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Abstract
One of the major applications of real time polymerase chain reaction (PCR) is relative quantification, where the expression of a target gene
is determined as a ratio to a stably expressed reference gene, the so-called housekeeping gene. Glyceraldehyde-3-phosphate dehydrogenase
(GAPD) is a glycolytic enzyme, which is active in all mammalian tissues and is frequently used as housekeeping gene in expression studies.
The functional locus maps to human chromosome 12p13, but several GAPD-related sequences, including processed pseudogenes, GenBank
homologous sequences and computationally predicted sequences are present along the human genome. Due to the high level of GAPDrelated sequences it is very important to avoid genomic DNA amplification when GAPD is used as endogenous control in mRNA
quantification. We have outlined a GAPD couple of primers that avoid any genomic DNA amplification for real time reverse transcription
PCR applications by SYBR-Green Dye. These new designed primers are an useful and chip alternative to probe technologies, and can carry
out specific and reproducible data in mRNA expression studies.
q 2005 Published by Elsevier Ltd.
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1. Introduction
Reverse transcription (RT)-polymerase chain reaction
(PCR) is a high sensitive method for detection of mRNA
(often obtained from small tissue samples). Various
methods are available to investigate low tissue specific
expression: compared to classical competitive RT-PCR or
RT-PCR with dot blot analysis, real time RT-PCR assay is
increasingly used for its high sensitivity and wide
quantification range. It has also simplified the problems
connected with reproducibility, because it uses an internal
control gene for normalization of the mRNA quantification
[1]. However, the high sensitivity of this tool requires a
particular attention on data normalization and processing
[2]. It is important that the chosen control gene is stably
expressed in both processed and unprocessed samples.
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In general more than one gene has to be tested before to find
a satisfactory reference for a specific work, and it could be
useful to use more than one reference to perform a good
normalization with stably expressed control genes [3]. For
many genes, genomic DNA (gDNA) sequences exist,
named ‘processed pseudogenes’ [4]. They are sequences
present in the genome that are identical, or nearly identical,
to the mRNA sequence, and typically contain a poly(A)3 0
end [5]. Processed pseudogenes lack promoters and introns,
which renders the design of a couple of primers able to
distinguish between mRNA and gDNA pseudogenes,
extraordinarily challenging [6].
GAPD is one of the more used housekeeping genes, and
there is evidence of a stable expression for GAPD mRNA
[7]. However, some criticisms were moved because GAPD
displays variations in the levels of mRNA transcription [8]
and its expression may be differentially regulated under
some pathological and experimental conditions [9,10].
Numerous GAPD pseudogenes and GAPD-like sequences
have been described within the human genome [5,6].
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A GAPD couple of primers has been reported with an
amplicon preventing amplification of X-linked pseudogene
(GenBank accession no. X01111) [11]. Subsequently, a set
of primers for a pseudogene-free amplification of GAPD has
been published, but the analysis of the similar sequences
was only restricted to some GAPD pseudogenes [12].
In our study, we tested the GAPD mRNA and its similar
sequences in order to design a couple of primers, able to
amplify only cDNA and avoiding gDNA, that can be used as
internal control for the quantification of gene expression in
real time RT-PCR applications.

2. Material and methods
2.1. GAPD primer design
GAPD mRNA sequence (GeneBank accession no.
NM_002046) was analyzed with nucleotide–nucleotide
BLAST against the non-redundant database available at
the NCBI website. Attention has been focused on 72
sequences of the search results, including 11 designated
pseudogenes, 57 GenBank similar sequences and four
computationally predicted sequences, which were analyzed
with Genome Browser (http://genome.ucsc.edu/) and Map
Viewer tools (http://www.ncbi.nlm.nih.gov/mapview/). The
analysis has been carried out into divergent regions to make
a primer set able to amplify mRNA sequences and avoiding
any genomic similar sequence. In particular the 5 0 -UTR of
GAPD mRNA, when present, had a region (from 40 to
68 bp) highly divergent from GAPD-related sequences. A
couple of primers, named A-69, has been selected into this
5 0 -UTR with an amplicon of 69 bp and the following
sequences: forward primer 5 0 -CTC-TCT-GCT-CCT-CCTGTT-CGA-C-3 0 and reverse primer 5 0 -TGA-GCG-ATGTGG-CTC-GGC-T-3 0 . A blast for short, nearly exact
matches available at the NCBI website to test the specificity
of the primers, has been performed. The couple of primers
did not reveal matches with sequences different from GAPD
mRNA. Table 1 shows the sequence and positions of
binding of each of the A-69 primers to genomic sequences
showing that the homology is not complete. The forward
primer has a total match on two genomic sequence of
chromosome 22q13 (pseudogene GeneBank accession no.
AK128367) and on chromosome 15q22 (GeneBank accession no. AC090543), but no similarity was found for reverse
primer in those regions. Reverse primer was designed
without similarity to other regions outside the GAPD
mRNA. In order to avoid the GAPD gDNA (GeneBank
accession no. J04038) amplification, the reverse primer, has
been designed into intron–exon boundary. In addition,
another couple of primers, named B-137 (forward primer
5 0 -GAA-GGC-TGG-GGC-TCA-TTT-3 0 and reverse primer
5 0 -CAG-GAG-GCA-TTG-CTG-ATG-AT-3 0 ), has been
designed; both primers spann intron–exon boundary, so
that they avoid GAPD gDNA, but not pseudogene

