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ABSTRACT 

 

In this study, possibility of extracting Lepus timidus (mountain hare) DNA viable for genetic 

analysis from environmental sources, such as fecal matter, browsed twigs and buds, is 

investigated. Use of environmental DNA (e-DNA) is faster, cheaper and most importantly 

does not interfere with the animal’s normal life. This has great implication in future 

ecological studies related to these animals and of predator animals relying on hare. 

Fecal matter, browsed twigs and buds from 16 sites were collected near Abisko in northern 

Sweden. DNA extraction was performed using QIAsymphony DNA extraction robot. To 

assure that negative results are not due to presence of inhibitors in fecal matter, a manual 

CTAB-method was used incorporating multiple wash steps. DNA extracts were tested for 

presence of mountain hare DNA using specific microsatellites primer in a Beckman Coulter 

CEQ 8000 genetic analyzer and genotyped with CEQ fragment analysis software. Buds were 

suggested as a source of e-DNA since they contain a high amount of secondary metabolites 

and are rejected by mountain hare. To investigate this hypothesis, Nitrogen, carbon and 

phenol content of buds and twigs were measured using Perkin Elmer analyzer and Folin-

Ciocalteau assay. 

Mountain hare DNA was found in ten out of fifteen fecal samples and on five out of ten buds 

but not on browsed twigs. No significant difference between two extraction methods was 

observed. This eliminates inhibitors effect in negative samples. All in all, fecal matter proved 

to be the most suitable source of e-DNA. Since most samples gave only one microsatellite-

fragment that was possible to analyze, the number of positive DNA samples might have been 

higher using a more elaborated PCR-protocol. Following adjustments of presented 

methodology, e-DNA of mountain hare can be extracted from buds, feces and used further in 

downstream genetic analysis. 

Considering secondary metabolites, this study suggests a statistically significant higher 

phenol and nitrogen content in rejected buds in comparison to browsed twigs. This confirms 

earlier observations that buds are not attractive food for hare.  The DNA is smeared on the 

buds while the hare is feeding on twigs and rejects the buds due to high amounts of secondary 

metabolites. 
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1. Introduction: 

Mountain hare or Lepus timidus, is widely distributed in the northern hemisphere From 

Fennoscandia to eastern Siberia (figure 1). Mountain hare’s diet is variable and a direct result 

of particular habitat that it lives in. These habitats are usually affected by harsh winters and 

thick snow cover which lowers the amount of food available for them. These conditions 

might result in lower reproductive rate and higher death rate in most animals. Mountain hare 

however, is highly adopted to these conditions and shows a high rate of plasticity in relation 

to food sources (Tosh et al., 2004). According to IUCN, mountain hare is currently 

categorized to be of least conservation concern.  

10 year cycle of hare population complicates assessment of these populations in short periods 

of time. These cycles are one of the most striking features of boreal forests and have been 

studied for more than 70 years (Krebs et al., 2001, p34). Benefits of long term studies of 

animals is well understood considering these studies. These cycles are frequently cited in 

different literature and are one of the few examples of predator-prey relationship1 (Krebs et 

al., 2001). 

Krebs et al., (2001) describe the reason behind these cycles to be interaction between 

predation and food supplies, and its biological impacts across many species of predators and 

prey2. These studies by suggest that extinction of hare population could result in extinction of 

many other pray populations. The need for faster and more detailed and less invasive 

                                                           
1&2: Krebs et al., What drives the 10 year cycle of snowshoe hare (2001) p 34. 

Figure 1: world distribution of Mountain hare. Dark gray is the distribution of mountain hare in accordance 
with IUCN data. Species range data provided by IUCN red list (request number: 38238, 2013). 
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methods of evaluation of mountain hare is very apparent considering their important role in 

their relative ecosystem. 

 

1.1 Feeding habits 

Mountain hare does not feed equally upon all plant species (Pullianen 1971, 1972). 

Furthermore, they do not use all parts of the plant and are highly selective of parts that are 

nutritionally valuable for them. Nutritional quality and availability of forage appear to be the 

main factor governing the feeding pattern within heterogeneous landscape and also in 

selection among individual plants and plant parts (Palo et al., 1992). Consequently, buds and 

very thin tips of deciduous/birch twigs are mostly rejected (Palo et al., 1992). Variation in 

concentration of secondary metabolites and nitrogen are suggested as the reason behind the 

difference in nutritional value and consequently animal’s choice (Palo1985 & White 1993). 

 

1.2 Population distribution & monitoring methods 

Populations of mountain hare in southern Sweden has long been under threat due to 

competition with introduced brown hare (L. europaeus). The brown hare size gives it an 

advantage in competition with mountain hare. However, brown hare is not able to survive the 

colder northern habitats of Sweden and Norway 

(Thulin et al., 2006). This has resulted in 

confinement of mountain hare population in 

northern regions while brown hare dominate 

southern habitats with hybrid species living in 

between (figure 2). 

Monitoring of mountain hare is challenging for 

three main reasons: I) they often live in a very 

harsh terrain and are able to cover up to 3 

kilometers per day. II) They are nocturnal and 

finding their track requires good weather 

condition. even so, tracks will not necessarily 

lead to their burrow. III) The mountain hare is 

known to be sensitive to stressful situation (e.g. 

capture) which can cause weight loss (Takacs et 

al., 2009) and hormonal changes (Gisella 2006). 

Weight loss in an animal which is living in the 

edge of its coping capacity can be significant by 

lowering its protection capacity against cold and 

starvation. Despite this, most population counts 

use capture or hunt methods. In section 1.2.1 

and 1.2.2, two of these methods are explained in 

detail.  

