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ABSTRACT: Present studies on ethnicity and intestinal flora show that different ethnic factors, such as diet, geography,
and genetics, can make remarkable differences in the structure of intestinal microbiota. To the best of our knowledge,
in this study, the differences in intestinal flora of healthy Dai and Han Chinese in the Yunnan region of China were
determined for the first time by high-throughput sequencing, and the correlation between polymorphisms of FOXC2
C-512T and the structure of intestinal flora was analyzed. The study found that there were significant differences in
α and β diversity in intestinal flora between healthy Dai and Han people, and the two ethnic groups had dominant
microbiota, through analysis at gate and genus levels. Moreover, our study shows that the intestinal flora structure of
FOXC2 C-512T locus CT is different from that of the other two genotypes in terms of α and β diversity and that FOXC2
C-512T polymorphism can affect the composition of human intestinal flora. This study mainly fills the gap in the field
of ethnic-gut microbiome research of Dai people and reveals the effect of FOXC2 C-512T polymorphism on the structure
of human intestinal flora.
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INTRODUCTION

With the continuous progression of intestinal micro-
biota research, the association between race and in-
testinal flora has garnered increasing attention in re-
cent years [1]. A cross-sectional study in Malaysia [2]
showed that 16S amplification sequence analysis
of stool samples from 214 community members in
Malaysia (46 Malays, 65 Chinese, 49 Indians, and
54 Yakun) showed significant differences in the gut
microflora of different ethnic groups (p = 0.001). In
another wide-scaled study in the Netherlands [3], stool
samples were collected from 2,084 people of six ethnic
groups, namely Dutch, Ghanaian, Moroccan, African
Surinamese, South Asian Surinamese, and Turks. The
thorough analysis of α diversity showed that the gut
flora is significantly diverse among different ethnic
groups (p < 2.2e − 16). Therefore, they concluded
that the ethnicity of individuals should be considered in
microbiome studies and their potential future applica-
tions should be studied in ethnically diverse societies.

China is a multi-ethnic country with 56 ethnic
groups. The geographical, dietary preferences and
culture among ethnic groups are distinct and var-
ied, which is advantageous for studying the relation-
ship between different ethnicities and intestinal flora.
Liao et al [4] studied the healthy populations of Yao,
Zhuang, and Han Chinese groups and reported signif-
icant structural differences in the fecal microflora of

the three ethnic groups. This indicated that ethnicity
significantly affects the gut microflora. Furthermore,
Lin et al [5] found that there were significant differ-
ences in the intestinal flora of different ethnic groups
of healthy populations in 7 different cities in China
(Bai, Hui, Korean, Miao, Mongolian, Tibetan, and
Uyghur). The study also showed that compared with
ethnicity, geographical factors have a greater effect on
the composition and diversity of intestinal microflora.
The Dai people are a unique ethnic group in Southeast
Asia and South Asia, and they are widely distributed in
India, Vietnam, Indonesia, Thailand, Yunnan in China,
and other countries. The Dai people have a global
population of 68 million. Their population is about
1.26 million in China. The Dai ethnic group has a
large and widely distributed population. Even though
there is currently research worldwide on the effects
and correlation between ethnicity and intestinal flora,
there is no literature report on the intestinal flora of
the Dai ethnic group in China.

The human fork-headed transcription factor
(FOXC2) is a key regulator of fat cell metabolism,
skeletal tissue development, lymphangiogenesis,
and lung maturation. It also plays a major role
in many gene regulatory pathways [6]. FOXC2
plays a multifaceted role in cancer. It promotes cell
proliferation, epithelial-mesenchymal transformation,
angiogenesis, and lymphangiogenesis [7]. The gut
microflora is also closely related to the development
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of cancer [8]. González-Loyola et al [9] found
that the loss-of-function of FOXC2 disrupts the
intestinal epithelial barrier by changing the structure
of intestinal flora and interfering with lymphatic
function, thereby exerting an effect on various
diseases such as inflammatory bowel disease, cancer,
and lymphedema. Our previous research has
confirmed that FOXC2 is strongly associated with
glycolipid metabolism [10, 11]. The polymorphism
of C-512T in the 5′ untranslated region of FOXC2
is significantly associated with insulin resistance
(HOMA-IR) [12]. The intestinal flora is also a key
factor affecting glycolipid metabolism and HOMA-
IR [13]. Therefore, the polymorphism of FOXC2
C-512T can be closely associated with the composition
and structure of gut microbiota.

