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ABSTRACT - To investigate the key genes and microorganisms that influence fat 
deposition in Tunchang (TC) pigs, fourteen clinically healthy 320-day-old TC sows 
(body weight: 86.00 ± 2.30 kg) were stratified into high-backfat (HBF, n = 7) and 
low-backfat (LBF, n = 7) groups according to the difference in backfat thickness. 
RNA sequencing was employed to analyze hepatic transcriptomes, with subsequent 
identification of differentially expressed genes (DEGs) and their biological functions. 
In parallel, 16S rRNA sequencing and short-chain fatty acid (SCFA) quantification were 
conducted to characterize microbial community structure and metabolic profiles in 
intestinal contents across adiposity phenotypes. Transcriptomic profiling identified 
key regulators including PLIN2, CEL, CYP7A1, AMY2 and SLC34A2 associated with fat 
deposition, while microbiome analysis revealed significant correlations between 
Desulfovibrio, Succinivibrio, Faecalibacterium, and Treponema genera with SCFA dynamics. 
Low-backfat pigs may synergistically reduce fat deposition through enhanced fatty 
acid degradation at both the host gene and microbial levels. The findings elucidate 
potential mechanisms governing fat deposition in indigenous pig breeds, which not 
only provides candidate genes for molecular marker assisted breeding of local pigs and 
offering new insights into improving fat deposition through microbial regulation.
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1. Introduction

Chinese indigenous pig breeds exhibit greater fat deposition capacity (Poklukar et al., 2020), which is 
evidenced in meat quality by higher intramuscular fat content and improved fatty acid composition 
(Chen et al., 2022). However, excessive fat deposition not only induces obesity but also adversely 
affects growth rates and reproductive performance (Houde et al., 2010; Hausman et al., 2014; 
Thiengpimol et al., 2022). Consequently, elucidating the mechanisms underlying fat deposition traits 
in indigenous pigs is important for improving production efficiency. 

RNA sequencing has been widely used in recent years to facilitate the systematic dissection of gene 
regulatory networks associated with fat deposition. A recent study in Ningxiang pigs identified 
differentially expressed genes that were significantly enriched in lipid binding, fatty acid β-oxidation, 
and glycerol-lipid metabolism pathways, highlighting specific regulatory mechanisms (Wang et al., 2023b). 
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Further evidence demonstrated that lipogenic genes were more highly expressed in adipose tissue 
of obese pigs compared withlean pigs, while the lipolysis marker perilipin2 (PLIN2) mRNA levels 
were markedly reduced (Qiu et al., 2017). The liver, as a central metabolic organ (Lyu et al., 2022), 
orchestrates systemic lipid homeostasis through fatty acid synthesis, β-oxidation, and lipoprotein 
transport (Albuquerque et al., 2020; Zhang et al., 2022). However, current research on porcine fat 
deposition predominantly focuses on adipose tissue (Xing et al., 2019) and muscle (Li et al., 2023) 
leaving the hepatic transcriptional mechanisms underlying fat deposition in indigenous breeds 
largely unexplored. 

Notably, fat deposition is a complex trait influenced not only by host genetics but also by the gut 
microbiome. The critical role of gut microbiota in regulating energy harvest, lipid metabolism, 
and fat storage has been increasingly recognized (Yang et al., 2018; Schoeler and Caesar, 2019). 
For instance, obese pigs usually exhibit higher gut microbial diversity and greater fatty acid 
production compared with lean pigs (Xiao et al., 2018). Short-chain fatty acids (SCFA), which are 
metabolites produced by the gut microbiota, also play important roles in adipogenesis regulation. 
For example, butyric acid inhibits adipogenesis through the activation of the G protein-coupled 
receptor and inhibition of fatty acid synthase expression, whereas acetic acid promotes preadipocyte 
differentiation through the regulation of histone deacetylases (Fusco et al., 2023). Furthermore, 
recent studies have further demonstrated that microbial functional genes regulate fat deposition 
through metabolites (Ma et al., 2024).

