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ABSTRACT

To identify the important genes that affect the phenotypic differences between the Landrace and Debao pigs, 
especially the differences in metabolism and muscle growth. Differentially expressed genes of psoas major were 
detected by mRNA transcriptome sequencing in Landrace and Debao pigs. By extracting the total RNA of the 
psoas major muscle of the Landrace pig and the Debao pig, purifying the mRNA, constructing the cDNA library, 
conducting transcriptome sequencing, and then through the sequencing quality evaluation, we know that the 
sequencing quality of this study is relatively high. A total of 17,943 genes were detected in all samples, including 
17,870 known genes and 73 new genes. Defined genes with |log2FC| greater than 2 and Q-value less than 0.001, 
and screened them as significantly differentially expressed genes. A total of 1661 differentially expressed genes 
were screened from the samples of Landrace pigs and Debao pigs, among which 1255 genes were differentially 
up-regulated and 406 genes were differentially down-regulated. Through differential gene analysis, it is concluded 
that these genes are mainly involved in metabolic regulation, muscle and fat development and other processes, 
especially some important functional genes such as MAPK14, FOS, SIRT1, KRAS, EGR1, CDNNB1, etc. To sum 
up, this study used transcriptome sequencing method, and then selected differentially expressed genes between 
Landrace pigs and Debao pigs through data analysis, and finally screened out important genes affecting phenotypic 
differences, which provided genetic support for breeding better breeds in the future.
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INTRODUCTION

With the development of science and technology, molecular 
biology has ushered in a new chapter, and a variety of new 
sequencing technologies emerge in endlessly, such as mRNA 
transcriptome sequencing, so now part of the research is biased 
towards the detection of important economic animals [1-3]. With 
the development of the human genome project, some scientists 
turn their attention to animals, especially the economically valuable 
livestock, such as pigs. And because of the maturity of the human 
genome project, scientists have more experience to study the pig 
genome. In addition, skeletal muscle is divided into intermediate 
type, rapid glycolysis type, fast oxidizing type and slow oxidizing 
type, which have a great relationship with pork meat quality. 
The psoas major muscle is a very typical slow oxidizing muscle. 
Transcriptome was first proposed by Velculescu in 1997 [4]. Since 
then, studies on porcine transcriptome have mainly focused 

on abdominal subcutaneous fat, embryo and longissimus dorsi 
muscle, etc. Therefore, there are still few studies on psoas major 
at present, and sequencing data on psoas major transcriptome can 
provide help for future studies.

In today's society, people have higher and higher requirements for 
the quality and taste of pork. More and more people will choose to 
buy characteristic varieties of pigs at high prices to meet their desire 
for higher meat taste. The most important factor determining the 
quality and taste of pork is the fat content of the muscle. Although 
the feed utilization rate of commercial pigs is high and the growth 
rate is fast, the fat content in the muscle of these pigs is low, leading 
to poor taste, such as the Landrace pigs selected in this study. 
Debao pig, another kind of pig selected in this study, is a unique 
pig type with high fat content in Debao County, but its growth 
speed is too slow and feed utilization rate is very low, which can 
not meet the needs of the society at all. So we chose these two 
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kinds of pigs with obvious phenotypic differences to explore the 
important genes affecting the differential expression of muscle and 
fat. But there are many factors that affect the meat quality and taste 
of pork, not only muscle and fat, so we need to explore a variety 
of metabolic pathways, such as differential expression of these 
pathways and phenotypic differences. To sum up, we will provide 
genetic support for breeding excellent pig breeds in the future by 
sequencing the whole gene transcriptome of Landrace and Debao 
pigs and analyzing the differential gene expression.

