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Abstract 

The fundamental challenge to prevent species from going extinct is difficult but of grave importance. Halting 

species from going extinct minimizes the loss of biodiversity. One way of researching biodiversity is by 

studying species on a genetic level. This creates a dilemma as studying species genetically often requires 

using destructive sampling and is not desirable or even allowed when studying threatened species. Thus, there 

is a necessity for alternate sampling methods. In this study both non-lethal and lethal methods were used to 

gather tissues from the butterfly species Vanessa cardui. The DNA extractions turned out to give varying 

amounts of DNA, but it was successfully extracted from all the different tissue types. Amplifiable DNA was 

successfully gained using PCR and confirmed using gel electrophoresis. Existing and newly designed primers 

for multi-copy genes were used and several of them gave amplifiable DNA. Even if amplifiable DNA has 

been obtained in other studies, using various tissues, it turned out to only work with a live butterfly’s body in 

this study. 
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1 Abstract 

The fundamental challenge to prevent species from going extinct is 

difficult but of grave importance. Halting species from going extinct 

minimizes the loss of biodiversity. One way of researching biodiversity is 

by studying species on a genetic level. This creates a dilemma as studying 

species genetically often requires using destructive sampling and is not 

desirable or even allowed when studying threatened species. Thus, there is 

a necessity for alternate sampling methods. In this study both non-lethal 

and lethal methods were used to gather tissues from the butterfly species 

Vanessa cardui. The DNA extractions turned out to give varying amounts 

of DNA, but it was successfully extracted from all the different tissue 

types. Amplifiable DNA was successfully gained using PCR and 

confirmed using gel electrophoresis. Existing and newly designed primers 

for multi-copy genes were used and several of them gave amplifiable DNA. 

Even if amplifiable DNA has been obtained in other studies, using various 

tissues, it turned out to only work with a live butterfly’s body in this study. 
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2 Introduction 

Currently, the Earth is going through a sixth extinction crisis and while the 

fifth occurred 65-million years ago through natural causes, this time around 

it is us humans who are the ones causing it (Chivian and Bernstein, 2010). 

This leads to the fundamental challenge to preserve species and prevent 

them from going extinct. It is debated how many different species that go 

extinct yearly, ranging from a few thousand to over 100 000 (Mercaldo et 

al., 2016). Extinctions throughout history have many commonalities, but 

all the factors share one thing, the loss of biodiversity (Mercaldo et al., 

2016).  

The decreasing of biodiversity has a huge negative impact, since reduced 

survival of species leads to loss of biodiversity itself. Over time alleles can 

be lost if a population is pushed to the edge of extinction which can cause 

the species to lose some of its natural genetic variability (Amos and 

Balmford, 2001). Once a gene is lost or a species go extinct, it is gone 

forever (Chivian and Bernstein, 2010). Studying genetic variation in 

endangered species can help in stabilizing a population and therefore 

saving an entire species, it can also aid in preserving the genetic 

biodiversity (Hedrick and Miller, 2017).  

To study a species genetically, DNA must be extracted which can be 

destructive. This creates a dilemma, to study an endangered species’ DNA 

without increasing its risk for extinction. This can be resolved through non-

lethal sampling. Hamm et al (2010) used small parts of a butterfly’s hind 

wing, causing no observable changes in the butterfly’s behavior. Further in 

the study Hamm et al (2010) succeeded in getting PCR amplifiable DNA. 

Non-lethal sampling has also been performed on other insects such as bees. 

When Holehouse et al (2003) used tarsal sampling of the mid-leg or hind-

leg, this did not give any significant effects on the worker bees. 

The butterfly species Woodland brown (Lopinga achine, Satyrinae; 

Nymphalidae) resides mainly in Europe and its habitat is as the name refers 

to the woodlands (van Swaay et al 2010). According to IUCN Red List of 

Threatened Species, it is highly vulnerable, and its population is currently 

decreasing. In many countries the butterfly population of L. achine has 

reduced with  a range of 6-30% (van Swaay et al 2010). Because it is a 
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threatened species, studying L. achine genetically would be of interest, but 

destructive sampling is not suitable.  

