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Abstract 
Free-ranging reindeer (Rangifer tarandus L.) eat a diverse diet of graminoids, herbs, shrubs, 
woody plants, mushroom, lichen and mosses. DNA metabarcoding is an established method 
in dietary studies and through e.g. non-invasive faecal collections it allows identification of 
the complete diet. However, there are methodological shortcomings regarding the application 
of DNA metabarcoding, especially for species with highly diverse diets and complex 
digestive systems such as the ruminant reindeer. In an effort to reveal the advantages and 
limitations of DNA metabarcoding, two experiments were conducted during this thesis.  

In the first experiment, a controlled feeding trial was carried out at UiT - The Arctic 
University of Norway, three female semi-domesticated reindeer (R. t. tarandus) were fed (i) 
pelleted reindeer food (RF-80, containing a known mixture of eleven species), (ii) birch 
(Betula pubescens Ehrh.) and (iii) increasing amounts of lichens (mainly Cladonia stellaris 
(Opiz) Pouzar and Vezda). The methodological questions were: 1) Does DNA metabarcoding 
detect all species in a known diet and does it allow identification to species level for all 
species?; 2) For how long is DNA of a particular food item present in the digestive system?; 
and 3) How well is relative food biomass represented by output sequences? In the second 
experiment, samples were collected from different sections of the gastrointestinal (GI) tract of 
four male semi-domesticated reindeer on natural pasture in Finnmark, Norway to answer: 4) 
Does DNA detectability change through the GI tract?  

The controlled feeding experiment detected eleven of the thirteen fed species, and the specific 
primers used in this experiment detected a higher diversity of species present in the diet than 
the general eukaryote primer. However, the short specific primer increased the number of 
wrongfully assigned taxa. DNA of B. pubescens was detected within 12 hours and it was 
present in the faeces for minimum 26 days after feeding (Question 2). It was possible to see a 
correlation between the fed biomass and the proportion of DNA sequences of C. stellaris, 
when using a general eukaryote primer (Question 3). In answer to Question 4, the data from 
this study indicate that for seed plant, eukaryote and fungal DNA, there is higher species 
richness in the distal colon than in the rumen, whilst the opposite is found for bryophyte 
DNA. Higher diversity is found in the cecum and distal colon for seed plant and eukaryote 
DNA, in the rumen for fungal DNA and possibly also in the rumen for bryophyte DNA. 
These results imply that non-invasive faecal samples are better to use, compared to invasive 
rumen samples, when studying species richness of seed plants in the diet or the overall 
diversity in the diet, regardless of targeted taxonomic group. 
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1 Introduction 
Dietary studies are important in understanding ecosystems and species interactions by 

connecting ecosystem levels (i.e. primary producers, primary consumers and secondary 

consumers). Thus, numerous studies have been conducted to increase knowledge about 

different aspects of diet, e.g. dietary niches, competition, dietary shifts etc (e.g. Soininen et 

al., 2014; Gebremedhin et al., 2016, Zhao et al., 2019). The potential impacts of ongoing 

climatic changes have emphasized the importance of understanding ecosystem functions and 

the need to make predictions regarding how an ecosystem may respond. An area vulnerable to 

rapid climate change is the Arctic (Arctic Climate Impact Assessment, 2004), and a keystone 

species in this region is the reindeer (Rangifer tarandus L.). To survive in periodically harsh 

conditions, with low forage availability, reindeer have adapted a unique and diverse diet 

consisting of graminoids, herbs, shrubs, woody plants, mushroom, lichen and mosses 

(Staaland and Sæbø, 1987; Mathiesen et al., 1999; Mathiesen et al., 2000; Inga, 2009), with a 

large seasonal variability (Kojola et al., 1995; Mathiesen et al., 2000; Heggberget et al., 

2002). Additionally, indigenous people herd several of the subspecies in a migratory pattern 

(Turi, 2002; CAFF, 2006), one of which is the semi-domesticated reindeer (Rangifer tarandus 

tarandus) herded by the Saami people on the mainland of northern Scandinavia (Tyler et al., 

2007). Variation between summer (coastal or mountains) and winter (lichen-dominated areas) 

pastures adds a seasonal aspect to the diversity in the diet of R. t. tarandus (Sundset et al., 

2007; Tyler et al., 2007; Moen, 2008). The truly remarkable aspect of reindeer diet is their 

adaptation to utilize lichen (e.g. Cladonia stellaris (Opiz) Pouzar and Vezda) as food (Sundset 

et al., 2008, 2010; Węgrzyn et al., 2019), as they are potentially toxic to other animals, 

including ruminants (Cook et al., 2007; Dailey et al., 2008). However, it has been shown that 

climate change has a large negative effect on lichen recovery after reindeer foraging (Klein 

and Shulski, 2009) and that reindeer diet already has shifted due to plant response to increased 

CO2 levels (Zhao et al., 2019). Because reindeer hold an important ecological role in the 

Arctic ecosystems, and in several areas are valued as livestock, it is important to study their 

diet in light of current climatic changes to develop solutions to potential negative impacts 

(Hansen et al., 2018). 

Several approaches and methods can be used to study the diet of reindeer, and molecular 

technology development has created new opportunities for exploration of diets. Direct 

observations, macroscopic or microscopic identification of digested food remains in stomach 
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content or faeces are considered classical methods and still frequently used (Bjørkvoll et al., 

2009; Nichols et al., 2016). Observational studies provide accurate information about 

vegetation types and habitats where the study animals forage at a certain time of the year. 

Certain observations also reveal specific forage events, for instance, kelp eaten by Svalbard 

reindeer (R. t. platyrhynchus Vrolik) during harsh winter conditions (Hansen and Aanes, 

2012; Hansen et al., 2019). However, migration, rapid movement and the skittish nature of 

reindeer make it challenging to identify all the consumed species throughout a year. 

Microscopic identification can also be a challenging method to use when studying diet of e.g. 

ruminants, as highly digested plant remains in faeces are usually indistinguishable. For this 

reason, rumen samples from culled or fistulated animals are favoured for obtaining better 

taxonomic resolution, as they are more heterogeneous (Gaare and Skogland, 1975; Vavra et 

al., 1978). However, collecting samples from culled or fistulated animals, is highly invasive 

and newer methods such as stable isotope and DNA-based analysis could allow for non-

invasive dietary identification based on the more homogenous faecal samples. 

Stabile carbon isotopes allow differentiation of for example C3- and C4-plants in the diet 

(Codron et al., 2007), while measurements of nitrogen isotopes provide information about the 

trophic level of organisms (DeNiro and Epstein, 1981; Ambrose and DeNiro, 1986). In 

addition to faecal samples, stable isotope analysis of carbon and nitrogen ratios from hair, 

antler and whisker tissues can also be used to identify the diet of the study species (Zhao et 

al., 2019). Although the method does identify specific species present in the diet, it is 

especially useful for comparing functional plant groups in the diet, identifying pastures or 

seasons when animals were feeding as well as studying the effect of demography and climatic 

variables on species diet (Soininen et al., 2014; Hansen et al., 2019; Zhao et al., 2019). Stable 

isotope analysis is therefore a well-recognized method for use in ecological diet studies. 

A popular DNA-based method allowing for the quantification of DNA from ingested prey is 

real-time PCR (RT-PCR). It allows investigation of presence/absence, or the relative quantity, 

of a given prey based on how much DNA has been amplified (Heid et al., 1996; Stephenson, 

2016; Maddocks and Jenkins, 2017). With this method it is also possible to search for specific 

prey taxa (Mysterud et al., 2016), and to investigate microbial population densities (Denman 

and McSweeney, 2006; Salgado-Flores et al., 2016). RT-PCR is an acknowledged method in 

ecological studies, and has revealed vital information on the microbiota in digestive tracts of 
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ruminants (e.g. Sylvester et al., 2004; Denman and McSweeney, 2006; Salgado-Flores et al., 

2016).  

One of the latest DNA-based methods for diet analysis, and the main focus of this study, is 

DNA metabarcoding. DNA metabarcoding relies on short DNA fragments (i.e. “barcodes”) to 

identify the species present in an environmental or dietary sample (Taberlet et al., 2012; 

Bohmann et al., 2014). Combined with next generation sequencing (NGS) it allows for the 

simultaneous detection of multiple species within complex mixtures of DNA. Metabarcoding 

primers are designed to amplify DNA from the target groups of organisms, and based on 

conserved priming sites, it can amplify a wide range of taxonomic groups (e.g. all eukaryotes) 

or be more specific (e.g. only seed plants). The DNA barcodes should also contain a highly 

variable sequence region that ideally is unique to each species, providing opportunity for 

species-level identifications (Taberlet et al., 2012). As a relatively recent method (Valentini et 

al., 2009; Taberlet et al., 2012), it is vital to study several aspects of its application and 

potential limitations, such as the capacity to obtain species level information. Due to the short 

length of the DNA barcodes and highly similar DNA sequences within taxa (i.e. no unique 

sequence regions adjacent to the conserved sequence regions, Sønstebø et al., 2010), 

identification for many taxa is restricted to genus or family level. The lack of reference 

sequences in the public reference databases is another reason for restricted taxonomic 

assignation (Taberlet et al., 2012). 

Another disputed limitation with DNA metabarcoding is how well it estimates the relative 

biomass of ingested food, i.e. whether the number of sequenced reads (the total number of 

sequences for a given prey taxon, also referred to as number of output sequences) reflects 

biomass or if it merely is a representation of the DNA present in a sample (Deagle et al., 

2013; Soininen et al., 2013; Thomas et al., 2014). Most ecological dietary studies focus on 

large, functional groups in the diet, and presence/absence data can be sufficient to answer 

questions related to diet diversity. However, to compare the relative amounts and importance 

of the functional groups within a diet, the relationship between sequenced reads and 

abundance or biomass must be investigated. This would provide a more detailed estimate of 

diet composition, and help to interpret the occurrence of dominant versus rare species in a diet 

based only on the DNA sequences. 

Various studies have compared DNA metabarcoding results to those of other methods for diet 

assessment. Several studies show that DNA metabarcoding allows characterizing diets with a 
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similar or higher taxonomic precision compared to direct observations or macroscopic 

identification (e.g. Soininen et al., 2009; Pompanon et al., 2012; Kartzinel et al., 2015; 

Nichols et al., 2016). For instance, after comparing macroscopic identification and DNA 

metabarcoding of rumen content, Nichols et al. (2016) argued that the results from the two 

methods are comparable and positively correlated. But due to time- and cost-efficiency, one 

should favour DNA metabarcoding. Additionally, they showed that it is possible to make 

quantitative assessments about ingested prey biomass based on the number of output 

sequences. Another study, comparing microscopic identifications and DNA metabarcoding in 

herbivorous voles, did not manage to make quantitative assessments, but showed that DNA 

metabarcoding have a higher taxonomic resolution compared to microhistological analysis 

(Soininen et al., 2009). Kartzinel et al. (2015) compared the results from stable carbon 

isotopes and DNA metabarcoding, and showed a high degree of correlation between the two 

datasets in the relative contribution of shrub versus forb plant species in the diet of several 

species of African ungulates. In the same study they also demonstrated that DNA 

metabarcoding provides family, genus and species level identifications that can be used to 

show niche partitioning among several species with overlapping diets.  

This thesis will focus solely on DNA metabarcoding using the Norwegian semi-domesticated 

reindeer (R. t. tarandus) as a model to address major methodological questions related to 

using DNA metabarcoding for diet analysis in ruminants. To my knowledge, no dietary 

experiment using DNA metabarcoding has been conducted on reindeer, and it is therefore of 

importance to clarify the following methodological questions: 1) Does DNA metabarcoding 

detect all species in a known diet and does it allow identification to species level for all 

species? 2) For how long is DNA of a particular food item present in the digestive system? 3) 

How well is relative food biomass represented by output sequences? 4) Does DNA 

detectability change through the gastrointestinal (GI) tract?  

These questions were addressed by conducting a controlled feeding experiment (Questions 1-

3) and by collecting samples from different sections of the reindeer GI tract (Question 4). To 

answer Question 1, different food items were fed to three captive reindeer allowing 

assessment of how well DNA metabarcoding performs in terms of species detection and 

taxonomic resolution. DNA from faecal samples and consumed food items were amplified 

using a multi-locus primer panel and sequenced alongside, to investigate if DNA degradation 

during digestion affects species detection and taxonomic resolution. For answering Question 
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2, birch (Betula pubescens Ehrh.) was introduced once on top of the standard pelleted feed 

(RF-80) that the reindeer received as part of their regular diet. By collecting faecal samples 

intensely the following days, the aim was to identify with a high precision when the DNA of 

B. pubescens first appeared in the faeces. Faecal samples were collected for the following ~2 

months, to assess when B. pubescens DNA was no longer detectable in the faeces. For 

answering Question 3, lichens (mainly Cladonia stellaris) were added to the reindeer diet, in 

increased proportions through a period of 13 days. To answer Question 4, output sequences 

from samples collected across different sections of the reindeer GI tract were compared in 

order to identify which part of the GI tract had the highest species richness and diversity. 
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2 Materials and methods 

2.1 Feeding experiment 

2.1.1 General remarks 

The feeding experiment was conducted at the Department of Arctic and Marine Biology, at 

the Arctic University of Norway (UiT), from the 22nd of January 2018 to the 18th of February 

2018. Faecal samples were collected from the 22nd of January 2018 and continued until the 

23rd of March 2018. The feeding experiment included three captive 7-year-old Norwegian 

semi-domesticated female reindeer (animal number 9/10, 10/10 and 12/10). The reindeer were 

half way through pregnancy at the time of the experiment. Deworming was done according to 

standard routine (Panacur given on the 5th of December 2017 and Ivomectin given on the 3rd 

of January 2018) prior to the experiment. Despite this, tapeworm was found in the faeces of 

animal 9/10 (31st of January 2018), but treatment was postponed until after the faecal 

sampling was completed (23rd of March 2018). The reindeer were weighed prior to and 

following the feeding experiment (19th of January 2018: 09/10: 102.4 kg, 10/10: 96.6 kg, 

12/10: 104.4 kg. 18th of February 2018: 09/10: 104.0 kg, 10/10: 93.2 kg, 12/10: 103.2 kg). 

Postdoctoral fellow Stefaniya Kamenova and I were responsible for feeding, cleaning and 

collected samples during the experiment. MSc Leonardo Rescia, MSc Nora Slåttebrekk and 

PhD Jaymee van Dalum aided with cleaning and preparations. Leonardo Rescia also helped 

collect samples during week 6 and conducted the sampling after the 22nd of February 2018. 

The technical staff at UiT brought the reindeer into the enclosures used in the experiment, and 

back out. They also taught us how to take care of the animals and helped with all of the 

practical aspects involved. 

2.1.2 Experimental setup 

The animals are normally kept in large outdoor enclosures (E1, encompassing approximately 

2000 - 4000 m2, Fig. A1 in appendix A), where the reindeer are fed ad libitum RF-80 and 

have access to several food taxa (e.g. Betula pubescens, lichens, bryophytes and graminoids). 

These food taxa can appear in the output sequences if ingested prior to the experiment. 

However, in an effort to minimize these food taxa, the experiment was conducted in winter 
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when a thick snow layer covered E1 and thereby restricted foraging access. The snow is also 

the main water source for the reindeer during winter. 

During the feeding experiment, smaller fan shaped enclosures (E2) were used (Fig. A1 in 

appendix A). E2 consists of several corridors that progressively enlarge at the bottom 

(approximately 40 m2), covered with tarmac, which was heated to prevent ice covering the 

ground. The animals were accustomed to E2 prior to the experiment (4th-22nd of December 

2017 and 19th of January 2018), to limit the potential occurrence of undesired food items in 

their diet and in order to minimize their stress. 

On the day before the animals were brought into E2 for the feeding experiment (the 18th of 

January), E2 was cleaned with a high-pressure washer and propane burners to remove plants 

growing in cracks of the tarmac, other plant remains (e.g. pollen grains) or old faeces that 

might be potential sources of DNA contaminations. 

After bringing the animals to E2 (19th of January 2018), the faecal material that was not 

sampled was removed with a broom and a dustpan several times a day (simultaneous as 

sample collection, Table 2). Most mornings the floor was cleaned thoroughly with water 

under high pressure in order to remove as many contamination sources as possible (e.g. urine 

and faecal remains). However, due to cold temperatures, this was not possible every day, as 

the water would freeze quickly and it was hazardous for both humans and animals involved. 

At the start and throughout the experiment, all containers for food and water were cleaned 

with a 4% bleach solution and rinsed thoroughly with tap water. This procedure was repeated 

after introducing the new food items (see section 1.1.4) and thereafter a few times a week. 

The containers were assigned individually to each animal to limit contamination between the 

reindeer.  

2.1.3 Experimentally controlled diet 

RF-80 

A commercially available pelleted food for reindeer (RF-80, FK Reinfôr, Felleskjøpet, 

Norway) was the main component in the diet of the reindeer. A detailed ingredient list was 

obtained from Felleskjøpet prior to the experiment (Table A1 in appendix A). Before the 
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feeding experiment started, the reindeer were kept together with a male reindeer and fed ad 

libitum RF-80 (7-9 kg per day, divided by four animals), and after the feeding experiment 

they were again fed ad libitum RF-80 (5-7 kg per day, divided by three animals).  

RF-80 disintegrates if added to water, and therefore the amount fed to the reindeer was 

weighed in dry weight. Leftovers (intact RF-80) and residuals (crumbles and powder) of RF-

80 were weighed approximately 24 hours after feeding, and subtracted from the total amount 

given to the reindeer, in order to calculate how much they actually ate (Table A2 in appendix 

A).  

Betula pubescens  

At the start of the feeding experiment (18th of January 2018), Betula pubescens was 

introduced to examine how long it takes for the DNA of a species to pass the gastrointestinal 

tract and for how long it is detectable in the faeces (Question 2). B. pubescens twigs were 

collected locally around the reindeer enclosures at the UiT campus (Fig. A1 in appendix A). 

The fact that the reindeer could have ingested B. pubescens in E1 before they were moved to 

E2 is not ideal. However, being aware of it and collecting reference faecal samples (i.e. 

samples collected before feeding B. pubescens) makes it possible to take this into account 

when analysing and interpreting the results. In order to accurately identify the time interval 

where the DNA of B. pubescens appears in the faeces, time zero of the experiment was set to 

after B. pubescens had been eaten (23rd of January 2018, 21.00) and from this point, all faeces 

were continuously collected in the following days (Table 2).  

Cladonia stellaris 

The reindeer were fed an increasing amount of lichen (a mixture containing mainly Cladonia 

stellaris) to investigate if the relative biomass of ingested taxa correlates with the number of 

output sequences for the taxa (Question 3). To enable the investigation of the relative 

biomass, RF-80 was fed continuously throughout the feeding experiment, and thereby, the 

number of output sequences from C. stellaris would be relative to the number of output 

sequences from RF-80 

The lichens were collected from various mountain regions in southern Norway, and therefore 

contained several other undesired taxa (e.g. faeces from Lepus timidus L., Betula pubescens, 
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Salix herbacea L. and bryophytes). In an effort to reduce intake of these other taxa, 

preliminary sorting was conducted. C. stellaris is a favourite treat for the reindeer, and 

therefore, it was expected that the reindeer would consume it relatively rapidly. Another 

benefit of feeding the lichen mixture is that none of its component species are found in the 

pellets.  

