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Abstract

boar.

Karst mountainous area

Background: Gut microbes has become one of the research hotspots in animal ecology, playing an important role in
monitoring dietary adaptation and health status of host. However, there are few studies on the gut microbiota in the
stomach, smallintestine (ileum), and large intestine (cecum, colon, and rectum) of wild boar.

Results: Alpha diversity and Beta diversity showed there were significant differences in the abundance and distribu-
tion of microbes in gastrointestinal tract of wild boar. Firmicutes and Bacteroidetes were the most dominant phyla

in stomach, cecum, colon and rectum of wild boar, while Proteobacteria and Firmicutes were the most dominant in
ileum. At genus level, there were different leading genera in stomach (Prevotella and Lactobacillus), small intestine
(Escherichia-Shigella and Lactobacillus), and large intestine (Ruminococcaceae_UCG-005, Christensenellaceae_R-7_group,
and Escherichia-Shigella). PICRUSt function predictive analysis suggested that there were significant differences in
microbial metabolic pathways among five locations of wild boar.

Conclusions: This study comprehensively revealed the differences in composition of microbial community in gas-
trointestinal trac of wild boar. Future work links microbes with the metabolites to accurately reveal the health of wild
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Background

Wild boar (Sus scrofa), belonging to Suidae, Sus, which
is widely distributed in Europe, Asia, and Africa (Genov
2006, Isaacson and Kim 2012), is one of the important
resource mammals (Liu et al. 2011). S.s.Chirodentus, main
subspecies in south of Yangtze River in China, which is
the main large ungulate with increasing number in the
karst mountain forest ecosystem of China, and its harm
is increasing year by year without good prevention and
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control strategies (Su et al. 2018). Although karst areas in
Southwest China suffer from the worst rocky desertifica-
tion, wild boars can also adapt to the harsh environment
and breed quickly. However, there are few researches on
exploring the causes of this phenomenon.

Gut microbiota plays a key role in maintaining the
healthy growth and development of animals (Fernando
et al. 2010; McCoy et al. 2013). Different hosts will form
their own gut microbiome in the process of adapting
to their growth environment, so as to adapt to the sur-
rounding environment. 16S rRNA sequencing has been
widely used to study the composition and abundance
gut microbiota of the human and animals (Crespo-Pia-
zuelo et al. 2018; David et al. 2014). Researchers have
also revealed the stability of the gut microbiota is closely
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related to the health of the population (Guo et al. 2019;
Suchodolski et al. 2015). Therefore, the study on the gut
microbiota diversity of wild boar in the stomach, small
intestine (ileum) and large intestine (cecum, colon, and
rectum) can better reveal the function in each location
and relations between gut microbiota and population
distribution.

However, most of the current studies on the gut micro-
biota of wild boar are based on fecal microbiota. Due to
the different microbial composition in different intes-
tinal regions, fecal microbiota cannot fully reflect the
microbial composition of the whole intestine (McCoy
et al. 2013; Suen et al. 2011). In this study, 16S rRNA
high-throughput sequencing technology was used to
analyze and reveal the composition and function of gut
microbiota in the stomach, small intestine (ileum) and
large intestine (cecum, colon, and rectum) of wild boar
in karst area of Southwest China, and to predict the func-
tion of the microbes, hoping to understand the role of
the microbes in extensively environmental adaptation of
wild boar. Our findings provide a reliable basis for for-
mulating scientific and effective prevention and control

Page 2 of 15

countermeasures of wild boar, and maintaining the bal-
ance of ecological system.

Results

A total of 2,903,264 valid sequences were obtained
from the wild boar gut microbiome by Illumina MiSeq
sequencing. Overall, 1664 OTUs were identified from
all samples analyzed. Rarefaction curves approached the
saturation phase in all samples (Fig. 1).

