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Abstract 

Selection of the most stable reference gene is critical for a reliable interpretation of 

gene expression data using RT-PCR. In order so, 17 commonly used genes were analyzed 

in Wistar rat duodenum, jejunum, ileum and liver following a fat gavage and at two time 

periods. These reference genes were also tested in liver from Zucker (fa/fa) on a long-term 

dietary trial. Four strategies were used to select the most suitable reference gene for each 

tissue: ranking according biological coefficient of variation and further validation by 

statistical comparison among groups, geNorm, NormFinder and BestKeeper programs. No 

agreement was observed among these approaches for a particular gene, nor a common gene 

for all tissues. Furthermore we demonstrated that normalizing using an inadequate 

reference conveyed into false negative and positive results. The selection of genes provided 

by BestKeeper resulted in more reliable results than the other statistical packages. 

According to this program, Tbp, Ubc, Hprt and Rn18s were the best reference genes for 

duodenum, jejunum, ileum and liver, respectively following a fat gavage in Wistar rats and 

Rn18s for liver in another rat strain on a long-term dietary intervention. Therefore, 

BestKeeper is highly recommendable to select the most stable gene to be used as internal 

standard and the selection of a specific reference expression gene requires a validation for 

each tissue and experimental design. 

 

Keywords: dietary trial, duodenum, jejunum, ileum, liver, rat, reference gene, 

postprandial,  
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Introduction 

Several studies have found significant associations between impaired elimination of 

postprandial lipoproteins and cardiovascular diseases (Kannel and Vasan, 2009; Redgrave, 

2008). Triglyceride rich lipoproteins observed in the postprandial state are from intestinal 

and hepatic origins and referred to, considering the source of lipids, as exogenous and 

endogenous, respectively (Iqbal and Hussain, 2009). These organs are gatekeepers 

(Cianflone et al., 2008) that regulate postprandial lipemia and potential targets for 

regulation in response to a great variety of stimuli such as hormones, feeding schedules, 

composition of foods, etc (Bergeron and Havel, 1997; Cianflone et al., 2008; Lairon, 2008; 

Perez-Martinez et al., 2008; Xu et al., 2009). In order to answer these regulatory questions, 

the rat has been chosen as model, an animal model with a new interest due to its recent 

incorporation of transgenic and knock-out technology (Cozzi et al., 2009; Geurts et al., 

2009).  

Quantitative real-time fluorescence-based reverse transcription polymerase chain 

reaction (RT-qPCR) has been the method of choice for quantification of steady-state 

mRNA levels due to its sensitivity, specificity, wide dynamic range and high-throughput 

possibilities. Despite these obvious advantages, several drawbacks referred to sample 

manipulation, RT and PCR procedures may introduce analytical errors that compromise the 

gathered biological information. To minimize the influence of the latter sources of error, 

accuracy of RT-qPCR relies on normalisation to an internal control, often referred to as a 

reference or housekeeping gene (Dheda et al., 2004; Thellin et al., 1999). An ideal 

housekeeping gene should be present at constant levels in all tissues and have an essential 

role in the maintenance of the cellular function (Butte et al., 2001). Therefore, it should 

show minimal variability in expression among samples and under different experimental 
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conditions used and its steady-state expression levels should be similar to those of the 

target gene (Herrera et al., 2005).  

 Commonly used reference genes in RT-qPCR such as β-actin (Actb), glyceraldeyde-

3-phosphate dehydrogenase (Gapdh), ribosome small subunit (18s) ribosomal RNA, 

ubiquitin C (Ubc), hypoxanthine guanine phosphoribosyl transferase (Hprt) and tyrosine 3-

monooxygenase/tryptophan 5-monooxygenase activation protein, zeta polypeptide (Ywhaz) 

have exhibited large variability in expression in function of tissues, experimental conditions 

or pathological states (Bahr et al., 2009; Banda et al., 2008; Bar et al., 2009; Byun et al., 

2009; Cleal et al., 2009; Derks et al., 2008; Fajardy et al., 2009; Foldager et al., 2009; 

