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Abstract
Background and Objective: Genetic variation in the form of a single nucleotide polymorphisms (SNPs) in the tumor necrosis factor alpha
(TNF-") promoter region is known to influence the regulation of TNF-" production, transcription and translation and has been linked to
several diseases. Primer sequences that amplify DNA flanking the -308 sequence are not universal, therefore, research on SNP conducted
in this area still uses different primer pairs. The purpose of this research was to design and optimize universal primers to amplify DNA
sequences covering the TNF-" -308 promoter area for other researchers to study the presence of SNPs in the -308 nucleotide and beyond.
Materials and Methods: The peripheral blood samples for DNA preparation were obtained from 3 participants. The DNAs were extracted
using available commercial kit. The candidate of universal primers were designed using BLAST and Primer3 softwares. Amplification of
DNA region flanked by the designed primer pairs was performed using PCR method using available commercial kit. Results: The study
showed that there were significant differences between the 5 primary pairs studied. From the 5 pairs of primers, the
TNF-" 1 primer pair (TNF-" 1F: AACCAGCATTATGAGTCTC and TNF-" 1R: AACAACTGCCTTTATATGTC) and the TNF-" 2 primer pair
(TNF-" 2F: TGAAACCAGCATTATGAGT and TNF-" 2R: AACAACTGCCTTTATATGTC) produced single, distinct, sharp and thick bands.
Conclusion: From this study it can be concluded that TNF-" 1 and TNF-" 2 primer pairs have the potential to be used as universal primers
to study the SNPs in the TNF-" -308 promoter region.
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percentage of guanine and cytosine (GC) and nucleotide
length of candidates for universal primer were adjusted.
Melting temperature was set at a range of 52-58EC, the
percentage of guanine and cytosine in the range of 40-60%
and the length of nucleotides in the range of 15-30
nucleotides13. Five primer pairs were generated for the
purpose of this study. Primer sequences were synthesized by
a provider of synthetic primers manufacturing services.

INTRODUCTION
Tumor necrosis factor alpha (TNF-") was a cytokine
protein produced in the body by many different types of
cells1. This protein plays a role in the body's immune functions
such as anti-tumor, anti-microbial activity and mediates
inflammation2. Some researches have shown that there
were genetic variations in the form of single nucleotide
polymorphisms (SNPs) in the promoter region3, which
regulates TNF-" production, transcription, as well as

DNA sample preparation: The peripheral blood from

affects its reaction related to disease4. The SNPs in the

three humans were used as samples. About 1 mL of the blood
were put into anticoagulant tubes containing
ethylenediaminetetraacetic acid (EDTA). The DNAs from the
blood samples were extracted using Genomic Mini Kit
(Geneaid). The extraction procedure was carried out in
accordance with the instructions. The isolated DNA was stored
in the refrigerator until used.

TNF-" promoter sequence were found at -308 (G/A), -238
(A/G), -857 (C/T), -1031 (T/C) and -1376 (T/C)5.
Some studies related to the polymorphism of the TNF-"
gene promoter -308 had been carried out to see its relation to
various diseases6,7. Polymorphisms at this position greatly
influenced the number of TNF-" expression. Some diseases
associated with polymorphism -308 were stroke5, liver cell

DNA amplification: For each primer, 3 DNA samples from

carcinoma8, kidney9 and diabetes10.

three different persons were used, resulting in 15 reactions.
MyTaqTM HS Red Mix (Bioline) polymerase chain reaction (PCR)
kit was used to amplify the target regions. The following
protocol was for a standard 50 µL reaction: 200 ng of DNA,
1 µL of primer (20 µM each), 25 µL 2x MyTaq HS Red Mix and
the volume was adjusted to 50 µl by adding dH20. All of the
PCR reaction samples were amplified with a thermo-cycler
machine with different temperature settings at each stage.
The initial denaturation stage was carried out at 95EC for
2 min, followed by 34 cycles of denaturation for 30 sec at 95EC,
annealing for 30 sec at temperature set by primer design and
elongation for 1 min at 72EC, followed by final elongation for
1 min at 72EC. The amplification results were elecrophorized
on 1% agarose gel and photographed.

