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ABSTRACT Presently, excessive fat deposition is the
main reason to limit the development of duck industry.
In the production, the methods of restricted feeding (RF)
were widely used to reduce the lipid deposition of ducks.
The liver (L), abdominal adipose (AA), and subcutane-
ous adipose (SA) were the main tissues of lipid metabo-
lism and deposition of ducks. However, the mechanisms
of lipid metabolism and deposition of ducks under RF
have not been fully clarified. In this study, in order to bet-
ter understand the mechanisms of lipid metabolism and
deposition in ducks under RF, a total of 120 male Non-
ghua ducks were randomly divided into a free feeding
group (FF, n = 60) and RF group (RF, n = 60), then
comparative transcriptomic analysis of L, AA, and SA
between FF (n = 3) and RF (n = 3) ducks was per-
formed at 56 d of age. Phenotypically, L, AA, and SA
index of FF group was higher than that in RF group.
There were 279, 390, and 557 differentially expressed
genes (DEGs) in L, AA, and SA. Functional enrichment
analysis revealed that ECM-receptor interaction and met-
abolic pathways were significantly enriched in L, AA,
and SA. Lipid metabolism-related pathways including
fatty acid metabolism, unsaturated fatty acid synthesis,
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and steroidogenesis were significantly enriched in AA and
SA. Moreover, through integrated analysis weighted gene
coexpression network (WGCNA) and protein-protein
interaction network, 10 potential candidate genes
involved in the ECM-receptor interaction and lipid
metabolism pathways were identified, including 3-
hydroxy-3-methylglutaryl-CoA synthase 2 (HMGCS2),
aldolase B (ALDOB), formimidoyltransferase cyclodea-
minase(FTCD), phosphoenolpyruvate carboxykinase 1
(PCK1), tyrosine aminotransferase (TAT), stearoyl-
CoA desaturase (SCD), squalene epoxidase (SQLE),
phosphodiesterase 4B (PDE4B), choline kinase A
(CHKA), and elongation of very-long-chain fatty acids-
like 2 (ELOVL2), which could play a key role in lipid
metabolism and deposition of ducks under RF. Our study
reveals that the liver might regulate the lipid metabolism
of abdominal adipose and subcutaneous adipose through
ECM-receptor interaction and metabolic pathways (fatty
acid metabolism, unsaturated fatty acid synthesis, and
steroid synthesis), thus to reduce the lipid deposition of
ducks under RF. These results provide novel insights into
the avian lipid metabolism and will help better under-
stand the underlying molecular mechanisms.
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INTRODUCTION

At present, the meat duck industry usually adopts a
high-density and intensive rearing model, and excessive
fat deposition in meat ducks, which affects the further
development of the meat duck industry (Na et al.,
2019). In meat poultry production, restricted feeding
(RF) was widely used to reduce lipid deposition in meat
ducks (Saibaba et al., 2021). Previous studies have
shown that RF could affect growth performance, repro-
duction, and metabolic function of meat poultry, espe-
cially on lipid metabolism and deposition (Pan et al.,
2014; Mehus et al., 2021; Shusha et al., 2021).
In poultry, more than 90% of lipid was synthesized in

liver and deposited in adipose tissues after liver metabo-
lism (Nie et al., 2009). It has been observed that liver and
adipose tissue were easily adapted to feed restriction, but
their hormone levels and metabolites have changed, thus
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Table 1. The feeding methods of ducks in each group.

Items FF (n = 60) RF (n = 60)

0−14 d Free feeding Free feeding
15−35 d Free feeding Free feeding
36−42 d 210 g 147 g
43−49 d 220 g 154 g
50−56 d 230 g 161 g

