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ABSTRACT. Previous studies showed that the lipoprotein lipase 
(LPL) gene was involved in metabolism and transport of lipids, 
suggesting that the LPL is a potential candidate gene affecting growth 
traits in animals. The aim of this study was to identify polymorphism 
in the bovine LPL gene and analyze its possible association with 
growth traits in 218 randomly selected Jiaxian cattle. We used DNA 
sequencing to identify single nucleotide polymorphisms (SNPs) in the 
LPL gene. A sequence analysis revealed three SNPs: two in intron 5 
(C18306T and C18341T) and one in exon 6 (G18362A). G18362A is 
a missense mutation leading to a change of the 325th glycine to serine. 
Based on c2 tests, the genotypic distributions of C18306T were in 
agreement with the Hardy-Weinberg equilibrium (P > 0.05), whereas 
the other two mutations were not (0.05 > P > 0.01). Association 
analyses showed that the C18341T SNP was significantly associated 
with several growth traits (P < 0.01 or P < 0.05), and the G18362A 
was associated with withers height (P < 0.05). Our results suggest that 
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LPL gene variation may be considered molecular markers for growth 
traits in Jiaxian cattle.

Key words: Growth traits; Jiaxian cattle; Lipoprotein lipase

INTRODUCTION

The LPL gene plays an important role in the metabolism and transport of lipids as 
an enzyme. It is responsible for hydrolysis of the triglyceride (TG) component in circulating 
chylomicrons (CMs) and very low-density lipoprotein (VLDL) via binding to apolipoprotein 
C2 (Kolovou et al., 2005). Several studies have confirmed linkage and association of the LPL 
gene with hypertension (Muñoz-Barrios et al., 2012), obesity (McQuaid et al., 2011), and 
insulin resistance (Goodarzi et al., 2004) for the features of the insulin resistance or metabolic 
syndrome. For example, overexpression of the LPL gene in skeletal muscles led to excessive 
intramyocellular lipid deposition, suggestive of the relationship between lipid storage and 
insulin sensitivity (Kim et al., 2001). In turn, a deficiency of the LPL gene in 3T3-L1 cells 
resulted in a reduction of intracellular lipid levels, which suggests that the adipocyte-derived 
LPL gene is required for efficient fatty acid uptake and storage (Gonzales and Orlando, 2007). 
Research on the function of the LPL gene has suggested an important role in energy balance 
regulation. Substantial evidence suggests that TG-rich lipoproteins were detected in the brain 
using an LPL-dependent mechanism, and provided lipid signals for the central regulation of 
body weight and energy balance in mice (Wang et al., 2011).

The bovine LPL gene maps to chromosome 8 and its coding region consists of 10 
exons, which are highly expressed in skeletal muscle and adipose tissue (Holmes et al., 2011). 
Wang et al. (2012) identified two polymorphisms (T355420C and A355427T) of the LPL gene 
that were associated with growth traits in Xiangxi cattle. Oh et al. (2013) confirmed three 
novel SNPs (G322A, A329T, and G1591A) in the bovine LPL gene, which can affect fatty 
acid composition and carcass traits in Korean cattle. Additionally, in yak (Bos grunniens), 
the C19913T variation is associated with average daily gain and carcass weight (Ding et al., 
2012). Taken together, these findings lend credence to the hypothesis that the LPL gene is an 
excellent candidate gene for growth-related traits in livestock.

So far, no study has examined the association between SNPs and growth traits in 
general. Therefore, the present study was performed to identify SNPs in the LPL gene of 
Jiaxian cattle and to evaluate the association of these polymorphisms with growth traits.

MATERIAL AND METHODS

DNA sample preparation and data collection

DNA samples were obtained from jugular blood from 218 adult (3-5 years old) Jiaxian 
cattle from the Jiaxian cattle-breeding farm (Jiaxian County, Henan Province). The studied 
animals were selected to be unrelated for at least three generations. DNA extraction was 
performed using a standard phenol-chloroform method (Müllenbach et al., 1989).

The growth traits, including withers height, body length, chest depth, and hip width, 
were measured as previously described (Gilbert et al., 1993). To minimize systematic error, a 
single person was assigned to measure all ten traits in all animals.
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Variant discovery

According to the sequence of the bovine LPL gene (NM_001075120.1), a primer A 
(sense: 5'-CTTAAACAGGACCTACGATC-3', anti-sense: 5'-CCTTACTAGCAGTGGGAAT-3')
was designed to amplify a 585-bp fragment of the LPL gene in exon 6 using the Primer 5 
software (Gui et al., 2015).

The 20-μL polymerase chain reaction (PCR) reaction mixture contained 50 
ng genomic DNA, 10 pM each primer, 0.20 mM dNTPs, 2.5 mM MgCl2, and 0.5 U Taq 
polymerase (TaKaRa, Dalian, China). The PCR conditions were: 95°C for 5 min (preliminary 
denaturation), 35 cycles at 94°C for 30 s (denaturation), 30 s at 62.5°C annealing (temperature 
specific for a single analyzed fragment), and 72°C for 40 s (extension). The final extension 
was performed at 72°C for 10 min.

