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Abstract
Intramuscular fat (IMF) content is an important trait closely related to meat quality, which is highly variable among pig 
breeds from diverse genetic backgrounds. High-throughput sequencing has become a powerful technique for analyzing the 
whole transcription profiles of organisms. In order to elucidate the molecular mechanism underlying porcine meat quality, we 
adopted RNA sequencing to detect transcriptome in the longissimus dorsi muscle of Wei pigs (a Chinese indigenous breed) 
and Yorkshire pigs (a Western lean-type breed) with different IMF content. For the Wei and Yorkshire pig libraries, over 57 
and 64 million clean reads were generated by transcriptome sequencing, respectively. A total of 717 differentially expressed 
genes (DEGs) were identified in our study (false discovery rate < 0.05 and fold change > 2), with 323 up-regulated and 394 
down-regulated genes in Wei pigs compared with Yorkshire pigs. Gene Ontology analysis showed that DEGs significantly 
related to skeletal muscle cell differentiation, phospholipid catabolic process, and extracellular matrix structural constitu-
ent. Pathway analysis revealed that DEGs were involved in fatty acid metabolism, steroid biosynthesis, glycerophospholipid 
metabolism, and protein digestion and absorption. Quantitative real time PCR confirmed the differential expression of 11 
selected DEGs in both pig breeds. The results provide useful information to investigate the transcriptional profiling in skel-
etal muscle of different pig breeds with divergent phenotypes, and several DEGs can be taken as functional candidate genes 
related to lipid metabolism (ACSL1, FABP3, UCP3 and PDK4) and skeletal muscle development (ASB2, MSTN, ANKRD1 
and ANKRD2).
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Introduction

Owing to the improvement of people’s life standard, high 
quality meat is increasingly popular with consumers. How-
ever, to pursue more pork production during the past dec-
ades, Western commercial pig breeds have been received 
persistent artificial selection by animal breeders. This pro-
cess not only leads to swine carrying lower backfat thickness 
and higher lean meat percentage, but also is accompanied by 
the deterioration of pork quality. For example, intramuscular 
fat (IMF) content is a key meat quality trait correlated with 
tenderness, flavor and juiciness (Fortin et al. 2005), while 
the significant decrease of IMF content is an important factor 
causing poor meat quality of modern lean pigs (Pietruszka 
et al. 2015). Accordingly, pork quality requires improving 
to sufficiently meet the current market demand, and one 
possible approach is to enhance the IMF content of pigs 
(Schwab et al. 2009). It is well known that there are signifi-
cant differences in lipid deposition between obese and lean 
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pig breeds, resulting in swine present distinct carcass and 
meat characteristics, such as lean meat percentage, backfat 
thickness, and IMF content. However, little is known about 
the genomic regulation of different meat quality in these pig 
breeds. Therefore, it is necessary to clarify the molecular 
mechanism of meat quality traits, especially the intramus-
cular fat content, in fat-type and lean-type swine, which is 
conducive to the genetic improvement of pork quality.