Despite the independent advancements in both hepatic transcriptomics and gut microbiome 
research, our understanding of their interactive effects on fat deposition remains limited. Therefore, 
integrative transcriptomic and microbiome analyses are needed to unravel the complex network of 
host genes and colonic microorganisms involved in the co-regulation of fat deposition in pigs.

Tunchang (TC) pigs, indigenous to Hainan Province, China, are recognized for their superior meat 
quality and adaptability to coarse feed (Liu et al., 2024). Nevertheless, their high backfat thickness 
and low lean meat percentage limit their commercial value. Previous studies have characterized the 
genetic structure (Wang et al., 2023a; Zhong et al., 2023) and gut microbiota profiles (He et al., 2023; 
Tan et al., 2024) of TC pigs; however, studies focusing on fat deposition traits in this breed remain 
scarce.

This study aimed to reveal key genes and colonic microorganisms affecting fat deposition in TC pigs 
by elucidating transcriptome and microbiota data. These findings may contribute to improving animal 
performance and production efficiency in indigenous pig breeds.

2. Material and methods

2.1. Animals and sample collection

The study was designed and implemented followed the protocol number of GBT 35892-2018, and it 
was reviewed and approved by Animal Care and Use Committee.

A total of 14 healthy 320-day-old TC sows (body weight: 86.00 ± 2.30 kg) were provided by a local 
commercial farm (Tunchang, China). After slaughter, backfat thickness was meticulously measured 
using a vernier caliper (GuangLu brand) according to the national standard (NY/T 825-2004). The 
average value from three key anatomical locations (shoulder, last rib, and thoracolumbar junction) 
was calculated for each individual. Based on these average values, animals were stratified into two 
distinct groups: the top seven individuals were assigned to the high backfat thickness (HBF, n = 7) 
group, with an average backfat thickness of 50.97 ± 2.53 mm, while the bottom seven formed the 
low backfat thickness (LBF, n = 7) group, with an average backfat thickness of 39.48 ± 0.42 mm. The 
difference in backfat thickness between groups was highly significant (P<0.001). Fresh liver tissue was 
rapidly collected and frozen in liquid nitrogen immediately, and stored at −80 °C until RNA extraction. 
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2.2. Transcriptome sequencing of liver tissue

2.2.1. RNA extraction, library preparation and sequencing

Prior to RNA extraction, frozen liver samples were thoroughly ground into a fine powder in liquid 
nitrogen using a pre-cooled mortar and pestle to prevent RNA degradation. A precisely weighed 
amount of the powdered tissue, measured using a high-precision electronic balance (Adam brand), 
was immediately transferred to a tube containing lysis buffer for subsequent homogenization and RNA 
extraction. Total RNA was then isolated from liver tissue using the Total RNA Kit II (OMEGA, Norcross, 
GA, USA) according to the manufacturer’s instructions. RNA quality and integrity were assessed using a 
NanoDrop spectrophotometer (Thermo Scientific). All samples used for library construction exhibited 
28S/18S rRNA ratios ranging from 1.8 to 2.2 and RNA concentrations between 350 and 550 ng/μL, 
confirming the high integrity and purity of the extracted RNA.

Sequencing libraries were generated according to the following steps: mRNA was purified from total 
RNA using poly-T oligo-attached magnetic beads. Fragmentation was carried out using divalent cations 
under elevated temperature in an Illumina proprietary fragmentation buffer. First strand cDNA was 
synthesized using random oligonucleotides and Super Script II. Second strand cDNA synthesis was 
subsequently performed using DNA Polymerase I and RNase H. Remaining overhangs were converted 
into blunt ends via exonuclease/polymerase activities and the enzymes were removed. After 
adenylation of the 3’ ends of the DNA fragments, Illumina PE adapter oligonucleotides were ligated 
to prepare for hybridization. To select cDNA fragments of the preferred 400-500 bp in length, the 
library fragments were purified using the AMPure XP system (Beckman Coulter,Beverly, CA, USA). DNA 
fragments with ligated adaptor molecules on both ends were selectively enriched using Illumina PCR 
Primer Cocktail in a 15 cycle PCR reaction. Products were purified (AMPure XP system) and quantified 
using the Agilent high sensitivity DNA assay on a Bioanalyzer 2100 system (Agilent). The sequencing 
library was then sequenced on NovaSeq 6000 platform (Illumina).

