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Abstract. This paper attempts to assess the genetic diversity and demographic history of the Manchurian wapiti
(MW) population in the Gaogesitai region of Inner Mongolia, Northeast China. To this end, a survey was
conducted on 108 stool samples collected in the Gaogesitai region. Then, the mitochondrial cytochrome b and
10 microsatellite loci were used to perform the species identification and individual identification, and 49 MW
individuals were found. Besides, the cytochrome b, control region and microsatellites were also analyzed to
obtain the genetic data of the MWSs. The analysis found that the MW population in the Gaogesitai region
experienced a recent bottleneck effect, but it did not have a significant impact on the subsequent rapid population
growth; the population genetic diversity is at a medium level; gene exchange between individuals within the
population is frequent, and there is no inbreeding; a high proportion (50%) of rare haplotypes in the population
was detected. Thus, it is recommended to strengthen the protection and management of the MW population in
this region to avoid a sharp decline in population genetic diversity.

Keywords: genetic diversity, bottleneck, inbreeding, reintroduction, microsatellites, mitochondrial DNA,
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Introduction

The Manchurian wapiti distributed in Northeast China is a Class Il wild animal under
special state protection in China (Wang, 1998) and also the main prey of the world's most
endangered species, the Siberian Tiger (Panthera tigris altaica) and Northeast Leopard
(Panthera pardus orientalis) (Li et al., 2001; Qi et al., 2015). Due to habitat fragmentation
and illegal poaching, the abundance and distribution area of the MWSs have been on a decline,
and some small subpopulations in the isolated area have been formed (Xu et al., 2000; Zhang
and Zhang, 2011; Zhou et al., 2015). The Wandashan area was once the highest density
distribution area of the MWs in Heilongjiang Province (Chen et al., 1997), but the population
in this area is now on the verge of extinction (Tian et al., 2019). Since the establishment of a
nature reserve at the end of the twentieth century in the south of the Greater Khingan Range
in the Gaogesitai region of Inner Mongolia, the MW population has been effectively
protected. A 2007-2008 survey found that the average density of the MW in this area was
1.1/km?, with a population of nearly a thousand (Zhang et al., 2009). In the past ten years, the
number has been increasing, and it is currently the region with the highest population density
of wild MWs (Zhang, 2016). Therefore, this area can provide important germplasm resources
for the rejuvenation of the wild MW population and the reconstruction of historical
distribution areas.
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Population genetic diversity and demographic history are important indicators of species
survival and utilization (Haig et al., 1990; Pinilla et al., 2018; Sinnett et al., 2018; Randone et
al., 2019). Research on the conservation genetics of the MW mainly focused on the Wandashan
region of Heilongjiang Province (Tian and Zhang, 2010; Tian et al., 2010, 2019; Zhang et al.,
2010). The MWs in the Gaogesitai region have been studied only in quantitative surveys,
intestinal parasite detection, nutrition adaptation strategies, and habitat evaluation (Zhang et al.,
2009; Tao and Yan, 2014; Huang, 2015; Zhang, 2016). Therefore, using the mtDNA
cytochrome b, control region and nuclear DNA microsatellite as molecular markers, this paper
explores the genetic diversity and demographic history of the MW population in the Gaogesitai
region of Inner Mongolia. This study shall provide basis for the scientific protection and
management of the MWs.

