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ABSTRACT Goose (Anas cygnoides), as a typical spe-
cies domesticated from a migratory bird, has maintained
the capability of depositing excess lipid and preferen-
tially accumulating fat within the abdomen and subcuta-
neous, which not only leads to decrease in yield of meat
product, but also affects the feed conversion rate. Here,
an experiment was conducted to examine the difference
in developmental dynamics between subcutaneous
(SAT) and abdominal adipose tissues (AAT) in goose.
The results showed that SAT could be clearly observed
at embryonic days (E) 15, whereas AAT were clearer
until E20. Although the weights of SAT and AAT
showed a significant rising with advancing age (P <
0.05), their gains were not completely uniform, and more
adipose deposited preferentially toward AAT after birth
(P < 0.05). Additionally, a clear expansion in adipocyte
size was observed in AAT and SAT during embryonic
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stages (P < 0.05). The average adipocyte area in AAT
continued to increase after birth (P < 0.05), while the
cell areas in SAT were relatively invariable (P > 0.05).
Furthermore, the expression levels of FABP4/aP2,
ACSL1 and PPARg were much higher in SAT than in
AAT, whereas relative higher expression level of IL-6
was observed in the AAT during embryonic stages. After
birth, the more expression of LPL and PPARa were
detected in AAT than did in SAT (P < 0.05), whereas
greater ATGL expression was in SAT (P < 0.05). Taken
together, these findings suggest that AAT may display
greater fat storage capacity than SAT accompanied by
changes in cell area and lipogenic capacity. Considering
that there is disparity in the individual adipose tissues,
we suggested that careful consideration for the precise
interventions used to control SAT or AAT deposition in
meat-producing animals to improve feed efficiency.
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INTRODUCTION

During the past 20 yr, adipose tissue has become the
subject of intensive research, which has been recognized
as an important endocrine organ involved mainly in the
control of weight regulation in mammals and poultry
(Cannon and Nedergaard, 2004; Wronska and Kmiec,
2012). Understanding development of adipose tissue is
crucial for curing obesity in humans and controlling fat
deposition in meat-producing animals to yield higher
quality meat with improved feed efficiency (Zhang et al.,
2015). Unlike other organs, adipose tissue is compart-
mentalized into discrete depots distributed throughout
the body as subcutaneous, abdominal, intermuscular
(between the muscles), or intramuscular (within the
muscle) fat in chickens and some other avian species.
However, evidence has now accumulated to indicate
that adipose tissue located in different anatomical loca-
tions of the body appear to have distinct physiological,
cellularity and metabolic properties (Majka et al., 2011;
Billon and Dani, 2012). For example, there are site-spe-
cific differences in adipose development, with larger adi-
pocytes in subcutaneous adipose tissue (SAT) at 4 d
post-hatch, more rapid growth of abdominal adipose tis-
sue (AAT) in broiler chickens (Bai et al., 2015). In this
context, making detailed study on physiological, cellu-
larity and metabolic properties of these separate depots
could offer potential interventions to the partition of fat
between depots and its distribution.
According to published data, geese meat consumption

has been increased in Asia and Europe (FAO-STAT,
2020). To judge from recent estimates, the leading geese
meat consumed in the world is China, with vast majority
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Table 1. Ingredient and nutrient composition of the experimen-
tal diets.

Item 1 to 28 d old 29 to 120 d old

Ingredients (%)
Corn 64.0 61.5
Soybean meal 27.0 13.6
Fish meal 3.0 3.0
Alfalfa meal 2.0 16.0
Soybean oil 0.0 2.0
Dicalcium phosphate 1.8 1.9
Limestone 0.9 0.8
Salt 0.3 0.2