An overview of time and quantity of the introduction of lichens is given in Table 1. The 

lichen was wet when weighted and distributed, in order to ensure equal amounts fed to the 

three reindeer. The large differences between the three weights of input lichen biomasses 

offered to the reindeer over time (i.e. 20 g, 500 g and 2000 g) were chosen to test if it would 

be detectible in the output sequences. It was also of interest to investigate if 20 g of lichen 

(~2% of the average ingested diet) would be enough for detection with DNA metabarcoding. 

Table 1 - Overview of the stepwise introduction of lichen mixture in the diet, during a period of 
thirteen days, including four days with only RF-80 in the diet.  

Date Wet weight (g) 
24th of January 2018 20 
25th of January 2018 20 
26th of January 2018 20 
27th of January 2018 - 
28th of January 2018 - 
29th of January 2018 500 
30th of January 2018 500 
31st of January 2018 500 
1st of February 2018 - 
2nd of February 2018 - 
3rd of February 2018 2000 
4th of February 2018 2000 
5th of February 2018 2000 

2.1.4 Sample collection and subsampling 

Faecal samples 

A first set of faecal samples was collected from each animal before any new food item was 

introduced. These reference samples were expected to only contain the species found in the 

pellets, but also to reveal if the reindeer had eaten any of the species growing in E1.  

The first 10 days after B. pubescens was fed, faeces were collected every 2 hours during the 

daytime and every 3 hours during the night (Table 2) to be able to detect with a high precision 
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when the DNA of B. pubescens appeared. After the initial 10 days, faeces collection was 

carried out every ~3 hours during the day only. From the 23rd day to the 30th day of the 

experiment, one sample was collected each day. After the experiment was completed, samples 

were collected once or twice a week.  

Table 2 – Overview of faecal sample collection intensity during the feeding experiment and in the 
following month. 

Day Hour intervals day (t) Hour intervals night (t) 
1-10 2 3 
11-22 3 0 
23-30 24 0 
31-60 96-168 0 

 

A total of 498 faecal samples were collected in clean zip lock bags, during the experiment and 

for the following month. Immediately after collection, all samples were stored at -20°C. From 

the 498 faecal samples, 234 samples were chosen for further analysis (Table A3-A5 in 

appendix A). Each day was split into four time intervals (00.00-06.00, 06.00-12.00, 12.00-

18.00 and 18.00-24.00) and the last sample collected in each time intervals was chosen for 

further analysis. 

Several of the samples that were collected were large faeces, and for practical reasons 

regarding transport of samples from UiT to the University of Oslo (UiO), where the 

remaining laboratory work was done, initial subsamples were taken. The samples were 

thawed and a smaller part of the faeces was placed in a new zip lock bag (no weights were 

taken at this stage). In an effort to reduce contamination when possible (i.e. when the faecal 

sample was a compact mass and not several small pellets), the outer layer was carefully 

removed and the inner part of the faeces was subsampled. Until transportation and 

immediately upon arrival at UiO, the samples were stored at -20°C. 

For final subsampling prior to DNA extraction, the samples were thawed and thoroughly 

homogenized within the zip-lock bags. Then, ~250 mg from each sample was placed in a 

sterile Eppendorf tube and stored again at -20°C. 

Food samples 

To be able to address Question 1 (Does DNA metabarcoding identify all species to species 

level in a known diet?), subsamples were taken of all the food items fed to the reindeer (Table 
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3) to create a sequence reference list and to investigate the taxonomic resolution capacity of 

the DNA metabarcoding primers used in this study. 

Two different production batches of RF-80 were fed to the reindeer and both were analysed to 

explore similarities or differences amongst them. RF-80 samples were also collected from the 

feeding tray of each animal to investigate potential contaminants. Additionally, samples from 

two lichen species occurring in E1 and frequently consumed by reindeer, were collected in 

order to investigate whether these sequences were similar to the sequences of the fed lichen 

mixture. 

The subsamples were placed in clean zip-lock bags and stored in a freezer at -20°C until 

transportation to UiO. At UiO, the food samples were thawed and homogenized using liquid 

nitrogen, and ceramic pestle and mortar. Around 20 mg of dry weight per sample were placed 

in sterile Eppendorf tubes for DNA extraction. Two sterile Eppendorf tubes were held open 

on the lab bench during the process in order to detect any potential cross-contamination 

during the procedure. These Open Air Negative Controls (Table 3) were treated similarly to 

the food and the faecal samples during the remaining laboratory steps.  

Table 3 – Overview of the food subsampled during the feeding experiment (RF-80 = reindeer pelleted 
feed), including negative controls (DNA Negative control = DNA extraction control. Open Air 
Negative Control = eppendorf tubes left open on the lab bench during subsampling). Five subsamples 
of RF-80, two from different production batches, and three were taken from leftovers in the feeding 
trays of the reindeer (9/10, 10/10 and 12/10). 

Food sample Details 
Betula pubescens Fed to the reindeer (Question 2) 
Cladonia stellaris Lichen mixture fed to the reindeer (Question 3) 
RF-80 Batch number 13543 
RF-80 Batch number 13541 
RF-80 9/10, from feeding tray 
RF-80 10/10, from feeding tray 
RF-80 12/10, from feeding tray 
Lichens Two lichen species from E2 
NC_OA_1 Open Air Negative Control 
NC_OA_2 Open Air Negative Control 
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2.2 Gastrointestinal tract 

2.2.1 Sample collection 

During traditional reindeer slaughtering (24th-26th of September 2017) in western Finnmark, 

Associate prof. Tove Utsi (UiT) collected samples from four 1.5-year-old male semi-

domesticated reindeer. All reindeer were taken by hand into a large gathering pen where they 

stayed for several days, foraging on the natural pastures. After being culled and slaughtered 

by a skilled reindeer herder, the gastrointestinal (GI) tract was rapidly taken out of the four 

animals and one sample was taken from each stomach (rumen, reticulum, omasum and 

abomasum) and throughout the intestinal tract (Table 4). The samples were placed directly 

into clean plastic bags to avoid contamination from the environment. Samples from 

individuals #1, #2 and #4 were stored in a freezer within few hours, whilst samples from 

individual #3 was stored in a freezer the next day (within 24 hours).  

Table 4 – Overview of samples taken from the gastrointestinal tract of four reindeer (1.5-year-old 
males) on natural pasture in western Finnmark, Norway.  

Part of gastrointestinal tract Animal ID 
 #1 #2 #3 #4 
Rumen ✓ ✓ ✓ ✓ 
Reticulum ✓ ✓ ✓ ✓ 
Omasum ✓ ✓ ✓ ✓ 
Abomasum ✓ ✓ ✓ ✓ 
Small intestine 1 (Upper part) ✓ ✓ ✓ ✓ 
Small intestine 2 (Lower part) ✓ ✓  ✓ 
Cecum ✓ ✓ ✓ ✓ 
Spiral colon ✓ ✓ ✓ ✓ 
Distal colon ✓ ✓ ✓ ✓ 
 

Once transported to UiO for laboratory processing, the samples were stored at -20°C. Prior to 

subsampling, the samples were thawed and homogenized within the plastic bags. Subsamples 

were taken by scooping out 100-160 mg of the wet content and placing it in clean Eppendorf 

tubes. These tubes were stored at -20°C until DNA extraction. 

2.3 DNA extraction 
DNA was extracted from all samples, in random order (228 faecal samples from feeding 

experiment, 8 food samples, 35 samples from the GI tract and 2 negative “open air” controls) 
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using the Qiagen DNeasy® PowerSoil® Pro Kit. The manufactures’ protocol was followed, 

except that solution C3 was heated at 56°C (maximum temperature of the heating cabinet), 

not at 65°C as recommended for dissolving the precipitates. Additionally, several of the GI 

tract samples had to be centrifuged repeatedly in order to move the lysate to the column due 

to the high viscosity of those samples. In every extraction round, 1-2 negative controls were 

included in order to monitor for possible contamination. One sample from the feeding 

experiment (X73) evaporated, and was re-eluted with 30 µl of solution C6 (less than the 100 

µl recommended in the protocol) to secure high enough concentration of DNA. 

2.4 PCR amplification and high-throughput sequencing 
Ecological samples contain small amounts of DNA from many different species, and in faecal 

samples the DNA is usually degraded due to digestive processes. To increase the amount of 

DNA that is of interest, and thereby enhance the chances of identifying as many taxa as 

possible, PCR is used to target specific short DNA regions for amplification (Pompanon et al., 

2012; Taberlet et al., 2012). Based on existing knowledge on reindeer diet (Nieminen and 

Heiskari, 1989; Storeheier et al., 2002b, 2003) and considering the food items offered during 

the feeding experiment, all samples were amplified using four different primer sets (Table 5): 

Sper01, Euka02, Fung01 and Bryo01, amplifying seed plants, eukaryotes, fungi and 

bryophytes, respectively. Each primer also contained an 8 or 9 bp sequence tags allowing 

identification of each sample (demultiplexing) after the sequencing process, where several 

samples were pooled together. 

Table 5 – Overview of the four different primers used for DNA amplification, including the targeted 
taxonomic groups, primer names (Taberlet et al., 2018) and the gene regions they target, as well as 
forward and reverse primer sequences and original publication. (Abbreviations: cp = chloroplast, r = 
ribosomal, n = nuclear.) 

Taxonomic 
group 

Primer 
name 

Target Forward primer Reverse primer Reference 

Eukaryotes Euka02 18S, rDNA 
(V7 region) 

TTTGTCTGSTTA
ATTSCG 

CACAGACCTGTT
ATTGC 

Guardiola et 
al., 2015 

Fungi Fung01 ITS1, nrDNA GGAAGTAAAAG
TCGTAACAAGG 

CCAAGAGATCCG
TTGYTGAAAGT 

Epp et al., 
2012 

Spermatophyta 
(seed plants) 

Sper01 p6 loop of the 
trnL intron, 
cpDNA 

GGGCAATCCTG
AGCCAA 

CCATTGAGTCTCT
GCACCTATC 

Taberlet et al., 
2007 

Bryophytes Bryo01 Part of the 
trnL intron, 
cpDNA 

GATTCAGGGAA
ACTTAGGTTG 

CCATYGAGTCTC
TGCACC 

Epp et al., 
2012; Taberlet 
et al., 2018 
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PCR plates with 96-well were used and because there was 228 faecal samples from the 

feeding experiment, they were distributed between three PCR plates (Table A6-A14 in 

appendix A). For the remaining samples (8 food samples, 35 samples from the GI tract), there 

were few enough to fit several replicates on one PCR plate (Table A15-A17 in Appendix A 

and Table B2 in appendix B).  

Each PCR reaction contained 7.5 µl of AmpliTaq Gold 360 PCR Master Mix (Thermo Fisher 

Scientific, USA) at 1 mM, 0.6 µl of Bovine serum albumin (BSA, Sigma-Aldrich, USA) at 1 

mM, 0.75 µl of tagged primers mix (Integrated DNA Technologies, USA), 4.5 µl of MilliQ 

H20, and 2 µl of undiluted DNA. The primer mix was added by postdoctoral fellow Stefaniya 

Kamenova. 

Positive controls were included in the PCR plates amplifying seed plant DNA from faecal and 

food samples in the feeding experiment (Table A12-A14 and A17 in appendix A), and in one 

of the PCR plates amplifying eukaryote DNA from faecal samples in the feeding experiment 

(Table A7 in appendix A), to confirm that the PCR reactions were successful. The DNA in the 

positive controls was artificially produced for the primers amplifying seed plants and 

eukaryotes. Positive controls were not included in the remaining PCR plates, because 

artificially produced DNA was not available.  

To ensure reproducible results, each PCR reaction was replicated three times. However, PCR 

plate 3 of the feeding experiment (Table A8, A11 and A14 in appendix A) only had one 

replicate due to an error during the primer mix pipetting. Each PCR replicate contained 1-4 

PCR negative controls, which were used to identify any potential contaminants. The 

following PCR conditions were used: Initial denaturation at 95°C for 10 min, followed by 35 

cycles consisting of denaturation at 95°C for 30 s, annealing (temperature depending on the 

primers used; Euka02: 45°C; Fung01: 56°C; Sper01: 52°C; Bryo01: 54°C) for 30 s, 

elongation at 72°C for 1 min, and a final elongation at 72°C for 7 min before a final hold at 

15°C. During PCR, several samples evaporated, possibly because the lids were not being 

properly sealed around the edges of the PCR plates. All of the samples that evaporated were 

continuously noted, to know which replicates were not included in pooling and sequencing 

(Table A18 in appendix A and Table B3 in appendix B). 

To confirm that amplification was successful, between 8 and 16 samples from each PCR plate 

were visually inspected using a 1% agarose gel electrophoresis. A mix of 2 µl amplified DNA 
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and 1 µl loading dye was loaded into the wells of the gel. After the initial round of PCR, it 

was clear that bryophytes were not present in the samples from the feeding experiment. This 

was expected, as the reindeer were not fed any bryophytes. Therefore, for the remaining 

samples from the feeding experiment, only fungi, seed plants and eukaryotes were amplified. 

Bryophytes were still amplified for the GI tract samples because their diet was unknown. 

Preparation of the samples for high-throughput sequencing was done by postdoctoral fellow 

Stefaniya Kamenova. The procedure involved pooling all the samples into eight different 

libraries (Table 6 and Table C4 in appendix C) based on DNA concentration measured with 

the Qubit® 2.0 Fluorometer (Qubit® dsDNA HS Assay Kit, Invitrogen™, Table C3 in 

Appendix C). The Norwegian Sequencing Centre prepared the libraries using a TruSeq PCR-

free protocol (Illumina, USA) and carried out the 150bp pair-end sequencing using an 

Illumina HiSeq 4000 machine. 

Table 6 – Overview of the content in the eight libraries. Sample type (faecal sample or food sample) is 
specified for the feeding experiment, as well as PCR plate number (P1, P2, P3) for the faecal samples 
in Library 1-3 and Library 9-11. Library 5 and Library 12 contain samples from both the feeding 
experiment and the gastrointestinal tract. (Abbreviations: GI tract = Gastrointestinal tract) 

Library 
number 

Feeding experiment, 
sample type 

Feeding experiment, primer GI tract, primer 

1 Faeces, P1 Sper01  
2 Faeces, P2 Sper01  
3 Faeces, P3 Sper01  
5 Food Sper01 Sper01 and Bryo01 
9 Faeces, P1 Euka02 and Fung01  
10 Faeces, P2 Euka02 and Fung01  
11 Faeces, P3 Euka02 and Fung01  
12 Food Euka02 and Fung01 Euka02 and Fung01 

2.5 Bioinformatics 
After receiving the sequences from the Norwegian Sequencing Centre, raw data analysis was 

conducted in UNIX, using the program OBITools (http://metabarcoding.org/obitools). The 

forward and reverse pair-end reads were aligned and merged using illuminapairedend (Boyer 

et al., 2016). Thereafter, reference files for each primer set used (i.e. Sper01, Euka02, ITS01 

or Bryo01) were created, containing information about the primer set and all sample names as 

well as the combination of tags and primer sequences used. The reference files were used with 

the ngsfilter command (Boyer et al., 2016) to assign sequences to samples. For the 
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assignation, ngsfilter specifically uses the tags attached to the primers and compare them to 

the tags in the reference file. 

Several types of errors can occur during PCR and sequencing, and different programs were 

implemented to deal with the errors. The OBITools program obigrep was used in UNIX to 

filter the data (i.e. discard chimeras or other artefact sequences (containing other bases than A, 

C, G and T)) and remove PCR errors (e.g. very short or very long sequences). To identify 

erroneous PCRs (i.e. sequences flagged as rare or chimeric sequences (singletons) or 

sequences flagged as PCR substitution or errors (internals); De Barba et al., 2014), the 

OBITools program obiclean was used in UNIX. However, the datasets containing fungal 

sequences were too complex for obiclean, and therefore erroneous PCRs were not identified 

and flagged in these datasets. 

To construct a reference database for the taxonomic assignment of the sequences, the program 

ecopcr (OBITools program) was run to access the European Molecular Biology Laboratory 

(EMBL) Nucleotide Sequence Database (Baker et al., 2000). Specified minimum and 

maximum sequence lengths for each primer were set (Sper01=10-250 bp, Euka02=20-900 bp, 

Fung01=50-1000 bp, Bryo01=30-150 bp), and a maximum of three mismatch errors allowed 

on the priming sites. The minimum and maximum sequence lengths were based on the 

minimum and maximum DNA length of each taxonomic group targeted by each of the four 

primer sets (Taberlet et al., 2018). The program ecotag (OBITools program) was used to 

conduct the taxonomic assignment, using The EMBL Database. Once taxonomic assignation 

was completed, sequences from faecal samples from the feeding experiment amplified with 

the same primer (i.e. Library 1, 2 and 3 (Sper01), Library 9, 10 and 11 (Fung01), and Library 

9, 10 and 11 (Euka02)) were merged. Then, obiuniq (OBITools program) was used to merge 

identical sequences, in order to remove duplicates and triplicates. However, as the datasets 

containing fungal sequences were too large for obiuniq, sumaclust 

(git.metabarcoding.org/obitools/sumaclust) was used instead for clustering this dataset. 

Additionally, obigrep was used to remove singletons in the datasets containing seed plant and 

eukaryote sequences. 

After initial inspection of the faeces data from the feeding experiment in R Studio (R Studio 

Team, 2015), samples from PCR plate 3 (Table 6) were separated from the other two plates, 

as they lacked PCR replicates. The sequences from PCR plate 3 were investigated, and as the 

sequences in the controls (positive and negative) were only found in the control samples, 
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controls (positive and negative) were removed. Spurious sequences (i.e. generated by the PCR 

and sequencing errors) from the two plates with three PCR replicates (i.e. PCR plate 1 and 2) 

were filtered out using the packages ROBITools, ROBITaxonomy and Vegan (LECA - 

Laboratoire d'ecologie alpine, 2012a; LECA - Laboratoire d'ecologie alpine, 2012b; Oksanen 

et al., 2019). After filtering, the replicates in the samples from PCR plate 1 and 2 were 

merged together using the Dplyr package (Wickham et al., 2018). Finally, the two datasets 

(one containing samples from PCR plate 1 and 2, and one containing samples from PCR plate 

3) were merged, also using the Dplyr package (Wickham et al., 2018). 

For the datasets containing both the food samples fed during the feeding experiment and the 

samples from the GI tract, sequences flagged singletons or internals (De Barba et al., 2014) 

were removed using R Studio (except for the datasets containing fungal sequences). 

Thereafter, they were filtered in the same way as described above for PCR plate 2 and 3. 

Once filtering was completed, replicates were merged using the Dplyr package (Wickham et 

al., 2018). 

Individual thresholds for identity match (i.e. how well the sequence matches with a sequence 

in the reference database) were set for each dataset (Table 7). For this, the length of the 

amplified sequences was taken into account (i.e. Euka02 and Fung01 amplify longer DNA 

fragments compared to Sper01 and Bryo01) as well as an evaluation of plots showing the 

maximum sequence read frequency in a sample against best identity score with the reference 

database. Additionally, rare sequences (less than 1% of the total number of reads in a sample) 

were filtered out. Once filtering was completed, additional information about the samples was 

added (e.g. time, date, names of the animals in the feeding experiment (9/10, 10/10 and 

12/10), part of GI tract). For the GI tract datasets, samples were removed if there was only 

one sample left from that particular part of the GI tract after filtering. 
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Table 7 – Thresholds set for each dataset, for identity match with the database. The datasets are 
differentiated by content (i.e. experiment, sample type and targeted taxonomic group).  