Materials and methods
Survey area and sample collection

Inner Mongolia Gaogesitai-Hanwula National Nature Reserve is located at the southern foot
of the Greater Khingan Range, north of Alukeergin Banner, Chifeng City, Inner Mongolia. It
has geographical coordinates 44°41'03"-45°08'44" N, 119°03'30"-119°39'08" E, with a total
area of 1,062.8 km? (Fig. 1). The area belongs to the middle and low mountains and hilly valley
terrain, with an altitude of 900-1500 m. It is in a middle temperate and semi-arid continental
monsoon climate zone, with the annual average temperature of 3.8°C, the frost-free period of
115 d, the annual precipitation 437.3 mm, the annual evaporation 1958.1 mm, and a long and
cold winter. Winter is from December to February of the following year, with the average
temperature of -7.5-15.0°C. January is the coldest, with the average temperature of -16°C, the
extreme low temperature of -42°C. In winter, the average snow cover of 30 d, and the longest
snow cover of 100 d. The reserve is located in the northeast, north China, and Inner Mongolia-
Xinjiang intersection area, as a typical forest-grassland interlaced zone. The diverse plant
resources provide suitable habitat conditions for the MWs.
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Figure 1. Sampling location of the Manchurian wapiti in the Gaogesitai, Inner Mongolia,
China
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During the winter of 2017 and 2018, stools of wild MWs were collected from the entire
area of the reserve as samples. The stools were found along the fresh footprint chain of
the wapiti on the snow, and placed in a sealed bag for GPS (G120BD, UniStrong Inc.,
China) positioning. Then, another fresh footprint chain was selected for further sampling.
A total of 108 stool samples were collected (Table Al), and stored frozen at -20°C.

DNA extraction and species identification

Stool DNA was extracted using the QlAamp DNA Stool Mini Kit (Qiagen, Germany)
according to the operating manual. Select mitochondrial cytochrome b primer L14724:
5'-CGA GAT CTG AAA AAC CAT CGT TG-3'; H15149: 5 '-AAA CTG CAG CCC
CTC AGA ATG ATATTT GTC CTC A-3' (Kocher et al., 1989; Irwin et al., 1991) for
PCR amplification of stool DNA. Amplification system 50 pl: 1 U/ul KOD FX Neo DNA
polymerase (Toyobo, Japan) for 1 pl, 2 x Buffer for KOD FX Neo 25 pl, 2 mmol/L dNTPs
10 ul, 10 umol/L L14724, H15149 1.5 each ul, 10-30 ng/ul DNA 2 ul, and PCR grade
water (Tiangen, China) 9 pl. Reaction conditions: pre-denaturation at 94°C for 2 min;
denaturation at 98°C for 10, annealing at 59°C for 30 s, extension at 68°C for 30 s, 35
cycles; then, extension at 68°C for 10 min, and storage at 4°C. The PCR products were
sent to Shanghai Shengong Biological Company for purification and two-way
sequencing. The SegMan, MegAlign, and EditSeq programs in DNAStar software
(DNAStar Inc., America) were used for splicing, alignment, and correction of the forward
and reverse sequences. Finally, a Blast comparison was performed in the NCBI database
to determine the species source of the stools.

Individual identification and mitochondrial control region amplification

10 pairs of microsatellite primers (T507, T530, T501, C143, T156, BM848, N, OCAM,
DM45, ETH225) were obtained from published research results and adapted for application to
wapiti (Tian et al., 2010; Zhang, 2010; Hu et al., 2018; Yang et al., 2019). The primers were
used to identify the individual DNA of the MW stool, and the 5' end of the upstream primer in
each microsatellite locus was fluorescently labeled (Table 1). Amplification system 20 pl: 1
U/ul KOD FX Neo DNA polymerase (Toyobo, Japan) for 0.4 pl, 2 x Buffer for KOD FX Neo
10 pl, 2 mmol/L. dANTPs 4 pl, 10 umol/L upstream and downstream primers 0.6 pl each, 10-30
1 pl of ng/ul DNA 1 pl, and PCR grade water (Tiangen, China) 4 pl, while other reaction
conditions were the same as the method of species identification. A multi-tube PCR
amplification protocol was used, with 3 to 7 positive PCR amplifications per locus to determine
the final genotype (Taberlet et al., 1996). The 10 loci were divided into two detection systems:
T507, T530, T501, C143, and T156 loci; BM848, N, OCAM, DM45, and ETH225 loci. The
mixed PCR products were scanned on the ABI 3730XL sequencer (Applied Biosystems Inc.,
America) and allele sizes were read. The software Excel microsatellite tool kit (Park, 2001) was
used to find matching genotypes in the data. The principles for judging that different samples
come from the same individual are: 1) The genotypes are the same at all loci; 2) Only one allele
at one locus varies (Bellemain et al., 2005). When using primers L-Pro: CGT CAG TCT CAC
CAT CAA CCC CCA AAG C; H-Phe: GGG AGA CTC ATC TAG GCATTT TCA GTG
(Douzery and Randi, 1997) to amplify the entire sequence of stool DNA mitochondrial control
region of different individuals at the annealing temperature of 55°C, the amplification system
and other amplification conditions are the same as the species identification method. All primer
synthesis and sequencing were completed by Shanghai Biotech Biotechnology.
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Table 1. Details of 10 microsatellite loci used for the study