Vitamin and trace mineral mix 1.0 1.0
Nutrient levels
Apparent ME, KJ/ kg 11.18 11.25
CP, % 19.0 15.1
Crude fiber, % 3.1 5.2
Ca, % 1.03 1.05
Total P, % 0.50 0.49
Salt, % 0.37 0.31
Lys, % 1.02 0.74
Met, % 0.45 0.43
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(95.2%) of the approximately 2.52 million tons of geese
meat consumed annually (Orkusz et al., 2017). Com-
pared with other terrestrial poultry (for example,
chicken), geese possess uniquely adipose deposit traits.
As a typical species domesticated from a migratory bird,
goose (Anas cygnoides) has maintained a strong adipose
deposit from their ancestors and preferentially accumu-
lating fat within the abdomen and subcutaneous (Web-
ster et al., 1992; Lu et al., 2015; Yu et al., 2020).
However, the developmental changes that occur in indi-
vidual adipose tissue during geese growth have not been
evaluated. To reduce adipose deposit and improve feed
efficiency, we conducted a research study to better
understand the difference in developmental dynamics
between SAT and AAT in goose. Therefore, our research
would provide new insight for the precise interventions
used to control SAT or AAT deposition in meat-produc-
ing animals to improve feed efficiency.
Vitamin and trace mineral mix supplied the following per kilogram of
total diet: vitamin A, 20,000 IU; vitamin D3, 4,500 IU; vitamin E, 300 IU;
vitamin K3, 20 mg; vitamin B1, 10 mg; vitamin B2, 120 mg; vitamin B6, 20
mg; vitamin B12, 0.2 mg; nicotinic acid, 600 mg; pantothenic acid, 180 mg;
folic acid, 10 mg; folate, 10 mg; biotin, 0.8 mg; choline, 7 g; Fe, 1.2 g; Cu,
0.2 g; Mn, 1.9 g; Zn, 1.8 g; I, 10 mg, Se, 6 mg.
MATERIALS AND METHODS

Ethical Statement

All experimental procedures performed in this study
were approved by the Institutional Animal Care and
Use Committee of Yangzhou University (approval num-
ber: 151-2014, Government of Jiangsu Province, China).
All experimental geese were managed and handled
according to the guidelines established and approved by
the Administration of Affairs Concerning Experimental
Animals (Yangzhou University, China, 2012).
Birds and Sampling

Yangzhou geese were raised in the conventional method
of stocking at the Yangzhou Tiange Goose Industry Devel-
opment Co., Ltd., Gaoyou, China. 1-day-old Yangzhou
goslings were grown under controlled conditions, with free
access to water and feed, until 4 wk. Temperature was
maintained at placement at 32°C using a controlled heater
and was gradually reduced to ensure comfort. After that,
the geese were maintained under natural daylight and tem-
peratures. The feed and water were given during the day-
time, when the geese were released to an open outdoor
area. All geese were fed the same commercial diet (Table 1),
which was formulated according to the specifications of
Wang et al. (2010) and Liu et al. (2011). Embryonic days
(E) 10, 15, 20 and 30 and post-hatch days (P) 1, 28, 70,
120 were investigated in this study. At each time point, 6
female geese were randomly selected for sampling. A
primer set that targets a conserved region of chromobox-
helicase DNA-binding gene (CHD1) gene which links to
sex of poultry was designed for sex identification (Liu
et al., 2014). The primer pair F (50- TGCAGAAGCAA-
TATTACAAGT-30) and R (50- AATTCATTAT-
CATCTGGTGG-30) respectively. PCR amplification
produced a single band for males and two bands for
females. The geese were transported from the farm to the
experimental slaughterhouse by vehicle. Six hours before
slaughter, geese were allowed access to only water. SAT
(after peeling back the skin above the cloaca and removing
all exposed adipose from both leg at the shank joints) and
AAT (after peeling back the skin above the cloaca and
removing all exposed adipose tissue includes the abdominal
fat pad and adipose tissue collected from the walls of the
gizzard) were weighed and weights were converted into a
percentage of the body weight. Once weighed, all the adi-
pose tissues were divided into three samples. One sample
was placed in liquid nitrogen and then stored at �80°C for
total RNA isolation. The second sample was cut into frag-
ments weighing 1 g each and stored at �80°C for lateral
analysis of triglyceride (TG) content. The last sample was
used for the preparation of the sections and hematoxylin
and eosin (H&E) analysis.
Adipose Tissue Histology Analysis

