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INTRODUCTION

The quality of meat is largely affected by its fat 
content and fatty acid (FA) composition. Fatty acid com-
position and fat content are also important components 
for consumer health (Siri-Tarino et al., 2015; Chowdurry 
et al., 2015). Ruminant meats including sheep meat are 
important components of the human diet and health 
to be a relevant factor in consumers’ meat  preference. 
Sheep meat contains higher saturated fatty acids than 
beef (Bahar, 2003) which limited the consumption level 
of this meat. Consumption of ruminant-derived fat is 
directly associated the negative effects of fat on human 
health because it is one source of cholesterol (Soeparno, 
2011). Fatty acids (FAs) are classified mostly according 
to the presence or absence of double bonds as saturated 
fatty acid (SFAs—without double bonds), monoun-
saturated (MUFAs—with one double bond), and poly-
unsaturated fatty acids (PUFAs—with two or up to six 
double bonds (Orsavova et al., 2015). In animal products 
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ABSTRACT

This study was aimed to identify single nucleotide polymorphism (SNP) and pathway analy-
sis of APOA5 with fatty acids traits in sheep. A total of 47 rams consisted of 20 heads of Javanese 
Fat Tailed (JFT), 17 heads of Javanese Thin Tailed (JTT), and 10 heads of Garut Composite Sheep 
(GCS) were used in this study. Fatty acids traits were measured at the age of 12 months with the 
average body weight of 25-30 kg. Identification of polymorphism of APOA5 (g.26929941 C>T) gene 
were analyzed using Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-
RFLP). The pathway analysis of APOA5 gene was performed using Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis. The SNP of APOA5 gene were found polymorphic with three 
genotypes (CC, CT, and TT). The gene frequency of CC, CT, and TT were 0.83, 0.11, and 0.06, respec-
tively. The chi square test revealed that the locus of APOA5 (g.26929941 C>T) was in Hardy-Weinberg 
equilibrium, except in thin tailed sheep. The chi-square values of JFT, JTT, and GCS were 0.05, 0.03, 
and 0.04, respectively. A SNP of APOA5 was associated (P<0.05) with polyunsaturated fatty acids in-
cluding eicosapentanoic acid (C20:5n3) and docosahexanoic (C22:6n3) and saturated fatty acid lauric 
acid (C12:0) in combined population (JFT, JTT, and GCS). Furthermore, pathway analysis showed 
that APOA5 belonged to phagosome and peroxisome proliferator-activated receptors (PPAR) signal-
ing pathway. In conclusion, this analysis has identified APOA5 and related pathway crucial for fatty 
acid composition and metabolism in sheep, as well as this gene provide molecular marker to select 
sheepmeat with high unsaturated fatty acid.

Keywords: APOA5, unsaturated fatty acid, garut composite sheep, javanese fat tailed sheep, javanese 
thin tailed sheep

the proportion of polyunsaturated FAs (PUFAs) is con-
sidered by consumers as an important factor for dietetic 
value of the meat (Perez et al., 2010).  Production of meat 
with high PUFA and low SFA content is beneficial for 
human health and it more in line with public health re-
comendation. Identification of genetic factors controlling 
fatty acids composition could be implemented in genetic 
improvement to select animals that produce high PUFA 
and low SFA levels.

The genetic improvement has been accompolished 
mainly through the use of molecular-genetic selection 
approach. Molecular-based selection through the identi-
fication of Single Nucleotida Polymorphism (SNP) mu-
tation points is considered quite accurate because it can 
link between genes and properties to be selected for lat-
er development in sheep breeding. The genetic variation 
and differences among individuals could be detected by 
SNPs charaterization (Aslam et al., 2012). Identification 
of the SNP-based polymorphism is commonly used to 
see the genetic variation of gene encoding certain traits. 
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One important gene which contribute to fatty acid traits 
is the apolipoprotein A5 (APOA5) gene. The APOA5 
is located on chromosome 15 in sheep which is an im-
portant regulator of triglyceride rich lipoprotein (TLR) 
metabolism (Fruchart et al., 2004). APOA5 is expressed 
exclusively by the liver and is secreted into the plasma 
in a very low concentration. APOA5 facilitates the bind-
ing of VLDL to the vascular endothelium close to lipo-
protein lipase (LPL) releases of fatty acid into skeletal 
muscle and adipose tissue (Jasim et al., 2017). 