and similar GAPD mRNA regions. The PCR primers for
GAPD were synthesized commercially (MWG Biotech AG,
Florence, Italy) and were designed using the online
PrimerQuest software of IDT Corporation (www.idtdna.
com). All analyzed sequences were obtained from NCBI
(National Centre for Biotechnology Information, www.
ncbi.nlm.nih.gov).
2.2. Genomic DNA and total RNA extraction
gDNA was extracted from human whole blood (10 mL)
by use of a salting-out procedure (Miller et al. 1988 [13];
modified).
Total RNA extraction from 30 mg of human adrenalcortex tissue was performed with the SV Total RNA
Isolation System (Promega Corporation, Madison, WI)
according to the manufacturer protocol. Each sample was
treated with DNAse contained into the kit.
2.3. Reverse transcription
One microgram of total RNA was used dissolved in
20 mL of final volume reaction mixture. Briefly, oligo
dT (PE Biosystems, Warrington, UK) and RNA target,
incubated at 70 8C for 15 min and at 4 8C for 5 min,
were added to the reaction mixture, which contained the
following components: 0.5 mM dNTPs (Deoxynucleotide-Ser, SIGMA, Milan, Italy), 3 mM MgCl2, 1U/mL
ribonuclease inhibitor, ImProm-II Reaction Buffer and
ImProm-II Reverse Transcriptase (Promega). The mixture was incubated at 25 8C for 15 min, at 42 8C for
60 min, and at 70 8C for 15 min to inactivate reverse
transcriptase.
2.4. Real time PCR
Real time PCR was performed using a ICycler iQ
detection system (Bio-Rad Laboratories, Milan, Italy).
Reactions were performed in a 25 mL of final volume
reaction mixture, containing 800 nM of specific primers,
12.5 mL iQ SYBR Green Supermix (Bio-Rad), and 2 mL of
reverse transcription reaction solution or 0.1 mg of gDNA.
The protocol used was: denaturation program (95 8C for
3 min), 45 cycles of two steps amplification (95 8C for 15 s
and 60 8C for 30 s), and melting curve (60–90 8C with a
heating rate of 0.5 8C/10 s).
2.5. Analysis of PCR products
The specificity of amplification was tested with a 3.5%
agarose gel (SeaKem LE agarose; FMC BioProducts,
Rockland, MD), and with real time PCR melting analysis
by iCycler iQ software 3.0 (Bio-Rad).
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Table 1
Homologies between the couple of primers A-69 and whole human sequences after BLAST search

3. Results
The couple of primer B-137 gave a 137 bp product using
both gDNA and cDNA templates (Fig. 1a). Real time PCR
showed similar Ct and melting points for cDNA and gDNA
(Fig. 1b, c). The couple of primers A-69 gave a product of
the expected size (69 bp) with cDNA as template (Fig. 2a).
Real time PCR showed specific Ct (Fig. 2b). Melting
analysis was specific because it showed a single melt peak

without primer dimer or elongation products. Melting
temperature of GAPD products was 86 8C (Fig. 2c). No
results were obtained when the template was gDNA: after
35 cycles there were some non-specific Ct values (Fig. 2b)
and no specific melting peaks (Fig. 2c). In gel, non-specific
bands, having nothing in common with the specific products
of 69 bp were observed (Fig. 2a).
In order to test robustness of A-69 RT-PCR conditions in
different patterns of mRNA expression, an experiment with
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Fig. 1. (a) Pseudogene amplification using primers B-137. Lanes 1–3 show PCR products from human adrenal cortex cDNA, and lanes 4–6 PCR products from
human whole blood gDNA. Lanes 7 and 8 show negative control and the ladder (Roche Diagnostics GmbH, Mannheim, Germany), respectively. (b) Real time
PCR plots performed with cDNA and gDNA. (c) Melting point plots of the 137 bp PCR products.

