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Sammanfattning 
Abstract 
Barcode identification is a method that uses genetic information to differentiate species. Because of its general versatility it can be applied to contexts 

from archaeology to the food industry. Atlantic salmon (Salmo salar) is a fish species commonly hunted in the modern times and has been found in 

archaeological settings. However, barcoding requires enough quality DNA for amplification and abiotic exposure tends to degrade it. High 
temperatures, such as when boiling, can diminish DNA quality. The extent of DNA degradation between fresh and boiled tissues and whether all 

tissues retain the same amount of DNA is unclear. In this study DNA was extracted from S. salar tissues fins, muscle, bones and scales without 

treatment and with boiling treatment. DNA concentrations between fresh and boiled bones were not significantly different, as were comparisons 
between samples with the same treatments. Muscles had higher DNA concentrations when boiled and fins had higher when fresh. These findings 

show that regarding certain tissue types can be expected to better retain DNA concentrations after boiling. 
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1 Abstract 

 
 

Barcode identification is a method that uses genetic information to differentiate species. Because of its 

general versatility it can be applied to contexts from archaeology to the food industry. Atlantic salmon 

(Salmo salar) is a fish species commonly hunted in modern times and has been found in archaeological 

settings. However, barcoding requires enough quality DNA for amplification and abiotic exposure tends 

to degrade it. High temperatures, such as when boiling, can diminish DNA quality. The extent of DNA 

degradation between fresh and boiled tissues and whether all tissues retain the same amount of DNA is 

unclear. In this study DNA was extracted from S. salar tissues fins, muscle, bones and scales without 

treatment and with boiling treatment. DNA concentrations between fresh and boiled bones were not 

significantly different, nor were comparisons between samples with the same treatments. Muscles had 

higher DNA concentrations when boiled and fins had higher when fresh. These findings show that 

regarding certain tissue types can be expected to better retain DNA concentrations after boiling. 

 
Keywords: cee, CO1, DNA barcoding, DNA extraction, Salmo salar 

 

2 Introduction 

Barcode identification has heavy relevancy in ancient and contemporary 

timelines; animal exploitation has been commonplace in all cultures since pre-historical 

times, intertwining human history with animal products usage. Documentation of 

environmental effects on populations, the food industry and archaeological efforts all 

benefit from species identification (Weigt et al, 2012). Identification through 

osteological and morphological means can prove arduous when archaeological remains 

are insufficient (Lambrides and Weisler, 2015). With molecular technology intact 

tissue is not a requirement because identification occurs on a genetical level rather than 

on tissue level.  However, exposure to abiotic elements like pH and high temperatures 

degrade DNA, rendering DNA retrieval a tedious task, in particular when it comes to 

aged remains (Allentoft, 2012). DNA degradation lowers the amount of viable DNA 

available for amplification, which makes barcoding sequences from degraded DNA 

harder.  

A barcode gene is a well-conserved gene whose fast mutation rate can be 

exploited as an identifying biomarker (Weigt, 2012). The gene should be present in 

many, if not a majority, of taxa and differ slightly between species. Barcoding requires 

DNA amplification. Should the amplification prove successful the gene can be 

sequenced and compared in a sequence database, which presents the species this 

sequence shares the most similarity to. Whether the gene sequence is in the database 

depends on the barcode genes available for the studied species.   
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Atlantic salmon (S. salar) is a commonly hunted fish species and has various 

suitable barcode genes, both with mitochondrial and nuclear origin (Nicola et al, 2018). 

Mitochondrial genes generally tend to be multiple-copy while nuclear genes tend to be 

single-copy. The mitochondrial multiple-copy nature makes more copies present for 

amplification during PCR compared to single-copy genes. Thus, methods amplifying 

nuclear genes could be considered more sensitive than those using mitochondrial genes. 

