
1 

 

 

 

 
Master Thesis 

 

 

 

Comparison of DNA extraction methods from 

archived samples for “long-read” sequencing 
techniques 

 
 

kErcbayRr niretakE 
 

 

 

 

 

 

 

 

 

 

 

 

 

Bremerhaven, 8.05.2017 
 



2 

 

A thesis submitted for the degree of 

Master of Science in Biotechnology 

to Bremerhaven University of Applied Sciences, Germany 

 

 

 

 

 

 

 

1
st 

 Evaluator:  Prof. Dr. Stefan Johannes Wittke 

   Hochschule Bremerhaven , FB1 

   An der Karlstadt 8, 27568 

 

 

 

2
nd

 Evaluator:  Prof. Dr. Svein-Ole Mikalsen 

   University of the Faroe Islands 

   J.C. Svabos gøta 14 

 FO-100 Tórshavn  

 

 



3 

 

Declaration 

I hereby certify that this thesis has been composed by me and is based on my own work, 

unless stated otherwise. Material from the published or unpublished work of others, which is 

referred to in the thesis, is credited to the authors in the text. This work has not been 

submitted to any other degree. 

 

Name: Ekaterina Ryabchuk 

 

Signature: 

 

Date: 08.05.2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

Acknowledgments 

First I would like to thank my supervisor Prof.Dr. Svein-Ole Mikalsen at the University of 

Faroe Islands for his scientific guidance, patience and encouragement throughout my 

internship. 

Also I am very grateful to Prof. Dr. Stefan Johannes Wittke, University of Applied 

Sciences Bremerhaven for making my internship possible and supporting me. 

I express my great gratitude toPh.D. studentSunnvør Klettskarð í Kongsstovu, Amplexa, 

for making the Maxwell®16 Tissue Purification Kits and Maxwell®16 Instrument as well as 

the MinION sequencer available and her help in running of these instruments. 

My special thanks are extended to Dr. Maria Dam, ytn ga neeiv rhvnEh navhtvhivrøvhmU 

of Faroe Islands) and to Dr. Eydna í Homrum, Havstovan (the Faroese Marine Research 

Institute), for the providing the samples for my experiments. 

I would like to thank all members of the working groups at the research park “iNova” for 

the assistance during laboratory analyses. 

I would like to thank the University of Faroe Island for the material and technical support of 

my experiments. 

Finally, I wish to thank my parents and friends for all their support throughout my study. 

 

 

 

 

 

 

 

 

 

 



5 

 

Abstract 

The University of Faroe Islands and collaborating organizations set an aim to collect the 

information about genomes sequencing of animals inhabiting the territory of islands as well 

the costal water around the islands. For this study is necessary to collect the information about 

the genomes of vast kinds of species. To realize these purposes sequencing techniques with 

high – throughput and appropriate price are required. 

Next generation sequencing technologies become more and more popular in scientific 

researches with their application to high – throughput analysis of biological systems. Isolation 

of pure, intact, double stranded, concentrated and not contaminated genomic DNA is 

prerequisite for successful and reliable large scale genetic analysis. In the present study, 

numbers of different DNA extraction techniques were examined to estimate their 

effectiveness for intact DNA extraction from preserved tissues of different fish species and 

whale. Four commercial DNA extraction kits as well in house developed methods were 

applied. The quality and quantity of the differentially extracted DNA was subsequently 

assessed by spectrometric measurements and gel electrophoresis. Extraction results revealed 

significant differences in quantity and quality of obtained DNA. Among applied techniques 

only heat induced methods showed its potential to extract DNA in demand quality from 

diverse samples. DNA obtained with other DNA extraction approaches had signs of 

degradation or was highly contaminated with proteins or chemical agents and did not meet 

requirements of set standards for the next generation sequencing. Furthermore, it was 

experimentally determined, that treated otoliths (which could be a source for historical DNA) 

are not appropriate as a reliable source of the DNA due to their acellular structure.  
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Zusammenfassung 

Das Ziel der Universität der Färöer-Inseln und der Kooperationsorganisationen war es, 

Informationen über Genom- Sequenzierung von Tieren zu sammeln, die sowohl das Gebiet 

der Inseln als auch das Wasser um die Inseln bewohnen. Für diese Studie war es wichtig, 

Informationen über die Genome einer großen Anzahl der Spezies zu sammeln. Hierfür waren 

Sequenztechniken mit hohem Durchsatz/Leistungsfähigkeit und angemessenem Preis 

erforderlich. 

Sequenzierungs- Technologien der nächsten  Generation kommen in wissenschaftlichen 

Projekten aufgrund von hohem Durchsatz/Leistungsfähigkeit immer mehr zum Einsatz. Die 

Isolierung von reiner, intakter, doppelstrengiger DNA ist Voraussetzung für eine erfolgreiche 

Genotypisierungs- Analyse. In der vorliegenden Studie wurden verschiedene DNA-

Extraktionstechniken untersucht, um ihre Wirksamkeit für die intakte DNA-Extraktion aus 

konserviertem Gewebe verschiedener Fischarten und Wale zu beurteilen. Es wurden vier 

kommerzielle DNA-Extraktionskits sowie betriebsinterne Methoden angewendet. Die 

Qualität und Quantität der extrahierten DNA wurde anschließend durch 

photospektrometrische Messungen und Gelelektrophorese beurteilt. Die verschiedenen 

Extraktionstechniken führten zu  signifikanten Unterschieden in der Menge und Qualität der 

extrahierten DNA. Von den angewandten Methoden zeigten zwei Extraktionstechniken 

(HotSHOT und wärmeinduzierte Methode) ihr Potenzial, DNA in erforderlicher Qualität aus 

verschiedenen Proben zu extrahieren. DNA, welche mit anderen Extraktionstechniken 

erhalten wurde, zeigte Anzeichen eines Abbaus oder war stark mit Proteinen oder chemischen 

Mitteln verunreinigt und somit für die spätere Sequenzierung unbrauchbar.  
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1 Introduction 

This work is a part of a project conducted at the University of Faroe Islands and collaborating 

institutions, and aims to generate freely available information about the genomic sequence of 

different organisms inhabiting the territory of the Faroe Islands and water area around islands. 

For this and other purposes (environmental monitoring, stock assessments, population 

genetics) there is a big collection of different species collected during different time intervals 

and stored frozen at -80 °C. The samples are archived by the different institutions in the Faroe 

Islands, and can be used as sources for genetic materials. 

The technical development has made large – scale sequencing more and more achievable even 

for smaller laboratories and research groups. Among latest developments in sequencing 

techniques is the commercialization of nanopore sequencing. The MinION nanopore 

sequencer is a system that makes rapid, real-time, long-read sequencing within the reach of 

nearly any laboratory, although the capacity and accuracy for this particular system is still 

quite low. Nanopore-based DNA analysis is a single-molecule technique [30]. The common 

short - read next generation sequencing (NGS) technologies (of which Illumina has the 

biggest market shares) cannot unambiguously assemble repetitive elements that are longer 

than sequencing read length into a single contig. This assembly problem generates numerous 

contigs and leaves many gaps in whole genome. For example, currently gap closure requires 

extensive, post-sequencing, laboratory based analysis, which can take several months. DNA 

sequencing using nanopore technology is an alternative method for producing long read 

sequence data [3]. The other main technology for long-read sequencing is PacBio‘s SMRT, 

which is much more expensive, but at present has higher quality than nanopore sequencing 

[26, 80]. 

Genome sequence analysis with the nanopore system requires of very pure DNA that is 

double stranded and has long lengths. In other words, the DNA should be not fragmented into 

smaller pieces during the purification process. To achieve high quality de novo genome 

assemblies, the sequencing must be repeated several times with different approaches, for 

example combining short-read sequencing and long-read sequencing. Thus, higher quantities 

of DNA would be required. 

In achieving high quality DNA, the extraction/purification methods obviously play a pivotal 

role. The problem is that there are no common and simple procedures for genomic DNA 

extraction that can be used on a large scale for different eukaryotic organisms, which enable 

permanent DNA isolation in good quality and quantity. Thus, different samples may require 
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different protocols. The overview of used DNA extraction and purification techniques is given 

in the next sections. 

1.1 DNA extraction techniques 

1.1.1 Classification of cell disruption processes  

Generally, successful nucleic acid purification requires four important steps [20]: 

- effective disruption of cell tissue (for enabling the extraction of DNA); 

- denaturation of nucleoprotein complexes (to avoid high amounts of protein together 

the DNA); 

- inactivating of nucleases (to avoid degradation of DNA); 

- avoiding contamination (not only endogenous constituents like protein, lipids, etc., 

but also of foreign DNA). 

Often it is desirable to have the DNA free of RNA, or RNA free from DNA. Quality and 

integrity of the isolated nucleic acid may directly affect the results of the subsequent work. 

The nature of cell disruption process may influence the extent of DNA recovery, ease of the 

subsequent purification step and the quality of the final product [27]. A wide variety of 

methods have been described for the preparation of total DNA and RNA from eukaryotic cells 

[65, 66, 13]. The methods can be classified as physical, chemical or biological [27]. The 

overview of cell disruption techniques is summarized in Figure 1. 

 

Figure 1: Classification of cell disruption techniques. 

Mechanical disruption 

The main principle of the mechanical cell disruption methods is that the cells are being 

subjected to high pressure, abrasion with rapid agitation with beads, or ultrasound. Some 

methods of disruption are cavitation, shearing, impingement, or combination of those [24]. 
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Intensive cooling of the suspension after the treatment is required in order to remove the heat 

that was generated by the dissipation of the mechanical energy. 

Non-mechanical physical methods 

There are several physical methods to lyse the cells, which include thermolysis, osmotic 

shock and decompression. In case of thermolysis, extremes of temperature (high temperature 

shock or freezing and thawing cycles) cause cellular stress and the cell undergoes the 

molecular changes und cell membrane breaks [50].During decompression, the cell suspension 

is mixed with pressurized subcritical gas, which enters the cell and expends on release, 

causing the cell disruption [27]. In case of osmotic shock, cells are first exposed to either high 

or low salt concentration. Then the conditions are quickly changed to opposite conditions, 

which lead to osmotic pressure and cell lysis [55]. 

Non-mechanical chemical and enzymatic methods 

In addition to physical and mechanical methods, several chemical methods for cell disruption 

exist. These methods rely on utilization of chemical substances or enzymes in disruption 

process. The mechanisms of actions are multiple, but the most widely used methods act by 

destroying the cell wall by digestive enzymes or chemicals such as detergents or chaotropic 

agents. Detergent cell lysis is a milder and easier alternative to physical disruption of cell 

membranes, although it is often used in conjugation with homogenization and mechanical cell 

disruption techniques [27]. There is no standard protocol available for selecting a detergent to 

use for the membrane lysis. In general, nonionic and zwitterionic detergents are milder and 

less denaturing than ionic detergents. Some studies [6] showed the effect of non-ionic Triton 

X-100 in cell disruption, which solubilizes proteins from membrane fragments [32]. In 

contrast, ionic detergents (Sarkosyl, sodium dodecyl sulphate (SDS)) are strong solubilizing 

agents and tend to denature proteins, thereby destroying protein activity and function [22]. 

Ionic detergents bind to the membrane proteins and causes drastic conformational changes 

and loss of the structure [31]. 

Further agents that are effective in chemical cell disruption are chaotropic agent. Chaotropic 

agents disrupt hydrogen bonds in proteins causing its denaturation [16, 27]. The common used 

chaotropic agents for cell lysis are urea and Guanidinium thiocyanate (GuSCN). 

Digestive enzymes are used to archive cell lysis. The applicability of different enzymes will 

be determined by the distinctly different biological material, e.g. eukaryotic cells. By the 

DNA extraction is commonly used enzyme proteinase K (serine protease) which cleaves 
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proteins after the cell lysis. Addition of proteinase K to nucleic acid rapidly inactivates 

nucleases. This protease is stable over a wide pH range (4-12) and is active in the presence of 

protein denaturing agent such as SDS, urea and EDTA [33]. The main function of SDS, urea 

and other denaturing agents is dissolving of lipid layer and action also as protein denaturing 

agent. And therefore most kit system combine detergents and Proteinase K. Protein unfolds 

increases the accessibility to the proteinase resulting in increased proteinase K efficiency [33]. 

1.1.2 Commercial kits 

Parallel with classical DNA extraction techniques nowadays there are commercially available 

DNA extraction kits. They differ in costs and cell lysis methods. Depending on the sample 

type an appropriate DNA extraction kit can be chosen. Generally the isolation of DNA with 

“ready to use” kits starts by adding the sample to a lysis buffer usually containing chemical 

agents such as detergents or (and) chaotropic compounds to dissolve cell membranes. Many 

of the commercial protocols based on the biological cell disruption using enzymes like 

proteinase K (for eukaryotic cells) or lysozyme (for east and bacterial cells) to digest the cell 

membrane. The chemical agents and enzymes can be combined to gain higher cell disruption 

ratios. After lysis, the DNA is purified by separating it from the complex lysate, which 

contains non-DNA cellular material such as RNA, lipids and proteins. Further DNA 

purification can be performed using solvent based or column - based protocols. The DNA 

purification by using spin column is based on the ability of DNA to bind silica in the presence 

of high concentrations of chaotropic salts [5]. The removal of these salts from the solution 

containing DNA occurs with an alcohol - based wash with following DNA elution in low-

ionic-strength solution. Thus, a high concentration of salt helps DNA to adsorb onto silica, 

and a low concentration releases the DNA. The binding of DNA to silica is caused by 

dehydration and hydrogen bond formation, which competes against weak electrostatic 

repulsion [54]. 

1.2 Nanopore-based sequencing technology 

A nanopore is a nano-scale hole. The sequencing device in the nanopore applies a current 

across a membrane with nanopores and measures the changes in current as biological 

molecule pass through nanopore. The information about the change in current can be used to 

identify the molecule [23, 69]. Nano-scale holes can be created by proteins puncturing 

membranes (biological nanopores) (Fig. 2) or holes in solid materials (solid state nanopores) 

(Fig.3) [19]. 
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1.2.1 Biological transmembrane protein channels  

Biological nanopores, also called transmembrane protein channels, are usually inserted into a 

substrate, such a planar lipid bilayer or other polymer films. Such pore-forming proteins are 

found in nature. There are three well-studied biological nanopores. 

1. The protein 𝜶 – hemolysin (α-HL) (Fig. 2 A) and similar protein pores are often found as 

parts of bacterial toxins, and they act as channels for ions or molecules to be leaking in and 

out of cells, often causing the destruction of the target cells. α-hemolysin is a heptameric 

protein pore consisting of a 3.6-nm diameter cap and a 2.6 nm diameter transmembrane β-

barrel. The nanopore structure is highly stable at temperature close to 100°C within a wide 

pH range (pH 2-12) [69]. 

2. Mycobacterium smegmatis porin A (MspA) (Fig. 2 B) is powerful nanopore for reading 

information from nucleotides. The channel of the MspA octamer is relatively small and 

narrow (~1 nm minimal diameter) in comparison to α-HL. MspA is very robust and 

preserves its channel activity even under extreme conditions, such as pH values varying 

from 0 to 14 and temperature up to 100°C [7]. 

3. Bacteriophage phi29 (phi29) (Fig. 2 C) is a nanopore for double for double stranded DNA 

(dsDNA).The connector protein can easily self-assemble to form a stable and repetitive 

dodecametric structure in solution. The length is about 7 nm. The phi29 connector channel 

shows stable channel properties under a wide range of pH conditions. Compared to α-HL 

and MspA, the phi29 pore has larger diameter, which allows for the measurement of larger 

molecules, such as dsDNA, complexes DNA, and proteins [73, 5]. 
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Figure 2: Side and top view of three biological nonopores. A. Heptameric α-hemolysin toxin from Staphylococcus 

aureus. B. Octameric MspA porin from Mycobacterium smegmatis. C. Dodecamer connector channel from 

bacteriophage phi29. 

(Source: http://www.sciencedirect.com/science/article/pii/S1672022915000133). 

1.2.2 Solid-state nanopores 

A solid-state nanopore is typically a nanometer – size hole formed in a synthetic membrane 

(usually SiNx, SiO2 or Al2O3). Solid nanopores have advantages over the biological nanopore, 

such as chemical, thermal, and mechanical stability, size adjustability, and integration.  

1. Si3N4 and SiO2 films have been widely used as substrates because of their low mechanical 

stress and high chemical stability. Si3N4 and SiO2 substrates exhibit good performance in high 

concentrations of an electrolyte solution. These pores were used to detect DNA molecules but 

DNA sequencing has not yet been demonstrated [74]. 

2. Compared to SiO2 and Si3N4 films, Al2O3 films show better characteristics (improved 

electrical performance, a higher signal-to-noise ratio, and lower noise during DNA 

translocation). The DNA trans-location speed is slower through Al2O3 nanopores than through 

Si3N4 nanopores, which is attributed to the strong electrostatic interaction between the 

positively-charged surface of Al2O3 and the negatively-charged dsDNA molecules [28]. 

http://www.sciencedirect.com/science/article/pii/S1672022915000133
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Figure 3: Solid state nanopores. A. Top view of single 2-nm diameter nanopore in silicon nitride membrane. B. Arrays 

of 18-nm nanopores in diameters. C. 200-nm wafers patterned in a matrix of metal nanopore devices. 

(Source: http://www.sciencedirect.com/science/article/pii/S1672022915000133). 

1.2.3 The Oxford Nanopore MinION 

The MinION is a real time DNA sequencer. The nanopore sequencing array, 2048 nanopores 

in groups of 4, is imbedded into a disposable flow cell which plugs into the MinION (Fig. 4). 

Up to 512 pores may be used for sequencing, in parallel, at ~30 bases/sec. Pores may remain 

active and sequencing for 48 h. Sequence lengths of 100 kb and above can be achieved [82]. 

The Oxford Nanopore MinION detects single stranded DNA molecule. The nanopore is 

located in an electrochemical chamber separated into cis- and trans-compartments, each 

containing conducting buffer. Under an applied voltage, electrolyte ions flow through the 

nanopore, which is measured as current in the electrical circuit [28]. 