E10 was chosen as the starting point for an examina-
tion of adipose development when the embryos could be
clearly identified. Stereomicroscopic examinations were
carried out at E10, E15, E20, E30 and P1 (1 d post-
hatch). The AAT and SAT for imaging and adipose tis-
sue specimens from E20, E30, P1, P28, P70, and P120
geese were fixed in 4% paraformaldehyde for 24 h at
room temperature, embedded in paraffin, cut at thick-
nesses of 5 microns, and stained with H&E. Representa-
tive areas were photographed under a Nikon 90i
microscope (Nikon, Tokyo, Japan) at a magnification of
200£ . The average surface area of 250 adipocytes in
each section was analyzed with Image-Pro Plus 6.0 soft-
ware (Media Cybernetics, Bethesda, MD). Adipocyte
density and the size distribution pattern for each image
were also recorded.



Table 2. The primers used in this study.

Genes GenBank accession Primer sequence (50!30) Length (bp) Product size (bp)

PPARg AF481798 F: AGGAGCAGAACAAAGAGGTAGCA 23 158
R: ATGGACACCGTATTTCAGGAGAG 23

PPARa AF481797 F: TCCCTTTTTGTCGCTGCCAT 20 100
R: TCAGTACGTGCACAATGCTCT 21

FAS EU770327 F: TATCAAATGGGACCACAG 18 203
R: CCAGAGATTGCCAAGCC 17

ACSL1 GQ891991 F: GGAGGAAGAGTAAGGCTGATGGT 23 146
R: CCAGGAACCGACAGTGAGCAT 21

aP2/FABP4 AF432506 F: ATGAAAGAGCTGGGTGTGGG 20 179
R: TGTCATCTGCTGTGGTCTCA 20

LPL JF343526 F: TTCGAGCTCAGCAGCACTAC 20 91
R: CCAGACTGTACCCCAGCAAG 20

IL-6 JF43764 F: AACTCTCCAGTGGGCTTTTC 20 135
R: TCACCATCTGCCTTATCGTC 20

ATGL HQ914789 F: CACCTCTACCGCCTCTCGAA 20 198
R: TCTCCGCACAAGCCTCCATA 20

b-actin M26111 F: GAGAAATTGTGCGTGACATCA 21 152
R: CCTGAACCTCTCATTGCCA 19

Note: All the primers are designed with Primer 5.0 software and synthesized by Shanghai Sangon bioengineering company. F: forward primer; R:
reverse primer.
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TG Content Analysis

The total TG content was analyzed using a triglycer-
ide content determination kit (Beijing Solarbio Life Sci-
ences Co., Ltd., Beijing, China) following the
manufacturer’s protocols. Briefly, approximately 0.1 g
tissue samples were washed using PBS and reacted with
the 1 mL reagents provided. After centrifugation
(10 min at 8000 rpm, 4°C), the supernatant was col-
lected for an enzymatic assay. Absorbance was measured
at 420 nm using a microplate reader (Tecan, Switzer-
land) to establish the TG content. The TG content per
g (mg/ g) was calculated as follows: TG (mg/ g) =
(A measure sample�A blank sample) / (A standard sample�A blank

sample) / W sample weight. Three biological replicates were
tested and each sample was assayed in triplicate to
ensure reproducibility.
Gene Expression Analysis