Locus Primer sequence (5'-3") Allele length (bp) | Repeat type | Annealing temperature (°C)
T507L F aggcagatgcttcaccatc 144 - 176 4 566
R: tgtggagcacctcacacat
T5301 F gtcctcacagcagctctatg 244 - 292 4 55
R: gcattctttagaactccaactg
T5012 F: -ctcctcattattaccctgtgaa 238 - 262 4 55
R: acatgctttgaccaagacc
F: aaggagtctttcagttttgaga
2 -
Cl43 R: ggttctgtctttgcttgtty 152 - 164 4 54
T156¢ F tcttcctgacctgtgtcttg 135 - 207 4 565
R: gatgaatacccagtcttgtctg
F: tggttggaaggaaaacttgg
2 -
BM848 R: cctctgctcctcaagacac 350 - 366 2 545
NE F: -tccagagaagcaaccaatag 282 - 290 4 56
R: gtgtgccttaaacaacctgt
OCAM* F cctgactataatgtacagatccctc 178 - 194 2 54
R: gcagaatgactaggaaggatggca
F: caccgtttcttacaatctca
4 -
DM45 R: aggggtcaggttctcagtttctac 440 - 460 2 555
F: gatcaccttgccactatttcct
2 -
ETH225 R: acatgacagccagctgctact 133 - 185 2 56

1Fam, 2Hex, 3Tamra, “Rox

Data analysis

Clustal X 2.1 software (Larkin et al., 2007) was used to align the sequence of
mitochondrial cytochrome b and control region in different individuals. DnaSP 5.10
software (Librado and Rozas, 2009) was applied to calculate the number of mutation sites
(S), number of haplotypes (H), haplotype diversity (Hd), and nucleotide diversity (P;),
calculate the Tajima's D and Fu's Fs in the detection of neutral selection, and performs a
significant test. Network 4.6 (Bandelt et al., 1999) was used to construct a median-joining
network, and analyze the evolutionary relationship between haplotypes.

In addition, Microchecker 2.2.3 (van Oosterhout et al., 2004) was used to detect
microsatellite loci for invalid alleles or allele deletions. Gimlet 1.3.3 (Valiere, 2002) was
to evaluate the individual identification probability P (ID) of 10 microsatellite loci. The
software GenAlEx 6.0 (Peakall and Smouse, 2006) calculated the number of alleles (Na),
the number of effective alleles (Ne), the observed heterozygosity (Ho), the expected
heterozygosity (He), and the fixed coefficient (Fis). The Excel microsatellite tool kit (Park,
2001) was applied to calculate the polymorphic information content (PIC). The software
Genepop 4.0 (Raymond and Rousset, 1995) was to measure whether the population and
each locus were in line with Hardy-Weinberg equilibrium, and also tested the linkage
disequilibrium between each locus. The Markov chain method was used in the probability
test, setting the parameters to 10,000 de-memorization, 20 batches, and 5,000 iterations.
Hardy-Weinberg equilibrium and linkage disequilibrium tests all used the Bonferroni
method to correct the significance. Bottleneck 1.2 (Piry et al., 1999) tested whether the
population has recently experienced bottleneck effects. The Wilcoxon test was performed
under a two-phase model (TPM) and a stepwise mutation model (SMM), and repeated
1,000 times, of which TPM is considered the most suitable model for microsatellite
analysis (Ellegren, 2004). This is because TPM selected 79% of the mutations to comply
with SMM, and the coefficient of variation was 9% (Piry et al., 1999). Structure 2.3.4
(Pritchard et al., 2000) was to analyze the genetic structure of the population, with the
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parameters setting of Length of Burn-in Period 100,000, Number of MCMC Reps after
Burn-in 10,000, K = 1-6, Number of Iterations 20. The calculation results were uploaded
to Structure Harvester Web v0.6.94 (Earl and von Holdt, 2012) for analysis, and the
grouping number K of population genetic structure was determined according to the
maximum peak value of the Ln Pr (X|K) curve.