The MinION pore is a genetically engineered α-hemolysin pore. Water soluble α-hemolysin 

monomers self-assemble on a membrane into a heptameric oligomer which penetrates the 

membrane. The α-hemolysin channel typically carries a current of about 30 pA at 125 mV 

transmembrane voltage in 1M KCl [53]. It allows the translocation of single stranded DNA or 

RNA, but not double stranded DNA. 

The important step in nanopore sequencing is a preparing of the input DNA. A master mix of 

adapters is ligated to the DNA [39]. They produce the complex of dsDNA, blocking oligomer, 

motor protein, primer, hairpin adapter and tether. A dsDNA with only the blocking oligomer 

and motor protein adapter (leader adapter), attached to either 1 end or both ends, can bind to a 

pore and a single strand of the DNA will be read (1D read) [74]. If the sample preparation 

includes the adding of hairpin loop to one end of dsDNA, both strands of double-stranded 

DNA molecule can be analyzed (2D read) [19]. With a tether adapter dsDNA molecule binds 

to the synthetic membrane, what allows increasing its concentration close to the pore and the 

http://www.sciencedirect.com/science/article/pii/S1672022915000133
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rate of capture [73]. Each adapter generates a unique current signal used to aid base calling 

[29]. 

 

 

Figure 4: (A) MinION (B) flow cell (C) nanopore array.  

(Source: https://synapse.koreamed.org/DOIx.php?id=10.4167/jbv.2015.45.4.285&vmode=PUBREADER#!po=2.17391) 

 

 

 

 

 

 

 

 

 

 

https://synapse.koreamed.org/DOIx.php?id=10.4167/jbv.2015.45.4.285&vmode=PUBREADER#!po=2.17391
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2 Objective of this work 

The techniques for the DNA extraction from different kind of tissues are well worked out. It is 

not the intention of this work to review multiple possible DNA extraction methods and try to 

apply them in practice. Generally the principles of DNA extractions from tissue are mainly 

based on the techniques described above (see 1.1). Often two techniques for example 

mechanical and enzymatic lysis are combined to improve the efficiency of the cell disruption. 

However the literature of DNA isolation from archived fish tissues is not vast and researchers 

in the Faroe Islands have little or no experience with isolating DNA from archived materials. 

The aims of this study are the examination and determination/develop of the DNA extraction 

techniques having a potential for use as a standard DNA extraction protocol for the routine 

isolation of intact DNA from the samples of different eukaryotic organisms; further narrows 

the focus to the extraction technique with the best qualitative and quantitative results and its 

optimization. The additional goal of this work is testing of different simulated tissue 

preservation methods and comparative evaluation of its impact on the quality and quantity of 

obtained DNA. 

This analysis will be performed by different commercially available kits and in-house 

developed DNA extraction/purification methods using archival soft (fillet, liver, heart) and 

hard tissue (fins, skin, otoliths) of different fish species (herring, mackerel, cod) and whale. 

The obtained DNA will be evaluated in terms of its quantity, purity and integrity. Some of the 

DNA samples will be analyzed by the Oxford Nanopore MinIONs sequencing system which 

can produce long reads of single-stranded DNA molecules. The obtained results will be 

discussed and compared. 
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3 Materials and methods 

3.1 Sample Collection 

To investigate the influence of different preservation techniques on the DNA quality and 

quantity two strategies of sample collecting were applied. In the first case intact individuals of 

Atlantic herring (Clupea harengus), Atlantic mackerel (Scomber scombrus) or Atlantic cod 

(Gadus morhua) had been stored frozen at -20 to -50 °C for various periods of time (time was 

not defined) and sampled for skin, fins, liver, heart and fillet tissue. Tissue samples of long 

finned pilot whale (Globicephala melas) had been stored at -20 to -25°C. In the second case 

fish and whale tissues were previously conserved in 75 % ethanol and stored at – 20 °C for 2 

months [10, 88]. Otoliths from Atlantic cod (Gadus morhua), North Atlantic haddock 

(Melanogrammus aeglefinus) and ling (Molva molva) were obtained from the Faroese Marine 

Research Institute (Havstovan, Torshavn) and stored at room temperature. 

3.2 Centrifugation 

Extracted DNA or organic debris was pelleted by centrifugation. Centrifugation was carried 

out in centrifuge “Sigma ®” (Sigma Laborzentrifugen GmbH, 3-30 US9, Osterode am Harz, 

Germany). For small sample volumes of 1.5 – 2 ml was used rotor type “12154”. The 

centrifugation of bigger amount of samples carried out in 50 ml falcon tubes with a rotor type 

“12159”.  

3.3 Determination of DNA amount and purity 

Amount and purity of extracted DNA from tissues was assessed using a 

NanoPhotometer™Pearl (Implen GmBH, Munich, Germany) (Fig 5 A) according to the 

manufacurer’s instruction. The ratio of absorbance at 260 nm and 280 nm according to 

Warburg-Christian method [83], was set to assess protein contamination while the ratio of 

absorbance at 260 nm and 230 nm [2, 86] indicated the residual chemical contamination from 

nucleic acid extraction procedure. A 260/280 nm ratio of 1.8 is generally accepted as “pure” 

for DNA; a 260/230 nm ratio for “pure” DNA is expected in the range of 2.0-2.2 [2]. Both 

spectrometric measurements constituted criteria for DNA quality. For this purpose, 1.7 μl of a 

sample was pipetted onto the top of the submicroliter measurement cell, covered with an 

appropriate lid and measured.  

During the process of DNA preparation for the nanopore sequencing, the input mass of 

nucleic acid was assessed using Qubit 3.0 flourimeter (Life Technologies, Carlsbad, CA, 

USA) (Fig. 5 B) as described in Nanopore Sequencing protocol (see 3.9). The Qubit 3.0 
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flourimeter (Life Technologies) calculates concentration of nucleic acids based on the 

fluorescence of the dye which binds to double stranded DNA (dsDNA). The Qubit 

fluorometer picks up the fluorescence signal and converts it into a DNA concentration using 

the concentration DNA standards (Qubit Assay Kit, Life Technologies, Carlsbad, CA, USA). 

Working solution, standards and user samples were prepared according to the manufacturer‘s 

instruction. 

 

Figure 5: A. NanoPhotometer™Pearl (Implen); B. Qubit 3.0 flourimeter (Invitrogen, Life technologies). The figure 

shows the pictures of nanophotometer “Pearl” and flourimeter “Quibit 3.0” were used to determinate quality and purity of the 

extracted DNA. 

3.4 DNA Extraction Methods 

Four commercially available DNA extraction kits DNeasy Blood & Tissue (Qiagen, Hilden, 

Germany); JetQuick™DNA Purification (Genomed, Löhne, Germany); PureLink® Genomic 

DNA Kit (Invitrogen, Carlsbad, CA, USA) and DNAzol (Invitrogen) as well as in house-

developed methods based on the previously published protocols [9, 35, 43, 47, 62, 79] were 

applied to isolate DNA from hard tissue (fins and skin), soft tissue (fillet, heart, liver) and 

otoliths. The amount of tissues used as a source of genomic DNA was approximately 20-70 

mg for the soft tissues (fillet, heart, liver) and 10-20 mg for the hard tissues (skin, fins). In 

case of procedure deviations from the origin protocol, these modifications were mentioned 

and described in appropriate chapter. The DNA extraction with commercial kits was 

performed according to the manufacturer‘s protocols. The quantity and purity of DNA 

extracted with each method was assessed using a NanoPhotometer™Pearl (Implen GmbH, 

Munich, Germany) (see 3.3). The integrity of obtained DNA was checked by agarose gel 

electrophoresis. The amount of DNA for nanopore sequencing was measured by Qubit 3.0 

(Life Technologies, Carlsbad, CA, USA) (see 3.3) according to the manufacturer’s protocol. 

Every experiment for the DNA isolation was repeated minimum 3 times. 

A B 
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3.4.1 “Ready to use” kits 

3.4.1.1 PureLink® Genomic DNA Kit  

PureLink® Genomic DNA Kit (Invitrogen, by Life Technologies, Carlsabad, CA USA) is 

based on the selective binding of DNA to silica-based membrane in the presence of 

chaotropic salts. 15-25 mg of fish tissues were digested in 180 μl of genomic digestion buffer 

(supplied in the kit) and 20 μl of proteinase K (20 mg/ml) at 55°C for 4 h, until lysis was 

completed. RNA was removed by adding 4 μl of RNase A to the samples and incubation at 

room temperature for 10 min. The lysate was mixed with 200 μl of 100 % ethanol and 200 μl 

of binding buffer and DNA was bound on the silica-based membrane in the spin column. 

Impurities were removed by washing with 500 μl wash buffers (supplied in the kit) and 

centrifugation (10600 rpm, 1 min, 22 °C). The spin column was placed in a sterile 1.5 ml 

microcentrifuge tube and 200 μl of elution buffer (supplied in the kit) was added onto the spin 

column. DNA was collected through the centrifugation (10600 rpm, 2 min, 22 °C) and stored 

at -20 °C. 

3.4.1.2 The DNeasy Blood & Tissue Kit  

A similar extracting procedure by binding of DNA to silica-based membrane was performed 

with DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany). The method includes lysis of 

15 – 25 mg tissues in 180 μl digestion buffer ATL (supplied in the kit) using 20 μl of 

proteinase K and incubation at 56 °C for 4 – 5 h as a first step. RNA was eliminated by 

adding of 4 μl of RNase A (100 mg/ml) and incubation at room temperature for 2 min. DNA 

was isolated by using the supplied spin column. The contaminations were removed in two 

steps, firstly by adding of 500 μl of wash buffer AW1 (supplied in the kit) and centrifugation 

(6000 rpm, 1 min) and following adding of 500 µl of wash buffer AW2 and centrifugation 

(20000 rpm, 3 min). Afterwards the spin column was placed in a clean 1.5 ml microcentifuge 

tube, 200 µl of elution buffer AE (supplied in the kit) was added onto the column membrane 

and incubated for 1 min. DNA was collected through the centrifugation at 6000 rpm for 1 min 

and stored at -20°C. 

3.4.1.3 JetQuick®Genomic DNA Purification Kit 

For the DNA extraction with JetQuick®Genomic kit (Genomed, Löhne, Germany), 25 mg of 

soft tissues (fillet, liver, heat) and 15 mg of hard tissues (fin, skin) were cut in small pieces 

with a scalpel, mixed with 200 μl buffer T1 (supplied in the kit), 20 μl proteinase K (20 

mg/ml) and incubated for 2 h at 56° C. Subsequently the sample was cooled down at room 

temperature, mixed with 20 μl of RNase A (20 mg/ml, supplied in the kit) and incubated for 5 
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min. Afterwards 200 μl of buffer T2 (supplied in the kit) was added to lysate and incubated 

further 10 min. at 70 °C. The mixture was cooled down for 1 min, mixed with 200 μl of 100 

% ethanol, transferred onto the micro-spin column (supplied in the kit) and centrifuged 

(10600 rpm, 1 min, 22 °C). 500 μl of TX buffer (supplied in the kit) was pipetted onto the 

column and centrifuged (10.000 rpm, 1 min, 22 °C). Then 500 μl of buffer T3 was added onto 

the column and centrifuged (12000 rpm, 3 min, 22 °C).The spin-column was placed in a new 

centrifuged tube and 200 μl preheated (65 °C) elution buffer (supplied in the kit) was added 

directly onto the silica membrane, incubated for 5 min at room temperature and centrifuged 

(13000 rpm, 2 min). The collected DNA was stored at -20 °C until further use. 

3.4.1.4 DNAzol®Reagent  

In the DNAzol®Reagent (Invitrogen, Carlsabad, CA USA) procedure is used a chaotropic 

agent guanidiniumto lyse the cell membrane as well as alcohol to precipitate the DNA. 50 mg 

of tissues were minced and homogenized in 1ml DNAzol®Reagent. The homogenization of 

fish fins and skin was performed by using a loosely fitting hand-held glass pestle in 2 ml 

tubes. The soft tissues (heart, liver, meat) were minced and lysed by repeated pipetting. To 

minimize shearing of DNA molecules, wide-bore pipette tips were used. They were prepared 

by cutting 5 mm from the ends of plastic pipette tips. For the genomic DNA precipitation 1 ml 

of 100% ethanol was added to each sample. After this step the DNA was visible in the form of 

cloudy white supernatant that was generally rolled onto a pipette tip and transferred to a clean 

tube and centrifuged (4000 rpm, 10 min, 22 °C) to pellet the DNA. Subsequently the DNA 

pellet was washed with 800 μl of 70% ethanol by inverting the tube (repeated twice).After 

removing of ethanol the DNA pellet was re-suspended in 200 μl of 8 mM NaOH and stored at 

– 20 °C.  

3.4.2 Solution based DNA extraction methods 

3.4.2.1 Salting out method (initial protocol from Aljanabi [1]) 

This protocol involves initial cell disruption and digestion with SDS - proteinase K - EDTA, 

followed by addition of high concentration of salt for DNA precipitation. 

50 mg sample was suspended in 400 µl buffer (0.4 M NaCl; 10 mM Tris–HCl (pH 8.0) and 2 

mM EDTA (pH 8.0)). Then 80 μl of 10% SDS (2% final concentration) and 15 μl of 

proteinase K (20 mg/ml) were added and mixed. The samples were incubated at 56 °C 

overnight and cooled to room temperature. 5 µl of RNase A was added, mixed by inverting 

and incubated for further 10 min. Subsequently 300 μl of 4 M NaCl was added and vortexed 
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for 30 s at maximum speed. Tubes were centrifuged (10000 rpm, 30 min, 22 °C) and the 

supernatant was transferred to new tubes. 600 µl of isopropanol was added to each sample and 

mixed. After incubating at -20 °C overnight the samples were centrifuged (10000 rpm, 20 

min, 4 °C). The pellet was washed with 70% ethanol, dried and finally re-suspended in 300 μl 

of nuclease free H2O (Qiagen, Hilden, Germany). This DNA extraction protocol was applied 

in additional experiments to reveal the factors responsible for low quality of extracted DNA. 

The only deviation from present protocol was the reduction of digestion time to 1 h and 4 h. 

3.4.2.2 DNA extraction from otoliths and tissues in lysis buffer containing 

concentrated SDS and EDTA (initial protocol from Hutchinson [35]) 

This method was initially developed to isolate DNA from otoliths [35] and was applied to 

extract DNA from fish otoliths as well as tissue. The chemical composition of the digestion 

buffer is nearly similar to the salt extraction method (see 3.4.2.1) despite of higher 

concentrations of EDTA and SDS in the lysis buffer. 

Three otoliths or tissues samples were placed in 1.5 ml Eppendorftubes and incubated 5 h at 

55 °C in 500 μl of extraction buffer (100 mM Tris (pH 8.0), 100 mM NaCl, 10 mM EDTA, 

12% SDS) and 20 μl proteinase K (20 mg/ml). After the samples were cooled to room 

temperature, 5 µl of RNase A (100 mg/ml) was added to each sample and mixed well. Then 

the samples were vortexed and centrifuged (13000 rpm, 10 min, 22 °C) to remove cell debris. 

The otoliths were rinsed with dH2O to remove traces of extracting solution. The supernatants 

were transferred to new 2 ml tubes, mixed with 40 μl of salt solution (5 M NaCl, 1 M MgCl) 

as well as 1 ml of 100 % ethanol (chilled at -20 °C) and stored at -20 °C overnight. The 

precipitated DNA was pelleted by centrifugation (13000 rpm, 1 h, 0 °C). The ethanol 

supernatant was removed and DNA pellet was combined with 500 μl of 70% ethanol (chilled 

at -20 °C) and centrifuged at (13000 rpm, 3 min, 4 °C). The ethanol was discarded and DNA 

pellet was air dried at room temperature for 15-20 min. DNA was re-suspended in 100 μl of 

nuclease free H2O (Qiagen, Hilden, Germany)and stored at -20 °C until further use. 

3.4.2.3 DNA extraction method using the chaotropic compound urea (initial 

protocol from Wasko [84]) 

The digestion buffer of this protocol includes SDS as detergent and the chaotropic compound 

urea, thereby combining cell disruption and protein denaturing properties [12, 14]. The only 

distinction of this protocol from the initial [84] is the replacement of phenol:chloroform DNA 

purification step through DNA precipitation with salt. 
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Approximately 70 mg of each fish tissue were cut into small pieces and placed in 4 ml of a 

TNES-digestion buffer (10 mM Tris-HCl (pH 8); 125 mM NaCl; 10 mM EDTA (pH 8); 0.5% 

SDS, 4M urea) in 15 ml tubes. 30 μl of Proteinase K (20 mg/ml) was added and tissues were 

maintained at 50 °C overnight (at least 10 h). 15 μl of RNase (100 mg/ml) were added, mixed 

by inverting and incubated at room temperature for 15 min. The samples were centrifuged 

(12000 rpm, 30 min, 22 °C) to remove the cell debris and supernatants were transferred in 

fresh 15 ml tubes. The DNA was precipitated by addition of 1.8 ml of 4 M sodium acetate, 

mixed by inverting and centrifuged (10000 rpm, 30 min, 22 °C).3 ml of isopropanol was 

added, again mixed well, and samples were incubated at –20 C° overnight. Samples were then 

centrifuged (10000, 20 min, 4 °C). The pellet was washed with 70% ethanol, dried and finally 

re-suspended in 300 μl of nuclease free H2O (Qiagen, Hilden, Germany). 

3.4.2.4 DNA extraction method using the chaotropic compound guanidinium-

isothiocyanate (GuSCN) and detergent Triton X-100  

An in-house protocol based on the disruption of lipid cell membrane by the detergent Triton 

X-100 and subsequent protein removal through the influence of guanidinium-isothiocyanate 

(GuSCN) in the buffered solution [45, 46]. 