Total RNA was extracted from each muscle sample
using Trizol reagent (Invitrogen, San Diego, CA)
according to the manufacturer's instructions. First-
stand cDNA was synthesized using a cDNA synthesis
kit (Takara Biotechnology Co. Ltd., Dalian, China) fol-
lowing the manufacturer's instructions. The newly syn-
thesized cDNA product was immediately stored at �20°
C for quantitative real-time PCR (qRT-PCR). qRT-
PCR was used to detect the gene expression levels using
the SYBR Green Master Mix (Vazyme, Nanjing, China)
in the Quant Studio 5 (Applied Biosystems, Thermo
Fisher Scientific). The mRNA abundance of lipid metab-
olism genes including lipoprotein lipase (LPL), adipo-
cyte P2 (aP2, also known as fatty acid-binding protein
4, FABP4), long-chain acyl-CoA synthetase 1
(ACSL1), peroxisome proliferator-activated receptor-
a/g (PPARa/g), fatty acid synthase (FAS), adipose
triglyceride lipase (ATGL) and interleukin-6 (IL-6)
were detected. All the primer sequences mentioned
above were designed Primer Express 5.0 software
(Applied Biosystems) based on the National Center for
Biotechnology Information published sequences (www.
ncbi.nlm.nih.gov, Table 2). The thermal program for
qRT-PCR was 95°C for 5 min, 30 cycles of 95°C for 10 s,
and 60°C for 30 s, and a final cycle of 95°C for 15 s, 60°C
for 60 s and 95°C for 15 s. The b-actin gene was used as
the reference gene to normalize the expression data,
which was calculated with the 2�DDCT method was
employed (Livak and Schmittgen, 2001). All reactions
were completed in triplicate, and the data represent the
mean of three independent experiments.
Statistical Analysis

The results are presented as mean § standard error
(SE) of the mean. The data were subjected to one-way
or two-way analysis of variance (ANOVA) using SPSS
22.0 software (SPSS, Chicago, IL) and significant means
were compared Duncan’s multiple range test of the same
software. P values < 0.05 were considered to be statisti-
cally significant.
RESULTS

Change in Adipose Tissue Weights During
Growth

To evaluate the morphological changes in AAT and
SAT, their development and total triglyceride content
were analyzed during embryonic and post-hatch stages
of geese. The results showed SAT could be clearly
observed at embryonic days 15 (E15) according to their
anatomic features, whereas AAT were clearer until E20
with embryonic development proceeded (Supplementary
Figure 1). As development proceeded, the amount of
AAT and SAT increased.
There was an interaction of age and adipose tissue

depots (P < 0.001) on absolute adipose tissue weights
and weights as a percentage of body weight (Figure 1A).
The adipose depots showed a significant rising in weight
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Figure 1. Allometric development of subcutaneous (SAT) and
abdominal adipose tissue (AAT). (A) Body weight, abdominal and sub-
cutaneous adipose tissue absolute weights (a) and weights as a percent-
age of body weight (b) during embryonic and post- hatch development.
(B) Correlations between adipose tissue weight and body weight in
geese. Data are mean§ SE (n = 3). Bars with different letters are signif-
icantly different (P < 0.05).

Figure 2. Triglyceride content of abdominal (AAT) and subcuta-
neous (SAT) adipose tissue. Data are mean § SE (n= 3). A level of P <
0.05 was set as the criterion for statistical significance.
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with advancing age, and they gained to relatively differ-
ent degrees, especially at the age of 28 days thereafter in
AAT. In addition, the relationship between adipose tis-
sue depot weights and BW was also determined
(Figure 1B). The significant correlation was observed
between the weight of the AAT and body weight, as
well as between AAT and body weight (r = 0.957,
P < 0.001 and r = 0.891, P < 0.001, respectively).
Comparison of the Lipid Content During
Growth

We also quantified the total TG accumulation of SAT
and AAT from E20 to P120. There was a significant
interaction (P < 0.001) between factors (adipose depots
and age) for the TG content of depots (Figure 2). There
were obvious differential dynamic patterns in TG con-
tent: the total content in the AAT and SAT peaked in
prenatal geese (E30) and dropped sharply in newborn
geese (P1) after birth. However, the TG content in the
AAT was significantly higher than that in the SAT from
day 28 backward (P < 0.05).
The Histology of Adipocyte Morphology
During Growth

