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Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) provides a powerful tool for
precise gene expression analysis. The accuracy of the results highly depends on careful selection of a
reference gene for data normalization. HPRT1 (hypoxanthine phosphoribosyl transferase 1) is a frequently
used housekeeping gene for normalizing relative expression values. However, the existence of processed
pseudogenes for HPRT1 might interfere with reliable results obtained in qRT-PCR due to amplification of
unintended products. Here, we designed a primer pair for pseudogene-free amplification of HPRT1 in
qRT-PCR. We demonstrate that this primer pair specifically amplified HPRT1 messenger RNA (mRNA)
sequence while avoiding coamplification of the pseudogenes.

� 2015 Elsevier Inc. All rights reserved.
Quantitative reverse transcriptase polymerase chain reaction
(qRT-PCR)2 provides a sensitive method to detect gene expression
levels even in small amounts of samples [1]. A constitutively
expressed housekeeping gene is usually used as a reference gene
to normalize the effect of variability in cell number, amount of
extracted RNA, specificity of primers, and presence of PCR inhibitors
in samples [2,3]. However, most of currently used housekeeping
genes have variable expression levels in different tissues.
Therefore, an ideal housekeeping gene should be carefully selected
according to the type of tissues and the treatments [4]. HPRT1
(hypoxanthine phosphoribosyl transferase 1) is a commonly used
internal control in qRT-PCR and has been recommended as a sensi-
tive housekeeping gene, especially when low-abundance transcripts
are to be investigated [5]. However, the presence of processed pseu-
dogenes for HPRT1 in the genome [6] may affect the use of HPRT1 as
a valid internal control in qRT-PCR [7]. Pseudogenes are similar to
functional genes in sequence while they are non-translatable. A high
nucleotide sequence similarity between the pseudogenes and HPRT1
messenger RNA (mRNA) leads to coamplification of pseudogenes in
qRT-PCR, especially when genomic DNA (gDNA) contamination is
probable [8]. The amplified PCR products have the same size and,
thus, are not distinguishable [9]. DNase I treatment is a proposed
method used to remove residual DNA, yet the procedure cannot
guarantee complete removal of contaminating DNA or the original
quality of extracted RNA [10]. Moreover, transcriptionally active
pseudogenes might be transcripted into mRNA and subsequently
converted into complementary DNA (cDNA) during reverse tran-
scription. This, in turn, leads to coamplification of pseudogenes in
the real-time PCR. Here, to amplify pseudogene-free sequences of
HPRT1 in real-time PCR, we designed a primer pair in a way that
specifically amplifies HPRT1 mRNA sequences while avoiding coam-
plification of the pseudogenes or gDNA. To do this, human and
mouse HPRT1 mRNA homologous sequences were identified using
discontiguous Mega BLAST and blastn at the National Center for
Biotechnology Information (NCBI) (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). Sequences that scored more than 400 and had more than
75% identity with the human HPRT1 mRNA were selected for further
analysis. The same criteria were considered for mouse sequences
(see Table 2 in Ref. [11]). Three goals were considered at the same
time for the primer design; (i) avoiding mis-priming to gDNA, (ii)
avoiding mis-priming to the pseudogenes, and (iii) amplification of
HPRT1 mRNA sequences in commonly used laboratory animals.
Therefore, HPRT1 mRNA and pseudogene sequences were aligned
using CLC Main Workbench software (Qiagen, USA) (Fig. 1). Unique
regions of HPRT1 mRNA corresponding to exon–exon junctions were
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Fig.1. Multiple alignment of HPRT1 mRNA with HPRT1P1 to HPRT1P3 sequences to identify appropriate regions for primer design. A low level of sequence similarity between
HPRT1 mRNA and HPRT1Ps at the exon 2 and exon 3 junction provided a unique site for primer design. Black boxes show forward and reverse primer binding sites. The red
box shows 30 mismatch at the forward primer binding site. TG bases are present only at the 30 end of the forward primer binding site, enabling pseudogene-free amplification
of HPRT1 mRNA sequences in qRT-PCR. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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selected for primer design. In addition, HPRT1 mRNA sequences of
human, mouse, rat, Chinese and golden hamster, and rhesus monkey
were aligned to design a universal primer pair capable of amplifying
HPRT1 mRNA across these species (see Fig. 1 in Ref. [11]). Primers
were designed using Allele ID primer design software version 7.5
(Premier Biosoft, USA). The primer pair is designated HPSF in this
article (HPSF-F: 50-GGACTAATTATGGACAGGACTG-30; HPSF-R:
50-GCTCTTCAGTCTGATAAAATCTAC-30).