Abbreviations: d, day; FF, free feeding; g, gram; RF, restricted feeding.
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significantly affecting their lipid metabolism and deposi-
tion (Hillgartner et al., 1995; Kersten, 2001; Zaefarian
et al., 2019). Compared to free feeding (FF), the expres-
sion levels of SREBP-1, ME, ACL, ACC, FAS, and
SCD1 in liver were decreased under RF, and the plasma
hormone levels that could induce many genes encoding
lipogenic enzymes also decreased (Richards et al., 2003).
Additionally, one research showed that the liver could
reduce the lipid synthesis and TG secretion through tran-
scriptional regulation to suit the energy restricted diet
(Desert et al., 2018). Meanwhile, RF could increase the
expression of CPT1-A in the liver of broilers, thereby
reducing the content of adipose tissue (Lunedo et al.,
2019). Wei et al. (2019) also found that the genes related
to lipid metabolism significant changes in the liver and
abdominal adipose of broilers under RF. Furthermore,
Lindholm et al. (2022) further analyzed the transcrip-
tome profiles of chicken liver between FF and RF and
found that most of DEGs were related to energy metabo-
lism. These results indicated that RF might have signifi-
cant effects on lipid metabolism and deposition in liver
and adipose tissue. However, until now little is known
about the mechanism of lipid metabolism and deposition
in duck liver and adipose tissue under RF.

With the rapid development of high-throughput
sequencing technologies, RNA-seq technology has been
favored by researchers for its high efficiency and speed.
Therefore, this study aimed to compare and analyze the
mRNA profiles of liver, abdominal adipose, and subcuta-
neous adipose between FF and RF ducks using RNA-
seq. These results were expected to help elucidate the
molecular mechanisms regulating lipid metabolism and
deposition in ducks under RF.
MATERIALS AND METHODS

Ethics Statement

All animal handling procedures were approved by the
Institutional Animal Care and Use Committee
(IACUC) of Sichuan Agricultural University (Chengdu
campus, Sichuan, China, Permit No. DKY20170913).
Animals and Sample Collection

In this study, a total of 120 one-day-old healthy Non-
ghua ducks hatched from the same batch and having
similar body weights ranging from 52.0 g to 58.0 g were
used as our experimental animals. All ducks were
hatched and reared in the Waterfowl Breeding Experi-
mental Farm of Sichuan Agricultural University (Ya’an
campus, Sichuan, China). After incubation, these 1-day-
old all ducks were first raised net-rearing until 14 d of
age, and they were then raised floor-rearing. At 35 d of
age, these ducks were randomly equally assigned to FF
and RF groups. As shown in Table 1, one group was fed
freely (FF), and the other group was fed 70% of the FF
intake (RF). During this period, the ducks were raised
under natural light and temperature and had free access
to water. At 56 d of age, 18 healthy ducks with similar
body weights were randomly selected from FF and RF,
respectively, for weighing and collecting tissue samples.
The selected ducks were slaughtered (euthanized by car-
bon dioxide anesthesia and exsanguination by severing
the carotid artery), and the weights and organ indexes
of liver, abdominal adipose, and subcutaneous adipose
were measured (organ index = organ weight (g)/body
weight (g) £ 100%). All tissues were washed with PBS
and frozen in liquid nitrogen, and then stored at �80°C
until RNA extraction.
RNA Isolation and Sequencing

In this study, 3 ducks with similar body weight were
selected in the FF and RF groups for transcriptome
studies, respectively. The RNeasy Mini Kit (QIAGEN,
Beijing, China) was used to extract the total RNA of
liver, abdominal adipose, and subcutaneous adipose
according to the manufacturer’s instructions. RNA con-
centration was detected by Nanodrop, and RNA integ-
rity was checked by Agilent Bioanalyzer 2100 (Agilent
Technologies, Santa Clara, CA). All RNA samples were
qualified and sent to Glibizzia (Beijing, China) for
library construction (Additional file 1: Table S1). The
mRNA libraries were sequenced by DNBSEQ-T7-
PE150 (HuaDa, Shenzhen, China). The clean reads were
obtained after the filtration of low-quality reads using
standard quality control by FastaQC software.
Transcriptome Bioinformatics Analysis

Clean reads were mapped to the Anas platyrhynchos
(assembly ZJU1.0) domestication reference genome
using the HISAT2 (version 2.2.1) software (Kim et al.,
2015). The output SAM (sequencing alignment/map-
ping) file was converted to a BAM (binary alignment/
mapping) file and sorted using SAMtools (version 1.10)
(Li et al., 2009). The expression values (fragments per
kilobase of transcript per million fragments mapped) of
each gene were calculated based on the length of the
gene and the read count mapped to this gene by feature-
Counts (version 2.02) (Liao et al., 2014). Differentially
expressed genes (DEGs) in different feeding groups
were analyzed using the DEseq2 package in R and then
filtered with P values <0.05 and |log2FC| > 1 (Love
et al., 2014). The screened DEGs were subjected to the
Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis in KOBAS 3.0 (Ai and Kong,
2018). Subsequently, the DEGs of different feeding



Table 2. PCR primers used in this study.