The microbiota diversity in the gastrointestinal tract

of wild boar

Venn analysis showed that the number of OTU in cecum
and colon was the largest (1367 and 1363, respectively),
the number of OTU in rectum and ileum was next (874
and 843, respectively), and the number of OTU in stom-
ach was the least (246) (Fig. 2). The unique OTU in stom-
ach, ileum, cecum, colon, and rectum accounted for
only 1.74%, 5.47%, 3.85%, 4.15%, and 0.54% of the total.
Besides, the OTU shared by the five locations accounted
for 4.81% of the total, while the OTU shared by cecum
and colon was as high as 58.89%.
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Fig. 1 Bacterial richness curve (A), Shannon curve (B), Heip index curve (C), and coverage index curve (D) of gastrointestinal tract of wild boar
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Alpha diversity showed that there were significant dif-
ferences in the distribution of microbes in gastrointes-
tinal tract of wild boar (Fig. 3). The microbes in cecum,
colon and rectum were similar and whose microbiota
diversity was higher than that in stomach and ileum, and
ileum had the lowest microbiota diversity. There were no
significant differences in Chaol index among stomach
with ileum, cecum with rectum, and colon with rectum
(p > 0.05). Nevertheless, the Chaol index of stomach
with cecum and colon with rectum were all significantly
different (p < 0.05). Chiefly, the Chaol index of the ileum
is extremely different from that of the cecum and colon
(p < 0.05). In addition, there were no significantly differ-
ent in Shannon index between cecum with colon, and
cecum with rectum (p > 0.05). However, Shannon index
of the stomach was significantly different from that of
the cecum, colon, and rectum (p < 0.05), and Shannon
index of the ileum is extremely different from that of the
cecum, colon, and rectum (p < 0.05).

PCoA analysis results showed that the samples of
each location were aggregated together. There were
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significantly clustered in cecum, colon and rectum sam-
ples. However, the stomach and ileum samples were
obviously scattered in different areas (Fig. 4).

The microbiota composition in the gastrointestinal tract

of wild boar

A total of 23 bacteria phyla were identified from 53
gastrointestinal tract samples of wild boar (Fig. 5). Fir-
micutes, Bacteroidetes, Proteobacteria, Actinobacte-
ria, Verrucomicrobia, Fusobacteria, and Spirochaetes
were the main bacterial components of wild boar. Fir-
micutes was the most dominant phylum in the stomach
(40.83%), cecum (61.55%), colon (62.24%), and rectum
(61.05%). However, the largest predominant phylum in
the ileum was the Proteobacteria (53.49%). Bacteroidetes
was the second most abundant bacteria phylum fol-
lowed by Firmicutes, accounting for 23.53% (stomach),
19.23% (cecum), 18.37% (colon), and 18.69% (rectum),
respectively. However, the second abundant phylum in
ileum was Firmicutes (33.58%). The dominant bacteria
components in stomach, accounting for 98.33%, were

Fig. 4 PCoA analysis of wild boar
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Fig. 5 Relative gut microbiota at phylum level of wild boar
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Firmicutes, Bacteroidetes, Actinobacteria, Proteobacte-
ria, and Verrucomicrobia; in ileum (96.04%) were Pro-
teobacteria, Firmicutes, Fusobacteria, and actinobacteria;
in cecum (96.39%) were Firmicutes, Bacteroidetes, Pro-
teobacteria, Actinobacteria, and Fusobacteria; in colon
(96.1%) were Firmicutes, Bacteroidetes, Actinobacteria,
Spirochetes, and Proteobacteria; in rectum (95.06) were
Firmicutes, Bacteroidetes, Proteobacteria, and Verru-
comicrobia. The microbial composition in colon was
significantly different for Firmicutes and Spirochaetes,
and the relative abundance was significantly higher than
other four locations (p < 0.05). And the relative abun-
dance of Proteobacteria in ileum and Bacteroidetes in
stomach was significantly different compared with other
locations (p < 0.05).