Experiment Sample type Taxonomic group Threshold 
Feeding experiment Faeces Eukaryotes 50 % 
Feeding experiment Faeces Fungi 60 % 
Feeding experiment Faeces Seed plants 95 % 
Feeding experiment Food Eukaryotes 95 % 
Feeding experiment Food Fungi 65 % 
Feeding experiment Food Seed plants 90 % 
Gastrointestinal tract  Eukaryotes 85 % 
Gastrointestinal tract  Fungi 80 % 
Gastrointestinal tract  Seed plants 90 % 
Gastrointestinal tract  Bryophytes 90 % 
 

For the files containing amplified seed plant sequences, and in some of the PCR replicates 

with amplified eukaryote sequences (Table A7 in appendix A), positive controls were used to 

verify the success of the PCR amplifications. The positive control sequences were identified 

in the positive control samples, confirming that PCR amplified successfully, and no cross-

contamination was identified (i.e. no positive control sequences leaked into other wells on the 

PCR plate). The positive control sequences were then colour labelled in the plot showing the 

maximum frequency of number of reads in a sample against best identity score with the 

reference database. When filtering out rare sequences, the positive control sequences were 

removed, indicating that although the positive control sequences were detected, they were 

relatively rare compared to the food sequences identified by DNA metabarcoding. 

2.6 Downstream statistical analysis 
Éric Coissac created a general pipeline for statistical analyses in R Studio for the analysis of 

the GI tract samples and the faecal samples from the feeding experiment. I adapted and 

developed the pipeline for analysing each file corresponding to each of my research questions.   

Investigation of Molecular Operational Taxonomic Units (MOTUs) 

To answer Question 1 (Does DNA metabarcoding identify all species to species level in a 

known diet?), Question 2 (How long is the DNA of a particular food item present in the 

digestive system?), and Question 3  (How well is relative food biomass represented by output 

sequences?) the ROBITools package and the is.subcladeof command was used to identify the 

molecular operational taxonomic units (MOTUs) related to the species of interest; Betulaceae 
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(Question 1 and 2), Lecanoromycetes (Question 1 and 3), and all taxa from RF-80 (Question 

1, Table A1 in appendix A). The is.subcladeof command uses the EMBL database to extract 

the taxonomic identity (taxid) for all the subclades of a given taxon. The EMBL database was 

uploaded in R Studio using the ROBITools package and the read.taxonomy command. 

After identifying MOTUs related to the species of interest, I isolated all the sequences 

identified as subclades of Betulaceae, Lecanoromycetes, and as subclades of all taxa from 

RF-80 (Question 1). The MOTUs identified as subclades of Betulaceae were compared 

between the faecal and the food samples, for the primer sets Sper01 and Euka02. The MOTUs 

identified as subclades of Lecanoromycetes were compared between the faecal and the food 

samples, for the primer sets Fung01 and Euka02. In order to examine the accuracy of the 

species detection and identification, the MOTUs identified as subclades of taxa from the RF-

80 samples were compared to the ingredient list of RF-80 (Table A1 in appendix). The results 

from these comparisons established which MOTUs were explored further in Question 2 and 3. 

Also related to Question 1 (Does DNA metabarcoding identify all species to species level in a 

known diet?), the 20 most dominant MOTUs identified in the food samples were compared to 

the species in the ingredient list of RF-80, B. pubescens or C. stellaris to see how well they 

corresponded (Table A22-A31 in appendix A). The relative frequency of each sequence in the 

dataset was estimated using the decostand command from the Vegan package. A similar 

comparison was made with the datasets containing amplified sequences from the faecal 

samples (Table A19-A21 in appendix A).  

Plots were made with the ggplot2 package (Wickham, 2016) for visualizing the proportion of 

output sequences over time for Betulaceae amplified with the Sper01 primer (Question 2). A 

similar plot was made using the dataset containing the proportion of output sequences over 

time for Betula DNA amplified with the Euka02 primer (Figure A2 in appendix A). To further 

investigate when Betulaceae DNA appeared, a plot was created using the ggplot2 package 

and the dataset containing faecal samples amplified with the seed plant primer (Sper01), 

selecting a time frame spanning between 40 hours prior to feeding and 100 hours after 

introducing B. pubescens in the reindeer diet. A comparison was made with the same time 

frames, using the Euka02 dataset for the sequences identified as Betula. To explore the decay 

of B. pubescens, I selected the samples collected 100-600 hours after feeding B. pubescens, 

and log-transformed the proportion of Betulaceae DNA (Sper01) and Betula DNA (Euka02) 

in the detected diet, using the ggplot2 package. By log-transforming the data, it is possible to 
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visualize the continuous decrease of DNA because the variation is magnified, in contrast to 

the non-transformed data. Different taxonomic assignations (Betulaceae and Betula) were 

used according to the dataset (Sperm01 versus Euka02) based on the results from Question 1.  

To visualize the proportion of sequences, likely to represent C. stellaris, from the dataset with 

amplified fungi (Fung01) and eukaryotes (Euka02) over time, I used the ggplot2 package and 

targeted the family Cladoniaceae (Fung01 dataset) and the subclass of Lecanoromycetidae 

(Euka02 dataset). Different taxonomic assignations were used for the two datasets 

(Cladoniaceae and Lecanoromycetidae) based on the results from Question 1.  

Decay time (T1/2) 

A linear model (1) was fit for the each animal results (9/10, 10/10 and 12/10) from the feeding 

experiment, to investigate the decay time (T1/2, i.e. the time required for the proportion of 

DNA to be halved) of B. pubescens amplified with both the Sper01 and the Euka02 primers. 

The same model was applied for the C. stellaris amplified with the Fung01 and Euka02 

primers. 

lm(tX ~ log (X,2)) (1) 

In the linear model (1), X corresponds to the number of reads of B. pubescens (Betulaceae 

(Sper01) or Betula (Euka02)), and to the number of reads of C. stellaris (Cladoniaceae 

(Fung01) or Lecanoromycetes (Euka02)) within a given time interval for a specific animal; 2 

– is the basis of logarithm. While tX defines the samples collected and analysed (i.e. 

observations) within a given time interval for a specific animal. For each of the datasets, the 

time intervals were set between the highest proportion of DNA and the following lowest 

proportion of DNA. 

Multivariate analyses 

The number of output sequences for each primer set for the GI tract analysis were Hellinger-

transformed (Legendre & Gallagher, 2001) using the Vegan package. Then, Principal 

Component Analysis (PCA) was run, using the dudi.pca command from the Ade4 package 

(Dray and Dufour, 2007). The aim of PCA is to reduce dimensionality of a multivariate data 

set to a new set of variables called Principal Components (PCs). These variables summarize 

the maximum amount of variation in a dataset as linear combinations of the original variables 



22 
 

and can be visualized graphically, to compare samples with minimal loss of information. 

Colours were superimposed based on Animal ID or the parts of the GI tract, on plots of the 

two first PCs to compare the variation. The results from these analyses are shown in Fig. B1-

B4 in appendix B. 

Dietary diversity 

Because it is impossible to directly compare diet across the GI tract (each part of the GI tract 

represents meals ingested at different time points), species (MOTU) richness and diversity for 

each part of the GI tract was estimated and compared among the different primer sets. For 

this, different diversity indices were calculated based on the Hill’s number (Hill, 1973; 

Keylock, 2005). By plotting different q-values, visual representations of species (MOTU) 

richness (q=0), Shannon diversity index (q=1, H) and Gini coefficient (q=2) were made 

(Broms et al., 2015), using the ggplot2 package (Wickham, 2016). An additional diversity 

comparison was made by computing q=3. The results from the Gini coefficient (q=2) and q=3 

are shown in boxplots in Fig. B5 and B6 in appendix B. 

2.7 Ethical statement 
DNA metabarcoding is a non-invasive method, for which ecological samples (e.g. soil, 

faeces) are used to detect all the species present.  

Use of animals in research/experiments is regulated by the “Forskrift om bruk av dyr i forsøk” 

(FOR-2015-06-18-761) and usually requires a permit from the Norwegian Food Safety 

Authority. However, these regulations do not apply under conditions listed in §2, part 5, items 

‘a-f’, which the present experiments were considered to conform with (§2, part 5, item ‘f’). 

The feeding experiment therefore did not require any permits from The Norwegian Food 

Safety Authority.  

Moreover, collection of samples from animals that are culled for other purposes is not 

considered to represent an animal experiment (§4, item ‘a’), as long as an approved technique 

for euthanasia is employed (see §16 and Appendix C). The reindeer GI tract samples were 

collected during the traditional autumn slaughter in the reindeer herding family of Associate 

Prof. Tove Utsi and did not require extra animals being sacrificed. On this basis, an ethical 

permit was not required for the present study. 
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3 Results 
The number of output sequences received from the Norwegian Sequencing Centre varied 

between ~13 million and ~17.8 million, for the different libraries  (Table 8).  

Table 8 – Overview of the number of output sequences in each library after Illumina Hiseq 
sequencing. 

Library Taxonomic group(s) Number of output sequences 
1 Seed plants 17 783 634 
2 Seed plants 17 513 982 
3 Seed plants 15 426 679 
5 Seed plants and Bryophytes 17 779 834 
9 Eukaryotes and Fungi 15 205 413 
10 Eukaryotes and Fungi 15 657 638 
11 Eukaryotes and Fungi 13 057 009 
12 Eukaryotes and Fungi 16 868 076 

After all the filtering steps were carried out in UNIX and R Studio, the number of MOTUs 

detected in the different datasets varied between 15 and 472 (Table 9). However, not all of the 

MOTUs identified in the samples from the feeding experiment represent food items fed to the 

reindeer (Table A19-A31 in appendix A). Although filtering removed the contaminant 

sequences found in the negative controls, there were still several sequences left in the samples 

that do not correspond to the fed species. For instance, some of the MOTUs identified in the 

dataset containing amplified fungal sequences from the faecal samples are most likely part of 

the microbiota in the GI tract, and were therefore not filtered out as contaminants. Because 

the controlled diet is known, the MOTUs corresponding to the thirteen fed species were 

extracted, in order to proceed with further analyses. 

Table 9 – Overview of the number of MOTUs in each dataset after filtering. The datasets are 
differentiated by content (i.e. experiment, sample type and taxonomic group) 

Experiment Sample type Taxonomic group Number of MOTUs 
Feeding experiment Faeces Eukaryotes 116 
Feeding experiment Faeces Fungi 472 
Feeding experiment Faeces Seed plants 67 
Feeding experiment Food Eukaryotes 15 
Feeding experiment Food Fungi 74 
Feeding experiment Food Seed plants 77 
Gastrointestinal tract  Eukaryotes 42 
Gastrointestinal tract  Fungi 110 
Gastrointestinal tract  Seed plants 56 
Gastrointestinal tract  Bryophytes 68 
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3.1 Does DNA metabarcoding identify all species to 
species level in a known diet? 

RF-80 

The best detection of the species in RF-80 occurred within the reindeer faecal samples when 

amplified with the seed plant primer (Sper01, Table 10). Although no MOTUs were identified 

at species level, four MOTUs were assigned to genus level, three MOTUs at tribe level, two 

MOTUs at subfamily level and one MOTU at family level. Some of the identified MOTUs 

correspond to the same species in RF-80, e.g. three taxa in the ingredient list (Table A1 in 

appendix A) belong to Pooideae and are thus potential sources for the output sequences 

identified as Pooideae (Table 10). This means that potentially eight of the eleven species in 

RF-80 were identified in the faecal samples with the seed plant primer. 

In comparison, only five species from the RF-80 ingredients list were identified in the food 

samples when amplified with Sper01 (Table 10). No MOTUs were identified at species level 

and only one MOTU identified at genus level, one MOTU at tribe level and one MOTU at 

subfamily level (Pooideae, as mentioned above). Additionally some MOTUs are identified to 

the PACMAD clade, which is a monophyletic group, not assigned a taxonomic rank in the 

National Center for Biotechnology Information (NCBI) taxonomy database (Sayers et al., 

2009; www.ncbi.nlm.nih.gov/taxonomy). The PACMAD clade is one of the large clades 

within Poaceae, and includes the subfamily Panicoideae that Saccharum officinarum L. (on 

the RF-80 ingredient list) belongs to (Soreng et al., 2015). 

Four of the species in RF-80 were identified in both faecal samples and food samples when 

amplified with the eukaryote primer (Euka02). Amongst the MOTUs detected from RF-80 

(Table 10), only one was identified at species level (Triticum aestivum L.). The remaining 

MOTUs were identified at family and subfamily level in both faecal and food samples. 
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Table 10 – Overview of the taxonomic resolution (Rank) of the identified MOTUs that correspond to a 
species in the ingredient list of RF-80, including both faecal and food samples amplified with the 
Sper01 (seed plants) primer and the Euka02 (eukaryotes) primer.  

Taxonomic 
group 

Sample type Identified MOTU Rank Scientific name (RF-80) 

Seed plants Faeces Picea Genus Picea abies  
Pinus Genus Pinus sylvestris 
Chenopodioideae Subfamily Beta vulgaris  
Medicago Genus Medicago sativa 
Brassiceae Tribe Brassica sp. 
Brassicaceae Family Brassica sp. 
Avena Genus Avena sativa 
Poeae Tribe Avena sativa 
Triticeae Tribe Triticum aestivum 
Pooideae Subfamily Avena sativa, Hordeum vulgare, 

Triticum aestivum 
Food Pinus Genus Pinus sylvestris 

Poeae Tribe Avena sativa 
Pooideae Subfamily Avena sativa, Hordeum vulgare, 

Triticum aestivum  
PACMAD clade No rank Saccharum officinarum 

Eukaryotes Faeces Brassicaceae Family Brassica sp. 
Triticum aestivum Species Triticum aestivum  
Pooideae Subfamily Avena sativa, Hordeum vulgare, 

Triticum aestivum 
Food Brassicaceae Family Brassica sp. 

Pooideae Subfamily Avena sativa, Hordeum vulgare, 
Triticum aestivum 

Betula pubescens  

The species detection accuracy of B. pubescens in faecal and food samples, for both the seed 

plant primer (Sper01) and the eukaryote primer (Euka02), is presented in Table 11. Neither of 

the primers identified B. pubescens to species level. However, higher taxonomic resolution 

was achieved with Euka02 (identification at genus level, Betula) than with Sper01 

(identification at family level, Betulaceae). Additionally, the MOTU with the highest mean 

relative frequency in the food sample of B. pubescens, amplified with the seed plant primer 

was Dryadoideae (Table A26 in appendix A).  

Table 11 – Overview of the taxonomic resolution (Rank) of the identified MOTUs that are related to 
Betula pubescens, including both faecal and food samples amplified with the Sper01 (seed plants) 
primer and the Euka02 (eukaryotes) primer. 

Taxonomic group Sample type Identified MOTU Rank 
Seed plants Faeces Betulaceae Family 
 Food Betulaceae Family 
Eukaryotes Faeces Betula Genus 
 Food Betula Genus 
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Cladonia stellaris 

Species detection accuracy of C. stellaris in faecal and food samples, for both the fungal 

primer (Fung01) and eukaryote primer (Euka02), is shown in Table 12. In contrast to the 

results for B. pubescens, Euka02 was outperformed by Fung01 in terms of taxonomic 

resolution (Cladonia and Lecanoromycetidae, respectively). Still, none of the primers were 

able to identify C. stellaris to species level.  

The lichen species from E1 were identified as Parmelia barrenoae Divakar, Molina and 

Crespo, Abrothallus or Leotiomyceta, when using the fungal primer to amplify the food 

sample. Thus, DNA metabarcoding is able to differentiate the analysed lichen species when 

targeting fungal sequences. 

Table 12 – Overview of the taxonomic resolution (Rank) of the identified MOTUs that are related to 
Cladonia stellaris, including both faecal and food samples amplified with the Fung01 (fungi) primer 
and the Euka02 (eukaryotes) primer. 
Taxonomic group Sample type Identified MOTU Rank 
Fungi Faeces Cladonia Genus 
 Faeces Cladoniaceae Family 
 Faeces Lecanorineae Suborder 
 Faeces Lecanoromycetidae Subclass 
 Food Cladoniaceae Family 
Eukaryotes Faeces Lecanoromycetidae Subclass 
 Food Lecanoromycetidae Subclass 
 

The food samples taken of C. stellaris were also amplified with the seed plant primer 

(Sper01), to investigate which plant species were present in the lichen mixture fed to the 

reindeer and that could be detected in the faecal samples. The MOTU with the highest mean 

relative frequency amongst the amplified seed plant (Sper01) sequences in the food samples 

taken of C. stellaris was Dryadoideae (Table A29 in appendix A).  
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3.2 For how long is DNA of a particular food item present 
in the digestive system? 
By isolating the sequences identified as Betulaceae (Fig. 1) from the dataset containing faecal 

samples amplified with the seed plant primer (Sper01), it is apparent that 1) Betulaceae DNA 

was easily detectable, 2) it was possible to identify when Betulaceae DNA appeared (i.e. 

initial increase of Betulaceae DNA after time 0) and follow the decay of Betulaceae DNA and 

3) Betulaceae DNA was present throughout the feeding experiment and during the rest 

subsequent sampling period. Fig. 1 shows nearly identical patterns for all three animals, with 

an initial increase after introduction of B. pubescens, followed by a decrease in the proportion 

of Betulaceae DNA. After 26 days the reindeer were reintroduced to E1, and from day 27 

until the end of the sampling period Betulaceae DNA dominated the faecal samples. Similar 

patterns can be seen in the proportion of Betula DNA from the dataset containing faecal 

samples amplified with the eukaryote primer (Euka02, Fig. A2 in appendix A). Overall, the 

samples from PCR plate 3 (with no PCR replicates) followed the general pattern described 

above. Only one sample from PCR plate 3, collected at the 10th day of the feeding experiment, 

did not follow the general pattern. Approximately 75% of the seed plant DNA in the faecal 

sample from animal 9/10 was identified as Betulaceae, whilst the remaining samples collected 

around this time contained less than 10% of DNA from Betulaceae (Fig. 1). 

 
Figure 1 – Proportion of Betulaceae DNA in reindeer faecal samples, from the seed plant (Sper01) 
dataset. The three reindeer included in the experiment are represented by different colours. Samples 
without replicates (PCR plate 3) appear with a star sign, whilst the samples with three replicates are 
shown with a filled circle. 
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When looking at the 40 hours before and 100 hours after introducing B. pubescens (Fig. 1 and 

2) it is clear that Betulaceae DNA was present in the faeces prior to the experiment. 

Approximately 12.5% of the seed plant DNA in the faecal samples collected before 

introducing B. pubescens (time 0) was identified as Betulaceae (Fig. 2A). For the samples 

amplified with the eukaryote primer (Euka02), less than 2.5% of the DNA was identified as 

Betula before time 0 (Fig. 2B). The faecal samples collected within the first 6 hours after 

introducing B. pubescens have an even lower proportion of Betulaceae/Betula in the faecal 

samples. 