When amplifying degraded DNA, multiple-copy genes are preferred as at least one 

copy may remain relatively intact. In this context, single-copy genes are more suited 

for population genetics. For identification purposes nuclear and mitochondrial genes 

are both useful.  

Barcoding has been used to identify S. salar using mitochondrial genes. Fish 

remnants from the Andamoty-be archaeological site in Madagascar were identified 

down to species level with the mitochondrial 12S rRNA gene, producing 56 bp long 

fragments (Grealy et al, 2016). The mitochondrial gene 16S rRNA has been used to 

identify processed S. salar (Hossain et al, 2019). Archaeological salmon bones have 

been identified with mitochondrial DNA from the cytochrome b and D-loop regions 

using fragments shorter than 200 bp (Yang et al, 2004). In comparison, 608 to 645 bp 

long fragments located in different regions of the cytochrome c oxidase 1 (CO1) gene 

were amplified using muscle extract from 94 fish families (Ivanova et al, 2007). While 

longer nucleotide comparisons increase database accuracy, this is not necessarily viable 

for aged samples. The longer fragments standard barcoding genes produce can be hard 

to amplify using ancient, degraded DNA (Yang, 2004). However, M13-tailed CO1 

primers cause longer fragments than untailed ones (Ivanova, 2007). Together with 

longer reads, sequence quality is enhanced by 40 to 60 bp long tails in the 5’ direction 

(Binladen et al, 2018). If tailed primers could produce longer fragments from ancient 

DNA there would possibly be higher sequence accuracy and quality for mitochondrial 

genes. 

Universal nuclear protein-coding locus markers have previously been evaluated 

with the primers KIAA1239, SACS and TTN getting fragments of over 1000 bp (Xing-

Xing et al, 2012). The primers produced fragments corresponding to 1737 bp, 2211 bp 

and 1698 bp. An advantage to universal primers is broad targeting of regions common 

to many species rather than specific sequences common to few, enabling identification 

of a wider species selection. They may produce longer fragments, such as in Xing-Xing, 
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2012 and this may hinder barcoding in degraded DNA. Thus, shorter fragments would 

be preferred. The internal transcript spacer 1 (ITS1) was used in real-time PCR to retain 

cDNA from smoked, canned, frozen and pate salmon, retrieving 198 bp fragments 

(Herrero et al, 2011). Similarly, growth hormone gene 1 (GH1) was used in qRT-PCR 

to detect salmon in food products with 176 bp long fragments (Hafsa et al, 2016). The 

conserved edge expressed protein (cee) is a single-copy, nuclear gene highly conserved 

between eukaryotes and lacks orthologues in eubacteria and archaea (Fernandes et al, 

2008). It has produced fragments of 969 bp long from raw S. salar tissue. While it is 

not ideally short, it spans over many taxa and could potentially prove useful to 

barcoding boiled tissue. 

Tissues from archaeological settlements have likely undergone some type of 

heat treatment from cooking, boiling being one of the choices. Evaluating how boiling 

affects extractable DNA in fish tissues is advantageous because if fresh and boiled 

tissues do not differ in extractable DNA concentrations one can assume that boiled 

buried tissues have lower concentrations due to degradation from abiotic factors. 

Because tissues withstand chemical and mechanical stress to different degrees the 

tissues available from archaeological sites will be limited to more resilient tissues, such 

as bone. While not traditionally archaeological sites, fisheries have fins and scales 

conserved in their archives (Smith et al, 2011). Muscle is more suited for the food 

industry, unless the remains found have been frozen. The inherent differences between 

the tissues can make certain extraction kits give better results depending on the tissue. 

