
To understand the biology of pigs, analyses of

mRNA expression levels of genes in various tis-

sues are needed. An essential step in gene expres-

sion analysis is validation of normalization of

real-time PCR data. The normalization is usually

achieved via comparing expression profiles of

studied genes with constitutively expressed genes

known as reference or housekeeping genes (Hsiao

et al. 2001; Lee et al. 2007). Expression stability

varies greatly between genes, tissues and organ-

isms, so the present study was undertaken to verify

the expression stability of 4 potential reference

genes in 7 porcine tissues. GAPDH and HPRT1

genes are commonly used, but some authors

doubted their suitability (Murphy and Polak 2002;

Erkens et al. 2006; Nygard et al. 2007).

The TOP2B gene stability was previously ana-

lysed only in backfat and muscle (Erkens et al.

2006), and the EEF1A1 gene was used as a refer-

ence gene only in microarrays (Tsai et al. 2006).

Expression stability of a greater number of porcine

reference genes in real-time reverse transcription

PCR was studied by Erkens et al. (2006) and

Nygard et al. (2007). Our work contributes to the

gene expression studies by a new analysis of

EEF1A1 gene stability and analyses of TOP2B,

GAPDH and HPRT1 genes in additional tissues.

Seven tissue samples (diaphragm, heart, kid-

ney, liver, lung, muscle from musculus

longissimus lumborum et thoracis and spleen)

were carefully collected from each of 10 hybrid

pigs (50% Pietrain, 25% L08 hybrid, 12.5% Large

White and 12.5% Landrace). The samples were

immediately submerged in RNAlater (QIAGEN,

Hilden, Germany) and stored at –20°C. Homoge-

nization of the samples was carried out in FastPrep

FP 120 (ThermoSavant, Holbrook, NY, USA),

and total RNA was isolated by using FastRNA Pro

Green Kit (Q-BIOgene, Solon, OH, USA). DNA

contamination was degraded by treatment of sam-

ples with DNase (TopBio, Prague, Czech Repub-

lic). Subsequently, approximately 1 µg of RNA

from each sample was converted into cDNA by

using Omniscript Reverse Transcriptase

(QIAGEN, Hilden, Germany) and Oligo(dT)20

primers (Invitrogen, Carlsbad, CA, USA).

The reference genes were: EEF1A1

(eukaryotic translation elongation factor 1 al-

pha 1), GAPDH (glyceraldehyde 3-phosphate

dehydrogenase), HPRT1 (hypoxanthine gua-
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nine phosphoribosyltransferase 1), and TOP2B

(topoisomerase II beta). Special attention was

paid to the selection of genes that belong to var-

ious functional classes, which significantly re-

duces the probability of gene co-regulation.

The PCR primers were designed on the basis of

GenBank sequences NM_001097418, AF141959,

NM_001032376 and AF222921. The primer se-

quences were: EEF1A1: F–5’TCA TTG ATG CTC

CAG GAC ACA3’, R–5’CCG TTC TTG GAA

ATA CCT GCT T3’; GAPDH: F–5’AAA GGC

CAT CAC CAT CTT CC3’, R–5’GCC CCA CCC

TTC AAG TGA GCC3’; HPRT1: F–5’AAG GAC

CCC TCG AAG TGT TG3’, R–5’CAC AAA CAT

GAT TCA AGT CCC TG3’, and TOP2B:

F–5’CTA ATG ATG CTG GTG GCA AAC3’,

R–5’CCG ATC ACT CCT AGC CCA G3’.

Ten-fold dilution series of cDNA was per-

formed for each gene and for each tissue, to deter-

mine PCR efficiency with a standard curve.

