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Abstract

Occurrence of copy number variation (CNV) of gene loci is important in the adap-
tation of species and populations to their environments. High copy numbers of
mammalian genes encoding the digestive enzyme amylase, which plays a role in
starch digestion, have been associated with adaptation to high-starch foods. Here,
we investigated CNV in the pancreatic amylase gene (AMY2) in Eurasian badgers
(Meles species) and related taxa using real-time quantitative PCR. We found that
Meles anakuma and M. meles, as well as the other mustelids Mustela sibirica,
Martes melampus and Martes zibellina, had only one copy of the AMY2 locus,
whereas in Meles leucurus the copy number varied between one and four. The
AMY2 copy number also varied significantly among M. leucurus populations. This
suggests that M. leucurus is better adapted to a diet rich in starch and/or glycogen
than its congeners. As Meles spp. are basically omnivorous but favor a carnivoran
diet, for example, earthworms and amphibians, we speculate that the CNV is
related to the dearth of animal food in the range of M. leucurus, which enforces a
more vegetal diet. This in turn would favor more efficient digestion of dietary
starch, which could be achieved by increasing the copy number of AMY2 .

Introduction

Aside from basic genetic variation in individual genes, such as
single nucleotide polymorphisms (SNPs) and other allelic vari-
ation, differences in the number of repeated copies of individ-
ual genes, termed copy number variation (CNV) or copy
number polymorphism (CNP), have emerged as an important
component in the structural and functional variation of gen-
omes. CNV was defined as losses or gains of a DNA segment
of at least 50 base pairs (bp) or larger, compared with a refer-
ence genome (Alkan, Coe & Eichler, 2011; Mills et al., 2011).
CNV, which is a genomic region that differ in copy number
between individuals within species due to duplication or

deletion, has been recorded in a wide diversity of taxa
(Schrider & Hahn, 2010). In a human study, CNV accounted
for more than 17% of the total genetic variation in gene
expression (Stranger et al., 2007). Both recombination- and
replication-based mechanisms can account for CNV formation.
CNV can cause Mendelian or sporadic traits, or be associated
with complex diseases, by various molecular mechanisms
(Zhang et al., 2009). CNV is also important in understanding
the relationship between genotype and phenotype, and has
been examined at the population-genetic level across diverse
populations (Xu et al., 2016).
Amylase catalyzes the hydrolysis of starch, breaking it into

the oligosaccharides maltose and maltotriose in the oral cavity
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and stomach. Starch digestion continues in the intestine to
produce glucose for absorption into the bloodstream. Gener-
ally, two types of amylase occur in mammals: salivary amy-
lase (AMY1) is produced abundantly orally in saliva (Noble,
2000), whereas pancreatic amylase (AMY2) is produced
extensively in the pancreas and secreted into the small intes-
tine (McGeachin & Akin, 1979, 1982). These enzymes are
encoded by amylase genes located on chromosome 3 in cows
(Laurent et al., 1999), chromosome 13 in goats and chromo-
some 1 in humans (Dracopoli & Meisler, 1990; Schibler
et al., 1998). High CNV in AMY1 genes has been reported in
humans (Bank et al., 1992; Samuelson, Phillips & Swanberg,
1996). Intriguingly, domestic dogs, which do not express
amylase in the saliva (Simpson, Doxey & Brown, 1984),
although Contreras-Aguilar et al. (2017) reported very low
activities of alpha-amylase in a limited number of dogs, have
multiple copies of AMY2 (Axelsson et al., 2013; Tonoike
et al., 2015). High copy numbers of amylase genes are asso-
ciated with high levels of amylase expression and activity
(Perry et al., 2007; Axelsson et al., 2013; Arendt et al.,
2014), and in dogs and humans CNV is presumed to be an
adaptation to the starch-rich diet (Perry et al., 2007; Arendt
et al., 2014; Tonoike et al., 2015) resulting from the develop-
ment of agriculture.
Eurasian badgers are mustelid carnivores in the genus