Gubern et al., 2009; Hurtado del Pozo et al., 2010; Lu et al., 2009; Schroder et al., 2009; 

She et al., 2009; Valente et al., 2009). Therefore, the identification of a valid reference for 

data normalisation to achieve accurate, reproducible, and biologically relevant mRNA 

quantification remains a serious problem and should be determined for each experimental 

condition.  Assuming this perspective, the aim of this study was to find the most suitable 

reference genes for mRNA expression studies in different tissues and two experimental 

designs: following an acute intake of fat at two time-periods and after a long-term dietary 

intervention.  

 

 

 

 



 5

Materials and Methods 

Rats 

Male Wistar rats, weighing 250- 300 g aged 2 months (purchased from Charles 

River, Barcelona, Spain), were used for postprandial experiments. Rats, housed in sterile 

filter-top cages (3-4 per cage), were acclimatized in a room maintained at 20ºC with a 12-h 

light-dark cycle for 10 days, allowed ad libitum access to water and standard chow diet 

(Pascual S.A., Barcelona, Spain), and fasted for 18 h before experiments. As an 

experimental model of type-2 diabetes and obesity, male Zucker (fa/fa) rats, weighing 220-

225 g aged 7 weeks (supplied by Charles River), were used for a nine-week dietary 

intervention after 2 weeks of quarantine. Animals were handled and killed, always 

according to criteria from the European Union for care and use of animal laboratory in 

research, and the protocol was approved by the Ethics Committee for Animal Research of 

the University of Zaragoza.  

Study designs 

   In the postprandial experiment, rats were randomly allocated into 3 groups of 5 

rats each. The control group did not receive any fat. The other two groups were fed 5 ml of 

extra virgin olive oil (Aceites Toledo, Spain) as a bolus and sacrificed 4 and 8 hours after 

the feeding, respectively. This amount represents the use of a dose of 16 mL olive oil/ kg, 

sufficient to induce a plasma postprandial response in mice (Maeda et al., 1994). Olive oil 

was directly administered to stomach using a 1.1 mm diameter and 50 mm long flexible 

Abbocath connected to a sterile polypropylene syringe and delivered in 4 seconds. At the 

moment of sacrifice, rats were anesthetized with 1 ml of 8% Avertine (Aldrich Chemical 

Co., Madrid, Spain) in 0.1 M phosphate, pH 7.2, and blood drawn from hearts. Blood was 
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collected in tubes containing 1 g/l sodium EDTA. Duodenum, jejunum, ileum and liver 

were removed and quickly frozen in liquid N2 until total RNA was extracted.  

In the dietary experiment, 12 rats were randomly allocated into 2 groups of 4 

(control) and 8 rats (dietary restriction), respectively. The control group received normal 

chow rat (Purina 5008 diet, Charles River) ad libitum. The dietary restricted group was fed 

on a hypocaloric diet (30% less than the control group) during 9 weeks. The distribution of 

calories in both groups was similar (27% proteins, 57 % carbohydrates and 16% fat). At the 

moment of sacrifice, rats were anesthetized and their livers removed and quickly frozen in 

liquid N2 until total RNA was extracted. 

 

RNA isolation.  

RNA from each liver was isolated using Tri  reagent (Sigma). DNA contaminants 

were removed by TURBO DNAse treatment using the DNA removal kit from AMBION 

(Austin, TX, USA). RNA was quantified by absorbance at 260 and 280 nm. As shown in 

supplementary Table 1, the A260/280 ratio did not vary significantly among groups. The 

integrity of the 28 S and 18 S ribosomal RNAs was verified by 1% agarose gel 

electrophoresis of 500 ng of total RNA. Ethidium-bromide stained gels were exposed to 

UV light and images were captured (BioRad, Madrid, Spain). Intensity of bands for each 

condition was calculated using Quantity One® software version 4.5.0 (BioRad). The 

28S/18S ratio did not differ among groups (supplementary Table 1). RNA integrity number 

(RIN) from samples was obtained by RNA nano kit using an Agilent 2100 Bioanalyzer. 