Genes Forward (50−30) Reverse (50−30) TM (°C)

SCD ATCTTTGATGAGACCTACCGTG GTGGCTTTGTAGGACCGATG 58.0
CHKA CCTTCGGCTCTCCCTCAC GCAACTGTCTCAATGGTATCGG 56.0
ELOVL2 ACCTTGGGATTACACTGCTCTC GTTCAGGACACACCACCAGATA 56.0
SQLE CAAATACAGCCTTATCACCGCA AAGACCTTCCACTGACAACACG 56.0
PDE4B AGAACGAGAAAGAGGAATGGAA TGTATTGCTGAAGTAGCCGATG 56.0
GAPDH AAGGCTGAGAATGGGAAAC TTCAGGGACTTGTCATACTTC 60.0
b-ACTIN GCTATGTCGCCCTGGATTTC CACAGGACTCCATACCCAAGAA 60.0
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groups were constructed the weighted gene coexpression
network using the WGCNA package in R (Langfelder
and Horvath, 2008). Finally, the network visualization
analysis was completed using Cytoscape (version 3.2.1)
(Smoot et al., 2011).
Real-Time PCR Verification

Five significantly DEGs were selected for quantitative
real-time PCR (qRT-PCR) to validate the RNA-Seq
results. Previously, total RNA extracted from the liver
and subcutaneous adipose were reverse transcribed into
cDNA using a RevertAid First Strand cDNA Synthesis
Kit (Thermo, MA). Primer 5.0 was used to design the
primers (Table 2). A BLAST search against the refer-
ence genome was then carried out to confirm primers
were specific for the intended target genes. SYBR Green
PCR Super Mix (Bio-Rad, Hercules, CA) and a Bio-Rad
CFX96 real-time PCR detection system (Bio-Rad, Her-
cules, CA) were used for qRT-PCR, and each sample
was assayed 3 times. The reaction was performed at 95°
C for 10 s, 60°C for 60 s, and 95°C for 15 s, after which it
was slowly heated from 60°C to 99°C. The b-ACTIN
and GAPDH was used as a housekeeping gene. The
2�DDCt method was used for normalization of the qRT-
PCR results, after which the normalized data were used
for statistical analysis, and P < 0.05 was considered sig-
nificantly different (Livak and Schmittgen, 2001).
Statistical Analysis

Statistical analysis was performed using the SPSS
24.0 software (IBM, Newyork). The body weight, liver
Figure 1. Phenotypic differences of ducks between FF and RF. (A) Bod
of liver, abdominal adipose, and subcutaneous adipose of ducks between FF
restricted feeding; L: liver; AA: abdominal adipose; SA: subcutaneous adipos
index, abdominal adipose index as well as subcutaneous
adipose index were presented as mean § SD. Data for
both different groups were tested for normal distribution
with SPSS 24.0, followed by ANOVA testing and Dun-
can’s test. Differences were considered statistically sig-
nificant at P < 0.05.
RESULTS

Phenotypic Differences of Different Tissues
Between FF and RF

As shown in Figure 1A, ducks in the FF group had
higher body weight (P < 0.05). In addition, compared
with the FF group, the liver, abdominal adipose, and
subcutaneous adipose index of ducks in RF group were
significantly lower than that in FF group (P < 0.05,
Figure 1B).
Overview of the mRNA Transcriptome
Sequencing Between FF and RF

A total of 146.30 Gb raw data were obtained from 18
samples through RNA-seq, and the mapping rate of the
clean reads ranged from 88.74 to 94.29% (Additional file
2: Table S2). In this study, there were 279, 390, and 557
DEGs identified in liver, abdominal adipose, and subcu-
taneous adipose between FF and RF, respectively
(Figure 2A; Additional file 3: Table S3). Based on the
identified DEGs in the liver, abdominal adipose, and
subcutaneous adipose, 7 genes were common in both tis-
sues as shown in the Venn diagram (Figure 2B). The
hierarchical clustering map also recapitulated the dis-
tinct gene expression patterns in the liver, abdominal
y weight analysis of ducks between FF and RF; (B) Organ index analysis
and RF. * Indicates P < 0.05, ** indicates P < 0.01. FF: free feeding; RF:
e.