Meles, which is distributed across most of the Palearctic,
ranging from the British Isles to Japan. Both morphological
and molecular studies recognize four distinct species, M. me-
les, M. leucurus, M. canescens and M. anakuma (Abramov &
Puzachenko, 2013; Sato, 2016). The molecular evolution of
functional genes among these species has so far been studied
by means of the MHC complex involved in the immune sys-
tem (Abduriyim et al., 2017, 2018). While Meles is classified
in the Carnivora, ecologically they are omnivores, feeding on
both plants and animals (Table 1). Comparative studies have
shown that omnivorous species tend to have higher copy
numbers of amylase genes than do purely carnivorous taxa
(Boehlke, Zierau & Hanning, 2015; German et al., 2016;
Kim et al., 2016;). The vegetal component of the Meles diet
includes bulbs, roots, tubers, nuts and fruits as well as seeds,
cereals and maize (Roper & Michevicius, 1995; Remonti,
Balestrieri & Prigioni, 2011; Li et al., 2013), which tend to
be rich in starches. The adaptation modulation hypothesis
(Karasov, 1992), which derived from and is grounded in
chemical reactor theory, postulates that the digestive enzyme
activities should be modulated in response to intake of
respective substrates included in their foods (Karasov & Dou-
glas, 2013). Therefore, the aim of this study was to examine
CNV in the AMY2 amylase gene across several Meles species
by analyzing a number of samples from each locality. To the
best of our knowledge, no amylase gene studies were
reported in mustelid species so far. Amylase gene studies
were mainly focused on model species, including humans and
domestic dogs, that have shown high copy number variation
in amylase genes. The present study is the first attempt in
wild mammal species to date. Domestic dogs were more
likely not to express amylase in saliva. The same likely goes
for other carnivoran species. Hence, we investigated T
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pancreatic amylase genes in several mustelid species, mainly
focusing in Eurasian badgers, Meles. Knowledge of CNV in
the amylase gene to some extent helps elucidate the food ecol-
ogy and provides fundamental knowledge about adaptation of
Meles species.

Materials and methods

Samples

In all, 86 skin or other tissue samples from the four species of
Eurasian badgers were used for the analysis: M. meles
(N = 21) from Bulgaria and Finland, M. anakuma (N = 20)
from the Japanese Islands, M. canescens (N = 2) from Arme-
nia and M. leucurus (N = 43) from Russia (Table 1). For com-
parison, we included three other mustelid species, Mustela
sibirica (N = 6), Martes melampus (N = 6) and Martes zibel-
lina (N = 5). Small pieces of tissue samples were obtained
from incidental roadkills, while a few dried skin samples were
obtained from museum specimens. All tissues were preserved
in 99.5% ethanol at 4°C until DNA extraction.

Primer design

Primers for the amplification of the target AMY2 sequences
in Meles were initially designed from an alignment of car-
nivoran sequences available from GenBank, including Pan-
thera pardus (accession number XM_019457671), Panthera
tigris (XR_446458 and XM_015542658), Mustela putorius
(XM_004780129), Enhydra lutris (XM_004780129), Neomo-
nachus schauinslandi (XM_021690215), Leptonychotes wed-
dellii (XM_021690215 and XM_006728164) and Odobenus
rosmarus (XM_006728164). The primer sites corresponding
to the most highly conserved segments in exon 4 allowed
amplification of a 223-bp fragment (including the primers)
spanning most of the exon. Forward primer MusAMYex4F-
Long (TGT CGT CTG GTT GGT CTT CTT GAT CTT)
and reverse primer MusAMYex4R (CCT CCT GGT AAA
TGA AAG GTT TAC) were used for PCR amplification of
genomic DNA from several mustelid species, and the ampli-
cons were sequenced. From an alignment of sequences
obtained from Mustela, Martes and Meles species, we then
designed another forward primer, MusAMYex4F (GCA GGG
TTC AGA ATT GAT GCT TCT AAG), for real time quan-
titative PCR (qPCR) reactions. The primer pair MusA-
MYex4F and MusAMYex4R amplifies 127 bp of qPCR
product, fulfilling the requirement of primer specificity in
qPCR (D’haene, Vandesompele & Hellemans, 2010).
As a reference gene, we used the albumin gene, which is a

single-copy gene (Hawkins & Dugaiczyk, 1982; Fanali et al.,
2012). Based on the serum albumin gene sequences from two
mustelid species, Mustela putorius (GenBank NW_004569262)
and Enhydra lutris (NW_019154105), and canid and felid
sequences, we designed the primer pair M.furoALB-F (for-
ward; GCT GGC TGA CTG CTG TGA GAA ACA GG) and
M-ALB-R (reverse; GCA GTG CAC ATG ACC TCA G),
which amplifies a 120-bp region of the serum albumin gene.