MATERIALS AND METHODS

Experimental materials 

Three Landrace pigs and three Debao pigs were selected from 
Debao County, Guangxi Province. The six selected pigs were 
individually raised in separate stalls from birth to 7 months of 
age, with free access to food, water and both breeds were fed the 
same conventional diet.Before every swine was slaughtered, a warm 
shower to relax the pigs, then they were stunned with the low-
voltage electric shock to reduce the pain and were exsanguinated 
by puncturing carotid artery to death, and 20 g sample of the Psoas 
major was collected. The water stains were sucked dry and cut into 
small pieces (about 1 g, thickness less than 0.5 cm), and then put 
into the marked 2.0 ml EP tube. After rapid liquid nitrogen freezing, 
the EP tube was sealed with sealing film, and then placed in a 50 ml 
centrifuge tube or sealing bag, After being transported back to the 
laboratory, it was stored in the refrigerator at -80℃, and the total 
RNA was extracted in the laboratory. All animal procedures were 
approved by the Committee on the Ethics of Animal Experiments 
of Guangxi University (Protocol Number: GXU2017-014) and were 
conducted in accordance with the National Research Council 
Guide for Care and Use of Laboratory Animals (2017).

Experimental processes 

Six samples were pretreated first, and then the total RNA was 
extracted from the samples. In addition to mRNA, ncRNA also 
exists in the total RNA of eukaryotes, so the total RNA needs to 
be enriched. The mRNA fragment was used as the template to 
synthesize single strand cDNA, and then double strand cDNA 
was synthesized. After synthesis, the double strand cDNA was 
purified and recovered, the end was repaired, and the junction 
was connected. Then the fragment size was selected, and then the 
cDNA library was constructed by PCR amplification. The fragment 
size and concentration of the library were detected by biological 
analyzer. After cyclization of PCR products and elimination of non- 
cyclized DNA, the final library was obtained and sequenced.

Before the experiment, sterilize the equipment required by 
autoclave; after the reagents are prepared, put them into the super 
clean table or refrigerator for use. Low temperature centrifuge is 
pre-cooled to 4℃ in advance for use. Total RNA was extracted by 
Trizol method, and the concentration, total amount, RIN value 
and 28S/18S of total RNA were detected by Fragment Analyzer.

Data analyses 

The data obtained by sequencing are the original data, and then 
the quality control of the original data is needed. Clean reads 
obtained were compared. After that, the second quality control was 
carried out. Then, the analysis of gene expression level was done, 
and differentially expressed genes among samples were selected 

for enrichment analysis, cluster analysis and protein interaction 
analysis. And then does the quality control.

Difference analyses 

The differences of samples were analyzed by principal component 
analysis (PCA) and correlation analysis. Used to help understand 
a particular gene set in a certain metabolic pathways, molecular 
function or participate in biology are significant in the process 
of enrichment. The specific gene sets mentioned here can be 
differentially expressed genes, differentially, expressed miRNA 
target genes, circRNA-derived genes and other gene sets that 
need special attention. These gene sets are collectively referred to 
as candidate genes for convenience of expression. In small RNA 
analysis, candidate genes used for enrichment analysis refer to 
target genes with differentially expressed miRNA, and candidate 
genes refer to circRNA source genes in circRNA analysis. In other 
RNA analyses, candidate genes refer to differentially expressed 
genes.

In order to improve the accuracy of DEGs, we define |log2FC| 
greater than 2 and Q -value of 0.001 or fewer genes, screening for 
significantly differentially expressed genes. Then the differentially 
expressed genes were mapped to each term in the database to 
obtain the gene number of each term. Then, through the test, 
GO items that were significantly enriched compared with all gene 
backgrounds of the species were selected from the differentially 
expressed genes for GO enrichment analysis. Then do KEGG 
pathway enrichment analysis and the analysis of protein interaction 
network.

RESULTS

Total RNA quality tests 

From the quality test results, we can know that on the one hand, 
Although the 28S/18S values of CB_ PM2、CB_ PM3 DB_ PM1
、DB_ PM2 and DB_PM3 samples were all less than the standard 
value of 1.5, the RIN values of PM3 samples were not less than 8, 
which can ensure the quality of transcriptome library; on the other 
hand, although the CB values were lower than the standard value 
of 1.5, the RIN values of PM3 samples were not less than 8_ The 
28S/18S value of PM1 sample is less than the specified standard 
value of 1.5, and the RIN value of this sample is less than 8, which 
belongs to risk sample, but the sample base is flat. Therefore, in 
conclusion, the total RNA quality of these six samples meets the 
requirements, and can be used for transcriptome sequencing. The 
results of total RNA quality test are shown in Table below (Table 1).