Results
Species identification and individual identification

The amplification products (425 bp) of Mitochondrial cytochrome b were successfully
obtained in 96 of 108 stool samples. The species identification results confirmed that all
96 stool samples were from the MWs. The individual discrimination rate of 10
microsatellite loci was very high. The probability that two random individuals have the
same genotype is Prod (unbias) =1.219 x 10, Even in the case of full sibs, the
probability of misjudgment Prod (sibs) is only 0.033% (Fig. 2). The results of individual
identification showed that 96 stool samples belonged to 49 individuals. Ten microsatellite
loci were detected by Microchecker, to find no invalid alleles or allele deletions. The
Hardy-Weinberg equilibrium test showed that the 10 microsatellite loci and the entire
population met the Hardy-Weinberg equilibrium, and the fixed coefficient Fis values did
not significantly deviate from zero (Table 2). The probability value of linkage
disequilibrium test was corrected by Bonferroni's method, which indicated no linkage
disequilibrium among 10 microsatellite loci.
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Figure 2. Decrease in probability of identity, P (ID), for wapiti genotypes as more
microsatellite loci were added

Mitochondrial DNA sequence analysis

A total of 4 mutation sites were found in 49 mitochondrial cytochrome b sequences
(425 bp), including 3 transition sites and 1 transversion site. No insertion or deletion sites
were found. The nucleotide base of the sequence was composed of A, T, C, and G, with
the contents of 31.9%, 29.9%, 23.7%, and 14.6%, respectively. 4 haplotypes were
detected. Among 49 individuals, the distribution frequencies of haplotypes Hapl-Hap4
were 55.1%, 2.0%, 2.0%, and 40.8% (Table 3 and Fig. 3).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(4):5561-5575.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1804_55615575
© 2020, ALOKI Kft., Budapest, Hungary



Tian et al.: Genetic diversity and demographic history of the Manchurian wapiti

Table 2. Variability parameters for the 10 microsatellite loci used in 49 individuals of the
Manchurian wapiti

Locus Na Ne PIC Ho He Fis Prw
T507 6 2.349 0.520 0.551 0.574 0.041 0.242
T530 10 5.231 0.786 0.735 0.809 0.092 0.583
T501 5 2.813 0.600 0.735 0.645 -0.140 0.777
C143 4 1.415 0.261 0.347 0.293 -0.183 0.704
T156 11 7.646 0.855 0.857 0.869 0.014 0.076
BM848 7 3.515 0.679 0.714 0.716 0.002 0.745
N 3 1.476 0.287 0.265 0.323 0.178 0.189
OCAM 6 3.210 0.637 0.703 0.688 -0.022 0.575
DM45 9 4.450 0.751 0.714 0.775 0.079 0.061
ETH225 17 9.434 0.885 0.918 0.894 -0.027 0.595
All 7.8 4,154 0.626 0.654 0.659 -0.040 0.407

Na: number of alleles found; Ne: effective number of alleles; PIC: polymorphism information content;
Ho: observed heterozygosity; He: expected heterozygosity; Fis: fixation index; Puw: probability of Hardy-
Weinberg equilibrium test

Table 3. Genetic variability at the mitochondrial cytochrome b (cyt b) and control region (CR)
in the Manchurian wapiti population

N S H Ha Pi (%) Tajima’s D Fu’s Fs
Cytb 49 4 4 0.540 £0.036 0.359 £0.106 1.601 2.169
CR 27 28 4 0.385 +0.108 0.805 +£0.243 0.510 10.573"