The painted lady (Vanessa cardui, Nymphalinae; Nymphalidae) is, in 

contrast with L. achine, one of the most wide-spread butterfly species in 

the world (Society, 2009). V. cardui is relatively closely related to L, 

achine. They are from the same family but belongs to different subfamilies 

(Lotts, Kelly and Thomas Naberhaus, 2017). V. cardui’s commonness and 

its relatedness to L. achine makes V. cardui a good alternative to use. A 

trait that the Nymphalidae family individuals share is that their front legs 

are reduced, incapable for usage. Because they lie against the thorax, the 

butterflies uses only four legs instead of six (Lotts, Kelly and Thomas 

Naberhaus, 2017). If DNA can be extracted from the reduced front legs 

and get amplified, it would be to a huge advantage, resulting in less harm 

done to the butterflies and they would be losing a body part that is not 

actively used. 

The aim of this study was to see if DNA could be extracted and amplified 

using different primers, from different parts of the butterfly species V. 

cardui. In case of success, perhaps this method can be applied on the 

threatened species L. achine. The tissues used were taken using both non-

lethal and lethal methods. The different tissues included reduced front legs, 

parts of the wings and the body itself. In addition, DNA was also extracted 

from an archived butterfly specimen obtained in 1988. This was done to 

see if DNA could be successfully extracted and amplified from tissues that 

has been preserved for over 30 years and how much it varied in comparison 

to live tissue.  

3 Method 

3.1 Rearing of the butterflies 

38 caterpillars of V. cardui were bought from InsectLore.uk. The 

caterpillars grew into chrysalides in about seven days and it took about an 

additional of ten days for the butterflies to hatch. Overall it took about 17 

days from the larval to the imago stage. The process was hastened using a 

lamp that made the temperature rise, thereby increasing the growth rate. 

The hatching habitat was built using net hooves and a nectar was made 

mixing water and sugar. After the sampling, the butterflies were set free.  
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3.2 Sample preparation 

Three different tissue types were used: front legs, wings and body (table 

1). In addition to extracting DNA from samples from live butterflies, DNA 

was also extracted from an archived butterfly specimen and from tissue 

that was frozen. DNA extraction was done four to six times for each tissue. 

Tissues taken from the archived butterfly specimen were the whole wings, 

all legs and the whole body (including abdomen, thorax and head). There 

are only four wings on a butterfly and because the archived butterfly 

specimen was so dry the whole wings were used, resulting in four 

extractions instead of six. The legs were each put in separate tubes and the 

body was divided into six parts using a mini scissors. 

The tissues used from the live butterflies were, front legs, front legs that 

had been frozen directly after sampling, outer margin of the hind wings and 

the whole body (including the abdomen, thorax and head). The front legs 

were extracted in pairs. The frozen legs had been in the freezer overnight 

before extraction. A total of 12 pairs of legs were used. The outer margin 

of the hind wings is the part of the wings that is at the very end on the hind 

wingtip of the butterfly’s body and a little part of that was cut using a mini 

scissors (length 10-15 mm, width 1-2 mm). This was done on the same six 

butterflies as the first 12 front legs were taken from. One butterfly was put 

down using ethyl acetate, then the body was cut into six pieces.   

Table 1. DNA extractions, tissue types that were used, different conditions the tissues were in and number 

of extractions. 

Tissue type: Front legs  Wings  Body 

Live 6a 6c 6e 

Archived 6b 4d 6e 

Frozen 6a - - 

a one pair of legs in each tube 
b one leg in each tube 

c outer margin of the hind wing (length 10-15mm, width 1-2mm) 

d whole wing in each tube 
e body divided into six pieces  

3.3 DNA extraction 

The DNA was extracted using the DNeasy® Blood & Tissue Kit (Qiagen). 

The manufacturer’s instructions for the kit was followed except for two 

steps. First, during the three-minute centrifuge step 17 000 x g were used 

instead of 20 000 x g, and second, 100 µl buffer AE were used instead of 
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200 µl during the elution step. This was done to obtain as high a DNA 

concentration as possible. Nanodrop (Saveen & Werner AB) was used to 

measure the DNA concentration and the purity of the samples, which is 

determined by the A260/280 ratio. 

3.4 Primers used for the PCR 

Seven different primer pairs were used in this study (table 2). Three of the 

primer pairs were obtained from a previous study (Kim et al., 2010). They 

replicate the same multi-copy gene, Cytochrome c oxidase subunit I (COI), 

but different fragments of it. The four other primer pairs were designed 

specifically for this study. Using the PrimerQuest tool on the Integrated 

DNA Technologies website. The gene sequences that the primers were 

designed for were integrated into the program. Several different primer 

pairs were suggested, and the first option was chosen, as it is the one that 

often is the most suitable.  

Table 2. Primers used in the study including their sequences and the length (bp) of the expected product. 

The table also presents the genes and their Genbank number. 