In this study, the differences in intestinal mi-
croflora of healthy Dai and Han Chinese were stud-
ied for the first time by collecting fecal specimens
from healthy Dai and Han populations in Yunnan.
We did not consider geographical factors. We then
simultaneously investigated the correlation between
polymorphisms of FOXC2 C-512T and the intestinal
microflora by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) and 16s
rRNA in these two ethnic groups.

MATERIALS AND METHODS

Participants

We recruited healthy subjects from the Dai and Han
ethnic groups who underwent assessment at the phys-
ical examination center of the First Affiliated Hospital
of Kunming Medical University. The subjects were
asked to sign an informed consent form if they met the
study inclusion indicators. The study was conducted in
accordance with the Declaration of Helsinki, which was
approved by the Ethics Committee of the First Affiliated
Hospital of Kunming Medical University (Approval No.
2022L79).

The following were the study inclusion indicators:
Han and Dai volunteers whose 3 generations of direct
blood relatives belonged to the same ethnic group as
that of the volunteers; Han and Dai volunteers who
followed the customs and habits that were deemed
unique to their specific ethnic groups.

The following were the study exclusion indicators:
suffering from different acute and chronic diseases,
inflammation and digestive system diseases; consump-
tion of probiotics, antibiotics, and medications that
affected their gut microbiota in the 3 months be-
fore sample collection, long-term smoking and alcohol
abuse, breastfeeding or pregnant women; when more
than one candidates belonged to the same family, one
subject was randomly selected and the remaining were
excluded from the study.

A total of 75 healthy subjects, which consisted of
27 Dai and 48 Han subjects, were included in the study.

For all participants of the study, 1 ml of the whole
blood was drawn in an anticoagulant tube containing
EDTA and stored in a refrigerator at −80 °C. The feces
of fasting subjects were collected in the early morning
time to facilitate sterile fecal collection and stored in a
−80 °C refrigerator within 1 h of collection.

Polymorphism analysis of C-512T

Whole blood DNA extraction was conducted by using
the Proteinase K method [14]. The main reagents
included a centrifugal column genomic NDA extrac-
tion kit, 2×Taq PCR Mastermix, DNA Marker (Beijing
Tiangen Biochemical Co., Ltd., China); PCR amplified
upstream primers: 5-′GCCGACGGATTCCTGCGCTC-3′,
downstream primers: 5′-CGCTCCTCGCTGGCTCCA-3′

(Shanghai Jierui Biological Engineering Co., Ltd.,
China); agarose (Biowest Spain); sterile deionized wa-
ter (Beijing Lanjieke Biotechnology Co., Ltd., China).

The PCR-RFLP method was conducted in accor-
dance with the method proposed by Nian et al [12], al-
beit with some minor changes. The PCR amplification
system (50 µl) was composed of a 2 µl DNA template,
1 µl upstream primer (20 mM), 1 µl downstream
primer (20 mM), 32 µl sterile deionized water, and
14 µl of 2×Taq PCR Mastermix. After centrifugation
for 2 s, the solution was placed in the PCR amplifi-
cation instrument at the following setting: 95 °C pre-
denaturation for 5 min, 95 °C denaturation for 30 s,
63 °C annealing for 30 s, 72 °C extensions for 30 s for
35 cycles, and 72 °C extensions for 10 min.

PCR product analysis: A 2.5% agarose gel was
prepared and mixed with 5 µl of the PCR product and
1 µl of 6× loading buffer (Beijing Tiangen Biochemical
Co., Ltd.). This mixture was added to the gel-dosing
wells, with 6 µl of 500 bp Marker (Shanghai Bio-
engineering Co., Ltd., China) as the molecular weight
standard. After electrophoresis, the presence of the
378 bp fragment was observed under the ultraviolet
image analysis system to determine whether the ex-
periment was successful. The successful samples were
then sent to Shanghai Bioengineering Co., Ltd., for
polymorphism sequencing of the FOXC2 gene C-512T.