Figure 2: distribution of mountain hare, brown-hare 
and hybrid species. Data from Thulin et al (2006).” 
Species assignment and hybrid identification among 
lepus europeanus and L.timidus. “ 
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1.2.1 Mark recapture and GPS tracking 

Mark recapture is a very well-known and widely used non-invasive method in ecology. It 

provides a good estimate of population size and population vital rates. Capture methods have 

the benefit of direct interaction with the live animal. They provide the possibility of DNA 

collection, sex identification and health check. Conversely, recent research conducted by 

Scottish Natural Heritage, concluded that capture method is not very reliable for hare and is 

highly affected by environmental factors. This study state that: Capture rates were very low, 

and possibly affected negatively by unusually snowy winters over the course of the study, 

which likely resulted in poor density estimates (Newesy et al., 2011). Another study using 

mark recapture method showed that 1st winter hares are more likely to be recaptured than 

adults, this indicates an infrequent dispersal of mountain hare populations (Hewson 1990). 

Another contemporary method of following animal movement is GPS tagging. This method 

provides good information about animal’s movement (Neil & Harison, 2010). The weight 

associated with the instrument and once again requirement of capture, lowers the survival rate 

of the animal and consequently accuracy of population assessment. 

 

1.2.2 DNA tracking 

DNA tracking methods are highly developed and are considered to be most successful if they 

are not interfering with the normal life of target animal. Nonetheless, most genetic analyses 

are performed using DNA from hunted animals. This method is limited by the number of 

hunts and accessibility of them. Also, possibility of testing individual’s movement is lost and 

the results could be biased by the hunter’s preference and movement capability. Non-invasive 

methods of DNA analysis are becoming more popular since they cover the mentioned issues 

and are ethically supported. Genotyping herbivore feces is one such method which is 

considered to be highly reliable. Beside genetic material, fecal samples have the benefit of 

containing hormones and undigested food particles. Collection of fresh fecal samples of small 

herbivores in the summer season is not reliable since vegetation cover makes it hard to find 

tracks of animal and higher temperature of environment raises concern about fragmentation 

of DNA by bacteria. 

 

1.2.3 e-DNA and microsatellite analysis 

In a recent study conducted by Swedish University of Agricultural science, browsed twigs 

were used as a source of e-DNA (Nichols et al., 2012). Since DNA is coming directly from 

mouth cells, it is relatively intact and very reliable for downstream genetic analysis. 

However, the amount of accessible DNA can be variable due to different browsing pattern of 

animals. Moose for example, has a blunt type of browsing and leaves relatively high amount 

of saliva on the browsed branch (figure 3, left). On the other hand, hare’s browsing is more 

pointed, sharp and is speculated to leave a very low trace of saliva on the twig (figure3, 

right).  
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Microsatellites (also known as Short tandem Repeats, STRs) are polymorphic DNA loci 

which is consisted of repeating nucleotide sequence. Variation in the number of repeats 

results in presence of multiple alleles for a microsatellite locus. Trace amounts of DNA and 

microsatellite analysis can be used to estimate genetic variation, gen flow and many other 

parameters of population genetic. The results of these studies are highly reliable and high 

resolutions can be achieved using many different alleles and several loci in genotype analysis. 

 

1.3 Study site 

Northern Scandinavian mountain ecosystems provide good circumstances for conducting 

genetic studies of mountain hare. The northern population of Lepus timidus has not been 

mixed with Lepus europaeus. The population is wide-spread but existence of villages and 

tracks around and in the area brings about a reasonable accessibility required for collection of 

samples. Very low temperatures and low 

rates of solar radiation provides good 

circumstances for collecting well-preserved 

DNA. Absence of other herbivores with the 

same type of footprint and browsing pattern 

makes for a high confidence in the origin of 

collected samples. In this study we 

investigated different sources for collection 

of Mountain hare’s e-DNA and different 

methods for DNA extraction. In addition, 

we have investigated the nutritional quality 

as a reasons for rejection of food source and 

presence of hare DNA on buds. 

 

 

 

 

 

 

Figure 3: browsing patterns of moose (left) and hare 
(right).Note the blunt tip of the moose browsing in 
comparison with sharp cut by hare 
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MATERIAL AND METHOD: 

2.1 Sample collection: 

In total 16 set of samples were collected for this study. Each sample set contained 1 fecal 

sample with at least 2 pellets, browsed twig and bud with at least 3 pieces in each. Fecal 

samples and buds were collected using clamps. To collect twigs, each was cut 3-5 mm behind 

the browsing. To avoid contamination, tools were sterilized using stormproof lighter for 1 

minute at the start of each set. The clamps were also sterilized in between collections of all 

samples to avoid transfer of DNA between samples of each set. All samples were collected in 

sterile eppendorf tubes and covered to avoid exposure to sunlight and later transferred to -22 

°C freezer.  In order to increase chances of finding DNA, samples were collected only if 

browsing had happened the night before sample collection. Color of browsed twigs and the 

freshness of footprints were considered to estimate the freshness of browsing.  

Samples were collected under following conditions: I) site must belong to only one set of 

fresh footprints leading to freshly browsed twigs. II) Each site must be able to provide all 

three types, III) the collection site must not be prone to environmental factors like direct 

sunlight or rain. IV) The site should not be adjacent to a previous collection site. 

Figure 4: sampling area and location of collected samples. Each pin represents location of one sample 
collection set. 
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2.2. DNA extraction 

Automated DNA extraction was performed on all three types of sample using Qia symphony 

DNA extraction robot. Following speculations about presence of inhibitors in fecal samples a 

manual extraction method was devised and used on fecal samples. This method has been 

developed by Zhang et al, (2006) and includes multiple washing steps, providing better 

isolation of DNA. In the following section each of these extractions are explained in detail.   