RIN values were not significantly different among tested groups (supplementary Table 1). 
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Quantification of mRNA.  

The mRNA expression was analyzed by reverse transcriptase and quantitative real-

time polymerase chain reaction (RT-qPCR). Equal amounts of DNA-free RNA from each 

sample of each animal were used. First-strand cDNA synthesis and the PCR reactions were 

performed using the SuperScript II Platinum Two-Step RT-qPCR Kit with SYBR Green 

(Invitrogen, Madrid, Spain), according to the manufacturer’s instructions and as previously 

described (Arbones-Mainar et al., 2006). Primers were designed by Primer Express® 

(Applied Biosystems, Foster City, CA) and checked by BLAST analysis (NCBI) to verify 

specificity and selective amplification of the target gene as well as to get amplification of 

the cDNA and not of genomic DNA. The sequences are shown in Table 1. Real time PCR 

reactions were performed in an ABI PRISM 7700 Sequence Detector (Applied Biosystems) 

following the standard procedure. The specificity of the PCR reaction was confirmed by 

observing a single dissociation curve and no template controls were carried out to reject 

unintended amplification. Each sample was analyzed in duplicate obtaining an average Cq 

for sample and the coefficient of variation (CV) for groups was obtained. This CV, 

expressed as percentage and calculated as the standard deviation divided by the mean Cq, 

was used to compare the variation degree among the 17 control genes. To confirm results, 

geNorm (Vandesompele et al., 2002), NormFinder (Andersen et al., 2004) and BestKeeper 

(Pfaffl et al., 2004) applications were also used. These bioinformatics packages calculate a 

stability value, whereas a lower value means a higher stability in gene expression. The 

genes were ranked according to these obtained gene stability values. 

Statistical analysis 
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The results are expressed as means ± SD. Comparisons were made using one-way ANOVA 

and the Tukey-Kramer multiple comparison test (post hoc) when the distribution of the 

variables was normal. When the variables did not show such a distribution (according to the 

Shapiro-Wilk’s test), or failed to show homology of variance, comparisons were made 

using the Mann-Whitney U test. All calculations were performed using SPSS version 15.0 

software (SPSS Inc, Chicago, IL).  Significance was set at P≤ 0.05. 
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Results 

Ranking of candidate genes by RT-qPCR.  

Based on the global value biological coefficient of variation in the three conditions – 

control (fasted animals), 4 and 8 hours after a fat gavage- of the first experiment, the 17 

analyzed genes were ranked and the results obtained for duodenum are shown in Table 2. 

According to this data, Rn18s showed the lowest inter-experiment variation while Rplp2 

represented the quite opposite situation. Jejunal ranking for the selected reference genes, 

depicted in Table 3, indicates that Cck was the gene with the lowest variation and that 

Ywhag showed the highest among studied genes in this tissue. In ileum and shown in Table 

4, Rn18s expression displayed the lowest variation and the opposite was true for B2m in the 

present experimental setting. When the ranking was used to classify the liver reference gene 

expression (Table 5), Ubc expression showed the lowest biological variability in clear 

contrast with Ppib which was ranked in the last position. In order to verify that no variation 

in the expression of any of these genes existed among experimental groups, analysis of 

variance of the top five gene expressions for each tissue was carried out. As shown in Table 

6 and with the exception of the significant change of Ubc expression in liver, no other 

significant change was observed. Thereby, these two approaches are proposing the use of 

Rn18s as reference gene for duodenum, ileum and liver and Cck for jejunum in this specific 

experimental design. 

To test the reliability of the former hepatic candidate gene, a second experimental design 

was carried out in a different strain of rats (Zucker variant fa/fa) and with a long-term 

dietary intervention. As shown in Table 7, the ranking used to classify the liver reference 

gene expression in this setting showed that Tbp had the lowest biological variability, while 

Gapdh the highest. Surprisingly in this experimental approach, Rn18s as reference gene for 
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liver was not obtained. The top five gene expressions of Table 7 were also tested to test that 

no variation in their expression took place. As shown in Table 8, no significant change was 

observed.  

