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Abstract: In order to explore the reasons for the difference in meat production performance between Alxa Gobi camel and Desert camel, 
we used high-throughput transcriptome sequencing technology, HTSeq, DEGseq and Gene Ontology (GO) and Encyclopedia of Genes and 
Genomes (KEGG) databases to compare the skeletal muscle gene expression between the two types. A total of 484 classification items were 
significantly enriched with Gene Ontology (GO) function, among which 246 were related to biological processes, accounting for 50.8%. One 
hundred eighty-four were related to molecular function, accounting for 38.1%. Fifty-four were related to cell components, accounting for 
11.1%. Gene Ontology (GO) function was significantly enriched to 339 up-regulated genes and 108 down-regulated genes. There were 6116 
differentially expressed genes annotated in Kyoto Encyclopedia of Genes and Genomes (KEGG) database. Pathway significance enrichment 
analysis revealed that these genes were involved in 250 biological metabolic pathways, among which 19 had extremely significant differences, 
37 were involved in skeletal muscle development, and 13 were involved in fat metabolism. The results showed that Alxa Gobi camel evolved 
more genes and signaling pathways related to skeletal muscle development and fat deposition than that of Alxa Desert camel during the long 
evolutionary process, which changed the traits of Alxa Gobi camel and improved its meat performance.

Keywords: Alxa Bactrian camel, Gene ontology, Kyoto Encyclopedia of genes and genomes, Skeletal muscle transcriptomics

Alxa Gobi Devesi ve Çöl Devesinin İskelet Kası Transkriptomiği Üzerine 
Çalışma

Öz: Alxa Gobi devesi ile Çöl devesi arasında et üretim performansındaki farkın nedenlerini araştırmak amacıyla, iki tür arasındaki iskelet 
kası gen ekspresyonunu karşılaştırmak için yüksek verimli transkriptom dizileme teknolojisi, HTSeq, DEGseq ve Gen Ontolojisi (GO) 
ve Genler ve Genomlar Ansiklopedisi (KEGG) veri tabanlarını kullandık. Toplam 484 sınıflandırma öğesi, Gen Ontolojisi (GO) işlevi ile 
önemli ölçüde zenginleştirildi, ki bunların 246’sı biyolojik süreçlerle ilgiliydi ve %50,8’ini oluşturuyordu. Bunların 184’ü moleküler işlevle 
ilgiliydi ve %38,1’ini oluşturuyordu. Elli dördü ise hücre bileşenleriyle ilgiliydi ve %11,1’ini oluşturuyordu. Gen Ontolojisi (GO) işlevi, 339 
upregüle gen ve 108 downregüle gen için önemli ölçüde zenginleştirildi. Kyoto Genler ve Genomlar Ansiklopedisi (KEGG) veri tabanında 
6116 farklı eksprese edilmiş gen bulunmaktaydı. Yolak önem zenginleştirme analizi, bu genlerin 250 biyolojik metabolik yolakta yer aldığını, 
bunlardan 19’unun son derece önemli farklılıklara sahip olduğunu, 37’sinin iskelet kası gelişiminde ve 13’ünün yağ metabolizmasında yer 
aldığını ortaya koydu. Sonuçlar, Alxa Gobi devesinin uzun evrimsel süreç boyunca Alxa Çöl devesine kıyasla iskelet kası gelişimi ve yağ 
birikimi ile ilgili daha fazla gen ve sinyal yolu geliştirdiğini, bunun da Alxa Gobi devesinin özelliklerini değiştirdiğini ve et performansını 
artırdığını göstermiştir.

Anahtar sözcükler: Alxa Bactrian devesi, Gen ontolojisi, Kyoto Genler ve Genomlar Ansiklopedisi, İskelet kası transkriptomiği
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Introduction
The camel belongs to the genus Camelus in the Camelidae 
of the order Artiodactyla of the Mammalia class. The 
Dromedary camel and the Bactrian camel are divided 
by the number of humps. Bactrian camels are mainly 
distributed in Central and Northeast Asia, northern China 
and Mongolia [1]. China is one of the mainly breeding 
countries of Bactrian camels, and there are about 411.000 
Bactrian camels [2], among which Alxa Bactrian camels are 
the most numerous and widely distributed, with 220.000 
camels, accounting for about half of the whole country. 
China’s Alxa region is the main rearing area for the Alxa 
Bactrian camels [3]. Alxa Bactrian camel is divided into 
two types: Gobi camel and Desert camel. Gobi camel is 
mainly distributed in the Gobi region, while Desert camel 
is mainly distributed in the desert region [4].

