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Abstract

Alexander Kopatz, Oddmund Kleven, @ystein Flagstad. 2020. Seasonal variation of success in
DNA-extraction from brown bear fecal samples. NINA Report 1775. Norwegian Institute for Na-
ture Research.

Brown bears (Ursus arctos) in Norway are monitored annually with DNA-based methods of non-
invasively collected biological material for identification of individual and sex. Feces samples
make up the largest part of the sample material collected throughout the year. However, feces
samples collected during spring and summer specifically, have shown relatively low positive,
genotyping success rates. Those samples are important to the Norwegian wildlife management,
as they are often collected from sites of human-bear conflicts and other locations. In the following
pilot study we explored alternative fecal storage and DNA-extraction protocols in order to evalu-
ate how to potentially increase genotyping success rates of feces samples collected in spring
and summer. We used fresh brown bear feces samples collected by experienced field personnel
from May to October 2019 in Troms, Trgndelag and Hedmark. From each feces found, the
trained personnel took two separate samples: one sample was stored on silica, and the other
was stored in an empty tube without silica. We used a total of 94 feces samples to extract DNA
using three different extraction methods, which are currently successfully applied in the DNA-
based monitoring using feces in other large carnivores. After DNA-extraction, samples were gen-
otyped with eight microsatellite markers used in the monitoring of brown bears for individual
identification. For samples collected during spring and early summer (May to July), genotyping
success was relatively low for all three methods. In terms of sample storage, the silica-based
stored samples displayed slightly higher genotyping success rates than samples stored without
silica. From late summer to autumn, success rates increased rapidly, to over 80% in October.
The results showed a strong, seasonal variation in genotyping success. The low genotyping
success rates of feces in spring and summer compared to e.g. hair samples collected during the
same period of the year, might suggest that hair samples could offer a more informative alterna-
tive. The genotyping success rate of hair samples from 2018 seemed rather constant across the
year and was above 50% during spring time. However, from August on, the genotyping success
rates of feces surpassed the success rate of hair samples, and was considerably higher in Sep-
tember and October. For an effective, DNA-based monitoring it is crucial to identify the limiting
and influencing factors affecting the success rate. In this study we focused on the sample storage
and DNA-extraction. Based on our study, the tested alternatives on both storage and extraction,
delivered comparable results, but with samples stored on silica having slightly higher success
rates during spring.

Alexander Kopatz, Norwegian Institute for Nature Research (NINA), alexander.kopatz@nina.no
Oddmund Kleven, Norwegian Institute for Nature Research (NINA), oddmund.kleven@nina.no
@ystein Flagstad, Norwegian Institute for Nature Research (NINA), gystein.flagstad@nina.no
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Sammendrag

Alexander Kopatz, Oddmund Kleven, @ystein Flagstad. 2020. Arstidsavhengig suksess med
DNA-ekstraksjon fra ekskrement-prgver. NINA Rapport 1775. Norsk institutt for naturforskning.

