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ARTICLE INFO ABSTRACT

Keywords: Reverse transcription quantitative PCR (RT-qPCR) is the most commonly used method to evaluate gene ex-
Murine Cytomegalovirus pression. Reliable qPCR results are highly dependent on accurate normalization using suitable reference genes.
RT-gPCR We investigated expression of commonly used reference genes during murine Cytomegalovirus (mCMV) infec-

Reference gene tion and latency to determine those genes least perturbed by infection. Following mCMYV infection in BALB/c

mice, lung, salivary gland, liver, spleen and kidney were evaluated. Liver sinusoidal endothelial cells and NIH-
3T3 cells were also evaluated. RT-qPCR was performed during acute and latent mCMV infection for 11 com-
monly used reference genes with comparisons made to uninfected samples. Normfinder, BestKeeper, GeNorm
and the comparative delta CT method produced comparable analyses that were combined in RefFinder to
generate an overall ranking. Ppia, B2m and Gapdh are the most stable reference genes for in vitro infection
studies. For in vivo studies the most suitable reference genes were highly tissue and cell type dependent.
Comparing infected and uninfected groups revealed viral influence on transcription of some genes. We provide
reference gene guidelines for investigations of gene expression for mCMV Smith strain infection of Balb/cJ mice
or NIH-3T3 cells. These results also suggest careful consideration of reference genes for different host tissues

evaluated.

1. Introduction

Reverse transcription quantitative PCR (RT-qPCR) is still the most
commonly used method to measure levels of gene expression in various
biological samples, not only in basic research but also in diagnostic
laboratories. The technique’s advantages are high sensitivity, reprodu-
cibility, cost effectiveness as well as speed and simplicity of perfor-
mance.

One major obstacle to RT-qPCR is reproducibility of results.
Consideration and disclosure of experimental design, such as nucleic
acid extraction and sample information, details of reverse transcription
and qPCR performance are all essential to prevent assay variation and
ensure result reproducibility (Bustin et al., 2009; Derveaux et al.,
2010). Reliable qPCR experiments depend highly on selection of ap-
propriate reference genes (Hellemans and Vandesompele, 2014), but
the importance of accurate normalization of results is often under-
estimated. Depending on experimental conditions, commonly used re-
ference genes may not always represent the best fit (Glare et al., 2002).
Several computer based tools are available to help choosing the most
suitable control genes, including Normfinder (Andersen et al., 2004),
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BestKeeper (Pfaffl et al., 2004), GeNorm (Vandesompele et al., 2002)
and the comparative delta CT method (Livak and Schmittgen, 2001;
Silver et al., 2006).

The term housekeeping gene has been used to describe genes whose
expression is not altered by changes in experimental circumstance. As
any gene’s transcription might be influenced depending on experi-
mental circumstances, the idea of universal housekeeping genes is
probably erroneous (Glare et al., 2002; Selvey et al., 2001). Host gene
expression can also vary depending on the tissue and cell type that is
analyzed sometimes making it necessary to use different genes (Barber
et al., 2005; Chapman and Waldenstrom, 2015; Suzuki et al., 2000).
Different experimental conditions, in particular investigation of cellular
transcription after virus infections, may significantly alter expression of
commonly used control genes. It is therefore widely accepted that dif-
ferent experimental conditions require specific evaluations to de-
termine the most suitable reference gene. Accurate normalization is a
fundamental requirement when studying the significance of gene ex-
pression differences. Several studies have been conducted describing
the ideal reference gene for many virus infections, including HIV, HSV,
VZV, SARS and human CMV to name a few (Neerukonda et al., 2016;
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