At present, there are many studies focus on their milk, 
hair and biological characteristics of the Alxa Bactrian 
camel [4], but there are few reports on its skeletal muscle 
traits [3-6]. Compared with Desert camels, Gobi camels 
have higher meat production performance (the net meat 
weight is 90 kg more than that of Desert camel), smaller 
diameter and greater density of muscle fiber, and higher 
content of MyHC I type muscle fiber, while Desert 
camel muscle fiber has large diameter, small density 
and high content of MyHC IIb type muscle fiber [4]. 
Muscle fiber is the basic unit of skeletal muscle and the 
main component of meat production performance. The 
development and traits of skeletal muscle fiber determine 
the meat production performance. Since from the 
explanation of skeletal muscle traits of double-muscle 
cattle [7,8] and the application of cloning technology [9,10], 
genetic modification technology provides a new method 
for improving meat performance of livestock. In order 
to further explore the reasons for the differences in meat 
production performance between Gobi camel and Desert 
camel, their skeletal muscles were taken as the research 
objects, and the biceps femoris samples were collected 
for transcriptome sequencing analysis to obtain gene 
expression information. We compared and analyzed the 
biceps femoris samples of Gobi camel and Desert camel 
in terms of differentially expressed genes, Gene Ontology 
(GO) function enrichment and Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment, in order to reveal 
the difference of meat production performance between 
them at molecular level and provide scientific basis for the 
improvement of meat production performance of Alxa 
Bactrian camel and the breeding of new strains.

Material and Methods
Ethical Statement

All experimental procedures were approved by the 
Animal Protection and Use Committee of Inner Mongolia 

Agricultural University and strictly followed animal 
welfare and ethical guidelines.

Animal Sample Collection

Five 8-year-old male Alxa Gobi camels and five 8-year-old 
Desert camels collected 5 g of biceps femoris respectively, 
washed with alcohol and normal saline once, packed 
with frozen tubes and marked, temporarily stored in 
liquid nitrogen, returned to the laboratory and stored in 
-80ºC refrigerator for a long time. Samples were collected 
at Western Lifa Slaughterhouse, Alxa League, Inner 
Mongolia, China.

Extraction of Total RNA and Detection of Total RNA 
Samples

After the total RNA was extracted from the split liquid of 
camel biceps femoris by Trizol method (TaKaRa, Kyoto, 
Japan), the integrity of the total RNA was accurately 
detected by Agilent 2100 bioanalyzer, the purity of the 
total RNA (the ratio of OD260/OD280 and OD260/230) 
was detected by microplate analyzer, and the integrity of 
the total RNA and the existence of DNA contamination 
were analyzed by agarose gel electrophoresis (agarose is 
purchased from Inner Mongolia Chenxin Biology Science 
and Technology Limited Company, China; markers are 
purchased from TaKaRa, Kyoto, Japan).

Sample Correlation Analysis

In this study, the square of Pearson correlation coefficient 
(R2) was used as an index to judge the similarity of gene 
expression between samples (0<R2<1, and there is obvious 
difference when it is higher than 0.8).

Construction, Detection and Computer Sequencing of 
Library

The sequencing of this experiment was completed by 
NOVOGENE. The specific situation is shown in Fig. 1.

After the construction of the library, the library was 
initially quantified by using Qubit2.0 Fluorometer, and 
the library was diluted to 1.5 ng/µL. Then, the insert size of 
the library was detected by using Agilent 2100 bioanalyzer. 
After the insert size met expectations, the effective 
concentration of the library was accurately quantified by 
qRT-PCR (the effective concentration of the library was 
higher than 2nM) to ensure the quality of the library.

Data Assembly and Functional Annotation of mRNAs

The original data are stripped of the adapter, which 
contain N (N means that the base information cannot be 
determined) and are of low quality (the number of bases 
with Qphred<=20 accounts for more than 50% of the total 
read length), and filtered to obtain high-quality mRNA 
clean reads. After analyzing the base mass distribution, 
CG content and average mass distribution of mRNA clean 
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reads, and comparing them with reference genes (https://
www.ncbi.nlm.nih.gov/genome/?term=Camelus+bactrian
us). HTSeq software was used to study the gene expression 
level of all the research samples. The selected model was 
union, and the value of Reads Per Kilo Base of Exon Model 
Per Million Mapped Reads (FPKM) was determined as 1. 
Then, the differentially expressed genes were screened by 
using R language software package DESeq2 (log2(FoldC
hange)|>0&padj<0.05). Use GOseq software to analyze 
the GO enrichment of differential genes, calculate the list 
and number of each term, and calculate the enrichment 
P-value (hypergeometric distribution, P<0.05 is significant 
enrichment); In addition, according to KEGG database, 
the differentially expressed genes were analyzed by KOBAS 

(2.0) software (hypergeometric distribution, P<0.05 is 
significant enrichment).