To understand adipocyte cellularity characteristics of
adipose tissue depots, the amount and the distribution
of adipocyte were investigated. As shown in Figure 3,
the gross histology of adipocyte morphology revealed
that both SAT and AAT adipocytes were presented as
single adipocytes, and there were many highly-vascular-
ized clusters of what appear to be preadipocytes in AAT
and SAT of E20. A clear expansion in adipocyte size was
observed in AAT and SAT, with the unilocular adipo-
cytes of SAT were densely packed in a polyhedron shape,
whereas those of AAT were spherical in shape and there
still seemed to be space left for additional lipid fillings at
P120.
Adipocyte Cellularity Characteristics of
Adipose Tissue Depots During Growth

The data from the cell size measurements of AAT and
SAT supported the microscopic observations (Figure 4).
The average cell size in AAT and SAT sections increased
significantly during embryonic stages (P < 0.001). Adi-
pocyte size and number are negatively correlated with
each other, and the average number of adipocytes
decreases markedly during this same time frame (AAT,
P < 0.001 and SAT, P= 0.001, respectively). After
birth, the average cell area in AAT continued to
increase. However, a kind of stationary period between
P70 and P120 was observed in SAT, which did not show
any enlargement in average cell area (P= 0.268). The
average number of adipocytes had almost no changes in
AAT and SAT after birth (P= 0.175).
To determine the contribution of adipocyte size to

adipose tissue mass, we next quantified the diameter dis-
tributions (Figure 5). All diameter distributions for
AAT and SAT adipocytes were biphasic, and a large
proportion of small cells appeared during embryonic



Figure 3. Hematoxylin-eosin-stained sections of abdominal (AAT) and subcutaneous adipose tissue (SAT) during embryonic and post-hatch
development. Magnification of 200£was used (Bar = 100 mm).
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stages. During the embryo development, the cell diame-
ter distributions showed a sharp cutoff below 20 mm in
diameter. The proportion of large adipocytes than
70 mm increased rapidly after birth. Analysis of distribu-
tion was different in AAT and SAT. At P120, approxi-
mately 70% of the adipose tissue mass in SAT was
attributable to the volume of adipocytes >40 mm in
diameter, whereas adipocytes >40 mm in diameter com-
prised most of the tissue mass in AAT (90%).
Expression Levels of Genes Associated With
Lipid Deposition and Removal of Adipose
Tissue During Growth

To further dissect out the mechanisms underlying
involved in lipid deposition and removal, the mRNA
Figure 4. Adipocyte cellularity in abdominal (AAT) and subcutane-
ous adipose tissue (SAT) during embryonic and postnatal development.
(A) Mean adipocyte size (area, mm2) and (B) adipocyte number (density,
per mm2). Data are mean § SE (n= 250). There were two-way interac-
tions of adipose tissue and age on adipocyte size (P < 0.001) and number
(P < 0.05). Bars with different letters are significantly different (P < 0.05).
abundance of lipid metabolic genes in SAT and AAT
development were determined (Figure 6). Among lipid
uptake genes (Figure 6A), the level in LPL was
markedly upregulated, and increased 13-fold and 9-fold
in SAT and AAT, respectively. The expression of ap2/
FABP4 and ACSL1 in AAT and SAT had a similar pat-
tern of increased and then decreased expression. Next,
we compared the expression levels of the genes for key
lipogenesis, including PPARa, PPARg and FAS,
between AAT and SAT (Figure 6B). The expression of
PPARa, PPARg and FAS in SAT had a similar pattern
of increased and then decreased expression. The expres-
sion of PPARg and FAS in AAT was markedly downre-
gulated (P < 0.05), whereas the PPARa mRNA level
was markedly upregulated (P < 0.05). Then, we also
examined the expression levels of lipolysis genes includ-
ing ATGL and IL-6 (Figure 6C). The expression levels
of ATGL increased during development until they
reached their maximum point at P70, and it declined
subsequently in AAT and SAT. Meanwhile, the gene
expression level of IL-6 elevated (P= 0.016) from E20 to
E30 and then declined in AAT (P= 0.017). No major
expression trend was observed in SAT for the IL-6 gene
throughout the whole development (P= 0.853).
DISCUSSION