Several common SNPs of APOA5 have been associ-
ated with the increase of total plasma triglyceride (TG), 
plasma remnant-like particle (RLP), and very low den-
sity lipoprotein (VLDL) (Carannza-Gonzalez et al., 2017; 
Jasim et al., 2017). Moreover, Lai et al. (2006) reported 
that APOA5 associated with postprandial lipemia that 
could be modulated by the type of dietary fat through 
polyunsaturated fatty acid (PUFAs). High n-6 PUFA 
intake increased fasting TGs, RLP concentrations, and 
VLDL size and decreased LDL size in APOA5 (Martin et 
al., 2013). Notably, no study investigated SNP of APOA5 
in sheep with regard to fatty acid traits. However, func-
tional and positional studies suggested that these genes 
could be important candidate genes for fatty acid com-
position. This study aims to identify single nucleotide 
polymorphism (SNP) and pathway analysis of APOA5 
with fatty acids traits in sheep. 

MATERIAL AND METHODS

Animals Care and Phenotype

The experimental procedure was approved by the 
Institutional Animal Care and Use Committee (IACUC) 
at Bogor Agricultural University (approval ID: 117-2018  
IPB). Forty seven Indonesian sheeps including Javanese 
Fat Tailed (JFT, n= 20), Javanese Thin Tailed (JTT, n= 17), 
and Garut Composite (GCS, n= 10) sheep were used in 
this study. The sheep were kept in group with ad libitum 
fattening feed. Samples were taken from loin muscle 
and phenotypes were collected from the rams JFT (n= 
25), JTT (n= 17), and GCS (n= 10) with body weights 
range of 25-30 kg and age range of 10-12 months. The 
animals were slaughtered in the slaughter house accord-
ing to the standard operasional procedure provided in 
the house. The loin muscle were taken approximatelly 
500 mg for faty acid (FA) analysis and 30 mg loin for 
DNA extraction. All the samples for the DNA extraction 
were immediately placed in ice and kept at -20oC until 
futher usages.

Analysis of Fatty Acid Composition

Fatty acid composition was determined for each 
sample using the extraction method according to Folch 
et al. (1957). Muscle samples (~100 g) were collected and 
grounded for fatty acid composition. The lipids were ex-
tracted by homogenizing the sample with a chloroform 
and methanol (2:1) solution and 1.5% NaCl was added 
and so that the lipids were isolated. The isolated lipids 
were methylated and the methyl esters (FAMEs= Fatty 

Acid Methyl Esters) were prepared from the extracted 
lipids with BF3-methanol (Sigma-Aldrich, St. Louis, 
MO, USA) and separated on a gas chromatograph 
(Hewlett-Packard, Palo Alto, CA, USA) as was described 
previously (Jeong et al., 2011). 

Quantification of Fatty Acids Using Gas-
Chromatography (GC)

The loin muscle were taken approximatelly 500 mg 
for faty acid (FA) analysis. GC analysis was carried out 
using an Shimadzu GC 2010 Plus (Shimidzu Scientific 
Instruments, Japan), equipped with a Quadrex capillary 
column (30 m _ 0.25 mm _0.25 μm; flow, 1 mL/min) us-
ing helium as carrier gas. The temperature program was 
as follows: start at 125 ºC, hold for 5 min, then raised to 
185ºC at 30 ºC/min, subsequently raised to 205ºC at 5 
ºC/min, hold for 5 min, finally raised to 225ºC at 20 ºC/
min, and hold for 10 min.  Fatty acids analysis was done 
according to Association of Official Analytical Chemists 
(AOAC, 2012). These measurements included fat con-
tent (FC), saturated fatty acids (SFA), monounsaturated 
fatty acids (MUFA), polyunsaturated fatty acids (PUFA), 
and total fatty acids (TFA) .