Stability of reference genes   

In the postprandial experiment design, stability of the 17 reference genes was also 

evaluated by the most commonly used software based methods: geNorm (Vandesompele et 

al., 2002), NormFinder (Andersen et al., 2004) and BestKeeper (Pfaffl et al., 2004). The 

geNorm uses a gene-stability measure M, which is defined as the average pair wise 

variation between a particular gene and all other control genes and calculates the optimal 

number of genes necessary for normalisation. Using this method, the values obtained are 

shown in Figure 1. Based on the M value, the best reference pairs to be used were: Arbp + 

Tfrc in duodenum, Hprt + Ppia in jejunum, Pgk1+ Ywhag in ileum and Hprt + Ppia in 

liver. The NormFinder software uses a model-based approach and gives a ranking order. 

According to this program (Figure 1), Arbp, Pgk1, Tbp and Cck were identified as the most 

stable genes for duodenum, jejunum, ileum and liver, respectively. BestKeeper program, 

using geometric means, provides a stability ranking order and a single best gene for 

normalisation. As shown in Figure 2, Tbp, Ubc, Hprt and Rn18s were the optimal reference 

genes for duodenum, jejunum, ileum and liver. 

Analysis of stability in the long-term dietary intervention by different software methods for 

the different reference genes is reflected in Figure 3. According to geNorm (Figure 3A), the 

best reference pairs would be Hprt + Actb. As shown in Figure 3 (panels B and C), 

NormFinder and BestKeeper showed that the best option were Tbp and Rn18s, respectively. 
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 Relevance of selecting a particular candidate reference gene 

 To address this issue, the expression of hepatic gene Slc34a2 was analyzed and referred to 

several reference genes in the postprandial experiment in Wistar rats. As shown in Figure 

4A, the use of Ppib as reference, the worst one for liver, resulted in high biological 

variation and absence of significant changes in the experimental conditions. Normalisation 

of  Slc34a2 hepatic expression either using the best combination of genes (Hprt + Ppia) 

suggested by geNorm (Figure 4B) or the best single gene Cck calculated by NormFinder 

software (Figure 4C) resulted in lower variability and significant decreases in animals 

receiving the fat gavage. When the Slc34a2 expression was normalized taking as reference 

Rn18s, as proposed from coefficient of variation (Tables 5 and 6) and from BestKeeper 

program, the lowest variation and a dramatic decrease in the animals receiving the fat 

gavage were observed (Figure 4D).  

As a second example, the expression of hepatic gene Apoa1 was analyzed and referred to 

several reference genes in the long-term dietary intervention using Zucker (fa/fa) rats. 

When Gapdh expression (Figure 4E) was used as reference gene, a significant decrease in 

the Apoa1 gene was observed. This change was lost when the best choices of geNorm (Hprt 

+ Actb), NormFinder (Tbp) and BestKeeper (Rn18s) were used (Figure 4 panels F, G and 

H). Overall, these results indicate that searching for appropriate reference gene or genes in 

any experimental design is crucial since false negative and positive results may be obtained 

when an inappropriate reference gene is used. Furthermore, since a uniform outcome from 

the different software methods was not obtained, the use of at least two of them is required 

to reach a certain confidence in the observed changes.   
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Discussion 

Our study provides a search for finding the most suitable reference gene or genes for 

mRNA gene expression studies in two experimental designs: first, in hepatic and intestinal 

tissues following a postprandial approach in adult Wistar rats and in liver after long-term 

dietary trial in Zucker (fa/fa) rats. To this end, 17 reference genes by quantitative real-time 

PCR were investigated in duodenum, jejunum, ileum and liver of Wistar rats after a fat 

gavage at two time-periods. The same genes were also studied in the other strain of rats 

consuming a hypocaloric diet. Four strategies of selection such as biological coefficient of 

variation and statistical comparison among groups, geNorm, NormFinder and BestKeeper 

applets were also employed to select a single gene or a combination of genes that better 

suits as a control. 