After introducing approximately 50 g of B. pubescens, it took ~12 hours for 

Betulaceae/Betula DNA to start appearing (i.e. initial increase of DNA after time 0) in the 

faecal samples, and ~25 hours to reach a maximum proportion of sequences for both primers 

(Fig. 2). The main difference between the two datasets (Sper01 and Euka02) is seen when 

focusing on individual reindeer. For the dataset containing faecal samples amplified with the 

seed plant primer (Sper01, Fig. 2A), animal 12/10 had the highest proportion of Betulaceae 

sequences (almost 75%), closely followed by animal 10/10, whilst animal 9/10 peaked at 

50%. For the dataset containing faecal samples amplified with the eukaryote primer (Euka02, 

Fig. 2B), on the other hand, animal 9/10 had the highest proportion of Betula sequences 

(almost 12.5%), whilst animal 12/10 peaked at 7.5%. It is also interesting that the time 

between the highest proportions of Betulaceae sequences was relatively similar for the three 

animals when amplifying with the seed plant primer (Sper01, Fig. 2A), whereas with the 

eukaryote primer (Euka02, Fig. 2B) there was more variation with regard to when the highest 

proportion of Betula DNA occurred for the different animals.  

Immediately after reaching the peak (i.e. highest proportion of Betulaceae/Betula DNA), the 

proportion of Betulaceae/Betula DNA dropped quickly (Fig. 2). Based on the results of the 

linear model of the initial decay of Betulaceae DNA in the dataset containing faecal samples 

amplified with the seed plant primer (Sper01), it appeared that the T1/2 was 31 hours for 

animal 9/10, 37 hours for animal 10/10 and 27 hours for animal 12/10. For the dataset 

containing faecal samples amplified with the eukaryote primer (Euka02), the T1/2 of Betula 

DNA was 22 hours for animal 9/10, 19 hours for animal 10/10 and 13 hours for animal 12/10. 
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Figure 2 – Proportion of Betulaceae (A) and Betula (B) DNA during the 40 hours prior to feeding B. 
pubescens and 100 hours after introducing B. pubescens, in the datasets containing faecal samples 
amplified with seed plant (A, Sper01) and eukaryote (B, Euka02) primers. The three reindeer included 
in the experiment are represented by different colours. Samples without replicates (PCR plate 3) 
appear with a star sign, whilst the samples with three replicates are shown with a filled circle. 

Betulaceae/Betula DNA never completely disappeared from the faeces (Fig. 1 and Fig. A2 in 

appendix A) but rather continuously appeared in low proportions. However, after log-

transforming the values of the proportions of Betulaceae/Betula DNA, during the period with 

low proportions (100-600 hours after feeding B. pubescens), it was evident that the 

Betulaceae/Betula DNA was still decaying (Fig. 3). Although the log-transformed values of 

the proportion of Betulaceae/Betula DNA in the faecal samples were different between the 

two datasets, similar patterns of decay were observed for all the three animals, for both 

dataset containing faecal samples amplified with the seed plant primer (Sper01, Fig. 3A) and 

with the eukaryote primer (Euka02, Fig. 3B),  

A small peak (i.e. increased proportion) was observed around 300 hours after B. pubescens 

was fed when looking at the dataset containing faecal samples amplified with the seed plant 

primer (Sper01, Fig. 1 and 3A). For the dataset containing faecal samples amplified with the 

eukaryote primer (Euka02), the small peak appeared between 350 and 400 hours after B. 

pubescens was fed (Fig. 3B and Fig. A2 in appendix A). From ~450 hours to ~620 hours after 

introduction of B. pubescens, less than 1% of the seed plant DNA corresponded to Betulaceae 

DNA (Fig. 3A). In the dataset containing faecal samples amplified with the eukaryote primer 

(Euka02), DNA of Betula constituted less than 1% of the total DNA from ~100 hours to ~620 
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hours after introduction of B. pubescens, and decreased to 0.1% of the total DNA after ~450 

hours after introduction of B. pubescens (Fig. 3B). 

 

Figure 3 – Decay of Betulaceae (A) and Betula (B) DNA shown in log transformed proportion of all 
sequences in the datasets when amplified with seed plant (A, Sper01) and eukaryote (B, Euka02) 
primers. The three reindeer included in the experiment are represented by different colours. Samples 
without replicates (PCR plate 3) appear with a star sign, whilst the samples with three replicates are 
shown with a filled circle. The timeline (x-axis) shows the 40 hours prior to feeding B. pubescens and 
100 hours after introducing B. pubescens. 

 

3.3 How well is relative food biomass represented by 
output sequences? 
By targeting sequences identified as subclades of Cladoniaceae in the dataset containing 

faecal samples amplified with the fungal primer (Fung01), and as subclades of 

Lecanoromycetes in the dataset containing faecal samples amplified with the eukaryote 

primer (Euka02), it was possible to visualise the changes in proportion of 

Cladoniaceae/Lecanoromycetes DNA during the days when different amounts of C. stellaris 

were fed (Fig. 4 and 5). Choice of primer (i.e. Fung01 or Euka02) had a large impact as the 

dataset containing faecal samples amplified with the eukaryote primer portrayed the gradual 

increase of fed C. stellaris, whilst the dataset containing faecal samples amplified with the 

fungal primer did not (Fig. 4 and 5). 
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The proportion of output sequences identified as subclades of Cladoniaceae in the dataset 

containing faecal samples amplified with the fungi primer (Fung01) was plotted to create a 

complete visualization of the taxa of interest, regardless of their taxonomic rank (Fig. 4). 

There was a very small amount of Cladoniaceae present in the faecal samples collected 

before C. stellaris was fed, but shortly after feeding 20 g of C. stellaris (within ~12 hours), 

the proportion of Cladoniaceae DNA in the faecal samples started increasing (Fig. 4). 

Throughout the time C. stellaris was fed (24th of January-5th of February 2018), there was a 

large variation in the proportion of Cladoniaceae DNA amongst the three reindeer (Fig. 4). 

However, it seems that the variation in the proportion of Cladoniaceae DNA amongst the 

three animals decreased after 2000g of C. stellaris was fed.  

Both animal 9/10 and animal 12/10 had a small peak of Cladoniaceae DNA after ~60 hours, 

which then declined rapidly. Following the feeding of 500 g of C. stellaris, the proportion of 

Cladoniaceae DNA for animal 9/10 increased steeply (to ~50%). There was also a steep 

increase in the proportion of Cladoniaceae DNA for animal 12/10, however, it did not surpass 

30% of the proportions. The third animal, 10/10, did not respond as quickly to the 

introduction of 20 g of lichens, but there was a steady increase towards the peak (~70%), 

approximately 24 hours after 500 g of C. stellaris was fed for the first time. Following this 

peak, the proportion of Cladoniaceae DNA for animal 10/10 decreased steadily. In contrast, 

the proportion dropped for both animal 9/10 and 12/10 between the feedings of 500 g and 

2000 g, and peaks (highest proportions) appeared for these reindeer (9/10: ~50%, 12/10: 

~40%) after feeding both 500 g and the 2000 g of C. stellaris.  
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Figure 4 – Proportion of Cladoniaceae DNA in faecal samples from all sequences in the dataset 
containing amplified fungi (Fung01). The three reindeer included in the experiment are represented by 
colour, and the samples without replicates are shown with a star sign, whilst the samples with three 
replicates are shown with a filled circle. The three yellow lines to the left in the plot illustrate the 20g 
feeding, the three orange lines illustrate the 500g feeding and the three grey lines to the right illustrate 
the 2000g feeding of lichens. 

For the dataset containing faecal samples amplified with the eukaryote primer (Euka02), the 

proportion of the sequences identified as subclades of Lecanoromycetidae (subclass 

containing to C. stellaris) showed that there was little effect of the first three feedings of 20 g 

of C. stellaris, with only a slight increase (Fig. 5). A few hours after the second feeding of 

500 g of C. stellaris, there was an increase amongst all reindeer. The proportion of 

Lecanoromycetidae DNA for all reindeer dropped after the 500 g feeding, and following the 

2000 g feeding, the proportion increased and reached the maximum proportion of 

Lecanoromycetidae DNA in the faecal samples for all three reindeer (Fig. 5). The estimated 

T1/2 of C. stellaris, based on linear models, using the dataset containing amplified eukaryotes 

(Euka02), was 14 hours for animal 9/10, 16 hours for animal 10/10 and 9 hours for animal 

12/10. In comparison, the T1/2 using the dataset containing faecal samples amplified with the 
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fungal primer (Fung01) was 30 hours for animal 9/10, 20 hours for animal 10/10 and 22 hours 

for animal 12/10.  

Although the three animals followed the same general pattern through the plot (Fig. 5), there 

was variation in the proportions amongst them. The proportion of Lecanoromycetidae was 

lowest for animal 12/10 from day 6 to day 15. Most of these days, animal 9/10 had the highest 

proportion; however, animal 10/10 had the highest proportion at day 9. 

 
Figure 5 – Proportion of Lecanoromycetidae DNA in faecal samples from all sequences in the dataset 
containing amplified eukaryote sequences (Euka02). The three reindeer included in the experiment are 
represented by colour, and the samples without replicates are shown with a star sign, whilst the 
samples with three replicates are shown with a filled circle. The three yellow lines to the left in the 
plot illustrate the 20g feeding, the three orange lines illustrate the 500g feeding and the three grey lines 
to the right illustrate the 2000g feeding of lichens. 
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3.4 Does DNA detectability change through the 
gastrointestinal tract? 
The principal component analyses (PCAs) generally showed no clear patterns (Fig. B1-B4 in 

appendix B). Based on the number of output sequences, the samples were neither grouped 

according to animal nor according to the parts of the GI tract from which they were collected, 

regardless of which primer was used. This can indicate that any potential differences in 

dietary composition between the collected samples are not explained by individual variation 

or by the different parts of the GI tract.  

One exception might be that in the dataset containing samples amplified with the eukaryote 

primer (Euka02, Fig. B1 in appendix B), a weak structuring was seen based on the different 

parts of the GI tract (rumen and reticulum showing more similarity, and the omasum, 

abomasum and small intestine samples slightly separated from samples of the cecum, spiral 

loop and large intestine). However, the distances among samples were distorted by a 

horseshoe effect, indicating that a PCA was not optimal for the dataset. Another possible 

exception is that in the dataset containing samples amplified with the fungal primer (Fung01, 

Fig. B2 in appendix B), a weak structuring was seen based on the different animals (the 

samples from Animal 2 and 3 show more similarity, and the samples from animal 4 were 

slightly separated from the samples from the remaining animals). 

Diversity 

Boxplots of the species (MOTU) richness of the different samples from the GI tract are 

presented in Fig. 6. Here, the q-value in Hill’s number is 0, meaning that all of the MOTUs 

weigh the same, regardless of abundance, and this is therefore a representation of number of 

MOTUs in each part of the GI tract.  

Little variation was observed amongst the samples collected from the four stomachs (rumen, 

reticulum, omasum and abomasum) and the large intestines (cecum, spiral colon and distal 

colon) in the dataset containing samples amplified with the eukaryote primer (Euka02, Fig. 

6A). The samples from the small intestine (small intestine 1 and small intestine 2) had lower 

median values (25 and <20 MOTUs, respectively) than the samples from the other parts of the 

GI tract. Additionally, there was much more variation amongst the samples collected from 

small intestine 2 (i.e. the lower part of the small intestine). The median values for all four 
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stomachs and the spiral colon were ~30 MOTUs. The highest median values were found in 

the cecum (35 MOTUs) and the distal colon (>35 MOTUs).  

There was more variation amongst the samples in the dataset containing samples amplified 

with the fungal primer (Fung01, Fig. 6B) and the median values were higher than for the other 

taxonomic groups (Fig. 6A, C and D). The highest median value was found in the omasum 

(~70 MOTUs), followed by the spiral colon and the distal colon (~65 MOTUs). The median 

value was ~60 MOTUs in the rumen, reticulum and abomasum, whilst the lowest median 

value was found in the cecum (~55 MOTUs). The largest variance was found in the spiral 

colon, followed by the abomasum and cecum. The boxplot for the reticulum (Fig. 6B) also 

showed an outlier (black filled circle with yellow edge), indicating that this sample contained 

extremely high values compared the other samples from the reticulum.  

In the dataset containing samples amplified with the seed plant primer (Sper01, Fig. 6C) there 

was large variation amongst the samples from the rumen, reticulum and distal colon. There 

were considerably less variation amongst samples from the other parts of the GI tract, with the 

exception of one outlier in the cecum boxplot (Fig. 6C), which had extremely low values 

compared to the other samples collected from the cecum. Apart from the spiral colon, it 

appears that the median value increased along the GI tract (i.e. more diversity the further 

down in the GI tract the samples were collected).  

Nearly the opposite pattern is seen in the boxplots with the dataset containing samples 

amplified with the bryophyte primer (Bryo01, Fig. 6D). In these boxplots, the median value 

was highest in the rumen and decreased along the GI tract, before flattening out (except for 

the spiral colon). The variance was noticeably largest in the spiral colon, followed by 

reticulum and rumen. 
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Figure 6 – Boxplots comparing the number of MOTUs (A: Eukaryota, B: Fungi, C: Seed plants 
(Spermatophyta), D: Bryophyta) along the gastrointestinal tract. Black, filled circles represent 
samples, and thick line within the quartile of the boxes shows the median. X-axis = Gastrointestinal 
parts. Y-axis =number of species (MOTUs).  
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By increasing the q-value in Hill’s number to 1, the Shannon diversity index is applied. Here, 

the q-value gives more weight to the more abundant MOTUs (i.e. the more abundant MOTUs 

are considered more important) and thereby minimize the less abundant MOTUs. Thereby, 

Fig. 7 illustrates how diverse a part of the GI tract is, based on the most abundant and 

dominating MOTUs in the diet. 

The samples from the large intestine (cecum, spiral colon and distal colon) were the most 

diverse, and the cecum had a higher diversity than any other part of the GI tract, when 

comparing the boxplots made from the dataset containing samples amplified with the 

eukaryote primer (Euka02, Fig. 7A). The lowest diversity was found in the lower part of the 

small intestine (Small Intestine 2), and generally, there was a lot of variation amongst the 

samples from the different parts of the GI tract, with the exception of the omasum.  

In the dataset containing samples amplified with the fungal primer (Fung01, Fig. 7B,) there 

was a decrease in diversity along the GI tract (i.e. less diversity the further down in the GI 

tract the samples was collected). There was more variation in the rumen, reticulum and the 

distal colon than in the other parts of the GI tract. 

In the boxplots made by using the dataset containing samples amplified with the seed plant 

primer (Sper01) there was more variation in the rumen, the cecum and the distal colon than in 

the other parts of the GI tract (Fig. 7C). The high variation between the samples collected 

from the rumen and in the distal colon, was largely affected by one sample, whilst the other 

samples in the respective parts of the GI tract were more similar. The highest median values 

for diversity were in the cecum and in the distal colon (~7 and ~10, respectively). In the 

remaining samples (rumen, reticulum, omasum and abomasum, the small intestine and the 

spiral colon), the median values were below 4. 

Large variation was seen in the boxplots showing samples collected from the rumen and the 

spiral colon, when using the dataset containing samples amplified with the bryophyte primer 

(Bryo01, Fig. 7D). The median values decreased slightly along the tract of the stomachs and 

were a bit higher in the intestines than in the stomachs. 
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Figure 7 – Boxplots comparing the diversity (A: Eukaryota, B: Fungi, C: Seed plants (Spermatophyta), 

D: Bryophyta), based on the Shannon diversity index (H), along the gastrointestinal tract. Black, filled 

circles represent samples, and thick line within the quartile of the boxes shows the median. X-axis = 

Gastrointestinal parts. Y-axis = Shannon diversity (H).  
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4 Discussion 

4.1 Does DNA metabarcoding identify all species to 
species level in a known diet? 
The comparison between the identified output sequences from both faecal and food samples, 

and the species fed to the reindeer, showed that DNA metabarcoding did not identify all 

species to species level within a known diet. The main ingredients of RF-80 (Hordeum 

vulgare L., Avena sativa L. and Triticum aestivum) are species within the family Poaceae, 

which are difficult to separate by the P6 loop in the trnL intron (Sønstebø et al., 2010). 

Triticum aestivum was identified at species level in the dataset containing faecal samples 

amplified with the eukaryote primer (Euka02, Table 10). Glycine max Merr. and Elaeis 

guineensis Jacq. were not detected in any samples by any primer. The remaining species in 

RF-80, as well as B. pubescens and C. stellaris, were detected at higher taxonomical levels 

(e.g. genus or family level).  

One possible explanation for the generally low taxonomic resolution (i.e. not to species level) 

is that the complete EMBL database was used as reference library. The EMBL database is the 

largest database and contains information on species from all over the world, and MOTUs 

will be identified at higher taxonomic levels because there are multiple possible matches for 

each sequence. Other studies have successfully identified large parts of the herbivore diet, 

with higher taxonomic resolution when modifying the EMBL reference database to the local 

area, or when combining the EMBL reference database with another reference database 

specific for a local area or a taxa (Quéméré et al., 2013; Soininen et al., 2013). A study by 

Soininen et al. (2015) address the issue of poor taxonomic resolution and emphasize that the 

overall impression of taxonomic resolution in the identified diet can be influenced by a 

dominant taxon with low taxonomic resolution (e.g. Salicaceae). By removing the taxa with 

low taxonomic resolution, it was possible to get a different impression of the taxonomic 

resolution. 

Considerably more species from RF-80 were identified in the dataset containing faecal 

samples amplified with the seed plant primer (Sper01) than the dataset containing faecal 

samples amplified with the eukaryote primer (Euka02). A possible explanation for this is that 

RF-80 was boiled at 110°C during production (to prevent salmonellosis), causing DNA to 
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degrade. Degraded DNA makes species detection more challenging (Ghorbani et al., 2017), 

and using a shorter primer (e.g. Sper01) increase the chances of detection. However, the 

taxonomic resolution depends on the targeted gene region, and because the amplified 

eukaryote sequences are longer than the amplified seed plant sequences (Taberlet et al., 

2018), it might explain why Triticum aestivum was only identified in the dataset containing 

faecal samples amplified with the eukaryote primer (Euka02). Although DNA extraction kits 

allow small quantities of samples to be used for DNA extraction, there might be too little 

DNA for amplification and sequencing in the RF-80 food samples (as a result of boiling at 

110°C). The large difference between the amount of RF-80 eaten by the reindeer and the 

relatively small amount controlled (the food subsamples contained ~20 mg), might therefore 

affect the difference in detection between the two sample types.  

Most ecological studies exploring diet are interested in detecting competition between or 

dietary niche overlap of target species in an ecosystem. For this, functional groups (e.g. 

shrubs, herbs, forbs, lichens etc.) are commonly used (e.g. Skogland, 1984; Kowalczyk et al., 

2011; Soininen et al., 2013; Kartzinel et al., 2015; Soininen et al., 2015). To use functional 

plant groups in ecological studies usually requires detection at minimally order level (e.g. 