Primer Primer sequence Length (bp) 

of the 

expected 

product 

Gene  

(Genbank no.) 

LCO1490 

HCO2198 

GGTCAACAAATCATAAAGATATTGG 

TAAACTTCAGGGTGACCAAAAAATCA 

658 Cytochrome c 

oxidase subunit I 

(COI) (GU372515) 

LepF 

LepR 

ATTCAACCAATCATAAAGATATTGG 

TAAACTTCTGGATGTCCAAAAAATCA 

658 Cytochrome c 

oxidase subunit I 

(COI) (GU372515) 

COI2F 

COI2R 

TGTWTGAGCTGTCGGAATTACAGC 

AATWGCAAATACWGCTCCTAT 

571 Cytochrome c 

oxidase subunit I 

(COI) (GU372515) 

CAD1F 

CAD1R 

CCAACTGATAAGCGCATGTTT  

CGATCGCTCATATCGTAGTCTG   

551 Voucher NW74-7 

CAD (CAD) 

(HQ734873.1) 

EF1a1F 

EF1a1R  

AGTTCGAGACCGCCAAATAC 

GTGCATCTCCACAGACTTTACT  

650 Elongation factor 1 

alpha (EF1a) 

(GU372607.1) 

EF1a2F 

EF1a2R  

AAGCCCAGGAAATGGGTAAG 

TGGCATCCAAAGCCTCAATA   

570 Elongation factor 1 

alpha  

(EF683653.1) 

EF1a3F 

EF1a3R 

GGTGAGTTTGAAGCTGGTATCT 

GTGCATCTCCACAGACTTTACT  

525 Voucher jlr5 

elongation factor-1 

alpha (EF-1alpha) 

(HQ734936.1) 
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3.5 PCR and gel electrophoresis 

All PCR reactions were carried out using the same PCR protocol. The 

standard mix in each PCR tube consisted of 1-4 µl template (depending on 

the DNA concentration of the samples), 2 µl 10X DreamTaq buffer 

(includes 20 mM MgCl2) (thermo scientific), 2 µl forward primer (1 µM), 

2 µl reverse primer (1 µM), 0.8 µl taq-polymerase (Thermo Scientific), 0.2 

µl dNTP (0,25 mM) (Thermo Scientific) and 12 µl ddH2O. The amount of 

template varied depending on the DNA concentration in the sample that 

was used. For every sample five PCR tubes were made, four with DNA 

template and one for negative control. The annealing temperature for all 

reactions were at 48℃. The PCR protocol was as followed, 94℃ for 2.30 

minutes, 94℃ for 15 seconds, 48℃ for 40 seconds, 72℃ for 40 seconds, 

repeating from step two to four 34 times, 72℃ for 10 minutes and 4℃ until 

stopped.  

 

The primer pairs LCO1490/HCO2198 and LepF/LepR were tested using 

the DNA samples body (archived) and body (live). In addition, the primer 

pair LCO1490/HCO2198 were used to test the other DNA samples where 

nanodrop results suggested good DNA quality. The remaining five primer 

pairs were tested using the DNA sample, body (live).  

  

To investigate whether the PCR reactions had worked, gel electrophoresis 

was performed with 100 volts for 30 minutes. The DNA was detected using 

SYBRsafe (Invitrogen).  

3.6 Statistical analyses 

SPSS Statistics 26 (International Business Machines Corporation (IBM)) 

was used to compare the different tissues and conditions with each other. 

Each DNA extract was measured with the nanodrop three times and a mean 

concentration was calculated for each of the samples. These values are 

shown in blue numbers in appendix table 1. The nanodrop showed a 

markedly different value on the first measurement for some of the samples 

thus these values (marked red in appendix table 1) were not included when 

calculating the concentration mean. For the measurements regarding the 
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body (archived), two samples were not included, since their measurements 

showed a A260/280 ratio of 0.5, which is considered impure.  

Mean concentration values for the different tissues were not normally 

distributed so non-parametric tests were used. For the analyzes that 

compared two tissues with each other a Mann-Whitney U test was 

performed and for the comparison between three different tissues a 

Kruskal-Wallis test was used. The significance level 0.05 was used.    

3.7 Sequencing 

PCR reactions that showed strong bands on the gels were sent for 

sequencing to Eurofins Genomics. The reactions had been amplified with 

the primer pairs LCO1490/HCO2198, LepF/LepR, CAD1F/CAD1R and 

EF1a1F/EF1a1R using the sample with the highest DNA concentration, 

body (live).   