2.2.2. Data quality control and sequence alignment

The raw sequencing data (FASTQ format) were processed using Cutadapt (v3.4) to remove adapter 
sequences and low-quality reads and generated in this study have been deposited in the National 
Genomics Data Center (NGDC), part of the China National Center for Bioinformation (CNCB), 
under BioProject accession number PRJCA045892 (https://ngdc.cncb.ac.cn/bioproject/browse/
PRJCA045892). Clean reads were aligned to the Sus scrofa reference genome (GCF_000003025.6), which 
was published on Feb 7, 2017. The alignment was performed using HISAT2 (v2.2.1) with ≤1 mismatch 
tolerance. For gene annotation, the corresponding annotation file was obtained from the same source 
and version as the reference used. Gene expression levels were normalized as FPKM (Fragments Per 
Kilobase per Million mapped reads), and genes with FPKM >1 were retained for downstream analysis.

2.2.3. Identification and functional enrichment of DEGs

DEGs were identified using DESeq2 (v1.34.0) in R (v4.2.1) with thresholds of |log2FoldChange| >1 
and P-value <0.05. Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis were performed using the R packages “topGO” (v2.48.0) and 
“cluster Profiler” (v4.4.4), respectively. Statistical significance was assessed by P-value <0.05. 

2.2.4. Protein-protein interaction (PPI) network analysis

Differentially expressed genes (DEGs) were queried in the STRING database (v11.5) to predict protein 
interactions. To ensure high-confidence interactions and control for false positives, a minimum 
confidence (combined) score threshold of > 0.7 was applied, which is a stringent criterion widely 
adopted in the field. The STRING database itself integrates evidence from multiple sources and 
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calculates this confidence score, which accounts for the non-independence of evidence and effectively 
serves as a robust statistical control. The resulting PPI network was visualized and analyzed using 
Cytoscape (v3.9.1). Key functional modules were identified through Molecular Complex Detection 
(MCODE) clustering.

2.3. 16S rRNA sequencing of colon contents

2.3.1. ample collection and DNA extraction 

Fresh colon contents (200 mg) were collected under aseptic conditions and immediately stored at 
−80 °C. Prior to DNA extraction, these contents were thoroughly ground following the same procedure 
previously described for liver tissues. Total microbial genomic DNA was extracted using the 
instructions of the DNA extraction kit (QIAGEN, Duesseldorf, Germany). Total microbial genomic DNA 
was extracted according to the instructions of the DNA extraction kit (QIAGEN, Duesseldorf, Germany), 
and the concentration and purity of DNA were determined by 1% agarose gel electrophoresis 
(Invitrogen, Carlsbad, CA, USA) using a NanoDropND-1000 spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA) to determine the total amount of DNA.

2.3.2. PCR amplification and library preparation 

The PCR reaction system (25 μL) was configured as follows: 5×reaction buffer 5 μL, 5×GC buffer 5 μL, 
dNTP (2.5 mM) 2 μL, upstream primer (10 μM) 1 μL, downstream primer (10 μM) 1 μL, DNA template 
2 μL, ddH2O 8.75 μL, Q5 DNA polymerase 0.25 μL. The amplification parameters were set as follows: 
pre-denaturation at 98 °C for 2 min, denaturation at 98 °C for 15 s, annealing at 55 °C for 30 s, extension 
at 72 °C for 30 s, 30 cycles, and extension at 72 °C for another 5 minutes. The PCR amplified products 
were detected by 2% agarose gel electrophoresis, and the target fragments of about 500 bp size 
were cut and recovered using the Gel Recovery Kit. Sequencing libraries were prepared using the 
TruSeq Nano DNA LT Library Prep Kit (Illumina, San Diego, CA, USA), and paired-end sequencing was 
performed using MiSeq PE250 sequencer.