 

2.2.1 DNA extraction from feces 

  

Automatic: QIA symphony robot: 

200mg of outer layer of feces were separated, crushed into small pieces and transferred into 

an eppendorf tube, 800µl ethanol 75% was added to the solution and the mixture was shaken 

for 20 minute. Samples were centrifuged at 4000g for 2.5 min. 300µl of supernatant was 

transferred to QIAsymphony tube. After addition of 40µl proteinase-K Samples were loaded 

into QIAsymphony SP robot and DNA was extracted using QIAsymphony mini kit and blood 

200V6 protocol, this protocol uses 200µl of sample for extraction and provides high yield of 

pure DNA with flexible elution volumes which makes for an easier optimization of 

downstream investigation. In this case, high concentrations of DNA was expected and 

consequently the instrument was adjusted to dilute samples in 200µl of buffer as advised by 

the user manual (protocol sheet, HC/LC 200V6).  

Due to an instrumental failure in extraction of DNA from samples with larger than 800ng/µl 

DNA content, all samples with high DNA concentration were diluted. To control the 

instrument, two positive samples with 400 and 25ng/µl DNA and a negative sample was 

introduced to the instrument and similar protocol was used to extract DNA. DNA volume 

was measured once more after extraction and compared to the original volume.  

 

Manual, Zhang et al method 

200mg of fecal matter was separated and crushed into small pieces using sterilized, DNA and 

RNA free scalpel and forcep (treated with DNase, RNase in between samples). Resulting 

sample was transferred into a 2ml eppendorf tube, vortexed and washed using 1ml ethanol 

70% and then centrifuged (4000g * 2min) to pellet fecal particle, supernatant was discarded. 

Washing step was repeated using 1ml TE (10mMTris, 1 mM EDTA, PH8). 1ml TNE 

(10mmol/L tris-Cl, 0.5%SDS, 1 Mmol/L CaCl2) and 20µl proteinase K were added and 

samples were incubated for1 hour at 55°C. The resulting lysate solution was centrifuged at 

7000g for 3 min and the supernatant was transferred into a new tube containing 400mg potato 

starch (sigma). Samples were vortexed for 1 min and left for another minute. The tubes were 

centrifuged at 8000g for 3 min to separate starch. Supernatant was transferred into a new 2ml 
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eppendorf tube containing 150µl NaCl (3.5mol/L). 250 µl CTAB solution(0.7M NaCl, 

10%cetyl trimethyl-ammoniumbromid, CTAB) was added and the samples were incubated 

for another 10min. the mixture was extracted twice using an equal volume of 

phenol:chloroform:isoamyl alcohol(25:24:1). Supernatant was transferred into a new tube and 

an E.Z.N.A cycle pure spin protocol was performed on it to extract and wash the DNA. To do 

so, an equal amount of CP buffer was added to the samples and vortexed for 1 minute and the 

resulting sample was added to Hibind DNA mini column (placed in another tube) and 

centrifuged at 7000g for 2min. The flow through was discarded. The same process was 

repeated twice more using 700µl and 500µl wash buffer. After the washing step, spin column 

was once more centrifuged (7000*2 min) to dry the column. Mini column was placed in 

another eppendorf tube and 200µl of elution buffer was added and samples were centrifuged 

at 7000g for 4 min. To control the yield, two positive samples with known DNA content of 

25ng/µl and 400ng/µl were tested using this methodology. 

   

 

2.2.2 DNA extraction from Buds and Twigs 

Samples were transferred into tubes suitable for DNA extraction robot and 500-1000µl 

(depending on the size of samples) ethanol (70%) was added to them. after 20 minute  of 

vortex, buds and twigs were removed. Samples were processed with DNA extraction robot, 

using QIA symphony DNA investigator kit and 1000 ADV v5 program. This kit and program 

provides higher yields from trace samples in comparison to the method used for fecal 

matter. Expecting low DNA concentration, the instrument was set to dilute samples in 50µl 

of buffer.  

 

2.2.3 Control sample 

 

DNA extraction from tissue: 

Up to 3 mm2 *1mm of muscle tissue from frozen mountain hare sample was separated and 

cut into smaller pieces. Samples were transferred into a 1.5ml eppendorf tube and 500µl lyse 

buffer (50mM Tris HCL, 200mM NaCl, 20mM EDTA, 1%SDS, pH 8.0) and 20µl proteinase 

k (20mg/ml) were added to them. Samples were incubated for 4 hours at 55°C and vortexed 

in 30 min intervals for 30 second. The lysate was centrifuged at 8000rpm for 5 minute and 

the supernatant was separated. 500µl isopropanol was added to the supernatant and DNA was 

fished up, dried on a sterile tissue paper and transferred into a new eppendorf tube and diluted 

in 200µl ATE buffer. To further purify the samples, they were further treated using 

QIAsymphony extraction robot and QIAsymphony mini kit and blood 200V6 protocol. 

Samples were stored at 4°C. 
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2.3 PCR methodology 

 

2.3.1 Preparation of samples for PCR 

Extracted DNA samples contained variable amounts of DNA ranging from 500ng/µl in 

control to 43ng/µl in twigs, to standardize these samples, the amount of DNA in all samples 

were measured using NanoDrop (Thermo NanoDrop 2000) and all samples were diluted to 

reach to about 50ng/µl. Samples were once more tested for the required amount of DNA.  

 

 2.3.2 Preparation of markers for PCR 

Swedish Agriculture University (SLU) and C.G Thulin kindly provided markers used in a 

previous study (Thulin et al., 2008, 2011). 7 markers were originally selected for this study 

which all have been developed for lagomorphs. Markers 12L4A1, 7L1D3 and 5L1C3 are 

from Korestanje et al (2003) and markers sat 5, sat 12 and sat 13 from Moungel et al (1997). 

Last marker, Lsa 2 from Kryger et al., (2002). All these markers had proven to produce 

strong bands when tested with DNA collected from hunted mountain hare.  