The specificity of the primer sets, both for the reference gene
and the target gene, was assessed within mustelids, first by
NCBI primer-blast (https://www.ncbi.nlm.nih.gov/tools/primer-
blast) and then further by experiments.

DNA extraction and qPCR profiling

Total DNA was isolated from samples using the DNeasy
Blood and Tissue Kit (Qiagen, Germany) following the manu-
facturer’s protocol. After measuring the concentration, total
DNA was stored at 4°C in TE buffer until further use.
For qPCR, reactions were performed in 96-well plates sealed

with a microplate seal in a Thermal Cycler Dice� Real Time
System II (Takara, Japan). Reactions were conducted in 20 lL
volumes, each containing 10 lL of KAPA SYBR� Fast qPCR
MasterMix (29) Universal, 1.5 pmol of each primer, and
<30 ng of DNA (the same amount of DNA was used for refer-
ence and target genes of every single individual), with the rest
of the volume made up with sterile distilled water. Thermal
cycling conditions were 5 min at 95°C; 40 cycles of 5 s at
95°C and 30 s at 60°C (fluorescence data collected); and a
final melting curve analysis comprising 15 s at 95°C, 30 s at
60°C and 15 s at 95°C (fluorescence data collected) for check-
ing the primer specificity. Three replicate reactions for both the
target and reference genes were performed for each sample.

Data processing and analyses

Raw data were processed with the software provided with
qPCR Real Time System II (Takara) using the baseline sub-
traction and linear regression settings. To calculate the relative
amylase gene copy number using the albumin gene as a refer-
ence, we applied the Pfaffl (2001) method, which considers the
qPCR amplification efficiency (E). To calculate E, we estab-
lished a 1:2 dilution calibration curve, which provides a rapid,
simple, reproducible indication of E, the robustness of the
assay, and the analytical sensitivity (Bustin et al., 2009). E
values between 90% and 110% were accepted for calculations
(D’haene et al., 2010). The threshold between copy numbers
was determined to be their geometric mean (D’haene et al.,
2010). One-way analysis of variance (ANOVA) was used to
test whether the mean AMY2 copy number differed between
the species studied and between geographic populations within
a species. Statistical analyses were performed in R version
3.3.3 (R Core Team, 2017).

Results

The melting-curve analysis of qPCR products showed a single
first-derivative melting peak, indicating high specificity for the
primers. E values in qPCR reactions ranged from 91% to
106%. We presented the results of the analysis as haploid copy
number (n) per individual. The copy number of the amylase
gene in Mustela sibirica, Martes melampus, Ma. zibellina,
Meles meles and Meles anakuma was uniformly one (n = 1),
except for a few outliers in M. meles and M. anakuma
(Table 2). By contrast, Meles leucurus showed from one to
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Table 2 Profiles of samples investigated in this study