Poales). Other functional groups (e.g. mosses) can be categorized using identification to e.g. 

class level. Although DNA metabarcoding did not identify all of the fed species to species 

level in this study, it succeeded to provide taxonomic resolution at order level or higher, as 

most of the fed taxa were identified to family or genus level. Still, many of the MOTUs 

detected and identified (Table 9, Table A19-A31 in appendix A) were not part of the 

controlled diet. Some of these MOTUs might have been part of the reindeer diet (e.g. seed 

plants collected together with C. stellaris, contaminants from production of RF-80, or eaten 

by the reindeer in E1), others are part of the microbiota in the GI tract of the reindeer, and yet 

some might be contamination. For instance, Dryadoideae and Saliceae were identified with 

high mean relative frequency in the food samples taken of B. pubescens and in the fed lichen 

mixture (Table A26 and A29 in appendix A). One possibility is when B. pubescens was 

collected, branches of other tree species were accidentally collected simultaneously. However, 

Saliceae was not amongst the 20 MOTUs with the highest mean relative frequency in the 

faecal samples (Table A21 in appendix A). Another possibility is that cross-contamination 

happened during homogenizing and subsampling. Saliceae DNA was found in the open air 

negative controls, and although relative number of output sequences in the food samples 

equivalent to the relative number of output sequences from the open air negative controls 
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were removed, Saliceae DNA is not removed completely. Dryadoideae, on the other hand, 

was found in the food samples taken of B. pubescens and the fed lichen mixture but not in the 

open-air negative controls, the extraction negative controls or in any other food samples. This 

increases the confidence that the Dryadoideae DNA found in these samples is not present due 

to cross-contamination during subsampling or extraction. A possibility is that the p6 loop of 

the trnL gene is too short to differentiate and correctly identify the species. Thereby, the 

errors occurring during PCR have large negative impact on identification, i.e. a few wrongly 

incorporated base pairs in the sequence during PCR could result in the identification of a 

completely different species.  

Fungal endophytes are another source of non-dietary identified MOTUs that would be 

unintentionally ingested by the reindeer (Soininen et al., 2013), and are identified in both 

faecal and food samples. Although the fungal endophytes affect the number and the 

proportions of MOTUs detected, they generally have little or no effect on herbivores (Faeth 

and Fagan, 2002), and should therefore ideally be removed prior to the statistical dietary 

analyses. The fungi from the microbiota in the GI tract are only detected in the faecal samples 

and should also be removed. However, because there is no reference database that allows for 

discrimination between intentionally eaten fungi (mushrooms and lichens), fungal endophytes 

and fungi from the microbiota in the GI tract, such elimination could not be completed for this 

study.  

4.2 For how long is DNA of a particular food item present 
in the digestive system? 
Few studies have identified how long it takes from food is ingested until it can be detected in 

the faeces, especially in large herbivores. A study by Sponheimer et al. (2003), using stable 

isotope analysis to detect dietary shifts of two horses and two alpacas from faecal samples. 

They showed that it takes 60 hours to detect dietary shifts of horses, whilst it takes almost 200 

hours to detect dietary shifts of alpaca. Although the study showed that dietary shifts are more 

rapidly detected in horses, it still takes many hours more than it took to detect an increase of 

DNA of B. pubescens in the faecal samples of reindeer (within ~12 hours). This result 

suggests that DNA metabarcoding is a much more sensitive method for detecting when a 

dietary species appear in faecal samples, even in low quantities. 
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It was expected that the relative proportion of Betulaceae DNA would decrease after it was 

fed once at the start of the feeding experiment, and that remnants would be detectable over 

time. However, approximately 300 hours after B. pubescens was fed an unexpected re-

increase of Betulaceae DNA emerged (Fig. 1 and 3). A likely explanation is that some parts 

of B. pubescens were stored in the cecum for further digestion. However, a similar re-increase 

of Cladoniaceae DNA was not observed (Fig. 4 and 5), and it is unclear what might cause the 

need for further digestion of some species, but not of others. Several studies have shown that 

different substances affect digestion. For instance, a study by Palo (1985) showed that water-

soluble phenolic substances reduce rumen digestibility of B. pendula Roth, and another study 

showed how digestion of cellulose in B. papyrifera Marshall is inhibited by secondary 

metabolites in resin (Risenhoover et al., 1985). Several studies have also highlighted how 

tannins reduce digestibility (Hervás et al., 2000; Goel et al., 2005; Barboza et al., 2010). 

However, chemical analysis of the fed B. pubescens and C. stellaris has not been conducted in 

this study, and it is therefore not possible to determine if a substance, and if so, which 

substance might have affected the digestion B. pubescens and C. stellaris in this feeding 

experiment. 

To my knowledge, no study has been done to examine how long DNA of a particular food 

item persists in the digestive system, and thus is detectable in the faeces, of a large herbivore. 

Therefore, a motivation to answer Question 2 was to reveal if Betulaceae DNA would be 

detected in the faeces over a long time period after ingestion of B. pubescens. By offering a 

small amount of B. pubescens once, it was possible to determine that the Betulaceae DNA 

was detected in the faeces for at least 26 days (Fig. 1 and A2). However, because the reindeer 

were reintroduced to E1 and had access to B. pubescens again, it was not possible to conclude 

on the maximum duration that DNA from B. pubescens could be detected for. This result, 

combined with the result of rapid detection, can improve interpretation of faecal samples 

collected from free-ranging reindeer for ecological studies. In such studies, it will be 

important to emphasize that the faecal samples could represent the diet from at least the last 

26 days when using DNA metabarcoding. 

When comparing decay time (T1/2) between sequences amplified by the different primers, it is 

expected that that the shorter sequences will be detected for a longer time period than the 

longer sequences (Valentini et al., 2009), and thereby have a higher T1/2.  This was found for 

B. pubescens DNA, when comparing T1/2 in the output sequences from the faecal samples 
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amplified with the seed plant primer (Sper01 amplifies shorter sequences) and with the 

eukaryote primer (Euk02 amplifies longer sequences). However, the opposite was found for 

C. stellaris DNA when comparing T1/2 in the output sequences from the faecal samples 

amplified with the fungal primer (Fung01) and amplified with the eukaryote primer (Euka02). 

The primer used to amplify fungal sequences provides higher mean and maximum sequence 

lengths than the primer used to amplify eukaryote sequences (Taberlet et al., 2018), and it is 

therefore an unexpected result to see a higher T1/2 for the amplified fungal sequences. A 

possible explanation for this is that the fungal primer is more specific and was therefore able 

to detect the target taxon for a longer time. 

By using a general primer amplifying eukaryote DNA (Euka02), it is possible to compare 

decay profiles of DNA from B. pubescens and C. stellaris in the dietary faecal samples (Fig. 5 

and Fig. A2 in appendix A). Comparing these two plots reveal that Lecanoromycetidae DNA 

might decay slightly faster than Betulaceae DNA, as the data points (filled circles and star 

signs) are steeper and there was not a second peak (Fig. A2), as seen for B. pubescens (Fig 1 

and A1 in appendix A). This is confirmed by comparing the T1/2 of the two taxa (T1/2 Betula: 22 

hours for animal 9/10, 19 hours for animal 10/10 and 13 hours for animal 12/10. T1/2 

Lecanoromycetidae: 14 hours for animal 9/10, 16 hours for animal 10/10 and 9 hours for animal 

12/10). Although the individual variability is large, the decay time of Lecanoromycetidae 

DNA decreases by several hours for each animal, compared to Betula DNA. A study by 

Storeheier et al. (2002a) emphasized that adaptation of microbiota in the GI tract has a large 

impact on digestibility, and that studies on digestibility should only be conducted when the 

microbiota is completely adapted to the food species tested. The reindeer had unrestricted 

access to B. pubescens in E1 and it is assumed, based on the presence of B. pubescens DNA 

in the faecal samples collected prior to the feeding experiment, that the reindeer had eaten B. 

pubescens and that their microbiota was adapted for digesting B. pubescens. However, they 

were not fed the lichen mixture for several months prior to the feeding experiment. Although 

they had access to lichens in E1 and Cladoniaceae was detected in the samples collected 

before time 0, their microbiota might not be fully adapted for digesting large amounts of C. 

stellaris. This then raises the question whether digestibility affects the speed at which DNA 

decays in the GI tract of reindeer.  
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4.3 How well is relative food biomass represented by 
output sequences? 
The ability to estimate relative food abundance or biomass with DNA metabarcoding has 

been investigated by several studies (e.g. Deagle et al., 2013; Soininen et al., 2013; Thomas et 

al., 2014). Deagle et al. (2013) concluded that e.g. lowering the sequence quality and 

including short reads during filtering can be considered to improve detection of species 

proportions. However, Pompanon et al. (2012) described that DNA sequences are amplified 

exponentially during PCR, and that differences amongst prey species and digestion, DNA 

extraction, pooling and sequencing bias are listed as possible reasons for questioning results 

in terms of biomass or abundance.  

In this study, there seems to be a threshold for the amount of C. stellaris that can be detected 

when using a specific primer amplifying fungal DNA (Fung01) in the faecal samples, as a 

higher proportion of Cladoniaceae DNA was detected during the three days when 500 g C. 

stellaris was fed than the days when 2000 g was fed (Fig. 4). By using the general primer 

amplifying eukaryote DNA (Euka02) in the faecal samples, a clear increase in the proportion 

of Lecanoromycetidae DNA can be seen between each feeding of C. stellaris (Fig. 5). 

Although the proportion of identified Lecanoromycetidae DNA is a representation of the 

proportion of DNA present in a sample, rather than a direct representation of the ingested 

biomass, it is interesting that proportion of Lecanoromycetidae DNA increase within ~24 

hours after feeding an increased amount of C. stellaris (Fig. 5). The proportion of 

Lecanoromycetidae DNA increases much more between 20 g and 500 g, than between 500 g 

and 2000 g, which does not correspond to the increased amounts of C. stellaris (480 g 

(between 20 g and 500 g) and 1500 g (between 500 g and 2000 g)). However, by rather 

focusing on the fold change (i.e. there is a 25-fold increase between 20 g and 500 g, and 

fourfold increase between 500 g and 2000 g) it can possibly explain why the proportion of 

DNA increases much more between 20 g and 500 g, than between 500 g and 2000 g. Based 

on these results, it is fair to suggest that a general primer (e.g. Euka02), is better to use in 

studies where relative biomass in a diet is the focus. A possible reason for this is that Euka02 

primer targeted and amplified a larger number of MOTUs (including seed plants, fungi etc.). 

Thereby the relative proportion of Lecanoromycetidae DNA was lower than the relative 

proportion of Cladoniaceae DNA amplified with the specific fungal primer (Fung01). A 

lower relative proportion would thereby eliminate the threshold (i.e. the maximum amount of 
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Lecanoromycetidae DNA that can be detected) in the dataset containing faecal samples 

amplified with the eukaryote primer (Euka02). 

RF-80 was the main source of food throughout the feeding experiment and the intension was 

to compare the output sequences from RF-80 and C. stellaris, similarly to the study by Deagle 

et al. (2013) comparing biomass from different prey species in captive harbour seals. 

However, it was discovered after the feeding experiment was completed that RF-80 have been 

treated under very high temperatures, which clearly affects the DNA detectability (as 

described previously). Therefore, in future feeding experiments it is recommended using 

unprocessed food items and species that are easily identified by DNA metabarcoding 

(compared to complex mixtures of species such as RF-80). It should also be considered that 

some types of tissues and some taxonomic groups amplify better during PCR than others 

(Bradley et al., 2007; Valentini et al., 2009), and that direct biomass comparisons between 

e.g. seed plant taxa and lichen taxa might be biased.  

4.4 Does DNA detectability change through the 
gastrointestinal tract? 
As diet diversity is commonly the focus of ecological studies (e.g. Soininen et al., 2009; 

Valentini et al., 2009; Rayé et al., 2011; De Barba et al., 2014), it was of interest to 

investigate which part of the GI tract represents the diet diversity of reindeer best, and thus, 

recommend which part of the GI tract to use in ecological studies. There are several ways to 

measure diversity, and Hill´s number was used in this study to create a diversity spectrum 

based on the q-value, ranging from 0 to 3. The q-value has the power to minimise the 

importance of rare taxa, and was initially set at 0, thus allowing comparison of species 

(MOTU) richness along the GI tract of a reindeer (Spellerberg and Fedor, 2003). By 

increasing the q-value to 1 (i.e. Shannon diversity index), the heterogeneity in the samples is 

taken into account, meaning that the more abundant species are considered as more important 

when describing the diversity (Peet, 1974). When further increasing the q-value to 2 (i.e. Gini 

coefficient index, Fig. B5 in appendix B) and 3 (Fig. B6 in appendix B), the most abundant 

species are given even more importance and the rare species contribute even less in describing 

the diversity (Peet, 1974). The q-value can be increased infinitely (q=∞) until only the taxa 

with maximal abundance in a sample are counted. 
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The most diverse part of the GI tract is different, according to the diversity measurement (i.e. 

q-value) and primer set (i.e. Euka02, Fungi01, Sper01 or Bryo01) used (Fig. 6 and 8, and Fig. 

B5 and B6 in appendix B). For instance, the highest median value in the boxplots showing the 

species (MOTU) richness for amplified bryophytes (Bryo01) are found in the rumen (Fig. 

6D), whilst the highest median value in the boxplots showing Shannon diversity are found in 

the small intestine and spiral colon (Fig. 7D). However, there is a lot of individual variation in 

the rumen, and the highest Shannon diversity is found in one of the samples collected from 

this part of the GI tract. Both species (MOTU) richness and Shannon diversity of amplified 

seed plants (Sper01, Fig. 6C and 7C) possibly indicate that seed plant DNA accumulates in 

the cecum and distal colon. Thereby suggesting that it is beneficial to use faecal samples 

(assuming that the samples from the distal colon largely represent the same findings as if 

using faecal samples) when studying seed plant diet of ruminants with DNA metabarcoding. 

It is, however, possible that the reindeer consumed fewer seed plant species prior to being 

culled, and thus less seed plant diversity was observed in the stomachs.  

The dataset containing samples amplified with the fungal primer (Fung01) had a much higher 

species (MOTU) richness and diversity (Fig. 6B and 7B) compared to the other datasets 

(containing amplified eukaryote, seed plant and bryophyte output sequences). This is most 

likely due to a co-amplification of microbiota in the GI tract and endophytes, in addition to 

the fungi eaten by the reindeer (lichens and mushrooms, see 4.1). Although microbiota in the 

GI tract is detected, further investigation of this dataset should be conducted to examine how 

accurately the samples collected from the distal colon (comparable to faecal samples) 

represent the microbiota in the GI tract of reindeer. Thereby, it could potentially motivate the 

use of faecal samples in future microbiota studies, instead of the commonly used rumen or 

cecum samples (Syrjälä et al., 1973; Mathiesen et al., 1987; Sundset et al., 2009; Salgado-

Flores et al., 2016). This would be a huge benefit, as faecal samples are non-invasive and has 

the potential for repeated sample collections from the same animals without the need for e.g. 

rumen fistulation. 
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5 Conclusion 
The overall aim of this thesis was to evaluate different aspects of using DNA metabarcoding 

to analyse reindeer diet. By conducting a controlled feeding experiment with three reindeer, it 

has been possible to show that the specific primer amplifying seed plant DNA detects a higher 

number of fed species than the general primer amplifying eukaryote DNA. Additionally, the 

specific primer amplifying fungal DNA gave a higher taxonomic resolution than the general 

primer amplifying eukaryote DNA. Although only one of the species in the controlled diet 

was detected at species level, most species were detected at a higher taxonomical level, within 

the taxonomic resolution often used in ecological studies.  

The controlled feeding experiment also revealed an increase of B. pubescens DNA within 12 

hours after feeding, demonstrating the ability for rapid detection when using DNA 

metabarcoding. Although it was not possible to assess when B. pubescens DNA was no longer 

detectable in the faeces, this study shows that B. pubescens DNA is present for at least 26 

days after feeding. Additionally, results of T1/2 suggest that C. stellaris DNA decay quicker 

than B. pubescens DNA. Generally, it is advised to be critical when interpreting biomass 

based on DNA metabarcoding results. Still, this study shows a correlation between fed 

biomass and proportion of output sequences when using a general primer amplifying 

eukaryote sequences. Nevertheless, it is of importance to clarify that the feeding experiment 

was conducted on captive reindeer, and that free-ranging reindeer have a diverse diet that is 

not reflected in the three food items fed during this experiment (RF-80, B. pubescens and C. 

stellaris). 

The experiment using samples from the GI tract of four free-ranging reindeer indicates that 

there is a higher species (MOTU) richness and diversity in the distal colon, when using the 

datasets with samples amplified with the seed plant and eukaryote primers. The dataset with 

samples amplified with the bryophyte primer indicate the opposite; a higher species (MOTU) 

richness in the rumen, and possibly also a higher Shannon diversity in the rumen. The dataset 

with amplified fungi also imply a higher Shannon diversity in the rumen, but a slightly higher 

species (MOTU) richness in the distal colon. However, using DNA metabarcoding to identify 

the fungal part of the reindeer diet is complicated, as microbiota in the GI tract and 

endophytes are detected throughout the GI tract. There is a need for a reference database that 

can separate the different fungi into categories (e.g. potentially eaten mushroom or lichen, 
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unintentionally eaten endophytes and microbiota in the GI tract). In conclusion, the results 

presented from this experiment suggest that samples from the distal colon contain a large 

diversity of the reindeer diet. Thereby suggesting that faecal samples (provided that faecal 

samples largely represent the same as samples from the distal colon) should be used in 

ecological studies examining ruminant diet with DNA metabarcoding.  

Overall, the results presented in this thesis show that DNA metabarcoding detects reindeer 

diet rapidly and allow for interpretation regarding relative abundance of diet. DNA 

metabarcoding is also able to detect a high diversity of ingested species, even species fed in 

low relative abundance. However, the feeding experiment only included three animals and 

samples from the GI tract were only collected from four animals. To increase the confidence 

in the findings, it would be necessary to include samples from more individuals. 
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6 Future studies 
DNA metabarcoding is frequently used to address different ecological questions, but few 

experimental studies have been conducted to examine details of DNA metabarcoding, such as 

those examined in this study. However, the controlled feeding experiment included captive 

reindeer that were fed only three food items (RF-80, B. pubescens and C. stellaris), which do 

not reflect the diversity in the diet of free-ranging reindeer. It would therefore be interesting to 

collect and analyse faecal samples from free-ranging reindeer, within the first 24 hours after 

long-distance migration to a pasture with new species. This could potentially inform whether 

the diversity of the diet has any implication on how quickly DNA metabarcoding is able to 

detect a new species in the diet, or not. Further studies should be done to investigate the 

difference in longevity of DNA from several species or functional groups (graminoids, 

shrubs, herbs, mosses, lichen, kelp) in the GI tract of reindeer, as this can potentially reveal if 

one species or functional group is detectable for a longer time than others. Additionally, it 

might be of interest to examine the same questions, but focusing on other e.g. ruminant 

species in different geographic or climatic contexts, or non-ruminant herbivores e.g. 

ptarmigans that interact with reindeer. 

In order to recommend DNA metabarcoding for ecological studies, it would be of beneficial 

to analyse the faecal samples collected during the feeding experiment with e.g. stable isotope 

analysis. By e.g. comparing the results regarding detection time of B. pubescens from DNA 

metabarcoding, with results from stable isotope analysis, it will be possible to make an 

assessment regarding which method is more precise (i.e. whether one method detects the 

introduced species faster or if they detect the introduced species at the same time).  

Although the results from the GI tract provide interesting information, it would be 

advantageous to include more animals to increase the statistical confidence. Additional 

studies should therefore be conducted in a similar manor with more animals, to increase 

statistical confidence, and to possibly confirm the findings in this study. Further studies 

should also be conducted to examine if and how the microbiota in the GI tract changes and 

adapts to dietary changes. 
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Appendix A – Feeding experiment 

Enclosures 

 

Figure A1– Photo of the Department of Arctic and Marine Biology, UiT - The Arctic University of 
Norway. Enclosure 1 (E1, large outdoor enclosure), enclosure 2 (E2, fan corridors used during 
experiment) and area where birch sampling took place are marked. 
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Food  

Table A1 – List of ingredients in RF-80 (FK Reinfôr). 