DNA Extraction and PCR-RFLP Amplification

DNA was isolated from skeletal muscle tissue of 
Indonesian sheep according to the standard phenol–
chloroform method. DNA extraction was started with 
the removal of loin tissue. Then, the collected tissue 
was extracted according to Sambrook & Russel (2001) 
protocols.  The SNP of APOA5 used in this study were 
based on a RNA sequencing study (Gunawan et al., 
2018). The prepared libraries were sequenced in an 
Illumina HiSeq 2500 as single-reads to 100 bp using 1 
lane per sample on the same flow-cell (first sequencing 
run) at  Macrogen Inc, South Korea. APOA5 gene frag-
ment amplification were conducted using the GeneAmp 
PCR system ESCO. A total of two pairs of primers were 
designed in MEGA 6.0 and checked the profile using 
Primer Stat.  These primers  (5’-CTG CAC AGG ATA 
GCT GGA GC -3’and 5’- GAC CAG ACC CTG GGA 
TAA AG -3)’ were designed to amplify a 258-bp frag-
ment by primer stat according to the sheep genomic 
sequence in the GenBank database (accession number 
CM_001596.1). The Polymerase Chain Reaction (PCR) 
were performed under the following condition: initial 
denaturing at 94 °C for 5 min followed by 35 cycles of 
30 s at 94 °C, 30 s at 60 °C and 1 min at 72 °C and a final 
elongation of 10 min at 72 °C. The DNA amplification 
product 258 bp was visualized by 1.5% agarose gel 
electrophoresis.

PCR-RFLP were used for genotyping SNP of 
APOA5. PCR product and restriction enzymes BssS1 
were incubated at 37 oC for 4 h (Thermo Fisher Scientific, 
EU, Lithuana). An aliquot of the PCR product of each 
reactions were checked on 1.5% agarose gel (Fisher 
Scientific Ltd.) before digestion using endonucleases 
BssS1 for APOA5 gene. The digested products were sep-
arated using 2.0% agarose gel which was stained with 
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FluoroSafe. The fragments were visualized under UV 
Transilluminator (Alpha Imager, Alpha Innotech, Santa 
Clara, USA).

Statistical Analysis

Genotype and allele frequencies. The genotype and 
allele frequencies were analyzed using genotyping data 
based on the populations of three populations (JFT, JTT, 
and GCS) sheep. Genotype frequency was calculated by 
the following formula according to Nei & Kumar (2000):

xii= nii / N

Allele frequency was calculated by the following 
formula: 

xi =  (2nii+ ∑nij) / 2N

where Xii is the ii-th genotype frequency, Xi is the i-th 
allele frequency, nii is the number of the sample of ij 
genotype, nij is the number of the sample of ij genotype, 
and N is the total samples.

Association study. The association between the SNP 
of APOA5 and fatty acid trait was performed using the 
GLM procedure (SAS Inst. Inc., Cary, NC). The model 
was fitted with the genotype (Genotype; 3 levels; CC, 
CT, and TT) and breed (Breed; JFT, JTT, and GCS) as 
fixed effects, as follows:

Yijk = μ + genotypei + breedj + eijk
where Y is the dependent variable for trait measured 
in the population, μ is the overall population mean for 

traits, genotype is the fixed effects, breed is breed effects, 
and e is the random error. A p-value of <0.05 was con-
sidered statistically significant. Least square mean val-
ues for the loci genotypes were compared by t-test and 
p-values were adjusted by the Tukey-Kramer correction 
(Gunawan et al., 2012; Cinar et al., 2012; Gunawan et al., 
2011).

Pathways and networks analysis. Biological pathways 
and network analysis of APOA5 gene were identified by 
KEGG pathway analysis using Cytoscape software (ver-
sion 2.6.2) (http://www.cytoscape.org/) with the ClueGO 
plugin (http:// www.ici.upmc.fr/cluego/cluegoDown-
load.shtml) (Bindea et al., 2009).