The PCR products were purified before sending them for sequencing. Each 

reaction consisted of 0.04 µl exonuclease (20 u/µl, 4000 u) (Fermentas), 

0.15 µl Fast AP (1 u/µl, 1000 u) (Thermo scientific), 5.835 µl ddH2O and 

all the PCR product. They were incubated for 30 minutes at 37℃ followed 

by 5 minutes at 95℃.  

Afterwards 5 µl of the purified PCR-product and 5 µl of the forward primer 

from each of the primer pairs were added separately to a 1.5 µl test tube 

and sent for sequencing. 

4 Results 

4.1 DNA extraction 

The weight of all the samples were under 10 mg. DNA was successfully 

extracted from all the tissues of the live butterflies but worked only on two 

of the three tissues on the archived butterfly specimen (appendix table 1). 

The samples taken from the front legs of the archived butterfly specimen 

showed a A260/280 ratio of either around 3.0 or negative data points 

during nanodrop measurements, which suggest high impurity (outside of 

the interval of 1.7-1.9 ng/µl) and were thus excluded from further analysis. 

The tissue that had the highest amount of DNA was body (live). The tissue 

which had the lowest DNA concentration, but which had a good purity 
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value, was the outer margin of the hind wing (live). The samples with the 

best nanodrop results from each of the extractions are presented in table 3, 

while the rest of the measurements are listed in appendix table 1.  

Table 3. Mean DNA concentration and the standard error values of the samples. The mean concentration 

is calculated by the three nanodrop measurements for each sample that were later used in the PCR 

reactions.  

Tissue type Mean Conc. (ng/µl) No. of samples Std. Error 

Front legs (live) 26.7 3 0.20 

Front legs (frozen) 34.5 2 0.40 

Hind wings (live) 7.5 3 0.85 

Wings (archived) 10.9 3 0.35 

Body (live) 554.9 3 59.2 

Body (archived) 180.1 3 0.30 

Comparing the DNA mean concentrations (marked blue in appendix table 

1), between front legs (live) and front legs (frozen); hind wings (live) and 

wings (archived), showed that the amount of extracted DNA was the same 

between the samples. Mann-Whitney U test, U=10.000, p=0.476 and 

U=16.00, p=0.240 respectively. When comparing body (live) and body 

(archived) it showed that more DNA was extracted from body (live), 

U=24.000 and p=0.010. Additional comparison with wings (archived) and 

body (archived), it showed that more DNA was extracted from body 

(archived), U=16.000 and p=0.029. Further comparing the different tissues 

taken from the live butterflies (legs, wings and body), it showed that the 

highest amount of DNA was extracted from the body. Kruskal-Wallis test 

showed H=11.789 and p=0.003. Pairwise comparisons showed that the 

amount of DNA between the live butterfly’s hind wings and front legs were 

the same, H=-2.000 p=0.516. To summarize, the highest amount of DNA 

that was extracted was from the live butterfly’s body. 

4.2 PCR reaction and gel electrophoresis 

The PCR reactions gave various results. Using the primer pairs LepF/LepR 

and LCO1490/HCO2198 with DNA from body (live), resulted in bands on 

the gels (figure 1). For the LepF/LepR primer pair the band was weak but 

visible (figure 1a), for the primer pair LCO1490/HCO2198 the bands were 

strong (figure 1b). PCR reactions using the primer pair 
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LCO1490/HCO2198 with all the other DNA samples gave no 

amplification.  

 

 

 

 

 

 

 

 

Figure 1. Result of the gel electrophoresis using two different primer pairs with the same DNA sample, 

body (live). a. result with the primer pair LepF/LepR. b. result with the primer pair LCO1490/ HCO2198. 

For both a. and b. are 1. Reference ladder 2. Negative control 3-6. Template.  

Using the DNA sample body (live), the remaining five primer pairs were 

tested. Three of them, CAD1F/CAD1R, EF1a1F/EF1a1R and EF1a3F/ 

EF1a3R, showed bands on the gel (figure 2.b, c, e). Two of these showed 

strong bands on the gel but the primer pair EF1a3F/EF1a3R resulted in 

very weak bands (figure 2.e). The remaining two primer pairs showed 

smear (figure 2.d) or no bands at all (figure 2.a). 

 

Figure 2. Result of the gel electrophoresis with the five primer pairs designed for this study. The DNA 

used was the body (live) sample. The 0 marks the reference ladder. The different primers used were a. 