At genus level, there were 15 dominant genera compo-
nents of wild boar (Fig. 6), such as Escherichia-Shigella,
Lactobacillus, Terrisporobacter, Bifidobacterium, Fuso-
bacterium, and Pseudoscardovi. The three dominant
genera with the highest relative abundance in the stom-
ach were Prevotella (21.40%), Lactobacillus (12.89%),
and Pseudoscardovia (8.30%). The predominant genera
in ileum were Escherichia-Shigella (50.93%), Lactobacil-
lus (15.63%), and Terrisporobacter (7.51%). The relative
abundance in cecum, colon, and rectum was similar,
and the three most abundant genera were Ruminococ-
caceae_UCG-005, Christensenellaceae_R-7_group, and
Escherichia-Shigella. There were some differences in
stomach, ileum, cecum, colon and rectum. Prevotella
was the representative bacterium of stomach, and its

relative abundance was far greater than of other loca-
tions. Besides, Treponema_2 was just found in the
cecum, colon, and rectum, and it was most abundant in
the colon. Furthermore,19 genera showed significant
differences among five locations of wild boar, including
Christensenellaceae_R-7_group, Ruminococcaceae_UCG-
005, Ter-risporobacter, Prevotella_7, Pseudoscardovia,
Bacteroides, and Alloprevotella.

LEfSe analysis of wild boar

To further explore the differences of gut microbiota com-
munities among five locations, the LEfSe (linear discrimi-
nant analysis effect size) analysis was performed at genus
level. The results revealed that a total of 44 biomarkers
with statistical differences were detected by LEfSe (16
in stomach, 9 in ileum, 4 in cecum, 7 in colon, 8 in rec-
tum). The most of significant biomarkers in five loca-
tions were distributed in Firmicutes, taking up 60.87%
(Fig. 7). The abundance of bacteria in stomach was sig-
nificantly higher than that of other locations, including
Prevotella, Pseudoscardovia, Olsenella, Dialister, Mit-
suokella, Megasphaera, and Acetitomaculum. The abun-
dance of bacteria in ileum was significantly different
from that in other locations, including Lactobacillus, Ter-
risporobacter and Escherichia-Shigella and Bacteroides.
Ruminococcaceae_UCG-005, Eubacterium_coprostanoli-
genes_group, and Alloprevotella enriched in the cecum.
In addition, there were three genera with significant
differences in the colon, among which unclassified f
Lachnospiraceae, Prevotellaceae_ NK3B31_group, and
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Treponema_2 significantly enriched. We also found that
Christensenellaceae_R-7_group, Clostridium_sensu_
stricto_1, Ruminococcaceae_ UCG_014, and Turicibacter
significantly enriched in the rectum.

PICRUSt function prediction

By analyzing the differences of KEGG metabolic path-
ways, we can detect differences in metabolic pathways
of function microbial genes between different groups of
samples. A total of 46 KEGG metabolic pathways were
analyzed. The results showed that there were significant
differences in microbial metabolic pathways among five
locations of wild boars. Global and overview maps, car-
bohydrate metabolism, amino acid metabolism, energy
metabolism, metabolism of cofactors, and vitamin
metabolism were the five highest metabolic pathways
(Fig. 8).

This study suggested that there were differences on the
function in gastrointestinal tract of the wild boar, and the
function of bacterial community in cecum, colon, and
rectum is more similar than that in stomach and ileum.
As shown in Fig. 9, genes related to starch and sucrose
metabolism, fructose and mannose metabolism, tyrosine
metabolism, vitamin B6 metabolism, lipoarabinoman-
nan (LAM) biosynthesis, and carotenoid biosynthesis
are significantly enriched in the stomach. Ileum micro-
organisms have rich functions in lipopolysaccharide

biosynthesis, degradation of aromatic compounds, glu-
tathione metabolism, fatty acid degradation, steroid
hormone biosynthesis, and unsaturated fatty acid bio-
synthesis. The microbiota in the large intestine (cecum,
colon, and rectum) of wild boar function more closely,
involved in fatty acid metabolism, fatty acid biosynthesis,
biotin metabolism, synthesis and degradation of ketone
bodies, glycosaminoglycan degradation, porphyrin, and
chlorophyll metabolism, histidine metabolism, valine
leucine, and isoleucine biosynthesis function associated
with microbial abundance.