RESULTS 

Phenotypic of Meat Fatty Acid Composition Profile of 
Indonesian Sheep

Fatty acid composition of loin muscle from 
Javanese Fat Tailed (JFT), Javanese Thin Tailed (JTT), 
and Garut Composite (GCS) as well as combined 
population (JFT, JTT, and GCS) are presented in Table 
1. Sixteen fatty acid composition including total SFA, 
PUFA, and MUFA were detected in each of the sample. 
There were 7 types of fatty acids in SFA (C12; C14; C15; 
C16; C17; C18; C20), 4 types of fatty acids in MUFA 
(C14:1; C16:1; C18:1; C18:1n9c), and 5 types fatty acids 
in PUFA (C18:2n6c; C20:2; C20:4n6; C20:5n3; C22:6n3). 
Statistical analysis showed that different breeds har-

Note: a,b,c Means in the same row with different superscripts differ significantly (P<0.05). Numbers shown in parentheses are the number of individuals 
with the specified genotype.

Variable JFT, JTT, and GSC 
(n=47) JFT (n=20) JTT (n=17) GCS (n=10)

Fat content of meat 5.60 ± 3.65 7.08 ± 4.01ᵃ 6.01 ± 2.72ᵃ 1.95 ± 0.91ᵇ
Fatty acid total of fat content 70.15 ± 5.87 70.01 ± 6.09 70.98 ± 5.69 68.23 ± 5.94

Saturated Fatty Acid (SFA) 37.69 ± 6.20 35.10 ± 6.68ᵇ 38.49 ± 4.68ab 41.53 ± 5.53ᵃ
Lauric Acid (C12:0) 0.47 ± 0.61 0.68 ± 0.89 0.29 ± 0.19 0.35 ± 0.10
Myristic acid (C14:0) 3.33 ± 2.11 3.55 ± 2.64ᵃ 3.77 ± 1.82ᵃ 2.14 ± 0.38ᵇ
Pentadecanoic Acid (C15:0) 0.49 ± 0.15 0.45 ± 0.17 0.56 ± 0.13 0.49 ± 0.10
Palmitic Acid (C16:0) 18.63 ± 2.78 18.73 ± 2.65ᵃ 19.92 ± 2.31ᵃ 16.26 ± 2.37ᵇ
Heptadecanoic Acid (C17:0) 1.08 ± 0.37 1.20 ± 0.47a 1.10 ± 0.21ᵃ 0.80 ± 0.08ᵇ
Stearic Acid (C18:0) 13.60 ± 5.13 10.43 ± 2.80c 12.78 ± 3.20ᵇ 21.33 ± 3.13ᵃ
Arachidic Acid (C20:0) 0.09 ± 0.05 0.06 ± 0.02ᵇ 0.07 ± 0.03ᵇ 0.16 ± 0.03ᵃ

Monounsaturated Fatty Acid (MUFA) 29.36 ± 4.95 32.24 ± 3.17ᵃ 30.10 ± 3.17ᵇ 22.43 ± 2.87c
Myristoleic Acid (C14:1) 0.13 ± 0.07 0.16 ± 0.08ᵃ 0.13 ± 0.05ᵃ 0.07 ± 0.03ᵇ
Palmitoleic Acid (C16:1) 1.64 ± 0.38 1.90 ± 0.25ᵃ 1.61 ± 0.31ᵇ 1.17 ± 0.19c
Elaidic Acid (C18:1n9t) 0.09 ± 0.10 0.07 ± 0.08ᵇ 0.20 ± 0.08ᵃ 0.00 ± 0.00c
Oleic Acid (C18:1n9c) 27.50 ± 4.50 30.11 ± 2.98ᵃ 28.16 ± 3.06ᵃ 21.18 ± 2.70ᵇ

Polyunsaturated Fatty Acid (PUFA) 3.10 ± 1.42 2.67 ± 1.32ᵇ 2.38 ± 1.05ᵇ 4.27 ± 1.43ᵃ
Linoleic Acid (C18:2n6c) 2.25 ± 0.94 2.26 ± 0.90 1.77 ± 0.82 3.05 ± 0.71
Eicosedienoic Acid (C20:2) 0.04 ± 0.02 0.05 ± 0.02ᵃ 0.03 ± 0.01ᵇ 0.04 ± 0.004ab