Brunbjgrn (Ursus arctos) i Norge overvakes arlig med DNA-baserte metoder av ikke-invasivt
innsamlet biologisk materiale for identifisering av individ og kjgnn. Ekskrementprgver utgjgr mes-
teparten av materialet som blir samlet inn i lgpet av aret. For ekskrementprgver samlet inn i lgpet
av var og sommer har suksessraten med a fremskaffe genotyper vaert relativt lav. Disse prgvene
er ofte viktige for forvaltningen ettersom de gjerne samles inn pa steder med konflikter mellom
mennesker og bjgrn, samt ved andre viktige lokaliteter. | dette pilot-studiet har vi undersgkt ulike
lagringsmetoder og DNA-ekstraksjonsprotokoller for om mulig & gke suksessratene med geno-
typing av ekskrementpraver samlet inn i lgpet av var og sommer. Vi benyttet ferske ekskrement-
prgver samlet inn i perioden mai til oktober 2019 i Troms, Trgndelag og Hedmark av erfarne
feltarbeidere. Fra hver ekskrement ble det samlet to praver, en prgve som ble lagret pa rgr med
silica og en prgve pa rar uten silica. Vi inkluderte totalt 94 ekskrement-praver, som ble ekstrahert
med tre ulike metoder, som benyttes for DNA-ekstraksjon fra ekskrementprgver fra andre store
rovdyr. Etter DNA-ekstraksjon ble prgvene genotypet med atte mikrosatelitt-markarer, som be-
nyttes i forbindelse med den nasjonale overvakingen av brunbjgrn, for individbestemmelse. For
praver som ble samlet inn i lgpet av var og tidlig sommer (mai til juli) var det relativt lav suksess-
rate med a fremskaffe genotyper for alle tre metodene. Med hensyn til lagring sé var det noe
hayere genotyping-suksessrate for prgver lagret pa silica sammenliknet med praver lagret uten
silica. Fra sen sommer til hgst sa gkte suksessraten med begge lagringsmetodene til over 80%
i oktober. Resultatene viste en sterk sesongavhengig variasjon i genotyping-suksessrate. Den
lave suksessraten med & fremskaffe genotyper fra ekskrementprgver samlet inn i lgpet av var
og sommer, sammenliknet med f.eks. harpraver samlet inn pad samme tid av aret, indikerer at
harpraver er et bedre alternativ i denne tidsperioden. Suksessraten med a fremskaffe genotyper
fra harpraver samlet inn i 2018 var ganske konstant gjennom aret og var over 50% for praver
samlet inn om varen. For prgver samlet inn fra og med august var det derimot hgyere suksess-
rate med & fremskaffe genotyper fra ekskrementer sammenliknet med har, og suksessraten var
betydelig hgyere for praver samlet inn i september og oktober. For en effektiv DNA-basert over-
vaking er det viktig & identifisere faktorer som begrenser og pavirker suksessraten. | dette studiet
fokuserte vi pa lagringmedium og DNA-ekstraksjonsmetode. Basert pa vare resultatervart studie,
sa gav de ulike lagringsmediene og DNA-ekstraksjonsmetodene ganske like resultater, men med
noe hgyere suksessrate for varpraver lagret pa silica.

Alexander Kopatz, Norsk institutt for naturforskning (NINA), alexander.kopatz@nina.no
Oddmund Kleven, Norsk institutt for naturforskning (NINA), oddmund.kleven@nina.no
@ystein Flagstad, Norsk institutt for naturforskning (NINA), gystein.flagstad@nina.no
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Foreword

The brown bear is one of five species in Norway monitored under the national monitoring pro-
gram for large carnivores. The Norwegian brown bear population is annually monitored using
DNA-based methods on mainly non-invasively sampled biological material for identification of
individual and sex. Samples are collected throughout the year; from the time brown bears
emerge from their winter dens until they return into denning again. Feces samples make up the
largest part of biological material collected for monitoring. However, extracting brown bear DNA
of fecal samples has shown large differences in success rates likely due to the fecal contents
and exposure to environmental conditions, which is also heavily dependent on location, weather
and season.

Specifically, feces samples collected during spring and summer have resulted in relatively low
genotyping success rates. Such sample material is often collected at sites of human-bear conflict
such as livestock predation and a successful analysis of those samples is therefore important
for the wildlife management.

Here, we conducted a pilot study to explore alternative fecal storage and DNA-extraction proto-
cols to evaluate potential increase in genotyping success rates of fecal samples collected during
spring and summer. Overall, the different storage methods and extraction protocols resulted in
similar, although relatively low, genotyping success rates for that period of the year. Based on
these findings, we discuss potential implications for the management.