Discussion

There have been several studies about the gut micro-
bial composition of wild boar based on 16S rRNA gene
sequencing (Huang et al. 2020; Wang et al. 2020). How-
ever, there are few reports about wild boar 16S rRNA
gene sequencing analysis that can reveal the microbial
community structure in different gut locations. In this
study, we compared microbial community structure in
five gastrointestinal locations, characterized the micro-
biome from anterior to posterior, and investigated the
potential relationship of gut microbiome with func-
tion by high-throughput sequencing. To our knowledge,
this is the first report about the comprehensive analy-
sis of microbial community structure in stomach, small
intestine (ileum), and large intestine (cecum, colon and
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rectum) of wild boar and predicts their function with
microbes.

The microbiota diversity of wild boar and comparison

with other ungulates

Gut microbiota plays a key role in maintaining the healthy
growth and development of animals. And there is a com-
plex dynamic balance between the host and gut microbes.
A stable gut ecological environment contributes to the
synthesis, digestion and absorption of nutrients by ani-
mals. It is also of great significance in metabolism,
immune regulation and a variety of gut diseases (Chi

et al. 2014; Huang et al. 2018; Xiong et al. 2015; Zhu et al.
2016). In our study, a total of 394 genera, 160 families, 23
phyla were identified, and the abundance and diversity
of microbiota were higher than those of the captive wild
boars and domestic pigs from Xinyang County, Henan
Province (163 genera, 17 phyla) and Chongging City
(118 genera, 13 phyla) (Wang et al. 2020; Yang et al. 2020;
Yang et al. 2016). This may be due to the difference in gut
microbiota caused by different breeds (Huang et al. 2020),
or the difference between captive and wild environments.
In this study, the food sources of wild boar in karst region
of Southwest China are more complex and diverse, almost
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including higher plants (roots, stems, leaves, seeds and
fruits), crops (corn, soybeans), invertebrates (snails, earth-
worms, insects, spiders, millipedes, crabs, and centipede)
and vertebrates (rodents, artiodactyla, birds, amphibians,
and fish), and some algae and fungi, and even includ-
ing inorganic materials such as plastic and stone. Previ-
ous studies have also shown that the complexity of diet
sources may lead to a high degree of microbiota diversity
of animal. Omnivorous cattle consume a greater variety
of food sources than herbivorous cattle, resulting in an
increase in the microbiota diversity with the increase in
dietary (Lau et al. 2018).

The composition of bacterial community structure in
the gastrointestinal system of wild boar varies with its
location. The diversity analysis showed that the diversity
of bacterial community in the stomach, small intestine
(ileum) and large intestine (cecum, colon and rectum)
was significantly different. The microbiota diversity in
small intestine was lower than that in stomach, and the
Chaol and Shannon indexes in stomach and small intes-
tine were significantly lower than that in large intestine
(p < 0.05), indicating that the bacterial community struc-
ture in large intestine of wild boar is more complex. Some
studies have proved that the number of gut microbes of
various fishes increases gradually from front to back (Ye
et al. 2014). The stomach is an important digestive organ

and digests most of the food by mixing it with gastric
juices thoroughly through peristalsis. The small intestine
is mainly responsible for enzyme digestion and absorp-
tion of starch, and the large intestine provides nutrients
for the body through bacterial fermentation of non-starch
polysaccharides (McCoy et al. 2013; Suen et al. 2011), thus
gathering a higher richness and diversity of gut microbes.
High microbial diversity is a benign sign of animal intes-
tinal health. The intestinal ecosystem of wild boar with
high bacterial abundance not only helps the body resist
external influences, but also plays a key role in preventing
pathogen colonization and maintaining intestinal homeo-
stasis (Huang et al. 2020).