COI2F/COI2R, no visible bands b. CAD1F/CAD1R c. EF1a1R/EF1a1R d. EF1a2F/EF1a2R, shows smear 

e. EF1a3F/EF1a3R. For b. c. and e. are 1. Negative control 2-5. Template. 

4.3 Sequencing 

The samples sent for sequencing to Eurofins Genomics arrived after a few 

weeks. The sequences were fed into the BLAST tool on the NCBI 

webpage. The results confirmed that all the PCR products were from the 
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butterfly species V. cardui thus the gene sequences the primers were 

designed from were successfully amplifiable. All the gene sequences are 

listed in the appendix. 

5 Discussion 

Developing and using non-destructive methods can contribute to new 

possibilities of monitoring threatened species and gather genetic 

information. In this study DNA was successfully extracted from different 

butterfly tissues and used for amplification. The results showed that pure 

DNA (having a A260/280 ratio between 1.7-1.9 ng/µl) was successfully 

obtained from six of seven tissues. Further notice is that DNA was only 

successfully amplified from one sample, the live butterfly’s body. In 

addition, five of the seven primers gave amplified DNA products.  

The legs of the live butterflies were one tissue type that pure DNA was 

successfully extracted from. Unfortunately, they did not produce 

amplifiable DNA. Even though it was not succeeded in this study, other 

people’s work suggests otherwise. For an example, Gaikwad et al (2012) 

obtained amplifiable DNA from the legs of a butterfly species that is like 

V. cardui within the Nymphalidae family, so obtaining amplified DNA is 

feasible. Also, like in this study, Gaikwad et al (2012) used the same DNA 

extraction kit and the same primer pair, LepF/LepR, to amplify the COI 

gene. Though the main tissues in this study was the front legs, if they used 

specifically the front legs was not mentioned. Further, Gaikwad et al 

(2012) did not use non-lethal methods to gather their samples and that was 

one of the main purposes of this study. In another study, amplified DNA 

was obtained through non-lethal means. Thus, even if the species is not the 

same and the tissue is a bit different, it is proved to work. The study by 

Holehouse et al (2003) used tarsal sampling of the mid-leg or the hind-leg 

of bumble bees. They showed that it was possible to obtain amplifiable 

DNA from the legs of an insect using non-lethal methods, because 

Holehouse et al (2003) observed that the sampling did not reduce the 

bumblebees work or survivorship. So, obtaining amplified DNA from legs 

of insects using a non-lethal method is possible, although it was not 

succeeded in this study.  

The wing tissues from the live butterflies had around the same amount of 

DNA concentration as that from the archived butterfly specimen. Except 
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for the archived butterfly specimen, the whole wings were used, so the 

DNA concentration would probably be lower if the same sample size was 

used. Amplified DNA using the wing tissues was not obtained in this study 

either, but as with the legs many previous studies have succeeded. For an 

example, Hamm et al (2010) used a small part of the hind wing to get 

amplifiable DNA from two different butterfly species. One was V. cardui 

and the other was Satyrodes eurydice (Satyrinae; Nymphalidae). In their 

study they used 2-3 mm2 for their samples taken from the hind wing, but 

the sample location was closer to the body than what was used in this study. 

So even if the sample-size was bigger in this study no amplifiable DNA 

was obtained. One reason could be that Hamm et al (2010) used samples 

that included more of the veins and thus yield more DNA from the tissue, 

while the veins on the top of the wing are thinner and resulted in less DNA. 

However in another study, Lushai et al (2000) did succeed in getting 

amplifiable DNA using 3 mm2 samples from the wing tips, although they 

used the butterfly species Apollo (Parnassius apollo L, Papilionidae) and 

not V. cardui. Also, Lushai et al (2000) used a different extraction method, 

which could be one reason amplified DNA was not obtained. 

Regarding the archived butterfly specimen, two of the different tissue types 

(body and wings) had a lower DNA concentration compared to the live 

butterflies’ tissues and the third (legs) gave impure DNA. For the body and 

wing tissues, one reason not gaining amplified DNA could be that the DNA 

in the archived butterfly specimen was partially degenerated. Which means 

that primers for fragments around 600 bp is too long. Choosing primers for 

shorter fragments would probably work better and should be considered in 

the future. As for the legs, according to a study by Tison et al (2014) 

amplifiable DNA can be successfully gained from an archived butterfly 

specimen. Tison et al (2014) used the butterfly species Speckled wood 

(Pararge aegeria, Satyrinae; Nymphalidae), gathered from 1984 to 2011. 