2.3.3. 16S data processing and analysis 

Raw sequences were quality-filtered using Trimmomatic (v0.39), and primer sequences were removed 
using Cutadapt (v3.5). Amplicon sequence variants were generated through DADA2 denoising 
in QIIME2 (v2022.2). Taxonomic classification was performed using a pretrained naïve Bayesian 
classifier (confidence threshold: 0.7) based on the Greengenes database (v13_8_99). Alpha diversity 
indices, including Chao1, observed species, Shannon, and Simpson indices, and beta diversity based on 
Bray-Curtis principal coordinate analysis (PCoA) were calculated using the vegan v2.6-4 package in R 
(v4.2.2). Linear discriminant analysis effect size (LEfSe) was applied to identify microbial biomarkers, 
using an LDA score threshold of >2.0.

2.3.4. Determination of SCFA in colon contents

The concentration of SCFA in colonic contents was determined by gas-liquid spectrometry-mass 
spectrometry (Han et al., 2018). Briefly, approximately 100 mg of sample was accurately weighed 
using a high-precision electronic balance (Adam brand) and homogenized in 500 μL of sterile water 
with glass beads via a high-throughput tissue homogenizer. After centrifugation at 12,000 rpm for 
10 min at 4 °C, 200 μL of the supernatant was collected and acidified with 100 μL of 15% phosphoric 
acid. Subsequently, 20 μL of internal standard solution (4-methylvaleric acid, 375 μg/mL in ether) 
and 280 μL of ether were added for liquid-liquid extraction. The mixture was vortexed vigorously for 
1 min and centrifuged again under the same conditions. The upper ether phase was then transferred 
to a GC vial for analysis using a Thermo TRACE 1300 gas chromatograph coupled with a Thermo ISQ 
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7000 mass spectrometer (Thermo Fisher Scientific, USA). Each sample was prepared in triplicate, and 
the relative standard deviation (RSD) was maintained below 15%. The final SCFA concentrations are 
reported in μg/mL.

2.4. Statistical analysis 

All data were expressed as the mean ± SEM, the differences between the HBF and LBF groups were 
analyzed using either the standard unpaired Student’s t-test (for data with homogeneous variances) or 
the unpaired t-test with Welch’s correction (for data with heterogeneous variances). For subsequent 
pairwise comparisons, the Benjamini-Hochberg false discovery rate (FDR) procedure was applied 
to correct the P-values for multiple testing. Differences were considered statistically significant at 
FDR-adjusted P-values <0.05.

Spearman correlation analysis was conducted to explore the linear relationships between the relative 
abundance of colonic microbiota and SCFA levels. Prior to analysis, microbial abundance data were 
log-transformed to reduce skewness. The correlation was calculated by a R package vegan (version 
2.7-2). This analysis generated a correlation matrix. Results were visualized as a R package pheatmap 
(version 1.0.13).

3. Results 

3.1. Differences in phenotypic traits 

An extremely significant disparity in backfat thickness was confirmed between the HBF and LBF TC 
pigs (HBF: 50.97 ± 2.74 mm vs. LBF: 39.22 ± 0.21 mm (P<0.001; Figure 1). Although the LBF group 
showed a trend toward lower body weight compared with the HBF group, this difference did not 
reach statistical significance (P>0.05). No significant differences were observed in the ratio of backfat 
thickness to eye muscle area between the two groups.

Figure 1 - Measurements of body weight, backfat thickness, and eye muscle area of Tunchang pigs. 

HBF - high backfat thickness; LBF - low backfat thickness.
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3.2. Differences in SCFA concentration

The concentration of total SCFA in the colonic contents of TC pigs did not change significantly (P>0.05; 
Figure 2) in the HBF and LBF groups, but the concentration was higher in the LBF group than in the 
HBF. Acetic acid had the highest concentration, followed by butyric acid, and caproic acid had the 
lowest concentration, which were all higher in the LBF group than in the HBF group.
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Figure 2 - The short-chain fatty acid (SCFA) concentration in the colon in Tunchang pigs. SCFA include acetic acid, 
butyric acid, isovaleric acid, valeric acid, caproic acid, propionic acid, isobutyric acid and total SCFA. 

HBF - high backfat thickness; LBF - low backfat thickness.