DNA extraction kits have had their extractable DNA levels from fresh and boiled tuna 

muscle compared and the DNA concentrations depended heavily on the extraction kit; 

the DNEasy® Blood and Tissue kit (QIAGEN) extracted more DNA from tuna muscle 

boiled at 70 and 90 °C than raw muscle while the DNeasy® mericon Food Kit 

(QIAGEN) extracted more DNA from the raw muscle than the boiled counterparts 

(Piskata et al, 2017). For scales and fins salt lysis has yielded higher DNA 

concentrations compared to extraction with a DNeasy® kit (Meissner, 2013). Modified 

salt extraction of fins elicited a higher DNA yield compared to urea treatment 

(Muhammad et al, 2016). Because tissues are different in density and resilience, they 

benefit from different extraction methods. To date, there are no studies comparing DNA 

extraction differences between fresh and boiled tissues for S. salar. 
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This study will evaluate the possibility of different tissue types in S. salar 

reaching different DNA levels when comparing fresh and boiled treatments. Should 

extraction be successful, sequencing will be attempted using the nuclear cee gene and 

mitochondrial CO1 gene. 

3 Material and methods 

3.1 Choice of fish and genes 

Fish species for this study was decided using local availability in food stores 

and existence of primers suited for nuclear, single-copy genes as factors. The fish 

individual being gutted without removal of appendages, scales and skeleton was 

imperative since several different tissue types were studied. S. salar fulfilled all 

conditions. Two genes with different transcriptional origins were sought. One was 

required to be nuclear and single-copy while the other had to originate from 

mitochondrial DNA and be a multiple-copy gene. The reason for this was to evaluate 

whether DNA could be amplified using a less and a more sensitive primer. CO1 is a 

standard barcoding gene used for S. salar and a plethora of aquatic species (Ivanova, 

2007; Asis et al, 2016; Turanov et al, 2016; Kolmann et al, 2017). It is a multiple-copy 

and mitochondrial gene. cee has been used for identification of S. salar once before 

(Fernandes, 2008). It is a single-copy and nuclear gene. For primers, see table 1. 

Table 1. Primer pairs, their respective sequences and the product fragment size. 

1 Primer pair from Fernandes et al, 2008. 

2 Primer pair from Ivanova et al, 2007. 

 

Primer pair Fragment size 

(bp) 

Sequence 

Cee-CDS-Ss-F1 

Cee-CDS-SS-R1 

969 5’-ATGTCGGAGCAGGAGGCTCTG 

5’-TCAGTCCAGCTCAATGGGGC 

M13FF2d2 

 

M13FR1d2 

654 5’- TGTAAAACGACGGCCAGTTCTCCACCAA 

CCACAARGAYATYGG 

5’-CAGGAAACAGCTATGACCACCTCAGGGT 

 GTCCGAARAAYCARAA 
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3.2 Sampling, treatment and DNA extraction 

The tissues harvested were muscle, fins, bones and scales. There were 6 

replicates per tissue-treatment combination with a total of 42 samples. Each fin sample 

consisted of one soft ray from the caudal fin. Muscle samples were extracted from the 

lateral muscles above the pectoral fin, about 1 cm3 in total to avoid degradation when 

boiled. One vertebra was assigned for every tube. Scale samples were taken along with 

skin. Muscle and scale samples all exceeded the minimum 10 mg required by the DNA 

extraction protocol. The samples were placed in 1.5 ml microtubes and stored at –21 

°C. Sample boiling was done at 100 °C for 5 minutes. DNEasy® Blood and Tissue kit 

(QIAGEN) was used for DNA extraction, following the manufacturer’s instructions. 

Diversions of protocol will be commented below.  

Tissue fragmentation was done using a sterile plastic mortar for all muscle 

samples. The denser, more resilient bone and fin samples were crushed using a 

TissueLyser and wolfram beads. Nonetheless, these samples withstood crushing for a 

substantial amount. Most bone samples were crushed approximately half-way or three 

quarters, leaving behind fragments. Because bone and fins samples could not be 

completely disintegrated these samples retained DNA from less than an entire vertebra 

or ray. 

Incubation was done with 20 µl proteinase K (Thermo Scientific). Incubation 

times were 45 minutes for muscles and scales regardless of treatment. Bone and fin 

samples had incubation times of 1 hour. In an attempt to further break down the bone 

samples some of these samples received nightly incubation and were further crushed 

using the TissueLyser afterwards.  