This means that the archived butterfly specimen Tison et al (2014) used, 

would be as old as the archived butterfly specimen used in this study. 

However, Tison et al (2014) used one to three legs in one sample to extract 

and succeeded in obtaining amplified DNA. Also, here it is not mentioned 

if the reduced front legs were used. One reason as to why amplified DNA 

was not obtained could be that only one leg is not enough material for one 

extraction, because it is too little to work with.  
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An additional reason to why amplifiable DNA was only obtained using 

only one sample, could be that the DNA concentration was too low in the 

other samples. The only sample that gave amplified DNA was from the 

live butterfly’s body, which had a much higher DNA concentration 

compared to the others. Also, because of the differences in concentration 

different amounts of DNA template were added during the PCR reactions. 

For an example, when tested the sample body (archived), which had the 

second highest DNA concentration, triple amounts of DNA were added, 

but it gave no amplified DNA. It is also possible that another extraction 

method is more favorable when dealing with samples containing lower 

DNA concentrations. Additionally, PCR reactions take time so one 

limitation of the study could be that there was simply not enough time to 

explore further options. Because of the short time and the many samples 

and primers that were going to be tested the number of PCR reactions was 

limited.  

As for the primers some of the PCR reactions were successful. For the 

multi-copy gene COI, two of the three primer pairs succeeded in 

amplifying DNA. From the study done by Kim et al (2010), it does not say 

what tissues they used so no comparisons can be done regarding the tissue 

size, but Kim et al (2010) obtained amplified DNA from the 83 butterfly 

species they gathered. So why the third primer pair COI2F/COI2R, with 

the sample containing the highest DNA concentration, did not produce any 

amplifiable DNA, one cannot be certain. One reason could be that the 

primers did not successfully bind to the DNA, because the annealing 

temperature was not suitable. As for the primers that were specifically 

designed for this study three of four gave amplified DNA. The fourth 

primer pair, EF1a2F/EF1a2R, did not show any clear bands on the gel only 

smear. This proves that there is something there, hopefully amplified DNA, 

but because of the limited time, it could not be further investigated.  

For future directions here are some suggestions on what can be added or 

done differently. First, regarding the results from the archived butterfly 

specimen, shorter fragments should be used to increase the possibility to 

obtain amplifiable DNA. Second, which also regards the legs of the 

archived butterfly specimen, more than one leg should be used for one 

extraction. Third, more PCR reactions should be performed to try and make 

all the primers to work. Fourth, a more detailed and longer observation of 
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the butterflies should be done. The butterflies in this study was held for 

about ten days after the sampling and through short observations during 

that time the butterflies’ behavior did not seem to differ. They did not seem 

to fly or feed differently from that before the sampling. But no detailed 

observation was done, because there was not enough time or the main 

purpose of this study. So, a more detailed observation to ensure that the 

sampling did not affect the butterflies would be recommended to perform.  

In conclusion, DNA can be extracted from all the tissues that were tested, 

except from the front legs (archived). For the purpose of this study it was 

a success, because this proves that DNA can extracted from different parts 

of the butterfly species V. cardui, without using lethal methods. However, 

the only sample that gave amplifiable DNA was the body (live). This was 

not the desired outcome, because this means a butterfly must be put down 

to produce amplified DNA. It would benefit not only V. cardui but all other 

butterfly species if DNA could be extracted and amplified using tissues 

that has been gathered through non-lethal means.  

5.1 Societal and ethical aspects 

The main reason species are put to the brink of extinction is that their 

habitats are being destroyed, which is mostly humans fault (Mercaldo et 

al., 2016). When a species population decreases in numbers it can cause 

them to lose some of their genetic variability (Amos and Balmford, 2001). 

This will then lead to loss of biodiversity. Because many species are 

threatened, studying them genetically is prohibited and undesirable. DNA 

sampling is a destructive method, which is why developing non-lethal 

methods are important. Studying on related species can help in developing 

such methods and act as a good substitute. In this study most of the 

methods used were non-lethal.   
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8 Appendix  

In table 1 all the nanodrop results are presented. The three measurements 

for the six tissues and their replicates are shown. For each sample the 

concentration, purity value, mean concentration and standard error are 

listed.  

Table 1. Results of Nanodrop measurements from all the DNA extractions. Every extract was measured 

three times. The table also shows the mean concentration of the samples (blue), the 260/280 ratio and 

the standard error. The red marks omitted data.  

Tissue type Measurement 1 Measurement 2 Measurement 3 
 

 
 

conc. 