Gut microbiota of wild boar and comparison with other
ungulates

This study suggested that compositions of microbiome
throughout the gastrointestinal system vary with location.
Isaacson(Isaacson and Kim 2012) and Yang(Yang et al
2016) reported that Firmicutes represents in the ileum
more than 95% and 65%, respectively, and Firmicutes and
Bacteroidetes occupy greater than 90% in the cecum of
pigs. However, in this study, Proteobacteria was the high-
est bacterial phylum in the ileum, and Firmicutes was the
second highest phylum that accounted for 33.58% of rela-
tive abundance. Firmicutes and Bacteroidetes were two
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dominant phyla in the cecum, which showed 61.55% and
19.23%. The reason for this difference may be that the diet
and breed of wild boars and domestic pigs differ greatly,
leading to this result. Firmicutes, Bacteroidetes, Proteo-
bacteria, Actinobacteria, Verrucomicrobia, Fusobacteria,
and Spirochetes were the major phyla in gastrointesti-
nal system of wild boar. This is similar to the gut micro-
biota distribution of most mammals such as domestic
pigs, captive wild boars, Hainan special wild boar, snub-
nosed monkey (Rhinopithecus bieti), and moose (Alces

alces) (Ishaq and Wright 2014; Wang et al. 2020; Wu et al.
2010; Yang et al. 2020; Yang et al. 2016). Firmicutes and
Bacteroidetes are widely present in herbivorous animals,
especially in ungulates. For example, the proportion of
Firmicutes and Bacteroidetes of sika deer (Cervus Nip-
pon) and moose is more than 90%(Guan et al. 2017; Ishaq
and Wright 2014). It has been found that the core micro-
biota of Sichuan snub-nosed monkey (Rhinopithecus
Roxellana) in Primates (Wang et al. 2015), giant panda
(Ailuropoda melanoleuca) in Carnivora (Zhu et al. 2016;
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Zhu et al. 2011), and mice in Rodentia (Weldon et al.
2015) also were Firmicutes and Bacteroidetes, which may
be due to the fact that these herbivores all live on crude
fiber requiring digestion and absorption a large amount of
cellulose, hemicellulose, and other nutrients that are dif-
ficult to degrade. In this study, the relative abundance of
Firmicutes and Spirochaetes in colon, Proteobacteria in
ileum and Bacteroidetes in stomach was significantly dif-
ferent compared with other four locations (p < 0.05), but
other phyla showed no significant difference. It has been
reported that the bacteria of the phylum Spirochaetes
occupy a certain proportion of microbes in captive sika
deer (Guan et al. 2017), similar to the results of this study,
wild boar accounted for 4.85%.

As the most major phylum in colon of wild boar, the
relative abundance of Firmicutes (62.24%) was signifi-
cantly different than other locations (p < 0.05). Numeric
studies have reported that Firmicutes is the most pre-
dominant phylum of animals, such as sika deer (Guan
et al. 2017), pigs (Crespo-Piazuelo et al. 2018), and
moose (Ishaq and Wright 2014). Firmicutes can not only
decompose cellulose into volatile fatty acids available to
the host, improving the nutrient utilization of the host,
but also regulate T cells to improve host immunity, pre-
vent intestinal inflammation, and maintain intestinal
microbial ecological balance (Fernando et al. 2010; Guan
et al. 2017). However, Wu et al found Firmicutes might
not always be the most dominant phylum that could be
ranked after Bacteroidetes in dhole (Cuon alpinus) (Wu
et al. 2016). We observed that Firmicutes was not the
most major phylum in ileum of wild boar, but Proteobac-
teria. This may be related to the fact that each gut loca-
tion is functionally diverse.

Bacteroidetes is another dominant phylum among
mammalian animals, which was significantly higher (p
< 0.05) in stomach of wild boar (23.53%) compared with
other locations. As a crucial phylum in gut microbiota,
Bacteroidetes was functional for degradations of high
molecular weight substances and carbohydrates that
from intestinal secretions, which can improve the utiliza-
tion rate of carbohydrate, protein, and other substances
and enhance host immunity (Becker et al. 2014; Ma et al.
2014; Salyers et al. 1977; Thoetkiattikul et al. 2013). The
Firmicutes/Bacteroidetes ratio was different in differ-
ent location of wild boar, but lowest in ileum. Mariat
(Mariat et al. 2009) found the Firmicutes/Bacteroidetes
ratio evolved during different stages of life in human gut
microbiota that represented distinct diversity of bacterial
communities and digestive ability.