3.3. Evaluation of sequencing data

In accordance with the Illumina Data Quality Assessment Guidelines, the sequence quality score Q30 
for each sample was higher than 90.40%. The clean data of each sample was aligned to the reference 
genome (Sus scrofa 11.1), with a matching success rate of 95%, and on average, approximately 75% 
of the reads were mapped to exons, 5.8% to introns, and 3.7% to intergenic regions. The data above 
suggest that the sequencing data quality is extremely high and appropriate for further analysis. 

3.4. Transcriptome differences between HBF and LBF groups

According to the thresholds of |log2FoldChange|>1 and P-value <0.05, 179 DEGs were identified 
between the HBF and LBF groups, of which 50 genes were up-regulated and 129 genes were down-
regulated in the LBF group (Figure 3A). Cluster analysis based on the expression levels of DEG in 
different samples and the expression patterns of different genes in the same sample revealed that there 
were large differences in the expression patterns of DEG in different groups (Figure 3B). Based on the 
differential expression analysis, we identified a set of genes with established roles in lipid metabolism 
and fat deposition. These key candidates included Solute Carrier Family 34 Member 2 (SLC34A2), ATP 
Binding Cassette Subfamily C Member 11 (ABCC11), Perilipin 2 (PLIN2), Carboxyl Ester Lipase (CEL), 
Cytochrome P450 Family 11 Subfamily A Member 1 (CYP11A1), Cytochrome P450 Family 7 Subfamily A 
Member 1 (CYP7A1) and Amylase Alpha 2B (AMY2) etc.
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Figure 3 - Statistical results of DEG. 

A - Volcano plot. The red colour indicates an increase in gene expression, while the blue colour indicates a decrease. B - Cluster diagram of DEG. 
The horizontal axis represents the individual number, while the vertical axis depicts DEG. DEG - differentially expressed gene.
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receptor (PPAR) signaling pathway, phosphatidylinositol 3-kinase/protein kinase (PI3K-Akt) signaling 
pathway, calcium signalling pathway and others (Figure S2). 

3.6. PPI network analysis 

The mutual regulation and functional relationship of DEG were subjected to further exploration via 
a PPI analysis (Figure S3). Genes such as AMY2, SLC34A2, and PLIN2 had a high number of connected 
nodes in the graph, predicting that they may play important roles in lipid metabolism. Among them, 
AMY2 is a starch digesting enzyme, and the energy generated from the digestion process can be 
converted into the form of triglycerides to be stored in adipose tissue; the SLC34A2 gene encodes 
a calcium salt transport protein, and calcium plays an important role in cell signalling, adipocyte 
differentiation, and lipid metabolism; therefore, changes in the expression of SLC34A2 may affect fat 
deposition. 

3.7. Composition of colon flora

An as-yet-unidentified mechanism regulating lipid metabolism may exist between the host and gut 
microbiota. Alpha diversity analysis showed that none of the evaluated indices differed significantly 
(P>0.05) between the HBF and LBF groups (Figure 4A). However, the gut microbial community of 
the LBF group exhibited higher species richness (Chao1 and Observed_species indices) and greater 
Shannon diversity. Based on the Bray-Curtis distance matrix, principal coordinate analysis (PCoA) 
was performed to evaluate the colonic microbial communities of TC pigs. PCoA1 and PCoA2 explained 
18.6% and 14.7% of the total variance, respectively (Figure 4B). Samples from the HBF and LBF groups 
showed a trend toward partial segregation along PCoA1 and PCoA2, suggesting slight differences in 
microbial community structure between groups. These differences may be associated with specific 
bacterial taxa rather than with overall microbial diversity changes.

At the phylum level, Bacteroidetes and Firmicutes were the most abundant phyla, accounting for more 
than 85% of the microbial community (Figure 5A), with no significant differences observed between 
groups (P>0.05). In addition, the abundance of Proteobacteria was significantly higher in the HBF 

Figure 4 - Microbial diversity analysis of the colon in Tunchang pigs. 

A - α-diversity of the colon microbiome. The Chao1, observed species, Shannon, and Simpson indices were used for evaluation. B - Principal 
coordinate analysis of the colon microbiome. Each point in the figure represents a sample, with different colored points indicating different groups.
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group than in the LBF group, whereas the abundance of Spirochaetes was nearly doubled in the LBF 
group, suggesting that the intestinal tract of pigs with low backfat thickness may be more conducive to 
the colonization of fiber-degrading bacteria.