Bone and fin samples had considerable tissue residues after application on the 

spin columns, obstructing the membranes and retaining liquid above. The 

centrifugation steps between AW buffer applications were repeated up to four times 

depending on necessity. If a complete drain was impossible, at least half the liquid had 

gone through the membrane.  Additionally, only 100 µl buffer AE was used for elution 

for all samples instead of 200 µl. 

3.3 PCR and gel electrophoresis 

Samples that had A260/A280 ratios of 1.7 to 1.9 were used for PCR. The standard 

protocol for the standard mix was 12 µl distilled water, 0.2µl dNTP (10 mM), 2 µl 10X 
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DreamTaq buffer (20 mM MgCl2, Thermo Scientific), 0.2 µl DreamTaq-polymerase 

(Thermo Scientific) and 2 µl of each primer (1 µM) per PCR tube. 1 µl extracted DNA 

was added to each PCR tube. Each PCR run consisted of four reactions with sample 

DNA and one negative control without sample DNA. In order to optimize the PCRs, 

different dNTP concentrations were tested along with varying primer concentrations. 

The PCR protocol was as follows: 94 °C during 2.5 minutes; 94 °C during 15 

seconds; varying annealing temperature during 40 seconds; 72 °C for an extended 

amount of time; repeat 34 times; 72 °C for 10 minutes; 4 °C onto eternity. The 

recommended annealing temperature (58 °C) for the cee primers was calculated with 

the Tm calculator on Thermo Fisher’s website. For the M13-tailed CO1 primers 52 °C 

was the recommended temperature from Ivanova, 2007. Commencing with these 

temperatures, annealing temperatures were lowered to find the optimal temperature for 

each primer pair. The results of the PCR reactions were examined using gel 

electrophoresis. 

 

3.5 Statistical analysis 

SPSS (version 26) was used for all the statistical analyses. Normality in the 

tissue nuclear acid concentrations was examined and upon confirmation of no normal 

distribution non-parametric tests were chosen. All 42 samples were eligible for 

statistical testing. The statistical tests all used a significance level of 0.05. 

To evaluate whether nuclear acid concentration differed between fresh and 

boiled tissues an Independent-Samples Mann-Whitney U test was performed. 

Comparisons of all tissues exposed to the same treatment were done separately using 

an independent-sample Kruskal-Wallis test.  
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4 Results 

 The DNA extractions were successful for all samples (see appendix, table 

2). For the boiled tissues only muscle contained higher extractable DNA concentrations 

compared to its fresh counterpart (Independent-Samples Mann-Whitney U test: N = 12, 

U = 36, SE = 6.245, P = 0.002, see figure 1) with boiled muscle having DNA 

concentrations between 195.6 and 458.9 ng/µl and a mean of 358.8 ng/µl. Boiled fins 

contained less extractable DNA than fresh fins (Independent-Samples Mann-Whitney 

U test: N = 12, U = 4, SE = 6.245, P = 0.026, see figure 1. The boiled fins 

contained DNA concentrations of 28.6 to 90.4 ng/µl and a mean of 56.4 ng/µl. The 

boiled scales had a mean of 124.5 ng/µl and the concentrations ranged between 99.6 to 

153.4 ng/µl. Fresh scales were not used and therefore no comparison was made between 

the two treatments. There were no significant differences between the two treatments 

in bone (Independent-Samples Mann-Whitney U test: P = 0.132, see figure 1). 

Boiled bones had concentrations between 75.9 and 273.3 ng/µl, mean 179.6 ng/µl and 

its fresh counterpart concentrations from 94.2 to 136.9 ng/µl with a mean of 113.6 

ng/µl. Fresh muscle had concentrations ranging between 49.3 to 178.3 ng/µl, mean 

100.5 ng/µl. Fresh fin had a range of 77.5 to 171.6 ng/µl, mean 139.4 ng/µl.   