Content  Source Latin name 
Barley Barley Hordeum vulgare 
Oat Oat Avena sativa 
Wheat bran Wheat Triticum aestivum 
Rape seed Rape Brassica (napus and/or rapa) 
Rape fiber Rape Brassica (napus and/or rapa) 
Beet pulp Beet Beta vulgaris 
Soy flour Soy Glycine max 
Molasses, sugarcane Sugar cane Saccharum officinarum 
Molasses, beet Sugar beet Beta vulgaris 
Alfalfa/Lucerne pellets Alfalfa/Lucerne  Medicago sativa 
Dried fat  African oil palm or Brassica sp. Elaeis guineensis and Brassica sp. 
“Lignobond” Spruce or pine Picea abies and Pinus sylvestris 
Limestone flour   
Magnesium oxide   
Monocalcium phosphate   
Salt   
Micro-mineral mixture:   
Cu(Copper(II) sµLphate)   
Se (Sodium selenite)   
Zn (Zinc sµLfate)   
Mn (Manganese(II) sµLfate)   
I (Calcium iodate)   
Co (Cobalt(II) sµLphate)   
Vitamin mixture:   
Vitamin A   
Vitamin D3   
Vitamin E   
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Table A2 – Overview of the amount of RF-80 eaten by the three reindeer (9/10, 10/10 and 12/10) 
during the feeding experiment. Prior to the feeding experiment and after the feeding experiment, the 
reindeer were fed RF-80 ad libitum. 

Date Pellets eaten (g) 
 9/10 10/10 12/10 
19.01.18 1445 751 1081 
20.01.18 1316 831 1264 
21.01.18 1437 1128 1468 
22.01.18 850 860 848 
23.01.18 787 572 204 
24.01.18 1158 980 1026 
25.01.18 1427 1140 1217 
26.01.18 1485 972 1144 
27.01.18 1499 1213 1425 
28.01.18 1500 1212 1478 
29.01.18 1481 915 1236 
30.01.18 1470 879 1144 
31.01.18 1486 984 1217 
01.02.18 1498 1308 1418 
02.02.18 1498 1453 1446 
03.02.18 1000 858 930 
04.02.18 1000 770 808 
05.02.18 1000 846 874 
06.02.18 1500 979 1242 
07.02.18 1500 1155 1282 
08.02.18 1500 1225 1283 
09.02.18 1500 1201 1083 
10.02.18 1500 1490 1470 
11.02.18 1500 869 1322 
12.02.18 1500 1101 862 
13.02.18 1700 1196 1638 
14.02.18 2000 1558 1708 
15.02.18 2000 2000 2000 
16.02.18 2000 2000 2000 
17.02.18 2000 2000 2000 
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Faecal samples 

Table A3 – Overview of the faecal samples collected and analysed from animal 9/10, including 
information on date and time of faecal sampling. An additional column shows the number of hours 
from Betula pubescens was fed. The negative values indicate samples collected prior to feeding B. 
pubescens. 

Sample ID Date Sample Time Hours from Betula pubescens was fed 
X_72 22.01.18 14:15 -31 
X_73 22.01.18 16:00 -29 
X_74 22.01.18 19:33 -25 
X_1 24.01.18 03:12 6 
X_2 24.01.18 08:16 11 
X_3 24.01.18 17:00 20 
X_4 24.01.18 22:27 25 
X_5 25.01.18 03:15 30 
X_6 25.01.18 11:00 38 
X_7 25.01.18 17:10 44 
X_8 25.01.18 23:17 50 
X_9 26.01.18 03:25 54 
X_10 26.01.18 11:05 62 
X_11 26.01.18 16:34 67 
X_12 26.01.18 22:00 73 
X_13 27.01.18 06:00 81 
X_14 27.01.18 09:00 84 
X_15 27.01.18 16:06 91 
X_16 27.01.18 23:59 99 
X_17 28.01.18 06:00 105 
X_18 28.01.18 11:32 110 
X_19 28.01.18 16:37 115 
X_20 28.01.18 23:59 123 
X_21 29.01.18 06:00 129 
X_22 29.01.18 10:38 133 
X_23 29.01.18 16:25 139 
X_24 29.01.18 23:57 147 
X_25 30.01.18 03:00 150 
X_26 30.01.18 11:58 159 
X_27 30.01.18 14:21 161 
X_28 30.01.18 23:55 171 
X_29 31.01.18 05:56 177 
X_30 31.01.18 11:55 183 
X_31 31.01.18 16:07 187 
X_32 31.01.18 23:58 195 
X_33 01.02.18 03:01 198 
X_34 01.02.18 09:21 204 
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Table A3 continued – Overview of the faecal samples collected and analysed from animal 9/10. 

Sample ID Date Sample Time Hours from Betula pubescens was fed 
X_35 01.02.18 16:28 211 
X_36 01.02.18 23:57 219 
X_37 02.02.18 03:01 222 
X_38 02.02.18 08:42 228 
X_39 02.02.18 16:24 235 
X_40 02.02.18 19:50 239 
X_41 03.02.18 11:34 254 
X_42 03.02.18 20:02 263 
X_43 04.02.18 10:31 277 
X_44 04.02.18 22:14 289 
X_45 05.02.18 11:16 302 
X_46 05.02.18 19:23 310 
X_47 06.02.18 08:42 324 
X_48 06.02.18 19:28 334 
X_49 07.02.18 09:28 348 
X_50 07.02.18 19:25 358 
X_51 08.02.18 09:30 372 
X_52 08.02.18 19:15 382 
X_53 09.02.18 11:10 398 
X_54 09.02.18 19:00 406 
X_55 10.02.18 10:13 421 
X_56 10.02.18 19:06 430 
X_57 11.02.18 18:58 454 
X_58 12.02.18 09:17 468 
X_59 12.02.18 18:58 478 
X_60 13.02.18 11:55 495 
X_61 13.02.18 19:05 502 
X_62 14.02.18 09:24 516 
X_63 14.02.18 12:50 520 
X_64 15.02.18 10:23 541 
X_65 16.02.18 09:51 565 
X_66 17.02.18 09:53 589 
X_67 18.02.18 09:56 613 
X_68 19.02.18 12:51 640 
X_69 20.02.18 08:16 659 
X_70 21.02.18 13:22 688 
X_71 22.02.18 12:33 711 
X_75 02.03.18 14:55 906 
X_76 06.03.18 15:20 1002 
X_77 09.03.18 15:08 1074 
X_78 16.03.18 14:50 1242 
X_79 20.03.18 14:38 1337 
X_80 23.03.18 14:22 1409 
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Table A4 – Overview of the faecal samples collected and analysed from animal 10/10, including 
information on date and time of faecal sampling. An additional column shows the number of hours 
from Betula pubescens was fed. The negative values indicate samples collected prior to feeding B. 
pubescens. 

Sample ID Date Sample Time Hours from Betula pubescens was fed 
Y_1 22.01.18 11:26 -31 
Y_2 24.01.18 06:10 12 
Y_3 24.01.18 13:30 19 
Y_4 24.01.18 22:48 29 
Y_5 25.01.18 03:19 33 
Y_6 25.01.18 08:10 38 
Y_7 25.01.18 13:01 43 
Y_8 25.01.18 21:21 51 
Y_9 26.01.18 03:21 57 
Y_10 26.01.18 09:00 63 
Y_11 26.01.18 16:38 70 
Y_12 26.01.18 22:00 76 
Y_13 27.01.18 06:00 84 
Y_14 27.01.18 08:50 87 
Y_15 27.01.18 14:35 92 
Y_16 27.01.18 22:00 100 
Y_17 28.01.18 06:00 108 
Y_18 28.01.18 11:54 114 
Y_19 28.01.18 16:43 119 
Y_20 28.01.18 22:00 124 
Y_21 29.01.18 06:00 132 
Y_22 29.01.18 09:13 135 
Y_23 29.01.18 14:14 140 
Y_24 29.01.18 23:59 150 
Y_25 30.01.18 03:22 153 
Y_26 30.01.18 07:44 158 
Y_27 30.01.18 14:30 164 
Y_28 30.01.18 23:55 174 
Y_29 31.01.18 02:45 177 
Y_30 31.01.18 11:58 186 
Y_31 31.01.18 16:12 190 
Y_32 31.01.18 23:56 198 
Y_33 01.02.18 03:00 201 
Y_34 01.02.18 08:32 206 
Y_35 01.02.18 13:43 212 
Y_36 01.02.18 22:00 220 
Y_37 02.02.18 06:01 228 
Y_38 02.02.18 08:45 231 
Y_39 02.02.18 16:29 238 
Y_40 03.02.18 10:35 256 
Y_41 03.02.18 16:35 262 
Y_42 04.02.18 10:14 280 
Y_43 04.02.18 22:12 292 
Y_44 05.02.18 11:22 305 
Y_45 05.02.18 19:25 313 
Y_46 06.02.18 08:44 327 
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Table A4 continued – Overview of the faecal samples collected and analysed from animal 10/10. 

Sample ID Date Sample Time Hours from Betula pubescens was fed 
Y_47 06.02.18 13:10 331 
Y_48 07.02.18 09:30 351 
Y_49 07.02.18 16:32 358 
Y_50 08.02.18 09:13 375 
Y_51 08.02.18 19:19 385 
Y_52 09.02.18 10:15 400 
Y_53 09.02.18 19:26 409 
Y_54 10.02.18 09:52 424 
Y_55 10.02.18 19:15 433 
Y_56 11.02.18 18:51 457 
Y_57 12.02.18 07:59 470 
Y_58 12.02.18 16:00 478 
Y_59 13.02.18 09:39 495 
Y_60 13.02.18 19:01 505 
Y_61 14.02.18 08:01 518 
Y_62 14.02.18 16:51 527 
Y_63 15.02.18 08:57 543 
Y_64 16.02.18 11:48 570 
Y_65 17.02.18 10:48 593 
Y_66 18.02.18 12:50 619 
Y_67 19.02.18 12:52 643 
Y_68 20.02.18 08:33 662 
Y_69 21.02.18 12:59 691 
Y_70 22.02.18 13:26 715 
Y_71 31.01.18 14:31 188 
Y_72 02.03.18 15:25 909 
Y_73 09.03.18 14:42 1077 
Y_74 20.03.18 14:45 1341 
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Table A5 – Overview of the faecal samples collected and analysed from animal 12/10, including 
information on date and time of faecal sampling. An additional column shows the number of hours 
from Betula pubescens was fed. The negative values indicate samples collected prior to feeding B. 
pubescens. 

Sample ID Date Sample Time Hours from Betula pubescens was fed 
Z_1 22.01.18 14:00 -29 
Z_2 24.01.18 01:17 6 
Z_3 24.01.18 11:10 16 
Z_4 24.01.18 13:30 18 
Z_5 24.01.18 22:28 27 
Z_6 25.01.18 03:08 32 
Z_7 25.01.18 11:00 40 
Z_8 25.01.18 15:50 45 
Z_9 25.01.18 21:13 50 
Z_10 26.01.18 05:59 59 
Z_11 26.01.18 11:07 64 
Z_12 26.01.18 13:24 66 
Z_13 26.01.18 22:00 75 
Z_14 27.01.18 06:00 83 
Z_15 27.01.18 08:50 86 
Z_16 27.01.18 14:30 91 
Z_17 27.01.18 23:59 101 
Z_18 28.01.18 06:00 107 
Z_19 28.01.18 11:55 113 
Z_20 28.01.18 16:33 117 
Z_21 28.01.18 23:59 125 
Z_22 29.01.18 06:00 131 
Z_23 29.01.18 10:42 135 
Z_24 29.01.18 14:07 139 
Z_25 29.01.18 23:50 149 
Z_26 30.01.18 03:00 152 
Z_27 30.01.18 11:41 160 
Z_28 30.01.18 14:11 163 
Z_29 30.01.18 23:55 173 
Z_30 31.01.18 05:50 179 
Z_31 31.01.18 11:07 184 
Z_32 31.01.18 14:23 187 
Z_33 31.01.18 21:57 195 
Z_34 01.02.18 02:54 200 
Z_35 01.02.18 09:24 206 
Z_36 01.02.18 16:24 213 
Z_37 01.02.18 22:21 219 
Z_38 02.02.18 02:56 224 
Z_39 02.02.18 10:10 231 
Z_40 02.02.18 16:20 237 
Z_41 02.02.18 19:46 240 
Z_42 03.02.18 10:24 255 
Z_43 03.02.18 17:40 262 
Z_44 04.02.18 10:14 279 
Z_45 04.02.18 22:09 291 
Z_46 05.02.18 11:14 304 
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Table A5 continued – Overview of the faecal samples collected and analysed from animal 12/10. 

Sample ID Date Sample Time Hours from Betula pubescens was fed 
Z_47 05.02.18 16:02 309 
Z_48 06.02.18 10:40 327 
Z_49 06.02.18 19:26 336 
Z_50 07.02.18 09:43 350 
Z_51 07.02.18 16:19 357 
Z_52 08.02.18 08:23 373 
Z_53 08.02.18 19:10 384 
Z_54 09.02.18 10:30 399 
Z_55 09.02.18 19:28 408 
Z_56 10.02.18 10:17 423 
Z_57 10.02.18 19:06 432 
Z_58 11.02.18 18:51 456 
Z_59 12.02.18 09:17 470 
Z_60 12.02.18 16:00 477 
Z_61 13.02.18 11:55 497 
Z_62 13.02.18 19:07 504 
Z_63 14.02.18 08:41 517 
Z_64 14.02.18 16:38 525 
Z_65 15.02.18 09:19 542 
Z_66 16.02.18 11:21 568 
Z_67 17.02.18 10:28 591 
Z_68 18.02.18 09:56 615 
Z_69 19.02.18 12:52 642 
Z_70 20.02.18 09:14 662 
Z_71 21.02.18 12:29 689 
Z_72 22.02.18 13:03 714 
Z_73 10.02.18 09:11 422 
Z_74 25.01.18 23:13 52 
Z_75 02.03.18 14:50 908 
Z_76 02.03.18 14:57 908 
Z_77 09.03.18 14:47 1076 
Z_78 13.03.18 15:50 1173 
Z_79 20.03.18 14:41 1339 
Z_80 23.03.18 14:10 1411 
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PCR Plates – Faecal samples, Euka02 

Table A6 – Plate 1 design from faecal samples from the feeding experiment, using the Euka02 primer. 
Abbreviations: DNA_NC = DNA extraction negative control. PCR_NC = PCR negative control. 

P1 1 2 3 4 5 6 7 8 9 10 11 12 
A X18 Y59 X24 X22 Y72 Z28 Z60 Z80 X57 X51 Z70 Z71 
B X2 X21 X20 X14 Z15 Z24 X80 Z77 Z3 Z48 Z74 Z55 
C Z17 X12 Y69 Y57 Z69 Z12 X75 Y24 X68 X23 Z27 Z35 
D Z18 Y56 X17 Z46 Z16 Z56 Z76 X79 Z52 Z11 X56 X59 
E X9 X15 Z34 X26 Z37 Z23 X76 Z75 Z78 X64 Z5 Z54 
F Z42 Z20 X28 Z7 Z53 Z68 Y74 Z44 Z65 Z49 X66 Z63 
G Z30 X19 Z61 Z45 Z66 Z32 Z79 X77 X11 X42 Z51 PCR_NC 
H Z40 DNA

_NC 
X16 DNA

_NC 
Z1 DNA

_NC 
X78 DNA

_NC 
Z72 DNA

_NC 
X4 PCR_NC 

 

Table A7 – Plate 2 design from faecal samples from the feeding experiment, using the Euka02 primer. 
Abbreviations: DNA_NC = DNA extraction negative control. PCR_NC = PCR negative control. 
PCR_POS = PCR positive control. 

P2 1 2 3 4 5 6 7 8 9 10 11 12 
A Z67 X34 Y9 Z8 Z19 X50 Y70 Z4 Y8 Z36 X38 X36 
B Y33 X35 Y32 Y43 Z31 Y5 X74 Y21 Y40 Y50 Z13 Z38 
C X65 X25 Y53 Y14 Y49 Z33 X30 X37 Y23 Y39 Y28 Z59 
D X10 X33 Z25 Y13 X31 Y1 X44 X63 Y42 Y48 Y18 Y58 
E X3 X60 Z10 Y38 Y51 Y46 Z14 Z43 Y47 Y11 X29 PCR_NC 
F X70 X54 Y25 Y6 Y52 Y34 Y61 Y41 Y4 Y7 Y26 PCR_NC 
G X27 X53 Y3 Z73 Y36 Y44 Y71 Z6 Y31 Y45 Z21 PCR_POS 
H Z62 DNA

_NC 
Z22 DNA_

NC 
Y29 DNA

_NC 
X41 DNA_

NC 
Y2 DNA_

NC 
X39 PCR_POS 

 

Table A8 – Plate 3 design from faecal samples from the feeding experiment, using the Euka02 primer. 
Only eight columns were used. Abbreviations: DNA_NC = DNA extraction negative control. 
PCR_NC = PCR negative control. 

P3 1 2 3 4 5 6 7 8 
A Z29 Y64 X67 Y35 Y15 X32 Y63 Y66 
B Z57 X6 X43 X8 Z9 X52 X71 Y17 
C Z50 Y54 X46 X45 Y19 Y65 Y68 Y73 
D Z26 Y12 Y22 X69 Y27 Y37 X49 X73 
E Y67 X72 Z47 Z41 X62 Y55 X1 PCR_NC 
F X7 Y30 X47 Y20 X48 X58 Y10 PCR_NC 
G Y62 Z58 Y16 X40 Y60 X55 X5 PCR_NC 
H Z2 DNA_

NC 
DNA_

NC 
DNA_

NC 
DNA_

NC 
DNA_

NC 
DNA_

NC 
PCR_NC 
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PCR Plates – Faecal samples, Fung01 

Table A9 – Plate 1 design from faecal samples from the feeding experiment, using the Fung01 primer. 
Abbreviations: DNA_NC = DNA extraction negative control. PCR_NC = PCR negative control. 

P1 1 2 3 4 5 6 7 8 9 10 11 12 
A X18 Y59 X24 X22 Y72 Z28 Z60 Z80 X57 X51 Z70 Z71 
B X2 X21 X20 X14 Z15 Z24 X80 Z77 Z3 Z48 Z74 Z55 
C Z17 X12 Y69 Y57 Z69 Z12 X75 Y24 X68 X23 Z27 Z35 
D Z18 Y56 X17 Z46 Z16 Z56 Z76 X79 Z52 Z11 X56 X59 
E X9 X15 Z34 X26 Z37 Z23 X76 Z75 Z78 X64 Z5 Z54 
F Z42 Z20 X28 Z7 Z53 Z68 Y74 Z44 Z65 Z49 X66 Z63 
G Z30 X19 Z61 Z45 Z66 Z32 Z79 X77 X11 X42 Z51 PCR_NC 
H Z40 DNA

_NC 
X16 DNA

_NC 
Z1 DNA

_NC 
X78 DNA

_NC 
Z72 DNA

_NC 
X4 PCR_NC 

 

Table A10 – Plate 2 design from faecal samples from the feeding experiment, using the Fung01 
primer. Abbreviations: DNA_NC = DNA extraction negative control. PCR_NC = PCR negative 
control. 