Forward primer in all these markers is labelled with either florescent markers of WellRed 

oligos D2, D3 or D4 (MWG Biotech AG) suitable for downstream analysis with Beckman 

Coulter TM Genetic Analysis System. In order to have a defined length, reverse primers were 

also used with the same concentrations. To lower the cost associated with multiple tests 

required, a mixture of all 7 markers (containing equal amounts of all markers) was used in the 

first control run and from there on a mixture of 4 most positive markers were used ( Sat5, 5C, 

Lsa2, 12A1). As study progressed, the recipe of this mixture was further adjusted to produce 

the best fragment analysis results. The final master mix was consisted of: 1.8µl of 12L4A1 

(diluted 1:8), 1.6µl of 5L1C3, 4µl of Sat5 and 2µl of Lsa2. 25µl of Qiagen master mix 

(containing Tag DNA polymerase, MgCl2, dNTPs) and 5.6µl DNA and RNA free H2O. The 

mixture was directly used in PCR.  

Closer examination and cross check of test results suggested that extra peaks that were 

initially thought to be background noise are in fact a result of contamination with markers 

that have not been used directly in this study. These four markers are 13A1, 12A1, 7B and 

6B. Table 1 provides further detailed information about all markers present in this study. 

 

2.3.3. PCR protocol 

4µl of Qiagen master mix prepared in the last step and 1µl of diluted DNA sample were 

mixed in PCR strip and vortexed. Cycling parameters of PCR was started by an extended 

denaturation step at 95°C for 15 minute followed by 30 cycles of denaturation at 94°C (0.5 

min), primer annealing at 60°C (1.5 min) and elongation at 72°C (1 min). In the next step 

there were 15 cycles of denaturation at 95°C (0.5 min), primer annealing at 50°C (1.5min) 

and elongation at 72°C (1 min). To assure that all products are at full length an extended step 
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at 72°C (15 min) was done as the last step. Samples were cooled to room temperature and 

kept at 5°C until fragment analysis. 

 

2.3.4 Fragment analysis 

Samples were analyzed using Beckman Coulter CEQ 8000 system. PCR products were 

transferred into CEQ sample plates (micro plate) and fragment analysis was executed with 

predetermined parameters used in the previous study by Thulin et al., 2006 &2012 (appendix 

2). 

 

2.3.5 Fragment Analysis Module 

Fragment Analysis module (a software incorporated in CEQ 8000) was used to view, analyze 

and compare fragment data. In a previous study, individual primers and Control DNA were 

used producing singular graphs of microsatellites (Thulin et al. 2006).  The northern most 

population studied in this study was in Haparanda which is roughly 350km away from our 

sample site in Abisko national park. Considering Limitation of distribution posed by 

mountainous area of Abisko, low distribution range of mountain hare and the distance 

between these populations, it is not expected to find the exact same genotype. 

LOCU

S 

FORWARD SEQUENCE REVERSE SEQUENCE N. 

ALLELE 

STUDY STATUS  

12A1 GCTAATTACCCAAAGGAACAT

ACA 

CAGTGCAAATTTGGAAGGTCT 6 Krostanje et 

al.2003 

found 

SAT12 

A1 

CTTGAGTTTTAAATTCGGGC GTTTGGATGCTATCTCAGTCC 4 Mougel et 

al.1997 

Used 

5C CAGCGGTAAGAGTGAGAAAC TCCCCCATAACAAAAGAGG 5 Korstanje et 

al.2003 

Used 

SAT5 GCTTCTGGCTTCAACCTGAC CTTAGGGTGCAGAATTATAAG

AG 

6 Mougel et 

al.1997 

Used 

13A1 CAGTTTTGAAGGACACCTGC GCCTCTAACCTTTGTGGGG 10 Mougel et 

al.1997 

Found 

LSA2 GGTACTCTATTAGGGAACCCG GCTAGTTGCCATTAGCTCCC 6 Kryger et 

al.2002 

Used 

7D ACTGGTTGAATATTTTGGTAA         GGGTGGGGGTAGAAGT 7 Korstanje et 

al.2003 

Removed 

6B CGSGCTCCTTGCTGCSTGSC AGGGCGACCAGCGGTCTAT 12 Korstanje et 

al.2003 

Found 

7B TTGGCAGGAAGAAAAGGAAGA

TT 

TTTGTCATAAGCATTTGGGAA

GTG 

5 Korstanje et 

al.2003 

Found 

Table 1: Forward and reverse Base sequence of primers and number of alleles found in previous studies (N. 
Allele). Original study investigating these markers is mentioned as original study. Amongst the 7 markers 
originally selected, 4 were selected in the second step to be used in this study and the other 3 were removed.    
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Acknowledging the possible difference between these populations, these graphs were used as 

a rough guidance of possible allele’s position, shape and Dye color. During this study, Tissue 

sample from mountain hare individuals belonging to Abisko population was not acquired. 

The control tissue used in this study is from Lulea’s mountain hare population which is 

expected to have a higher genetic similarity to Haparanda’s population.   

 

2.4 Secondary metabolites 

To have the best chance of comparison we have introduced the same conditions of an earlier 

study done on secondary metabolites “Feeding by vertebrate herbivores in chemically 

heterogeneous environment” by Hodar & Palo 1997. Consequently the following 

methodology is very similar to what is described in that study with the difference in use of a 

newer version of Perkin Elmer Analyzer to measure the amount of C and N. Samples were 

dried and powdered and given to the instrument for analysis. In the case of buds, due to very 

low amount of material available, automated sampling instrument of Perkin Elmer analyzer 

was used.  