Notably, the relative abundance of Proteobacteria in
ileum of wild boar in this study was higher than that of
Firmicutes, and the relative abundance of Proteobacteria
(p < 0.05) was significantly higher in ileum of wild boar.

Page 10 of 15

Previous studies showed that Proteobacteria is the main
microbes of giant panda (Ailuropoda melanoleuca) (Xue
et al. 2015), red panda (Ailurus fulgens) (Zeng et al. 2018),
North China leopard (Panthera pardus japonensis) (Hua
et al. 2020), and Amur tiger (Panthera tigris) (He et al.
2018). It has been found that Proteobacteria contain a
variety of pathogenic bacteria, which is a sign of unstable
gut microbiota (Shin et al. 2015). It can assist in degrad-
ing lignin, and the high abundance of Proteobacteria may
be in order to better cope with the complex feeding hab-
its of wild boar (Fang et al. 2012), so whether the high
abundance of Proteobacteria is beneficial or harmful to
wild boar needs to be further verified.

In addition, we also noticed Spirochaetes, which occu-
pied 4.07% of microbiota composition in the colon and
had a significantly higher relative abundance than that
in other locations of wild boar. Yang (Yang et al. 2016)
found Spirochaetes, taken up 2.7% of abundance in the
cecum, had a significantly higher relative abundance than
that in the small intestine. Abdel-Moein (Abdel-Moein
et al. 2015) revealed that Spirochaetes, which is generally
considered a potential pathogen, may cause a variety of
chronic infectious diseases.

At genus level, as the previous research of pigs, Looft
(Looft et al. 2014) found that differences of bacterial
compositions between the ileum and colon were the
results of the dominant genera Anaerobacter and Turici-
bacter in the ileum, and Prevotella, Oscillibacter, and
Succinivibrio in the colon. And Yang (Yang et al. 2016)
reported that Clostridium was the top genus in the ileum
and showed significantly different abundance between
the ileum and cecum, while Prevotella was most abun-
dant and significantly enriched in the cecum. However, in
this study, the top genus in ileum, cecum and colon was
Escherichia-Shigella, Ruminococcaceae_UCG-005, and
Christensenellaceae_R-7 group, respectively, and showed
significantly different abundance, similar with Wang’s
results on the proportions of Christensenellaceae R-7_
group and Rikenellaceae RC9 gut group in the Hainan
special wild boar. This discrepancy may be due to dif-
ferent breed, diet, environment factors and the genetic
characteristics of crude fiber intake in wild boar.

The results showed that Prevotella, Lactobacillus, and
Megasphaera were dominant in the stomach. Lactobacil-
lus as probiotics exist widely in the intestines of animals,
not only can break down carbohydrates and inhibit the
growth of pathogen, also can activate the immune cells to
improve immunity (Petrova et al. 2015; Ruggiero 2014).
Prevoella plays an important role in decomposing cel-
lulose, promoting protein decomposition and improv-
ing the degradation capacity of cellulose (Jin et al. 2019).
Megasphaera converts lactic acid to propionic acid,
reducing the risk of mammalian acidosis (Henning et al.



Cao et al. Annals of Microbiology (2022) 72:9

2010). This is extremely important for wild boars, which
are often driven to high levels of exercise by hunting or
avoiding predators in the wild.

In the ileum, the abundance of Escherichia-Shigella,
Lactobacillus and Bacteroides were dominant bacteria,
Consistent with Wang and Liu’s research results on cat-
tle and sheep, respectively. Yuan (Yuan et al. 2019) and
Fang’ research (Fang et al. 2012) results on gut microbi-
ota of sun bear (Helarctos Malayanus) and giant panda,
respectively. Escherichia-Shigella is a pathogen that
causes diarrhea in animals. An anaerobic environment
conducive to the colonization of obligate anaerobic bac-
teria will be formed in the intestinal tract, which will lead
to increased abundance of Lactobacillus and Bifidobacte-
rium in the intestinal tract (Li et al. 2012). In this study,
the high proportion of Escherichia-Shigella and Lactoba-
cillus in the ileum, which may be that they are regulating
and maintaining the intestinal environment of wild boar
(Ruggiero, 2014). Bacteroidetes can facilitate digestion in
wild boars (Becker et al. 2014; Ma et al. 2014). In addi-
tion, Akkermansia is also the dominant bacteria in ileum,
which is a very important probiotic bacteria in animal
intestines, and its products can provide energy for rumi-
nants (Suen et al. 2011).