P2 1 2 3 4 5 6 7 8 9 10 11 12 
A Z67 X34 Y9 Z8 Z19 X50 Y70 Z4 Y8 Z36 X38 X36 
B Y33 X35 Y32 Y43 Z31 Y5 X74 Y21 Y40 Y50 Z13 Z38 
C X65 X25 Y53 Y14 Y49 Z33 X30 X37 Y23 Y39 Y28 Z59 
D X10 X33 Z25 Y13 X31 Y1 X44 X63 Y42 Y48 Y18 Y58 
E X3 X60 Z10 Y38 Y51 Y46 Z14 Z43 Y47 Y11 X29 PCR_NC 
F X70 X54 Y25 Y6 Y52 Y34 Y61 Y41 Y4 Y7 Y26 PCR_NC 
G X27 X53 Y3 Z73 Y36 Y44 Y71 Z6 Y31 Y45 Z21 PCR_NC 
H Z62 DNA

_NC 
Z22 DNA

_NC 
Y29 DNA

_NC 
X41 DNA

_NC 
Y2 DNA

_NC 
X39 PCR_NC 

 

Table A11 – Plate 3 design from faecal samples from the feeding experiment, using the Fung01 
primer. Only eight columns were used. Abbreviations: DNA_NC = DNA extraction negative control. 
PCR_NC = PCR negative control. 

P3 1 2 3 4 5 6 7 8 
A Z29 Y64 X67 Y35 Y15 X32 Y63 Y66 
B Z57 X6 X43 X8 Z9 X52 X71 Y17 
C Z50 Y54 X46 X45 Y19 Y65 Y68 Y73 
D Z26 Y12 Y22 X69 Y27 Y37 X49 X73 
E Y67 X72 Z47 Z41 X62 Y55 X1 PCR_NC 
F X7 Y30 X47 Y20 X48 X58 Y10 PCR_NC 
G Y62 Z58 Y16 X40 Y60 X55 X5 PCR_NC 
H Z2 DNA

_NC 
DNA
_NC 

DNA
_NC 

DNA
_NC 

DNA
_NC 

DNA
_NC 

PCR_NC 
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PCR Plates – Faecal samples, Sper01 

Table A12 – Plate 1 design from faecal samples from the feeding experiment, using the Sper01 primer. 
Abbreviations: DNA_NC = DNA extraction negative control. PCR_NC = PCR negative control. 
PCR_POS = PCR positive control. 

P1 1 2 3 4 5 6 7 8 9 10 11 12 
A X18 Y59 X24 X22 Y72 Z28 Z60 Z80 X57 X51 Z70 Z71 
B X2 X21 X20 X14 Z15 Z24 X80 Z77 Z3 Z48 Z74 Z55 
C Z17 X12 Y69 Y57 Z69 Z12 X75 Y24 X68 X23 Z27 Z35 
D Z18 Y56 X17 Z46 Z16 Z56 Z76 X79 Z52 Z11 X56 X59 
E X9 X15 Z34 X26 Z37 Z23 X76 Z75 Z78 X64 Z5 Z54 
F Z42 Z20 X28 Z7 Z53 Z68 Y74 Z44 Z65 Z49 X66 Z63 
G Z30 X19 Z61 Z45 Z66 Z32 Z79 X77 X11 X42 Z51 PCR_NC 
H Z40 DNA

_NC 
X16 DNA

_NC 
Z1 DNA

_NC 
X78 DNA

_NC 
Z72 DNA

_NC 
X4 PCR_POS 

 

Table A13 – Plate 2 design from faecal samples from the feeding experiment, using the Sper01 primer. 
Abbreviations: DNA_NC = DNA extraction negative control. PCR_NC = PCR negative control. 
PCR_POS = PCR positive control. 

P2 1 2 3 4 5 6 7 8 9 10 11 12 
A Z67 X34 Y9 Z8 Z19 X50 Y70 Z4 Y8 Z36 X38 X36 
B Y33 X35 Y32 Y43 Z31 Y5 X74 Y21 Y40 Y50 Z13 Z38 
C X65 X25 Y53 Y14 Y49 Z33 X30 X37 Y23 Y39 Y28 Z59 
D X10 X33 Z25 Y13 X31 Y1 X44 X63 Y42 Y48 Y18 Y58 
E X3 X60 Z10 Y38 Y51 Y46 Z14 Z43 Y47 Y11 X29 PCR_NC 
F X70 X54 Y25 Y6 Y52 Y34 Y61 Y41 Y4 Y7 Y26 PCR_NC 
G X27 X53 Y3 Z73 Y36 Y44 Y71 Z6 Y31 Y45 Z21 PCR_POS 
H Z62 DNA

_NC 
Z22 DNA

_NC 
Y29 DNA

_NC 
X41 DNA

_NC 
Y2 DNA

_NC 
X39 PCR_POS 

 

Table A14 – Plate 3 design from faecal samples from the feeding experiment, using the Sper01 primer. 
Only eight columns were used. Abbreviations: DNA_NC = DNA extraction negative control. 
PCR_NC = PCR negative control. PCR_POS = PCR positive control. 

P3 1 2 3 4 5 6 7 8 
A Z29 Y64 X67 Y35 Y15 X32 Y63 Y66 
B Z57 X6 X43 X8 Z9 X52 X71 Y17 
C Z50 Y54 X46 X45 Y19 Y65 Y68 Y73 
D Z26 Y12 Y22 X69 Y27 Y37 X49 X73 
E Y67 X72 Z47 Z41 X62 Y55 X1 PCR_NC 
F X7 Y30 X47 Y20 X48 X58 Y10 PCR_NC 
G Y62 Z58 Y16 X40 Y60 X55 X5 PCR_POS 
H Z2 DNA_NC DNA_NC DNA_NC DNA_NC DNA_NC DNA_NC PCR_POS 
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PCR Plates – Food samples 

Table A15 – Food sample plate design from the feeding experiment, using the Euka02 primer. All 
three replicates are on the same PCR plate, with replicate 1 in well columns 1-4, replicate 2 in well 
columns 5-8 and replicate 3 in well columns 9-12. Abbreviations: DNA_NC = DNA extraction 
negative control. NC_OA: Negative control open air. PCR_NC = PCR negative control.  

 1 2 3 4 5 6 7 8 9 10 11 12 
A F1.1 F3.3 F6.1 F8.3 F1.1 F3.3 F6.1 F8.3 F1.1 F3.3 F6.1 F8.3 
B F1.2 F4.1 F6.2 NC_OA_

1 
F1.2 F4.1 F6.2 NC_OA_

1 
F1.2 F4.1 F6.2 NC_OA_

1 
C F1.3 F4.2 F6.3 NC_OA_

2 
F1.3 F4.2 F6.3 NC_OA_

2 
F1.3 F4.2 F6.3 NC_OA_

2 
D F2.1 F4.3 F7.1 PCR_NC F2.1 F4.3 F7.1 PCR_NC F2.1 F4.3 F7.1 PCR_NC 
E F2.2 F5.1 F7.2 PCR_NC F2.2 F5.1 F7.2 PCR_NC F2.2 F5.1 F7.2 PCR_NC 
F F2.3 F5.2 F7.3   F2.3 F5.2 F7.3   F2.3 F5.2 F7.3   
G F3.1 F5.3 F8.1   F3.1 F5.3 F8.1   F3.1 F5.3 F8.1   
H F3.2 DNA_

NC_1 
F8.2   F3.2 DNA_

NC_1 
F8.2   F3.2 DNA_

NC_1 
F8.2   

 
Table A16– Food sample plate design from the feeding experiment, using the Fung01 primer. All 
three replicates are on the plate, with replicate 1 in well columns 1-4, replicate 2 in well columns 5-8 
and replicate 3 in well columns 9-12. Abbreviations: DNA_NC = DNA extraction negative control. 
NC_OA: Negative control open air. PCR_NC = PCR negative control.  

 1 2 3 4 5 6 7 8 9 10 11 12 
A F1.1 F3.3 F6.1 F8.3 F1.1 F3.3 F6.1 F8.3 F1.1 F3.3 F6.1 F8.3 
B F1.2 F4.1 F6.2 NC_OA_

1 
F1.2 F4.1 F6.2 NC_OA_

1 
F1.2 F4.1 F6.2 NC_OA_

1 
C F1.3 F4.2 F6.3 NC_OA_

2 
F1.3 F4.2 F6.3 NC_OA_

2 
F1.3 F4.2 F6.3 NC_OA_

2 
D F2.1 F4.3 F7.1 PCR_NC F2.1 F4.3 F7.1 PCR_NC F2.1 F4.3 F7.1 PCR_NC 
E F2.2 F5.1 F7.2 PCR_NC F2.2 F5.1 F7.2 PCR_NC F2.2 F5.1 F7.2 PCR_NC 
F F2.3 F5.2 F7.3   F2.3 F5.2 F7.3   F2.3 F5.2 F7.3   
G F3.1 F5.3 F8.1   F3.1 F5.3 F8.1   F3.1 F5.3 F8.1   
H F3.2 DNA_

NC_1 
F8.2   F3.2 DNA_

NC_1 
F8.2   F3.2 DNA_

NC_1 
F8.2   
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Table A17 – Food sample plate design from the feeding experiment, using the Sper01 primer. All 
three replicates are on the plate, with replicate 1 in well columns 1-4, replicate 2 in well columns 5-8 
and replicate 3 in well columns 9-12. Abbreviations: DNA_NC = DNA extraction negative control. 
NC_OA: Negative control open air. PCR_NC = PCR negative control.  

 1 2 3 4 5 6 7 8 9 10 11 12 
A F1.1 F3.3 F6.1 F8.3 F1.1 F3.3 F6.1 F8.3 F1.1 F3.3 F6.1 F8.3 
B F1.2 F4.1 F6.2 NC_OA_

1 
F1.2 F4.1 F6.2 NC_OA_

1 
F1.2 F4.1 F6.2 NC_OA_

1 
C F1.3 F4.2 F6.3 NC_OA_

2 
F1.3 F4.2 F6.3 NC_OA_

2 
F1.3 F4.2 F6.3 NC_OA_

2 
D F2.1 F4.3 F7.1 PCR_NC F2.1 F4.3 F7.1 PCR_NC F2.1 F4.3 F7.1 PCR_NC 
E F2.2 F5.1 F7.2 PCR_PO

S 
F2.2 F5.1 F7.2 PCR_NC F2.2 F5.1 F7.2 PCR_NC 

F F2.3 F5.2 F7.3   F2.3 F5.2 F7.3   F2.3 F5.2 F7.3   
G F3.1 F5.3 F8.1   F3.1 F5.3 F8.1   F3.1 F5.3 F8.1   
H F3.2 DNA_

NC_1 
F8.2   F3.2 DNA_

NC_1 
F8.2   F3.2 DNA_

NC_1 
F8.2   

 

Table A18 – Overview of samples that evaporated during PCR.  

Sample type Primer Plate Replicate Well evaporated 
Faecal sample Sper01 P1 R1 H1; H12; H4 
Faecal sample Sper01 P1 R2 F2 
Faecal sample Sper01 P1 R3 A4; G3 
Faecal sample Euka02 P1 R1 H1, A5; A6; H4; G9 
Faecal sample Euka02 P1 R3 G3 
Faecal sample Bryo01 P1 R1 H3; H4; A12 
Faecal sample Euka02 P3 R2 G3 
Faecal sample Fung01 P3 R1 A7 
Faecal sample Fung01 P3 R2 F2 
Faecal sample Fung01 P3 R3 F2; G2; G3; G6 
Faecal sample Sper01 P3 R1 A1 
Faecal sample Sper01 P3 R2 F2 
Faecal sample Euka02 P2 R1 H12 
Faecal sample Euka02 P2 R2 A1; H12 
Faecal sample Fung01 P1 R1 A3; A11; A12; H2; H3; H6 
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Dominant MOTUs in faecal samples 

Table A19 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified eukaryote sequences (Euka02) from the faecal samples. Repeating MOTUs 
appear when sequences are identified to different sequences in the reference database. MOTUs 
corresponding to the fed species are marked with grey font, and MOTUs that do not correspond to fed 
species are marked with black font. 

Scientific name Mean relative frequency 
Brassicaceae 0.181350574 
Neocallimastigaceae 0.077306871 
Eukaryota 0.077204394 
Iodamoeba sp. RL1 0.076681598 
Eukaryota 0.057722441 
Eukaryota 0.043444773 
Chromadorea 0.042731348 
Pooideae 0.039455065 
Lecanoromycetidae 0.034795938 
Desmonomata 0.031390539 
Eukaryota 0.024795714 
Juncus 0.023650741 
Betula 0.021077768 
Eukaryota 0.018434824 
Entamoeba 0.014994416 
Eukaryota 0.013491268 
Gonostomatidae 0.013270827 
Fallopia multiflora 0.011130499 
Oribatulidae 0.010722280 
Penicillium 0.009401209 
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Table A20 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified fungal sequences (Fung01) from the faecal samples. Repeating MOTUs appear 
when sequences are identified to different sequences in the reference database. MOTUs corresponding 
to the fed species are marked with grey font, and MOTUs that do not correspond to fed species are 
marked with black font. 

Scientific name Mean relative frequency 
Cladoniaceae 0.06319851 
Sporobolomyces ruberrimus 0.06020761 
Cladoniaceae 0.05935724 
Aspergillus 0.05078200 
Cladosporium 0.03284640 
Preussia 0.03106743 
Eukaryota 0.02195416 
Rhodotorula 0.02054341 
Eukaryota 0.02014685 
Preussia 0.01918650 
Penicillium aff. lividum 0.01897601 
Eukaryota 0.01738675 
Abrothallus 0.01617349 
Aspergillus fumigatus 0.01575310 
Plectosphaerellaceae 0.01570691 
Cladosporium herbarum 0.01324442 
Vishniacozyma sp. 0.01280646 
Eukaryota 0.01214058 
Helotiales 0.01026486 
Thelebolus 0.01017539 
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Table A21 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified seed plant sequences (Sper01) from the faecal samples. Repeating MOTUs 
appear when sequences are identified to different sequences in the reference database. MOTUs 
corresponding to the fed species are marked with grey font, and MOTUs that do not correspond to fed 
species are marked with black font. 

Scientific name Mean relative frequency 
Betulaceae 0.20486684 
Juncus 0.11317423 
Polygoneae 0.10358756 
Asterales 0.06698672 
Medicago 0.05087890 
Trifolium 0.04339782 
Brassicaceae 0.04178214 
Polygonum 0.03096070 
Pisum 0.02665431 
Polygonoideae 0.02518996 
Rumiceae 0.02463336 
Avena 0.02327361 
Poeae 0.02269516 
Pooideae 0.02125329 
Pooideae 0.01843495 
Loteae 0.01612375 
Poeae Chloroplast Group 1 (Aveneae type) 0.01589193 
Hordeinae 0.01453078 
Persicaria 0.01358394 
Chenopodioideae 0.01306447 
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Dominant MOTUs in food samples 

Table A22 – Overview of the 15 MOTUs with the highest mean relative frequency in the dataset 
containing amplified eukaryote sequences (Euka02) from the samples taken of RF-80. Repeating 
MOTUs appear when sequences are identified to different sequences in the reference database. 
MOTUs corresponding to the fed species are marked with grey font, and MOTUs that do not 
correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Pooideae 7.131320e-01 
Brassicaceae 2.408663e-01 
Vigna angularis var. angularis 3.364172e-02 
Brassicaceae 8.895405e-03 
Atripliceae 1.927225e-03 
Fungi 1.491811e-03 
Carabodes labyrinthicus 4.547233e-05 
Lecanoromycetidae  0.000000e+00 
Betula   0.000000e+00 
Cicadellidae   0.000000e+00 
Dothidea sp. RWT7 0.000000e+00 
Abrothallus   0.000000e+00  
Oribatulidae   0.000000e+00 
Carabodes labyrinthicus 0.000000e+00 
Orbiliaceae   0.000000e+00 
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Table A23 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified fungi sequences (Fung01) from the samples taken of RF-80. Repeating MOTUs 
appear when sequences are identified to different sequences in the reference database. MOTUs 
corresponding to the fed species are marked with grey font, and MOTUs that do not correspond to fed 
species are marked with black font. 

Scientific name Mean relative frequency 
Epicoccum 0.161877156 
Cladosporium herbarum 0.144477578 
Alternaria infectoria 0.133515832 
Cladosporium 0.085347466 
Fusarium sp. UASWS1560 0.071560042 
Fusarium 0.059436326 
Microdochium 0.053768215 
Nectria 0.052951587 
Alternaria 0.032698724 
Microdochium 0.027982109 
Fusarium 0.025170186 
Alternaria infectoria 0.016025048 
Fusarium 0.015965286 
Parastagonospora nodorum 0.015124297 
Neoascochyta exitialis 0.011702782 
Aspergillaceae 0.011141546 
Alternaria infectoria 0.009611790 
Cystofilobasidium macerans 0.008268444 
Ascochyta skagwayensis 0.007768463 
Sordariomycetes 0.007738963 
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Table A24 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified seed plant sequences (Sper01) from the samples taken of RF-80. Repeating 
MOTUs appear when sequences are identified to different sequences in the reference database. 
MOTUs corresponding to the fed species are marked with grey font, and MOTUs that do not 
correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Betulaceae 0.304243417 
Saliceae 0.112723926 
Empetrum 0.076937100 
Filipendula ulmaria 0.057461839 
Athyrium 0.057227923 
Poeae Chloroplast Group 2 (Poeae type) 0.049500079 
Potentilleae 0.036228932 
Rosaceae 0.035131567 
Vaccinieae 0.034547072 
Colurieae 0.027347755 
Dryadoideae 0.021171543 
Vaccinium ovalifolium 0.019029714 
Cornus suecica 0.015586798 
Pinus 0.014551947 
Alchemilla 0.010982542 
Geranium 0.009868240 
Gymnocarpium dryopteris 0.008959834 
Vaccinium 0.007486944 
Cornus suecica 0.006729806 
Gaylussacia 0.005827376 
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Table A25 – Overview of the 15 MOTUs with the highest mean relative frequency in the dataset 
containing amplified eukaryote sequences (Euka02) from the food samples taken of Betula pubescens. 
Repeating MOTUs appear when sequences are identified to different sequences in the reference 
database. MOTUs corresponding to the fed species are marked with grey font, and MOTUs that do not 
correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Betula 8.445860e-01 
Cicadellidae 6.932063e-02 
Dothidea sp. RWT7 3.844499e-02 
Pezizomycotina 2.131606e-02 
Orbiliaceae 1.755343e-02 
Fungi 6.228601e-03 
Lecanoromycetidae 2.485807e-03 
Pooideae 3.287502e-05 
Brassicaceae 2.609089e-05 
Abrothallus 5.521066e-06 
Vigna angularis var. angularis 0.000000e+00 
Brassicaceae 0.000000e+00 
Oribatulidae 0.000000e+00 
Carabodes labyrinthicus 0.000000e+00 
Atripliceae 0.000000e+00 
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Table A26 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified seed plant sequences (Sper01) from the food samples taken of Betula pubescens. 
Repeating MOTUs appear when sequences are identified to different sequences in the reference 
database. MOTUs corresponding to the fed species are marked with grey font, and MOTUs that do not 
correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Dryadoideae 0.279076350 
Betulaceae 0.164114828 
Saliceae 0.150479732 
Maleae 0.079228721 
Athyrium 0.074772445 
Poeae Chloroplast Group 2 (Poeae type) 0.050115898 
Potentilleae 0.038255984 
Cornus suecica 0.035316172 
Rosaceae 0.022028497 
Rumiceae 0.016487005 
Cornus suecica 0.015476351 
Colurieae 0.010352720 
Vaccinieae 0.006631912 
Gymnocarpium dryopteris 0.004989637 
Cornales 0.004852631 
Vaccinium 0.004565967 
Vaccinium ovalifolium 0.003983467 
Saxifraga 0.003968236 
Asteroideae 0.003836801 
Loasaceae 0.003501848 
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Table A27 – Overview of the 15 MOTUs with the highest mean relative frequency in the dataset 
containing amplified eukaryote sequences (Euka02) from the food samples taken of lichen mixture 
(dominated by Cladonia stellaris). Repeating MOTUs appear when sequences are identified to 
different sequences in the reference database. MOTUs corresponding to the fed species are marked 
with grey font, and MOTUs that do not correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Lecanoromycetidae 9.638382e-01 
Carabodes labyrinthicus 1.996394e-02 
Fungi 1.558627e-02 
Pezizomycotina 3.289728e-04 
Brassicaceae 1.123143e-04 
Abrothallus 7.804221e-05 
Dothidea sp. RWT7 7.251424e-05 
Pooideae 1.979722e-05 
Betula 0.000000e+00 
Vigna angularis var. angularis 0.000000e+00 
Cicadellidae 0.000000e+00 
Brassicaceae 0.000000e+00 
Orbiliaceae 0.000000e+00 
Oribatulidae 0.000000e+00 
Atripliceae 0.000000e+00 
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Table A28 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified fungal sequences (Fung01) from the food samples taken of lichen mixture 
(dominated by Cladonia stellaris). Repeating MOTUs appear when sequences are identified to 
different sequences in the reference database. MOTUs corresponding to the fed species are marked 
with grey font, and MOTUs that do not correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Cladoniaceae 4.682286e-01 
Letharia vulpina 3.055494e-01 
Cladoniaceae 2.262171e-01 
Abrothallus 3.129871e-06 
Eukaryota 1.793266e-06 
Epicoccum 0.000000e+00 
Cladosporium herbarum 0.000000e+00 
Alternaria infectoria 0.000000e+00 
Cladosporium 0.000000e+00 
Fusarium sp. UASWS1560 0.000000e+00 
Fusarium 0.000000e+00 
Microdochium 0.000000e+00 
Nectria 0.000000e+00 
Alternaria 0.000000e+00 
Microdochium 0.000000e+00 
Eukaryota 0.000000e+00 
Fusarium 0.000000e+00 
Parmelia barrenoae 0.000000e+00 
Leotiomyceta 0.000000e+00 
Fusarium 0.000000e+00 
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Table A29 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified seed plant sequences (Sper01) from the food samples taken of lichen mixture 
(dominated by Cladonia stellaris). Repeating MOTUs appear when sequences are identified to 
different sequences in the reference database. MOTUs corresponding to the fed species are marked 
with grey font, and MOTUs that does not correspond to fed species are marked with black font. 