At the genus level (Figure 5B), the top eight genera in relative abundance were Prevotella, CF231, 
Oscllospira, Phascolarctobacterium, [Prevotella], Succinivibrio, Streptococcus, and Treponema. The 
abundance of Succinivibrio, Desulfovibrio, Lactobacillus, and YRC22 in the LBF group was lower than 
that of the HBF group, respectively, whereas the abundance of Faecalibacterium and Treponema 
was higher than that of the HBF group. Among them, the difference in the abundance of Desulfovibrio 
was statistically significant (P<0.05). As shown in the Figure S4, g__Desulfovibrio, g__Dorea, o__
Hydrogenophilales, f__Hydrogenophilaceae, g__Thiobacillus, f__Dethiosulfovibrionaceae, p__Synergistetes, 
c__Synergistia, o__Synergistales, the relative abundance of gut microorganisms was significantly 
increased in HBF, and f__RF16 and o__RF32 microorganisms were significantly increased in LBF.

Figure 5 - Composition of major microbial communities and their relative abundance at different taxonomic levels 
in the colons of Tunchang pigs. 

A - phylum level; B - genus level.
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3.8. Correlation analysis between colonic cicrobiota

To assess potential interactions in the colonic microbiome of TC pigs, Spearman correlation analysis 
was carried out across phylum and genus taxa. Our analysis identified several significant correlations 
(Figure S5). At the phylum level, Proteobacteria showed significant negative correlations with 
Fibrobacteres and Firmicutes, while Tenericutes was positively correlated with TM7 (P<0.05). No 
significant correlations were detected between Bacteroidetes and Tenericutes or Spirochaetes. Among 
genera, a significant positive correlation network linked Prevotella, Phascolarctobacterium, and 
[Prevotella]. The Treponema, however, was found to be significantly negatively correlated with both 
Prevotella and Phascolarctobacterium (P<0.05).

3.9. Correlation analysis of colonic cicroorganisms with SCFA

Correlation analysis of the content of SCFA was performed by Spearman’s correlation coefficient 
and Mantel’s test for the top 20 genera and SCFA in the colon of TC pigs in the LBF group. As shown 
in Figure 6, the genera that showed significant positive correlation with acetic acid were Prevotella 
(r = 0.533, P = 0.004), Bacteroides (r = 0.355, P = 0.022), Parabacteroides (r = 0.353, P = 0.048, and 
Phascolarctobacterium (r = 0.310, P = 0.031), suggesting that they may promote dietary fiber catabolism 
and thus acetic acid synthesis. In addition, Treponema and acetic acid had a low but statistically 
significant correlation (r = 0.248, P = 0.047). The genera that showed significant positive correlation 
with butyric acid were Prevotella (r = 0.616, P = 0.000) and Desulfovibrio (r = 0.574, P = 0.007) 
suggesting that they play an important role in butyric acid production. Genus associated with propionic 
acid: Prevotella again showed a strong positive correlation (r = 0.472, P = 0.010), suggesting a broad 
metabolic capacity across multiple classes of SCFA. Genus associated with isovaleric acid: Prevotella 
showed a significant positive correlation in isovaleric acid (r = 0.427, P = 0.009) and also in isobutyric 
acid (r = 0.352, P = 0.030), suggesting that it may be involved in the degradation of branched-chain 
amino acids to produce branched-chain SCFA. Desulfovibrio was significantly positively correlated in 
both isovaleric acid (r = 0.422, P = 0.014) and isobutyric acid (r = 0.410, P = 0.027), further supporting 
its versatile metabolic potential.

Figure 6 - Spearman’s correlation of colonic microbial in Tunchang pigs. 

A - phylum level; B - genus level. * P<0.05; ** P<0.01.
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4. Discussion

In this study, liver tissues from TC pigs with different backfat thicknesses were analyzed by RNA 
Sequencing, and a total of 179 DEG were identified based on the criteria of |log2FoldChange|>1 and 
P-value<0.05. DEG were significantly enriched in PPAR signaling pathway and PI3K-AKT signaling 
pathway, which together suggested that the liver may synergistically regulate lipid deposition by 
enhancing lipid oxidation and inhibiting lipid synthesis.