N: number of animal individuals; S: number of variable sites; H: number of haplotypes; Hgq: haplotype
diversity; Pi: nucleotide diversity; significant of neutrality tests based on Tajima’s D and Fu’s Fs
(P <0.05; P < 0.01)
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Figure 3. The haplotype networks used the median-joining method at the mitochondrial
cytochrome b (cyt b) and control region (CR) in the Manchurian wapiti population. The size of
each circle represents the frequency of haplotypes. The nucleotide transitions and transversions

are indicated by dashes

Of the 49 individual samples, 27 obtained the complete sequence of mitochondrial
control region (993 bp). A total of 28 mutation sites were found, including 25
transformation sites, 2 transversion sites, and 1 insertion/deletion site. The contents of A,
T, C, and G were 30.2%, 31.8%, 22.2%, and 15.8%, respectively. 4 haplotypes were
detected. Among 27 individuals, the distribution frequencies of haplotypes Hapl-Hap4
were 77.8%, 3.7%, 14.8%, and 3.7% (Table 3 and Fig. 3).
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Genetic diversity

The haplotype diversity index (Hg) of the mitochondrial cytochrome b sequence was
0.540 £ 0.036, and the nucleotide diversity index (Pi) was 0.359 + 0.106%. The Hq of the
complete sequence in the mitochondrial control region was 0.385 £ 0.108, and the Pj was
0.805 + 0.243% (Table 3). Microsatellite data indicates that the average number of alleles
(Na) in the population was 7.8 and the number of effective alleles (Ne) was 4.154, that is,
the Ne at each locus is less than the Na (P <0.05). The 10 microsatellite loci had a PIC of
0.626 (0.261-0.885). Except for loci C143 and N, the other 8 were highly polymorphic loci
(PIC> 0.5). The expected heterozygosity (He) was 0.659 (0.293-0.894), and the average
observed heterozygosity (Ho) was 0.654 (0.265-0.918) (Table 2).

Demographic history

The value of K at which In Pr (X|K) is maximized is 1. For values K > 1 the In Pr (X|K)
dramatically decreases and the variance between independent run increases (Fig. 4). Based
on this, there is no significant genetic differentiation in the MW population in the
Gaogesitai region, and gene exchange between individuals is frequent. The microsatellite
population bottleneck detection concluded that neither TPM model nor SMM model
showed significant excess heterozygosity (P>0.05), and the allele frequency did not
significantly deviate from the normal L-shaped distribution, detecting no bottleneck effect
in the recent population. The neutrality test of mitochondrial cytochrome b and control
region showed that both Tajima’s D and Fu’s Fs were non-significant positive values, and
only the control region Fu ’s Fs value was significantly positive, which deviated from the
neutrality hypothesis (P<0.01). The mtDNA test suggests that the MW population may
have experienced a weak bottleneck effect recently (Table 3). Microsatellite data showed
that there was no significant difference between the observed heterozygosity and expected
heterozygosity of the population (P>0.05), and the fixed coefficient (Fis) was -0.040, which
did not significantly deviate from zero (P> 0.05), and indicated that the population did not
have close inbreeding (Table 2).
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Figure 4. Plot of the likelihood of each value of In Pr (X|K) from twenty independent runs for
K=1-6

Discussion

The loss of genetic diversity can lead to a decline in the ability of animals to adapt to
environmental changes and even the extinction of species. The genetic diversity of
populations is an important part of endangered animal protection (Frankham et al., 2010).
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Haplotype diversity (Hq) and nucleotide diversity (Pi) are key indicators to measure the
degree of genetic variation of mtDNA in the population; taking into account the
proportion of haplotypes in the population, the P; value evaluates genetic diversity more
accurately (Neigel and Avise, 1993; Ma et al., 2019). In this study, the P; value (0.805%)
of mitochondrial control region was significantly higher than that (0.359%) of
cytochrome b. Many animals and plants, and humans generally have a polymorphism in
the non-coding region of the gene that is higher than in the coding region (Crochet and
Desmarais, 2000), mainly because the non-coding control region in the mitochondrial
genome evolves faster and bears less selection pressure (Krojerova-Prokesova et al.,
2013; Zorigul et al., 2019). Microsatellite data showed that the average observed
heterozygosity (Ho) and expected heterozygosity (He) of the population were 0.654 and
0.659, respectively. Based on P; values of mtDNA and He of microsatellites, the MWs
were compared with other subspecies and major deer families, to find that the genetic
diversity of the MW populations in the Gaogesitai region of Inner Mongolia is at a
medium level (Table 4). Hap2 and Hap3 of mitochondrial cytochrome b, Hap2 and Hap4
of the control region each have only one individual, and the proportion of rare haplotypes
was as high as 50% (4/8) (Fig. 3). Therefore, it’s necessary to strengthen the protection
and management of the WMs in this area, and especially for the rare haplotype
individuals, they must be monitored to prevent a sharp decline in genetic diversity of the
population.