Some candidate genes have been reported to be signifi-
cantly associated with porcine IMF content (Li et al. 2010; 
Xue et al. 2015), which can improve the muscle quality 
through molecular marker assisted breeding. Nevertheless, 
quantitative traits are generally regulated by multiple genes, 
so that the candidate gene method is incomplete to study 
meat quality traits. Furthermore, the genetic factors con-
trolling porcine meat quality are still not quite clear. Con-
sequently, detection of transcription profiles in muscle from 
the whole genome level, which is helpful to better know 
the regulatory mechanism of pork quality. Due to the rapid 
development of biotechnology, the traditional microarray 
analysis has disadvantage to detect genome-wide profiling 
of organisms. At present, RNA sequencing (RNA-Seq) has 
become a powerful high-throughput technology for analyz-
ing complex traits in animals (Wickramasinghe et al. 2014). 
As the main site of meat production, skeletal muscles (e.g. 
longissimus dorsi and semimembranosus muscles) are 
extensively used as experimental materials for pork quality 
research. Previous studies have highlighted the advantages of 
transcriptome sequencing for comprehensively investigating 
molecular features of porcine skeletal muscle. For example, 
RNA-Seq technology has been used to detect the transcrip-
tion profiling in the longissimus dorsi muscle of a single 
pig breed with extreme meat quality traits, in order to iden-
tify differentially expressed genes (DEGs) associated with 
intramuscular fat content (Lim et al. 2017) and lipid traits 
(Cardoso et al. 2017). Furthermore, transcriptome sequenc-
ing has also been adopted to examine the skeletal muscle in 
multiple pig breeds (Ropka-Molik et al. 2015; Li et al. 2016; 
Chen et al. 2017), which could identify the genes regulating 
pork quality traits with breed specific. These studies directly 
gain insight into global gene expression in porcine muscle 
so as to reveal the causal genes and pathways that determine 
meat quality. However, transcriptome sequencing is applied 
to analyzing the genetic regulation of pork quality remains 
inadequate, and the functional genes controlling meat quality 
in different pig breeds is not fully elucidated. Consequently, 
investigating muscle transcriptome of divergent phenotype 
pigs is essential to deciphering the regulatory mechanism of 
pork quality differences. Yorkshire pig is a famous Western 
lean-type breed widely raised in the world, whereas its mus-
cle quality is relatively poor. Compared with the foreign lean 
pig breeds, Chinese indigenous breeds have drawn much 
attention for their excellent pork quality. Wei pig is a famous 

native black breed with superior meat quality, high reproduc-
tive performance and slow growth rate, mainly distributed in 
the southern region of Anhui province, China. As a typical 
fat-type breed, Wei pig is characterized by strong fat depo-
sition capacity and low lean meat percentage. Accordingly, 
the two pig breeds can be taken as ideal animal models to 
comparatively study the clear distinction of meat quality. 
Previous studies on fine muscle properties of Wei pigs were 
only based on conventional determination of meat quality 
traits; however, the transcriptome analysis of skeletal muscle 
in Wei pigs has not been carried out so far.

Considering the extreme phenotypes between Chinese 
and Western pig breeds from diverse genetic backgrounds, 
comparing their muscle transcription features can explore 
the difference of pork quality. In this study, RNA-Seq was 
utilized to analyze transcriptome profiling in the longissimus 
dorsi muscle of Wei and Yorkshire pigs with divergent IMF 
content, in order to identify differentially expressed genes 
and metabolic pathways regulating meat quality. The results 
can gain further insight into the molecular mechanism of 
skeletal muscle in different pig breeds, and provide some 
useful information for genetically improving pork quality.

Materials and methods

Animals and IMF content measurement

Six female pigs (Wei pigs, n = 3; Yorkshire pigs, n = 3) were 
reared under similar conditions in Antai Pig Breeding Co., 
Ltd (Anhui, China), and these healthy pigs were slaugh-
tered at similar weight of 90 kg. Then, the longissimus dorsi 
muscle at the 3rd/4th last rib was collected and divided into 
two parts, one part was rapidly frozen in liquid nitrogen for 
transcriptome sequencing, and another part was stored in 
4 °C for measuring the IMF content.

Intramuscular fat content was determined by measur-
ing the crude fat of muscle using Soxhlet Extraction with 
petroleum ether (Tyra and ŻAk 2012), and each sample was 
repeated three times.

RNA isolation, library construction and sequencing

Total RNA was extracted from porcine muscle using Trizol 
reagent (Invitrogen), and RNA integrity was checked by a 
Bioanalyzer 2100 (Agilent Technologies). Then, qualified 
total RNA (RNA integrity number > 7 and 28S/18S > 0.7) 
was purified by RNAClean XP Kit and RNase-Free DNase 
Set.

