/a

Translational
(GO:0006414)

N/a

elongation

Proton transmembrane
transporter activity (GO:0015078)

Hormone activity (GO:0005179)

Acetylcholine receptor regulator
activity (G0:0030548)

Structural constituent of ribosome
(GO:0003735)

Protein binding (G0O:0005515)

Ferric iron binding (GO:0008199)
Serine-type endopeptidase activity
(G0:0004252)

Calcium ion binding (G0:0005509)

Alpha-amylase activity (releasing
maltohexaose) (G0:0103025)
Lysozyme activity (GO:0003796)

Regulation of muscle contraction

(IPR000533)
Metal ion binding (GO:0046872)
protein folding chaperone

(G0:0044183)

Formation of filaments of
cytoskeleton (IPR020902)
Translation  elongation
activity (GO:0003746)

Nucleic acid binding (G0:0003676)

factor
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