Gene expression data in RT-qPCR based gene expression studies are normalised relative to 

an internal control. Thus, the choice of an appropriate control is crucial to prevent biased 

results. Furthermore, a universal control gene does not exist (Thellin et al., 1999) what 

motivates new validations for different tissues and experimental conditions. Several studies 

have addressed the influence of reference genes in liver (Butte et al., 2001; Chen et al., 

2006; Frericks and Esser, 2008; Kouadjo et al., 2007; Pohjanvirta et al., 2006; Rhoads et 

al., 2003; Verma and Shapiro, 2006; Warrington et al., 2000; Waxman and Wurmbach, 

2007) or hepatocytes (Nishimura et al., 2006). Few have done in intestine (Hoque et al., 

2007) and, to our knowledge; this is the first to address the influence of fat intake on 

reference gene variations in these tissues.  

In this work, four different strategies have been adopted to validate the results. The first one 

was based on Cq and the calculation of biological coefficient of variation, as recently 

proposed (Hurtado del Pozo et al., 2010), and ranking according to this value. Using this 
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approach, the 17 genes were ranked in the different tissues (Tables 2-5). To further 

reinforce this approach, the top five gene expressions were statistically compared to verify 

that no significant change existed (Table 6). With the remarkable exception of hepatic Ubc 

expression, the other genes showed small variation and could be considered good candidate 

reference genes. In fact, if the best and the worst candidates were used to normalize 

Slc34a2 expression, a dramatic influence would be obtained (Figure 4 A and D). To 

compare the reliability of the approach, other common programs were also used. In this 

way, the M values of the geNorm program (Vandesompele et al., 2002) for the 17 candidate 

reference genes in the four tissues were calculated. In all cases, the values were under the 

arbitrary threshold of 0.5 (Figure 1) what in practical terms indicated that any of the 

reference genes would be feasible to be used. The geometric average of the two highest 

score reference genes suggested by the geNorm program has been proposed by Silver et al. 

(Silver et al., 2008) as a procedure to normalize. Following this advice, the Slc34a2 

expression was normalized to the geometric mean of Hprt and Ppia expressions. Despite 

the notable improvement compared to the normalisation using Ppib (Figure 3 A and B), 

higher variability was still observed in the groups of animals receiving the fat gavage. 

Equally, stability analysis by NormFinder was carried out and proposed different top-

ranking genes that those selected by geNorm. The reference gene suggested by this 

program, Cck, was employed to normalize Slc34a2 expression and this resulted in a similar 

outcome (Figure 3 C) to that obtained from geNorm. The use of BestKeeper (Figure 2) to 

calculate the stability of reference genes in the different tissues resulted in a ranking that 

suggested Rn18s as the best for rat liver following a fat gavage in agreement with results 

obtained by the combination of biological coefficient of variation and statistical 

comparison. This double agreement and the simplicity of BestKeeper make the latter a 
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reasonable choice to be used in selecting reference genes. In order to gain more insight into 

the relevance of this finding, a second experimental design was used. In this regard, Zucker 

fa/fa rats were fed a hypocaloric diet for nine weeks and the search for best reference gene 

carried out. No such agreement on the selected gene between biological coefficient of 

variation (Tables 7 and 8) and BestKeeper (Figure 3) existed. While the former suggested 

Tbp, the latter proposed Rn18s. From results of Figure 4, it is clear that a combination of 

both procedures provides a reasonable certainty regarding to which gene expression change 

better reflects the tissue situation.   

In agreement with previous studies (Andersen et al., 2004; Feng et al., 2010; Hurtado del 

Pozo et al., 2010; Pfaffl et al., 2004), we have observed that the different theoretical 

methods (NormFinder, geNorm and BestKeeper) provide different outcomes. These 

discrepancies have been attributed to the different mathematical models used. In this 

regard, geNorm uses the average pair wise variation between a particular gene and all other 

control genes and calculates the optimal number of genes necessary for normalisation. 