16S rRNA sequencing of stool samples

Extraction of fecal DNA

DNA was extracted from the feces by using the SDS
method [15]; agarose gel electrophoresis was per-
formed to detect DNA purity and concentration, and
an appropriate amount of the sample was taken in
a centrifuge tube and diluted to 1 ng/µl with sterile
water.

PCR amplification

DNA (1 ng/µl) was diluted and used as the template.
Depending on the selection of the sequencing area,
specific primers with barcodes were used (Shanghai
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Bioengineering Co., Ltd.). PCR was performed with
highly efficient and high-fidelity enzymes to ensure
amplification efficiency and accuracy. The PCR reac-
tion system consisted of 15 µl of High-Fidelity PCR
Master Mix (New England Biolabs, USA), 0.2 µM of
forward and reverse primers (Shanghai Bioengineering
Co., Ltd.), and 10 ng template DNA for a total of 30 µl.
After centrifugation for 2 s, the solution was placed
in a PCR amplification instrument at 98 °C for pre-
denaturation for 1 min, 98 °C denaturation for 10 s,
50 °C annealing for 30 s, 72 °C extensions for 30 s for
30 cycles, and 72 °C extensions for 5 min.

PCR product purification

PCR products were detected by electrophoresis using
agarose gel at a 2% concentration; an equal con-
centration was mixed according to the PCR product
concentration, and 2% agarose gel electrophoresis was
performed to detect the PCR products after mixing
thoroughly.

Library building and hands-on sequencing

After building the library, library quantification and
quality control were performed with Qubit before
undertaking next-generation sequencing with the Il-
lumina platform. The sequencing model used was
Novaseq6000, the sequencing depth was 4w raw reads,
and the sequencing strategy was pe250. The resulting
raw image data file was converted into the Sequenced
Reads by Base Calling analysis, and the data was stored
in the FASTQ (fq for short) file format.

Statistical analysis

The measurement data of the population characteris-
tics of this study conformed to the normal distribution
and were expressed as the mean± standard deviation.
The inter-group comparison was based on the inde-
pendent sample t-test. Counting data were expressed
as the number of examples/%, while the inter-group
comparison was tested by χ2. SPSS 19.0 software was
used for double-sided data processing. p < 0.05 was
considered to indicate statistical significance.

Bioinformatic analysis

We used the DADA2 method [16] to perform mass
filtering, denoising, stitching, and de-chiming of the
original sequencing sequence. As per the DADA2
method, we performed deduplication operations on
the valid data to obtain the deduplication ASV, ap-
plied the diversity core-metrics-phylogenetic command
in the QIIME2 software for standardization, and set
the standardized data depth to 95% of the minimum
sample sequence quantity. Finally, we obtained the
amplicon needed for the sequence variants (ASV).

We also used the R ggplot2 package to perform
α-diversity analysis of ASVs and created a box di-
agram [17]. The indications for assessing diversity
included the Chao1 index, Ace index, Shannon index,
and Simpson index. The Chao1 index and Ace index
measured the species abundance, with larger values
indicating greater numbers of species. The Shannon
index and Simpson index were used to measure species
diversity, where larger values indicated more varieties
of species.

β-diversity analysis was based on unifrac distance
using vegan packages in the RStudio software [18]. In
the β-diversity analysis, principal coordinates analysis
(PCoA) extracted the most important elements and
structures from multidimensional data through a series
of eigenvalues and eigenvector sorting. The positions
of the extracted elements and structures were then
labeled on the three-dimensional coordinate space.
The idea of dimensionality reduction was used to
project these positions onto a two-dimensional dia-
gram for better understanding. We located the most
dominant coordinates in the distance matrix to observe
differences between individuals or groups. The closer
the sample distances in the figure, the greater the
similarity in the species composition structure; hence,
samples with high similarity in the community struc-
ture tended to clump together while those with large
community differences were located far apart.