Species Individual ID Locality HCN Value SD

Mustela sibirica MSI-KT12 Japan 1 0.74 0.09

N = 6 MSI-364684 Russia 1 0.62 0.02

MSI-rus25 Russia 1 0.71 0.05

MSI-rus14 Russia 1 0.69 0.09

MSI-rus23 Russia 1 0.66 0.02

MSI-rus24 Russia 1 0.71 0.09

Martes melampus MME-TSU61 Japan 1 0.68 0.07

N = 6 MME-G1 Japan 1 1.03 0.05

MME-TSU7 Japan 1 0.84 0.05

MME-K1 Japan 1 1.05 0.15

MME-K2 Japan 1 0.93 0.08

MME-K17 Japan 1 1.00 0.06

Martes zibellina MZ14 Japan 1 0.92 0.12

N = 5 MZ16 Japan 1 0.89 0.05

MZ20 Japan 1 0.95 0.16

MZ55 Japan 1 0.66 0.03

MZ74 Japan 1 0.34 0.03

Meles meles MEL-2011-68 Bulgaria 2 1.45 0.28

N = 21 MEL-2011-101 Bulgaria 1 1.13 0.08

MEL-2011-110 Bulgaria 1 0.83 0.04

MEL-2011-112 Bulgaria 1 0.60 0.04

MEL-2011-124 Bulgaria 2 1.86 0.08

MEL-2011-138 Bulgaria 1 1.05 0.07

MEL-2012-2 Bulgaria 2 1.62 0.15

MEL-2012-7 Bulgaria 1 1.20 0.06

MEL-2012-28 Bulgaria 1 1.33 0.14

MEL-2012-35 Bulgaria 1 0.92 0.09

MEL-2012-37 Bulgaria 1 0.91 0.06

MEL-2012-39 Bulgaria 1 1.16 0.06

MEL-2012-40 Bulgaria 1 1.20 0.03

MEL-2012-53 Bulgaria 1 1.19 0.04

MEL-2013-6 Bulgaria 1 0.95 0.05

MEL-14-01 Bulgaria 1 1.00 0.05

KS.KN46943 Finland 1 0.66 0.06

KS.KN49014 Finland 1 1.37 0.16

KS.KN49015 Finland 1 0.90 0.28

KS.KN49016 Finland 1 0.84 0.02

KS.KN49050 Finland 1 1.07 0.10

Meles anakuma MEL-2 Japan 1 0.67 0.06

N = 20 HB990011 Japan 1 0.88 0.07

MEL-MR-Liver Japan 1 0.61 0.14

TB06720 Japan 1 0.92 0.18

HB99299 Japan 2 2.13 0.60

HB99002 Japan 1 0.79 0.10

HB05725 Japan 1 0.69 0.08

HB05630 Japan 1 0.62 0.06

H13-009 Japan 1 0.78 0.04

H13-075 Japan 1 0.75 0.04

H16-017 Japan 1 0.60 0.09

H17-004 Japan 1 0.67 0.01

H17-113 Japan 1 0.73 0.03

H18-178 Japan 1 0.70 0.09

MEL-K11 Japan 1 0.76 0.18

MEL-K12 Japan 2 1.60 0.12

MEL-K15 Japan 1 0.88 0.07

MEL-K7 Japan 1 0.76 0.04

MEL-K8 Japan 1 0.69 0.03

MEL-K9 Japan 1 0.90 0.07
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four copies among the individuals analyzed, and the two Meles
canescens individuals had two and three copies, respectively
(Table 2).
The ANOVA analysis (using HCN column values in

Table 2) indicated that the amylase gene copy number in
Meles leucurus was significantly different from the other spe-
cies studied, with an average copy number of 2.28 (Fig. 1).
The copy number also varied between geographic populations
of M. leucurus: an average of 3.00 copies in the Primorsky

Krai population, 2.40 in the Novosibirsk population, 1.82 in
the Kurgan population, and 1.67 in the Middle Urals popula-
tion (Fig. 2).

Discussion

The demonstration by Axelsson et al. (2013) and Arendt et al.
(2014) that selection had targeted a duplication in the gene
coding for pancreatic amylase (AMY2) in the ancestor of the

Table 2 Continued.