some different tissues and cell lines was carried out: cDNA
from periurethral and peripheral prostate gland, adrenal
gland, HUVEC and HEK293 cell lines have showed specific
melting peaks. Negative control reactions, on the other
hand, gave no melting peaks or non-specific melting peaks
after 35 cycles.
Primers was tested in real time PCR by performing a 10fold serial dilution (from 0.01 to 100 ng) and a standard
curve was obtained with a 0.99 correlation coefficient and a
96.7% efficiency.

4. Discussion
Housekeeping genes are a large group of genes that code
for proteins whose activities are essential for the maintenance of cell function. Due to the similar and essential role of
these genes for cell viability, it was generally assumed that
they are expressed at similar levels in different cell types. In
particular, the gene chosen as control must be stably
expressed in treated and untreated samples in order to
enable the comparison of signals and to normalize variations
and pipetting errors from sample to sample [2]. However,
various studies have recently shown that the expression

level of housekeeping genes is actively regulated and may
vary among different cells types. Hence, for relative
quantification, one must choose a housekeeping gene that
fits into the investigated system. b-Actin, HPRT1, 18S
rRNA, cyclophillin, b-2 microglobulin and GAPD are
usually used as reference genes, but unfortunately some of
them (e.g. b-Actin and GAPD), have pseudogenes [14,15].
Processed pseudogenes are created by endogenous RT
activity. They are very similar to their closest corresponding
human gene, being almost complete in coding regions. Their
chromosomal distribution appears random and dispersed
[16]. Therefore, the use of these housekeeping genes as
internal standard in RT-PCR, requires a careful selection of
primers to distinguish between mRNA and gDNA. Contamination of RNA sample with gDNA might interfere in
the experimental protocol and prejudice the estimation of
the efficiency of the RT step. RNA samples must be treated
with RNAse-free DNAse before PCR analysis to prevent
contamination. Some commercial RNA isolation kits allow
DNAse treatment on column, minimizing losses of RNA
material. Furthermore, this procedure may be unsuitable for
the presence of residual RNAse into DNAse that may
degrade the sample or affect his storage. Hence, some
investigators prefer to use DNAse only when the primers or
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Fig. 2. (a) Pseudogene-free amplification using primers A-69. Lanes 2–4 show the PCR products from human adrenal cortex cDNA, and lanes 5–7 the PCR
products from human whole blood gDNA. Lanes 1 and 8 show the ladder and negative control, respectively. The couple of primers A-69 shows a specific
amplification of cDNA. (b) Real time plots performed with cDNA (C) and gDNA (*). A late Ct (after 35 cycles) for gDNA is show. (c): Specific melting point
plots of cDNA products (C) and non-specific melting point plots (*) of gDNA products.

probes cannot prevent genomic amplification [17]. Moreover, in the case of laser-microdissected and paraffinembedded derived tissues, where cDNA synthesis has to be
performed using very low mRNA amounts [18,19], the
opportunity to avoid DNAse-treatment step can preserve
from the loss of precious material.
Here, we have studied human GAPD sequence and
investigated a wide range of similar and highly homologous
and computationally predicted RefSeq sequences. We
designed a couple of primers that avoid GAPD pseudogene
amplification. As mentioned in the introduction, some
investigators have previously tried to find primers useful to
avoid pseudogene amplifications [11,12]. Anyway, the
analysis of GAPD similar sequences was partial and the
designed primers were useful only for conventional RTPCR, but not optimized for real time RT-PCR. For this
specific application, the amplicon for the PCR product
should be as small as reasonably possible, 70–150 bp for
hybridization probes and less than 300 bp for SYBR-Green
assay [2]. At present, the use of human GAPD as
reference gene in real time RT-PCR avoiding genomic
amplification can be performed with probe technologies.
Applications with commercially available GAPD primers to

SYBR-Green Dye are possible with good DNAse-treatment.
However, the complete removal of contaminating DNA
from RNA cannot be guaranteed. The herein described set
of primers (A-69) allows the selective amplification of
human GAPD cDNA, avoiding any similar sequence. In
addition, they ensure reliable and accurate expression
studies, whenever GAPD is used as internal reference.
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