The products for sequencing were first electrophoresed on 2.0% agarose gels, then 
purified using Axygen kits (BMI Fermentas, Glen Burnie, MD, USA), and finally sequenced 
in both directions in an ABI PRIZM 377 DNA sequencer (Perkin-Elmer, Dalian, China). The 
sequence maps were analyzed with the SeqMan software 13.0 (Swindell and Plasterer, 1997). 
DNA sequencing revealed three mutations (C18306T, C18341T, and G18362A).

Statistical analysis

Gene frequencies and allelic frequencies were determined by direct counting. Hardy-
Weinberg equilibrium (HWE) gene heterozygosity (HE), gene homozygosity (HO), and 
effective allele numbers (NE) were statistically analyzed following the approach by Nei and 
Roychoudhury (1974). The polymorphism information content (PIC) was calculated according 
to Botstein et al.’s (1980) methods.

The associations between SNPs and ultrasound carcass traits in Jianxian cattle were 
analyzed using general linear models (GLM) in SPSS v. 13.0. The following statistical linear 
model was used: Yi = µ + Markeri + ei; where Yi are the traits measured on each of the individual 
animals; μ is the overall population mean for the trait, Markeri is the effect of maker genotype, 
and ei is the residual effect.

RESULTS

Genetic polymorphism of the Jiaxian cattle LPL gene and c2 tests

Sequence analysis of the LPL gene revealed three mutations: C>T mutation at 18,306 
bp, C>T mutation at 18,341 bp, and G>A mutation at 18,362 bp, named C18306T, C18341T, 
and G18362A, respectively (Figure 1). G18362A, a missense mutation leading to the change 
of the 325th glycine to serine, was in the coding region, whereas the other two mutations were 
all in intron 5 of the bovine LPL gene.

The allelic and genotypic frequencies, and the genetic diversity parameters (HE, NE, 
and PIC) for the SNPs are summarized in Table 1. At the C18306T locus, the mutant allele 
(CT) was less frequent than the wild allele (CC); the allele frequencies, HE and NE were 
as follows: 0.642 (C), 0.358 (T), 0.460, and 1.850. For the C18341T mutation, the results 
showed that CC was the most prevalent genotype (49.60%) followed by CT (33.00%) and 
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TT (17.40%). The allele frequencies, HE, and NE at this locus were 0.661 (C), 0.339 (T), 
0.448, and 1.813, respectively. In addition, for the G18362A mutation, the GG (0.119) and GA 
(0.239) genotypes were less frequent than the AA (0.642) genotype. The allele frequencies, 
HE, and NE at this locus were 0.238 (G), 0.762 (A), 0.363, and 1.571.

Figure 1. Sequencing maps of loci SNP18306 (A), SNP18341 (B), and SNP18362 (C).

Table 1. Genotype frequencies (%) of the LPL gene for SNPs in a Jiaxian cattle population.

HWE = Hardy-Weinberg equilibrium; c2
0.05 ≥ 5.991, P ≤ 0.05; c2

0.01 ≥ 9.210, P ≤ 0.01.

Locus Genotype frequencies Total Allelic frequencies HWE (χ2) PIC Gene heterozygosity (HE) Effective allele numbers (NE)
C18306T CC CT TT 218 C T

0.436 0.413 0.151 0.642 0.358 2.252 0.354 0.460 1.850
C18341T CC CT TT 218 C T

0.496 0.330 0.174 0.661 0.339 15.138 0.348 0.448 1.813
G18362A GG GA AA 218 G A

0.119 0.239 0.642 0.238 0.762 25.703 0.297 0.363 1.571

Moreover, the c2 test showed that C18306T was in HWE (c2 = 2.252, P > 0.05), 
whereas the individual genotypic frequencies were deviating strongly from HWE for the other 
SNPs (c2 = 15.138, P < 0.05, and c2 = 25.703, P < 0.05, respectively). Probable explanations 
may be that the sample size was limited in our study, that Jiaxian cattle have experienced 
strong selection pressure, or that artificial selection eventually has led to the loss of certain 
alleles except the favored ones (Huang et al., 2013).
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In order to measure the in formativeness of the identified SNPs, PIC was calculated 
for each locus. The PIC values ranged from 0.297 to 0.354. The convention for classification 
of PIC dictates that a PIC value less than 0.250 indicates low polymorphism, a value from 
0.250 to 0.500 indicates intermediate polymorphism, and a value greater than 0.500 indicates 
high polymorphism (Xue et al., 2013). Our results indicated that all three SNPs exhibited 
intermediate genetic diversity.