Results
Total RNA Quality Test Results and Integrity Test 
Electropherogram

The quality test results and integrity test electrophero-
grams of total RNA of 10 samples used in this experiment 
(Table 1; Fig. 2).

Correlation Between Samples in Quantitative Analysis 
of Genes

According to the FPKM values calculated for each sample, 
the correlation coefficients of different samples can 

Fig 1. Schematic diagram of library construction

Table 1. The result of total RNA quality test

Sample Name Concentration
(ng/µL)

Volume
(µL) Total Quantity(µg) OD260/280 OD260/230 RIN Conclusion of 

Detection

SG_6 43 92 3.956 2 1.33 7.8 A

SG_8 44 92 4.048 1.44 0.9 8 A

SG_10 62 92 5.704 2 1.14 6.6 A

SG_12 35 92 3.22 2.36 0.96 8.4 A

SG_5 192 32 6.144 2 0.76 7.3 A

CG_6 46 92 4.232 1.65 0.94 8.8 A

CG_8 48 92 4.416 2.13 1.39 7.7 A

CG_10 53 92 4.876 1.94 1.55 7.9 A

CG_12 42 92 3.864 1.92 1.09 7.3 A

CG_5 166 32 5.312 2.12 1.09 7 A

SG_6/SG_8/SG_10/SG_12/SG_5 is Alxa Desert camel sample; CG_6/CG_8/CG_10/CG_12/CG_5 is Alxa Gobi camel sample; RIN: RNA integrity number
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be calculated, so as to obtain the heat map. Analysis of 
the figure can clarify the differences and repetitions of 
different samples in each group. If the coefficient is higher, 
it means that the pattern is closer (Fig. 3).

Gene Expression Distribution in Quantitative Analysis 
of Genes

Generally, FPKM was selected instead of read count as the 
expression value of RNA-seq gene. After the FPKM value 
of all genes is obtained, the gene expression distribution of 
each sample can be analyzed (Fig. 4).

Differential Gene Statistics in Differential Analysis

The number statistics of differential genes and the 

criteria for screening differences are shown in Table 2.

The distribution of differentially expressed genes between 
Alxa Gobi camels (CG) and Alxa Desert camels (SG) is 
shown in Fig. 5.

Venn Diagram of Differential Genes

The sum of all numbers in the Vaine diagram indicated 
that the total number of differential genes between Alxa 
Gobi camel and Desert camel was 12592, and the overlap 
region indicated that the number of common differential 
genes was 11716, of which 457 genes were unique to Alxa 
Gobi camel and 419 genes were unique to Alxa Desert 
camel (Fig. 6).

Differential Gene Clustering

In this experiment, the mainstream hierarchical clustering 
is used to cluster and analyze the gene expression values, 
and the genes with similar expression patterns are gathered 
together to homogenize all the expression data. Genes or 
samples with similar expression patterns in the heat map 
are gathered together, and different grid colors indicate 
the final value after homogenization (Fig. 7).

Fig 2. Total RNA extraction electrophoresis results. M: represents Marker 
(Trans 2K Plus); 1-4 on the left are Alxa Desert camel RNA samples SG_6/
SG_8/SG_10/SG_12, 5-8 on the left are Alxa Gobi camel RNA samples 
CG_6/CG_8/CG_10/CG_12; 1 on the right is Alxa Desert camel SG_5 
and 2 on the right is Alxa Gobi camel CG_5

Fig 3. Sample correlation heat map

Fig 4. Gene expression level map. The abscissa and ordinate represent the 
sample name and log2(FPKM+1) respectively. The figure shows a box 
diagram of each sample, from which the minimum, maximum, median, 
upper and lower quartile of each sample can be compared and analyzed

Table 2. Standard table for number statistics of differential genes and screening differences

Compare All Up Down Threshold

SG vs CG 489 377 112 DESeq2 padj<0.05 |log2FoldChange|>0.0

Compare: name of the comparison combination, All: total number of differentially expressed genes in the comparison combination, Up: number of 
differentially expressed genes up-regulated in the comparison combination, Down: number of differentially expressed genes down-regulated in the 
comparison combination, Threshold: software and threshold for differential gene screening in the comparison combination. SG is Alxa Desert camel sample; 
CG is Alxa Gobi camel sample
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GO Enrichment Analysis of Differentially Expressed 
Genes