Real-time PCR was conducted in the 7500 Real

Time PCR System, using Power SYBR Green PCR

Master Mix (Applied Biosystems Foster City, CA,

USA). AmpErase® Uracil N-glycosylase (UNG)

(Applied Biosystems Foster City, CA, USA) was

used to prevent carry-over contaminations of

dU-containing DNA from previous reactions. The

real-time PCR program started with 2 min of UNG

incubation step at 50°C, 10 min at 95°C, followed

by 40 cycles of 15 s at 95°C and 1 min at 60°C. Af-

ter that, a melting curve was constructed for verifi-

cation of specificity of PCR products by

increasing the temperature from 60 to 95°C in se-

quential steps of 0.2°C for 15 s. Amplification was

performed in triplicate, and the no-template con-

trol (NTC) was performed for each tissue and

gene. The obtained Ct values (Ct value is the frac-

tional PCR cycle at which the fluorescent signal

significantly rises above the background signal)

were converted into input data for geNorm appli-

cation, which was used for verification of gene ex-

pression stability. The geNorm algorithm is based

on the principle of identical expression ratios of

the 2 most stable reference genes in all samples.

The obtained M value is the average pairwise vari-

ation of a particular gene with all other control

genes (Vandesompele et al. 2002).
Efficiencies of PCR amplification of analysed

genes varied between 85% and 115%. The linear
correlation coefficient (r2) of all the 4 genes
ranged from 0.95 to 1.00. Average Ct values (and
standard deviation in parentheses) of EEF1A1,
GAPDH, HPRT1 and TOP2B genes were: 22.5
(1.8), 25.1 (3.4), 27.1 (2.2) and 31.8 (2.1), respec-
tively.

By using the geNorm algorithm, M values were

obtained. They showed the gene stability, as the

genes with the lowest M values have the most sta-

ble expression. These M values and 2 most stable

reference genes for each tissue are shown in Ta-

ble 1. M values were relatively low in comparison

with other studies, e.g. Erkens et al. (2006) or

Nygard et al. (2007).

We found that the commonly used reference

gene, GAPDH, was relatively unstable. These re-

sults correspond to those of Erkens et al. (2006)

and Nygard et al. (2007). A newly used gene

EEF1A1 proved to be a stable reference gene for

real-time reverse transcription PCR in some por-

cine tissues. This result is in accordance with the

use of this gene as a reference gene in the

microarray analysis (Tsai et al. 2006). Stability of

HPRT1 gene expression was high in all tested tis-

sues, which disagrees with results of Murphy and

Polak (2002) and Erkens et al. (2006). Expression

of the TOP2B gene was highly stable in muscle tis-

sue, which corresponds to results of Erkens et al.

(2006).

Our results demonstrate that the uncommonly

used EEF1A1 gene is a suitable reference gene for

normalization of mRNA expression in real-time

reverse transcription PCR in given tissues of the

pig. On the other hand, we found that the com-

monly used reference gene, GAPDH, was rela-

tively unstable in the analysed tissues. Therefore it

is crucial to test reference genes before the analy-

sis of gene expression is accomplished. The result
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Table 1. Average mRNA expression stability values

(M) of reference genes ranked from the least stable to

the most stable genes according to geNorm application

Tissue Average mRNA expression stability values (M)

least stable
gene

moderately
stable gene

most stable genes

Diaphragm GAPDH TOP2B EEF1A1/HPRT1

2.948 1.198 0.558

Heart EEF1A1 TOP2B GAPDH/HPRT1

1.648 1.054 0.480

Kidney GAPDH HPRT1 EEF1A1/TOP2B

1.951 1.272 0.742

Liver EEF1A1 HPRT1 GAPDH/TOP2B

0.732 0.648 0.570

Lungs GAPDH EEF1A1 HPRT1/TOP2B

1.513 1.298 1.097

Muscle GAPDH TOP2B EEF1A1/HPRT1

1.190 0.661 0.532

Spleen GAPDH TOP2B EEF1A1/HPRT1

1.134 0.820 0.577



of this study can be useful for the normalization of

gene expression in pigs when using real-time re-

verse transcription PCR.
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