Species Individual ID Locality HCN Value SD

Meles leucurus Kir-70 Novosibirsk, Russia 2 1.48 0.33

N = 43 Kir-71 Novosibirsk, Russia 4 3.87 0.20

Kir-72 Novosibirsk, Russia 2 1.80 0.46

Kir-73 Novosibirsk, Russia 3 2.55 0.66

Kir-74 Novosibirsk, Russia 2 2.21 0.32

Kir-75 Novosibirsk, Russia 3 2.84 0.24

Kir-76 Novosibirsk, Russia 2 1.97 0.24

Kir-77 Novosibirsk, Russia 2 2.21 0.70

Kir-78 Novosibirsk, Russia 2 2.07 0.49

Kir-79 Novosibirsk, Russia 2 1.50 0.08

452-478 Middle Urals, Russia 3 2.77 0.07

452-634 Middle Urals, Russia 2 1.96 0.19

416-829 Middle Urals, Russia 2 2.40 0.78

364-617 Middle Urals, Russia 1 1.19 0.17

364-618 Middle Urals, Russia 1 0.66 0.17

364-619 Middle Urals, Russia 2 1.82 0.13

364-620 Middle Urals, Russia 1 1.41 0.19

364-621 Middle Urals, Russia 2 1.53 0.16

452-479 Middle Urals, Russia 1 0.73 0.05

IEPAE489-744 Kurgan, Russia 1 1.38 0.06

IEPAE489-745 Kurgan, Russia 2 2.33 0.13

IEPAE489-746 Kurgan, Russia 2 2.00 0.27

IEPAE489-747 Kurgan, Russia 3 2.89 0.24

IEPAE489-748 Kurgan, Russia 2 1.98 0.25

IEPAE489-750 Kurgan, Russia 1 0.68 0.08

IEPAE489-751 Kurgan, Russia 1 1.16 0.09

IEPAE489-752 Kurgan, Russia 2 1.79 0.10

IEPAE489-753 Kurgan, Russia 2 1.64 0.04

IEPAE489-754 Kurgan, Russia 2 1.87 0.15

IEPAE489-755 Kurgan, Russia 2 1.47 0.15

1265 Primorsky Krai, Russia 4 4.26 0.11

1652 Primorsky Krai, Russia 3 3.23 0.24

1696 Primorsky Krai, Russia 3 2.67 0.12

2029 Primorsky Krai, Russia 3 2.45 0.53

2030 Primorsky Krai, Russia 3 2.99 0.17

2031 Primorsky Krai, Russia 3 2.59 0.17

2188 Primorsky Krai, Russia 3 2.87 0.09

1833 Primorsky Krai, Russia 3 2.71 0.24

1749 Primorsky Krai, Russia 4 3.62 0.32

1833 Primorsky Krai, Russia 2 1.85 0.23

1747 Primorsky Krai, Russia 3 3.19 0.13

1748 Primorsky Krai, Russia 1 0.81 0.78

2222 Primorsky Krai, Russia 4 4.41 0.15

Meles canescens MEL-AR2 Armenia 2 1.94 0.23

MEL-AR1 Armenia 3 3.12 0.12

HCN, haploid copy number (n) which was calculated by rounding off from value column; SD, standard deviation.
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modern dog, and that high copy number in the AMY2 gene
was an adaptation to a starch-rich diet during the common his-
tory of human and dogs, has provided an outstanding example
of fast genomic adaptation to evolving dietary conditions. Our
observations on amylase CNV among and within species of
mustelids further support a relationship between gene copy
number and diet.
From our qPCR data, the carnivorous mustelids Mustela

sibirica, Martes melampus and M. zibellina have only one
copy of AMY2. Likewise, genome-wide sequencing has shown
that AMY2 is a single-copy (n = 1) gene in hyper-carnivorous
taxa such as the tiger (Panthera tigris), lion (Panthera leo),
cheetah (Acinonyx jubatus), leopard (Panthera pardus) and cat
(Felis catus) (Kim et al., 2016), whose diets do not necessarily
contain starch. Our results agree with the purported diet com-
position of Mustela and Martes species, where starch is not a
major component (Heptner et al., 1967; McDonald, Webbon &
Harris, 2000; Sato, 2016).

For Meles, our results indicate a single copy of AMY2 in the
European M. meles and Japanese M. anakuma, but one to four
copies in M. leucurus (Table 2, Fig. 1). This may be related to
the feeding habits of these taxa. Diverse dietary compositions,
geographically different between species and between popula-
tions, have previously been reported for Meles spp. The diet of
M. anakuma includes plant matter such as roots, grasses, fruits,
etc. that contain <10% starch (Remonti et al., 2011), and the
occurrence of these food items is seasonally variable, varying
from 0% to 90% (Table 1; Kaneko, Maruyama & MacDonald,
2006). Similarly, the M. meles diet varies greatly among loca-
tions and habitat types (Heptner et al., 1967; Roper &
Michevicius, 1995; Remonti et al., 2011; Li et al., 2013).
Diets including seeds, cereals, etc. with high starch content
have been documented only in arable or agricultural areas
(Table 1). One of the M. meles samples with a single copy of
the AMY2 locus in our study (Table 2, Fig. 1) was from Fin-
land, where the proportion of plant material in the summer diet
is low (Kauhala, Laukkanen & von R�ege, 1998). While there
are no data on diet of M. meles in the Bulgarian population,
the single copy in most individuals suggests that vegetal foods
rich in starch are uncommon or not much utilized. Meles
canescens shows higher AMY2 copy numbers (Table 2), but
the sample size (two individuals) was low and additional sam-
pling is needed to clarify the CNV in this species.
The Asian badger, M. leucurus, showed higher AMY2 copy