Among all the genes differentially expressed in the biceps 
femoris of Alxa Gobi camels and Desert camels, 5695 
genes have been annotated, including 148 genes related to 
biological processes, 66 genes related to cell components 
and 233 genes related to molecular functions. A total of 
484 items were significantly enriched by GO function, 
among which 246 items were significantly enriched related 
to biological process, accounting for 50.8%. There were 
184 significant enrichment items related to molecular 
function, accounting for 38.1%. There were 54 significant 
enrichment items related to cellular component, accounting 
for 11.1%. The significant enrichment items related to 
biological process accounted for the largest proportion, 
but the number of genes involved in biological process was 
not as large as that involved in molecular function, and 

the genes with extremely significant difference (P<0.01) 
between Alxa Gobi camel and Desert camel were enriched 
in molecular function. There were 339 up-regulated 
genes, including 110 genes related to biological process, 47 
genes related to cellular component and 182 genes related 
to molecular function. A total of 108 genes were down-
regulated, among which 38 genes were related to biological 
process, 19 genes were related to cellular component and 
51 genes were related to molecular function.

Analyze the results of GO enrichment analysis, and select 
the most prominent 30 terms to draw a scatter diagram 
(Fig. 8).

KEGG Pathway Enrichment Analysis of Differentially 
Expressed Genes

In this experiment, all differentially expressed genes 
in biceps femoris of Alxa Gobi camel and Desert camel 
were enriched by KEGG pathway. The results showed 
that there were 6116 differentially expressed genes 
annotated in KEGG database, and the pathway significant 
enrichment analysis found that these genes participated 
in 250 biological metabolic pathways, among which 19 
pathways were extremely significant differences (P<0.01). 
There were 37 differential genes involved in skeletal 
muscle development and 13 differential genes involved 
in fat metabolism. FoxO signaling pathway, Osteoclast 
differentiation, and cAMP signaling pathway are involved 
in skeletal muscle development; in addition, there are two 
signaling pathways related to lipid metabolism, namely 

Fig 5. Gene expression level map. The horizontal axis of the figure is the 
fold change of gene expression (log2FoldChange) between the treatment 
and control groups, and the vertical axis is the significance level of the 
difference in gene expression between the treatment and control groups 
(-log10padj or -log10pvalue). Up-regulated genes are red dots and down-
regulated genes are green dots

Fig 7. Differential gene cluster map. The colors in the thermogram 
can only be compared horizontally (the expression of the same gene in 
different samples), but not vertically (the expression of different genes 
in the same sample). In horizontal comparison, red indicates high gene 
expression and blue indicates low gene expression

Fig 6. Differential gene Venn map
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Regulation of lipolysis in adipocytes and PPAR signaling 
pathway.

From the KEGG enrichment results, the most significant 
20 KEGG pathways were selected to draw a scatter plot 
(Fig. 9). Moreover, carefully observing all the signal 
pathways, MAPK and Pathways in Cancer are rich in the 
most differentially expressed genes. MAPK and PPAR are 
rich in up-regulated and down-regulated differentially 
expressed genes, respectively.

Discussion
In this experiment, the percentage of GC is greater than 
AT, all of which are over 50%, and the proportion of Q20 
of bases in each position is above 97%. Compared with 
the reference genome, the ratio of the number of reads 
on the genome is greater than 91.05%, and the number of 
reads on the gene is greater than 87.75%. At the same time,  
the FPKM value meets the standard. All these indicate 
that the sequencing data is reliable and the sequencing 
quality is high.

In this experiment, the skeletal muscle of Alxa Bactrian 
camel was analyzed by transcriptome for the first time, 
and the gene library of Bactrian camel was perfected. A 
total of 489 differentially expressed genes were screened 
from the skeletal muscle transcriptome of Alxa Gobi 
camel and Desert camel, including 377 up-regulated 
genes and 112 down-regulated genes. Among these genes, 

candidate genes related to skeletal muscle development 
and fat deposition were mainly screened.

Among these genes, the genes related to skeletal muscle 
development are as follows. FOXO1 gene plays an 
important role in the transformation of muscle fiber types. 
FOXO1 negatively regulates skeletal muscle abundance 
and is considered to be the key to muscle atrophy [11,12]. 
UBE2B plays an important role in muscle protein 
homeostasis under catabolism [13]. EGR1 has been shown 
to be essential for the expression of key tendon markers 
and tendine-related ECM genes during tendon healing 
after injury, and EGR1 controls the balance between bone 
tissue formation and bone resorption during bone repair 
[14]. The expression of SLC25A25 gene is affected by neural 
pathways, and this gene is a muscle circadian rhythm 
gene, which is related to muscle thermogenesis and affects 
the growth and development of skeletal muscle [15]. ATF4 
is a key component of a complex and not fully understood 
molecular signaling network that leads to muscle atrophy 
during aging, fasting and imfixation [16]. The normal 
expression of AMD1 can improve muscle fibrosis, reduce 
the overactive pre-fibrotic TGF-b pathway, and lead to 
improved exercise ability [17]. ASB5 seems to be essential 
for muscle recovery after exercise and increases the 
expression of myogenic hormone, which is a marker of 
value-added early myogenesis in mammals [18]. CDKN1A 
is involved in the regulation of cell cycle and proliferation 
of skeletal muscle cells [19,20]. As a muscle-specific regulator, 