Table 4. Comparison of genetic variability at microsatellite loci and the mitochondrial DNA
in the Cervus populations

. . Microsatellite | Control region | Cytochrome b
Species Region He He Ha P (%) Ha P (%) Author
Cervus canadensis| Gaogesitai Reserve, |  cor | 69 | 0385 | 0.805 | 0.540 | 0.359 | ''anetal (this
xanthopygus | Inner Mongolia, China study)
Mahmut et al.,
Cervus hanglu | Tarim Basin, Xinjing, | o gg3 | 378 | 0.693 | 1.351 | 0.845 | 1.500 2012;
yarkandensis China Tayerjan et al.,
2018
Cervus elaphus Sumava National Park, Fickel et al.,
elaphus Czech Republic 0.401 | 0405 | 0.511 | 1270 i i 2012
Cervus elaphus Bavarian Forest Fickel et al
P National Park, 0.416 | 0.459 | 0.385 | 0.974 - - N
elaphus 2012
Germany
Cervus niooon Lazovsky and Sikhote- Krojerova-
mantchurFi)f:)us Alin Reserve, 0.617 | 0.710 | 0.446 | 0.836 | 0.285 | 0.649 |ProkesSova etal.,
Primorsky Krai, Russia 2013
Cervus canadensis | Tianshan Mountains, | o 267 | o713 | 0669 | 0.464 | 0567 | 0.216 | Zhou, 2015
sibiricus Xinjing, China
. . . Hu et al., 2018;
Cervus canadensis | Sangri County, Tibet, |  51q | 779 | - - | 0897 | 2781 | Liuand Zhang,
wallichii China 2011
Cervus canadensis Wfinda _Mountalr_]s, 0693 | 0.737 ) ) ) ) Tian et al., 2010
xanthopygus Heilongjiang, China
Cervus elaphus | Scotland and England, Hmwe et al.,
elaphus UK 0.447 | 0.801 | 0.461 | 0.563 - - 2006
Cervus canadensis| Rocky Mountain, ) ) ) ) Speller et al.,
canadensis Alberta, Canada 0.932 | 0.653 2014
Cervus canadensis Helan Mountains,
- Ningxia and Inner - - - - 0.243 | 0.032 |Qiaoetal., 2019
alashanicus - -
Mongolia, China
Cervus canadensis|  Muling Reserve, | g 6a5 | o795 | - | 058 | 0305 | Liu,2017
xanthopygus Heilongjiang, China

