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Background: In recent research, it has
been shown that rs2289487 within the
PLIN1 gene has different variants that
have been associated with obesity, type
2 diabetes, and other diseases. How-
ever, the isochizomers such as the BsmI
enzyme required for detection of this
polymorphism through polymerase chain
reaction-restriction fragment length poly-
morphism (PCR-RFLP) method are expen-
sive. In this study, we aimed to explore a
novel PCR-RFLP method for identifying the
single-nucleotide polymorphism (SNP) of
rs2289487 of PLIN1 gene. Methods: A new
restriction enzyme site was created through

created restriction site PCR. In the forward
primer, a deoxynucleotide A was substituted
with C, and after PCR a new restriction en-
zyme site for BstUI was introduced into the
PCR products. A total of 108 samples from
Han Chinese were tested to evaluate this
new method. Results: Allele frequencies in
the Asian population were 0.326 for allele A
and 0.674 for allele G, and the genotype fre-
quencies were 12.8% for AA, 39.5% for AG,
and 47.7% for GG. Conclusion: The PCR-
RFLP with new site for detecting the SNP of
rs2289487 is an improved method with low
cost and high accuracy. J.Clin.Lab.Anal.
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INTRODUCTION

In 2005, Rankinen et al. found that perilipin1 (PLIN1)
gene was incorporated into the related genes of obesity,
which were located on chromosome 15q26.1 (1). Previ-
ous studies have suggested the area was associated with
high blood pressure, high triglyceride levels, and diabetes
(2, 3). Perilipin encoded by PLIN1 gene is the found-
ing member of a family of proteins that share sequence
similarity and the ability to bind lipid droplets. When
first grouped as a family, these proteins were termed the
“PAT family” after the first three members identified: per-
ilipin, adipocyte differentiation-related protein (ADRP),
and tail-interacting protein of 47 kDa (TIP47), S3-12 and
OXPAT; and perilipin was the most representative mem-
ber in the PAT family (4).

Recently published work showed that the variants of
rs2289487 within the PLIN1 gene are linked to obesity
(5–8), type 2 diabetes (9), and other diseases (10). To

detect this single-nucleotide polymorphism (SNP), several
assays had been developed, for instance, fluorescently la-
beled probes technique (11), TaqMan assay (12), and poly-
merase chain reaction-restriction fragment length poly-
morphism (13). Among them, PCR-RFLP was the most
popular due to high sensitivity and reliability and many
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restriction enzymes were cheap and commercial avail-
able. However, the current PCR-RFLP assay was still
facing practical challenges and was not suitable for high-
throughput screening. In this study, we demonstrated an
improved PCR-RFLP assay for the detection of a poly-
morphism of PLIN1 gene and examined its application in
population.

MATERIALS AND METHODS

Primer Design

The sequence of PLIN1 gene and polymorphism
rs2289487 was from NCBI website (http://www.ncbi.
nlm.nih.gov). The method of amplification-created re-
striction site (CSR) was used to introduce a new enzyme
site to screen the variant. The sequences of primer were
designed with primer premier5.0 software as below:

� Forward: 5′ CTGTGGGAGGGAAGGTGCG 3′
� Reverse: 5′ CACTCCCCTGATACCTACTGG 3′.

The DNA sequence for primer designing is the follow-
ing:

CTGTGGGAGGGAAGGTGCGcrttctaggcagtggggtc
gggatacacaggcagggaggcagtaccccagaaagaccagaaaaatgtttg
gagaagccaccaatcaaaggtggactaaaactctagacattaacaacacttgc
tctctaCCAGTAGGTATCAGGGGAGTG.

The r represents polymorphism A/G. The length of tar-
get DNA sequence is 169 bp. The original “A” deoxynu-
cleotide in the DNA sequence was substituted by a “C”
in the forward primer (underlined) in order to introduce a
restriction enzyme site “CGCG” for the BstUI restriction
endonuclease.

Genotype of DNA

Genomic DNA was extracted from peripheral blood
leukocytes according to the manufacturer’s instructions.
PCR was performed in a total volume of 25 μL containing
100 ng of genomic DNA, 1× PCR master Mix (Tiangen),
and 5 pmol of each primer. DNA was denatured at 95◦C
for 3 min, and thermal cycles were set at 95◦C for 30 s,
56◦C for 40 s, and 72◦C for 30 s for 30 cycles, followed by
a final extension at 72◦C for 5 min. PCR products were
electrophoresed on 3% agarose gels stained with ethidium
bromide.