Total phenolic content was determined using Folin-Ciocalteu reagent. Gallic acid was chosen 

as a standard and a standard calibration curve was created using different concentrations of 

Gallic acid in methanol (0.1mg to 0.5mg) as shown in graph 1. 0.1gram of sample was added 

to 5ml of 70% ethanol and stayed at room temperature for 15 minute. The solution was 

transferred to a new tube and diluted 1:10 with water and assayed with Folin-Ciocalteau 

phenol reagent. Absorbance was then measured at 740nm and absorbance values are then 

converted using the following equation:𝑇 = 𝐶 ∗ 𝑉/𝑀 in which T is the total phenol in mg.g-1, 

C is concentration of Gallic acid from curve in mg.ml-1 and V is the extracts volume in ml 

and M is the weight of extract in gr. 

 

 

 

 

 

 

Graph 1: standard Calibration curve of Gallic acid, acquired by measuring absorbance at different 
concentrations. This is a representative of the original graph produced by spectrophotometer and used as a 
reference to measure sample values. 
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3 Results 

 

3.1 DNA extraction 

Extraction from control samples of automatic method provided higher yields in comparison 

to manual method. In average 92% of low volume control sample’s DNA (original value of 

25 ng/µl) and 97% of high volume control sample’s DNA (original value 400 ng/µl) was 

extracted in automatic method. In the manual method, although controls had the same 

original DNA content, only 20% of low volume control and 58% of high volume sample 

were extracted. Negative control sample of both methodology stayed negative confirming 

absence of contamination (Table 2). Average concentration of extracted DNA from fecal 

samples with manual method is lower than that of automatic method. This was expected, 

considering that samples are washed multiple times in the manual method. Buds and twigs 

contained considerably lower amount of extractable e-DNA. The Amount of extracted DNA 

in buds averaged 63ng/µl which is significantly higher than 34ng/µl extracted from twigs 

(figure5). 

Table 2: Amount of DNA in ng/µl present in control samples before and after extraction. High and low volume 
control samples (High C and Low C). Amount of DNA after extraction from high and low control (Extract H and 
Extract L). Negative control sample (NC) and extracted amount from Negative sample (EN). Percent of original 
DNA extracted (% success). 

 

Table 3: fragment analysis results. Number of samples (NS), Automatic or manual extraction method (Auto/Man) mountain 
hare DNA (MH-DNA). Number of individuals with low/ intermediate/ high DNA quality [DNA-Q (L/M/H)], number of 
individuals with 1/2/3/4 microsatellite 
 

 
 
 
 

 

SAMPLE 

TYPE 

HIGH 

C 

EXTRACT 

HC 

% 

SUCCESS 

LOW C EXTRACT 

LC 

% 

SUCCESS 

NC  N E 

MANUAL 400 234 58 25 5 20 0 0 

AUTOMATIC 
400 389 97 25 23 92 0 0 

SOURCE NS AUTO/MAN MH-

DNA(YES/NO) 

DNA-Q (L/M/H) FRAG 

FECAL 7 A 5/2 1/2/2 0/4/1/0 

FECAL 8 M 6/2 2/2/2 3/3/0/0 

BUD 10 A 7/3 4/2/1 2/3/1/1 

TWIG 5 A 0/5 -------- --------------- 
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3.2 Fragment analysis of fecal samples 

In this study 15 fecal samples were analyzed seven of which with automated method and the 

rest with the manual method. Table 3 is a representative of results of microsatellite analysis 

of all samples (including Buds and Twigs). A comparison of fecal samples extracted via both 

methods is suggestive of no significant difference between manual and automatic method. 

Study of twigs suggests absence of DNA on them. Study of buds suggest that DNA is in fact 

present on them. However, lower number of fragments could be separated from buds 

comparing to fecal matter.   

 

3.2.1 Samples from Automatic method 

Seven resulting samples of automatic extraction method were studied. Beside one negative 

sample (Nr3) and one sample with an overloaded amount of fragments (Nr6), we were able to 

separate at least two markers in the rest. Table 4 represents a detailed overview of results 

acquired by this method. Resulting graphs were studied using CEQ analysis module and 

allele frequencies (appendix 1 & table2) provided by SLU University. PCR related problems 

are apparent in these set of samples and we can conclude that with further adjustment of PCR 

methodology, more positive samples with more fragments can be acquired. Also, 

contamination of primers appears to be dominant. In 4 out of 5 positive samples we find 

peaks associated with Sol8 and Sat 13. These contaminates were not a part of our 7 original 

markers selected. This however, does not change the result of this set of study which suggests 

presence of extractable amount of hare DNA in 5 out of 7 samples, Four of which, had a 

Figure 5: Average amount of extracted DNA in ng/µl for fecal samples extracted with manual method, 

fecal samples extracted with automatic method. , bud and twigs extracted with automatic method. 
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medium to high quality associated with them. Marker Sat5A1 showed the strongest response 

and was found in all positive samples.   

The resulting peaks of fragment analysis was further investigated for the presence of peaks 

relative size and hetero-/homozygosity. For example, in sample number four(figure 6), 

considering background study which suggests that up to around 100 base pairs might be 

consisted of primer dimers  or residual DNA. From 100bp forward, 7 peaks were found. Four 

homozygous peaks with relative size of 113bp, 172bp, 184bp, 191bp. In order, these are 

assigned as Sat 12A1, 7B, 5CA1 and Sat5A1. Two heterozygous peaks are present in this 

graph. One with the relative size of 245-247 which is a very well representative of Lsa2, this 

peak appears to be a new allele of this loci which is not present in the allele frequency list 

(appendix1). The second heterozygous peak is in the beginning of the graph with the relative 

size of 100-102bp. These peaks with the two other peaks present at 100bp and 140bp, cannot 

be explained with contamination with markers present in frequency list of alleles attached in 

appendix 1. High peak signal, perfect heterozygous shape and furthermore, repetition of their 

presence in other samples suggest that they are not simply residual primers. Once more it is 

suggested that these peaks are resulted from contamination of stock markers. Many 

explanations can be considered as the reason behind presence of these peaks. However, 

observing contamination from other markers is suggestive of contamination as the reason 

behind presence of these peaks. The patch of markers used contained 26 pairs of markers. 