Anosim analysis, also known as similarity analy-
sis, is a nonparametric test used to evaluate whether
the difference between groups is significantly greater
than the difference within a group so as to determine
whether the grouping is meaningful. This analysis also
tests for any significant difference in the β diversity
between samples in different groups. When the R-
value is near 1, the difference between the groups is
greater than the difference within a group, and when
the R-value is near 0, there is no evident difference
within a group as opposed to between two groups.

LEfSe is the latest linear discriminant analysis
(LDA) effect size-based method that essentially com-
bines nonparametric statistical tests (Kruskal-Wallis
multigroup tests with Wilcoxon rank-sum tests) with
LDA to screen for the key biomarkers (such as the
key functional taxa/species). This approach allows
researchers to identify features of different abundances
and associated classes, and it is not limited to the anal-
ysis of differences between different sample groups.
LEfSe can also deeply analyze different subgroups to
pick the key functional groups or species that are con-
sistent throughout different subgroups. Accordingly,
LEfSe has been widely applied in microbial amplicon
analysis and metagenome analysis, making it partic-
ularly suitable for determining biomarkers in medical
research [19].
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Table 1 Comparison of general information between Han
and Dai volunteers.

Han (n= 48) Dai (n= 27) p

Gender (male/female) 9/39 3/24 0.386
Age 51.88±9.78 53.26±9.67 0.545
BMI 25.07±2.76 24.12±3.44 0.195

Gender differences were tested by the chi-square test, and
age differences were assessed using the t-test.

Fig. 1 (a) and (b), sequencing site maps of heterozygous
mutant types (CT); (c) sequencing site maps of wild type
(CC); (d), sequencing site maps of homozygous mutant types
(TT).

RESULTS

Clinical features of the participants

The study included 75 Chinese subjects: 27 Dai and 48
Han. There were no significant differences in sex, age,
or BMI between the Dai and Han subjects (Table 1).

Differences in the polymorphisms of C-512T
between Dai and Han Chinese

Three genotypes (Fig. 1) consisting of a wild type (CC),
a heterozygous mutant type (CT), and a homozygous
mutant (CT) were detected at the C-512T locus of
FOXC2. There were no significant differences in the
CC, CT, and TT genotype distribution and C and T
allele frequencies in the sample population consisting
of 27 Dai and 48 Han subjects (Table 2). The genotype
frequency distribution fulfilled the Hardy-Weinberg
balance test (Han: p = 0.683; Dai: p = 0.106).

Differences in the intestinal flora between Dai and
Han Chinese

Sequencing quality and analysis clustering results

We measured the average raw data of 115,938 reads
for each sample, 114,924 reads after filtering, 111,216
reads after denoising, and 86,522 reads obtained by
decimalization after splicing, with an efficiency of
74.63%. Deduplication of the resulting valid data

yielded a deduplication ASV, and the normalized data
depth was set at 95% of the minimum sample sequence
amount. The normalized sample was sequenced at a
depth of 36206 and many ASVs to 11081.

By randomly sampling data from a sample of a
set number of sequencing data, counting the number
of species they represent (the number of ASVs), the
number of sequencing data extracted and the corre-
sponding amount of species was used to construct
a sparse curve (Fig. 2a). We found that the curve
of the vast majority of samples tended to be flat,
which indicated that the number of sequencing data
was gradually reasonable, and more data would only
produce a small number of new species. Moreover,
we also plotted the aroma index curve for revalidation
(Fig. 2b) and found that the aroma index curve also
tended to be flat, which indicated that the amount of
sequencing data was large enough that the sequencing
results would not be greatly affected by the re-increase
of the sample. However, this indicated that the sample
already covered the vast majority of microbial species
information.

Analysis of α diversity of intestinal flora

The analysis of the α diversity of Dai and Han Chinese
showed that the Chao1 index (Fig. 2c) and Ace index
(Fig. 2d) of the Dai subjects were significantly higher
than the Chao1 index (p < 0.001) and Ace index of
the Han subjects (p < 0.001), which indicated that the
abundance of intestinal flora in the Dai population is
significantly higher than that in the Han population.
No significant difference was found between the Dai
and Han populations (p = 1; p = 0.7405) in the Shan-
non index (Fig. 2e) and the Simpson index (Fig. 2f).
This indicated that there was no significant difference
in the diversity of intestinal flora between the Dai and
Han populations.