NormFinder software, using all candidate genes, gives a ranking order based on the 

estimated intra- and intergroup variation. All candidate genes are also considered in 

BestKeeper but a geometric mean is calculated to provide its stability ranking order. These 

two methods suggest a single best gene for normalisation. Recently, Feng et al (Feng et al., 

2010) have described that the worst genes in the rankings of geNorm and NormFinder were 

the same. Something corroborated by data shown in Figures 1 and 3. These authors 

preferred geNorm data. Unfortunately, they did not use BestKeeper in their analysis. 

However, when geNorm and NormFinder software methods in long-term dietary 

intervention were used and the best and worst candidate genes taken into consideration, 

results were similar (Figure 4 F, G and H). This would indicate an insensitivity of to detect 
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a false positive in contrast with the results of the worst gene selected by BestKeeper that 

clearly did (Figure 4 E). A new and interesting feature of BestKeeper is the calculation of 

the intrinsic variance (InVar) of expression for a single sample that allows the researchers 

to detect outliers, due to inefficient sample preparation, incomplete reverse transcription or 

sample degradation.  When this index was calculated (data not shown), no change was 

detected among samples in agreement with other RNA quality values obtained and shown 

in supplementary Table 1. A potential explanation of high biological standard deviation, 

reflected in Figure 4, may be the presence of a particular animal with higher value for a 

certain gene and different for the studied genes. This may take place when no inbred 

animals are used, and its relevance is more important when sample size is small. 

Conclusions 

To study gene expression changes it is important to verify the reference gene that shows the 

highest stability for each specific experimental design and tissue. Among the 17 genes used 

in four different tissues following a fat gavage, a specific gene expression was found 

optimal for each tissue. Based on the outcome of the different strategies adopted to validate 

reference genes, the use of BestKeeper is highly recommended and according to this, Tbp, 

Ubc, Hprt and Rn18s were found to be the optimal reference genes for duodenum, jejunum, 

ileum and liver to study gene expression. When another experimental condition was tested 

in liver, it has been observed that this software also discriminates better than the others but 

rejection of a false positive may require an additional use of other software tools. 
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Table 1. Nucleotide sequence of primers used for analysis by RT-qPCR of 17 candidate reference genes. 