The results of BLAST showed four homologous sequences for
human HPRT1 mRNA on chromosomes 4, 5, and 11. HPRT1P1 on
chromosome 4 consists of two exon-like sequences separated by
a short 61-bp intron. HPRT1P2 is located on chromosome 5 span-
ning 1440 bp with the highest coverage and identity to HPRT1
mRNA. HPRT1P3 and HPRT1P4 are located on chromosome 11 sep-
arated by an 8544-bp sequence. Similarly, results of BLAST for
mouse HPRT1 mRNA showed a 765-bp homologous sequence
located on mouse chromosome 17. Alignment of mouse HPRT1
mRNA sequence with the putative pseudogene on chromosome
17 showed no overlapping region between the first 525 bp of
mouse HPRT1 mRNA and HPRT1 pseudogene; therefore, this region
was unique to mouse HPRT1 mRNA (alignment not shown). Prior
to the identification of human genome sequences, it was shown
that HPRT1 contained four pseudogenes on chromosomes 3, 5,
and 11. Southern blot analysis of human cells indicated that two
of these sequences were localized on chromosome 11, one was
localized on chromosome 3, and another was localized on chromo-
some 5 [12]. This is consistent with the results reported by Nicklas
in 2006, suggesting a unique 7.2-kb insert on chromosome 11,
which could be attributed to two separated pseudogenes
(HPRT1P3 and HPRT1P4) [6]. However, more recently, in silico anal-
ysis of human genome showed that HPRT1 included three pseudo-
genes on chromosomes 4, 5, and 11 [13]. Although HPRT1P3 and
HPRT1P4 are listed as two separated pseudogenes at the NCBI, it
is not known whether they are originally a unique unprocessed
pseudogene with an intervening 8544-bp intron or they are two
separated pseudogenes on chromosome 11.

Next, to show that HPSF primers specifically amplify
pseudogene-free sequences of human HPRT1 mRNA as well as
some other widely used laboratory species, we performed separate
PCR using cDNA and gDNA as templates. Genomic DNA and total
RNA were extracted from exponentially growing HeLa, NIH/3T3,
CHO, BHK, VERO, and COS-7 cell lines using AccuPrep Genomic
DNA Extraction Kit (Bioneer, Korea) and Qiagen RNeasy Mini Kit
(Qiagen, Germany), respectively. These cell lines are originated
from human, mouse, Chinese and golden hamster, and green mon-
key. Then 1 lg of total RNA was reverse transcribed into cDNA
using the Omniscript Reverse Transcriptase Kit (Qiagen,
Germany) in accordance with the manufacturer’s instructions.
PCR was carried out in a total volume of 20 ll containing 10 mM
Tris–HCl (pH 8.4), 50 mM KCl, 200 nmol each of forward and
reverse primers, 1.5 mM MgCl2, 250 lM deoxynucleoside triphos-
phate (dNTP), 1 U of Taq DNA polymerase (Thermo Scientific,
Germany), 2 ll of cDNA, and 100 ng of DNA as template.
Amplifications were carried out in an Eppendorf Master Cycler gra-
dient thermal cycler (Germany). The results of PCR showed that
HPSF primers amplified a 195-bp product only when cDNA was
used as template (Fig. 2). In addition, we showed that HPSF primers
specifically amplified HPRT1 mRNA sequences in all selected spe-
cies (Fig. 2). Furthermore, in silico analysis of HPSF primers also
demonstrated that this primer set not only is target specific to
human and mouse HPRT1 sequences but also may potentially bind
to HPRT1 mRNA sequences from several other species (see Table 3
in Ref. [11]). The accuracy of the results were verified by DNA
sequencing of the amplicons. Human and mouse amplicons were
ligated into pTG19-T cloning vector (Vivantis, Malaysia) and trans-
formed into chemically competent bacterial cells. Sequencing was
performed using M13 forward and reverse universal primers
(Bioneer). The nucleotide sequences of human and mouse HPRT1
mRNA were submitted to the GenBank database under the acces-
sion numbers KR817914 and KR817915, respectively.

Next, we aimed to determine the efficiency of the HPSF primers
in qRT-PCR using the standards of 10-fold serial dilutions of HeLa
cDNA. qRT-PCR was carried out using Thermo Scientific Maxima
SYBR Green qPCR Master Mix (Fisher Scientific, Germany),
200 nmol each of forward and reverse primers, and 2 ll of
10-fold serially diluted HeLa cDNA as templates. Amplifications
were performed using iCycler iQ5 real-time PCR machine
(Bio-Rad, USA). Based on the logarithmic serial dilutions of HeLa
cDNA, a standard curve was generated. The slope, intercept, ampli-
fication efficiency, and correlation coefficient (R2) of the primer
pair were calculated. The results showed that the regression line
had a correlation coefficient (R2 value) of 0.99. The reaction effi-
ciency was then calculated as 99.5%, which confirmed accurate
real-time results (see Fig. 2 in Ref. [11]). Two sets of primers have
been previously designed for human (HPRT1) and mouse (Hprt). It
was shown that both primer pairs were specific for human and



Fig.2. Pseudogene-free amplification of HPRT1 mRNA sequences by HPSF primer set in different species. HPSF primers amplified a 195-bp product only when cDNA was used
as template. The selected cell lines represent some commonly used laboratory species. M: DNA ladder.
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mouse HPRT1 mRNA sequences but not for pseudogenes. However,
the derived amplicons were rather long—561 and 448 bp for HPRT1
and Hprt, respectively—which might significantly reduce PCR
efficiency in the real-time PCR and, therefore, be inappropriate
for qRT-PCR studies [13].

In summary, we have designed and evaluated a universal
primer set for selective amplification of HPRT1 mRNA sequences
in qRT-PCR. Moreover, we also showed that this primer pair
amplified HPRT1 mRNA sequences in several laboratory animals
experimentally and potentially binds to HPRT1 mRNA from some
other species. Therefore, our findings suggest that HPSF primers
can be recommended as a candidate universal primer set for
accurate and reproducible qRT-PCR assays.
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