Analysis of β diversity of intestinal flora

The Principal Co-ordinate Analysis Method (PCoA)
computed using Weighted UniFrac and Unweighted
UniFrac (Fig. 3a,b) showed that the β diversity of
the Dai and Han populations were significantly differ-
ent. The two axes of PCoA computed by Weighted
UniFrac and Unweighted UniFrac were by performing
the Kruskal-Wallis test (Fig. 3c-f). We found that in the
PCoA calculated by Unweighted UniFrac, there were
significant differences between Han and Dai popula-
tions on two axes (p < 0.001). In the PCoA calculated
by Weighted UniFrac, the two groups on the PCoA1
axis were significant (p< 0.01), whereas no significant
difference was found between the two groups on the
PCoA2 axis (p > 0.05). We then performed an Anosim
analysis to determine whether there was a signifi-
cant difference in the β diversity of different grouped
samples. The results showed that both Weighted
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Fig. 2 (a), a sparse curve, which directly reflects the rationality of the amount of sequencing data, and indirectly reflects the
richness of species in the sample, when the curve tends to be flat, indicating that the amount of sequencing data is gradually
reasonable, and more data will only produce a small number of new species; (b), the Shannon index curve, similar to the
sparse curve, also reflects sample diversity; (c) and (d), box plots of the Chao1 index (p = 6.403e − 9) and the ACE index
(p = 3.375e−10), respectively, which measure the abundance (the number) of species; (e) and (f), box plots of the Shannon
index (p = 1) and the Simpson index (p = 0.7405), respectively, which measure species diversity.
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Fig. 3 (a), a PCoA plot calculated by Unweighted Unifrac; (b), a PCoA plot calculated by Weighted Unifrac, the closer
the samples are, the more similar the species composition, so samples with high community structure similarity tend to
congregate together, while samples with large community differences are far apart; (c), a box diagram (p = 8.523e − 13)
made by calculating the difference between two sets of PCoA1 axes using the Kruskal-Wallis test; (d), a box diagram of the
PCoA2 axis (p = 0.0001909); (e), a box diagram (p = 0.00172) made by calculating the difference between two sets of
PCoA1 axes in the (b) using the Kruskal-Wallis test; (f), the box-type diagram of the PCoA2 axis (p = 0.6749); (g), the Anosim
analysis box plot calculated by Unweighted Unifrac (p = 0.001); (h), the Anosim analysis box plot calculated by Weighted
Unifrac (p = 0.001).

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


ScienceAsia 49 (2023) 397

Table 2 Comparison of genotypes and alleles of C-512T polymorphism.

Ethnic Number Genotype p Allele p

CC (%) CT (%) TT (%) C (%) T (%)

Han 48 11(22.9) 21(43.8) 16(33.3) 0.079 43(44.8) 53(55.2) 0.539
Dai 27 4(14.8) 19(70.4) 4(14.8) 27(50.0) 27(50.0)

Differences in Genotype and Allele were tested by the chi-square test.

UniFrac and Unweighted UniFrac calculation methods
confirmed a significant difference in the intestinal flora
between Dai and Han (p = 0.001) (Fig. 3g,h). This
indicated that the healthy Han and Dai populations
have little similarity in the composition and structure
of the intestinal microorganisms.

Differences in the intestinal flora of the Dai and Han
Chinese populations

We compared the ASV sequence with the microbial
reference database Silva (www.arb-silva.de) to obtain
the corresponding species classification information of
each ASV, then determined the composition of each
sample community at the gate and genus level to gen-
erate a species abundance table at different taxonomic
levels. We then used the R tool to draw a commu-
nity structure map (Fig. 4a,b). By comparing these
results to the database Silva, species annotations were
made and statistics on different taxonomic levels were
calculated. Of the 11081 ASVs, the number of ASVs
that can be annotated to the database was 99.68%,
the proportion of gate levels was 98.51%, and the
proportion of genera levels was 75.38%. At the gate
level, the dominant species were mainly Firmicutes,
Bacteroidota, and Proteobacteria (Fig. 4c), and the
dominant species at the genus level were Bacteroides,
Faecalibacterium, and Pseudomonas (Fig. 4d).