Figure 2. Identification of DEGs in the liver, abdominal adipose, and subcutaneous adipose of ducks between FF and RF. (A) The number of
DEGs in different tissues; (B) Venn diagram of DEGs; (C−E) DEGs clustering heat map of each tissue.
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adipose, and subcutaneous adipose between FF and RF
(Figure 2C−E).
Functional Enrichment Analysis of the DEGs
in the Liver, Abdominal Adipose, and
Subcutaneous Adipose Between FF and RF

In this study, KEGG enrichment analysis showed that
a total of 54, 71, and 89 KEGG pathways were enriched
in liver, abdominal adipose, and subcutaneous adipose,
respectively (Additional file 4: Table S4). The top 20 sig-
nificantly enriched KEGG pathways were listed in
Figure 3. In the liver, the 5 significantly enriched path-
ways were cell senescence, TGF-b signal pathway,
ECM-receptor interaction, glycerol phospholipid metab-
olism, and alanine, aspartic acid, and glutamate metabo-
lism pathway (Figure 3A). In the abdominal adipose,
the most enriched KEGG pathways were ECM-receptor
interaction, cell adhesion molecules, aggregation adhe-
sion, metabolic pathway, and Wnt-signal pathway
(Figure 3B). Furthermore, the top 5 significantly
enriched KEGG pathways were metabolic pathway,
amino acid biosynthesis, actin cytoskeleton regulation,
and carbon metabolism, glycolysis/gluconeogenesis
pathway in subcutaneous adipose (Figure 3C).
Noticeably, the ECM-receptor interaction and meta-
bolic pathways were commonly enriched by the DEGs in
liver, abdominal adipose, and subcutaneous adipose
between FF and RF. In addition, lipid metabolism-
related pathways (fatty acid metabolism, unsaturated
fatty acid synthesis, and steroid synthesis) were signifi-
cantly enriched in abdominal adipose and subcutaneous
adipose between FF and RF.
Construction of Coexpression Networks of
the DEGs Identified Between FF and RF

The weighted gene coexpression network (WGCNA)
was performed to construct the coexpression network of
DEGs identified in liver, abdominal adipose, and subcu-
taneous adipose between FF and RF. The results
showed that genes with similar expression patterns in
liver, abdominal adipose, and subcutaneous adipose
were classified into 9 modules (Figure 4A, Additional file 5:
Table S5). Then, correlation analysis between the phe-
notypes and modules indicated that genes clustered in
the blue modules were strongly correlated with liver,
abdominal adipose, and subcutaneous adipose pheno-
types (Figure 4B). Moreover, the correlation analysis
between these modules showed that the gene expression



Figure 3. Top 20 significantly enriched KEGG pathways. (A) FF vs. RF liver; (B) FF vs. RF abdominal adipose; (C) FF vs. RF subcutaneous
adipose. The Rich factor is the ratio of the number of DEGs in the pathway and the total number of genes in the pathway. The higher the Rich fac-
tor, the higher is the degree of enrichment. The q value is the P value after multiple hypothesis test correction, in the range from 0 to 1; the closer the
q value is to 0, and the more significant is the enrichment.
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profiles in blue module was similar to that in black and
red modules (Figure 4C and D).

Subsequently, KEGG enrichment analysis indicated
that 35, 18, and 82 KEGG pathways were enriched in
red, black, and blue modules, respectively. The signifi-
cantly enriched KEGG pathways were listed in
Figure 4E. Metabolic, steroid biosynthesis, nicotinate
and nicotinamide metabolism, tyrosine metabolism, and
vitamin B6 metabolism pathways significantly enriched
by DEGs in red module. Some metabolic-related KEGG
pathways were enriched only by DEGs in the black mod-
ule, including metabolic, purine metabolism, pentose
phosphate pathway, biosynthesis of amino acids, and
PPAR signaling pathways. Moreover, DEGs in the blue
module were mainly enriched in metabolic pathway, car-
bon metabolism, glyoxylate and dicarboxylate metabo-
lism, fatty acid metabolism, fatty acid degradation,
glycolysis/gluconeogenesis, and PPAR signaling path-
ways. Of note, lipid metabolism-related pathways were
overlapped in the 3 modules. Therefore, we chose the
DEGs in the blue, black, and red modules for subsequent
analysis.
Network Analysis and qRT-PCR Validation of
the DEGs Involved in Regulating Lipid
Metabolism and Deposition Between FF and
RF