Arachidonic Acid (C20:4n6) 0.48 ± 0.46 0.32 ± 0.25ᵇ 0.31 ± 0.22ᵇ 1.07 ± 0.60ᵃ
Eicosapentanoic Acid (C20:5n3) 0.29 ± 0.07 0.03 ± 0.05ᵃ 0.20 ± 0.16ᵇ 0.06±0.01ᵃ
Docosahexaaonic (C22:6n3) 0.04 ± 0.05 0.01 ± 0.02ᵃ 0.07 ± 0.05ᵃ 0.05 ± 0.03ᵇ

Table 1. Phenotypic of meat fatty acid composition of Indonesian sheep (%)
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bours different profiles of fatty acids, particullary C14:0; 
C14:1; C16:0; C16:1; C17:0; C18:0; C18:1n9t; C18:1n9c; 
C18:2n6c; C20:0; C20:2; C20:4n6; C20:5n3; C22:6n-3. The 
SFA presented lower values in the JFT sheep when com-
pared to the other two breeds. The result also showed 
total MUFA was higher than PUFA (Table 1). The major 
fatty acid in total SFA was palmitic acid (C16). The ma-
jor fatty acid in total MUFA was oleic acid ( C18:1n9c). 
The fatty acid linoleic acid (C18: 2n6c) was dominant 
among the total PUFA. 

A Single Nucleotide Polymorphism APOA5 Gene

The 258 bp fragment of APOA5 (g.26929941 C>T)  
gene was succesfully amplified as shown in Figure 1. 
Three genotypes were detected and defined as CC, CT, 
and TT (Figure 2). The 258 bp fragment was succesfully 
digested with BssS1 restriction enzyme. The digested 
PCR products had fragment sizes of 159 and 99 bp for 
the CC genotype; and 258, 159, and 99 bp for the CT 

genotype; and 258 bp for the TT genotype (Figure 2). 
The T allele was very rare in JFT sheep with the frequen-
cy of 0.05, whereas JTT and GCS showed T allele with 
the frequencies of 0.17 and 0.15 respectively. The SNP 
of APOA5 (g.26929941 C>T) was not detected in Hardy 
Weinberg Equlibrium (HWE), except JTT sheep. The 
number of animals per genotype and allele frequency of 
the SNP is presented in Table 2. 

Association between APOA5 Gene Polymorphism and 
Fatty Acids Traits

 
Due to the the genotipe CT and TT were not seg-

regated in all populations and also the  low frequency 
of T in JFT and GSC samples, the association study 
between SNP of APOA5 and fatty acid trait was per-
formed in combined population (JFT, JTT, and GCS). 
The association of APOA5 gene polymorphism and fatty 
acid traits in combined (JFT, JTT, and GCS) sheep were 
summarized in Table 3. The g.26929941 C>T SNP of 
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Figure 1.  Amplification result of PCR for the APOA5 gene. M= 100 bp ladder size stan-
dard; Line 1-14 = Individual sample of sheep.

Figure 2. The PCR-RFLP pattern for APOA5 gene with BssSI restriction enzyme. M= 
100bp markers; 1,2,3,5,7,8= AA genotype; 9,10= TT  genotype; 6= CT genotype.

Table 2. Genotype and allele frequencies of APOA5 gene g.37284C>T SNP  in Indonesian sheep

Sample N
Genotype frequency Allele frequency Chi-quadrat 

(χ2)CC CT TT C T
Fat tailed sheep (JFT) 20 0.90(18) 0.10(2) 0.00(0) 0.95 0.05 0.01*
Thin tailed sheep (JTT) 17 0.82(14) 0.000(0) 0.18(3) 0.83 0.17 1.00ns

Garut composite sheep (GCS) 10 0.70(7) 0.30(3) 0.00(0) 0.85 0.15 0.03*
Combined JFT, JTT, and GCS 47 0.83(39) 0.11(5) 0.06(3) 0.88 0.12 0.21*

Note: * = significant at P<0.05; ns= not significant.
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APOA5 gene was generally significantly associated with 
fatty acids composition in combined population (Table 
3). There were significant associations between the 
APOA5 polymorphism and polyunsaturated fatty acids 
(PUFA) including eicosapentanoic acid (C20:5n3) and 
docosahexanoic (C22:6n3), and saturated fatty acid lau-
ric acid (C12:0) (Table 3). Sheeps with homozygous ‘TT’ 
genotype were associated with higher polyunsaturated 
fatty acids [eicosapentanoic acid (C22:6n3), and docosa-
hexanoic acid (C22:6n3)] and lower saturated fatty acid 
[lauric acid (C12:0)] (Table 3). However, this association 
should be confirmed and validated in larger population 
with different sheep breeds.  