Table 1: Total RNA quality test results.

Sample 
name

Concentration 
(ng/μL)

The 
total(μg)

RIN 28S/18S

CB_PM1 240 3.6 7.8 0.9

CB_PM2 1344 20.16 8 1

CB_PM3 606 9.09 8.3 1.2

DB_PM1 462 18.48 8.5 1.1

DB_PM2 248 4.96 8.4 1.2

DB_PM3 710 14.2 8.5 1.1

By analyzing the randomness, saturation and coverage of 
sequencing, it is known that the sequencing quality is good.
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Gene statistics 

Number of sample genes: The average comparison rate of 
the sample comparison genome was 92.71%, and the average 
comparison rate of the comparison gene set was 64.52%; a total 
of 17,943 genes were detected, the number of known genes was 
17,870, and the number of new genes was 73.

Statistics of various types of RNA: The sample counts the number 
of various types of RNA through detection. As showed in Figure, 
the number of mRNA measured is 80678, accounting for 78.13% 
of the total RNA number, and the number of miRNA measured is 
457, accounting for 0.44 of the total RNA number. %, the number 
of lncRNA was 22126, accounting for 21.43% of the total RNA 
(Figure 1).

Difference analyses 

Principal component analysis: Through principal component 
analysis of gene expression in 6 samples of Landrace pigs and 
Debao pigs, the results are shown in Figure. We can conclude that 
the main components of the gene expression levels of samples of 
the same breed of Landrace and Debao pigs are similar (Figure 2).

Sample correlation heat map: Plot the correlation between 
Landrace pig and Debao pig gene expression, as showed in Figure. 
From the figure, we can know the average Pearson coefficient 
between Landrace and Debao pigs is 0.9697, which shows that the 
correlation coefficient between the two samples is large and the 
sample repeatability is good (Figure 3).

Analysis of differentially expressed genes between samples

Statistics of differentially expressed genes between samples: We 
used statistics of differentially expressed genes between samples of 
Landrace pig and Debao pig psoas major, and used volcano graphs 
to show this difference, to show significantly up-regulated, down-
regulated, and non-significantly differently expressed genes. As 
showed in Figure 4. 

Through BGISEQ, we found that the psoas major of Landrace 
pig and Debao pig had a total of 1661 significantly differentially 
expressed genes, of which 1255 differential genes were significantly 
up-regulated and 406 differential genes were significantly down-
regulated.

Cluster analysis of differentially expressed genes: Through the 
analysis results of gene expression and gene differential expression, 
the gene clustering results are intuitively explained through heat 

Figure 1: The number of each type of RNA was counted. Note: (
) IncRNA_22126(21.43%), ( ) miRNA_457(0.44%), ( ) 

mRNA_8078(78.13%).

Figure 2: PCA results of samples. Note: ( )CB_PM1(1), ( )CB_
PM1(2), ( )CB_PM1(3), ( )CB_PM1(4), ( )CB_PM1(5), ( )CB_
PM1(6).

Figure 3: Landrace and Debao pig correlation chart.

Figure 4: Differential gene volcano plot. Note: ( ) UP, ( ) no-DEGS, 
( ) Down
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maps, and the relationship between differentially expressed genes 
is clustered. The gene expression of each sample is calculated 
using logarithm as the base 2, and then the cluster analysis of the 
detected genes is completed. In the figure, each data corresponds to 
a row in each figure, and the color is used to determine explain the 
amount of gene expression. The higher the expression, the red and 
darker the color. On the contrary, the bluer the color, the lower 
the expression. The results of cluster analysis of gene expression 
patterns of all samples are shown in Figure 5. 

We found that the closer sample clustering relationship between 
the same pig breeds indicates that the sample repeatability is better, 
and most of the gene expression patterns between the two pig breeds 
are very different, with opposite trends. Some genes are expressed 
at a higher level in Debao pigs and at the same time expressed 
at a lower level in Landrace pigs, and vice versa. Clustering the 
expression value of the differential gene in each comparison group, 
the horizontal axis is the log2 (expression value +1) of the sample, 
and the vertical axis is the gene. In the default color scheme, the 
redder the color of the color block, the higher the expression, and 
the bluer the color, the lower the expression.