Furthermore, we performed a LefSe analysis based
on species abundance. At the gate level, the abun-
dance of Proteobacteria and Actinobacteriota in the
Han population was significantly greater than that of
the Dai population, whereas Fusobacteriota was more
dominant in the Dai population. At the genus level, the
dominant bacteria in the Han population were Pseu-
dognonas, Bacteroides, Blautia, and Bifidobacterium,
and the dominant bacteria in the Dai population were
Closedtridium and Prevotella (Fig. 4e,f).

Correlation between C-512T polymorphisms and
intestinal flora

We categorized polymorphisms per the C-512T geno-
type sequencing results into CC, TT, and CT groups
and performed a high-throughput sequencing analysis.
The α diversity analysis indicated that indices, includ-
ing Chao1, Shannon, and Simpson, overall showed
no significant differences between the three groups
(Fig. 5a,c,d); however, the intestinal flora abundance

in the CT group was significantly higher than that in
the TT group per the ACE index (Fig. 5b). During
the β diversity analysis, the PCoA calculated using
Unweighted UniFrac showed differences between the
intestinal flora of the three groups (Fig. 5e). We calcu-
lated two coordinate surfaces of the PCoA separately
by the Kruskal-Wallis test and found significant differ-
ences between the CT and TT groups on the PCoA1
axis (p < 0.01) (Fig. 5g) and between the CT, CC, and
TT groups on the PCoA2 axis (p < 0.05) (Fig. 5h).
The PCoA calculated by Weighted UniFrac showed
no significant differences between the three groups
(Fig. 5f,i,j). Moreover, the Anosim analysis showed
that the R-value was close to 0, indicating no statistical
differences between and within the three groups of
FOXC2 and suggesting that racial factors had no signif-
icant effect on the C-512T polymorphism grouping of
FOXC2 (Fig. 5k,l). Furthermore, the LefSe analysis did
not show any different significant microflora between
the three groups (Fig. 5m).

DISCUSSION

As research on intestinal flora progresses, the intesti-
nal microbiome has become a “bridge of connection”
between various biological systems. It is a key factor in
neural [20], gastrointestinal [21], cardiovascular [22],
respiration system [23], endocrine metabolism [13],
and has been confirmed to be closely related to
the nervous system through the gut-brain microbiota
axis [24]. In the two review articles, they reported that
the intestinal microbiota plays a vital role in human
health and diseases, and it will become the core of the
medical field in the future [25, 26]. Factors affecting
the intestinal microbiota have already become a popu-
lar focus of the current research.