Trondheim, February 2020

Alexander Kopatz
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1 Introduction

The DNA-molecule in a biological sample, such as feces or hair, degrades with the time it is
exposed to the environment. The longer a sample has been laying in the field uncollected, the
lower the success rate for its genetic analysis. Different and changing weather conditions have
substantial impact on the preservation of this large molecule (Murphy et al. 2007; Panasci et al.
2011). Warmer environments characterized not only by high temperatures but also humidity and
a specific fauna of microorganisms, cause rapid degradation of DNA (Jeffrey et al. 2007; Wultsch
et al. 2015). In addition, the content of feces, i.e. diet, also impacts the DNA-analyses, such as
from our target species, the brown bear Ursus arctos (Wasser et al. 1997; Murphy et al. 2003).

Reports on the DNA-based monitoring of brown bears in Norway described large differences in
the success rate after DNA analysis of feces samples from different seasons (see e.g. Aarnes
et al. 2016 & 2017; Flgystad et al. 2018). Potentially, the negative results are due to the content
of the sample. For instance, samples collected in 2017 in Norway that contained large proportion
of grass showed a success rate of only 26% after DNA-analysis. In comparison, the overall suc-
cess rate of feces samples of the same year was 59% and feces containing mainly berries was
69% (Flgystad et al. 2018). During spring and summer time, brown bears tend to feed also on
grass. Open fields and grass meadows are often located near human structures and settlements,
such as farms, where potentially conflicts may occur. Therefore, feces collected at those loca-
tions during that time of the year is of importance for the management. However, the low success
rate does not allow for a feasible utilization of such sample material for individual identification
and thus DNA-based monitoring. A similar challenge arises if a brown bear has fed on protein-
rich food such as e.g. moose or livestock. In both cases, grass and meat, in addition to the impact
of environmental conditions, a combination of enzymes and non-target-DNA may potentially in-
terfere with the genetic analyses.

We conducted a pilot study to evaluate potential alternatives and improvements in laboratory
procedures; specifically sample storage and DNA-extraction. Especially the latter can be crucial
in the genotyping success (Flagstad et al. 1999; Goossens et al. 2000; Wehausen et al. 2004).
Subsequent to the actual sampling, sample storage and DNA-extraction represent the first major
steps of human involvement in DNA-based monitoring of wildlife species. Therefore, our goal
was to test different storage and DNA-extraction methods in order to find out how to potentially
improve the success rate when processing such samples. We used samples from spring, sum-
mer and autumn, to evaluate potential differences in sampling and thus genotyping success. An
improvement would not only be of service for the monitoring of brown bears, but also of large
benefit to the non-invasive genetic monitoring of other wildlife.
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2 Material and Methods

2.1 Sample collection

In collaboration with the Norwegian State Nature Inspectorate (Statens naturoppsyn, SNO) and
the Inland Norway University of Applied Sciences (INN University) brown bear feces samples
were collected by trained and experienced field personnel from May to October 2019 in Troms
in northern Norway, Trgndelag in central Norway and Hedmark in southern Norway (Figure 1).
From each feces found in the field, the personnel took two separate samples: one sample was
stored using silica (noncrystalline silica is commonly used to preserve the sample by adsorbing
moisture), as done for the regular DNA-based national monitoring of brown bears in Norway, and
the other sample was stored in an empty tube without silica, as currently done during the DNA-
based monitoring of brown bears in Sweden. The sample material had the size of about 1 cm?,
which correspondents to the size of a pea to a sugar-cube. All samples included a sheet with
sample ID-barcode, date, location and collector's name. Samples were sent in prepared and
stamped envelopes as quickly as possible to the laboratory at the Norwegian Institute for Nature
Research (NINA) in Trondheim (Figure 2). All meta-data of the sample was stored electronically
in the Norwegian-Swedish monitoring database Rovbase (www.rovbase.no). At arrival, samples
were immediately frozen at -80 °C for at least three days to eliminate potential parasite species
before processing (Eckert et al. 2001), and afterwards stored at -20 °C until DNA-analysis. Here
on we refer to such samples with silica as “silica” and the ones without silica as “no silica”. The
samples arrived from June 2019 to January 2020 at the laboratory of NINA in Trondheim. A total
of 153 feces was sent in.