15-20 mg of tissue samples were cut in small pieces, placed in microcentrifuge tubes 

containing 500 μl of digestion buffer (5 M GuSCN, 50 mM Tris (pH 8.0), 25 mM NaCl, 1.3 

% Triton X-100, 2.5 mM N-phenacyl thiazolium bromide (PTB), 20 mM EDTA) and 

incubated at 40 °C overnight (14 h). Then samples were centrifuged (15000 rpm, 20 min, 22 

°C). Supernatants were transferred to new microcentrifuge tubes and DNA precipitation was 

performed by adding 150 μl of 4 M ammonium acetate and 400 μl of isopropanol. Tubes were 

inverted for mixing for 30 sec and incubated at -20 °C for 1 h. Subsequently samples were 

centrifuged (15000 rpm, 20 min, 22 °C), the supernatants were discarded and pelleted DNA 

was washed in 300 μl of 70% ethanol followed by centrifugation (10000 rpm, 15 min, 22 °C). 

Ethanol supernatant was discarded by pipetting. Ethanol residue was evaporated. DNA was 

re-suspended in 200 μl TE buffer (10 mM Tris/HCl, 1 mM EDTA (pH 8.0)) and stored at -20 

°C. 

3.4.2.5 DNA extraction using buffer containing the anionic detergent lauroyl 

sarcosine and the reducing agent dithiothreitol  

The lysis buffer of this protocol includes anionic detergent lauroyl sarcosine, which has strong 

sorption capacity to proteins and is commonly used in place of SDS. Dithiothreitol reduces 

disulfide bonds of proteins and peptides. This digestion buffer in combination with proteinase 
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K was used to extract DNA both from soft and hard tissues. The sample treatment with 

hazardous chemicals as chloroform and phenol:chloroform: isoamyl alcohol were conducted 

under the hood. 

Tissue samples (50 mg) were cut in small pieces and placed in 2 ml microcentrifuge tubes 

containing 500 μl lysis buffer (100 mMTris (pH 8.0), 500 mM NaCl, 1% Na-lauroyl 

sarcosine, 50 mM dithiothreitol (DTT), 2.5 mM Na-phenacyl thiazolium bromide (PTB), 10 

mM EDTA (pH 8.0)) and 10μl of proteinase K (20 mg/ml). Heating at 50 °C for 6 h on the 

thermo block, leads to completely dissolved tissues. To exclude RNA contamination 4 µl 

RNase were added and incubated for 5 min. at room temperature. The DNA was isolated by 

addition of 500 µl phenol:chloroform:isoamyl alcohol (25:24:1). After inverting the tube for 1 

min, samples were centrifuged (12000 rpm, 5 min, 22 °C). The upper aqueous layer was 

carefully removed and transferred to a tube containing 500 µl chloroform. Samples were 

mixed by inverting and again centrifuged (12000 rpm, 5 min, 22 °C). The upper aqueous layer 

was removed, placed in a new 1.5 ml microcentrifuge tube and mixed with 1 volume of 

isopropanol and 0.1 volume of 3 M ammonium-acetate (pH 5.0) (with respect to the volume 

of aqueous layer). The extracts were centrifuged (12000 rpm, 30 min, 22 °C), the supernatants 

were discarded, pelleted DNA was washed twice with 300 µl of 75% ethanol and separated by 

centrifugation (12000 rpm, 5 min, 22 °C). Ethanol was discarded and pellets were air-dried. 

DNA was re-suspended in 200 µl TE buffer (10 mM Tris/HCl, 1 mM EDTA (pH 8.0)) and 

stored at -20°C.  

3.5 Heat - induced alkali solution method 

3.5.1 “HotSHOT” DNA extraction method 

This DNA extraction method is based on the lysis of the cell membrane in an alkaline buffer 

with subsequent pH adjustment with Tris solution (HotSHOT). An alkaline lysis solution with 

25 mM NaOH, 0.2 mM disodium EDTA and pH 12 was prepared in water without adjustment 

of the pH.  

25 mg of fish tissues were cut into small pieces, mixed with 75 μl alkaline lysis reagent and 

heated to 95 °C for a minimum of 10 min up to 1h. After heating, samples were cooled to 

4°C, and mixed with 75 μl of neutralizing reagent (40 mM Tris-HCl, pH 5). A combination of 

the alkaline solution and neutralizing reagent yields a buffer consisting of 20 mM Tris-HCl 

(pH 8.1) and 0.1 mM EDTA, which is similar to a common DNA storage buffer [79]. After 

centrifugation(14000 rpm, 30 min, 22 °C) the supernatants were transferred to new tubes, 
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mixed with 25.5 μl of ammonium acetate (2 M final concentration), 80 μl of precooled (-20 

°C) isopropanol and incubated 1 h on ice. After centrifugation (14000 rpm, 30 min, 4 °C), the 

supernatant was disposed and DNA aliquots were washed with 70 % ethanol. Finally the 

ethanol was removed, DNA was re-suspended in preheated (40 °C) nuclease free H2O 

(Qiagen, Hilden, Germany) and stored at -20 °C. This DNA extraction protocol was applied 

in additional experiments to reveal the factors responsible for low purity of extracted DNA. 

The only deviation from present protocol was the replacement of DNA precipitation with 

ammonium acetate through the DNA purification step followed by phenol:chloroform: 

isoamylalcohol treatment. 

3.5.2 DNA extraction from samples preserved in ethanol 

Two methods were developed based on the adaptation of DNA extraction protocols from 

formalin-fixed specimens [36, 64, 66]. For these experiments tissues of tested species 

(herring, mackerel, cod and whale) preserved in 75% ethanol and stored for 2 month at -20 °C 

were used (see 3.1) [8, 10].The aim was to simulate the influence of long-term tissue storage 

in alcohol on the DNA quality and quantity.  

Two extraction protocols were applied. In both cases the first step is washing in sterile H2O 

for 20 min to decrease the concentration of ethanol followed by treatment in a hot alkali 

buffer solution.  

Method Nr. 1: Hot treatment and Qiagen DNeasy extraction [72] 

15-20 mg of tissue samples were placed in 1.5 ml centrifugation tubes with 180 µl of ATL 

lysis buffer from the DNeasy kit (Qiagen, Hilden, Germany) (see 3.4.1.2) and incubated at 

100 °C for 20 min. After incubation samples were mixed by finger flick and centrifuged 

briefly to incorporate condensate. The extraction proceeded according to the standard Qiagen 

DNeasy protocol (3.4.1.2). 

 

Method Nr. 2: Hot alkali treatment and phenol:chloroform:isoamyl alcohol extraction 

[11] 

The sample treatment with hazardous chemicals as chloroform and phenol:chloroform: 

isoamyl alcohol were conducted under the hood. 15-20 mg tissue were placed in 500 µl alkali 

digestion buffer (0.1 M NaOH with 1% SDS solution, ~pH 12) in 2 ml microcentrifuge tubes 

and incubated at 100°C for 40 min. Subsequently samples were cooled to the room 
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temperature, mixed with 500 µl 25:24:1 phenol:chloroform:isoamyl alcohol and inverted for 1 

min. Subsequent DNA purification procedure followed as described in 3.4.2.5. 

3.6 Mechanical cell disruption 

3.6.1 DNA isolation by mechanical disruption of samples with ultra-sonication 

Several authors stated the usefulness of mechanical forces to destroy cell walls and 

membranes [44]. In this work the homogenization and lysis of the samples was performed by 

ultra-sonication.  

Homogenization of tissue samples was carried out by the ultrasonic probe disintegrator 

“SONIPREP 150” (MSE) (Fig. 6). Approximately 100 mg of hard tissues (skin and fins) or 

one otolith were placed in 2 ml microcentrifuge tubes containing 1 ml lysis buffer (10 mM 

Tris-HCl, 10 mM EDTA, 0.5% SDS). Homogenization was performed with increasing 

durations (5 sec, 20 sec, 1 min and 3 min) at 20 kHz. To degrade proteins, 20 μl of Proteinase 

K was added to each sample and gently inverted for 30 seconds. The tubes content was 

incubated at 50 °C for 1 h. 8 μl of RNase A was mixed with samples and incubated 15 min. at 

room temperature. To separate insoluble parts, the tubes were centrifuged (10000 rpm, 2 min, 

22 °C). Supernatants were transferred to new tubes, mixed with 150 μl of ammonium acetate 

(2.5 M final concentration) and 800 μl of isopropanol, respectively, gently inverted for 1 min 

and incubated at -20 °C overnight. DNA was collected on the bottom of tubes by 

centrifugation (10000 rpm, 20 min, 22 °C). The supernatant was removed, the pellet was 

washed in 200 μl chilled (-20 °C) 70 % ethanol, air-dried and finally re-suspended in 200 μl 

nuclease free H2O (Qiagen, Hilden, Germany). 

 

Figure 6: Ultrasonic disintegrator “SONIPREP 150”. This disintegrator was used for the cell/tissue disruption through the 

sound energy (high frequency vibration). 
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3.7 Automated DNA extraction system 

3.7.1 Maxwell®16 Tissue Purification Kits and Maxwell®16 Instrument 

The Maxwell®16 Tissue Purification system (Promega, Madison, USA) was applied to 

extract DNA from tissues of herring and whale. The Maxwell Instrument (Fig. 7) is fully 

automated and isolation of genomic DNA material can occur from fresh or thawed tissues 

samples using the magnetic particles (PMPs) as a mobile solid phase. The Maxwell system 

includes a Maxwell®16 DNA purification cartridge (Fig. 8) in the combination with the 

Maxwell®16 Tissue Purification Kits. The Maxwell®16 system purifies samples by 

transporting the PMPs with attached gDNA thought purification reagents in the prefilled 

cartridge (Fig. 7). 

Approximately 30 mg of whale and herring tissues were placed in the first well of the 

cartridge containing lysis buffer. One plunger was placed into well № 7 of the cartridge and 

the cartridge containing samples and plungers was transferred onto the Maxwell®16 platform. 

Program setting was performed according to the manufacturer‘s instruction. 

 

 

Figure 7: Maxwell 16 DNA Purification Instrument was used for the DNA extraction from tissues. This system enables 

the DNA extraction using paramagnetic particles (PMPs) as a mobile solid phase. The process is conducted automatically. 
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Figure 8: Maxwell 16 DNA Purification Cartridge. This figure shows the contents of a cartridge of the Maxwell 16 Blood, 

Cell and tissue DNA Purification Kit. 

3.8 Agarose gel electrophoresis 

Integrity of isolated DNA was assessed by agarose gel electrophoresis. The extracted DNA 

was subjected to electrophoresis in 1.25 % (w/v) agarose gel. The agarose gels were prepared 

by using 375 mg of agarose powder “Certified ™ PCR Agarose” (Bio-Rad Laboratories, 

Hercules, California, USA) suspended in 30 ml of 1x TAE-Buffer (Bio-Rad Laboratories). 

The suspended agarose was completely melted in the microwave oven. After the agarose 

solution was cooled down to less than 60 °C, 3 μl the GelRed (x 10.000 in H2O, Biotium, 

Hayward, CA, USA) or SYBR Green (x 10.000 in DMSO, Invitrogen, Carlsbad, CA, USA) 

was added to the flask, mixed and poured into the mold. The two dyes bind to dsDNA and 

become fluorescent. Sample wells were made by use of combs with 14 teeth, spaced by 

approximately 5 mm. After the gel hardening the combs were removed. The agarose gel was 

placed in a horizontal slab gel apparatus and covered with 1xTAE-Buffer (Bio-Rad 

Laboratories). DNA samples (5μl) were mixed with 2 μl Nucleic Acid Sample Loading Buffer 

(Bio-Rad Laboratories) and 2 μl of TAE Buffer. The loading buffer contains bromophenol 

blue and xylene cyanole FF, two blue dyes that can be followed during the electrophoresis. 

Bromophenol blue migrates with the same rate as 200-300 bp dsDNA and xylene cyanol as 2-

4 kb dsDNA. Stained samples and a DNA size standard “Gene Ruler Mix” (2 kb, Thermo 

Scientific, Waltham, CA, USA) were loaded in the slots of the submerged gel using 

micropipettes. DNA separation was carried out at 100 V, for 40 min. The visualization of 

separated and stained DNA molecules were examined by UV illumination and photographed. 

3.9 Preparing input DNA for MinION nanopore sequencing (Protocol for MinIon) 

The Oxford Nanopore Technologies (ONT) MinION is a new sequencing technology that 

uses nanopores. A single DNA molecule is sequenced per pore [42]. Nanopore sequencing 
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can distinguish between nucleotides by measuring the characteristic disruption in the 

electrical current through the nanopore [81]. For the MinION DNA library preparation the 

initial DNA needs to be mixed with a master mix of adapters and processive enzymes, which 

build together with the intact DNA an enzyme – DNA complexes. If a hairpin adapter is 

ligated to the end of double stranded DNA fragments, the nanopore system can read both 

strands of double stranded DNA in one continuous read [73]. The workflow for nanopore 

sequencing consists of steps for template preparation and then steps required for nanopore 

sequencing itself (Fig. 9). According to the manufacturer‘s requirements the input DNA for 

nanopore sequencing has to meet following criteria [Appendix]: 

- Purity as measured using Nanodrop with OD 260/280 of 1.8 and OD 260/230 of 2.0-

2.2. 

- Average fragment size, as measured by agarose gel analysis >20 kb 

- Input mass of DNA: 1 µg (1.5 µg if carrying out a DNA repair step (see 3.9.1.2) 

In this work for the long -read sequencing was taken DNA obtained from whale heart by 

JetQuick Purification kit with stock concentration of 118 ng/µl. 

 

Figure 9: Schematics of the Nanopore Sequencing Kit protocol. The steps in the box are carried out using the 

Nanopore Sequencing Kit reagent. 

(Link:https://store.nanoporetech.com/ligation-sequencing-kit-2d.html) 

3.9.1 The protocol of work 

3.9.1.1 Step 1: Fragmentation 

Fragmentation of DNA is not obligation but optimal step in the library preparation for 

nanopore sequencing. Sequence read lengths depend critically on the length of fragments 
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presented. However, the standard protocol advices to cut long input ds DNA into fragments 

with the length up to 8 kb in order to enhance the sequencing accuracy. The step of 

fragmentation of high molecular DNA in the present protocol was skipped because of the 

slight degradation of intact DNA after the extraction procedure. 

3.9.1.2 Step 2: End – repair of DNA 

DNAs were end – repaired and adenylated using Nextera mate pair kit (Illumina, San Diego, 

CA, USA). To create DNA with repaired ends the reagents listed in the Table 1 were mixed in 

a 1.5 ml Eppendorf tube.  

Table 1: The reaction mixture to prepare DNA with repaired ends 

1.5 µg gDNA 45 µl 

End repair mix (from the Nextera mate pair kit) 40 µl 

MQwater (milli–Q water) 10 µl 

DNA CS (control sequence) 5 µl 

Total volume 100 µl 

 

The tube was incubated at 30 °C for 30 min. DNA was purified using AMPure XP beads 

(Beckman-Coulter, Brea, CA, USA). 

AMPure purification 

The end-repaired DNA (3.9.1.2) was mixed with 170 µl of AMPure XP beads (Beckman-

Coulter, Brea, CA, USA), placed on a HulaMixer (Life Technologies, Carlsbad, CA, USA) 

and rotated for 10 min. Then the tube containing DNA and beads was placed on a magnetic 

rack till the liquid was clear, afterwards the clear supernatant was discarded. 200 µl of 70 % 

ethanol was added to the sample and incubated for 30 sec. After incubation the tube was 

placed to the magnetic rack till the liquid was clear, and the ethanol supernatant was removed. 

The pellet was re-suspended by adding 31 µl of MQ water and incubated at 37 °C for 30 min. 

After incubation the tube was placed on the magnetic rack till the liquid was clear and the 

supernatant containing the DNA was transferred to a 1.5 ml tube. The concentration of 

recovered DNA was determined using the Qubit fluorometer (Life Technologies, see 3.3). 

The required minimal amount of purified DNA should be not less than 1 µg. 
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3.9.1.3 Step 3: Fragments adenylating, A – tailing  

For the preparation of adenylated fragments following reagents were mixed in the 1.5 ml 

Eppendorf tube.  

Table 2: The reaction mixture to prepare DNA A-tailing 

End repaired DNA (from previous step) 17.5 µl 

A-tailing mix (from Nextera mate pair kit) 12.5 µl 

Total volume 30 µl 

 

Tube was incubated at 30 °C for 30 min and purified with AMPure XP beads (Beckman-

Coulter, Brea, CA, USA). The AMPure purification procedure was performed as described in 

3.9.1.2, except for the volume of AMPure beads (51 µl) and MQ water (31 µl). The amount of 

recovered DNA was measured by the Qubit (Life Technologies, see 3.3). The required 

minimal amount of DNA after the purification should be not less than 700 ng. 

3.9.1.4 Step 4: Adapter ligation  

To ligate adapters to the adenylated DNA the reagents listed in the Table 3 were mixed in 1.5 

ml Eppendorf tube. 

Table 3: The reaction mixture for the ligation 

End repaired and A-tailed DNA 30 µl 

MQ water (milli–Q water) 50 µl 

Adapter mix 10 µl 

HP Adapter 2 µl 

Ligase mix (from the Nextera mate kit) 8 µl 

Total volume 100 µl 

 

Tube incubated at 30 °C for 20 min and purified with AMPure XP beads (Beckman-Coulter, 

Brea, CA, USA). 