Six sequencing libraries were generated using the TruSeq 
RNA Sample Preparation Kit (Illumina, San Diego, CA, 
USA) following the manufacturer’s instructions. Briefly, 
mRNA was isolated from total RNA using oligo (dT) 
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magnetic beads (Invitrogen) and fragmented by an RNA 
fragmentation kit (Ambion). Then, mRNA fragments were 
used to synthesize the first-strand cDNA with random prim-
ers and reverse transcriptase, and further synthesize the 
second-strand cDNA with RNase H and DNA polymerase 
I. After end repair, A-tailing addition and adaptor ligation, 
the cDNA fragments were purified and enriched to construct 
the library. The six libraries were sequenced at the Shanghai 
Biotechnology Corporation, and 150 bp paired-end reads 
were generated using an Illumina HiSeq platform. The RNA-
Seq data have been submitted to the Gene Expression Omni-
bus (GEO) database (Accession no. GSE99092).

RNA‑Seq data analysis

Clean reads were obtained by removing adaptor sequences, 
low quality reads and rRNA reads from raw reads, and then 
mapped to the pig genome (Sus scrofa 10.2) using TopHat 
software with a maximum of 2 bp mismatches (Trapnell 
et al. 2009). The gene expression level was calculated using 
the fragments per kilobase per of exon model per million 
mapped reads (FPKM) method (Mortazavi et al. 2008). 
Differential expression analysis was performed by cuffdiff 
software (Trapnell et al. 2010), and P value was adjusted 
using the false discovery rate (FDR) method. The screening 
criteria of differentially expressed genes (DEGs) were des-
ignated as FDR < 0.05 and fold change (FC) > 2.

Enrichment analysis of differentially expressed genes was 
carried out using Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) database. Signifi-
cance levels were calculated using modified Fisher’s exact 
test and P < 0.05 was considered the level of significance.

Quantitative real time PCR validation

To validate the transcriptome sequencing data of skeletal 
muscle, 11 genes (six up-regulated and five down-regulated 
genes) related to meat quality were selected to quantify the 
expression levels using quantitative real time PCR (Q-PCR), 
and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as the reference gene. Primers used for Q-PCR are 
listed in Supplementary material 1.

Total RNA (0.5 μg) was reverse-transcribed into 20 μL 
cDNA using a ReverTra Ace qPCR RT Kit (TOYOBO, 
Japan). Q-PCR was performed using the Power SYBR 
Green PCR Master Mix (ABI, USA) on ABI Prism 
7900HT Sequence Detection System. The reaction sys-
tem consisted of 10 μL 2× SYBR Green Buffer, 1 μL each 
forward and reverse primer (10 μM), 7 μL  ddH2O, and 
1 μL cDNA. The thermal cycling conditions were 95 °C 
for 10 min, followed by 40 cycles of 95 °C for 15 s, and 
60 °C for 60 s. Each sample was performed with three rep-
lications, and cycle threshold (Ct) values were calculated 

using the  2− ΔCt method. Relative gene expression levels 
of two pig breeds were compared by t-test using SAS soft-
ware (version 9.0), and P < 0.05 was considered the sig-
nificant difference.

Results

Measurement of intramuscular fat content

The measured results of intramuscular fat content between 
Wei and Yorkshire pigs are shown in Fig. 1. The longis-
simus dorsi muscle of Wei pigs containing significantly 
higher IMF content than Yorkshire pigs (P < 0.05), indi-
cating that the two swine breeds were fit for identifying 
DEGs associated with meat quality traits.

Summary of RNA‑Seq data

The transcriptome in porcine skeletal muscle was detected 
by RNA-Seq, and yielded over 65 million raw reads in 
each library (Supplementary material 2). After filtering 
the unqualified raw reads, 57–94 million clean reads were 
obtained from six RNA-Seq libraries. About 72.87% of 
clean reads were mapped to the reference genome in Wei 
pigs, which was lower than 75.59% of Yorkshire pigs. Of 
the mapped reads, 82.22, 3.82 and 13.95% of reads were 
respectively located in exon, intron and intergenic regions 
in Wei pigs, while 82.78, 3.30 and 13.92% of reads were 
respectively located in exon, intron and intergenic regions 
in Yorkshire pigs. The results showed that sequencing 
reads were high quality and sufficient to cover the pig 
genome, which ensure that analyze the muscle transcrip-
tome profiling between the two swine breeds.