Functional enrichment analysis of differentially expressed 
genes: In order to better understand the function of the selected 
differentially expressed genes and the relationship with the 
phenotype, we carried out a purposeful preliminary screening of 
the 1661 differentially expressed genes, that is, to screen out the 
functions and metabolism, tissue and organ development, Related 
to muscle tissue and structural development, 282 differentially 
expressed genes were screened, and then functional enrichment 
analysis was performed, including GO and KEGG signal pathway 
analysis. We also perform GO term classification statistics 
for differential genes. Including molecular function, cellular 
component, and biological process involved, we found that 282 
differentially expressed genes can be enriched into 3284, 495, and 
335 GO terms in three categories. After screening out Q value ≤ 
0.05, they are 1608, 181, and 79 respectively. Since a gene often 
has multiple different functions, the same gene will appear under 
different classification items. We have shown each of the top 20 
items, as shown below (Figures 6-8).

We found that the function and metabolism of many differentially 
expressed genes are related to the development of tissues and 
organs, muscle tissue, and structural development. For example, 
the genes AKR1C4, MTM1, PTGIS, DNMT1, LOC102167481, 
GAA, LOC100521659, CBR2, PTGDS, PRXL2B, LARGE1, 
AKR1C1, ALOX15, LOC100739101, CBR3, LOC102165015MY, 
ALDH1C2 etc. are involved in the metabolism process, the genes 
MYL6B, FOXP2, MAPK14, EGR2 and FOS are involved in muscle 
tissue development. In order to have a deeper understanding of 
the functional differential gene expression of the psoas muscle of 
Landrace and Debao pigs, then we conducted enrichment analysis 
of the KEGG signaling pathway for these differentially expressed 
genes. One gene can participate in multiple KEGG signaling 
pathways. We found that these genes are involved in a total of 166 
KEGG signaling pathways. After screening for Qvalue≤0.05, they 
participated in 70 KEGG signal pathways; we have shown the first 
20 signal pathways as showed in figure (Figure 9).

Figure 5: Express quantity is clustering heat map.

Figure 6: GO analysis of differential genes in biological process.

Figure 7: GO analysis of differential genes in molecular function.

Figure 8: GO analysis of differential genes in cellular component.
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It is worth noting that there are 18 genes in the number of 
genes in metabolic pathways, such as: AKR1C4, MTM1, PTGIS, 
DNMT1, LOC102167481, GAA LOC100521659, CBR2, PTGDS, 
PRXL2B, LARGE1, AKR1C1, ALOX15, LOC100739101, CBR3, 
LOC102165015, ALDH1A2, AKR1C2. 

Protein network interaction analyses

In order to find the key genes, the online database BGISEQ was 
used to analyze the protein network interaction of the selected 
differentially expressed genes. 282 differentially expressed genes 
were selected through enrichment analysis, and then BGISEQ 
was used to make a protein network interaction map, as showed in 
Figure. The red-purple dots indicate genes with node connection 
greater than 10. We obtained 117 nodes in total. Genes with 
node connection greater than 10 are key genes, such as MAPK14, 
EP300, SIRT1, KRAS, FOS, and EGR1. These genes are related to 
metabolic signaling pathways and muscle development (Figure 10).

DISCUSSION

At present, many related researches on pigs are aimed at improving 
the meat quality and taste of pigs. Skugor, et al. [5] studied the 
effect of long-term feeding rapeseed powder on pig meat quality 
and shape, and many studies improved pig breeds to improve pig 
meat quality [6-9]. In recent years, many studies are based on RNA 
sequencing technology and differential expression analysis [10-13]. 
There are many factors that affect the muscle and fat of pigs, such 
as the influence of gender on the meat quality of pork [14,15]. In 
this experiment, Landrace pigs which are high feed utilization rate, 
fast growth rate, but low muscle fat content, poor taste [16] and 
Debao pigs which are high fat content, but slow growth rate, low 

Figure 9: KEGG gene signals pathway enrichment analysis. 

Figure 10: Protein network interaction analysis. 

fat content, good taste were used to explore the important genes 
affecting the differential expression of muscle and fat. 