AMPure purification 

The DNA with ligated adapters (3.9.1.4) was mixed with 170 µl AMPure beads (Beckman-

Coulter) placed on the HulaMixer (Life Technologies, Carlsbad, CA, USA) and rotated for 10 

min. Then the tube was placed on a magnetic rack till liquid was clear and the supernatant 

was discarded. 200 µl of Bead Binding Buffer (BBB from Nanopore Sequencing Kit, Oxford 

Nanopore Technologies Ltd [ONT], Oxford, UK) was added to the tube and incubated 30 sec. 
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After incubation the tube was placed to the magnetic rack till liquid was clear and the 

supernatant was removed. The addition of bead binding buffer (BBB from Nanopore 

Sequencing Kit, ONT, Oxford, UK) was repeated once again, afterwards the tube was placed 

on the magnetic rack. The remaining Bead Binding Buffer was removed and the DNA was 

eluted from the magnetic beads by adding 25 µl elution buffer (ELB from Nanopore 

Sequencing Kit, ONT, Oxford, UK). The tube was incubated at 37°C for 30 min. After 

incubation the tube was placed on the magnetic rack till the liquid was clear and supernatant 

was transferred to a new 1.5 ml tube. The concentration of DNA was measured on the Qubit 

fluorometer (Life Technologies, see 3.3). DNA amount after the purification should be not 

less than 250 ng.1 µl hairpin tether (HPT from Nanopore Sequencing Kit, ONT, Oxford, UK) 

was added to the sample and incubated at room temperature for 10 min. If the library was not 

used for the loading immediately, it was stored in the fridge. 

3.9.1.5 Step 5: Preparing to load the library. Priming the MinION Flow Cell 

1. Assembly 

The MinION flow cell (Fig.10) must be checked for the absence of bubbles before samples 

loading. If bubbles were present they were removed by sucking a few µl of the sample 

solution through the aperture in the flow cell with a P1000 pipette. 

 

Figure 10: Labeled view of the MinION Flow Cell. 

(Resource: https://nanoporetech.com/about-us/video) 

 

2. Priming mix 

For the preparation of the flow cell priming mix the following reagents were mixed in a 1.5 

ml Eppendorf tube. 

 

 

https://nanoporetech.com/about-us/video
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Table 4: The reaction mixture for preparation of priming mix 

RNB (running buffer) 500 µl 

MQ water (milli–Q water) 473 µl 

Fuel Mix (electrolytes mix) 27 µl 

Total volume 1000 µl 

 

500 µl of priming mix was carefully loaded into the flow cell avoiding the introduction of air 

bubbles and left for 10 min. The loading of the next 500 µl of the priming mix was repeated in 

the same way. 

3. Loading library 

To prepare the library for loading the following reagents were mixed in a 1.5 ml Eppendorf 

tube. 

Table 5: The reaction mixture for preparation of the library for loading 

RNB (running buffer) 75 µl 

MQ water 65 µl 

Fuel mix 4 µl 

Library 6 µl 

Total volume 150 µl 

 

All components were mixed gently and 150 µl of library was carefully loaded into flow cell 

using P1000 pipette, avoiding the introduction of bubbles. Then the MinIon and sample port 

were closed and program was started. 

4. Starting a MinKNOW run. Starting a sequencing run. 

Prior to running a platform QC must be performed by entering the Sample ID, Flowcell ID 

and selecting appropriate protocol script using the Select Protocol dialogue box.  
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4 Results 

The use of different extraction techniques to isolate DNA from fish and whale tissues and to 

estimating its quality, quantity and integrity for the subsequent applying in the whole genome 

sequencing showed very different results. The summarized overview of obtained extraction 

results is presented in the Table 6.  

Table 6: Overview of DNA extraction results obtained with different extraction methods 

 

NF: Not found (detectable) on gel, or very little 

     SD:  Strongly degraded (smear even below 1000) 

     D: Degraded (smear down to 2000 to 5000) 

     I: Intact/integral (>20000) 

      L: Low amounts as judged from gel  

      I/D: Intact band can be seen in addition to smear 

     *: Bands can be seen in the smear, more or less similar to apoptotic breakdown of DNA 

 #: High in impurities 

      X: Tissues were not applied 

       

Otoliths

Extruction 

method 

Purification 

method
Skin Fins Filet Liver Heart Skin Fins Filet Liver Heart Skin Fat Filet Liver Skin Fins

PureLink 

gDNA kit

supplied spin 

column
NF NF SD/L D/L x SD SD SD I/SD x I NF I I x x x

JetQuick 

gDNA kit

supplied spin 

column
SD NF SD* SD* x SD SD I/D SD x I/D I I I/SD* x x x

DNeasy Blood 

& Tissue

supplied spin 

column
NF NF I/D I/L x NF NF NF I/D x I/L I I I x x x

DNAzol NF NF NF I x NF NF SD SD x NF NF SD SD NF I/L x

Salting out Salt/alcohol NF NF SD* SD* x SD* NF SD* SD SD* SD* I/D x x x

Salting-out

(time exp)

SDS/EDTA Salt/alcohol D D D D D SD SD SD SD SD SD SD SD SD NF NF NF

Urea Salt/alcohol NF SD SD SD SD NF NF SD SD SD SD* NF I SD SD SD x

GiTC/TritonX

100
Salt/alcohol NF L/I/D NF NF L/I/D SD* SD* SD* SD* SD* SD* NF SD* SD* SD* SD* x

Laur-sarc/DTT
Phenol:chloroform:

isoamyl alcohol
NF NF SD SD* SD* SD* NF SD* SD* SD* SD*/L SD* SD* SD* NF NF x

HOTSHOT

(time exp)

HOTSHOT
Phenol:chloroform:

isoamyl alcohol
I I/D I I I I I I L I I I I I I L x

Ultrasonication Salt/alcohol SD SD x x x SD SD x x x SD x x x SD SD NF

Maxwell Magnetic beads x NF x NF x x x x x x NF x I/D x x x x

75% EtOH, 

hot alkali,

DNeasy

75% EtOH, 

hot alkali, 

phenol:chloro:i

soamyl

Dneasy spin 

column

Phenol:chloroform:

isoamyl alcohol

Herring Mackerel Whale Cod

Heart Filet

Salt/alcohol 

Salt/alcohol 

NF x SD* SD* x SD*/L

I x

I x

NF x

x SD* SD* x SD*/L x

I/L D

SD* x

SD NF

SD SD

SD* NF

SD* I x x x x

x x

x x

SD* NF

I# I# x x x I# x x x I# I# x

I/L I/L I/L I/L I/L I

I/D I SD/L

I/SD I/SD I/SD

I/L I/L I/L I I/L I/L NF I/L I/D I/L I/D SD x

x

x

xI I II I I I I/SD I/SD

x x

I/L NF NF

I I

x x x x
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4.1 DNA extraction with “ready to use” DNA extraction kits 

4.1.1 PureLink® Genomic DNA Kit 

Extraction results of PureLink® Genomic DNA Kit showed some variation in the quantity 

and integrity of genetic material obtained from different fish species. 

 

Figure 11: Comparison of DNA yield extracted from tissues of herring, mackerel and whale using PureLink® 

Genomic DNA Kit (Invitrogen).The samples prepared in this experiment were extracted following the manufacturer’s 

instruction. 

 

Figure 12: 1.2 % PCR Agarose gel with genomic DNA obtained from tissues of herring, mackerel and whale using 

PureLink® Genomic DNA Kit (Invitrogen). Herring: (1) skin, (2) fins, (3) fillet, (4) liver. Mackerel: (5) skin, (6) fins, (7) 

fillet, (8) liver. Whale: (9) skin, (10) fat, (11) fillet, (12) liver, (13) heat. M, molecular weight marker (bp). 

DNA from herring could be extracted only from liver (10 ng/µl) and fillet (15.5 ng/µl) (Fig. 

11). In case of mackerel DNA could be isolated from all tested tissues samples (Fig. 12, lanes 

5-8). The DNA amount isolated from mackerel ranged from 11 to 59 ng/µl (Fig. 11). In 

amount of 15 ng/µland 11 ng/µl DNA were extracted from mackerel skin and fins 

respectively (Fig. 11). A higher DNA amount was obtained from mackerel fillet (89 ng/µl) 

and liver (59 ng/µl). The highest DNA yield was obtained from whale tissues. From whale 
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skin, fillet, liver and heart DNA was obtained in the quantity of 39 ng/µl, 82 ng/µl, 56 ng/µl 

and 28 ng/µl respectively (Fig. 11). The agarose gel image of the electrophoresed DNAs 

exhibited molecules of good quality, without any major degradation extracted from whale 

(Fig. 12, lanes 9-13). In case of herring DNA was not detected (Fig. 12, lanes 1-2) or had sign 

of degradation (Fig. 12, lanes 3-4). The integral nucleic acid molecules were approximately 

20000 bp in size. This protocol showed a 260/280 nm ratio above 1.8 for all fish samples. The 

ratio 260/230 was generally ≥ 2.0 (see 3.3) (Appendix, Table 1).  

4.1.2 JetQuick® Genomic DNA Purification Kit  

DNA recovery from whale and fish tissues with JetQuick® Kit which is baced on the silica 

membrane technique (JetQuick Kit) is shown in the figures 13 and 14.  

 

Figure 13: Comparison of DNA yield extracted from tissues of herring, mackerel and whale using JetQuick® 

Genomic DNA Purification Kit (Genomed). The samples prepared in this experiment were extracted fallowing the 

manufacturer’s instruction. 

 

Figure 14: 1.2 % PCR Agarose gel ofgenomic DNA samples obtained from tissues of herring, mackerel and whale 

using JetQuick® Genomic DNA Purification Kit (Genomed). Herring: (1) skin, (2) fins, (3) fillet, (4) liver. Mackerel: 

(5) skin, (6) fins, (7) fillet, (8) liver. Whale: (9) skin, (10) fat, (11) fillet, (12) liver, (13) heart. M, molecular weight marker 

(bp). 
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With JetQuick Kit DNA from herring fillet and liver was obtained at concentrations of 62 

ng/µl and 78 ng/µl, while the DNA amount from herring skin and fins lay between 5-8.4 ng/µl 

(Fig. 13). DNA samples obtained from herring tissue were degraded with the size of 

fragments ranged from 20000 to 700 bp (Fig. 14, lanes 1-4). The DNA from mackerel fillet 

(Fig. 14, lane 7) had slight signs of degradation, with a yield of 57 ng/µl, while the DNA from 

mackerel liver in a concentration of 88 ng/µl (Fig. 13) was completely fragmented (Fig. 14, 

lane 8). Almost all whale tissues samples treated with JetQuick provided slight or non-

degraded gDNA (Fig. 14, lines 9-13) with concentrations of 76 ng/µl for skin, 118 ng/µl for 

heart, 89 ng/µl for fat and 52 ng/µl for fillet(Fig. 13). DNA isolated from whale liver with an 

amount of 142 ng/µl was fragmented. 

The 260/280 nm ratio of tested DNA samples provided a purity factor of 1.7-2.0. The 

obtained spectrophotometric results for 260/230 nm ratio were between 1.9-2.0 (Appendix, 

Table 2). 

4.1.3 DNeasy®Blood & Tissue Kit  

In the present experiment DNeasy®Blood & Tissue Kit was applied to extract DNA from 

tissue samples. The obtained results are demonstrated in Figures 15-16. 

 

Figure 15:Comparison of ds DNA yield extracted from tissues of herring, mackerel and whale using DNeasy®Blood & 

Tissue Kit (Qiagen). The samples prepared in this experiment were extracted following the manufacturer’s instruction. 
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Figure 16: 1.2 % PCR Agarose gel of genomic DNA samples obtained from tissues of herring, mackerel and whale  

using DNeasy®Blood & Tissue Kit (Qiagen). Herring: (1) skin, (2) fins, (3, 4) fillet, (5) liver. Mackerel: (6) skin, (7) fins, 

(8) fillet, (9) liver. Whale: (10) skin, (11) fat, (12) fillet, (13) liver, (14) heart. M, molecular weight marker (bp). 

The DNeasy kit could extract up to 45.9 ng/µl DNA from herring fillet and up to 22.5 ng/µl 

from liver (Fig. 15). To isolate DNA from herring skin (5ng/µl), fins (4 ng/µl) as well as from 

mackerel skin (2.5 ng/µl), fins (3.9 ng/µl) and fillet (7.1 ng/µl) succeed in a relatively low 

amount (Fig. 15). The highest DNA concentration isolated with DNeasy kit was obtained 

from mackerel liver with a yield 80 ng/µl (Fig. 15). The total amount of DNA isolated from 

whale fat reached 39 ng/µl. Approximately the same results in DNA yield were obtained from 

whale fillet (37 ng/µl), liver (38 ng/µl) and skin (37ng/µl ) (Fig. 15). DNA from whale heart 

was extracted in amount of 6 ng/µl. Gel electrophoresis showed no or slight fragmentation of 

extracted DNA molecules (Fig. 16). In all cases the isolated DNA molecules consisted of 

approximately 20000 bp. The detected value of A260/280 ratio was between 1.8-1.9 and the 

measurements at A260/230 nm had a ratio between 1.9-2.1 (Appendix, Table 3). 

4.1.4 DNAzol®Reagent  

The final concentration of extracted DNA with DNAzol®Reagent is shown in the Figure 17. 

 

Figure 17: Comparison of DNA yield extracted from tissues of herring, mackerel, cod and whale using 

DNAzol®Reagent. The samples prepared in this experiment were extracted following the manufacturer’s instruction. 
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Use of this technique produced DNA with yield of 70 ng/μl for liver and 55 ng/μl for fillet of 

herring. The extracted DNA yield from mackerel skin amounted to 21 ng/μl. DNA from 

mackerel fillet was extracted in amount of 50 ng/μl and 83 ng/μl from mackerel liver. High 

amount of DNA could be isolated from whale fillet (102 ng/μl). The obtained quantity of 

amino acid from whale heat and liver made up 33 ng/μl and 54 ng/μl respectively. The final 

concentration of DNA from cod made up 41ng/μl from fins and 78 ng/μl from fillet. The 

integrity of high molecular weight DNA was checked by agarose gel electrophoresis (Fig. 18). 

 

Figure 18: 1.2 % PCR Agarose gel of genomic DNA samples obtained with DNAzol®Reagent (Invitrogen). Herring: 

(1) skin, (2) fins, (3) fillet, (4) liver. Mackerel: (5) skin, (6) fins, (7) fillet, (8) liver. Whale: (9) skin, (10) fillet, (11) liver 

(12) heart, (13) fat. Cod: (14) skin, (15) fins, (16) fillet. M, molecular weight marker (bp). 

The results of electrophoresis showed that DNA isolated from tissues of mackerel (fillet, 

liver) (Fig. 18, lanes 7-8) and whale (fillet, liver) (Fig. 18, lanes 10-11) was highly 

fragmented. The DNA samples from herring liver (Fig. 18, lane 4) and whale heart (Fig 18, 

lane 12) was intact. DNA obtained from cod fins and fillet was not or slightly fragmented (Fig 

18, lanes 15-16). The size of non-fragmented DNA ranged from 20 kb and over. 

The A260/280 ratio of the isolated DNA ranged from 1.7 to 1.9 (Appendix, Table 4) and A260/230 

nm ratio ≥ 2.0 indicating the absence of chemical contamination in obtained DNA samples 

(see 3.3). 

4.2 Solution based DNA extraction methods 

4.2.1 DNA extraction with salting-out method 

The present protocol gave a good quantity of DNA (Fig. 19) but poor quality (Fig. 20). 
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Figure 19: Comparison of ds DNA yield extracted from tissues of herring, mackerel and whale using salt precipitation 

method. Samples were lysed in lysis buffer (see 3.4.2.1) and purified with NaCl. 

DNA extracted from herring fillet resulted in 100 ng/μl genomic DNA and 92 ng/μl from 

herring liver (Fig. 19). DNA from mackerel tissues was gained in a quantity of 106 ng/μl from 

skin, 109 ng/μl from fins, 121 ng/μl from liver and 70 ng/μl from fillet. The concentration of 

DNA from whale tissues ranged from 125 ng/µl to 340 ng/μl (Fig. 19). However a high 

degree of DNA fragmentation was observed in all DNA samples (Fig. 20). 

 

Figure 20: 1.2 % Agarose gel of genomic DNA samples obtained from fish tissues of herring, mackerel and whale 

using salt precipitation methods.  DNA isolated from herring, mackerel and whale. Herring: (1) skin, (2) fins, (3) fillet, (4) 

liver; Whale: (5) skin, (6) fillet, (7) liver, (8) heart. Mackerel: (9) skin, (10) fins, (11) fillet, (12) liver. M, is molecular 

weight marker (bp). 

The average size of DNA fragments ranged from 20000 to ≤ 300 bp (Fig 20, lanes 3-6, 8-12). 

The only sample with no sign of DNA degradation was obtained from whale liver (Fig. 20, 

lane 7). The estimated absorbance ratio A260/280 laid between 1.5-1.8 and the ratio A260/230 

provided relationship between 1.6-1.9 (Appendix, Table 5). 
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4.2.2 Influence of time on the degradation of DNA molecules using salt precipitation 

method 

Based on the results obtained in the previous experiment (see 4.1) it was assumed that high 

DNA degradation could be caused by too long digestion time. To check this hypothesis, DNA 

was purified from skin, fillet and liver of herring, mackerel and whale using variable digestion 

time up to 4 hours. 

4.2.2.1 Herring tissues 

Quantitative and qualitative results obtained DNA from herring tissues after each hour of 

incubation during 4 h digestion time are shown in Figures 21 and 22. These results indicate 

that only the concentration of the released DNA is influenced by the incubation time. 

 

Figure 21: Concentrations of extracted DNA from herring tissue by salt precipitation approach; concentrations were 

measured after 1 to 4 hours of incubation. 

 

Figure 22: 1.2 % Agarose gel of genomic DNA samples obtained from herring tissue to every hour during 4h of 

incubation, using salt precipitation methods. Herring: (1) skin t=1h, (2) skin t=2h, (3) skin t=3h, (4) skin t=4h, (5) fillet 

t=1h, (6) fillet t=2h, (7) fillet t=3h, (8) fillet t=4h, (9) liver t=1h, (10) liver t=2h (11) liver t=3h, (12) x*= no sample, (13) liver 

t=4h. M, is molecular weight marker (bp). 
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After 4 h incubation only a small amount of 12 ng/μl DNA could be extracted from herring 

skin. As in the previous experiment (see 4.2.2.1) DNA isolation from herring soft tissue (liver, 

fillet) resulted in high yield, ranging from 71 ng/μl - 113 ng/μl for liver and from 85 ng/μl -

125 ng/μl for fillet after 4 h digestion (Fig. 21). As expected agarose - electrophoresis 

revealed that even after 1 h of digestion (Fig. 22, lanes 5-13) the DNA obtained from herring 

tissue was highly degraded. The absorbance ratio A260/280 nm of 1.4-1.7 and the A260/230 – ratio 

< 2.0 indicate protein and chemicals contamination of DNA samples (Appendix, Table 6). 