Among them, PLIN2, CEL, CYP7A1, AMY2, and SLC34A2 were identified as key regulators of fat 
deposition by KEGG annotation and PPI analysis. The conventional view is that PLIN2 promotes lipid 
storage by stabilizing lipid droplets, but recent studies have shown that it may regulate the rate of 
lipolysis through interactions with adipose triglyceride lipase (Kersten, 2014). The upregulation of 
PLIN2 in this study may avoid oxidative stress induced by excessive lipolysis by regulating the rate 
of lipolysis. The functional significance of this protective lipolysis pattern in low backfat pig breeds 
deserves further investigation (Sztalryd and Brasaemle, 2017). Secondly, CEL is a key enzyme for 
dietary cholesterol ester hydrolysis, and its reduced activity in the LBF group can directly inhibit 
exogenous lipid uptake (Hui and Howles, 2002). Combined with the background that TC pigs have 
been adapted to tropical low-fat diets for a long period of time, the specific down-regulation of CEL 
may reflect their unique nutritional adaptation strategy. Notably, the significant down-regulation of 
AMY2, a key enzyme of sugar metabolism, in the LBF group indicated the ability to limit the energy 
utilization of exogenous carbohydrates. This mechanism synergizes with the CEL mediated inhibition 
of exogenous lipid uptake, which jointly shapes the metabolic characteristics of the liver in TC pigs as 
restricting lipid synthesis and increasing endogenous oxidation, which is distinctly different from that 
of other pig breeds that rely on adipose tissue for lipid storage, and highlights the pivotal role of the 
liver in the regulation of backfat thickness in TC pigs.

Differences in backfat thickness are closely related to liver-specific lipid metabolism network in TC pigs. 
PPAR is involved in adipocyte differentiation and can promote the differentiation of preadipocytes into 
mature adipocytes, and PI3K-Akt is closely related to PPAR through phosphorylation and regulation of 
several transcription factors and enzymes to promote glycogen and fatty acid synthesis, favouring 
lipid storage. These analyses may help to explain the molecular mechanisms underlying the 
differences in fat deposition in TC pigs. Pan et al. (2022) compared the dorsal adipose tissue of Duroc 
and Luchuan (DL) pigs and found that DEG were mainly enriched in lipid metabolism, storage, and 
transport pathways; Deng et al. (2023) found that the DEG identified in the skeletal muscles of DL pigs 
were enriched in the pathways related to glucose and lipid metabolism, both of which were consistent 
with the present study. Downregulation of PLIN2 has been demonstrated to promote lipolysis by 
reducing the stability of lipid droplet-encapsulated proteins (Tsai et al., 2017), whereas high expression 
of CEL has been shown to accelerate the process of β-oxidation by hydrolyzing triglycerides to release 
free fatty acids (El Jellas et al., 2022). Notably, upregulation of CYP7A1 has been shown to drive bile 
acid synthesis and inhibit fatty acid synthase through activation of the farnesol X receptor (Chambers 
et al., 2019). This is consistent with the fact that transgenic mice overexpressing CYP7A1 are able to 
resist obesity, fatty liver, and diabetes mellitus induced by a high-fat diet (Qi et al., 2015). Furthermore, 
the analysis revealed that the expression of genes related to the PPARα pathway, including ATP1A2 and 
CYP7A1, was increased in the LBF group. These findings further support the hypothesis that enhanced 
hepatic fatty acid catabolism plays a pivotal role in the development of the low-backfat phenotype.