To further identify the mechanisms regulating lipid
metabolism of ducks under RF, the DEGs from the liver,
abdominal adipose, and subcutaneous adipose between
FF and RF were merged to construct the protein-protein
interaction (PPI) network. The PPI network consisted



Figure 4. The results of weighted gene coexpression network analysis. (A) Hierarchical clustering diagram. Different colors on the abscissa rep-
resent different clustering modules; (B) Correlation between modules and traits. The abscissa represents tissues with different phenotypes, and the
ordinate represents different module; (C) Visualized network heat map; (D) Correlation diagrams between modules; The redder the color of the area
of different modules, the stronger the correlation; (E) KEGG analysis for red, black, and blue module DEGs.
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of 69 nodes and 180 edges (Figure 5A). Network analysis
found that the genes with the highest degrees included
HMGCS2, ALDOB, FTCD, PCK1, TAT, SCD, SQLE,
PDE4B, CHKA, and ELOVL2. Notably, our results
showed that ducks under RF could reduce the lipid
deposition through ECM-receptor interaction and meta-
bolic pathways (fatty acid metabolism, unsaturated
fatty acid synthesis, and steroid synthesis) (Figure 5B).
Five DEGs involved in the lipid metabolism were
selected for qRT-PCR validation of our RNA-seq
results. These included 3 genes that were upregulated
(PDE4B, CHKA, and ELOVL2), 2 genes that were
upregulated (SCD and SQLE). The expression profiles
of the 5 genes generated from qRT-PCR corresponded
to the RNA-Seq results (Figure 5C), indicating that the
RNA-seq results are reliable.
DICUSSION

In poultry, including ducks, the liver, abdominal adi-
pose, and subcutaneous adipose were the main organs
for lipid anabolism and deposition (He et al., 2018;
Wang et al., 2019). A previous study showed that RF
resulted in a lower liver and abdominal adipose index of
broilers (Van der klein et al., 2017). This is similar to the
results of our study which showed that in RF ducks, the
liver, abdominal adipose, and subcutaneous adipose
index were lower than FF ducks, indicating that RF
could affect the development of liver and adipose tissue.
To further understand the molecular mechanism how
the FF and RF differentially affected duck lipid metabo-
lism and deposition, we used RNA-seq to compare the
transcriptomic mRNA profiles of liver, abdominal adi-
pose, and subcutaneous adipose. As a result, a total of
279, 390, and 557 DEGs were identified in liver, abdomi-
nal adipose, and subcutaneous adipose, respectively.
Subsequent analysis suggested that 7 DEGs were com-
mon in liver, abdominal adipose, and subcutaneous adi-
pose between FF and RF. Among these genes, studies
have shown that the YRDC gene plays an important
role in lipid storage and metabolism processes (Liu et al.,
2023). These results indicated that liver, abdominal
adipose, and subcutaneous adipose might play an impor-
tant role in regulating lipid metabolism and deposition of
ducks under RF.
To further explain the biological roles of the DEGs,

KEGG functional analysis was performed. In the liver,
most DEGs were significantly enriched in TGF-b signal-
ing, ECM-receptor interaction, glycerophospholipid
metabolism, and metabolic pathways. Several studies
have shown that glycerophospholipid metabolism played
a crucial role in liver fatty acid metabolism (Maldonado
et al., 2014), and changes of fatty acid metabolism usually
leaded to the accumulation of triglycerides in liver (Alves-
Bezerra and Cohen, 2017). Meanwhile, the triglycerides
in liver were transported to adipose tissue as very-low-
density lipoprotein (Frayn et al., 2006). Thus, these



Figure 5. Network analysis and qRT-PCR validation of DEGs in liver, abdominal adipose, and subcutaneous adipose of ducks between FF and
RF. (A) PPI network of DEGs; (B) Regulation network construction involved in lipid deposition and metabolism of ducks under RF; (C) qRT-PCR
validation of DEGs. “*” and “**” represent a significant difference at P < 0.05 or P < 0.01, respectively.
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results showed that glycerophospholipid metabolism
might be a potential reason for affecting lipid deposition
in duck liver under RF. Furthermore, in abdominal adi-
pose and subcutaneous adipose, our results showed that
fatty acid metabolism, unsaturated fatty acid synthesis,
steroid synthesis, ECM-receptor interaction, and meta-
bolic pathways were significantly enriched. Studies have
demonstrated that fatty acid metabolism, unsaturated
fatty acid synthesis, and steroid synthesis could affect the
lipid deposition in adipose tissue (Li et al., 2015; Torchon
et al., 2017; Grabner et al., 2021). Considering the impor-
tance of these pathways on lipid deposition processes, it
can be affirmed that the decrease of lipid deposition in
abdominal and subcutaneous adipose in duck under RF
might be related to changes in fatty acid metabolism and
steroid synthesis.