4.2.2.2 Mackerel tissues 

The quantitative and qualitative results for DNA isolation from Atlantic mackerel (Fig. 23 and 

24) were similar to the results obtained from herring. 

 

Figure 23: Concentrations of extracted DNA from mackerel tissue by salt precipitation approach; concentrations 

were measured after 1 to 4 hours of incubation. 

 

Figure 24: 1.2 % Agarose gel of genomic DNA samples obtained from mackerel tissue to every hour during 4h of 

incubation, using salt precipitation methods. Mackerel: (1) skin t=1h, (2) skin t=2h, (3) skin t=3h, (4) skin t=4h, (5) fillet 

t=1h, (6) fillet t=2h, (7) fillet t=3h, (8) fillet t=4h, (9) liver t=1h, (10) liver t=2h (11) liver t=3h, (12) liver t=4h. M, is 

molecular weight marker (bp). 
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Increasing of incubation time led to the increase of DNA amount but did not influence on the 

integrity of nucleic acid molecules. For example DNA yield from mackerel liver increased 

from 54 ng/µl to 128 ng/µl in the time interval of 1 h to 4 h. From skin DNA was isolated in 

higher amount (93 ng/µl) than from fillet (74 ng/µl) after 4 h incubation (Fig. 23). All DNA 

samples obtained from mackerel tissues showed sign of high degradation already after 1 h of 

digestion in lysis buffer (Fig. 24, lanes 4-12). Spectrophotometric measurements showed 

contamination of DNA samples with proteins and chemical solvents with 260/280 nm ratio 

<1.8 and 260/230 nm ratio < 2.0 (Appendix, Table 6). 

4.2.2.3 Whale tissues 

DNA recovery from whale tissues showed also a tendency of increased amount of DNA with 

increased incubation time.  

 

Figure 25: Concentrations of extracted DNA from whale tissue by salt precipitation approach; concentrations were 

measured after 1 to 4 hours of incubation.  

 

Figure 26: 1.2 % Agarose gel of genomic DNA samples obtained from whale tissue to every hour during 4h of 

incubation, using salt precipitation methods. Whale: (1) skin t=1h, (2) skin t=2h, (3) skin t=3h, (4) skin t=4h, (5) liver 

t=1h, (6) liver t=2h (7) liver t=3h, (8) liver t=4h, (9) fillet t=1h, (10) fillet t=2h, (11) fillet t=3h, (12) fillet t=4h. M, is 

molecular weight marker (bp). 

DNA amount from whale skin was almost the same during 3 h of digestion (59 ng/µl) (Fig. 

25) and after 8 h of digestion was more than the double (138 ng/μl) (Fig. 19). Whale liver and 
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fillet exhibited higher DNA quantity after 8 h incubation when compared to the shorter 

digestion time of 1 h and 4 h (Fig. 19, 25). 

As in the previous results an obvious sign of influence of digestion time on the DNA stability 

was not detected (Fig. 26). DNA from whale skin and liver were degraded already after 1 h of 

digestion (Fig. 26, lanes 1 and 5) while DNA from whale liver kept its integrity during all 

incubation intervals of 8 h (Fig. 26, lanes 5-8 and Fig. 20, lane 7). The salt precipitation 

method provided DNA with 260/280–ratio of 1.4-1.7 and 260/230-ratio of 1.7-1.9 (Appendix, 

Table 6). 

4.2.3 DNA extraction from otoliths and tissues in lysis buffer containing EDTA and 

concentrated SDS  

This extraction technique is similar to salt precipitation method. The aim of this experiment 

was to investigate if the increasing concentration of SDS and EDTA could make tissue/cell 

disruption more efficient and preserve DNA from degradation during extraction procedure.  

 

Figure 27: Comparison of ds DNA yield extracted from tissues of herring, mackerel, cod and whale using buffer with 

denaturing agents SDS and EDTA. Samples were lysed in lysis buffer (see 3.4.2.2) and purified with salt prcipitaion. 

 

Figure 28: 1.2 % Agarose gel of genomic DNA samples obtained from fish tissues of herring, mackerel and cod using 

concentrated denaturing agents SDS and EDTA. Herring: (1) skin, (2) fin, (3) fillet, (4) liver, (5) heart. Mackerel: (6) 
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skin, (7) fin, (8) fillet, (9) liver, (10) heart. Cod: (11) skin, (12) fin, (13) fillet. Whale: (15) skin, (16) fillet, (17) liver, (18) 

fat,(19) heart. Otoliths: (20) otolith Nr.1, (21) otolith Nr.2, (22) otolith Nr.3. M, is molecular weight marker (bp). 

The experimental data showed much variation. DNA extracted from all herring tissues kept its 

integrity, showing only some minor degradation (Fig. 28, lanes 1-5). From herring tissues the 

highest amount of DNA was obtained from fillet with the concentration of 248 ng/µl and the 

lowest from heart resulted in 128 ng/µl (Fig. 27). Between 103 ng/µl - 195ng/µl (Fig. 27) was 

recovered from mackerel tissues. However the DNA samples from mackerel were not 

preserved from degradation (Fig. 28, lanes 6-10).DNA concentrations obtained from whale 

tissue ranged from 64 ng/µl to 258 ng/µl (Fig. 27). Additionally, DNA from whale fillet (Fig. 

28, lane 17) was highly damaged after isolation with this protocol, as DNA isolated from 

whale liver (Fig. 28, lanes2-3).  

DNA extracted from cod tissue showed relatively low DNA yields (18 ng/µl-34 ng/µl) using 

this protocol and was degraded (Fig. 28, lanes 11-13). DNA was not detected in the samples 

extracted from otoliths (Fig. 28, lanes 20-22). 

The A260/280 ratio of the isolated DNA ranged from 1.7 to 2.0 and A260/230 nm > 2.0 (Appendix, 

Table 7) indicating light organic and chemical contamination in obtained DNA samples. 

4.2.4 Influence of urea on DNA extraction 

Urea in high concentration denatures proteins by destabilization of hydrogen bonds. Fig. 29-

30 demonstrated that DNA could be successfully extracted from most samples investigated. 

 

Figure 29: Comparison of ds DNA yield extracted from tissues of whale using buffer with the chaotropic compound 

urea. Samples were lysed in lysis buffer (see 3.4.2.3) and pricipitated with salt. 

Only from mackerel hard tissues (fin, skin) (Fig. 30, lanes 6-7) as well as from herring skin 

(Fig. 30, lane 1) no DNA could be extracted. The DNA concentration from herring fins was 

48 ng/µl, 113 ng/µl for fillet and 140 ng/µl for heart (Fig. 29). The DNA concentration from 
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mackerel tissues ranged from 28 ng/µl to 135 ng/µl. The total DNA yield from Atlantic cod 

amounted to 61ng/µl for skin, 68 ng/µl for fillet and 77 ng/µl for fins. The lowest DNA yield 

was extracted from whale fat in amount of 11 ng/µl. The highest DNA concentration of 119 

ng/µl was obtained from whale liver (Fig. 29). The integrity of DNA was checked by agarose-

gel electrophoresis (Fig. 30). 

 

Figure 30: 1.2 % Agarose gel of genomic DNA samples obtained from tissues of herring, mackerel and cod using lysis 

buffer containing the chaotropic agent urea. Herring: (1) skin, (2) fins, (3) fillet, (4) liver, (5) heart. Mackerel: (6) skin, 

(7) fins, (8) fillet, (9) liver, (10) heart. Cod: (11) skin, (12) fins, (13) fillet. Whale: (14) skin, (15) fillet, (16) heart, (17) liver, 

(18) fat. M, is molecular weight marker (bp). 

Isolated DNA showed sign of high degradation with average size of fragments between 2000 

- 300 bp (Fig. 30, lanes 2-5, 8-14 and 16-17). DNA samples from whale fillet and fat were the 

only ones that were reasonably intact and approximately 20 kb und above in size (Fig. 30, 

lanes 15 and 18). The spectrophotometric measurements (Appendix, Table 8) gave 260/280 

nm ratio of 1.6-2.2 and 260/230 nm ratio of 1.5-1.8, indicating variable purity of DNA 

samples. 

4.2.5 DNA extraction from tissues using a combination of the chaotropic agent 

guanidinium iso- thiocyanate and the non-ionic detergent Triton X-100 

In this protocol guanidinium isothiocyanate is usedin combination with detergent Triton X-

100 which leads through the interaction with cell membrane to the destruction of its 

compactness and integrity [45]. The main purpose of this experiment is to analysis the 

influence of guanidinium isothiocyanate and Triton X-100 on the quantity, purity and 

integrity of extracted DNA. 
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Figure 31: Comparison of ds DNA yield extracted from tissues using lysis buffer containing GuSCN and Triton X-100 

as main components for the cell disruption. Samples were lysed in lysis buffer (see 3.4.2.4) and extracted with 

phenol:chloroform:isoamylalcohol (25:24:1). 

 

Figure 32: 1.2 % Agarose gel of genomic DNA samples obtained from fish tissues of herring, mackerel and cod using 

lysis buffer containing detergent GuSCN and Triton X-100. Herring: (1) skin, (2) fin, (3) fillet, (4) liver, (5) heart. 

Mackerel: (6) skin, (7) fin, (8) fillet, (9) liver, (10) heart. Cod: (11) skin, (12) fin, (13) fillet. Whale: (14) skin, (15) fillet, 

(16) heart, (17) fat, (18) liver. M, is molecular weight marker (bp). 

In general, with this protocol DNA could be extracted from tested tissues. Thus, the DNA 

concentration from herring skin, fins, fillet, liver and heart resulted in 54 ng/μl, 62 ng/μl, 35 

ng/μl, 88 ng/μl and 72 ng/μl, respectively (Fig. 31). High DNA yield was obtained from 

mackerel tissues as skin (72 ng/μl), fins (68 ng/μl), fillet (85 ng/μl), liver (94 ng/μl) and heart 

(98 ng/μl) (Fig. 31). Unexpectedly, in the case of cod, DNA was extracted from skin (56 

ng/μl) and fins (69 ng/μl) but not from fillet, liver and heart. The DNA amounts obtained from 

whale tissues were between 53 ng/μl - 125 ng/μl (Fig. 31). 

However the results of gel electrophoresis showed the sign of high fragmentation of extracted 

DNA (Fig. 32, lanes 2-4, 6-12, 14-16, 18) with size of DNA fragments ranged between 20000 

bp to 200 bp. An average 260/280 nm ratio for the DNA samples at 1.9 indicated the absence 
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of protein co-extraction, while a 260/230 nm ratio with 1.7 (Appendix, Table 9) was 

indicative of contamination with phenol or guanidinium isothiocyanate. 

4.2.6 DNA Extraction from tissue using lysis buffer containing the anionic detergent 

lauroyl sarcosine and dithiothreitol  

The object of this experiment to test the efficiency of DNA extraction from tissue using lysis 

buffer containing the combination of anionic detergent lauroyl sarcosine and strong reducing 

agent dithiothreitol (DTT). 

 

Figure 33: Comparison of ds DNA yield extracted from tissues using lysis buffer containing lauroyl sarcosine and 

dithiothreitol as main components for the cell disruption. Samples were lysed in lysis buffer (see 3.4.2.5) and extracted 

with phenol:chloroform:isoamylalcohol (25:24:1). 

 

Figure 34: 1.2 % Agarose gel of genomic DNA samples obtained from fish tissues of herring, mackerel and cod using 

lysis buffer containing lauroyl sarcosine and dithiothreitol. Herring: (1) fillet, (2) liver, (3) skin, (4) fins, (5) heart. 

Mackerel: (6) skin, (7) fin, (8) fillet, (9) liver, (10) heart. Cod: (11) skin, (12) fin, (13) fillet. Whale: (1) skin, (2) fillet, (3) 

heart, (4) fat, (5) liver. M, is molecular weight marker (bp). 

DNA in high concentration could be obtained from soft herring and mackerel tissues. From 

herring fillet, liver and heat DNA was isolated in the quantity of 75 ng/μl, 115 ng/μl, 216 

ng/μl (Fig. 33). DNA yield from herring fins and skin reached 5 ng/μl and 10 ng/μl 

respectively. In case of mackerel nucleic acid could be extracted from skin (98 ng/μl), liver 



51 

 

(180 ng/μl), heart (106 ng/μl) and fillet (237 ng/μl) (Fig. 33). Concentration of DNA isolated 

from mackerel fins was 24 ng/μl. Neither spectrophotometric measurements nor agarose gel 

electrophoresis could detect a presence of DNA in the samples from cod tissues after the 

DNA extraction procedure (Fig. 33 and 34, lanes 11-13). The DNA concentration from whale 

samples ranged from 28 ng/μl to 108 ng/μl (Fig. 33). 

The use of phenol:chloroform:isoamyl alcohol in the purification step was effective in 

obtaining pure DNA samples. Thus the spectrometer absorbance provided a 260/280 nm ratio 

1.7-2.0 and a 260/230 nm ratio 1.9-2.3. However the visualization of DNA samples on the 

agarose gel demonstrated high degradation of the isolated DNA (Fig. 34, lanes 1-10, 14-18). 

The average size of fragments was between 300 - 500 base pair.  

4.3 Heat - induced alkali solution method 

4.3.1 “HotSHOT” extraction 

Some studies have indicated that DNA extraction efficiency depended on the heating 

temperature and the pH value of the retrieval solution [68]. The aim of this experiment was to 

investigate the influence of heat – induced retrieval DNA technique on the quantity and 

quality from tissue obtained DNA samples. 

 

Figure 35: Concentrations of extracted DNA with “HotSHOT” approach from tissue of herring, mackerel and cod to 

different time intervals. 
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Figure 36: 1.2 % agarose gel of genomic DNA samples obtained from skin and fins tissues of herring, mackerel and 

cod using HOTSHOT extraction methods. Gel A shows the results of DNA extraction from herring and mackerel. Gel B 

shows extraction results from cod.t in is an incubation time at 95 °C. 

Gel A: Herring. Lines: (1-2) skin t=10, (3) skin t = 20 min, (4) skin, t= 30 min, (5) skin, t=40 min (6) skin, t= 50 min, (7) 

fins, t = 10 min, (8) fins, t=20 min, (9) fins, t=30 min (10) fins, t=40 min. (11) fins. Mackerel. Lines: (12) skin, t=10, (13) 

skin, t = 30 min, (14) skin, t= 50 min. M, is molecular weight marker (bp). M, is molecular weight marker (bp).  

Gel B: Cod. Lines: (1) skin, t=10, (2-3) skin t = 20 min, (4) skin, t= 30 min, (5) skin, t=40 min (6) skin, t= 50 min, (7) fins, t 

= 10 min, (8-9) fins, t=20 min  (10) fins, t=30 min (11) fins, t=40 min. (12) fins, t= 50 min. M, is molecular weight marker 

(bp).  

After the DNA extraction using the “HotSHOT” protocol extracted DNA from skin and fins 

of different species was observed by both agarose gel and spectrophotometric measurements. 

No signs of degradation of genomic DNA was evident by agarose gel electrophoresis (Fig. 36 

A; B).The quantity of DNA differed between extracting time intervals. (Fig. 35). The mean 

DNA quantity 126 ng/μl for herring skin and 208 ng/μl for herring fins were obtained with 

extraction time for 10 min. and after 50 min. of incubation DNA was obtained  in amount of 

297 ng/μl from skin and 453 ng/μl for fins respectively. The lowest DNA amount from 

mackerel skin with value of 167 ng/μl, from cod skin with 20 ng/μl and cod fins with 532 

ng/μl respectively were extracted after 10 min of incubation. Increasing incubation time led to 

higher DNA yield from hard tissues of all fish species. The extremely high amount of DNA 

was isolated from mackerel fins (1035 ng/μl) and cod fins (1468 ng/μl) after 50 min. of 

incubation (Fig. 35).The quality of DNA - as evident from the absorbance values at 280/260 

nm - showed the presence of excessive amounts of proteins (DNA/Protein = 1.3 to 1.6) in all 

DNA fish tissues samples (Appendix, Table 11). A low 260/230 nm ratio (1.3 to 1.5) is 

indicative for contamination with salt or solvents.  
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4.3.2 “HotSHOT” extraction from tissue with modified purification step. 

To achieve higher purity of extracted DNA with “HotSHOT” method, the samples were 

additionally treated with the phenol:chloroform:isoamylalcohol mixture. Here, the 

“HotSHOT” extraction protocol was applied both to the hard tissue (skin and fins) and to the 

soft tissue (fillet, liver, heart) (Fig. 37, 38).  

 

Figure 37: Comparison of DNA yield extracted from fish and whale tissues using “HotSHOT” extraction method. 

Samples were incubated in lysis buffer containing sodium hydroxid at 95°C for 20 min and purified with 

phenol:chloroform:isoamyl alcohol (25:24:1). 

 

Figure 38: 1.2 % agarose gel of genomic DNA samples obtained from tissues of herring, mackerel and cod using 

“HotSHOT” extraction method followed by a phenol:chloroform:isoamyl alcohol purification step. Tissues were 

incubated at 95°C for 20 min. Herring: (1) skin, (2) fin, (3) fillet, (4) liver, (5) heart. Mackerel: (6) skin, (7) fin, (8) fillet, (9) 

liver, (10) heart. Cod: (11) skin, (12) fin, (13) fillet. Whale: (14) skin, (15) fillet, (16) heart, (17) fat, (18) liver. M, is 

molecular weight marker (bp). 