Figure 1. Concentration distribution for a) muscle, b) bone and c) fin samples. Group 1 denotes the fresh 

samples, group 2 the boiled. 

 Boiled tissues had different DNA concentrations for several pair comparisons 

(Independent-Samples Kruskal-Wallis test: N = 24, df = 3, P = 0.000, figure 2): fins-

bones (P = 0.008); fins-muscles (P = 0.000); and scales-muscles (P = 0.013). The pairs 

without significant differences were fins-scales (P = 0.79), scales-bones (P = 0.369) 

and muscles-bones (P = 0.111). The fresh tissues retained the same concentrations in 
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their comparisons (Independent-Samples Kruskal-Wallis test: N = 18, df = 2, P = 0.459, 

figure 2). 

Figure 2. DNA extraction concentrations of a) boiled and b) fresh tissues. 

In the PCRs the cee primer pair yielded no bands from temperatures 58 °C to 

52 °C, instead lower temperatures gave rise to primer dimers. The M13-tailed primer 

pairs failed to produce bands or merely established primer dimers between temperatures 

56 °C to 48 °C. Prolonged annealing time (80 seconds) produced primer dimers. When 

M13-tailed primers were used together with a higher dNTP concentration (25 mM) 

smeared bands appeared (see figure 3). Trying to rectify the smears, lower Taq-

polymerase concentrations were used and this produced less intense smears (see figure 

3). However, no clear bands were produced for either primer pair. 

 

Figure 3. PCR results of fresh bone samples attempting a) PCR with higher dNTP concentration and b) 

lower Taq-polymerase concentrations. L = GeneRuler ladder, N = negative control, 1-5 = samples. 

Image edited to remove unrelated results. The M13-tailed COI primer pair was used with an annealing 

temperature of 48 °C. 
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5 Discussion 

5.1 General 

 This study showed that boiling affects DNA extraction concentrations for 

muscles and fins while bone remains unaffected. DNA was not amplifiable using the 

tested primer pairs. Boiling causes differences in DNA extraction concentration 

between certain tissues.  

Different tissues have different predispositions for resisting destruction. Bones 

are traditionally found in archaeological settings due to their great resilience. This study 

shows that boiling does not cause differences in extractable DNA concentrations in 

bones, affirming this. The reason for this could be bone density, as it would require 

more intense boiling to further degrade the DNA. Bone density did not affect 

mitochondrial DNA preservation in ancient seal ribs but it is not known whether this is 

true for boiled samples (Barta et al, 2014). More spongeous bones could possibly be 

easier to disintegrate when boiled, which could affect how abiotic factors degrade 

DNA. Furthermore, mitochondrial DNA degrades half the speed of nuclear DNA in 

bone (Allentoft et al, 2012). When handling ancient DNA it could prove advantageous 

to utilize mitochondrial genes for this reason and because they are generally multiple-

copy, at the expense of a lowered detection threshold.  

While scales would be hard to acquire from sediments in archaeological sites 

there are alternatives. Scales archived in research institutions or museums could provide 

DNA depending on storage conditions. DNA has been extracted from dried Sockeye 

salmon (Oncorhynchus nerka) scales (Smith, 2011). Considering that these scales were 

collected in the 1950s and that Smith, 2011 utilized the same kit this study did, the 

DNA extracted in this study should be amplifiable. Due to time constraints scale DNA 

amplification attempts were not possible. Because no comparison between fresh and 

boiled scales was made, it is difficult to judge how boiling would affect ancient 

samples. Much like muscle, scales would not persevere for long after exposure to 

abiotic factors. Considering their relative fragility and rarity, effort would be more well-

placed in evaluating how dried, aged scales differ in extractable DNA concentration 

levels compared to fresh scales. 