(ng/µl) 

260/280 

ratio 

conc. 

(ng/µl) 

260/280 

ratio 

conc. 

(ng/µl) 

260/280 

ratio 

conc. mean 

(ng/µl) 

Std. 

Error  

Front legs 

(live) 

13.3 2.18 14.1 2 13.4 2.15 13.6 0.4 

 
14.7 2.15 22.1 1.9 11.1 2.12 15.96667 3.7  
13.6 2.12 13.5 2.15 12.5 2.05 13.2 0.1  
26.2 1.94 26.6 1.89 27.4 1.95 26.73333 0.2  
31.8 2.15 32 2.2 25.4 2.28 29.73333 0.1  
89.9 1.62 33.3 2.23 34.1 2.14 33.7 0.4 

Front legs 

(frozen) 

29.5 2.14 29.8 2.14 24.5 2.23 27.93333 0.2 

 
57.4 1.88 34.1 2.2 34.9 2.19 34.5 0.4  
20.3 2.1 19.9 1.96 18.9 2.22 19.7 0.2  
32.5 2.09 30.4 2.17 30.8 2.03 31.23333 1.0  
48.6 1.7 26.6 2.12 25.9 2.05 26.25 0.4  
32.3 2.09 34 2.1 27 2.22 31.1 0.9 

Hind wings 

(live) 

21 2.08 21.3 2.16 21.1 2.25 21.13333 0.2 

 8.3 1.94 6.6 2.07 7.5 1.89 7.466667 0.9 

 20.5 2.16 20 2.31 19.8 2.36 20.1 0.3 

 4.6 1.91 3.5 2.49 5 1.93 4.366667 0.6 

 144.6 1.47 22.5 2.16 22.7 2.21 22.6 5.4 

 24.9 2.05 23 1.99 22.5 2.01 23.46667 1.0 

Wings 

(archived) 

7.6 1.81 6 2.45 11.9 1.61 8.5 1.8 

 10.9 1.79 10.2 1.64 11.6 1.84 10.9 0.4 

 9.4 2.03 11.7 1.93 11.5 1.86 10.86667 0.7 

 13 1.84 13.4 2 15 1.92 13.8 0.6 

Body (live) 633.2 1.87 514.8 1.93 516.6 1.92 554.8667 39.2 

 484.6 1.9 409.3 2.04 390.5 2.05 428.1333 28.8 

 555.4 1.55 394.5 1.57 391.3 1.58 447.0667 54.2 

 730.3 2.18 721.4 2.25 734.2 2.23 728.6333 3.8 

 770.4 2.22 762 2.22 751.2 2.22 761.2 5.6 

 544.8 2.09 536 2.09 527.8 2.09 536.2 4.9 

Body 

(archived) 

317 0.51 301.3 0.5 308.2 0.51   

 21 1.83 25.8 1.73 30.5 1.47 23.4 2.4 
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 383.8 0.57 378 0.56 375.4 0.57   

 20.3 1.75 19 1.76 20.1 1.78 19.8 0.7 

 29.2 1.91 23.8 1.96 27.9 1.98 26.96667 2.7 

 181.4 1.79 182 1.8 179 1.79 180.8 0.3 

 