The modified “HotSHOT” protocol showed good results in the DNA purification from all 

tissue. The quantity of DNA after 20 min of incubation from herring tissues amounted to 161 

ng/μl for skin, 188 ng/μl for fins, 208 ng/μl for fillet, 264 ng/μl for liver and 217 ng/μl for 

heart. For cod, 212 ng/μl was obtained from fillet and 91ng/μl from fins (Fig. 37). The DNA 

yield from whale tissues ranged from 89 ng/μl to 308 ng/μl. Almost all obtained DNA showed 
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high integrity. The average size of isolated DNA molecules was above 20 000 bp (Fig. 38). 

Nevertheless the DNA samples from herring skin and fins as well from mackerel fins and 

fillet were partly fragmented (Fig. 38, lanes 1-2, 7-8). The DNA obtained from whale fillet, 

heart, fat and liver were also slightly fragmented (Fig. 38, lanes 14-18). The 260/280 nm ratio 

was 1.7-1.8 and the 260/230nmratio was 1.9-2.1 (Appendix, Table 12). 

4.3.3 DNA extraction from samples preserved in 75 % ethanol 

These experiments were conducted to investigate if the alcohol preservation of tissue samples 

influences on the quantity and integrity of extracted DNA. Fish and whale tissues were 

preserved in 75% ethanol at -20 °C for 2 months. The second point was to compare the 

efficiency of two DNA purification methods in order to get the best DNA quality. The two 

protocols were: hot alkali treatment and Qiagen DNeasy extraction (procedure 1), and hot 

alkali treatment with phenol:chloroform:isoamyl alcohol extraction (procedure 2). 

 

Figure 39: Comparison of DNA yield extracted from ethanol preserved tissues of herring, mackerel, cod and whale 

using hot alkali-Qiagen DNeasy kit. Samples were lysed in hot alkali lysis buffer and extracted with DNeasy kit (Qiagen). 
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Figure 40: Comparison of DNA yield extracted from ethanol preserved tissues of herring, mackerel, cod and whlae 

using hot alkali-phenol:chloroform:isoamyl alcohol purification. Samples were lysed in hot alkali lysis buffer and 

extracted with phenol:chloroform:isoamylalcohol (25:24:1) and isopropanol/sodium acetate mix. 

The average DNA yields from tissue samples were quite similar with 

phenol:chloroform:isoamyl alcohol than after Qiagen DNeasy kit extraction (Fig. 39 and 40). 

Spectrophotometric quantification showed that concentrations of DNA from herring tissue 

ranged from 46 ng/μl-134 ng/μl after the Qiagen extraction (Fig. 39), while after the 

phenol:chloroform purification the quantity ranged between 98 ng/μl-167 ng/μl (Fig. 40). In 

case of mackerel the highest amount of DNA obtained with Qiagen kit was isolated from liver 

(156 ng/μl) (Fig. 39) and was almost the same compared to extraction with phenol: 

chloroform:isoamyl alcohol (177 ng/μl) (Fig. 40). The similar situation was with DNA 

amounts extracted from cod tissues, however the DNA quantity obtained with both methods 

were relatively low compared to herring and whale. Thus DNA isolated after treatment with 

alkali-Qiagen ranged between 28-42 ng/μl and after phenol/chloroform purification 79-112 

ng/μl. Higher DNA amount was gained from whale tissue in case of both procedures. DNA 

yields from whale were in range of 48-195 ng/μl after isolation with Qiagen kit (Fig. 39) and 

105-216 ng/μl after phenol:chloroform:isoamylalcohol treatment (Fig. 40). Both methods 

yielded high-molecular-weight DNA (Fig. 41-42). 

 

Figure 41: 1.2 % Agarose gel of DNA samples obtained from tissues preserved in 75% ethanol at -20 °C for 2 months. 

Samples were treated in hot alkali buffer and extracted with Qiagen DNeasy Kit. Herring: (1) skin, (2) fin, (3) heart, (4) 

fillet, (5) liver. Mackerel: (6) skin, (7) fin, (8) fillet, (9) heart, (10-11) liver. Cod: (12) skin, (13) fin, (14) fillet. Whale: (15) 

skin, (16) fillet, (17) liver, (18) heart, (19) fat. M, is molecular weight marker (bp). 

 

Figure 42: 1.2 % Agarose gel of DNA samples obtained from tissues preserved in 75% ethanol at -20 °C for 2 months. 

Samples were treated in hot alkali buffer and extracted with phenol:chloroform:isoamylalcohol (25:24:1). Herring: (1) skin, 
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(2) fin, (3) fillet, (4) liver, (5) heart. Whale: (6) skin, (7) fillet, (8) fat, (9) liver, (10) heart. Mackerel: (11) skin, (12) fillet, 

(13) heart, (14) liver, (15) fat. Cod: (16) skin, (17) fin, (18) fillet. M, is molecular weight marker (bp). 

Agarose gel electrophoresis showed high DNA degradation extracted from whale tissue with 

both procedures (Fig. 41, lanes 15-19; Fig. 42, lanes 6-10). DNA obtained from tissues of 

herring, mackerel and cod with both procedures was integral (Fig. 41, lanes 1-4, 6-9, 12-14; 

Fig. 42, lanes 1-5, 11-15 and 16-18).The only exception was DNA isolated from liver of 

herring and mackerel‘s fillet and heart with hot alkali /Qiagen DNeasy Kit which had a sign 

of degradation (Fig. 41, lanes 5, 10-11).  

Preservation in ethanol appeared to minimize the contaminations and produced good-quality 

DNA with A260/280 nm ratio of 1.8-1.9 and A260/230 nm ratio ≥ 2.0 (Appendix, Tables 15-16). 

4.4 DNA extraction by mechanical disruption of tissue samples through 

ultrasonication 

In the present experiment mechanical tissue/cell disruption was carried out by ultasonication. 

In this experiment only hard tissue samples (fins and skin) and one otolith were used. 

Ultrasonication was carried out for 5 sec, 20 sec, 1 min and 3 min. After the mechanical 

disruption, the lysates were treated with proteinase K and purified by salt precipitation. The 

obtained results are provided in Figures 43-44. 

 

Figure 43: Comparison of DNA yield extracted from hard tissues (skin and fins) and otholit using ultrasonication for 

the tissue/cell disruption. Samples were homogenized in lysis buffer (see 3.6.1) during time intervals of 5 sec, 20 sec, 1 min, 

3 min, and precipitated with ammonium aceteate and isopropanol. Ater 1 min and 3 min of homogenization there was no 

DNA abtained from the tissue samples. 

Ultrasonic homogenization of samples resulted in relative high DNA yield from some hard 

tissues especially after 5 sec of treatment. Similar amounts of DNA were obtained from 
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herring skin after 5 sec and 20 sec of homogenization (49 ng/μl and 52 ng/μl). The DNA 

amount extracted from herring fins was 96 ng/μl after 5 sec treatment while after 20 sec 

homogenization DNA yield decreased to 45 ng/μl. Mackerel skin yielded 103 ng/μl and 19 

ng/μl after 5 and 20 sec of sonication respectively, while the corresponding yields from 

mackerel fins were 39 ng/μl and 5 ng/μl. The total amount of DNA isolated from cod skin 

reached 79 ng/μl after 5 sec and 65 ng/μl after 20 sec homogenization (Fig. 43). However 

probe sonication did not succeed to extract DNA from cod fins. The highest DNA 

concentration of 189 ng/μl was obtained from whale skin after 5sec homogenization and 

reduced to 95 ng/μl after 20 sec of treatment (Fig. 43). After the homogenization of the tissues 

for 1 and 3 min, in all samples no DNA was detected. The integrity of DNA was examined by 

1.2% (w/v) agarose gel electrophoresis (Fig. 44). 

 

Figure 44: 1.2 % Agarose gel of DNA samples obtained from hard tissues of herring, mackerel, cod and otolith by 

ultrasonication after 5 sec and 20 sec of homogenization. The samples were homogenized in lysis buffer during 5 sec and 

20 sec with ultrasonic probe disintegrator “SONIPREP 150”, additionally treated with proteinase K and purified with salt 

precipitation. Herring: (1) skin, t=5s (2) skin, t=20s, (3) fins, t=5s (4) fins, t=20s, Mackerel: (5) skin, t=5s, (6) skin, t=20s, 

(7) fins, t=5s (8) fins, t=20s, Cod: (9) skin, t=5s, (10) skin, t=20s, (11) fin, t=5s, (12) fins, t=20. Otolith: (13) otolith, t=5s, 

(14) otolith, t=20s. Whale: (15) skin, t=5s, (16) x*-no sample in the lane, (17) skin, t=20s.M, is molecular weight marker 

(bp). 

The electrophoresis pattern showed the DNA degradation almost in all obtained DNA 

samples (Fig. 44, lanes 1, 3, 5, 9, 10, 15 and 17). 

The spectrophotometric measurement pointed out the purity of the extracted DNA with 

variable contamination of proteins and chemical solvents. For all samples the A260/280 ratio 

ranged between 1.5-2.1 and A260/230 ratio 1.8-2.3 (Appendix, Table 13). 

4.5 Extraction of DNA from fish and whale tissues with full automated system 

“Maxwell®16Instrument” 

With the automated system “Maxwell®16 Instrument” DNA was extracted only from herring 

tissues (liver and fins) and whale tissues (skin, fillet). The obtained extraction results are 

shown in Figures 45-46. 
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Figure 45: Comparison of DNA yield extracted from tissues of  whale using the Maxwell® system. The samples 

prepared in this experiment were extracted following the manufacturer’s instruction. No DNA was obtained from herring 

tissues. 

 

Figure 46: 1.2 % PCR Agarose gel of genomic DNA samples obtained from tissues of whale and herring using the 

automatic Maxwell® system. Whale: (1) skin, (2) fillet. Herring: (3) liver, (4) fins. M, molecular weight marker (bp). 

With the Maxwell®16 system DNA was obtained from whale skin and fillet in concentration 

of 25 ng/μl and 56 ng/μl respectively (Fig. 45). No DNA was isolated from herring tissues. 

The integrity of DNA was assessed by gel electrophoresis (Fig. 46). The gel showed the little 

or no DNA fragmentation and spectrophotometric comparison of absorbance at A260/280 nm 

provided a purity factor of 1.7-2.0. A260/230 nm ratio amounted to 1.9-2.2 (Appendix, Table 

14), indicating reasonable purity of DNA. The average size of molecules was 20 kb and over 

(Fig. 42, lanes 1-2). 

4.6 DNA sequencing with MinION nanopore sequencer 

4.6.1 The nanopore sequencing of whale gDNA 

A sequencing library containing DNA extracted from heart of pilot whale by JetQuick 

Purification kit (see 3.4.1.3) was constructed (see 3.9.1). This single MinION run generated 

Template sequence reads for 843 different DNA fragments (Table 6). The longest single read 
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generated 34, 200 bp. As shown in Fig. 47 reads of the extreme length were the exception and 

not representative for the distribution. The majority of reads had read lengths of less than 

1500 bp. The one direction reads (Basecalling 1D) with total read count of 798, produced only 

166 successful reads. 621 reads were not complemented (Fig. 48). In case of two direction 

reads (Basecalling 2 D) from total 164 reads 43 were classified as “2D failed quality” (Fig. 

49). The under-representation of sequencing aroused because of the defective work of the 

MinION nanopre sequencer. The Read summery information showed that from 512 available 

channels of the sequencer only 48 were used for the sequencing. It was not possible to get rid 

of the bubbles from the pore channels. The previous sequencing (are not a part of this work) 

process with MinION failed as well, pointing out the defects of the sequencer. The further 

DNA sequencings (are not involved in this work) after the change of the device were 

successful. 

 

Figure 47: Distribution of MinION read lengths. Frequency distributions of lengths of reads obtained from the 

MinION run. 
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Table 6: Summary statistics for the MinION reads 

Read type Read count Mean length 

(bases) 

Standard deviation of 

length (bases) 

Maximum length 

(bases) 

Template 843 1240 3300 3620 

Complement 798 165 440 750 

Two direction 164 743 990 1920 

 

 

Figure 48: Read data for one direction reads (Basecalling 1D) over time during the MinION run. Plot of number of 

reads generated per hour during the MinION. 

 

 

Figure 49: Read data for one direction reads (Basecalling 2D) over time during the MinION run. Plot of number of 

reads generated per hour during the MinION. 
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5 Discussion 

The aim of this work was to evaluate/develop the procedures for extraction of genomic DNA 

from different kinds of archived tissues from fish species and whale in an appropriate quality 

and quantity for the subsequent genome sequencing. The tissues were frozen and some tissues 

were also preserved in 75% ethanol for 2 months. Different strategies of cells lysis and DNA 

purification were compared by evaluating DNA yields, purity and integrity. While the yields 

and purity is of importance for all kinds of DNA sequencing methods, the integrity of DNA is 

of central importance for long-read sequencing methods, like nanopore sequencing (MinIon) 

and single molecule real time (SMRT) sequencing (PacBio). 

5.1 Extraction kits 

The results of these experiments revealed certain differences in yield and quality of DNA 

among tested commercial kits (see 4.1). First of all, with PureLink and DNeasy kits was 

possible to isolate DNA only from soft tissues as heart and liver. According to manufacturer‘s 

specifications DNA from tissues should be extracted in approximate amount of 150 ng/µl 

with both kits [21, 61], while the maximal concentration of isolated DNA with PureLink (82.3 

ng/µl) (Fig. 11) and DNeasy kit (79.8 ng/µl) (Fig. 15) resulted only in half of the expected 

concentration. Nevertheless the recovered genomic DNA was integral in both cases, without 

signs of degradation or just lightly degraded (Fig. 12, 16) with approximately 20 kb in size. 

DNA quality of isolated DNA had an A260/280˃ and A260/230  ≥ 2, indicating that DNA was 

reasonably clean of proteins and chemical agents. These two methods were not efficient in the 

DNA extraction from skin and fins of herring and mackerel.  

JetQuick was the most effective procedure in the obtaining of genomic DNA in relative high 

amount among the “ready to use” kits. DNA amount of 145 ng/µl (Fig. 13) obtained from 

whale liver corresponded to the expected DNA yield (approximately 150-200 ng/µl), 

according to the manufacturers specification [40]. However, most extracted nucleic acid 

molecules were highly degraded (Fig.13, 14). As in case of PureLink and DNeasy kits, 

JetQuick protocol showed also its inefficiency of DNA extraction from challenging tissues 

like skin and fins. The 260/280 nm ratio of tested DNA samples provided a purity factor of 

1.7-2.0 indicating it’s reasonable to good purity. The obtained spectrophotometric results for 

260/230 nm ratio were between 1.9-2.0 (Appendix, Table 2), pointing out slight 

contamination with phenol or another chemical solvents. 

Chomczynsky [17] reported about the high efficiency of DNAzol in the genomic DNA 

isolation from animal tissues, plants and human material. The efficacy of DNAzol® in 
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isolation of genomic DNA from tissues of fish and whale in present experiments was not 

confirmed (Fig. 17-18). The highest amount isolated DNA with DNAzol yielded in 0.002 

µg/mg tissue (Fig. 17) and was extremely low compared to the DNA yields (from 0.9 to 

7µg/mg tissue) obtained by Chomczynsky with DNAzol protocol [17]. Generally DNAzol 

Reagent could purify DNA from soft tissues of whale and fishes (herring, mackerel and cod) 

but less successfully from skin and fins. Only in case of mackerel and cod DNA was obtained 

from hard tissues, 21 ng/µl (0.00042 µg/mg) from mackerel skin and 41 ng/µl (0.00082 

µg/mg) from cod fins (Fig. 17). All DNA samples isolated by this method had A260/280 

absorbance ratio ≥ 1.8 (Appendix, Tables 1-4), which is considered standard for pure DNA 

[2]. 

The results of present experiments clearly showed, that DNA recovery from whale tissue 

independent on the extraction protocols is much higher that from fish tissue (Fig. 11, 13, 15, 

17). Generally the “ready to use” kits were able to extract DNA from soft fish tissue as fillet, 

liver and heart in reasonable amount but they did not provide good results in the DNA 

extraction from hard tissues samples (skin and fin). 

The DNA isolation from fish fins and skin is always a challenge due to its consistency which 

can lead to a low amount of total recovered DNA [84].  

5.2 Salting-out DNA extraction (salt precipitation method) 

Salting-out DNA extraction was an in - house developed procedure based on the initial 

protocol of Aljanabi [1]. This method is very quick, cheap and does not include expensive 

instruments/tools or toxic chemicals. Some studies have suggested that salt precipitation 

method resulted in high DNA yield [52].The present findings (Fig. 19, 20) showed that with 

this technique, which is based on the chemical-enzymatically cell structure disruption, DNA 

could be extracted not only from soft tissues (heart, fillet or liver) but also from skin and fins 

of mackerel in a high amount of 106 ng/µl and 109 ng/µl respectively. However, it did not 

succeed to extract DNA from hard tissue (skin and fins) of herring. Generally, the results of 

this experiment indicated high yields of extracted DNA. Efficiency of this method was stated 

in the study of Rivero [59], who extracted DNA from small biopsies from oral inflammatory 

fibrous hyperplasma with salting – out method in amount of 130 ng/µl. Aljanabi and 

coworkers [1] in their experiments extracted DNA from plant leaves, muscle of grass hopper 

and shrimp using salt precipitation method as well. The extract DNA ranged from 500 to 800 

ng/µl. The highest DNA concentration obtained with present protocol made up 340 ng/µl and 

was lower compared to the DNA yield extracted by Aljanabi (500 ng/µl ), but still high. 
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Average DNA yield from soft tissues of herring and mackerel (liver and fillet) obtained with 

salting-out method ranged from 70 to 121 ng/µl (Fig. 19) and was significantly higher than 

the DNA concentrations obtained from the soft tissues with “ready to use kits” (Fig. 11, 13, 

15, 17).This could make the salt precipitation method very attractive for the routine DNA 

isolation. However for the isolation of undamaged, integral genomic DNA this procedure was 

not appropriate. The obtained genomic material almost from all samples was highly degraded 

(Fig. 20). 