Pathway Analysis and Network of APOA5 Gene

The Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis showed that APOA5 gene 
involved in the cascades signaled by phagosome and 
peroxisome proliferator-activated receptors (PPAR) 
signaling pathway which is important for fatty acid 
metabolism (Figure 3). There are three members of the 
PPAR family (PPARalpha, beta/delta, and gamma) with 
different expression patterns in adipocyte and skeletal 
muscle (Figure 3).

DISCUSSION

The most abundant saturated fatty acid in muscle 
was C16:0 in all three breeds of sheep, in accordance 

with the other studies (van Harten et al., 2014; Wilkes 
et al., 2012). This fatty acid was also affected by breed: 
The SFA presented lower values in the JFT sheep when 
compared to the other two breeds (Table 1). These 
results are in agreement with previous study by van 
Harten et al., (2014) that examined breed effect on fatty 
acid composition in different three breeds population 
(Dorper, Damara, and Merino). The differences between 
breed could be hypothesised that the results could be 
explained by the difference in intramuscular fat deposi-
tion between breeds, since the JFT store fat in their tails 
and therefore tend to have lower amounts of carcass and 
intramuscular fat (Yousefi et al., 2012; Almeida, 2011). 
Another explanation for the differences in fat deposi-
tion between breeds could putatively be related to their 
growth rates (Juarez et al., 2008). JFT sheep is predicted 
had higher growth rates than JTT and GCS sheep. In ac-
cordance with data from previous studies by Sun et al., 
(2016) and Wang et al., (2014) which compared between 
fat and thin tailed sheep, could be masked by the mor-
phological and size differences between these breeds.

The polymorphism study of APOA5 gene fragment 
was succesfully amplified using PCR from all samples. 
The genotype and allele frequencies were calculated in 
Indonesian sheep (JFT, JTT, and GCS) (Table 2). There 
were three genotypes (CC, CT, and TT) and two alleles 
(C and T) found in three sheep populations. The CC 
genotype was the highest genotype frequency in all 
population. The C allele was more frequent than T al-
lele in three populations). Previous study conducted by 

Variables
Genotype 

CC
(n=39)

CT
(n=5)

TT
(n=3)

Fat content 5.93 ± 0.59 4.16 ± 2.65 5.74 ± 2.65
Fatty acid total of fat 70.15 ± 0.09 70.73 ± 4.41 68.86 ± 4.41
Saturated Fatty Acid  (SFA) 36.70 ± 1.03 42.05 ± 4.59 36.62 ± 4.59

Lauric Acid (C12:0) 0.42 ± 0.04ᵇ 1.79 ± 0.41ᵃ 0.46 ± 0.41ᵇ
Myristic Acid (C14:0) 3.21 ± 0.33 5.97 ± 1.48 5.09 ± 1.48
Pentadecanoic Acid (C15:0) 0.08 ± 0.01 0.09 ± 0.01 0.10 ± 0.06
Palmitic Acid (C16:0) 18.69 ± 1.71 18.61 ± 2.05 19.34 ± 2.05
Heptadecanoic Acid (C17:0) 1.12 ± 0.06 0.70 ± 0.27 0.94 ± 0.27
Stearic Acid (C18:0) 13.09 ± 0.81 14.78 ± 3.61 10.62 ± 3.61
Arachidic Acid (C20:0) 0.09 ± 0.01 0.11 ± 0.04 0.07 ± 0.04

Monounsaturated Fatty Acid (MUFA) 30.41 ± 0.78 24.81 ± 3.49 29.36 ± 3.49
Myristoleic Acid (C14:1) 0.13 ± 0.01 0.19 ± 0.05 0.21 ± 0.05
Palmitoleic Acid (C16:1) 1.67 ± 0.06 1.63 ± 0.27 1.80 ± 0.27
Elaidic Acid (C18:1n9t) 0.53 ± 0.06 0.32 ± 0.27 0.26 ± 0.27
Oleic Acid (C18:1n9c) 28.08 ± 0.70 22.67 ± 3.15 27.09 ± 3.15