Ruminococcaceae_UCG-005, Escherichia-Shigella,
and Christensenellaceae_R-7_group were the dominant
bacteria in cecum, colon, and rectum, and some studies
have shown that these bacteria are the dominant bac-
teria in rumen of ruminants (Jin et al. 2019). Rumino-
cocca-ceae_UCG-005 are very important probiotics in
animal intestines, which can secrete a large amount of
cellulase and hemicellulase to degrade starch and cellu-
lose, and the products can provide energy for the animal
body (Suen et al. 2011). Studies in pigs found that Chris-
tensenellaceae R-7 group help digest soluble dietary fiber
(Tao et al. 2019) and promote intestinal development and
barrier function, thus improving the growth performance
of pig (Zhang et al. 2020). Christensenellaceae R-7_
group, with the highest abundance in the rectum, can
reduce the probability of obesity in mammals, which
is consistent with the characteristics of wild boar with
higher lean meat rate and lower fat content. In addi-
tion, it is reported that Christensenellaceae_R-7_group
and Ruminococcaceae_ UCG-005 are related to the pro-
duction of short-chain fatty acids (SCFA) (Li et al. 2021;
Zhang et al. 2020).

In addition, Bacillus in the rectum can transform and
degrade lactic acid, so that animals with high levels of
exercise can always maintain adequate physical energy
for foraging, running, and other activities (Huang et al.
2020). Turicibacter is also positively correlated with die-
tary cellulose richness, which helps wild boar to adapt
to a plant-based diet (Lau et al. 2018). Although the
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abundance of Bifidobacterium in this study is relatively
low, Bifidobacterium plays an important role in inhibiting
the proliferation of pathogenic bacteria and pre-venting
intestinal inflammation. The high level of Bifidobacte-
rium contributes to the absorption of nutrients and the
improvement of disease resistance of wild boar (Di Gioia
et al. 2014). Therefore, the rich microbiota in each loca-
tion of the wild boar has sufficient ability to help its
adapted to the harsh natural conditions in the wild.

Gut microbiota and function prediction

KEGG pathway was used to predict the intestinal micro-
biome function of wild boar. The results showed that
genes related to starch and sucrose metabolism, fructose
and mannose metabolism, tyrosine metabolism, vita-
min metabolism, folic acid biosynthesis, and carotenoid
biosynthesis were significantly enriched in the stomach
of wild boar. This is related to the enrichment of Prevo-
tella and Lactobacillus in the stomach, and these two
bacteria can provide energy to the animal body during
decomposition of the acetic acid, propionic acid, and
butyric acid produced by decomposition of the semicel-
lulose, pectin, starch, etc. (Jin et al. 2019; Petrova et al.
2015). The function of the ileum is more closely related
to the relationship between fatty polysaccharide biosyn-
thesis, fatty acid degradation, metabolism, phosphoric
acid and phosphoric acid metabolism, and unsaturated
fatty acids. It may be due to a large number of Lactacil-
lus, Bacillus, and Fusobacterium, which can decompose
protein, metabolize carbohydrates (McCoy et al. 2013;
Niu et al. 2015). The function of microbial flora in cecum,
colon and rectum is relatively close, which associated
microbial abundance of fatty acid metabolism, amino
acid biosynthesis, carbohydrate metabolism, energy
metabolism, etc. This is related to the high abundance
of Ruminococcaceae_UCG-005, Prevotella_7, and Chris-
tensenellaceae_R-7_group, which requires anaerobic con-
ditions and carbohydrate energy sources in dietary fibers
(such as cellulose or xylan). Similar functions have been
found in the captive wild boar (Yang et al. 2020). This
study suggests that microbes in the small intestine are
more inclined to quickly digest, absorb simple carbohy-
drates such as glucose and maltose. Carbohydrates that
are more difficult to decompose enter the cecum and
colon, and the bacterial communities such as Akkerman-
sia and Clostridium_sensu_stricto_1 help to decompose
and utilize (Suen et al. 2011).