Different protocols containing a DNA salt precipitation step suggested various time intervals 

for the incubation of samples in lysis buffer to obtain efficient cell disruption, from 1h to 

overnight digestion [56, 60]. Because in this experiment the used protocol was very simple 

and did not contain reagents that should cause DNA damage, it was assumed that too long 

digestion time (over 10 h) might be a reason for the high degree of DNA fragmentation. 

However the results of subsequent experiments with different intervals of tissue digestion in 

lysis buffer showed that the time was not the factor that caused the degradation of extracted 

DNA (Fig. 22, 24, 26). Gel electrophoresis results clearly showed that the obtained DNA 

almost from all tissues samples had sign of degradation already after 1 h of incubation. The 

prolongation of tissues incubation resulted in higher DNA yields (Fig. 21, 23, 25). The loss of 

DNA integrity could be result of low tissue quality. Generally the amount of degraded DNA 

correlated directly with the duration of the post mortem period [4]. The lack of exact 

information about the tissue preservation and storage gave a reason to assume that fish after 

the catch could be stored under the improper conditions, which could lead to degradation of 

tissues and in particular DNA. For example, if the tissues were not preserved immediately 

after its sampling (detailed information about fish sampling was not available), post mortem 

DNA degradation processes could start and be a reason for DNA damage. However, this 

argument does not explain that reasonable results for integrity were obtained with the finished 

kits (see above). Another possibility relates to endonucleases.  

Some fishes have powerful cellular endonucleases. Inhibition or denaturation of these 

enzymes is needed for successful DNA extraction [50]. One possibility for the DNA damage 

could be that concentrations of such agents as SDS, EDTA and proteinase K in this protocol 

were not sufficient to inactivate the endonucleases. 

Repeated freeze-thawing processes of fish samples could be another reason for DNA damage. 

The scientific reports [63, 77], which investigated the influence of repeated freezing-thawing 

processes on the DNA quality, contained contrary information. For example, the study of 
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Ross and coworkers [63] showed the absence of DNA degradation in fresh blood samples 

after repeated cycles of freezing and thawing. However, Thomson [76] reported reported that 

the number of freeze-thaw cycles influenced the DNA integrity. The percentage DNA 

fragmentation rose significantly following each freeze-thaw cycle. The study of Kalthur [41] 

clearly demonstrated the freeze-thaw – induced DNA damage. Obviously there is no overall 

agreement in the problem of the impact on the DNA quality of repeated freezing-thawing 

processes. However, according to the contrasting experimental results of different studies it is 

difficult to assume if the freezing and subsequently thawing of the tissue samples could 

impact the structural damage of extracted DNA. 

5.3 Comparison of the DNA extraction efficiency of different chemical solvents 

To test the efficiency of the different chemical agents (detergents and chaotropic salts) which 

are widely used in the cell disruption, several lysis buffers based on the previous published 

reports [35, 62, 84] were applied for the DNA extraction from animal tissue. In these 

experiments the combinations of the two groups of chemicals were tested. The quantitative 

results of these experiments showed the differences between tested agents (Fig. 30, 33, 36, 

39).  

The best quantitative results in the DNA extraction from fish and whale tissue were obtained 

using the membrane solubilizing surfactant sodium dodecyl sulphate (SDS) in combination 

with ethylenediaminetetraacetic acid (EDTA) in lysis buffer which resulted in DNA yields 

ranged from 34 to 258 ng/µl (Fig. 27). Additionally this method was very effective in DNA 

obtaining from hard tissues (skin and fins) of all tested fish (Fig. 27). Some studies [49, 65] 

also reported about the efficiency of highly concentrated SDS and EDTA in cell disruption 

and DNA extraction as well. Thus the experiments of Lee [49] showed that the increasing the 

sodium dodecyl sulfate concentration up to 12% led to the enhancement of final DNA yield 

from 3 ng/µl to 200 ng/µl. Other DNA extraction protocols used SDS and EDTA in lysis 

buffer also reported about the efficiency in cell disruption [66, 76]. Kumar [47] could extract 

DNA from fish scales of different species in amount from 113 ng/µl to 403 ng/µl using 20% 

SDS in the lysis buffer. Since EDTA was present in the lysis buffer, nuclease metal ion 

cofactors would be chelated and DNAse which participated in DNA degradation would be 

inactivated [48, 60]. However agarose gel electrophoresis showed that all isolated DNA 

samples were somewhat or highly degraded (Fig. 28, 29). It was not found any information in 

the literature whether high concentrations of detergents could cause the degradation of 

extracted DNA, but giving the physicochemical properties of these compounds, it is not likely 
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that they on their own should cause any damage to DNA except for interfering with its 

structure. In the same report Lee stated that nucleic acid kept its integrity in the presence of 

high concentrated SDS [49]. 

In terms of DNA quantity the combination of non – ionic detergent Triton X-100 and 

guanidium iso thiocyanate (GuSCN) was less effective compared to SDS and EDTA (Fig. 27, 

31). However in the presence of Triton X-100 and GuSCN, DNA could be extracted in 

reasonable amounts both from soft and hard fish tissues with minimal concentration of 4 ng/µl 

isolated from cod fillet and maximal DNA yield of 125 ng/µl obtained from whale skin (Fig. 

31). The present DNA extraction method was based on the extraction procedure described by 

Rohland [62], who used guanidium iso thiocyanate and Triton X-100 as a part of lysis buffer 

to extract DNA from archived teeth of chimpanzee. The results of his study stated the 

efficiency of the combination of these two chemical agents in the DNA extraction from 

animal hard tissue.  

However, DNA samples obtained with present protocol had a 260/230 nm ratio of 1.7, which 

(Appendix, Table 9) was indicative for contamination with phenol or guanidinium 

isothiocyanate carried over during the lysis or washing steps, while an average 260/280 nm 

ratio at 1.9 indicated the absence of protein co-extraction. As in case of SDS and EDTA the 

extracted DNA with guanidium iso thiocyanate and Triton X–100 was dramatically degraded 

(Fig. 32). 

The further experiments showed that the combination of the redox agent dithiothreitol, which 

is commonly used for the protein disulfide bonds reduction, and the anionic detergent sodium 

lauroyl sarcosine lead to the DNA recovery both from soft and hard tissues. However with 

this protocol DNA could be extracted in relatively high amount from soft tissues, while the 

DNA extraction from skin and fins was successful only in case of mackerel and whale (Fig. 

33). The extraction of DNA from cod tissues completely failed. DNA extraction results with 

present protocol were similar to the results obtained by using urea, which demonstrated its 

efficiency only in obtaining DNA from soft but not from hard fish tissues (Fig. 29). In both 

cases extracted DNA had signs of high degradation (Fig. 30 and 34). Because tissues, 

especially fins and skin, contain large amount of fibrous material, it is difficult to extract 

genomic DNA from them in high amount [51]. 

The present results may suggest that the quantitative differences in extracted amount of DNA 

could depend on the properties of the detergents and chaotropic agents. Due to the nature of 

the charged or uncharged head groups and the lengths of the detergent alkyl tails, the different 
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detergents have different affinity ratios to the lipid bilayer and membrane proteins and thus 

differ in binding ratio and penetration into the membrane [31, 75]. The chaotropic agents also 

differ in their ability to increase the permeability of membrane and to denature proteins [37]. 

This can explain the differences in the efficiency of the cell disruption and DNA quantity 

obtained after tissue treatment with different chemical agents. Generally the obtained data 

confirmed the statement that anionic surfactants are very effective in the cell membrane 

disruption compared to the other group of detergents [75], and thereby make DNA available 

for further processing by the experimental protocol. 

In addition, all DNA samples extracted with current methods were highly degraded. The loss 

of molecular integrity was also observed in case of DNA extraction with salting-out method 

and some commercial kits such as JetQuick® Kit (Fig 14.), DNAzol®Reagent (Fig 18) and 

PureLink® Genomic DNA Kit (Fig 12). Due to the absence of the obvious factors influence 

the DNA degradation during the extraction, the present findings could pointing out the low 

quality of tissues, as it was already mentioned above. 

5.4 DNA extraction with “HotSHOT” technique 

The experiments using a method of a high temperature with alkali solution to extract DNA 

from fish and whale tissue was performed to compare the influence of different time intervals 

of digestion in extreme condition on the DNA yields and the state of obtained nucleic acid. 

Among all DNA extraction method tested in this work, only HotSHOT technique showed 

good quantitative as well as qualitative results with most of tissues (Fig. 35-38). 

The results of present experiments showed that the prolongation of digestion time led to the 

increasing of DNA amount but did not influence the integrity of DNA molecules. A 

reasonable explanation for high DNA output could be that alkali solution and high 

temperature are more effective in cell disruption, DNA dissociation from other cellular 

constituents and separation from associated proteins [67]. Some authors [64, 71] 

experimentally stated the efficiency of samples heating (98 °C) in a retrieval solution at 

higher pH (10-12) value for the efficient DNA extraction. The experiments of Rudbeck [64] 

also showed that in the HotSHOT technique with NaOH and high temperature could play 

critical role in disruption of cell membrane and protein denaturation, while the DNA is 

relatively stable in alkaline condition. Stunbury and Whitaker [71] wrote that alkaline 

treatment at a pH of 11.5-12.5 causes cell lysis and most proteins are unable to tolerate such 

condition. All these investigations point out that after the cell disruption under the high 

temperature condition endonucleases (DNase) will be inactivated, while nucleic acid are 
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stable molecules [5] and keep its integrity. The results of present experiments partly support 

those viewpoints. Most DNA samples extracted with HotSHOT technique kept the integrity 

(Fig. 36, 37) and were not as much degraded as DNA extracted with detergent and chaotropic 

agents (Fig. 20, 28, 30, 32, 34). However some nucleic acid molecules extracted from herring 

(Fig 36, lanes 1-2), mackerel (Fig 36, lanes 7-8) and whale (Fig 38, lanes 3-5) had signs of 

degradation. 

Moreover these experiments demonstrated the critical point of the DNA purification step. 

Spectrophotometric quantification showed extremely high DNA yields already after 10 min 

incubation, especially in case of cod fins (532 ng/µl) and mackerel fins (649 ng/µl). After 50 

min of incubation the DNA concentrations from fins of cod and mackerel amounted in 1468 

ng/µl and 1035 ng/µl respectively (Fig. 37). The assessment of sample‘s purity showed that 

A260/280 ratio ranged between 1.3-1.6and A260/230 1.3-1.5 (Appendix, Table 11), pointing out 

contamination of DNA samples both with proteins and chemical solvents. 

After the DNA samples were purified by phenol:chloroform:isoamyl alcohol, higher purity 

was obtained(Appendix, Table 12) with minimal DNA concentration of 89 ng/µl (whale fat) 

and maximal of 308 ng/µl (whale liver) still indicating high output of DNA (Fig. 37). 

This study demonstrated that the heating of the tissue samples in alkali solution provided 

better DNA quality and quantity compared to the previous DNA extraction methods such as 

commercial kits and the use of chaotropic or detergent agents. 

5.5 DNA extraction from samples preserved in 75% ethanol 

The cell lysis of fish and whale tissues preserved in 75% ethanol using hot alkali was very 

effective. However significant differences in DNA quantity was observed after purification 

with phenol:chloroform:isoamylalcohol (Fig. 40) and DNeasy purification kit (Qiagen) (Fig. 

39), where the former yielded higher amounts of DNA. The main principle of this DNA 

extraction method from ethanol preserved samples was similar to the “HotSHOT” technique, 

which was applied to extract DNA from thawed fish and whale tissue (see 3.5.1). The results 

of DNA extraction after preservation showed some decreasing of DNA amount compared to 

“HotSHOT” results (Fig.37), but differences were not prominent. The agarose gel 

electrophoresis showed that extracted DNA after the hot alkali treatment was more integral 

(Fig. 41, 42) than for example after samples were treated with chaotropic and detergent agents 

such as SDS (Fig. 28), urea (Fig. 30) or guanidinium isothiocyanate (Fig. 32). This indicates 

the efficiency of this method in obtaining of good-quality DNA for the sequencing. The 

present experiments demonstrated that DNA can be successfully extracted from tissue 
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samples preserved in ethanol. Additionally some studies confirmed the efficiency of this 

method [34, 57]. Thus, Companella [10] reported about successful DNA extraction with hot 

alkali method from different samples after storing them in 50% ethanol during 200 days. The 

further study [36] showed that DNA could be extracted from tissues sampled from arboreal 

lizard (Anolis carolinensis) and preserved in 70% ethanol over 30 years. After tissues 

treatment with hot alkali followed DNA extraction parallel with two methods, 

phenol:chloroform or DNeasy purification kit. With phenol:chloroform extraction as well as 

with the DNeasy kit DNA could be obtained only from liver of lizard in high quality and 

quantity, while DNA isolation from muscle and tail-tips failed.  

The results of present work showed that DNA extraction from hard and soft fish tissue were 

more efficient compared to the qualitative and quantitative results of other studies [36]. 

The advantage of sample preservation in ethanol is that the development of microorganisms in 

samples is inhibited and thus the tissue samples are protected from decomposition, at the same 

time as most proteins become denatured, and thereby their enzyme activities are stopped. 

Additionally, it may be assumed that the ethanol will partly dissolve the lipid membrane. 

Treatment with ethanol softened the tissues for DNA extraction. Tissue conservation in 75% 

ethanol represented an attractive low – cost method used for preservation of samples for DNA 

extraction. This technique is especially valuable for the samples collection in remote regions 

and yields DNA of equivalent quality to that obtained from frozen tissue. 

5.6 Homogenization 

Many protocols involved sample homogenization as the first step in the DNA isolation 

procedure [15, 44, 70], in particular for hard tissues [58]. In this experiment homogenization 

of tissue samples carried out by an ultrasonic probe disintegrator, “SONIPREP 150” (MSE). 

The qualitative and quantitative determination of extracted DNA from hard tissues of fish and 

whale showed that the prolongation of the homogenization time resulted in the poor DNA 

amount (Fig. 43). Thus after the samples were treated with disintegrator during 1 min and 3 

min the spectrophotometric measurements indicated the absence of DNA which was further 

confirmed by the absence of DNA bands in the agarose gels (pictures are not shown). After 

the decreasing of the homogenization time to 5 sec and 20 sec DNA could be detected in the 

extraction fractions. However after 5 sec of homogenization DNA yield was higher than after 

20 sec of homogenization (Fig. 43). These results suggested that the applying of tissue 

homogenization method causes dramatically degradation of DNA. Obviously, the released 

energy through the sonication was too high what resulted in damage of DNA molecules. 
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However the results of previous DNA extraction with heat induced method “HotSHOT” 

showed that DNA was relatively stable after the temperature increasing up to 95 °C (Fig. 36, 

38). Thus, the shearing forces generated during the ultrasonication process is probably the 

major mechanism leading to the dramatically degradation of DNA. However another reason 

for the DNA damage, as it was already mentioned, could be a low quality of tissues, which in 

combination with shearing force was responsible for high degradation of samples. 

Yeates [87] in his work compared different mechanical cell disruption methods and their 

influence on the quality of extracted DNA. Results of his experiments showed that DNA 

extracted using sonication was more degraded than for the other methods tested. Methods that 

shear DNA, such as sonication, generally result in DNA of 100-500 bp [24]. The findings of 

present work and results of other studies [44] showed the inefficiency of high molecular 

weight DNA extraction with ultrasonic probe disintegrator. 

5.7 Maxwell®16 Tissue Purification Kits and Maxwell®16 Instrument 

The Maxwell®16 is fully automated technology which is based on the magnetic beads. The 

high costs of this procedure did not allow the implementation of this system to extract DNA 

from all tested tissue samples. Thus this procedure was applied to extract DNA only from 

tissues of herring (fins, liver) and whale (skin, fillet). 

The obtained results showed that DNA was effectively isolated only from whale tissues (Fig. 

45, 46), while DNA extraction from herring tissues failed. The first step of cell lysis with 

Maxwell system is mechanical cell disruption of the solid samples with the embedded bore. 

Obviously, the applied mechanical force by this homogenization may be not enough strong to 

disrupt the elastic herring tissue. Extraction results of some previous methods such as “ready 

to use kits” (PureLink (Fig. 12), JetQuick (Fig. 14), DNAzol (Fig. 18)) or techniques based on 

chemical cell disruption (salting out method (Fig. 19), urea (Fig. 29)) also showed their 

inefficiency in obtaining DNA in reliable quality and quantity from herring tissues and 

especially from hard tissues such as fins and skin. Experimental results generally showed 

DNA extraction from fish samples was more difficult compared to DNA isolation from 

whale. A possible explanation for the different DNA yields extracted from hard and soft tissue 

of fish and whale could be in spatial organization of the cells that form a tissue. Thus fish fins 

are composed from bony spines or rays protruding from the body with skin covering them. In 

its turn the fish skin has complex scaly organization. Different species of fish differs in 

organization of the scales, like size, thickness, number, density, etc. Moreover the dermal cell 

processes intertwine with dermal collagen [29], a fibrous protein organized in fibrous layers 
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which cross skin scales and results that the whole system is twisted [25]. This may be the 

reason why, for example, DNA was obtained from hard tissues of mackerel more often that 

from herring. Obviously the absence of scaly organization of whale skin may be the reason 

for the more efficient tissue digestion and DNA extraction compared to fishes hard tissues. 

In study of Ki [43], Maxwell system was applied to extract DNA from animal tissues. Nucleic 

acid was isolation in amount of 350 ng/mg from cow liver and 596 ng/mg from mouse tail, 

while in present work DNA isolated from whale skin yielded in 750 ng/mg and from whale 

filet in 1380 ng/mg, pointing out higher quantitative output (Fig. 45). However the present 

experiments demonstrated that automated system could not sufficient purify the DNAs from 

all tested samples. These suggest that the Maxwell®16 technology is not suitable for the 

directly purifying DNAs from diverse biomaterials. 