Adipose tissue is the body’s most important energy
storage organ. In chickens and some other avian species,
adipose tissue is mainly found in the abdominal and
beneath the skin areas, as well as the subcutaneous
regions (Saarela et al., 1989). Excessive abdominal or
subcutaneous fat is considered to be a by-product
because the bulk of it is discarded; it both causes diffi-
culty in meat processing and compromises consumer
acceptance. Most importantly, the deposition of abdomi-
nal fat is energetically expensive and hence detracts from
energy efficiency. Thus, conducting research to study
regulation mechanisms of meat animal adipose tissue
growth and development was imperative to develop



Figure 5. Number frequency distribution of adipocytes in abdominal (black bars) and subcutaneous adipose (white bars) tissue (n = 250).
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strategies for decreasing abdominal or subcutaneous adi-
pose tissue accretion. However, not all adipose is equal,
and the impact of heterogeneity on the development and
expansion of different adipose depots is becoming
increasingly apparent (Cleal et al., 2017). In this study,
Figure 6. Expression levels of lipid metabolic genes in abdominal (AAT
acid transport lipoprotein lipase (LPL), fatty acid binding protein 4 (FAB
Expression levels of peroxisome proliferator-activated receptor-a/g (PPARa
glyceride lipase (ATGL) and interleukin-6 (IL-6). Data are expressed as me
on mRNA abundance for all genes examined in this study, except ATGL (no
cantly different (P < 0.05).
the first adipose deposit was observed near the leg
between E10 and E15, and development of AAT in
goose could be ascertained between E15 and E20. Simi-
lar observations were also obtained in chickens, in which
SAT appears as early as d 9 of incubation and forms
) and subcutaneous adipose tissue (SAT). (A) Expression levels of fatty
P4/aP2), and long-chain acyl-CoA synthetase 1 (ACSL1) genes. (B)
/g) and fatty acid synthase (FAS). (C) Expression levels of adipose tri-
ans§SE. There were two-way interactions of tissue and age (P < 0.01)
two-way interactions, P= 0.155). Bars with different letters are signifi-
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earlier than AAT (Chen et al., 2014; Bai et al., 2015).
However, unlike the continuous accumulation with
increasing speed as body weights increased in AAT with
age, the increase of fat weight in SAT seems to stop after
P70, indicating that SAT might be an early maturing
adipose tissue, which is beneficial for the maintenance of
body temperature of geese in early growth.

In periods of chronic positive energy imbalance, adipo-
cytes store surplus energy, expanding in size of adipo-
cytes (hypertrophy) and in number of adipocytes
(hyperplasia) as a consequence (Jang et al., 2016; Cleal
et al., 2017). Evidence has now accumulated that subcu-
taneous and abdominal adipocyte sizes are strongly
related to body composition and fat distribution in pig
(Nakajima et al., 2011) and chicken (Guo et al., 2011;
Bai et al., 2015; Xiao et al., 2019). In this context, quan-
tifying the number and size of adipocytes in the develop-
ment and deposition is essential in characterizing the
phenotype of a given adipose tissue depot. In the present
study, we found that increases in the weight of the adi-
pose depots coincided with increases in adipocyte size,
whereas the proliferation of adipocytes decreased from
E20 to P120 also agrees with previous reports (Bai et al.,
2015). Therefore, we speculate that adipocyte hypertro-
phy appears to occur in a continuous manner and hyper-
trophic growth gradually became dominant. It is well
established that the benefit of using a frequency distri-
bution rather than the average adipocyte area alone
emerges, whereas the overall average area of the adipo-
cytes may not change, the number of adipocytes of a
given size may be altered (Nakajima et al., 2011; Parlee
et al., 2014). In this case, the number of total adipocytes
within the distribution is subsequently calculated and
used to convert the frequency to a percentage of total
adipocytes counted. There was a biphasic diameter dis-
tribution of SAT and AAT, and small cells appeared
throughout the ages coincide with those previous reports
in pigs (Nakajima et al., 2011). This suggests that the
geese adipose tissue comprises various stages of adipo-
cytes. Although the size of adipocytes in AAT keeps
increasing, the increase of fat cell size in SAT seems to
stop after P70. To conclude, we found that the cellular-
ity differences exist between SAT and AAT, and adipo-
cyte hypertrophy is the most overwhelming contributor
to the adipose deposition for geese.