Fig. 1  Comparison of intramuscular fat content in Wei and Yorkshire 
pigs. Data are presented as mean ± standard deviation, and different 
lowercase letters indicate significant difference at P < 0.05
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Identification of differentially expressed genes

The distribution range of gene expressed abundance was 
similar between Wei and Yorkshire pigs. About 97% of 
genes were expressed at low levels (0–100 FPKM), and 
no more than 3% of genes were expressed at medium lev-
els (100–1000 FPKM), and less than 1% of genes were 
expressed at high levels (> 1000 FPKM) (Supplementary 
material 3). A total of 17,246 and 17,517 genes were 
expressed in muscle of Wei and Yorkshire pigs, respec-
tively. Of these, 199 genes were only expressed in Wei 
pigs, 470 genes were only expressed in Yorkshire pigs, 
and 17,047 genes were co-expressed in both breeds (Sup-
plementary material 4). In this study, 717 differentially 
expressed genes were identified (FDR < 0.05 and FC > 2), 
with 323 up-regulated and 394 down-regulated genes in 
Wei pigs compared to Yorkshire pigs (Supplementary 
material 5).

Functional analysis of differentially expressed genes

To annotate biological functions of the 717 DEGs, GO and 
KEGG enrichment analyses were carried out in our study. 
The results of GO analysis showed that the DEGs mainly 
involved in skeletal muscle cell differentiation, glycerophos-
pholipid catabolic process, triglyceride biosynthetic process, 
phospholipid catabolic process, regulation of lipid storage, 
extracellular matrix structural constituent, collagen trimer, 
and collagen fibril organization (Fig. 2). In addition, some 
DEGs were enriched the GO terms that may be correlated 
with the different muscle quality between Wei and Yorkshire 
pigs, such as muscle structure development, muscle organ 
development, lipid storage, cellular lipid catabolic process, 
cellular response to lipid, and extracellular matrix (Supple-
mentary material 6).

KEGG analysis showed that the DEGs were enriched in 
pathways related to meat quality, including fatty acid metab-
olism, steroid biosynthesis, glycerophospholipid metabo-
lism, and protein digestion and absorption (Fig. 3). Besides, 
the PPAR signaling pathway, adipocytokine signaling 

Fig. 2  Significantly enriched GO terms in differentially expressed genes
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pathway, and glycerolipid metabolism were enriched, but 
the three pathways did not reach at the significant level (Sup-
plementary material 7). Particularly, several DEGs involved 
in fatty acid metabolism and the PPAR signaling pathway 
are highlighted, which can be taken as functional candidate 
genes associated with the difference in IMF content.

Validation of DEGs by quantitative real time PCR

To validate the outcomes of transcriptome sequencing, 
the mRNA levels of 11 selected DEGs were detected by 

Q-PCR using the same muscle samples. The expression 
levels of ACSL1, FABP3, ANKRD2, TXNIP, PDK4 and 
UCP3 genes were up-regulated, while MSTN, ANKRD1, 
COL3A1, SPARC  and COL1A2 genes were down-regulated 
in Wei pigs compared to Yorkshire pigs (Fig. 4). The fold 
change of gene expression in Q-PCR had a same tendency 
with RNA-Seq data, and the Pearson correlation coeffi-
cient (r = 0.995, P < 0.01) was highly significant based on 
 log2 FC, demonstrating that the results of high-throughput 
sequencing were reliable.

Fig. 3  Significantly enriched KEGG pathways in differentially expressed genes



418 Genes & Genomics (2018) 40:413–421

1 3

Discussion

In recent years, increasing attention has been paid to the 
genetic improvement of muscle quality. Previous reports 
have demonstrated that there are obvious differences in meat 
quality traits of different genetic background pig breeds (Dai 
et al. 2009; Yu et al. 2013). Chinese local pig breeds have 
universal characteristics of higher lipid deposition capacity 
and lower lean meat percentage than Western commercial 
pig breeds, indicating that these extreme phenotype breeds 
could fit for underlying the variation of pork quality. In the 
present study, to explore the hereditary elements of meat 
quality differences, transcriptome profiles of the longissimus 
dorsi muscle were compared between Wei and Yorkshire 
pigs with divergent IMF content. A total of 717 DEGs were 
identified in the two pig breeds, enabling to reveal the genes 
and biological processes that control muscle development 
and fat storage. Previous studies showed that a number of 
DEGs were identified in longissimus dorsi muscle of lean 
and obese type pigs using transcriptome sequencing (Zhao 
et al. 2011; Wang et al. 2015; Li et al. 2016), but only a few 
DEGs of these reports overlap with our results mainly due to 
the effect of pig breed. However, the different transcriptome 
profiling may explain phenotypic differences in these pig 
breeds, and identification of DEGs is beneficial to under-
standing the regulatory mechanism of pork quality.