Figure 1. Feces-sample registration and collection in the field. Photo: Terje Gifstad (SNO).
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2.2 Genetic analyses

The first 94 feces samples to arrive were divided into two batches of 47 samples. We applied
three extraction methods for the first batch; QlAamp Fast DNA Stool Mini Kit (Qiagen), the Fast
DNA SPIN Kit for Soil (MP Biomedicals) and the Maxwell 16 Tissue DNA Purification Kit in com-
bination with the Maxwell 16 Instrument (Promega) for automated purification of genomic DNA.
None of these methods are currently applied in the DNA-based monitoring of brown bears in
Scandinavia. After a first evaluation, we only applied two of the methods for the second batch,
due to the comparably poor performance of the Fast DNA SPIN Kit for Soil. With originally two
samples taken (one on silica and one without silica), a single sample was object to six analyses
during the first batch (May to July) and four analyses during the second batch (August to October)
leading to a sum of 470 runs in total (Figure 3). DNA-extractions followed the manufacturer’s
instructions. A schematic overview over the analysis-pipeline can be seen in Figure 3.

After extraction, samples were genotyped with eight microsatellite or STR-markers (STR=short
tandem repeat) and a sex-typing marker (Andreassen et al. 2012; Kopatz et al. 2012). A STR-
genotype profile consisted of the eight markers which have been used for individual identification
during the non-invasive genetic monitoring in Norway and Sweden previously (Andreassen et al.
2012). Specificity, sensitivity and forensic evaluation of the STR-markers are reported in Andre-
assen et al. (2012). All samples were analysed in two independent PCR replicates including
negative and positive controls. A consensus genotype for each sample was constructed for
markers with identical results in both PCR replicates. Samples with a consensus genotype con-
taining at least six markers were defined as successfully genotyped.

Figure 2. Example on how the samples were stored and sent from the field. Photo: Tore Solstad

(SNO).




NINA Report 1775

3
D
=
() SAMPLING
=
S collection and
recording to
= ROVBASE

=
%]
< SHIPMENT
o
=

@

8

STL= Fast DNA Stool Mini Kit
& MXW = Maxwell DNA Purification Kit
SPIN = Fast DNA SPIN Kit
EXTRACTION

In the laboratory
(4]
-
-
CE
7@
w
-
r
><
i |
7@

PCR. /PCR. /PCR \ 3 v PCR\ /PCR- AMPLIFICATION
CTTTTT TIT1T1IT
CEEETEEE-EEEEL

QUALITY

8 CONTROL
S
©
<
©
I
©
S ) DATA
Analysis ANALYSIS

(o))
S
S REPORTING
qg)_ RESULTS
g

IDs & results

to ROVBASE

Figure 3. Schematic work-flow of the analysis pipeline from sample collection in the field over
laboratory analyses to reporting the results of this project.

10



NINA Report 1775

3 Results

For samples collected during spring and early summer (May to July), feces stored on silica dis-
played slightly higher genotyping success rates compared with samples stored without silica
(Figure 4a and Figure A1-A3). From late summer to autumn (August to October) genotyping
success rates increased rapidly for both storage methods.

100
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%0 | Fast DNA Stool Mini Kit (Silica)
e Fast DNA Stool Mini Kit (No Silica)
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Figure 4. Overall genotyping success rate per extraction method and storage (a); see also Fig-
ures A1-A3; and the number of identified unique genotypes per method and storage over the
months (b).
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The results of genotyping showed a clear seasonal variation in success after extraction and am-
plification of fecal samples collected throughout the period for each storage and extraction
method (Figure 4b). While the success was between 0 and 30% in May, June and July, rates
increased significantly for all applied methods from August to October to over 80%. Storage of
the fecal sample seem to have a minor influence , as silica-stored and samples without silica
had similar success rates except for the samples collected from May to July, where the samples
stored on silica had a slightly higher success rate. DNA-extraction using the Fast DNA Stool Mini
Kit and automated Maxwell DNA Purification Kit also displayed similar success rates, for samples
with and without silica. The Fast DNA Spin Kit for Soil, however, showed the lowest success
rates (Figure 4; see also 2.2 Genetic analyses). These results corresponded closely with the
average number of genetic markers amplified and successful determination of the sex (Figure
A4 and A5).
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Figure 5. Number of samples collected and number of individual genotypes identified based on
six STR-markers overall per month (a) and overall success rate across methods and storage (b).
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The number of identified individuals (genotypes) was low from May to July compared to the
number of samples collected and then increased from August on (Figure 5). From August to
October a larger proportion of feces samples were successfully genotyped using both the Fast
DNA Stool Mini Kit and the automated Maxwell DNA Purification Kit. Again, the number of posi-
tively genotyped markers, including sex-marker, and thus identified individuals increased from
spring to autumn (Figure A4 and A5). The identified individuals or genotypes were slightly in-
consistent across both methods; e.g. while an individual was not identified using one method,
the other method identified the individual.
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June  50% A . -