In this study, the total RNA of the psoas muscle of Landrace and 
Debao pigs was extracted, and mRNA was purified to construct a 
cDNA library and perform transcriptome sequencing [17-19]. The 
quality of cleaning reads obtained in this study is good. Through 
gene statistics, we can get that the average comparison rate of the 
sample comparison genome is 92.71%, and the average comparison 
rate of the comparison gene set is 64.52%; a total of 17,943 genes 
have been detected, and the number of known genes is 17,870. The 
number of new genes is 73. 

The distribution of expression levels can help us select genes with 
high expression levels. Through the statistics of alternative splicing 
events, we can see statistics of 5 kinds of alternative splicing events, 
which lay the foundation for gene fusion, which can provide help 
for cancer research in the future. Through difference analysis, 
principal component analysis and correlation heat map analysis, 
we can get that the average correlation coefficient of the two pig 
genes is 0.9697, indicating that the gene correlation coefficient of 
Landrace pig and Debao pig psoas major is large and the sample is 
repeatable it is good.

In this study, through analysis and statistics of differentially expressed 
genes between samples, we can see that there are a total of 1661 
differentially expressed genes in Landrace pigs and Debao pigs, of 
which 1255 are significantly up-regulated and 406 are significantly 
down-regulated. Finally, through enrichment analysis and protein-
protein network interaction analysis, we can select many important 
genes that affect the phenotypic differences between Landrace pigs 
and Debao pigs, and the functions of some differentially expressed 
genes are related to the synthesis of muscle and fat. There are also 
some differentially expressed genes related to important metabolic 
signaling pathways. Metabolic regulation and muscle development 
play an important role in the growth and phenotype of pigs. For 
example, AKR1C4 MTM1 PTGIS DNMT1 LOC102167481 GAA 
LOC100521659 CBR2 PTGDS PRXL2B LARGE1 AKR1C1 
ALOX15 LOC100739101 CBR3 LOC102165015 ALDH1A2 
AKR1C2 and other genes are involved in the development of 
metabolic signaling pathways, such as MAPK14, FOS, SIRT1, EGR1 
and other genes involved in the development of muscle. FOS is 
an inflammatory and apoptosis-related gene [20,21], and in recent 
years, studies have reported that FOS may be related to pig muscle 
growth weight [22]. Studies have also shown that EGR1 is an early 
growth response protein, which has an important relationship with 
cell proliferation, differentiation and apoptosis, Egr1 expression is 
activated by a variety of MAPK-inducing factors [23-25]. Multiple 
studies have shown that the MAPK pathway regulates the expression 
of adipogenesis transcription factors during adipogenesis [26,27]. 
EGR1 knockout in mice can reduce leptin expression in basal 
cells [28]. Studies have also found that EGR1 has an important 
relationship with the content of muscle fat [29]. The expression of 
SIRT1 in satellite cells is important for the functional development 
of skeletal muscle both initially and for full muscle regeneration 
[30], and recent studies demonstrated that SIRT1 plays a central 
beneficial role in controlling hepatic lipid metabolism [31]. UCP3 
is a negative regulator of energy balance and lipid metabolism. 
UCP3 gene can affect lipid metabolism and inhibit fat deposition 
by inhibiting the accumulation of triglycerides in storage cytoplasm 
[32-34]. This provides genetic support for breeding better varieties 
in the future.
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CONCLUSION 

This study compared the transcriptome sequencing results of psoas 
major muscle of Landrace pigs and Debao pigs, and the sequencing 
quality assessment results showed that the sequencing quality 
of this study was high and the sequencing data volume met the 
requirements. A total of 17,943 genes were detected in all samples, 
including 17,870 known genes and 73 new genes. A total of 1661 
differentially expressed genes were screened between Landrace pigs 
and Debao pigs, among which 1255 differentially up-regulated 
genes and 406 differentially down-regulated genes were detected. At 
the same time, the analysis of differential genes showed that these 
genes were mainly involved in metabolic regulation, muscle and 
fat development and other processes, especially some important 
functional genes such as MAPK14, FOS, SIRT1, KRAS, EGR1, 
CDNNB1, UCP3 etc.
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