One of the method that facilitate the analysis of the SNPs
is polymerase chain reaction (PCR)11. This method requires
short DNA sequences called the primers, which function to
start the polymerization stage12. In order for amplification to
work properly and produce good results, the primer
sequences were amongst the important factors needed to
be considered13. In analyzing polymorphism in -308, the
primers used varied greatly8,10. The primer sequences were
generally made through softwares and tested directly in the
amplification process13. However, if the designed primers
were inaccurate and not optimized properly, then DNA
sequences generated by PCR cannot be compared accurately
(less efficiently). It may also lead to mispriming and produce
several unwanted PCR products. There has been lack of
information regarding universal primers to amplify DNA

RESULTS AND DISCUSSION

sequences in the -308 region. Therefor, the aim of this
research was to design and optimize universal primers for

Primer design: The primer pairs were design using BLAST

TNF-" promoter region which can be used as universal

and Primer3 softwares based on TNF-" gene promoter
sequences retrieved from GenBank. Five candidates universal
primer pairs generated using these softwares are presented in
Table 1. These primer pairs were optimized to evaluate their
efficiency and accuracy using PCR method to amplify the
TNF-" promoter region.

primers for the detection of SNP in -308.s
MATERIALS AND METHODS
Primer design: The design of universal primers in TNF-" -308
promoter region was carried out in silico. This stage began
with downloading TNF-" gene DNA sequences from GenBank.

Optimization of designed primers: The results of DNA

Then, the universal primer candidates were designed using

optimization were visualized by electrophoresis using 1%
agarose gel. In the visualization of the amplification
results using 5 primers, there are 2 primer pairs
(TNF-" 1 and TNF-" 2) that showed single, clear and sharp

BLAST and Primer3 softwares. The primers design was carried
out following the procedure provided by the softwares.
General

characteristics

such as melting temperature,
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Fig. 1(a-e): Agarose gel visualization of PCR amplification resulted from optimization of the designed primers, (a) Primer TNF-"
1, (b) Primer TNF-" 2, (c) TNF-" 3, (d) TNF-" 4 and (e) TNF-" 5
bands that showed single, clear and sharp bands and did not
form multiple bands (Fig. 1). The length of the visualized band
corresponds to the length of the band produced by the primer
based on the primers designed in silico. The amplification
results using primer pairs TNF-" 3, TNF-" 4 and TNF-" 5 did
not generate single bands, but spread and multiple bands.

The forward primers are aimed to amplify in the forward
direction and the reverse primer are aimed to amplify in the
reverse direction15. These primers hybridize to specific
locations on the target DNA sequence between the primer
binding sites to be amplified16. The primer design reduce
the complexity and time-consuming effort, particularly if
generates a large number of hits17.

Primer design: Primers are short oligonucleotide molecules
Optimization of designed primers: The DNA samples used

with define sequences complementary to the target DNA
which function to limit the area to be amplified and serve as
an extension point for the DNA polymerase14. The designed
primers determine the success of amplification, therefore, the
design of primer is an important aspect to obtain specific,
effective and efficient PCR products. Primer annealing
temperature must be specific for successful amplification.
Five candidate universal primer pairs has been generated
based on criteria suggested by Lorenz13 using BLAST and
Primer3 softwares (Table 1).

in the amplification process were derived from human
peripheral blood. Blood samples still contain blood
components that can interfere with the amplification process
using PCR. The DNA extraction process was carried out to
obtain pure DNA samples. The success of the primer
design could be seen in the success of the initiation by the
primer in the amplification process. If DNA is specifically
amplified in the region flanked by the primers, it can be
said that primer design and optimization are successful.
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Table 1: Five candidate universal primer pairs of designed using BLAST and Primer3
Primer pairs

Sequences

Softwares

Annealing temperature (EC)