Adipose tissue is the primary site in the body for stor-
age of energy, and surplus energy mainly in the form of
triacylglycerols. A study demonstrated that the lipid
content of adipose tissue gradually increased at early
stages and slightly decreased at later stages in broiler
chickens (Foglia et al., 1994). In contrast to broiler
chickens, we found that the TG content in SAT and
AAT showed a“rise, decline and rise” trend. The discrep-
ancy may result from our use of samples from multiple
regions of adipose tissue rather than from a single spe-
cific location, as described by Kou et al. (2012). As the
TG content reflects the fat storage capacity, our findings
suggest that AAT may display greater fat storage capac-
ity than the SAT from P28 to P120. Consistent with our
results, Tchoukalova et al. (2010) also give explanation
for this phenomenon that many region specific differen-
ces in abilities to store lipids.
Based on the above study, our studies and others have

demonstrated that the difference in developmental
dynamics between SAT and AAT in goose. This may be
because the deposition of AAT and SAT are subject to
different regulatory mechanisms (Schoettl et al., 2018).
Numerous studies in livestock and chickens have
reported the deposition of adipose tissue is determined
by a balance between fat deposition and fat removal
(Arner, 2018). To understand the mechanisms underly-
ing fat deposition and fat removal in SAT and AAT, we
investigated the expression of genes involved in lipid
uptake, lipogenesis, and lipolysis. It is well known that
LPL is a rate-limiting enzyme for the hydrolysis of the
TG, and LPL-catalyzed reaction products, fatty acids
and monoacylglycerol, are taken up, in part, by adipose
tissue and stored as neutral lipids (Wang et al., 2009).
FABP4 is also associated with fat levels, and is involved
in fatty acid uptake, transport, and metabolism (Lee et
al., 2017). ACSL1, is a key enzyme in the lipid metabo-
lism, which is involved in the regulation of uptake (Digel
et al., 2009). FAS is transcriptionally regulated and a
key enzyme in fatty acid synthesis (Jensen-Urstad et al.,
2012). Both PPARa and PPARg mainly influences fatty
acid metabolism and its activation lowers lipid levels,
and they modulate the lipid accumulation via increased
expression of LPL (Bocher et al., 2002). ATGL is a
recently discovered triglyceride lipase that hydrolyzes
the first ester bond of stored TG (Zechner et al., 2009).
It is reported that IL-6 is a cytokine implicated in the
regulation of energy metabolism (Theurich et al., 2017).
In vitro studies in adipocytes have confirmed IL-6 stimu-
lates lipolysis (Carey et al., 2006). In the present study,
we found that SAT had higher levels of mRNA for the
lipid uptake, lipogenesis genes than AAT, whereas rela-
tive expression level of lipolysis gene was higher in AAT
during embryonic stages. It was suggested that the high
rate of lipolysis in AAT prevented fat accumulation in
the embryonic days. These findings were consistent with
Calabotta et al. (1985). After birth, the increased
expression of LPL and PPARa in AAT indicated that
lipogenic capacity may increase, whereas AGTL expres-
sion decreased. Therefore, we found that increased lipid
uptake, lipogenesis and decreased lipolysis contribute to
increased AAT deposition.
In conclusion, the findings of the present study pro-

vides sufficient evidence that the difference in develop-
mental dynamics between SAT and AAT in goose.
Considering that there is disparity in development, cel-
lularity and metabolic function of the adipose tissues,
we suggest that careful consideration for the precise
method used to control SAT or AAT deposition in
meat-producing animals to improved feed efficiency. In
addition, it should be noted that our study only focused
on the major adipose tissue depots in goose, whereas fat
is also a critical component of tissues including liver and
skeletal muscle. Our continued research efforts will focus
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on fat mass changes in other tissues may compliment
and provide better understanding of contributions from
each component to the overall body fat mass during
development.
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