Sequences received from Eurofins Genomics. They were sequenced 

under the PCR reactions using the following primers. A. EF1a1F B. LepF 

C. LCO1490 D. CAD1F  

A. 
GGTGGCCTTCGACGCTCCGGTCCAGAGATTTCATCAAGAACATGATCACC

GGAACCTCACAGGCCGATTGCGCTGTGCTCATCGTCGCCGCTGGTACTGG

TGAGTTTGAAGCTGGTATCTCTAAGAACGGTCAAACCCGTGAGCACGCTC

TGCTCGCCTTCACACTTGGTGTCAAGCAGCTGATTGTGGGTGTTAACAAAA

TGGACTCCACTGAGCCCCCATACAATGAAGGCCGTTTCGAAGAAATCAAG

AAGGAAGTATCTTCTTACATCAAAAAGATCGGTTACAACCCAGCTGCCGT

CGCTTTCGTACCCATTTCTGGCTGGCACGGAGACAACATGCTGGAGGCAT

CCACCAAGATGCCCTGGTTCAAGGGATGGCAAGTGGAGCGTAAAGAAGG

TAAAGCTGAAGGTAAATGCCTTATTGAGGCTTTGGACGCCATCCTTCCTCC

AGCGCGTCCCACAGACAAAGCCCTGCGTCTTCCCCTGCAGGACGTTTACA

AAATCGGTGGTATTGGTACAGTGCCAGTAGGCAGAGTTGAAACTGGTGTC

CTCAAGCCCGGTACCATTGTTGTTTTCGCTCCCGCCAACATCACCACTGAA

GTAAAGTCTGTGGAGATGCACAAAC 

B. 
CGCCTTGCTTAATTTATTTTCGGAATTTGAGCAGGAATAGTAGGAACTTCA

CTTAGTTTATTAATTCGAACTGAATTAGGTAACCCAGGATCTTTAATTGGA

GATGATCAAATTTATAATACAATTGTTACAGCTCATGCTTTTATTATAATT

TTTTTCATAGTTATACCAATTATAATTGGAGGATTTGGTAATTGATTAGTT

CCTTTAATATTAGGAGCTCCTGATATAGCCTTTCCACGTATAAATAATATA

AGATTTTGACTTTTACCCCCATCACTAATATTATTAATTTCTAGTAGAATT

GTCGAAAACGGAGCAGGAACAGGATGAACAGTTTACCCCCCACTTTCATC

TAATATTGCACACAGAGGATCATCTGTAGATTTAGCAATTTTTTCCCTTCA

TTTAGCTGGTATTTCATCAATTCTAGGAGCAATTAACTTTATTACAACTAT

TATTAATATACGGGTTAATAGTATATCCTTTGATCAAATACCTTTATTTGTT

TGAGCTGTGGGTATTACAGCATTACTTTTATTACTTTCTTTACCTGTTTTAG

CTGGGGCTATTACTATACTTTTAACAGATCGAAATATTAATACATCATTTT

TCGATCCAGCAGGAGGAGGAGATCCAATTCTTTATCAACATTTATTTTGAT

TTTTTGGACATCAAGAAGTTTAAAA 

C. 
CCTTAATTTTTTTCTCGGAATTTGAGCAGGAATAGTAGGAACTTCACTTGA

GTTTATTAATGTCGAACTGAATTAGGTAATCCAGGATCTTTAATTGGAGAT

GATCAAATTTATAATACAATTGTTACAGCTCATGCTTTTATTATAATTTTTT

TCATAGTTATACCAATTATAATTGGAGGATTTGGTAATTGATTAGTTCCTT

TAATATTAGGAGCTCCTGATATAGCCTTTCCACGTATAAATAATATAAGAT

TTTGACTTTTACCCCCATCACTAATATTATTAATTTCTAGTAGAATTGTCGA

AAACGGAGCAGGAACAGGATGAACAGTTTACCCCCCACTTTCATCTAATA



 21 

TTGCACACAGAGGATCATCTGTAGATTTAGCAATTTTTTCCCTTCATTTAG

CTGGTATTTCATCAATTCTAGGAGCAATTAACTTTATTACAACTATTATTA

ATATACGGGTTAATAGTATATCCTTTGATCAAATACCTTTATTTGTTTGAG

CTGTGGGTATTACAGCATTACTTTTATTACTTTCTTTACCTGTTTTAGCTGG

GGCTATTACTATACTTTTAACAGATCGAAATATTAATACATCATTTTTCGA

TCCAGCAGGAGGAGGAGATCCAATTCTTTATCAACATTTATTTTGATTTTT

TGGTCACCTGGAAAGTTTAAAAATTA 

D. 
GGGGTTCGCTTGAAGAAACTACACTGGTTGAGAAACTTTATGATTTAACA

AAAATTGATCGATGGTTCCTTGAGAAACTAAAAAATATTATTGATTATTAT

AAAATACTGGAATCCATTAATTCTGGTTCAATTACATTTGACATTTTGAAG

AGTGCAAAGCAAATAGGGTTCTCGGATAAGCAAATAGCTGCTGCAATTAA

AAGTACAGAATTGGCTGTGAGAAAACTGAGAGAAGAATTTAAAATAACT

CCGTTCGTTAAGCAAATTGATACAGTTGCCGCTGAATGGCCTGCCACGAC

TAATTATCTATATCTAACATATAATGGTAGTACACATGACTTGACATTCCC

TGGAGATTTTATAATAGTTTTAGGATCTGGGGTTTATAGAATAGGAAGTTC

AGTTGAATTCGATTGGTGCGCTGTGGGATGTCTAAGGGAATTAAAAAATC

AAGGTAAAAAAACCATAATGGTAAACTACAATCCCGAAACAGTAAGTAC

AGACTACGATATGAGCGATCGAG 