The difference of lipid deposition in muscle can lead to 
the change of IMF content, which is an important reason 
affecting meat quality in pigs. Since divergent IMF content 
in the longissimus dorsi muscle of Wei and Yorkshire pigs, 
we mainly focus on the metabolic processes involved in lipid 
absorption, synthesis and degradation. According to the 
annotating results of DEGs, some GO terms and pathways 
are directly relevant to lipid metabolism, including phos-
pholipid catabolic process, triglyceride biosynthetic process, 

fatty acid metabolism, and steroid biosynthesis. Of these, 
several DEGs participating in lipid metabolic processes were 
identified, which may account for the higher IMF content in 
Wei pigs compared with Yorkshire pigs. Low density lipo-
protein receptor (LDLR) is a cell-surface protein involved 
in cholesterol homeostasis and lipid metabolism. Zeng et al. 
(2014) found that LDLR gene variants associated with serum 
lipid parameters in pigs, and Serão et al. (2011) reported 
that the LDLR mRNA level had a correlation with porcine 
IMF content. Therefore, LDLR can be considered as a can-
didate gene for lipid deposition in porcine skeletal muscle. 
Scavenger receptor class B member 1 (SCARB1) plays a role 
in cholesterol homeostasis, and its genetic variations were 
significantly associated with high-density lipoprotein cho-
lesterol levels in humans (Niemsiri et al. 2015), suggesting 
that the biological roles of SCARB1 relate to lipid metabo-
lism. In this study, LDLR and SCARB1 genes were enriched 
in the phospholipid catabolic process, so down-regulated 
levels of them may reduce lipolysis and promote lipid stor-
age in skeletal muscle of Wei pigs. Owing to the mRNA 
abundances of LDLR and SCARB1 were low in muscle of 
Wei and Yorkshire pigs, they probably not the critical DEGs 
determining IMF content in the two pig breeds. Moreover, 
three DEGs, acyl-CoA synthetase long-chain family member 
1 (ACSL1), fatty acid desaturase 1 (FADS1) and acetyl-CoA 
acetyltransferase 2 (ACAT2), were closely associated with 
fatty acid metabolism in our study. The ACSL1 gene variant 
was significantly associated with polyunsaturated fatty acids 
in skeletal muscle of beef cattle (Widmann et al. 2011), and 
overexpressed ACSL1 could enhance fatty acid uptake in 
mouse 3T3-L1 adipocytes (Zhan et al. 2012). These results 
indicate that ACSL1 can become a critical candidate gene 
regulating fatty acid metabolism in pig muscle. A previ-
ous study reported that ACSL1 mRNA levels in longissi-
mus dorsi muscle of two Chinese native pig breeds (Dian-
nan small ear and Tibet pigs) were significantly higher than 
Yorkshire pigs (Li et al. 2012). Moreover, RNA-Seq also 
revealed that ACSL1 was up-regulated in muscle of Chinese 
local Wannanhua pigs and Laiwu pigs compared to York-
shire pigs, respectively (Li et al. 2016; Chen et al. 2017). 
These findings were similar to our results that muscular 
ACSL1 was highly expressed in Wei pigs compared with 
Yorkshire pigs. Consequently, the increased expression of 
ACSL1 may be associated with higher intramuscular fat 
content in Chinese indigenous breeds compared to Western 
commercial breeds. FADS1 is an enzyme involved in the 
synthesis of polyunsaturated fatty acids. Han et al. (2013) 
reported that FADS1 gene polymorphisms related to fatty 
acid composition in the brisket adipose tissue of beef steers, 
suggesting that the FADS1 gene may play a crucial role in 
fatty acid metabolism in skeletal muscle of pigs. Whether 
the down-regulation of FADS1 gene could cause different 
polyunsaturated fatty acid content in muscle between Wei 