The function prediction corresponds to the abundance
of microbiota. Different locations show unique functional
and spatial characteristics, which contribute to the rapid
degradation of various nutrients, utilization and mainte-
nance of intestinal dynamic balance, which may also be
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one of the reasons for the wide diet and strong adaptabil-
ity of wild boar.

Conclusion

Our study suggested that the composition of bacterial
community structure of wild boar varies with gastro-
intestinal location. To our knowledge, this study is the
first to analyze and compare the gut microbiota of wild
boar in stomach, small intestine (ileum), and large intes-
tine (cecum, colon, and rectum) worldwide. The results
of this study are helpful to develop better prevention
and control strategies for wild boar. With the continu-
ous deepening of gut microbiota related research, it is
expected to become an effective means to reveal the
health of wild boar.

Methods

Fecal sample collection

Fifteen healthy wild boars were collected in the forest
environment of a karst region in Southwest China, in the
winter of 2019 to 2020. The distribution of the sampled

wild boars is shown in Fig. 10, and the detailed sample
information is shown in Table S1. After the wild boar was
killed, 3—-5 g contents of stomach, ileum, colon, cecum,
and rectum were collected under sterile conditions and
stored at — 80 °C for further analysis. The hunting and
autopsy samples were approved by Guizhou Forestry
Bureau and Animal Experiment Ethics Committee of
Guizhou University.

16S rRNA microbial community analysis

Total DNA extraction and PCR amplification

Total DNA was extracted from the microbial community
according to the instructions of E.Z.N.A.® soil DNA kit
(Omega Bio-Tek, Norcross, GA, USA), and the quality
of DNA was detected by 1% agarose gel electrophoresis
(voltage 5 V/cm, 20 min). DNA concentration and purity
were determined by NanoDrop2000. Using extracted
DNA as template, 338F (5'-ACTCCTACGGGAGGC
AGCAG-3) and 806R (5-GGACTACHVGGGTWT
CTAAT-3') were selected as primers for PCR amplifica-
tion of V3—V4 variable region of 16SrRNA gene. The PCR
reaction parameters were as follows: pre-denaturation at
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95 °C for 3 min, 27 cycles (denaturation at 95 °C for 30
s, annealing at 55 °C for 30s, extension at 72 °C for 45 s),
then stable extension at 72 °C for 10min, and finally pres-
ervation at 10 °C (PCR: ABI GeneAmp®9700). PCR reac-
tion system is as follows: 5 x FastPfu buffer 4 pL, 2.5 mM
dNTPs 2 pL, upstream primer (5 uM) 0.8 puL, downstream
primer (5 uM) 0.8 pL, TransStart FastPfu DNA polymer-
ase 0.4 pL, BSA 0.2 uL, template DNA 10 ng, DdH20 to
20 pL, 3 replicates per sample. PCR products from the
same sample were mixed and purified by 2% agarose gel
electrophoresis using the AxyPrep DNA Gel recovery kit
(AXYGEN, USA). The recovered products were detected
and quantified using the QuantiFluor "-ST blue fluores-
cent quantification system (Promega, USA).

lllumina Miseq sequencing

NEXTFLEX Rapid DNA-SEQ Kit was used for library
construction: (1) “Y” joint link; (2) use magnetic beads
to remove self-connecting segments; (3) enrichment of
library templates by PCR amplification; Sodium hydrox-
ide denatures to produce single-stranded DNA frag-
ments; (4) PCR products were recovered by magnetic
beads to obtain the final library. Sequencing was per-
formed on Illumina’s Miseq PE300 platform (Shanghai
Majorbio Bio-Pharm Technology Co., Ltd.).

Statistical analysis

Statistical comparisons and graphic were analyzed
by the Statistical Package for Social Science program
(SPSS22.0, Chicago, USA) and R 4.11. p < 0.05 was con-
sidered statistically significant.
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