Unfortunately we were only able to acquire the position and frequency of 16 sets of them. 

Further tests for identification of these markers were out of the scope of this study’s budget 

and time and were not performed. 

Figure 6, Sample number 4 showing 5 positive markers and two unidentified picks (UI) from a fecal 
sample extracted via automatic DNA extraction Method. Each pick is a representative of an individual 
labeled fragment. Detailed method used to explain peaks of this graphs is presented in the second 
paragraph of section3.2.1 

UI 
Sat 
12A1 

UI 
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 Table4: Detailed result of fragment analysis of samples extracted with automatic method. Marker present 

and its relative size are shown in order. Peak signals are divided into High peak (Hp), Medium Peaks (Mp) and Low 

peaks(Lp). Number of Heterozygous, homozygous and non-identifiable peaks are shown as Hm/Ht/Un. 

Heterozygous alleles are underlined. 

sample 1 2 3 4 5 6 7 

Marker 

present 

Sat 

5/12A1A1/Sol8

/Sat13A1 

Sat 5/12A1A1/ 

Sol8/Sat13A1/ 

6B 

N Sat12A1, 7B, 

Sat5,Lsa2 

Sol8/ Sat13/ 

12A1A1/7B/Sat5/ 

Sat2 

N Sol8/Sat13A1/ 

12A1A1/Sat5 

size 189/164/108/12

3 

190/164/110+1

18/124/146 

N 185,191,243-

245-247 

108/122+124/162

+164/173/190/259

+263/ 

N 110/125/12A1A1/1

93 

Peak signal Lp/Lp/Lp/Lp Lp/Lp/Lp/Lp/L

p 

N lp/Hp/Hp/Hp/Hp Lp/Lp/Lp/Lp/Lp/

Lp 

N Lp/Lp/Lp/Lp 

Hetero/Homo 

aygous 

3/1/0 3/2/0 N 4/1/0 5/0/1 N 3/1/0 

 

3.2.2 Manual method 

We studied 8 samples with manual extraction method. From these 8 samples 5 proved to 

contain mountain hare DNA. Once again, there seems to be a high level of contamination in 

resulting graphs. We also tested the most negative and positive sample of automatic method 

(Nr4 and Nr3), however due to PCR failure we were unable to compare the results. This 

Figure 7: sample number 11. Showing 3 markers found in fecal sample using manual 

extraction method. High picks with a very clear microsatellite pattern are representative signs 

of high DNA quality. Detailed explanation of this graph in section3.2.2 paragraph 2. 
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failure in PCR appeared in a few other samples but it doesn’t rule out that the samples 

contain DNA from mountain hare and yet again suggests that with adjustments of PCR 

methodology and increase in success rate of it, more positive samples can be found. The most 

apparent difference between these samples and those extracted automatically is the higher 

signal rate in positive samples and lower number of fragments present. Quality wise, there 

seems to be no significant difference between automatic and manual method. However, it 

should be noted that higher number of tests are required to prove any significant difference.   

To investigate presence of markers the same procedure as explained for sample Nr4 was 

used. There were some difficulties in assessments. For example, in sample Nr11 (figure 7), 

the instrument has not been able to measure the size of fragments. This makes it hard to 

pinpoint any of the alleles present. However since we have no other markers which we expect 

to see in the far right side of our graph and considering the shape of this peak, it is suggested 

that this peak is in fact Lsa2. Further behind this peak, we have a peak that seems to be an 

exact replica of Sat5 control peak presented in section 2.3.5. This is the only time that we 

have a heterozygote representative of sat 5. Behind sat5, there is a green peak and once more 

we have no other markers at this position with this dye color and peak shape, this peak 

represents a heterozygote allele of 5C marker. The green peak present at 25 CVMT, does 

appear to be similar to sat12A1, however it can be related to multiple other markers, 

consequently we have avoided from designating it to any specific markers.    

 

Table 5:  Detailed result of fragment analysis of samples extracted with automatic method. Marker present and 

its relative size are shown in order. Peak signals are divided into High peak (Hp), Medium Peaks (Mp) and Low 

peaks(Lp). Number of Heterozygous, homozygous and non-identifiable peaks are shown as Hm/Ht/Un. 

Heterozygous alleles are underlined. 

sample  8 9 10 11 12 13 14 15 

Marker 

present 

sol3, 7B, Sat2, 

12A6, Sol3 

6B/6B/5C/12

A1 

Sol30 Sat12A1/6B/S

ol30/ 5CA1 

Sat12A1/Sat2 OV 7D/Sol8/Sa

t12A1/Sol3

0 

N 

Size 163-

165/171/221/2

27 

145-

146/153/164/

186 

162 130/150/163-

164/180-181 

105/223-224 N 86+87/109

+110/110+

163+164 

N 

Peak size Lp/Lp/Lp/Mp/

Hp 

Hp/Hp/Hp/H

p 

Mp Hp/Lp/Mp/Lp Lp/Lp N Mp/Mp/Mp

/Mp 

N 

etero/Ho

mo 

3/1/1 2/1/1 0/1/0 3/1/0 1/1/0 N 1/3/0 N 

         



Use of DNA markers to investigate 
presence of mountain hare DNA in fecal                                                                                          A.Mahani 
matter, browsed twig and bud.                                                                                                         2013-12-21 

 

 
16 

 

3.3 Fragment analysis of Twigs and Buds 

 

3.3.1 Twigs 

In total we tested 5 samples of twigs and were unable to find any sign of mountain hare DNA 

on them. This is a confirmation that hare does not leave enough saliva on the saliva to be 

extracted. Consequently DNA couldn’t be extracted using this method. No further 

experiments were done on twigs in relation to DNA analysis. 