Enzyme digestion was conducted in a 20 μL final
volume with 5U of BstUI enzyme (New England Bio-
labs [NEB]) and 10 μL of PCR product. The reaction
was incubated at 60◦C overnight. The digested products
were visualized on 3% agarose gels stained with ethidium
bromide.

Fig. 1. BstUI PCR-RFLP analysis of the PLIN1 biallelic polymor-
phism. M, DNA ladder; Lane1, AA; Lane2, AG; Lane3, GG.

RESULTS

Through CRS-PCR, we successfully introduced a
BstUI restriction enzyme site into the PCR products. As
shown in Figure 1, we found that the full length of PCR
was 169 bp as we expected. After digestion with BstUI,
homozygous allele A had only one 169-bp band. The ho-
mozygous allele G showed two bands of 150 and 19 bp,
respectively.

The prices of the two restriction enzymes were
from NEB website. Compared to using Mn1I enzyme
($1,258/1,000 units), more than half the cost was saved
by using BstUI ($619/1,000 units).

Polymorphisms of PLIN1 were detected in 108 Chi-
nese Han samples from one enterprise in Zhengzhou
University. The genotype frequencies were 14.8% for AA,
52.8% for AG, and 32.4% for GG, respectively; the allelic
frequencies were 40.8% for A and 58.2% for G, respec-
tively. The results from the new PCR-RFLP assay were
confirmed by DNA sequencing. The x2 test showed the
genotype and allele frequencies of PLIN1 do not deviate
from Hardy–Weinberg equilibrium(x2 = 0.860634, P >

0.05).
Examples of DNA sequencing of PCR product of

PLIN1 gene were shown in Figure 2. The BstUI recog-
nition site (CGCG) is indicated by a mark symbol in
Figure 2A, and the vertical arrow corresponds to com-
plementary base of the mismatched base. Three figures
represent the wild type of genotypes of GG, AA, and AG,
respectively, and the sequences representing the polymor-
phism sites are denoted in squares.

DISCUSSION

The commonly used detection methods of SNP are
DNA sequencing, TaqMan assay, fluorescently labeled
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Fig. 2. Examples of DNA sequencing of PCR product of PLIN1 gene.

probes technique, molecular beacons, PCR-RFLP, and
so on. DNA sequencing is an accurate method for geno-
typing, but it is labor-intensive and not suitable for high-
throughput analysis. The most prominent advantage for
TaqMan probe technique is that it does not need a PCR
posttreatment process such as separation or elution, so
it has high detection rate. Difficulty in ensuring accurate
classification is the design of accurate probe, which is often
expensive and difficult to find (13). Molecular beacons are
marked by fluorescent dyes of different colors to achieve
the simultaneous detection of multiple SNPs. However,
dyes are less for the suitable fluorescent dye-labeled, which
greatly limits the detection of flux (14). Despite the above-
mentioned methods’ disadvantages, all have their own
prominent advantages, the equipments they need are of-
ten expensive, and the experiment methods are complex,
so they are difficult to popularize and apply for SNP de-
tection. The PCR-based RFLP technique is widely used
in the detection of SNP because it is easy to grasp the
detection method and it also has high sensitivity and reli-
ability.

Although many of these new techniques have been
developed recently to analyze gene SNP, PCR-RFLP
method developed in 2006 (15) is still a potent way to de-
tect rs2289487 polymophism in PLIN1 gene. PCR-RFLP
was shown to be a rapid and sensitive method for the de-
tection of gene polymorphism (16). But this method also
has some limitations, such as some restriction en-
zymes BsmI or its isoschizomers that are very expensive
and hindered the application for large-scale screening,

especially in developing countries. In order to overcome it,
the PCR-RFLP with mismatch primers and inexpensive
enzyme BstUI was developed to detect PLIN1 polymor-
phism rs2289487 in this study.

In conclusion, we reported a simple and econom-
ical technique for analysis of PLIN1 polymorphism
rs2289487. It may be used widely in the future study of
the genetics of obesity, type 2 diabetes, and so on.
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