Polyunsaturated Fatty Acid (PUFA) 2.83 ± 0.23 3.87 ± 1.05 2.88 ± 1.82
Linoleic Acid (C18:2n6c) 2.46 ± 0.16 2.23 ± 0.70 1.98 ± 0.70
Eicosadienoic Acid (C20:2) 0.05 ± 0.003 0.05 ± 0.01 0.03 ±0.01
Arachidonic Acid (C20:4n6) 0.45 ± 0.07 0.55 ± 0.34 0.52 ± 0.34
Eicosapentanoic Acid (C20:5n3) 0.05 ± 0.01ᵇ 0.02 ± 0.05ᵇ 0.23 ± 0.05ᵃ
Docosahexanoic (C22:6n3) 0.03 ± 0.01ᵇ 0.02 ± 0.03ᵇ 0.12 ± 0.01ᵃ

Table 3. Genotype and association analysis of APOA5 gene (%)

Note: a,b,c Means in the same row with different superscripts differ significantly (P<0.05). Numbers shown in parentheses are the number of individuals 
with the specified genotype.
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Kim et al. (2017) and Ouatou et al. (2014) reported dif-
ferent SNP positions of APOA5 in human were found 
that genotype CC had higher frequency compared to 
CT and TT. In animal,  the significant association were 
reported  between SNPs in T635C with abdominal fat 
weight in F2 cross of White Plymouth Rock x Silkies 
chicken (Yao et al., 2008). Jiang et al. (2010) confirmed in 
pig that the significant relationship of SNPs in APOA5 
gene were found  with body fat deposition in  F2 Jinhua 
x Pietrain population.Furthermore, genome wide asso-
ciation study revealed that APOA5 could be a positional 
candidate gene for fat deposition in Broiler chickens 
(Moreira et al., 2018). Three genes (APOA1, APOA4, 
and APOA5) belong to a gene family (Apolipoproteins 
–APO) that encodes important regulators of lipid bio-
synthesis and metabolism (Delgado-Lista et al., 2010). 
Apolipoprotein A1 (APOA1) is involved in cholesterol 
transport (Baroukh et al., 2010). While, Apolipoprotein 
A-IV (APOA4) and Apolipoprotein V (APOA5) are in-
volved with triglycerides metabolism (Delgado-Lista et 

al., 2010). APOA5 gene may be a functional factor in fat 
deposition.

The SNP of APOA5 (g.26929941 C>T) was detected 
in Hardy Weinberg Equlibrium (HWE) (P<0.05), except 
JTT sheep. The Hardy Weinberg in equilibrium if the 
genetic variation, allele, and genotype frequencies in 
a population remain constant from one generation to 
the next in the absence of disturbing factors (Allendorf 
et al., 2013). This study showed that the APOA5 gene 
polymorphism is associated with lauric acid (C12:0), 
eicosapentanoic acid (C20:5n3), and docosahexanoic 
acid (C22:6n3) in combined population (JFT, JTT, and 
GCS) (Table 3). Consumption of meat containing 
saturated fatty acids (SFA) lauric acid (C12:0) can pro-
duce insulin that is susceptible to insulin resistance, 
hyperinsulinemia or increase cholesterol production 
(Cheeke & Dierenfeld, 2010).  High intake of saturated 
fatty acids (SFA) can cause plasma cholesterol, leading 
to cardiovascular disease. Eicosapentanoic fatty acids 
(C20:5n3) and docosahexanoic fatty acids (C22:6n3) are 
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fatty acids derived from the essential fatty acids of lin-
oleic acid. Essential fatty acids are the fatty acids needed 
by the body for the growth and normal function of all 
tissues that can not be synthesized by the body (Sartika, 
2008).  In addition, Givens (2010) reported an increased 
consumption of long chain n-3 PUFA such as eicosapen-
taenoic (20:5n3) and docosahexaenoic (22:6n3) acids are 
linked to the development and functionality of nervous, 
vision, and immune systems and have cardio-protective 
and anticarcinogenic functions (McAffe et al., 2010; Smit 
et al., 2009). Consumption of saturated fatty acids (SFA) 
is limited between 0-10 %, MUFA 16 %, PUFA 7 %, and 
cholesterol should not be more than 300 mg per day 
(USDA, 2010). Furthermore, consumption of SFA, trans 
MUFA, and cholesterol exceeds normal requirements 
and has an excess body weight (obesity) were suspected 
as the cause of disease, such as cardiovascular disease, 
atherosclerosis, and other diseases (USDA, 2010). 
Previous study reported by Ouatou et al. (2014) revelead 
that the polymorphism of APOA5 gene 56 C>G and 
-1131 T>C of APOA5 gene in humans play roles in in-
creasing the risk of coronary artery disease due to their 
associations with increasing plasma tryglyserides (TG). 