Scientific name Mean relative frequency 
Dryadoideae 0.190529971 
Betulaceae 0.154476490 
Saliceae 0.145314522 
Poeae Chloroplast Group 2 (Poeae type) 0.086075225 
Empetrum 0.061768010 
Rumiceae 0.051647965 
Athyrium 0.046858447 
Potentilleae 0.030373708 
Rosaceae 0.027948516 
Geranium 0.024973673 
Cornus suecica 0.024105478 
Saxifraga 0.019088180 
Vaccinieae 0.018920408 
Filipendula ulmaria 0.016519953 
Vaccinium ovalifolium 0.013887692 
Cornus suecica 0.009444064 
Alchemilla 0.006466077 
Gymnocarpium dryopteris 0.006304855 
Gaylussacia 0.005612717 
Asteroideae 0.005494742 
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Table A30 – Overview of the 15 MOTUs with the highest mean relative frequency in the dataset 
containing amplified eukaryote sequences from the food samples containing lichens collected in E1. 
Repeating MOTUs appear when sequences are identified to different sequences in the reference 
database.  

Scientific name Mean relative frequency 
Lecanoromycetidae 9.285196e-01 
Abrothallus 2.686601e-02 
Fungi 2.295038e-02 
Oribatulidae 1.729512e-02 
Dothidea sp. RWT7 1.538802e-03 
Pezizomycotina 1.180022e-03 
Orbiliaceae 1.051116e-03 
Carabodes labyrinthicus 5.915119e-04 
Pooideae 7.456350e-06 
Brassicaceae 0.000000e+00 
Betula 0.000000e+00 
Vigna angularis var. angularis 0.000000e+00 
Cicadellidae 0.000000e+00 
Brassicaceae 0.000000e+00 
Atripliceae 0.000000e+00 
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Table A31 – Overview of the 20 MOTUs with the highest mean relative frequency in the dataset 
containing amplified fungal sequences from the food samples containing lichens collected in E1. 
Repeating MOTUs appear when sequences are identified to different sequences in the reference 
database.  

Scientific name Mean relative frequency 
Parmelia barrenoae 0.136997010 
Abrothallus 0.130205238 
Leotiomyceta 0.124447804 
Leotiomyceta 0.109751906 
Parmelia barrenoae 0.073882523 
Leotiomyceta 0.058505935 
Leotiomyceta 0.052006918 
Leotiomyceta 0.050155119 
Abrothallus 0.039169507 
Leotiomycetes 0.038269689 
Glutinomyces 0.029004479 
Abrothallus 0.028211106 
Leotiomyceta 0.024515501 
Leotiomyceta 0.022317303 
Leotiomyceta 0.019639168 
Leotiomyceta 0.016929579 
Leotiomyceta 0.012434373 
Leotiomyceta 0.010557720 
Leotiomyceta 0.008045292 
Leotiomyceta 0.007256102 
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Betula 

 

Figure A2 - Proportion of Betula DNA in the diet, based on all sequences in the dataset consisting of 
amplified eukaryote sequences. The three reindeer included in the experiment are represented by 
colour. The samples without replicates are shown with a star sign, whilst the samples with three 
replicates are shown with a filled circle. 
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Appendix B - Gastrointestinal tract  

Samples 

Table B1 – Overview of the samples collected from the GI tract. Liquid content refers to the 
consistency of the sample. Abbreviations: Small I. 1 = Small Intestine Upper part, Small I. 1 = Small 
Intestine Lower part. 

Proce
ss ID 

Sample 
Name 

Animal 
ID 

Part 
intestine 

Subsampled 
material (mg) 

Remarks 1 

1.1 A1_S1 Animal_1 Rumen 127  
1.2 A1_S2 Animal_1 Reticulum 114  
1.3 A1_S3 Animal_1 Omasum 103  
1.4 A1_S4 Animal_1 Abomasum 104 Liquid content 
1.5 A1_S5 Animal_1 Small I. 1 155  
1.6 A1_S6 Animal_1 Small I. 2 128 Liquid content 
1.7 A1_S7 Animal_1 Cecum 118  
1.8 A1_S8 Animal_1 Spiral colon 139  
1.9 A1_S9 Animal_1 Distal colon 129  
1.10 DNANC1   NA Extraction negative control 
1.11 DNANC2   NA Extraction negative control 
2.1 A2_S1 Animal_2 Rumen 151  
2.2 A2_S2 Animal_2 Reticulum 151  
2.3 A2_S3 Animal_2 Omasum 130  
2.4 A2_S4 Animal_2 Abomasum 116  
2.5 A2_S5 Animal_2 Small I. 1 112 Liquid content 
2.6 A2_S6 Animal_2 Small I. 2 154  
2.7 A2_S7 Animal_2 Cecum 148  
2.8 A2_S8 Animal_2 Spiral colon 141  
2.9 A2_S9 Animal_2 Distal colon 129  
2.10 DNANC3   NA Extraction negative control 
3.1 A3_S1 Animal_3 Rumen 150  
3.2 A3_S2 Animal_3 Reticulum 159  
3.3 A3_S3 Animal_3 Omasum 139  
3.4 A3_S4 Animal_3 Abomasum 157  
3.5 A3_S5 Animal_3 Small I. 1 150  
3.6 A3_S6 Animal_3 Cecum 114  
3.7 A3_S7 Animal_3 Spiral colon 112  
3.8 A3_S8 Animal_3 Distal colon 120  
3.9 DNANC4   NA Extraction negative control 
4.1 A4_S1 Animal_4 Rumen 159  
4.2 A4_S2 Animal_4 Reticulum 133  
4.3 A4_S3 Animal_4 Omasum 103  
4.4 A4_S4 Animal_4 Abomasum 104  
4.5 A4_S5 Animal_4 Small I. 1 129  
4.6 A4_S6 Animal_4 Small I. 2 137  
4.7 A4_S7 Animal_4 Cecum 111  
4.8 A4_S8 Animal_4 Spiral colon 107  
4.9 A4_S9 Animal_4 Distal colon 116  
4.10 DNANC5   NA Extraction negative control 
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PCR Plates 

Table B2 – PCR plate design for the samples collected from the GI tract. The numbers in the wells are 
the Process ID (Table B1) for each sample. The same PCR plate design was used for all primers 
(Euka02, Fungi01, Sper01 and Bryo01). Sample 1.10, 1.11, 2.10, 3.9 and 4.10 are negative DNA 
extraction controls. Abbreviations: PCR_NC = PCR negative control.  

 1 2 3 4 5 6 
A 1.1_ 1.9_ 2.6_ 3.4_ 4.3_ PCR_NC 
B 1.2_ 1.10_ 2.7_ 3.5_ 4.4_ PCR_NC 
C 1.3_ 1.11_ 2.8_ 3.6_ 4.5_   
D 1.4_ 2.1_ 2.9_ 3.7_ 4.6_   
E 1.5_ 2.2_ 2.10_ 3.8_ 4.7_   
F 1.6_ 2.3_ 3.1_ 3.9_ 4.8_   
G 1.7_ 2.4_ 3.2_ 4.1_ 4.9_   
H 1.8_ 2.5_ 3.3_ 4.2_ 4.10_   

 

Table B3 – Overview of samples that evaporated during PCR.  

Primer Replicate Well evaporated 
Fung01 R1/R2 F2; G2; G3 
Euka02 R3 G3 
Sper01 R1/R2 H1; H2 
Sper01 R3 F2 
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Principal Component Analysis 

 

Figure B1 - Principal component analysis (PCA) of Hellinger-transformed number of sequences from 
the dataset with amplified eukaryotes (Euka02). A compares the sample distribution focusing on the 
four animals, whilst B compares the sample distribution focusing on the different parts of the 
gastrointestinal tract, indicated by different colours. 

 

 

Figure B2 – Principal component analysis (PCA) of Hellinger-transformed number of sequences from 
the dataset with amplified fungi (Fung01). A compares the sample distribution focusing on the four 
animals, whilst B compares the sample distribution focusing on the different parts of the 
gastrointestinal tract, indicated by different colours. 
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Figure B3 – Principal component analysis (PCA) of Hellinger-transformed number of sequences from 
the dataset with amplified seed plants (Sper01). A compares the sample distribution focusing on the 
four animals, whilst B compares the sample distribution focusing on the different parts of the 
gastrointestinal tract, indicated by different colours. 

 

Figure B4 - Principal component analysis (PCA) of Hellinger-transformed number of sequences from 
the dataset with amplified bryophytes (Bryo01). A compares the sample distribution focusing on the 
four animals, whilst B compares the sample distribution focusing on the different parts of the 
gastrointestinal tract, indicated by different colours. 
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Diversity 

 
Figure B5 – Boxplots comparing the diversity (A: Eukaryota, B: Fungi, C: Seed plants 
(Spermatophyta), D: Bryophyta) along the gastrointestinal tract, when q=2 (i.e. Gini coefficient). 
Black, filled circles represent samples, and thick line within the quartile of the boxes shows the 
median. X-axis = Gastrointestinal parts. Y-axis = Diversity (Gini coefficient). 
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Figure B6 – Boxplots comparing the diversity (A: Eukaryota, B: Fungi, C: Seed plants 
(Spermatophyta), D: Bryophyta) along the gastrointestinal tract, when q=3. Black, filled circles 
represent samples, and thick line within the quartile of the boxes shows the median. X-axis = 
Gastrointestinal parts. Y-axis = Diversity. 
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Appendix C - Library preparation 
Table C1 – Overview of pooling and purification of samples, with specific information on dates, 
volume and kit used. Abbreviations: GI tract = Gastrointestinal tract, FE = Feeding Experiment, P = 
PCR Plate. 

Name pool Date pooling Total volume after 
pooling (µl) 

Nb PCR 
replicates 

Date PCR 
purification 

Kit PCR 
purification 

GI tract + Food (Sper01) 14-15.01.2019 1000 3 30.01.2019 QIAquick 
GI tract (Bryo01) 14-15.01.2019 750 3 30.01.2019 QIAquick 
GI tract + Food (Euka02) 14-15.01.2019 1000 3 30.01.2019 QIAquick 
GI tract + Food (Fung01) 14-15.01.2019 1000 3 30.01.2019 QIAquick 
FE_P1 (Sper01) 28.01.2019 1300 3 30.01.2019 QIAquick 
FE_P2 (Sper01) 28.01.2019 1400 3 30.01.2019 QIAquick 
FE_P3 (Sper01) 14-15.01.2019 1000 3 30.01.2019 QIAquick 
FE_P1 (Euka02) 25.01.2019 1400 3 30.01.2019 QIAquick 
FE_P2 (Euka02) 28.01.2019 1400 3 30.01.2019 QIAquick 
FE_P3 (Euka02) 14-15.01.2019 900 3 30.01.2019 QIAquick 
FE_P1 (Fung01) 25.01.2019 1300 3 30.01.2019 QIAquick 
FE_P2 (Fung01) 28.01.2019 1300 3 30.01.2019 QIAquick 
FE_P3 (Fung01) 25.01.2019 1000 3 30.01.2019 QIAquick 

 

Table C2 – Overview of elution volume after purification and information on following gel 
electrophoresis. Abbreviations: GI tract = Gastrointestinal tract, FE = Feeding Experiment, P = PCR 
Plate. 

Name pool Elution volume 
after purification 
(µl) 

Volume gel electrophoresis 
(1%) after PCR purification 
(µl) 

Volume 
loading dye 
(µl) 

Date gel 
electrophoresis 

GI tract + Food (Sper01) 30 1 1 30.01.2019 
GI tract (Bryo01) 30 1 1 30.01.2019 
GI tract + Food (Euka02) 30 1 1 30.01.2019 
GI tract + Food (Fung01) 30 1 1 30.01.2019 
FE_P1 (Sper01) 30 1 1 30.01.2019 
FE_P2 (Sper01) 30 1 1 30.01.2019 
FE_P3 (Sper01) 30 1 1 30.01.2019 
FE_P1 (Euka02) 30 1 1 30.01.2019 
FE_P2 (Euka02) 30 1 1 30.01.2019 
FE_P3 (Euka02) 30 1 1 30.01.2019 
FE_P1 (Fung01) 30 1 1 30.01.2019 
FE_P2 (Fung01) 30 1 1 30.01.2019 
FE_P3 (Fung01) 30 1 1 30.01.2019 
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Table C3 – Results from Qubit measurement of the different pooled samples. Abbreviations: GI tract = 
Gastrointestinal tract, FE = Feeding Experiment, P = PCR Plate. 

Name pool Date Type of 
measurement 

Volume 
DNA (µl) 

Measured DNA 
concentration 
(µg/ml) 

Stock 
concentration 
(ng/µl) 

GI tract + Food (Sper01) 31.01.2019 Broad Range 2 1.62 162 
GI tract (Bryo01) 31.01.2019 Broad Range 2 0.421 42.1 
GI tract + Food (Euka02) 31.01.2019 Broad Range 2 2.95 295 
GI tract + Food (Fung01) 31.01.2019 Broad Range 2 3.61 361 
FE_P1 (Sper01) 31.01.2019 Broad Range 2 1.16 116 
FE_P2 (Sper01) 31.01.2019 Broad Range 2 1.16 116 
FE_P3 (Sper01) 31.01.2019 Broad Range 2 1.10 110 
FE_P1 (Euka02) 31.01.2019 Broad Range 2 2.82 282 
FE_P2 (Euka02) 31.01.2019 Broad Range 2 3.47 347 
FE_P3 (Euka02) 31.01.2019 Broad Range 2 2.30 230 
FE_P1 (Fung01) 31.01.2019 Broad Range 2 4.01 401 
FE_P2 (Fung01) 31.01.2019 Broad Range 2 3.93 393 
FE_P3 (Fung01) 31.01.2019 Broad Range 2 3.60 360 

 

Table C4 – Overview of final pooling, merging content in “Pool 1” with “Pool 2”. Final pool content 
is hereby referred to as “Library Process ID”. Abbreviations: GI tract = Gastrointestinal tract, FE = 
Feeding Experiment, P = PCR Plate. 

Name Pool 1 Volume Pool 1 (µl) Name Pool 2  Volume 
Pool 2 (µl) 

Library 
Process ID 

FE_P1 (Sper01) No need for final pooling   Lib1 
FE_P2 (Sper01) No need for final pooling   Lib2 
FE_P3 (Sper01) No need for final pooling   Lib3 
GI tract + Food (Sper01) 4 GI tract (Bryo01) 16 Lib5 
FE_P1 (Euka02) 10 FE_P1 (Fung01) 10 Lib9 
FE_P2 (Euka02) 10 FE_P2 (Fung01) 10 Lib10 
FE_P3 (Euka02) 10 FE_P3 (Fung01) 10 Lib11 
GI tract + Food (Euka02) 10 GI tract + Food (Fung01) 10 Lib12 
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Table C5 – Overview of pooled volume, Qubit measurement of content in libraries and volume sent 
for Illumina Hiseq sequencing. 

Library 
Process 
ID 

Volume 
final pool 
(µl) 

Type of 
measurement 

Volume 
DNA 
(µl) 

Measured DNA 
concentration 
(µg/ml) 

Stock 
concentration 
(ng/µl) 

Volume final 
pool sent for 
sequencing (µl) 

Lib1  Qubit (Broad range) 2 1.16 116 27 
Lib2  Qubit (Broad range) 2 1.16 116 27 
Lib3  Qubit (Broad range) 2 1.10 110 27 
Lib5 20 Qubit (Broad range) 2 0.713 71.3 18 
Lib9 20 Qubit (Broad range) 2 3.72 372 18 
Lib10 20 Qubit (Broad range) 2 3.57 357 18 
Lib11 20 Qubit (Broad range) 2 3.08 308 18 
Lib12 20 Qubit (Broad range) 2 2.65 265 18 

 

Table C6 – Final preparations before sequencing. General remark: Final qPCR during library prep run separately 
for GH/BRYO and EUKA/FUNGI pools. Desired sequencing depth per library corresponds to ~20.000 
sequences per sample. 

Library 
Process 
ID 

Type of library 
preparation 

Number of 
individually 
tagged samples 

Desired sequencing 
depth per library 

Volume final pool 
sent for sequencing 
(µl) 

Lib1 TrueSeq PCR-free prep 288 5 760 000 27 
Lib2 TrueSeq PCR-free prep 288 5 760 000 27 
Lib3 TrueSeq PCR-free prep 192 3 840 000 27 
Lib5 TrueSeq PCR-free prep 339 6 780 000 18 
Lib9 TrueSeq PCR-free prep 576 11 520 000 18 
Lib10 TrueSeq PCR-free prep 576 11 520 000 18 
Lib11 TrueSeq PCR-free prep 384 7 680 000 18 
Lib12 TrueSeq PCR-free prep 426 8 520 000 18 

 

 

 