Fig 8. Go enrichment scatter diagram. The ordinate represents Term 
and the abscissa represents the proportion of the number of differential 
genes above GO Term in all genes. Each dot represents a specific number 
of genes, and a different color represents a different significance, ranging 
from red to purple

Fig 9. Scatter diagram of KEGG pathway. The abscissa is the ratio of the 
number of differential genes annotated to the KEGG pathway to the total 
number of differential genes, the ordinate is the KEGG pathway, the size of 
the dot represents the number of genes annotated to the KEGG pathway, 
and the color from red to purple represents the significance of enrichment
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KLHL30 plays an important role in myoblast proliferation 
and differentiation [21]. KLF6 gene can promote the 
proliferation of skeletal muscle cells, and miR-148a-3p can 
inhibit the proliferation of bovine myoblasts and promote 
apoptosis through post-transcriptional down-regulation 
of KLF6 [22]. Hspa8 regulates Mef2 protein through 
chaperonin mediated autophagy to maintain its normal 
activity, avoid myotonia and mitochondrial function 
damage, and thus ensure the normal development or 
regeneration of skeletal muscle [23]. VGLL2 is a key 
transcriptional activator of muscle-specific genes, which 
can be activated by exercise and participate in chronic 
overload-induced muscle remodeling. It has a great effect 
on exercise endurance in skeletal muscle, and VGLL2 
is directly or indirectly involved in the specification of 
mature skeletal muscle fiber characteristics [24-27].

The genes associated with fat deposition are as follows. 
The PLIN gene is involved in lipolysis of neutral lipids and 
autophagic lipolysis, and regulates lipolysis through the 
interaction between lipase and lipid droplet protein [28,29]. 
LPIN1 plays an important role in adipocyte maturation 
and adipogenesis [30], and it is essential for de novo 
synthesis of phospholipids and triglycerides [31].

In terms of signaling pathways, MAPK signaling pathway 
plays a very important role in adipocyte differentiation [32]. 
This family controls many important physiological 
processes, including cell growth, differentiation, 
proliferation and death, and its pathway is mainly 
composed of JNK, ERK and p38 pathways [33]. FOXO1 
plays an important role in the regulation of skeletal 
muscle differentiation and fiber type [34], and is an 
important transcription factor that determines muscle 
development and fiber type, but its regulation mode remains 
controversial. The genes regulated by FoxOs are involved 
in various pathways, such as metabolic regulation, cell 
and tissue homeostasis, and immunity [35-38]. Therefore, 
elucidation of the molecular mechanism of FOXO1 
regulating muscle fiber type and study of FoxO signaling 
pathway can provide theoretical basis for improving meat 
quality and new research ideas for genetic improvement 
and molecular breeding of livestock [39]. The down-
regulated genes PLIN1, PLIN4, ANGPTL4, FABP4 and 
PLTP in the peroxisome proliferator-activated receptor 
(PPAR) signaling pathway [40] are all genes related to lipid 
metabolism and lipid deposition.

The results showed that under the influence of living 
environment and other factors, Alxa Gobi Camel and 
Desert Camel developed a large number of differential 
genes in skeletal muscle and fat deposition. These 
differential genes and their signal pathways changed the 
phenotypic characteristics of Gobi Camel and improved 
its meat production performance.

With the development of science and technology, the 
genetic engineering of livestock [41] is also changing with 
each passing day. Now, myostatin gene knockout sheep 
can be efficiently produced by using CRISPR/Cas9 
technology and fertilized egg microinjection technology [9]. 
Compared with the control wild lamb, the weight of these 
gene knockout sheep is significantly increased. In addition 
to sheep, livestock genetic engineering has also been used 
to transform the phenotypic traits of other livestock, such 
as goats, cattle and pigs [42-45]. Therefore, on the basis of 
this study, livestock genetic engineering technology can 
be used to improve the meat production performance of 
Alashan Bactrian camel and provide scientific basis for 
cultivating new strains.
Availability of Data and Materials

The datasets during and/or analyzed during the current study 
available from the corresponding author and can be provided on 
your request.
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