The liver, a central organ of metabolism in the body, has been found to be primarily involved in fatty acid 
degradation processes (Reiter et al., 2007; Ponziani et al., 2015). In addition, advances in microbiome 
research have demonstrated that specific bacterial genera also play important roles in shaping the host 
obesity phenotype (Aron-Wisnewsky et al., 2021; Portincasa et al., 2022). In this study, we assessed the 
α-diversity, β-diversity, and species composition characteristics of colonic microbial communities in 
TC pigs with different backfat thicknesses by 16S rRNA sequencing. Correlation analysis revealed that 
Prevotella, Desulfovibrio, Faecalibacterium, and Treponema genera regulate host fat deposition through 
SCFA-associated metabolic networks.
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Fat deposition traits in TC pigs are closely related to the adaptive evolution of their intestinal flora, and 
the composition of the colonic flora in the LBF and HBF groups showed a significant divergence. the 
LBF group was more abundant in Faecalibacterium and Treponema than the HBF group, respectively, 
while the HBF group was specifically enriched in Desulfovibrio, Lactobacillus and Succinivibrio genera 
in the HBF group were higher than those in the LBF group, respectively. This difference reflects the 
adaptive selection of gut flora to the metabolic phenotype of the host, which has been corroborated by 
studies in other pig breeds. Further analysis revealed higher concentrations of SCFA in the LBF group 
compared with the HBF group, suggesting a correlation between enhanced SCFA production and the 
presence of the lean muscle phenotype. This finding aligns with earlier research (Yan et al., 2017), 
providing further evidence for the potential implications of SCFA production in relation to the lean 
muscle phenotype. 

The LBF group marker flora inhibited fat deposition through the metabolism of SCFA. The high 
abundance of Faecalibacterium and Treponema was a distinctive feature of LBF pigs. Faecalibacterium 
as a major producer of butyric acid (P<0.05) may activate the PPAR signaling pathway through butyric 
acid and upregulate fatty acid oxidase expression and promoting mitochondrial β-oxidation (Wen 
et al., 2021). Reduced abundance of this genus in human studies have been associated with intestinal 
inflammation and metabolic disorders (Martín et al., 2023) suggesting a relatively healthy gut in the 
LBF group. In addition, the increased abundance of Treponema is directly related to its fiber degraded 
function. The genus degrades complex polysaccharides in roughage to produce propionic acid via 
xylanase (Niu et al., 2022), which inhibits the accumulation of hepatic lipid synthesis precursors such 
as acetyl-CoA. Treponema, which is usually found in low abundance in monogastric animals, showed 
ruminant characteristics in TC pigs adapted to high fiber diets, which may be a result of the long-term 
adaptation of TC pigs to the high fiber roughage feeding pattern in the tropics the high abundance of 
Treponema not only evolved a unique metabolic strategy, but also provided a new research direction for 
analyzing roughage tolerance traits in local pig breeds. Enrichment of Desulfovibrio and Succinivibrio 
synergistically drove fat deposition in TC pigs of the HBF group. Elevated abundance of Desulfovibrio, 
although correlated with butyric acid synthesis, led to accumulation of H₂S due to its sulfate reducing 
property, disrupted intestinal barrier function and induced systemic inflammation, and inhibited 
adipose tissue β-oxidation capacity. Meanwhile, Succinivibrio enrichment increases the supply of 
hepatic lipid synthesis precursors through succinate activation of the intestinal gluconeogenesis 
pathway, providing a metabolic basis for fat deposition. For the further applications. This research can 
directly inform the creation of targeted synbiotic (combining probiotics and prebiotics) formulations. 
By supplementing with beneficial microbes (e.g., those that are depleted in high-backfat pigs) and the 
specific fibers that promote their growth, we can steer the gut microbiome towards a profile associated 
with leaner phenotypes. On the other hand, the key microbial taxa and liver genes identified can serve 
as a panel of biomarkers. Moreover, this work provides a concrete map of the gut-liver axis in the context 
of porcine adiposity. The correlations between specific gut bacteria and hepatic metabolic pathways 
(e.g., fatty acid β-oxidation, lipogenesis) offer mechanistic hypotheses.

5. Conclusions

The study revealed transcriptional networks and microbial signatures associated with fat deposition 
for the first time in Tunchang pigs. Key regulators included (1) PLIN2, CEL, CYP7A1, AMY2 and SLC34A2; 
(2) Desulfovibrio, Succinivibrio, Faecalibacterium, and Treponema genera. This finding provides targets 
for regulating the fat deposition characteristics of local pig breed, which is conducive to improve the 
economic efficiency.
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