Analysis of the association of the polymorphisms with growth traits

In the present study, we detected three SNPs in the LPL and analyzed their association 
with economically relevant growth traits in 218 Jiaxian cattle. The association analysis 
between each marker and the growth traits are shown in Table 2. The results showed that there 
were no statistically significant associations between the C18306T and any of the studied 
traits (P > 0.05). Individuals with genotype C18341T-TT had increased withers height, body 
length, and chest depth compared with the C18341T-CC genotype (P < 0.01). Statistically 
significant differences were also found between the C18341T-TT and C18341T-CT genotypes 
in body length and hip width (P < 0.05), demonstrating that the C18341T-T allele might be 
beneficial to breed cattle with superior withers height, body length, chest depth, and hip width. 
At the G18362A locus, the results showed that animals with the G18362A-GA genotype had 
significantly greater withers height compared to those with the G18362A-AA genotype (P 
< 0.05), demonstrating that the G18362A-G allele might also be associated with increased 
withers height.

a,bMeans with different superscripts are significantly different at P < 0.05. A,BMeans with different superscripts are 
significantly different at P < 0.01.

Table 2. Association between the different SNPs in the LPL gene and growth traits in Jiaxian cattle.

Locus Traits (cm) Genotypes
CC CT TT

C18306T Withers height 125.347 ± 0.683 125.689 ± 0.702 124.848 ± 1.159
Body length 141.305 ± 0.956 141.678 ± 0.982 142.970 ± 1.621
Chest depth 172.084 ± 1.755 173.933 ± 1.804 169.212 ± 2.979
Hip width 41.347 ± 0.280 41.867 ± 0.287 41.545 ± 0.474

C18341T CC CT TT
Withers height 123.278 ± 0.590B 125.986 ± 0.723B 130.395 ± 0.995Aa

Body length 140.065 ± 0868B 141.569 ± 1.063b 146.658 ± 1.463Aa

Chest depth 170.852 ± 1.643B 172.778 ± 2.012 176.158 ± 2.770A

Hip width 41.481 ± 0.260 41.306 ± 0.319b 42.447 ± 0.439a

G18362A GG GA AA
Withers height 126.154 ± 1.288 127.212 ± 0.911a 124.607 ± 0.555b

Body length 143.038 ± 1.827 141.635 ± 1.292 141.493 ± 0.787
Chest depth 173.769 ± 3.369 171.808 ± 2.382 172.386 ± 1.452
Hip width 41.808 ± 0.536 41.654 ± 0.379 41.529 ± 0.231

DISCUSSION

Tissue distribution analyses in vertebrates have indicated that LPL is expressed 
ubiquitously in various body tissues, with the highest abundance in heart, adipose tissue, and 
skeletal muscle (Tan et al., 1977). As one of three members of the TG lipase family, LPL 
could contribute to the process of TG-rich CMs and VLDLs (Holmes et al., 2011), and in 
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the removal of lipoproteins from the circulatory system (Murthy et al., 1996). In adult sheep, 
Pethick and Dunshea (1993) found that about 55-60% of the total amount of free fatty acids 
originate from hydrolysis of circulating triacylglycerols by LPL. Hocquette et al. (1998) 
demonstrated that transcript LPL levels are positively related to LPL activity in bovine tissues, 
including muscles and adipose tissue. Because LPL-mediated processing of lipoproteins is so 
important for plasma lipid metabolism and fuel delivery to tissues (Davies et al., 2012), one 
would expect that its activity may directly or indirectly affect growth via limitation of the rate 
of lipolytic processing in mammals. Based on these results, LPL appears to be an important 
metabolic regulator, especially in ruminant species.

In the present study, according to the c2 tests, the genotypic distributions of C18341T 
and G18362A differed significantly from HWE in Jiaxian cattle. There are two main reasons 
for these results: 1) The analyzed breed did not have a sufficiently large population size, 
or 2) Jiaxian cattle have experienced high selection pressure. Artificial selection may have 
eventually led to the loss of certain alleles except the favored ones.

The associations of the three SNPs in the LPL gene with four growth traits were 
analyzed using DNA samples from 218 Jiaxian cattle. The results suggested that C18341T is 
associated with withers height, body length, chest depth, and hip width with TT appearing to 
be the beneficial genotype. G18362A was associated with withers height and GA seemed to 
be the beneficial genotype. The C18341T was located in the intron region and did not change 
the structure of the encoded proteins, but our results demonstrated that it was still associated 
with some of the growth traits. Such associations may be the result of linkage disequilibrium 
between this SNP and other genes on the same chromosome that have a significant effect on 
the growth traits studied here (Li et al., 2013). Another reason may be that mutations within 
introns could affect both the splice donor site or nearby regions and regulatory motifs within 
introns (Cao et al., 2013). Importantly, further verifications are needed for understanding the 
underlying mechanisms.

CONCLUSIONS

In summary, based on the results obtained from this study, it can be inferred that the 
mutations of the LPL gene had effects on growth traits in Jiaxian cattle. However, further 
research is needed to investigate the mechanism and significance of the polymorphisms on 
growth traits of cattle in different populations and of larger population sizes.
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