Fig. 4  Validation of differentially expressed genes by quantitative real 
time PCR. *P < 0.05, **P < 0.01
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and Yorkshire pigs need further studies. The protein encoded 
by ACAT2 gene catalyzes the cholesterol and fatty acids to 
generate cholesterol esters (Zhang et al. 2010); hence, it 
decreasing expression in our study may modulate lipid syn-
thesis in porcine skeletal muscle. However, the expression 
levels of FADS1 and ACAT2 were very low (FPKM < 5) in 
both pig breeds, so they probably not the key genes regulat-
ing lipid storage in skeletal muscle.

In addition, other DEGs involved in lipid metabolism 
were also screened by RNA-Seq, such as heart fatty acid 
binding protein (FABP3, or H-FABP), uncoupling protein 
3 (UCP3) and pyruvate dehydrogenase kinase 4 (PDK4). 
The known lipid-related gene of FABP3 was enriched in 
the PPAR signaling pathway in our study. Previous studies 
showed that FABP3 gene polymorphisms were significantly 
associated with porcine IMF content (Li et al. 2010; Cho 
et al. 2011). Moreover, the FABP3 mRNA level in skeletal 
muscle of Chinese local Wujin pigs was higher than Western 
Landrace pigs (Zhao et al. 2009), which was similar to our 
results. Overexpression of FABP3 significantly promoted the 
differentiation of 3T3-L1 preadipocytes and increased tria-
cylglycerol levels (Yi et al. 2014); therefore, the increased 
expression level of FABP3 gene may contribute to intramus-
cular lipid deposition in Wei pigs. UCP3 is a mitochondrial 
membrane protein involved in lipid metabolism, and over-
expressing UCP3 in mouse skeletal muscle could increase 
fatty acid oxidation (Wang et al. 2003). It was reported that 
UCP3 gene polymorphisms were significantly associated 
with IMF content in a Pietran × Jinhua F2 pig population 
(Chen et al. 2011), indicating it may be a candidate gene 
affecting meat quality. Additionally, PDK4 is an enzyme 
involved in lipid homeostasis (Distel et al. 2017). The PDK4 
gene was highly expressed in muscle of Meishan pigs (a 
Chinese native breed) compared to Yorkshire pigs, and a 
mutation in its intron 9 was significantly correlated with 
IMF content (Lan et al. 2009), suggesting PDK4 may relate 
to intramuscular lipid deposition in pigs. Particularly, Chen 
et al. (2017) found that UCP3 and PDK4 were more highly 
expressed in skeletal muscle of Laiwu pigs than Yorkshire 
pigs, and Li et al. (2016) reported that FABP3, UCP3 and 
PDK4 were markedly up-regulated in the longissimus dorsi 
muscle of Wannanhua pigs compared with Yorkshire pigs. 
In our findings, both RNA-Seq and Q-PCR methods revealed 
that FABP3, UCP3 and PDK4 gene expression levels were 
up-regulated, which may be one reason for the higher IMF 
content in Wei pigs than Yorkshire pigs. These observations 
indicate that high expression levels of FABP3, UCP3 and 
PDK4 probably have positive effects on lipid deposition in 
porcine skeletal muscle. Consequently, FABP3, UCP3 and 
PDK4 can be taken as functional genes defining the differ-
ences of IMF content in divergent pig breeds, and polymor-
phisms of them may become important molecular markers 
for genetic improvement of pork quality.