 

3.3.2 Buds  

Buds were tested for presence of DNA in 2 different occasions. At first, 3 samples were 

studied which provided positive results with 3 or 4 markers in each. Considering these 

results, another set of test was done on 7 new. We experienced an inconsistency in movement 

of fragments in 3 samples. Contacts with the CEQ8000 service provider didn’t provide any 

further explanation. 

All in all 10 bud samples were tested, in which, 5 of them appeared to contain mountain hare 

DNA (table3). Once again we have the very obvious sign of contamination with markers 

sol3, Sat13A1 and Sat2. Considering signal strength and DNA quality, the peaks present in 

these samples does not appear to be very different from observed peaks in fecal samples. 

Number of markers found is lower than our expectation. There appears to be a dramatic 

difference between the first 3 samples tested in the beginning with the 7 samples tested later. 

The first 3 samples are very good representative of positive test run with a successful PCR 

run. Sample number 4 did not contain any trace amounts of DNA. Samples 6, 7 and 9 appear 

Figure 8, Bud sample fragment analysis with two positive markers. Sat 2 was not originally added to the sample and 
we suggest contamination as the reason of its presence. Fragments in the start of the graph could not be associated 
with any known markers as they are expected to be a result of primer dimers..   
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to contain a considerable amount of DNA however, there appears to be a problem with 

electrophoresis stage of fragment analysis, resulting in unreadable graphs. Samples 5 and 8 

each provided 2 markers with a very low signal rate. Sample 8 provides a very positive result 

with peaks that are very well representatives of expected markers. The quality of DNA 

extracted from this sample is comparable to our control samples. All peaks present in this 

sample are heterozygous.  

Figure 8 present one of the positive figures of study on buds. The same procedure was used to 

explain the peaks of these graphs. Once more, in this graph we have the green and black 

peaks present at 90 and 92bp. And further in the graph, we have peaks associated with 5C 

and Sat2. One considerable difference of these samples presented in this graph is the lower 

number of peaks associated with them. 

 

 

 

3.4 Secondary metabolites 

 

Chemical continents varied considerably between buds and twigs. Phenol and Nitrogen 

content of buds prove to be significantly higher than that of twigs. Carbon content, in the 

hand is similar between twigs and buds resulting in a higher N:C ratio in buds. Among 16 

samples of bud tested, one contained a significantly low level of nitrogen, phenol and carbon. 

Presuming malfunction or artifact, the sample was discarded in statistical analysis. 

 

Table 6:  Detailed result of fragment analysis of samples extracted with automatic method. Marker present and its 

relative size are shown in order. Peak signals are divided into High peak (Hp), Medium Peaks (Mp) and Low peaks(Lp). 

Number of Heterozygous, homozygous and non-identifiable peaks are shown as Hm/Ht/Un. Heterozygous alleles are 

underlined. 

sample  1 2 3 4 5 6 7 8 9 10 

Marker 

present 

Sol8/Sat12A

16B/5CA1 

5CA1/Sat1

2A1/ Sat2/ 

7B 

Sol8/5CA

1/Sat2/Sol

3 

N Sat13A

1/Sat5 

 

5C/

Sat2 

OV Sat5/Sat

13A1 

 

OV 5CA1/Sat5A

1/Lsa2/Sat12

A1/12A1 

Size 115/133-

134/150/189

-190 

188/134/26

0-261/178 

122/182-

185-

187/221-

222/250 

N 120/190 187/

221 

 120/190  ---/---/--/---/-

-- 

Peak 

size 

Hp/Hp/Hp/H

p 

Hp/Hp/Hp/

Hp 

Mp/Hp/M

p/Mp 

N Lp/Lp Hp/

Mp 

 Lp/Lp  Hp/Hp/Hp/H

p/Hp 

etero/H

omo 

2/2/0 4/0/0 2/2/0 N 2/0/0 2/0/

0 

 2/0/0  4/0/1 
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Nitrogen Carbon Phenol 

Value   T     B   T B T B 

Mean 0.9438+/- 0.059 1.3020+/- 0.059 52.82+/- 3.3 52.11+/- 3.3 11.13+/-
0.56 

15.41+/-
0.56 

SD 0.1365 0.1912 2.3 1.9 1.48 1.73 

N 16       15   16 15 16 15 

T 6.03 1.5 7.6 

P <0.0001 0.14 <0.0001 

 

 

Graph 2: Carbon content of twig and bud samples in percent per 1 mg of dried sample 

 

Graph 3: Nitrogen content of twig and bud samples in percent per 1 mg of dried sample 
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Table 7: Nitrogen, Carbon and Phenol content of Twigs (T) and Buds (B) in % per mg of sample. Mean: Mean value+/- 
Standard error. SD: Standard deviation. N: Number of samples. T and P: T value and P value from significance test of related 
material. 
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Graph 4: Phenol content of twig and bud samples in percent per 1 mg of dried sample 

 

Previous studies show a direct relationship between twig diameter and Nitrogen 

concentration (Palo& Hodar 1997). In our study we noticed that none of the bud samples are 

larger than 2 millimeter in diameter. Comparison of secondary metabolites in relation to bud 

size shows a high similarity in concentration of N/C in our samples and T test proves to be 

statistically insignificant with a p value of 0.34 (table 8). 

Table 8: comparison of nitrogen content between different bud sizes, Mean: Mean value+/- Standard error. 