We analyzed the intestinal flora of the healthy
populations of the Dai ethnic group and the Han na-
tionality in Yunnan, China, to verify the effect of ethnic
genes on the composition and structure of intestinal
flora by excluding factors such as drugs, geography,
and diseases as much as possible. The present study
showed that due to dietary factors, significant differ-
ences were observed between the intestinal microflora
of the Dai and Han populations. At the gate level,
Actinobacteriota and Proteobacteria were significantly
higher in the Han subjects than in the Dai subjects,
and the Fusobacterium phylum was more dominant in
the Dai subjects than in the Han subjects. Although
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Fig. 4 (a), the structure of the intestinal flora of individual samples at the gate level; (b), the structure of the intestinal flora
of each sample at the genus level; (c) the structure of the intestinal flora between the healthy population of the Dai ethnic
group and the healthy group of Han people at the gate level; (d), the structure of the intestinal flora between healthy Dai
populations and Han healthy groups at the genera level; (e), a histogram of LDA value distribution for LefSe analysis; (f), a
branching plot of LEfSe analysis evolution.
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Fig. 5 α diversity analysis between the three genotypes of the FOXC2 gene C-512T in (a), (b), (c) and (d) were box plots of the
Chao1 index (p = 0.216), the ACE index (p = 0.1257), the Shannon index (p = 0.6328) and the Simpson index (p = 0.4559);
(e), the PCoA graph calculated by Unweighted Unifrac; (f), the PCoA graph calculated by Weighted Unifrac; (g), a box-type
diagram (p= 0.008717) made by calculating the difference between the three groups of genotypes in the PCoA1 axis of the (e)
by the Kruskal-Wallis test; (h), the box-type diagram of the PCoA2 axis (p = 0.03766); (i), a box-type diagram (p = 0.4259)
made by calculating the differences between three sets of PCoA1 axes using the Kruskal-Wallis test; (j), a box-type diagram
(p = 0.968) of the PCoA2 axis; (k), the Anosim analysis box-type diagram calculated by Unweighted Unifrac (p = 0.84); (l),
the Anosim analysis box-type diagram calculated by weighted Unifrac (p = 0.981); (m), a branching diagram of the evolution
of LEfSe analysis.
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no significant differences were observed between Fir-
micutes and Bacteroidota abundances in the Dai and
Han healthy populations, at the genus level Blautia
in Firmicutes and Bacteroides in Bacteroidota were
more dominant in the Han subjects, whereas Clostrid-
ium in Firmicutes and Prevotella in Bacteroidota were
more dominant in the Dai subjects. In addition,
Bifidobacterium in Actinobacteriota and Pseudomonas
in Proteobacteria were statistically higher in the Han
subjects. Interestingly, Fusobacteriota, which was dom-
inant in the Dai subjects, was identified as dominant
bacteria at phylum, class, order, and family levels;
however, it was not dominant at the genus level in the
Dai subjects. One possibility is that Fusobacteriota is
a relatively unknown bacterium; hence, no annotation
was available for it in the database used in this study.

Regarding diets, the biggest difference between
Han and Dai groups is that Han people prefer a car-
bohydrate and meat diet, whereas members of the
Dai ethnic group prefer a vegetarian diet. Blautia
and Bifidobacterium, short-chain fatty acid-producing
bacteria, are significantly correlated with carbohydrate
diets [27, 28], which may be one of the reasons for
the higher abundance of Blautia and Bifidobacterium
in the Han subjects. In addition, Lee et al [29]
reported that the vegetarian diet culture of Southeast
Asian countries, including Indonesia and Thailand,
led to a low abundance of Bacteroides in their gut
microbiota compared with those in North American
countries. An animal protein diet increases the abun-
dance of Bacteroides [30], and the relative abundance
of Prevotella in Bacteroidota, a de-westernized genus,
is inversely correlated with the relative abundance of
Bacteroides [31, 32]. It is also closely related to carbo-
hydrate and vegetarian diets [33]. Based on the data
analyzed in the present study, we confirmed significant
differences in intestinal flora between different ethnic
groups. Hence, distinctive food cultures are key factors
affecting intestinal microflora.

Interestingly, studies have confirmed that Pseu-
domonas abundance is strongly associated with a plant-
based diet [34], and it reduces Clostridium abun-
dance [35]. We found that Pseudomonas was signif-
icantly more dominant in the healthy Han popula-
tions than in the healthy Dai populations, whereas
Clostridium was significantly more dominant in the
Dai subjects than in the Han subjects, which was not
consistent with previous studies. Our further analysis
suggested that interactions between bacterial strains
in the intestinal flora may alter the effects of a diet
on the microbiota. Luo et al [36] found that Bifi-
dobacterium could affect the abundance of 38 bacterial
genera in the intestine, of which 23 were positively
correlated with Bifidobacterium, whereas 15 were neg-
atively correlated with it. The positively correlated
bacteria included Blautia, whereas the negatively cor-
related bacteria included Clostridium and Prevotella. In

the present study, Bifidobacterium abundance in the
healthy Han population was significantly higher than
that in the healthy Dai population, which was likely
to promote Blautia growth and inhibit Clostridium and
Prevotella. Hence, we infer that communication and
interactions between different species within intestinal
flora possibly affect the structure of intestinal flora.