Gene Accession #   Sequence junction [primer] Efficiency 
Amplicon 

length 
Actb NM_031144.2 sense CTGACTGACTACCTCATGAAGATCCT exon 4 100 nM 92% 86 
    antisense CTTAATGTCACGCACGATTTCC       
Arbp NM_022402.1 sense CCCTTCTCCTTCGGGCTGAT exon 4/5 100 nM 94% 165 
    antisense TGAGGCAACAGTCGGGTAGC       
B2m NM_012512.1 sense CGAGACCGATGTATATGCTTGC exon 2/4 100 nM 96% 114 
    antisense GTCCAGATGATTCAGAGCTCCA       
Cck NM_012829.1 sense GGCTATTTAAGAGGAGTCGCCC exon 1/2 100 nM 98% 111 
    antisense CACGCCGCACTTCATATCTTC       
Gapdh NM_017008.3 sense CTCCCTCAAGATTGTCAGCAA exon 4/6 100 nM 96% 312 
    antisense GTCAGATCCACAACGGATACATT       
Gusb NM_017015.2 sense CCTTTCTACTTCCAAGGCGTCA exon 6/7 100 nM 95% 101 
    antisense CAACGGAGGAGGTTGAAATCC       
Hmbs NM_013168.2 sense TGAAACTCTGCTTCGCTGCA exon 11/13 100 nM 90% 113 
    antisense TCAGGTACAGTTGCCCATCCTT       
Hprt NM_012583.2 sense TCCCAGCGTCGTGATTAGTGA exon 1/3 100 nM 97% 152 
    antisense CCTTCATGACATCTCGAGCAAG       
Rn18s X01117.1 sense ACTCAACACGGGAAACCTCA exon 5 100 nM 99% 114 
    antisense TCTTAGTTGGTGGAGCGATT       
Pgk1 NM_053291.3 sense GCAGATTGTTTGGAACGGTCC exon 8/9 100 nM 98% 113 
    antisense TAGTGATGCAGCCCCTAGACGT       
Ppia NM_017101.1 sense CCAAACACAAATGGTTCCCAGT exon 3/4 100 nM 95% 135 
    antisense ATTCCTGGACCCAAAACGCT       
Ppib NM_022536.1 sense TCGGAGCGCAATATGAAGGT exon 1/2 100 nM 97% 102 
    antisense CTTCTTCTTATCGTTGGCCACG       
Tbp NM_001004198.1 sense TAATCCCAAGCGGTTTGCTG exon 4/6 100 nM 92% 111 
    antisense TTCTTCACTCTTGGCTCCTGTG       
Tfrc XM_340999.3 sense ATCATCAAGCAGCTGAGCCAG exon 4/5 100 nM 93% 124 
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    antisense CTCGCCAGACTTTGCTGAATTT       
Rplp2 NM_001030021.1 sense ATGCGCTACGTTGCCTCTTATC exon 2/3 100 nM 91% 126 
    antisense GACCTTGTTGAGTCGTTCATCG       
Ubc NM_017314.1 sense ATCTAGAAAGAGCCCTTCTTGTGC exon 3 100 nM 98% 51 
    antisense ACACCTCCCCATCAAACCC        
Ywhag NM_019376.2 sense TTCCTAAAGCCCTTCAAGGCA exon 1 100 nM 96% 101 
    antisense GGCTTTCTGCACTAGTTGCTCG         
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Table 2.  Duodenal gene expression of 17 commonly used reference genes in rats following a postprandial regimen organized 
according to their biological coefficient of variation obtained by RT-qPCR. 
 

 Global Control 4h 8h 

Gene symbol Mean Cq  
 

SD CV (%) Rank CV (%) Rank CV (%) Rank CV (%) Rank 

Rn18s 24.8 0.5 2.1 1 1.2 2 2.6 1 2.1 7 
Ubc 24.9 0.6 2.3 2 2.3 11 3.3 2 1.0 1 
Tfrc 28.5 0.7 2.6 3 1.6 5 3.9 3 1.1 3 
Ppia 23.1 0.6 2.8 4 1.3 3 4.0 4 2.5 10 
Ppib 24.9 0.7 2.9 5 2.4 12 4.1 6 2.3 9 
Cck 27.8 0.9 3.3 6 3.6 16 4.2 7 1.8 6 
Hmbs 25.5 0.9 3.4 7 1.3 4 4.4 8 1.7 4 
Arbp 23.6 0.8 3.5 8 2.2 10 5.3 10 2.2 8 
Ywhag 23.8 0.9 3.9 9 1.1 1 4.6 9 2.5 11 
Gusb 22.4 0.9 4.0 10 2.0 9 5.3 11 3.3 13 
Gapdh 22.8 1.0 4.5 11 2.9 15 7.4 14 3.7 14 
Pgk1 21.8 1.0 4.5 12 1.8 7 6.9 12 3.7 16 
Actb 20.4 0.9 4.5 13 2.6 13 7.4 13 2.5 12 
Hprt 27.2 1.4 5.0 14 2.8 14 4.1 5 5.2 17 
B2m 24.2 1.2 5.0 15 4.5 17 7.4 15 3.7 15 
Tbp 27.8 2.3 8.2 16 1.7 6 8.6 16 1.7 5 
Rplp2 22.1 2.5 11.4 17 1.9 8 12.5 17 1.0 2 
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Table 3. Jejunal gene expression of 17 commonly used reference genes in rats following a postprandial regimen organized according 
to their biological coefficient of variation obtained by RT-qPCR. 
 