Forward
Reverse
TNF-" 2

AACCAGCATTATGAGTCTC
AACAACTGCCTTTATATGTC

Primer3

51.12-51.97

Forward
Reverse
TNF-" 3

TGAAACCAGCATTATGAGT
GGGAAAGAATCATTCAACC

Primer3

51.35-51.72

Forward
Reverse
TNF-" 4

CTGAAACCAGCATTATGAGT
GGGAAAGAATCATTCAACCA

BLAST

53.28-53.43

Forward
Reverse
TNF-" 5

ATGAAAGAAGAAGGCCTG
AAAGAATCATTCAACCAGC

Primer3

51.25-51.70

Forward
Reverse

ATTATGAGTCTCCGGGTCAG
GGGTCAGTATGTGAGAGGAA

Primer3

55.96-56.13

TNF-" 1

The result (Fig. 1) showed that primer pairs TNF-" 1 and

CONCLUSION

TNF-" 2 were able to amplify the flanked DNA -308 TNF-"
Based on the results of the design and optimization of the
primers carried out on 5 pairs of primers, 2 pairs of primers are
recommended to be used as universal primers to amplify the
TNF-" -308 promoter region: TNF-" 1 (TNF-" 1F: AACCAGCATT
ATGAGTCTC dan TNF-" 1R: AACAACTGCCTTTATATGTC) and
primer TNF-" 2 (TNF-" 2F: TGAAACCAGCATTATGAGT and
TNF-" 2R: GGGAAAGAATCATTCAACC).

promoter region accurately, however primer pairs TNF-"
3,TNF-" 4 and TNF-" 5 showed multiple bands. This can be
caused by several factors such as temperature, chemical
reaction, nucleotide composition and position and type
of nucleotide mismatch18. The temperature factor is
considered not very influential on the results of amplification,
because the primer annealing temperature has been adjusted
to a good temperature range according to the theory. Another
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increase primer entropy so that it causes non-specific primer
annealing19.
In addition to this, it can also be indicated that the 3 'end
of the primer can make an error attaching to the wrong
location and then polymerized by DNA polymerase to produce
undesired PCR products20. Well-complemented primers at end
position 3' can initiate the amplification process well21,22.
Amplification using TNF-" 3, TNF-" 4 and TNF-" 5 primer pairs
still needs other optimization steps such as hot start and touch
down. This process can improve the accuracy of the primer

REFERENCES

attachment to the right area to produce the desired PCR
products. However, this process requires additional time and

1.

cannot be ensured to produce the right PCR product.
Amplification using TNF-" 1 and TNF-" 2 primers does not
need

further

optimization

because

the

2.

original

visualization has shown that the primer pairs were able to
3.

amplify the TNF-" promoter region well and produce the
desired products in accordance with the design results.
This finding will provide convenience for researchers
conducting SNPs research in TNF-" promoter region,
especially SNP in -308.
588

Parameswaran, N. and S. Patial, 2010. Tumor necrosis factor-"
signaling in macrophages. Crit. Rev. Eukaryotic Gene Express.,
20: 87-103.
Kushibiki, S., 2011. Tumor necrosis factor " induced
inflammatory responses in cattle. Anim. Sci. J., 82: 504-511.
Ghamari, E., P. Farnia, S. Saif, M. Marashian, J. Ghanavi,
P. Farnia and A.A. Velayati, 2016. Comparison of single
nucleotide polymorphisms [SNP] at TNF-" promoter region
with TNF receptor 2 (TNFR2) in susceptibility to pulmonary
tuberculosis; using PCR-RFLP technique. Am. J. Clin. Exp.
Immunol., 5: 55-61.

Pak. J. Biol. Sci., 22 (12): 585-589, 2019
13. Lorenz, T.C., 2012. Polymerase chain reaction: Basic protocol

4.