numbers than M. anakuma or M. meles (Table 2, Fig. 1). Ele-
vated gene copy number seems to correlate with increased
mRNA level and consequent elevation of amylase activities in
many mammal taxa: humans (Perry et al., 2007), mice (Sug-
ino, 2007) and dogs (Axelsson et al., 2013). In dogs, it has
particularly been estimated that each additional copy of the
amylase gene gives a 5.4% increase in serum amylase activity
(Arendt et al., 2014). Taking adaptive modulation hypothesis,
a match (linear relationship) between digestive enzyme activi-
ties and dietary substrate intake (Karasov & Douglas, 2013),
into consideration, these indicate that M. leucurus is to some
extent adapted to a starchier diet than the other two species. In
support of this conclusion, Roper & Michevicius (1995) found
M. luecurus to consume cereals crops, fruits and roots contain-
ing starch. In Western Siberia, pine seeds and berries contain-
ing ≤5% starch comprised 100% of the diet of M. leucurus in
spring and 13–83% in autumn, during the 4 years in which
both seasons were studied (Zagainova & Markov, 2011), indi-
cating these foods low in starch were regular dietary items in
this species. Intriguingly, among M. leucurus populations, the
Primorsky Krai population was found to have one AMY2 copy
more than the Kurgan and Middle Urals populations (Fig. 2),
suggesting adaptation to starchy foods in this region. Though
there are no direct data on the proportion of high-starch foods
consumed by this population, two studies conducted in the
Russian Far East, in which the Primorsky Krai population is
located, report the utilization of cereal crops rich in starch (re-
viewed by Roper & Michevicius, 1995).
Global dietary analyses have shown that Meles species are

generalist predators with opportunistic foraging behavior
(Roper & Michevicius, 1995; Li et al., 2013), consuming plant
foods when animal prey is unavailable. Qualitative reports
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have shown animal prey such as small mammals, birds, rep-
tiles, amphibians and earthworms to be absent in the M. leu-
crus diet, especially in the Primorsky Krai population
(Baranchecv, 1959; Kolosov, 1980; Roper & Michevicius,
1995). We hypothesize that the decline, unavailability or fluc-
tuation of animal prey across the range of M. leucurus over a
long period, perhaps even over evolutionary time, has necessi-
tated an increase in the use of vegetal foods, including seeds
and cereals rich in starch, and that an increase in AMY2 copy
number is an adaptation to this increased vegetal consumption.
The available diet may differ from population to population, or
vary through time, and this in turn could have resulted in dif-
ferential AMY2 copy number expansion among Meles leucurus
populations.
Finally, compared to other Meles species, M. leucurus, with

its distribution in Russia, lives under extreme conditions,
including a long period of snow cover. Hence this species has
the longest hibernation period. When animals leave their setts
in the spring, they encounter a paucity of animal feed, with
no availability of insects and earthworms, which are easily
preyed upon. For one or two weeks, they must rely exclu-
sively on vegetal foods. For example, in Tatarstan at the west-
ern edge of the distributional range, when the badgers leave
their burrows, they actively search for and consume the tubers
of the fumewort plant (Cordyalis solida), Papaveraceae, and
other spring ephemerals (Gorshkov, 1997; Solovyev, Yuferev
& Maltsev, 2007). Individuals or populations that have a
diversified physiology, that is, the ability to digest vegetal
foods, during this period of “ecological minimum” are likely
better adapted to survive in this extreme (and most impor-
tantly, pre-breeding) period. This idea can be tested by exam-
ining the correlation between various ecological factors and
amylase copy-number variation in Eurasian badgers across
their entire ranges.
Amylase and amylase gene copy number certainly related to

starchy diet in model species, nonetheless humans, mice and
dogs, often share a range of livelihood and foods, are far
related to Meles species. High amylase gene copy number can-
not always well explain increased enzyme activity due to the
action of a transcriptional control mechanism etc. that can
autonomously suppress excess mRNA transcription, for exam-
ple, salivary amylase in human (Carpenter, Mitchell &
Armour, 2017) and amylase in fishes (German et al., 2016). In
addition, scarce knowledge of physiology is known in Meles
species, and there is not a solid evidence how much volume of
starchy food is consumed by Meles species, especially M. leu-
curus species. Thus, more detailed studies are necessary to
understand evolutionary importance of the observed higher
copy number and CNV in Meles species, M. leucurus in par-
ticular, and to test our speculation.
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