The scientific name of the species referenced IUCN Red List of Threatened Species 2018
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Landscape pattern and species’ migration ability are the most important factors affecting
population genetic structure (Yuasa et al., 2007; Pérez-Espona et al., 2008). The MWs have
high migration ability (Reinecke et al., 2014; Tian et al., 2019), and there are no obvious
landscape barriers in the study area (Zhang, 2016), which ensures frequent gene
communication between individuals, so there is no significant genetic differentiation in the
population (Fig. 4). The historical bottleneck effect of the population was not detected based
on microsatellite data, but the mtDNA detection showed that the MWs may have experienced
a weaker bottleneck effect recently. The reason may be that maternal inherited mtDNA is
more sensitive to population bottleneck effects than nuclear DNA (Krojerova-ProkeSova et
al., 2013). However, microsatellite data showed a significant lack of heterozygosity in the
SMM model, which suggests that the population increased rapidly after the bottleneck event
(Maruyama and Fuerst, 1985; Krojerova-ProkeSova et al., 2013). The data of mitochondrial
cytochrome b in this study showed that high haplotype diversity (Hq> 0.5) and low nucleotide
diversity (Pi < 0.5%) of the population (Table 3) are also considered to be results of rapid
growth and mutation accumulation after bottleneck effects (Grant and Bowen, 1998; Yuasa
etal., 2007). Based on the above, this study believes that the MW population in the Gaogesitai
region of Inner Mongolia has experienced a recent bottleneck effect, followed by rapid
population growth. Started in the 1950s, the number of wild MWs dropped sharply due to
habitat destruction and over-harvesting in the Gaogesitai region; at the end of the 20th
century, the population of the area reached a historical low. At the beginning of this century,
especially the establishment of nature reserves taking the MW as the key protection object
has helped to restore the MW population quickly (Zhang, 2009). Compared with the lowest
point in history, the number of MW populations in the study area has increased by nearly 10
times. It has become the highest density distribution area in Northeast China. This study also
found that Hap3 and Hap4 in the mitochondrial control region were highly variant haplotypes,
which are significantly different from other haplotypes (Fig. 3). Meanwhile, the control
region sequence of the population showed low haplotype diversity (Hqa < 0.5) and high
nucleotide diversity (Pi> 0.5%) (Table 3). Some studies believe that this is often caused by
isolated populations coming into contact again (Grant and Bowen, 1998). It’s known that
there are often incidents such as chaotic captivity, and semi-free-range MW individuals
fleeing to the wild, and these escaped individuals in contact with wild populations and genetic
fusion may lead to high variant haplotypes. It may also be that the number of individuals
analyzed by the mitochondrial control region is small (27), resulting in a lower haplotype
diversity in the population.

Conclusion

In summary, this study shows that the genetic diversity of the MW population in the
Gaogesitai region of Inner Mongolia is at a medium level, and the recently weak bottleneck
effect has no significant effect on the rapid population growth. Also, gene exchange is
frequent among individuals, and inbreeding is not detected. The high proportion of rare
haplotypes and highly mutated haplotypes in the population indicates that research areas
should continue strengthening the protection and management of MW populations to avoid
a sharp decline in population genetic diversity and genetic pollution. It is suggested that the
individuals with rare haplotypes should be taken as the key point in monitoring and
protection, and assess the field adaptability and diseases in the field. The reintroduction
projects should be carrued out at the right time, so as to improve the gene exchange between
individuals and accelerate the population restoration in other areas of Northeast China.
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APPENDIX