Feng, R.N., Y. Li and C.H. Sun, 2009. TNF 308 G/A
polymorphism and type 1 diabetes: A meta-analysis. Diabetes
Res. Clin. Pract., 85: e4-e7.
5. Cui, G., H. Wang, R. Li, L. Zhang and Z. Li et al., 2012.
Polymorphism of tumor necrosis factor alpha (TNF-alpha)
gene promoter, circulating TNF-alpha level and
cardiovascular risk factor for ischemic stroke. J. Neuroinflam.,
Vol. 9. 10.1186/1742-2094-9-235.
6. Zhang, B.B., X.Z. Liu, J. Sun, Y.W. Yin and Q.Q. Sun, 2013.
Association between TNF " gene polymorphisms and the risk
of duodenal ulcer: A meta-analysis. PloS One, Vol. 8, No. 2.
10.1371/journal.pone.0057167.
7. Singh, S., A. Sharma and S.K. Arora, 2014. High producer
haplotype (CAG) of -863C/A, -308G/A and -238G/A
polymorphisms in the promoter region of TNF-" gene
associate with enhanced apoptosis of lymphocytes in HIV-1
subtype C infected individuals from North India. PLoS One,
Vol. 9, No. 5. 10.1371/journal.pone.0098020.
8. Hu, Q., G.G. Lou, Y.C. Liu, L. Qian and B.D. Lv, 2014. The tumor
necrosis factor-"-308 and -238 polymorphisms and risk of
hepatocellular carcinoma for Asian populations: A
meta-analysis. Curr. Ther. Res., 76: 70-75.
9. Umapathy, D., E. Krishnamoorthy, V. Mariappanadar,
V. Viswanathan and K.M. Ramkumar, 2018. Increased
increased levels of circulating (TNF-") is associated with
(-308G/A) promoter polymorphism of TNF-" gene in diabetic
nephropathy. Int. J. Biol. Macromol., 107: 2113-2121.
10. Jamil, K., A. Jayaraman, J. Ahmad, S. Joshi and S.K. Yerra, 2017.
TNF-alpha -308G/A and -238G/A polymorphisms and its
protein network associated with type 2 diabetes mellitus.
Saudi J. Biol. Sci., 24: 1195-1203.
11. Wu, C.C., Y.K. Huang, C.Y. Huang, H.S. Shiue and Y.S. Pu et al.,
2018. Polymorphisms of TNF-" -308 G/A and IL-8 -251 T/A
genes associated with urothelial carcinoma: A case-control
study. BioMed. Res. Int., Vol. 2018. 10.1155/2018/3148137.
12. Kavya, S.R., 2015. PCR technique with its application. Res. Rev.:
J. Microbiol. Biotechnol., 4: 1-12.

plus troubleshooting and optimization strategies. J. Vis. Exp.,
Vol. 63. 10.3791/3998.
14. Garibyan, L. and N. Avashia, 2013. Polymerase chain reaction.
J. Invest. Dermatol., 133: 1-4.
15. Dieffenbach, C.W. and G.S. Dveksler, 1995. PCR Primer: A
Laboratory Manual. Cold Spring Harbor Laboratory Press,
New York.
16. Jaric, M., J. Segal, E. Silva-Herzog, L. Schneper, K. Mathee and
G.

Narasimhan,

2013.

Better

primer

by

increasing

metagenomics applications
distinguishability.

BMC

Proc.,

Vol.

7,

design

for

taxonomic
(Suppl

7).

10.1186/1753-6561-7-S7-S4.
17. Ye, J., G. Coulouris, I. Zaretskaya, I. Cutcutache, S. Rozen and
T.L. Madden, 2012. Primer-BLAST: A tool to design
target-specific primers for polymerase chain reaction.
BMC Bioinform., Vol. 13. 10.1186/1471-2105-13-134.
18. SantaLucia, J., 1998. A unified view of polymer, dumbbell
and oligonucleotide DNA nearest-neighbor thermodynamics.
Proc. Natl. Acad. Sci. USA., 95: 1460-1465.
19. Wright,

E.S.,

2019.

Design

group-specific

primers.

https://bioconductor.org/packages/release/bioc/vignettes/
DECIPHER/inst/doc/DesignPrimers.pdf
20. Thachuk, C. and A. Condon, 2007. On the design of oligos for
gene synthesis. Proceedings of the 7th IEEE International
Conference

on

Bioinformatics

and

BioEngineering,

October 14-17, 2007, Boston, MA, USA., pp: 123-130.
21. Miura, F., C. Uematsu, Y. Sakaki and T. Ito, 2005. A novel
strategy to design highly specific PCR primers based on the
stability and uniqueness of 3'-end subsequences.
Bioinformatics, 21: 4363-4370.
22. Kwok, S., D.E. Kellogg, N. McKinney, D. Spasic, L. Goda,
C. Levenson and J.J. Sninsky, 1990. Effects of primer-template
mismatches on the polymerase chain reaction: Human
immunodeficiency virus type 1 model studies. Nucleic Acids
Res., 18: 999-1005.

589