July
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Figure 6. Genotyping success rates for each DNA-extraction method from May to July (a) and
August to October (b) with the green colour indicating successfully genotyped samples while
yellow represents the proportion of negative samples.
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When comparing the genotyping success rates after different DNA-extraction methods were ap-
plied and also different sample storage, all approaches showed very low success rate (5 to 19%)
between May and July (Figure 6a). Success rate increased to 55 to 63% for samples collected
between August and October (Figure 6b). The Fast DNA Spin Kit for Soil displayed overall a
low success rate compared to the other two methods. However, the kit was only applied on a
few samples from August, which will likely biased the result on success rate for this period. Over-
all, DNA-extraction success and genotyping success across all methods and storage increased
significantly from spring to autumn (Figure 5b). While the genotyping success rate was low in
May (13%) and June (11%), the rate increased to 35% in July, 63% in August and 70% in Sep-
tember, displaying a clear seasonal effect on the results.

When plotted on a map, the successfully genotyped versus the negative samples did not show
any dependency on geographical location and were not indicative of a potential latitudinal gradi-
ent (Figure 7) in success rate. Even though there has been a great variation in time passed
before a sample arrived at the laboratory, 2 to 21 days, the success rate was not dependent on
the time period between sampling and arrival at the laboratory (P=0.8).

Figure 7. Location of the samples used in the analyses: successfully genotyped samples with
accepted results (minimum 6 STR-markers) on the left (a); negative samples on the right (b).
Cake symbols are representative of the number of markers successfully amplified in green or
not in yellow.

14
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4 Discussion

For feces collected during spring, the once stored on silica had slightly higher genotyping suc-
cess rates compared with samples stored without silica. From late summer to autumn, the suc-
cess rate of both storage methods increased and feces collected with and without silica reached
success rates of over 80% in October. Hence, our results on samples without silica are compa-
rable to the success achieved in the DNA-based monitoring using feces in Sweden (Naturhistor-
iska riksmuseet 2018).

DNA-extraction and successful genotyping of brown bear feces showed a strong seasonal vari-
ation, whereas differences between storage with or without silica appeared to be small. Also the
differences between the two extraction methods, the QlAamp Fast DNA Stool Mini Kit and the
Maxwell 16 Tissue DNA Purification Kit in combination with the Maxwell 16 Instrument, were
small and results almost similar. The Fast DNA Spin Kit for Soil displayed overall a low success
rate compared to the other two methods, thus we had chosen not to apply it further after testing
its performance on silica-stored feces in the first batch of 47 samples.

Interestingly, the time a sample was in transit to the laboratory seem to have no, or at least no
detectable, negative effect on the extraction and genotyping success. However, we advocate
caution regarding the interpretation of the results, given the limited sample size. Instead, and
based on the results of numerous studies on the preservation of feces and stool samples from
the field, storage and transportation time until genetic analysis should be kept to a minimum to
avoid any negative impact on the material (see e.g. Bourgeois et al. 2019). Although based on
a limited data set, we did not find any geographical pattern in the difference of success rates.
Clearly, the DNA-based monitoring appears to work during late summer and in particular during
autumn .