5.8 DNA extraction from otoliths 

Otoliths are used for multiple research purposes in many studies described as an important 

source of DNA. In frame of this work was considered to evaluate the methods for the DNA 

extraction from otoliths. Two techniques were applied to isolate DNA from otoliths: 

ultrasonication and incubation of samples in the lysis buffer with higher concentration of 

SDS. None of these methods was efficient. In the literature was found that the otolith is an 

acellular formation [35]. Some authors pointing out that DNA recovery occurred not from the 

otoliths themselves, but from the DNA material adhered to their surface like dried blood and 

tissues [38, 78]. That is why DNA extraction from otoliths should be conducted before any 

other analysis, because the samples should be reasonably untouched for successful and 

reliable extraction. In present experiments, the used otoliths have been treated for other 

purposes and did not have any tissue or blood material on its surface that is why it did not 

succeed to isolate DNA. The applying of further DNA extraction techniques to isolate DNA 

from otoliths had no success. 

5.9 DNA sequencing with MinION nanopore sequencer 

The whale genome sequencing with the MinION nanopore sequencer was not successful, as it 

gave unexpectedly few reads both with regard to read length and read quality. The main 

reason of failed sequencing was the fault of the MinION device. Due to the limitation of this 

masterwork to repeat the long – read sequencing of extracted DNA from whale heart was not 

possible. The further sequencing experiments, which are not a part of this work, were 

successful.  
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5.10 Conclusion and outlook 

Based on the experimental results of this work can be concluded that the set aim to develop 

standard protocol for the routine gDNA isolation from diverse biological samples for 

subsequent genome sequencing was not fully archived. 

In spite of the wide range of published techniques for DNA isolation, the development of 

appropriate method which could satisfy all quantitative and qualitative criteria for the 

particular kind of tissue is a quite challenging aim, as the experimental results showed. 

However, it would also have been an advantage to work with more identical samples to 

develop methods that are more optimized. Tissues, especially hard tissues (skin, fins) from 

different fish species are likely to differ in their propensity to lyse, due to differences in their 

organization and amounts of cells and extracellular matrix. The lysis conditions may have to 

be individualized according to the sample. Generally, here is a clear contrast between hard 

tissues and soft tissues, the latter typically having high DNA yields. Fins, bone or skin DNA 

extraction procedure can be considered challenging and less efficient than extraction from soft 

tissue. 

Furthermore due to the low amount of input DNA (1-1.5 µg) required for the nanopore 

sequencing, almost all extraction techniques met quantitative demand for DNA for a single 

nanopore sequencing run. However the quality of extracted DNA in case of majority of 

assessed methods was very low and did not satisfy the set criteria, extracted DNA molecules 

in many cases were highly degraded. The approaches which showed its potential to extract 

integral DNAs in appropriate amount were the commercial DNeasy®Blood & Tissue kit 

(Qiagen) and in house developed method “HotSHOT”. However there is a question why in 

case of ten applied methods only two techniques could extract reasonably intact DNA, while 

DNA isolated with other eight had signs of degradation. At the same time studies which used 

similar techniques to isolate DNA from different biological samples reported about their 

efficiency in obtaining of non - degraded gDNA. Due the absence of components causing 

DNA damage in lysis buffers of in house developed methods, it was assumed that the DNA in 

the archived tissue was already degraded. The absence of exact information about the 

preservation and storage of tested samples may strengthen this assumption. To confirm or 

refute this suggestion, further experiments are necessary. The comparison of extracted DNA 

from fresh fish and whale tissues under the same conditions which were described in this 

work would show if the used tissues really had a low quality or DNA degradation was a result 
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of other processes. Preferably, the fresh and archived tissues should be extracted in the same 

experiments to avoid any unintentional experimental variations. 

Highly cleaned otoliths do not seem appropriate as a source for the genomic material due to 

its structural acellular properties. 

The simultaneous of different preservation condition of DNA did not reveal obvious impact 

on the quantitative state of DNA. Additionally, the study showed that 75 % ethanol seems to 

be good preserving agent for samples storage. Tissues preserved in 75 % ethanol could be a 

reliable resource of good quality and quantity of DNA even after longer time intervals. 
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7 Appendix 

Table 1: Measurements of DNA concentration, A260/230 and A260/280 ratio of extracted DNA from fish and whale tissues 

obtained with PureLink®Genomic DNA Kit (Invitrogen) 

Fish Tissue 
OD 

260/280 

(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
PureLink®Genomic DNA Kit 

Herring 

skin - - 0 

fins - - 0 

liver 1,9 2,0 10 

fillet 1,9 2,0 15,5 

Mackerel 

skin 1,7 1,9 15,4 

fins 1,9 2,3 11 

liver 1,7 2,1 49,9 

fillet 1,8 2,1 59 

Whale 

skin 1,9 2,0 39 

heart 2,0 2,0 28 

liver 2,0 2,2 57 

fillet 2,0 2,1 82 

fat 2,0 1,8 4 

 

Table 2: Measurements of DNA concentration, A260/230 and A260/280 ratio of extracted DNA from fish and whale tissues 

obtained with JetQuick™DNA Purification (Genomed) 

Fish Tissue 
OD 

260/280 
(nm) 

OD 

260/230 
(nm) 

DNA 

concentration  
(ng/µl) 

 
JetQuick®Genomic DNA Purification Kit 

Herring 

skin 1,7 1,9 8 

fins 1,7 1,9 5 

liver 2,0 1,9 78 

fillet 1,9 1,9 62 

Mackerel 

skin 1,8 1,9 7,6 

fins 1,9 1,9 4,5 

liver 1,9 2,1 88 

fillet 2,0 2,0 57 

Whale 

skin 1,8 2,0 76 

heart 1,7 2,0 118 

liver 1,9 1,9 142 
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fillet 1,9 2,0 52 

fat 1,7 1,9 89 

 

Table 3: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

obtained with DNeasy Blood & Tissue (Qiagen) 

Fish Tissue 
OD 

260/280 

(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
DNeasy®Blood & Tissue Kit 

Herring 

skin 1,8 2,1 5 

fins 1,8 1,8 4 

liver 1,9 2,0 22 

fillet 1,8 2,0 45,9 

Mackerel 

skin 1,8 1,9 2,5 

fins 1,8 1,9 3,9 

liver 1,9 2,0 79,8 

fillet 1,8 2,1 7,1 

Whale 

skin 1,9 2,0 37 

heart 1,8 2,0 6 

liver 1,8 2,2 38 

fillet 1,8 2,1 37 

fat 1,7 1,9 39 

 

Table 4: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

obtained with DNAzol (Invitrogen) 

Fish Tissue 
OD 

260/280 

(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
DNAzol®Reagent (Invitrogen) 

Herring 

skin - - 0 

fins - - 0 

liver 1,86 2,2 70 

fillet 1,85 2,1 55 

Mackerel 

skin 1,80 2,1 21 

fins 1,90 2,0 0 

liver 1,81 2,0 83 

fillet 1,86 2,2 50 

Whale skin 1,80 2,1 0 



83 

 

heart 1,80 2,1 33 

liver 1,77 2,0 54 

fillet 1,80 2,0 102 

fat 

  

0 

Cod 

skin 1,80 2,2 0 

fins 1,79 2,2 41 

fillet 1,80 2,1 78 
 

Table 5: Measurements of DNA concentration, A260/280 and A260/230ratio of extracted DNA from fish and whale tissues 

obtained with “salting-out” method 

Fish Tissue 
OD 

260/280 
(nm) 

OD 

260/230 
(nm) 

DNA 

concentration  
(ng/µl) 

 
Salting-out method 

Herring 

skin - - 0 

fins - - 0 

liver 1,50 1,9 92 

fillet 1,41 1,9 100 

Mackerel 

skin 1,7 1,9 106 

fins 1,8 1,8 109 

liver 1,9 1,6 121 

fillet 1,8 1,6 70 

Whale 

skin 1,9 1,9 138 

heart 1,8 1,8 125 

liver 1,8 1,8 340 

fillet 1,8 1,9 137 

fat 1,7 1,6 39 
 

Table 6: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

obtained with “salting-out” method to different time intervals 

Fish Tissue 
Incubation 

time (h) 

OD 
260/280 

(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
Salting-out method 

Herring 
skin 

1 - - 0 

2 - - 0 

3 1,50 1,90 7,5 

4 1,41 1,90 12 

liver 1 1,72 1,90 73 
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2 1,80 1,80 89 

3 1,90 1,80 75 

4 1,80 1,80 113 

fillet 

1 1,90 1,90 85 

2 1,80 1,80 79 

3 1,80 1,80 98 

4 1,80 1,90 125 

 
Salting-out method 

Mackerel 

skin 

1 1,44 1,7 14 

2 1,56 1,7 17 

3 1,63 1,9 24 

4 1,67 1,9 93 

liver 

1 1,72 1,9 54 

2 1,6 1,8 85 

3 1,6 1,6 109 

4 1,8 1,6 128 

fillet 

1 1,5 1,9 49 

2 1,5 1,8 55 

3 1,63 1,8 63 

4 1,67 1,9 74 

 

Salting-out method 

Whale 

skin 

1 1,6 1,8 61 

2 1,56 1,9 58 

3 1,5 1,8 59 

4 1,4 1,9 81 

liver 

1 1,7 1,7 132 

2 1,56 1,7 153 

3 1,7 1,8 183 

4 1,67 1,7 293 

fillet 

1 1,6 1,8 113 

2 1,56 1,8 143 

3 1,5 1,8 121 

4 1,5 1,9 208 
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Table 7: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

and from otoliths with DNA extraction method using concentrated SDS and EDTA for cell lysis 

Fish Tissue 
OD 

260/280 
(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
concentrated SDS and EDTA 

 

Herring 

skin 1,8 2,1 199 

fins 1,7 2,0 196 

liver 1,9 2,0 218 

fillet 1,9 2,2 248 

heart 2,0 2,1 128 

Mackerel 

skin 1,7 1,9 118 

fins 1,8 2,0 103 

liver 1,9 2,0 195 

heart 1,9 2,0 149 

fillet 1,8 2,0 151 

Whale 

skin 1,9 2,0 111 

fillet 1,8 1,9 197 

liver 1,8 2,1 258 

heart 1,8 2,1 98 

fat 1,7 2,1 64 

Cod 

skin 1,9 2,0 23,0 

fins 2,0 2,0 18,0 

fillet 2,0 2,0 34,0 

Otoliths 

Otolith 1 - - 0 

Otolith 2 - - 0 

Otolith 3 - - 0 

 

Table 8: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

with DNA extraction method using urea for cell lysis 

Fish Tissue 
OD 

260/280 
(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
DNA isolation using urea 

Herring 

liver 1,43 1,70 110 

fins 1,64 1,60 48 

heart 1,86 1,70 140 

fillet 1,60 1,70 113 

Mackerel skin - - 0 
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heart 2,19 1,80 28 

liver 1,60 1,80 135 

fillet 1,86 1,70 45 

Whale 

skin 1,80 1,6 53 

heart 1,80 1,8 83 

liver 1,80 1,7 78 

fillet 1,80 1,7 50 

fat 2,00 1,8 11 

Cod 

skin 1,80 1,70 61 

fins 1,79 1,70 77 

fillet 1,80 1,70 68 

 

Table 9: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

with DNA extraction method chaotropic agent guanidinium isothiocyanate and the non - ionic detergent Triton X-100 

for cell lysis 

Fish Tissue 
OD 

260/280 
(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
Guanidinium isothocyanat and Triton X-100 

Herring 

skin 1,9 1,7 54 

fins 1,8 1,8 62 

liver 1,9 1,7 88 

fillet 1,9 1,9 35 

heart 2,0 1,8 72 

Mackerel 

skin 1,8 1,7 72 

fins 1,8 1,6 68 

liver 1,9 1,7 94 

heart 2,0 1,7 98 

fillet 1,9 1,7 85 

Whale 

skin 1,9 1,8 125 

fillet 1,9 1,8 53 

liver 1,9 1,7 79 

heart 1,8 1,7 103 

fat - - 0 

Cod 

skin 1,9 1,6 56 

fins 1,9 1,7 69 

fillet 1,8 1,7 4 
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Table 10: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

with DNA extraction method using anionic detergent lauroyl sarcosine and dithiothreitol for cell lysis 

Fish Tissue 
OD 

260/280 
(nm) 

OD 260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
lauroyl sarcosine and dithiothreitol 

Herring 

skin 1,7 2,0 5 

fins 1,8 2,0 10 

liver 1,9 2,0 115 

fillet 1,7 2,1 75 

heart 1,9 2,0 216 

Mackerel 

skin 1,8 2,0 98 

fins 1,9 2,0 24 

liver 1,9 2,0 180 

heart 1,8 2,1 106 

fillet 1,9 2,0 237 

Whale 

skin 2,0 1,9 35 

fillet 2,0 2,0 49 

liver 2,0 2,1 108 

heart 1,9 2,2 32 

fat 1,9 2,0 28 

Cod 

skin - - 0 

fins - - 0 

fillet - - 0 
 

Table 11: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

obtained with “HotSHOT” DNA extraction method to different time intervals 

Fish 
Incubation 
time (min) 

OD 

260/280 
(nm) 

OD 260/230 
(nm) 

DNA 

concentration  
(ng/ml) 

herring skin 

10 1,4 1,5 126 

20 1,3 1,4 132 

30 1,5 1,4 201 

40 1,6 1,4 166 

50 1,6 1,6 297 

herring fins 

10 1,3 1,6 208 

20 1,4 1,4 250 

30 1,3 1,5 265 

40 1,6 1,4 453 
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50 1,5 1,4 453 

mackerel 

skin 

10 1,3 1,4 167 

20 1,5 1,4 217 

30 1,5 1,3 298 

40 1,4 1,3 458 

50 1,5 1,2 461 

mackerel 
fins 

10 1,5 1,6 649 

20 1,6 1,3 684 

30 1,6 1,3 903 

40 1,6 1,3 950 

50 1,7 1,35 1035 

cod skin 

10 1,3 1,6 20 

20 1,5 1,6 216 

30 1,6 1,6 268 

40 1,6 1,4 396 

50 1,3 1,5 443 

cod fins 

10 1,5 1,4 532 

20 1,5 1,4 743 

30 1,4 1,3 1059 

40 1,4 1,6 1156 

50 1,4 1,5 1468 
 

Table 12: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

obtained with “HotSHOT”. DNA extraction method after modification of purification step 

Fish Tissue 
OD 

260/280 
(nm) 

OD 260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
“HotSHOT” 

Herring 

skin 1,8 2,1 161 

fins 1,8 2,1 188 

liver 1,8 2,0 265 

fillet 1,9 2,0 231 

heart 1,9 2,1 217 

Mackerel 

skin 1,8 2,3 207 

fins 1,8 2,2 228 

liver 1,9 2,0 102 

heart 24,0 2,0 198 

fillet 2,0 2,0 251 
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Whale 

skin 1,9 2,3 249 

fillet 2,0 2,3 257 

liver 1,8 2,3 308 

heart 1,9 2,2 251 

fat 1,7 2,0 89 

Cod 

skin 1,9 2,2 175 

fins 1,8 2,1 91 

fillet 1,8 2,2 212 
 

Table 13: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from fish and whale tissues 

obtained by ultrasonication 

Fish Tissue 
OD 

260/280 
(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
Ultrasonication 

Herring 

skin 1,8 2,0 49 

skin 1,6 2,0 52 

fins 1,6 2,3 96 

fins 1,6 2,1 45 

Mackerel 

skin 1,7 1,9 103 

skin 1,6 1,8 19 

fins 2,0 2,0 39 

fins 1,5 2.0 5 

Whale 
skin 2,1 2,2 189 

skin 1,8 2,2 95 

Cod 

skin 1,9 1,9 79 

skin 1,8 1,8 65 

fins 1,9 1,7 3 

fins 1,8 1,7 8 

 

Table 14: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from herring and 

whale tissues obtained by “Maxwell®16 Instrument”. 

Fish Tissue 
OD 

260/280 

(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
Ultrasonication 

Herring 
fins - - 0 

liver - - 0 



90 

 

Whale 
skin 1,7 1,9 25 

filet 2,0 2,2 56 
 

Table 15: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from ethanol (75%) 

preserved fish and whale tissues obtained by hot - induced alkali method and extracted by DNeasy purification kit 

(Qiagen). 

Fish Tissue 
OD 

260/280 
(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
“Hot alkali - Qiagen Dneasy kit” 

Herring 

skin 1,8 2,1 46 

fins 2,0 2,1 59 

liver 1,9 2,2 134 

fillet 1,8 2,1 91 

heart 1,8 2,0 52 

Mackerel 

skin 1,8 2,1 53 

fins 1,8 2,2 9 

liver 1,8 2,0 156 

heart 1,9 2,1 108 

fillet 1,9 2,1 95 

Whale 

skin 2,0 2,1 136 

fillet 1,8 2,2 178 

liver 1,8 2,1 195 

heart 2,0 2,2 82 

fat 1,9 2,1 48 

Cod 

skin 1,8 2,2 42 

fins 1,8 2,3 35 

fillet 1,8 2,2 28 
 

Table 16: Measurements of DNA concentration, A260/280 and A260/230 ratio of extracted DNA from ethanol (75 %) 

preserved fish and whale tissues obtained by hot induced alkali method and extracted by phenol:chloroform:isoamyl 

alcohol (24:23:1). 

Fish Tissue 
OD 

260/280 

(nm) 

OD 
260/230 

(nm) 

DNA 
concentration  

(ng/µl) 

 
“Hot alkali- ohenol:chloroform:isoamylalcohol” 

Herring 

skin 1,7 2,0 143 

fins 1,8 2,1 102 

liver 1,8 2,1 167 

fillet 1,7 2,0 118 
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heart 1,9 2,0 98 

Mackerel 

skin 1,7 2,1 155 

fins 1,7 2,1 152 

liver 1,8 2,1 177 

heart 1,7 2,1 159 

fillet 1,7 2,1 128 

Whale 

skin 1,9 2,1 171 

fillet 1,7 2,0 194 

liver 1,9 2,0 216 

heart 1,8 2,1 178 

fat 1,8 2,1 105 

Cod 

skin 1,9 2,0 79 

fins 1,8 2,0 92 

fillet 1,8 2,0 112 
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