In the present study, function annotation showed that sev-
eral DEGs were involved in the GO terms of skeletal mus-
cle cell differentiation. As a typical obese breed, Wei pigs 
carrying lower lean meat production than introduced lean-
type pigs. Ankyrin repeat and SOCS box containing protein 
2 (ASB2) is a negative regulator of muscle mass (Davey 
et al. 2016), implying that the high expression level of ASB2 
was not conducive to muscle growth of Wei pigs. On the 
contrary, myostatin (MSTN) is a famous negative regula-
tor of muscle growth (Thomas et al. 2000), and the results 
from our study showed that muscular MSTN was decreased 
expression in Wei pigs, indicating that MSTN less inhibit 
muscle growth of Wei pigs than Yorkshire pigs at adult 
stage. Given that ASB2 and MSTN directly take part in mus-
cle development, they can be important genes modulating 
muscle growth and meat mass in pigs. In our study, ankyrin 
repeat domain 1 (ANKRD1) and 2 (ANKRD2) belonging to 
the muscle ankyrin repeat protein family were highlighted 
based on their regulatory role in skeletal muscle cell differ-
entiation (Wang et al. 2011). In swine, the ANKRD1 gene 
was reported to affect pathways related to meat quality traits 
(Ponsuksili et al. 2009), and the expression level of ANKRD1 
was up-regulated in Large White pigs with lower IMF con-
tent compared with Basque pigs (Damon et al. 2012). Addi-
tionally, the ANKRD2 gene polymorphism was remarkably 
associated with loin depth and firmness traits (Sun et al. 
2011). The expression levels of ANKRD2 and ANKRD1 were 
respectively up-regulated in the Wei and Yorkshire pigs, 
suggesting that the two genes have different roles in skeletal 
muscle growth. Due to ANKRD1 and ANKRD2 participate in 
the skeletal muscle development, differential expression of 
them may correspond to the muscle physiology differences 
between Wei and Yorkshire pigs.

Collagen is the elementary constituent of the extracel-
lular matrix, which is a key element affecting muscular ten-
derness of pigs (Wheeler et al. 2000). In this study, some 
DEGs were involved in biological processes related to col-
lagen protein metabolism, including GO terms (extracellular 
matrix structural constituent, collagen trimer, and collagen 
fibril organization) and pathway (protein digestion and 
absorption). In comparison to Yorkshire pigs, the collagen 
genes (COL1A2, COL3A1, COL4A2, COL5A1, COL5A2, 
COL11A1 and COL14A1) were down-regulated in skeletal 
muscle of Wei pigs with high IMF content, indicating that 
expression patterns of collagen genes are associated with the 
differences in pork quality in the two pig breeds. Óvilo et al. 
(2014) reported that six collagen genes (e.g. COL5A1 and 
COL14A1) were down-regulated in Iberian pigs with higher 
IMF content compared with Duroc × Iberian pigs, and Li 
et al. (2016) showed that the muscular expression levels of 
COL1A2 and COL3A1 in Wannanhua pigs were lower than 
Yorkshire pigs, which were consistent with the results in 
our study. Lim et al. (2017) also found that collagen genes 
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were differentially expressed in muscle of Berkshire pigs 
with different IMF content, but they (e.g. COL1A2, COL5A1 
and COL14A1) were significantly up-regulated in the pigs 
with higher IMF content. These observations showed that 
collagen proteins play roles in the skeletal muscle formation 
of pigs, however, the inconsistent results of collagen gene 
expression patterns probably due to the breed-specific dur-
ing muscle development. Though the genetic effects of these 
collagen genes on porcine meat quality are rarely reported, 
they might potentially affect pork quality by regulating mus-
cular components of Wei and Yorkshire pigs.

Conclusion

In this study, transcriptome sequencing was performed in 
the longissimus dorsi muscle of Wei and Yorkshire pigs. A 
total of 717 differentially expressed genes were identified, 
and functional analysis showed that they were involved in 
skeletal muscle cell differentiation, phospholipid catabolic 
process, and extracellular matrix structural constituent. Sev-
eral DEGs relate to lipid metabolism (ACSL1, FABP3, UCP3 
and PDK4) and skeletal muscle development (ASB2, MSTN, 
ANKRD1 and ANKRD2), and can be taken as important 
candidate genes for improving the pork quality by marker 
assisted selection. The results contribute to better exploring 
transcriptional profiling in muscle of different pig breeds, 
and provide a foundation for further elucidating the genetic 
mechanism of meat quality.
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