The human microbiome project data showed that
host genetics may affect the α diversity of the gut
microbiota and confirmed the association between
LCT and Bifidobacterium abundance [37]. Another
study [38] recruited 416 pairs of twins (171 pairs of
fraternal twins and 245 pairs of identical twins) and
showed that the diversity and abundance of the intesti-
nal flora of the identical twins were more similar than
those of the fraternal twins. This indicates that genes
significantly affect the gut microbiota. Wang et al [39]
performed the genome-wide association analysis of
82 subjects from Germany to determine changes in
the intestinal microbiota affected by several factors,
including vitamin D receptors; the results showed that
the effect of host genes on the intestinal microbiota
accounted for about 10%, providing a theoretical basis
for the study of genes related to the intestinal micro-
biota.

Nakayama et al [40] performed the high-
throughput sequencing of feces samples collected
from Asian countries and regions, including China,
Thailand, Japan, Indonesia, and Taiwan, and found
that the intestinal flora of people in China, Japan,
and Taiwan was dominated by Bacteroides and
Bifidobacterium, whereas that of Thailand and
Indonesia was dominated by Prevotella. Lee et al [29]
also found relatively low abundance of Bacteroides
in Indonesian and Thai populations. The results of
these two studies [29, 40] of the Thai population
are consistent with the results of the healthy Dai
population in the present study, confirming the effect
of genes on the composition of the gut microbiota
in the absence of slight differences between various
factors, including diets and cultures.

In this study, we confirmed the correlation be-
tween the FOXC2 C-512T polymorphism and the in-
testinal microbiota. The study involved the intestinal
flora of both ethnic groups; however, as the Dai CC
and TT groups consisted of only 4 people, the sam-
ple size was small. We analyzed the Dai and Han
populations together considering that the genotype
frequency distribution of the Han and Dai populations
was consistent with the Hardy-Weinberg balance test
and that no significant differences existed in the geno-
type distribution and allele frequencies of the Dai and
Han populations.

The α diversity analysis showed that the abun-
dance of intestinal flora in the CT group was signif-
icantly higher than that in the TT group, whereas
no significant difference was observed between the
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α diversities of the three groups. The β diversity
analysis showed that the PCoA calculated by Un-
weighted UniFrac showed differences between the gut
microflora of the three groups; however, the LefSe
analysis did not show any different microflora between
the three groups.

FOXC2 is the main regulatory gene of human
lymphatic production [41], which can directly affect
the balance between lymphatic functions and intestinal
flora, change the barrier effect of intestinal epithelial
cells and the colonization environment of intestinal
microorganisms, and affect several diseases, including
inflammatory bowel disease and cancer [9]. In addi-
tion, it can regulate the inflammatory response of the
intestine by affecting lymphatic functions [42], which
may be one of the reasons for the effect of FOXC2
on human metabolic disorders. Although no direct
reports on the correlation between FOXC2 and the
intestinal microbiota are currently available, we an-
alyzed whether FOXC2 C-512T polymorphisms affect
the structure of intestinal flora, especially differences
between the CT type and the structure of the intestinal
flora of the other two types. However, due to the
small sample size, this difference was not noticeable.
In addition, the differences in the flora of the Han
and Dai populations may affect the microbiota analysis
between the groups, resulting in a certain deviation in
the LefSe analysis results. Despite this, the outcomes of
the present study are sufficient to guide our subsequent
research and provide a theoretical basis for future
studies.

CONCLUSION

We confirmed that significant differences were ob-
served between the structures of the intestinal flora
of the healthy Dai and Han people in Yunnan, China.
The findings help provide a basis for understanding
the effect of ethnic factors on intestinal flora and filled
the existing gap in research on the Dai ethnic minority
in China. In addition, we also found that the CT
genotype of the FOXC2 C-512T locus differed from
the other two genotypes regarding α and β diversities,
suggesting that the composition and structure of the
human intestinal flora may be related to the FOXC2 C-
512T polymorphism. We will explore the underlying
mechanisms in future studies.
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