Boiled muscle has more extractable DNA compared to fresh muscle when 

boiled at 100 °C for 10 minutes. If the temperature is appropriate it can be assumed that 

structural objects that could impede DNA extraction are destroyed while the DNA is 
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preserved.  There are DNA extraction protocols for certain bacteria that utilize repeated 

boiling and thawing (da Silva et al, 2012). Perhaps muscle extraction could benefit from 

boiling because muscle does not contain rigid structures that could affect the spin 

column membrane, unlike fins and bones. If muscle has more DNA available for 

extraction when boiled, it could be possible for other soft tissues to experience the same 

results. Dental pulp in humans has been used to detect Yersinia pestis DNA in 400-

year-old human remains (Drancourt et al, 1998). Using dental pulp from S. salar or fish 

in general would be ideal because the DNA would be isolated from environmental 

contamination (Drancourt, 1998). This could prove very hard to apply on fish as their 

elongated teeth are not particularly large and each individual tooth would not 

necessarily contain enough amplifiable DNA. The dental pulp itself would require the 

encasing tooth to remain unerupted to avoid contamination and abiotic degradation 

(Drancourt, 1998). Nuclear DNA from the dental pulp is especially sensitive to decay 

(Higgins et al, 2015).  Thus, mitochondrial primers and intact fish skulls would be 

possible requirements to transfer this method to fish. 

Rarely found in archaeological settings, fins are more commonly used in 

modern times for barcoding and population studies (Díaz et al, 2019; Balazik et al, 

2012). Fin clipping is a method used to non-invasively sample fins for these purposes 

and in a population conservation sense would be a preferred sampling method for 

existing species. DNEasy® Blood and Tissue kits have successfully extracted 

amplifiable DNA from O. nerka, once again showing that the DNA extracted from this 

study could perhaps with adjustments to PCR protocols and primers produce clean 

bands (Smith, 2011). Fresh fins can be expected to have higher extractable DNA 

concentrations compared to boiled fins, which would work for the advantage of 

preservation as these samples are rarely, if ever, found boiled. One notable exception 

would be shark fin soup. Whether shark fins and fish fins can be expected to withstand 

heat treatment to the same degree is dubious, since sharks are cartilaginous fish and S. 

salar are bone fish and their fins have different structures. The differences in extractable 

DNA concentrations could be due to boiled fins retaining the DNA rather than making 

it more accessible for extraction. Alternatively, boiled fins could be more elastic and 

resistant to crushing. Other methods where crushing is not required exist and could 

obtain different results. 
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5.2 PCR Troubleshooting 

The gel electrophoresis resulted in smears for the M13-tailed CO1 primer pair 

after conducting PCR on fresh bone samples. Several protocol modifications were 

attempted to gain clean bands without notable results. Because the DNA extraction was 

successful it is likely elements during PCR that caused the smears. There could be 

several reasons for the smears, one being the primers. 

The fragments produced by the primers were a concern. Fragments up to 500 

bp targeting the CO1 gene have previously been produced by another study, not much 

smaller than the 654 bp fragments the M13-tailed primers used for this study should 

have produced (Ivanova, 2007). In contrast, the cee primers would have produced 969 

bp long fragments had it succeeded. For samples with degraded DNA fragments below 

400 bp originating from multiple-copy genes are preferable because they are simpler to 

detect due to more effective amplification (Parsons et al, 2005). Fresh or boiled DNA 

is not expected to be degraded to the extent ancient DNA would but the less sensitive 

option in a multiple-copy, mitochondrial gene still generated smears, indicating that an 

amount of amplification has occurred. Considering that temperatures from 58 °C down 

to 48 °C did not yield bands another choice of nuclear gene primer could be preferable. 

Aside from targeting different regions the main difference between the primers 

targeting CO1 was the presence of an M13-tail. 40 to 60 bp long tails increase sequence 

quality in (Binladen, 2018). However, the tails in this study were under 20 bp long, 

which may not be impactful enough.  