SD: Standard deviation. N: Number of samples. T and P: T value and P value from significance test of related 

material. 
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4 Discussion: 

 

4.1Extraction method and fragment analysis 

 

4.1.1 Fecal matter 

The manual method was introduced to counteract the possible effect of inhibitors. Very low 

variation between results of manual and automatic extraction methods suggests that inhibitors 

are not the reason behind presence of negative results. Consequently, we do not recommend 

use of the manual method since it does not bring about any advantages. Furthermore this 

method is highly time consuming and relatively expensive. Automatic DNA extraction on the 

other hand proves to be most successful considering high yield, repeatability and speed 

associated with it. Consequently we suggest use of automated method only. Adjustability of 

this method to work with trace amounts of DNA is of high importance and can prove to be of 

great importance in DNA extraction from Buds. However, since both methods are providing 

a valuable and reasonable amount of DNA and subsequently both have been relatively 

successful in the same level, it can be of value to develop a singular methodology that would 

be able to extract both sets of DNA. To do this we suggest use of higher amounts of fecal 

matter and also a higher incubation time with proteinase k.  

The DNA extraction robot, can be set to perform two very different protocols of DNA 

extraction on the same samples, thus we suggest use of high yield protocol and kits which 

provide higher amounts of DNA in the first step. In the second step, high purification 

protocol and kit can be used to highly purify DNA from inhibitors.   

From allele frequencies provided by Thulin et al.,(2012) it is possible to determine the 

likelihood of using this alleles as a genetic fingerprint which could be further used to separate 

individuals of hare population from each other. Considering only the first and second highest 

frequencies of alleles of 8 markers originally investigate for this study, genetic frequency of 

1.54*105 is calculated. The genetic diversity covered by these 8 alleles is highly plausible for 

genetic fingerprinting. We can conclude that a combination of this methodology and markers 

defined previously for hare can be used to achieve identification of individuals of hare 

population and the probability of their relatedness. However, further studies are required to 

adjust the PCR methodology to provide higher yields. 

Considering high distribution of mountain hare and brown hares in Sweden and their current 

hybridization pattern, it is logical to develop species specific markers. This would enable us 

to have a higher level of accuracy in tests and also it would bring about the possibility of 

extensive genetic analysis of two merging populations of mountain hare and brown hare. 

Using Blast tool in NCBI we checked the markers against human Genome and to our surprise 

marker 12A1 has a 100% similarity to human. These markers have all been developed a long 

time ago. Advances in genetic analysis has increased accuracy of experiments making 
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comparisons easy and more accurate. This is a further proof, suggesting the need for 

development of new species specific Markers.  

4.1.2Buds  

Lower nutritional quality and the foul taste of buds due to their high phenol content appear to 

be the reason that they are rejected by animal. This provides us with enough grounds to 

suggest that the main source of DNA on buds is buccal cells coming directly from hare’s 

mouth.  Considering similarity of results from buds and fecal matter, fecal matter is suggested 

as the better source of DNA for general population counts. Conversely, buds can be used in 

studies related to browsing pattern of mountain hare.  

 

4.2 Future research 

Considering accessibility, ease of use and the quality of DNA extracted, we suggest fecal 

matters as the main source of environmental DNA. Having confirmed the presence of DNA, 

all other genetic analysis, such as determination of sex, mitochondrial and nuclear DNA 

sequencing and Microsatellite analyses can be performed on these samples. Considering high 

specificity of markers it is also possible to separate individuals from each other. This 

information can be further used in demographic analyses such as size and density. It could 

also be used to investigate browsing pattern and extent. Additionally since with genetic 

analyses we are able to investigate the relationship of animals to each other, long term studies 

of reproduction and movement of offspring can be achieved. Similar methods had been in use 

for other animals but not for hare for example in a study by Ruth et al., (2012), e-DNA has 

been used to identify ungulate species.  

For future studies using this methodology we suggest usage of buffer solutions to reduce the 

amount of plant DNA in bud samples. We recommend to wash the buds with buffer solutions 

as this would separate the buccal cells attached to them and would lower the amount of plant 

DNA. To separate DNA, ethanol could be added to this solution instead of addition of 

ethanol directly to buds. Following our results we strongly suggest to collect the snow 

surrounding bud samples as a source of DNA. To reduce the amount of unrelated fragments 

of DNA in fecal samples extracts, gel electrophoresis could be done resulting in higher DNA 

quality. 

Microsatellite DNA quality is highly dependent on the repeats complexity, number of alleles 

and tendency of PCR products to stutter. It is suggested to validate microsatellites locus and 

their relative characteristics using DNA sequencing. To identify technical problems it is 

suggested to use a pilot study including all relevant sample population and a sufficient sample 

size. This would bring about possibility of investigating Hardy Weinberg Equilibrium (HWE) 

of the population. Possibility of natural deviation from HWE is very low considering these 

populations current situation. Therefore HWE can be used as a signal for technical issues. 
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5 Conclusions: 

This study confirms presence of environmental DNA of mountain hare, resulting in the 

following suggestions: 

 Fecal samples contain a high amount of DNA separable and can be used to investigate 

population trends. 

 Buds contain DNA which appear to be coming directly from buccal cells. The DNA 

from buds has a high quality associated with it and can be used, however further 

studies are required to establish a concrete methodology. 

 Twigs do not contain any amounts of DNA separable by the presented methodology. 

Beside twigs, Offered automatic methodology appear to be accurate, making it suitable for 

downstream DNA analysis. However, fragment analysis did not prove to be as consistent as it 

was expected. All in all, this non-invasive analysis method has a lower yield and lower DNA 

quality in comparison to methods which use captured animal. But this issue can be 

circumvented by usage of higher accuracy kits in extraction methodology and also use of 

markers developed specifically for mountain hare. Most importantly, the PCR methodology 

has to be further adjusted. In return this method provides an unprecedented insight to the life 

of an animal that is hard to track and studied. 
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8 Appendix 

8.1: Hare alleles chart 

List of alleles was provided by Swedish University of Agricultural science and C.G.Thulin. This list 

provides a position for different alleles of each primer which was used in analysis of mountain hare 

samples. 
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8.2. CEQ 8000 system method  
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Appendix 2: the Basic instrumental adjustment required for Fragnt analysis 
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8.3, Individual Satmix Positive controls  
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