Apolipoprotein A5 (APOA5) is a recognized regu-
lator of plasma triglycerides (TGs), and previous studies 
have shown the associations between variants in APOA5 
gene and high TG levels (Bertoccini et al., 2017). In 
humans, APOA5 is expressed almost exclusively in the 
liver tissue (Pennacchio et al., 2001) and  some minor ex-
pressions have also been detected in the small intestine 
(Guardiola et al., 2012). APOA5 has been identified as an 
important determinant of plasma TG levels in humans 
and mice since its discovery (Van der Vliet et al., 2001; 
Pennacchio et al., 2001). Another function of APOA5 
could be to regulate the assembly and secretion of intes-
tinal lipoproteins replete with dietary lipids. In support 
of this function, Guardiola et al. (2012)  report that fatty 
acid affects its expression and, as such, favours its role 
in TG metabolism in which it is modulated by dietary 
factors. Fatty acid metabolism is a complex process, 
which involves lipolysis of dietary fat, biohydrogenation 
in the rumen and de novo synthesis of FAs by rumen 
bacteria. Furthermore, absorption and  transport of 
FAs by the host animal, de novo synthesis in the host’s 
tissues, elongation and desaturation in the animal’s tis-
sues, hydrolysis of triglycerides and esterification, and 
the oxidation of FA or its metabolization into the other 
components (Ekine-Dzivenu et al., 2014; Laliotis et al., 
2010) .

KEGG pathway analysis has confirmed and visual-
ized the involvement of APOA5 was enriched in peroxi-
some proliferator-activated receptors (PPARs) signaling 
pathway (Figure 3). Peroxisome proliferator-activated 
receptors (PPARs) are nuclear hormone receptors that 
are activated by fatty acids and their derivatives. Berger 
& Moeller (2002) report PPARs are nuclear hormone 
receptors that are activated by FAs and their de-
rivatives, and play an important role in the regulation of 
adipocyte tissue development, lipogenesis, and skeletal 
muscle lipid metabolism. There are three members of 
the PPAR family (PPARalpha, beta/delta, and gamma) 
based on KEGG pathway analysis (Figure 3). PPAR 

alpha involved in lipid metabolism in the liver and in 
the skeletal muscle, and in the modulation of the inflam-
matory response. PPAR beta/delta play a role in lipid 
oxidation and cell proliferation, and acts on embryo 
implantation, cell proliferation, and apoptosis. PPAR 
gamma is related to cell cycle withdrawal and promotes 
myocyte/adipocyte differentiation to enhance blood 
glucose uptake (Ehrenborg et al., 2009; Kertsen et al., 
2008;  Berger et al., 2002). Berton  et al. (2016) studying 
RNA seq in Nellore cattle identified the PPAR signaling 
pathway as the most significantly overrepresented path-
way involved in fatty acid composition, suggesting that 
PPAR would also play a key role in controlling fatty acid 
metabolism. 

CONCLUSION

The APOA5 gene was polymorphic in Indonesian 
sheep. The APOA5 (g.26929941C> T) gene was signifi-
cantly associated with eicosapentanoic acid (C22:6n3), 
docosahexanoic (C22:6n3], and lauric acid (C12:0)]. This 
study demonstrated that SNP of APOA5 might contrib-
ute for selection of Indonesian sheep with high meat 
and nutritional  quality based on fatty acid composition 
especially unsaturated fatty acids. 
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