Further examining the methodology, the extractions differ in the proteolysis 

step and PCR protocol. The proteolysis step for Piskata (2017) extended overnight 

rather than the 1 hour recommended by the manufacturer’s instructions, which we 

followed. Allowing proteolysis to work for longer would perhaps rid the muscle 

samples of excess proteins, which can obstruct PCR. Prolonged proteolysis could 

possibly remove excess proteins from bone, fish or scale samples as well. In this study 

a few samples were left incubating overnight but they were not applied to PCR due to 

time constraints. When the spin columns containing bone and fin samples were 

centrifuged tissue films covered the filtering membrane, obstructing passage for liquid 

unless the centrifugation was repeated several times. This could have prevented both 

chemicals and residue proteins from correctly filtering, instead remaining above the 

filter until the final elution. The responsible reagents would most likely be chemicals 

added after incubation, as guanidine can lower the A260/A230 ratio (Matlock, 2015). 
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Chemical contamination can be gauged by the A260/A230 ratio. 2.0 to 2.2 is the value 

range acceptable samples would have (Matlock, 2015). Similarly, a Nanodrop 

measured A260/A280 ratio of 1.8 is mostly pure DNA and would be the desired outcome 

(Matlock, 2015). The samples used in this study for PCR had A260/A280 ratios of 1.8 to 

2.0, but the A260/A230 ratios were often lower than optimal. This could be due to poor 

filtering and could affect the PCR and gel electrophoresis. However, poor ratios do not 

necessarily correlate with failed PCR amplifications because relatively little DNA is 

required for amplification (Piskata, 2017).  

5.3 Limitations 

Sample weight could affect the amount of extractable DNA, as muscle and scale 

samples weighted around 10 to 25 mg while the fin and bone samples were likely over 

those values. This could lead to an overestimation of extractable DNA from the latter 

two, as more mass involves more extractable DNA, thus inflating the numbers from 

fins and bones. The statistical test comparing tissues within the same treatment would 

be affected, as higher weight would give higher DNA concentrations. The comparisons 

between treatments would not be affected to the same degree because those compare 

the same tissues and whether they contain the same amount of DNA. 

Tissue disintegration is not as serious a problem for genetical barcoding as it is 

for morphological identification. There are uncertainties as to what degree the harsh 

conditions tissues can withstand when buried in archaeological sites without affecting 

DNA integrity. Elevated temperature is one concern. Several tissues such as muscle, 

fins and scales disintegrate quite quickly in warmer climates compared to if they were 

stored in lower temperatures. A 2 °C temperature raise in soil causes a two-fold 

reduction of both nuclear and mitochondrial DNA half-lives in teeth (Higgins, 2015). 

Because the samples in this study were not repeatedly exposed for cycles of heat and 

cold, which would be a realistic scenario, the DNA extractions do not reflect the 

systematic exposure archaeological remains weather. This will contribute to an 

overestimation of DNA available for extraction from various tissues. Soil pH may 

further affect DNA stability. DNA decays at an increasingly faster rate when exposed 

to acidic pH compared to neutral pH (Allentoft, 2012). For an adequate DNA 

concentration comparison between fresh and aged tissues, additional DNA 

degradational aspects such as bacterial decomposition and sunlight need to be 

considered.  
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5.4 Conclusion 

The conclusion is that while certain tissues do not differ in DNA concentration 

after being boiled prolonged exposure to abiotic factors constantly lower 

concentrations. Knowing that certain tissues have increased, decreased or the same 

amount of extractable DNA when boiled is useful because one can judge if DNA 

degradation has, in addition to abiotic factors, happened due to cooking. Buried bones 

would be expected to contain the same amount of extractable DNA regardless of 

treatment and eventual DNA degradation is due to abiotic factors rather than cooking. 