Furthermore, when we tried to explore the molecular
mechanisms in regulating lipid metabolisms and deposi-
tion, results of network analysis suggested that ECM-
receptor interaction and metabolic pathways could play a
critical role in affecting lipid metabolisms and deposition
of ducks under RF. In this study, ECM-receptor interac-
tion and metabolic pathways were significantly enriched
in liver, abdominal adipose, and subcutaneous adipose. It
has been observed that ECM-receptor interaction path-
way was an important part of cell microenvironment
(Rowe and Weiss, 2008), which provided physical support
for adipocyte proliferation, differentiation, and migration
(Schaefer and Schaefer, 2010; Jiang et al., 2013, 2014).
Meanwhile, another study showed that ECM-receptor
interaction pathway affected fatty acid metabolism by
regulating key transcription factors (Schaffer and Lodish,
1994). Moreover, studies on chickens with different die-
tary quantities reported that ECM-receptor interaction
pathway played an important role in lipid metabolism in
liver and abdominal adipose (Chen et al., 2019; Ma et al.,
2020). A previous study has also demonstrated that the
metabolic pathway significantly changed under RF, so as
to adapt to the decline of nutrient supply and coordinate
a series of physiological processes (Chaix et al., 2019).
Furthermore, PPI network analysis showed that almost
all DEGs enriched in ECM-receptor interaction and met-
abolic pathways, including COL6A1, COL6A2, TNC,
ASSI1, IL4I1, ETNPL, CHKA, LPIN1, ME3, GAMT,
PDE4B, ACAT2, SQLE, MSMO1, DHCR7, SCD,
ELOVL2, and ELOVL4, were significantly up- or down-
regulated in the Liver, abdominal adipose, and subcutane-
ous adipose between FF and RF groups. Previous studies
have shown that LPIN1 could regulate fatty acid utiliza-
tion in the triglyceride biosynthetic pathway (Kajimoto
et al., 2016), while CHKA, ME3, GAMT, and PDE4B
play an important role in regulating liver lipid metabo-
lism and energy homeostasis (Barcelos et al., 2016; Liang
et al., 2018; Xu et al., 2021, 2022). Meanwhile, SQLE and
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DHCR7 were involved in steroid synthesis (Jiang et al.,
2020; Zhang et al., 2020), while ACAT2, MSMO1, SCD,
ELOVL2, and ELOVL4 were key genes for fatty acid
anabolism (Wang et al., 2017; Mohammadi et al., 2020;
Guo et al., 2021). Moreover, Wei et al. (2019) found that
the lipid metabolism of broilers liver changed significantly
under RF, thus regulating the lipid deposition of abdomi-
nal adipose. Taken together, our results indicated that
liver, abdominal adipose, and subcutaneous adipose might
regulated lipid anabolism through ECM-receptor interac-
tion and metabolic-related pathways (fatty acid metabo-
lism, unsaturated fatty acid synthesis, and steroid
synthesis), thus to reduce adipose tissue lipid deposition
of ducks under RF.

In conclusion, we constructed the first expression pro-
files of liver, abdominal adipose, and subcutaneous adi-
pose in ducks between FF and RF groups. The ECM-
receptor interaction and metabolic-related pathways
were all activated in liver, abdominal adipose, and sub-
cutaneous adipose. Notably, the liver might regulate the
lipid metabolism of abdominal adipose and subcutane-
ous adipose through ECM-receptor interaction and met-
abolic pathways (fatty acid metabolism, unsaturated
fatty acid synthesis, and steroid synthesis), thus to
reduce the lipid deposition of ducks under RF. These
results provide novel insights into the avian lipid metab-
olism and will help better understand the underlying
molecular mechanisms.
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