Overall, the success rate for positive DNA and individual identification from brown bear feces is
lower than in other large carnivores such as wolverine and wolf (Table 1). Although the time
period of sampling among these species differs within the year, e.g. feces from wolverines and
wolves are mainly collected during winter, the relatively low success rates, especially in spring
and early summer, suggest a combination of several factors affecting the sample quality during
this time. First, some of the samples collected in spring may be from the previous year and were
preserved under snow cover until spring. Second, the diet of the brown bears during this period
is likely affecting sample quality. Third, environmental conditions affect preservation of the sam-
ple and thus of the DNA. However, the influence of such factors in the Scandinavian environment
on the feces and thus genotyping remains unknown. Fourth, there is a growing number of studies
indicating that the sampling itself can have significant effect on the genotyping success as epi-
thelial cells, the cells containing the DNA of the target species, are not distributed evenly in the
feces (Stenglein et al. 2010; Gulshy et al. 2016; Wultsch et al. 2015; Bourgeois et al. 2019).

To conclude, we still do not know much about the relative importance of the factors described
above, and, how they combine to affect the degradation of the DNA-molecule in the sample. The
time a sample is exposed to the environment before collected will affect success rate, but this
we cannot control for. Similarly, variation in local weather conditions will have impacts which are
hard, or impossible, to estimate. Although we have knowledge that the DNA degrades in the field
we are still lacking information on the magnitude of the effects all these factors are causing under
certain conditions.

15
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Table 1. Genotyping success rate of analysed feces samples of wolf, wolverine and brown bear
in Norway for the latest, completed sampling season (data from Rovbase).

Sampling Samples Positive Success
season analyzed samples rate
Brown bear 2018 723 292 40%
Wolf 2019 725 522 72%
Wolverine 2019 1617 1127 70%

Implication for the management

For an effective DNA-based monitoring, it is crucial to identify limiting and influencing factors. In
this study we focused on the steps after the sample is collected; storage and DNA-extraction.
The tested alternatives on both storage and extraction, delivered comparable results, where
samples stored on silica having slightly higher success rates during spring. Our results suggest
that other factors, of which dietary contents may be particularly important (see e.g. Flgystad et
al. 2018), influence the success of samples collected in spring and summer.

DNA-based monitoring of wildlife is dependent on a sufficient amount of biological samples col-
lected for genetic analysis. Feces are collected mostly in autumn. The low success rates when
analysing feces may suggest that e.g. hair samples may offer an alternative, in spring and early
summer, as the success rate of these samples appears to be rather constant across the year
(Rovdata, unpublished data). When comparing the overall success rate on feces in this study
versus the genotyping success rate of hair samples collected in 2018, the analysis of feces sur-
passes the genotyping success rates of hair samples in August, and is considerably higher in
September and October (Figure 8). However, the results may not be directly comparable due to
differences in the laboratory protocols of the genetic analyses.
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Figure 8. Genotyping success rates of brown bear hairs (collected in 2018, data from
ROVBASE) and feces samples (this study).
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7 Appendices
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Figure Al. Genotyping success rate using the Fast DNA SPIN Kit for Soil (MP Biomedicals) to
extract DNA from brown bear feces samples collected from May to August and stored on silica.
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Figure A2. Genotyping success rate using the QlAamp Fast DNA Stool Mini Kit (Qiagen) to
extract DNA from brown bear feces samples collected from May to October and stored on silica
(a) and without silica (b).
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Figure A3. Genotyping success rate using the Maxwell 16 Tissue DNA Purification Kit in com-
bination with the Maxwell 16 Instrument (Promega) to extract DNA from brown bear feces sam-
ples collected from May to October and stored on silica (a) and without silica (b).
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Figure A4. Average number of STR-markers amplified across methods and storage and time
period (a) and positive identification-rate of the sex-marker across the study period and methods
and storage (b).
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Figure A5. Average number of individual genotypes (incl. standard deviation) identified over all
methods and time period.
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