Similarly, cooked fin samples would be expected to contain less extractable DNA 

compared to fresh samples and if the samples were exposed to weathering the DNA 

degradation would partly be because of boiling. Because DNA degradation is common 

in aged remains it is important to consider that mitochondrial genes would be preferred 

before nuclear genes due to them being multiple-copy. Amplifying shorter fragments 

would be more viable on degraded DNA and thus primers would have to produce such 

fragments. 

5.5 Societal and ethical aspects 

 Proper barcoding in animals is beneficial for several reasons. Inexpensive, 

reliable identification methods enable species verification of existing or extant species 

in industrial or archaeological contexts. For remains found in archaeological sites 

species identification can highlight the possible hunting grounds and habitation 

expansion of elder humanity. This can further our understanding of history from an 

ecological point of view. Industrial usage may utilize identification to verify whether a 

certain processed product contains the species it claims to and expose faulty claims, be 

they accidental or intentional.  
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8 Appendix 

 
Table 2. Compilation of the samples and their respective treatments, weights, nucleic acid 

concentration and NanoDrop ratios. 

Treatment Tissue Sample Weight 

(mg) 

Nucleic acid 

concentration 

(ng/ul) 

A280/A260 A260/230 

Boiled Muscle 1 10 556.9 2.02 1.03 

Boiled Muscle 2 20 405.3 2.11 1.96 

Boiled Muscle 3 10 195.6 2.09 2.25 

Boiled Muscle 4 10 305 2.13 2.07 

Boiled Muscle 5 20 458.9 2.13 2.15 

Boiled Muscle 6 15 393.2 2.13 2.3 

Fresh Muscle 1 20 106.3 2.13 2.35 
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Fresh Muscle 2 10 130.7 2.14 2.42 

Fresh Muscle 3 20 49.3 2.11 1.99 

Fresh Muscle 4 15 72.6 2.09 2.22 

Fresh Muscle 5 15 65.9 2.07 2.34 

Fresh Muscle 6 10 178.3 2.11 2.33 

Boiled Scales 1 10 114.2 2.06 2.3 

Boiled Scales 2 10 99.6 2.1 2.27 

Boiled Scales 3 10 138.9 2.07 2.23 

Boiled Scales 4 10 128.4 2.06 2.23 

Boiled Scales 5 20 112.8 2.06 2.26 

Boiled Scales 6 10 153.4 2.11 2.07 

Boiled Bones 1 * 180.5 1.47 0.25 

Boiled Bones 2 * 215.9 1.21 0.24 

Boiled Bones 3 * 273.3 1.66 0.33 

Boiled Bones 4 * 198.8 1.33 0.26 

Boiled Bones 5 * 75.9 1.66 0.3 

Boiled Bones 6 * 133.7 1.78 0.41 

Fresh Bones 1 * 167 1.85 0.55 

Fresh Bones 2 * 84.9 1.73 0.36 

Fresh Bones 3 * 103.2 1.93 0.75 

Fresh Bones 4 * 95.9 2.06 0.27 

Fresh Bones 5 * 136.9 1.79 0.27 

Fresh Bones 6 * 94.2 1.86 0.4 

Boiled Fins 1 ** 90.4 1.93 0.23 

Boiled Fins 2 ** 53.3 2.03 0.26 

Boiled Fins 3 ** 57.8 2.19 0.29 

Boiled Fins 4 ** 35.9 2.1 0.24 

Boiled Fins 5 ** 28.6 2.17 0.27 

Boiled Fins 6 ** 72.2 1.98 0.23 

Fresh Fins 1 ** 77.5 1.9 1.91 

Fresh Fins 2 ** 219.9 2.01 2.21 

Fresh Fins 3 ** 141.4 1.99 2.19 

Fresh Fins 4 ** 170.2 2.08 2.23 
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Fresh Fins 5 ** 171.8 2.01 2.03 

Fresh Fins 6 ** 55.8 1.99 2.74 

* Weight not indicated due to each sample consisting of one vertebra. 

** Weight not indicated due to each sample consisting of one ray. 

 