Table Al. GPS positions of 108 stool samples collected in the Gaogesitai region

Sample number Latitude Longitude
1 44°57'17.358"N 119°30'12.660"E
2 44°57'11.232"N 119°30'09.744"E
3 44°57'30.396"N 119°28'38.592"E
4 44°57'24.222"N 119°28'43.158"E
5 44°57'12.480"N 119°31'53.646"E
6 44°57'31.842"N 119°28'37.722"E
7 44°57'11.220"N 119°28'41.190"E
8 44°57'09.048"N 119°28'42.378"E
9 44°56'58.992"N 119°28'31.596"E
10 44°57'03.174"N 119°28'32.202"E
11 44°57'13.698"N 119°28'40.494"E
12 45°0028.302"N 119°32'00.078"E
13 45°01'53.418"N 119°33'09.690"E
14 45°0027.108"N 119°31'59.208"E
15 45°02'16.986"N 119°31'07.218"E
16 45°02'16.890"N 119°31'07.308"E
17 45°02'17.244"N 119°31'04.464"E
18 45°02'17.484N 119°31'03.846"E
19 45°02'18.906"N 119°31'01.206"E
20 45°02'19.068"N 119°31'14.388"E
21 45°01'42.288"N 119°32'52.020"E
22 45°01'49.128"N 119°32'49.812"E
23 45°01'39.216"N 119°32'51.006"E
24 45°01'40.458"N 119°33'00.186"E
25 45°01'32.286"N 119°33'02.364"E
26 45°03'15.420"N 119°31'42.594"E
27 45°03'15.042"N 119°31'41.748"E
28 45°02'06.792"N 119°31'22.848"E
29 45°02'09.252"N 119°31'11.892"E
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45°01'18.174"N
45°01'18.504"N
45°01'18.642"N
45°01'18.702"N
44°5722.458"N
44°56'31.806"N
44°56'35.502"N
44°56'53.976"N
44°57'05.712"N
44°57'15.834"N
45°01'42.966"N
45°01'55.512"N
45°02'06.642"N
45°02'06.552"N
44°58'03.150"N
44°58'05.604"N
44°58'07.110"N
44°58'12.696"N
44°58'12.522"N
44°58'10.068"N
44°57'37.338"N
44°57'36.378"N
44°57'36.354"N
44°57'35.394"N
44°57'22.074"N
44°57'19.734"N
44°57'22.920"N
45°03'30.078"N
45°03'26.706"N
45°03'18.780"N
45°03'16.356"N
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45°03'11.430"N
45°03'11.514"N
45°03'12.060"N
45°03'19.818"N
45°03'25.194"N
45°03'26.394"N
45°00'58.326"N
45°01'07.266"N
45°01'09.072"N
45°01'13.164"N
45°01'13.380"N
45°01'16.488"N
45°02'05.478"N
45°02'08.778"N
44°59'03.582"N
44°59'03.720"N
44°59'04.704"N
44°59'04.572"N
44°59'09.354"N
44°59'18.438"N
44°59'23.094"N
44°58'44.988"N
44°58'58.662"N
44°59'00.222"N
44°59'01.260"N
44°59'19.806"N
44°59'11.232"N

119°31'10.824"E
119°31'01.080"E
119°30'36.918"E
119°30'37.908"E
119°30'41.898"E
119°30'55.302"E
119°30'57.900"E
119°31'00.132"E
119°31'01.878"E
119°2722.074"E
119°2725.578"E
119°27'18.456"E
119°27'19.104"E
119°27'33.900"E
119°27'35.268"E
119°32'51.888"E
119°32'39.858"E
119°32'46.404"E
119°32'46.788"E
119°28'14.688"E
119°28"21.840"E
119°28'22.632"E
119°28"26.682"E
119°28'15.042"E
119°28'14.994"E
119°26'30.000"E
119°26'33.150"E
119°26'35.706"E
119°26'40.098"E
119°26'59.544"E
119°27'11.136"E
119°27'12.942"E
119°32'31.230"E
119°32'30.966"E
119°32'32.796"E
119°32'32.454"E
119°32'34.524"E
119°32'39.384"E
119°32'47.256"E
119°32'51.036"E
119°32'50.850"E
119°32'50.532"E
119°32'43.068"E
119°31'36.498"E
119°31'19.884"E
119°31'03.126"E
119°31'00.150"E
119°30'54.984"E
119°31'00.360"E
119°31'48.798"E
119°31'56.544"E
119°31'32.580"E
119°31'31.590"E
119°31'25.326"E
119°3121.870"E
119°31'14.934"E
119°31'09.984"E
119°31'11.892"E
119°26'03.402"E
119°26'02.724"E
119°26'03.816"E
119°26'02.802"E
119°26'19.692"E
119°26'37.944"E
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95 44°57'23.394"N 119°27'40.614"E
96 44°57'21.768"N 119°27'46.140"E
97 44°57"26.436"N 119°28"20.694"E
98 44°5729.112"N 119°29'03.222"E
99 44°57'44.682"N 119°28'12.600"E
100 44°57'47.304"N 119°28'13.470"E
101 44°58'02.616"N 119°28'12.720"E
102 44°58'07.758"N 119°28'15.198"E
103 44°58'08.376"N 119°28'15.612"E
104 44°58'11.052"N 119°28'15.414"E
105 44°58'10.896"N 119°28'11.616"E
106 44°58'06.510"N 119°28'02.718"E
107 44°58'05.424"N 119°28'01.236"E
108 44°58'00.702"N 119°27'50.928"E
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