 Global Control 4h 8h 

Gene symbol Mean Cq  
 

SD CV (%) Rank CV (%) Rank CV (%) Rank CV (%) Rank 

Cck 33.3 1.2 3.6 1 2.0 8 4.1 8 4.6 2 
Gusb 27.5 1.1 4.0 2 2.5 12 1.4 1 6.0 3 
Ppia 24.6 1.0 4.1 3 1.4 4 3.8 5 6.2 4 
Hprt 30.9 1.3 4.3 4 1.4 5 3.8 6 6.4 5 
Tfrc 24.9 1.1 4.3 5 3.0 15 3.3 4 6.5 6 
Ubc 21.0 0.9 4.4 6 4.2 17 3.9 7 4.4 1 
Pgk1 29.4 1.3 4.5 7 0.7 1 4.1 9 6.8 7 
Rplp2 26.5 1.2 4.6 8 2.0 10 4.2 10 7.0 8 
Hmbs 25.2 1.3 5.1 9 2.9 13 3.0 2 8.2 10 
Ppib 27.5 1.5 5.5 10 0.8 2 4.4 11 9.4 14 
Actb 23.4 1.3 5.7 11 1.4 6 6.1 14 7.1 9 
Arbp 26.0 1.5 5.7 12 2.0 9 5.6 12 9.2 13 
B2m 25.0 1.4 5.8 13 3.1 16 6.1 15 8.8 12 
Tbp 25.7 1.6 6.0 14 3.0 14 3.3 3 10.3 15 
Rn18s 25.1 1.7 6.9 15 2.1 11 9.5 17 8.5 11 
Gapdh 24.5 1.8 7.4 16 1.9 7 6.2 16 11.0 17 
Ywhag 26.1 1.9 7.4 17 1.2 3 5.9 13 10.9 16 
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Table 4.  Ileal gene expression of 17 commonly used reference genes in rats following a postprandial regimen organized according to 
their biological coefficient of variation obtained by RT-qPCR. 
 

 Global Control 4h 8h 

Gene symbol Mean Cq  
 

SD CV (%) Rank CV (%) Rank CV (%) Rank CV (%) Rank 

Rn18s 27.7 1.2 4.3 1 3.1 3 4.9 1 2.8 1 
Ubc 24.0 1.1 4.5 2 2.9 2 5.6 4 4.3 8 
Tbp 25.9 1.4 5.2 3 5.9 7 5.1 2 6.4 16 
Hprt 29.8 1.6 5.4 4 3.7 5 7.9 11 3.8 4 
Ppib 28.7 1.6 5.5 5 3.5 4 8.4 13 4.0 7 
Tfrc 27.9 1.7 6.0 6 4.9 6 7.7 10 4.7 11 
Gusb 27.3 1.7 6.0 7 6.4 10 7.0 8 3.9 5 
Ywhag 32.0 2.0 6.3 8 6.1 8 6.9 7 5.5 14 
Ppia 26.1 1.7 6.3 9 2.0 1 10.8 17 2.9 2 
Hmbs 30.8 2.0 6.3 10 7.3 12 6.4 6 5.0 12 
Pgk1 25.8 1.8 7.0 11 7.5 13 8.9 16 4.0 6 
Rplp2 26.9 1.9 7.2 12 7.1 11 6.1 5 5.4 13 
Cck 33.5 2.5 7.4 13 6.3 9 5.2 3 3.7 3 
Actb 23.6 1.9 8.1 14 10.2 16 8.1 12 5.5 15 
Arbp 26.4 2.2 8.3 15 7.6 14 8.5 15 4.5 10 
Gapdh 26.8 2.3 8.6 16 10.3 17 8.4 14 4.3 9 
B2m 25.3 2.8 11.2 17 8.5 15 7.1 9 10.6 17 
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Table 5.  Hepatic gene expression of 17 commonly used reference genes in rats following a postprandial regimen organized according 

to their biological coefficient of variation obtained by RT-qPCR. 

 
 Global Control 4h 8h 

Gene symbol Mean Cq  SD CV (%) Rank CV (%) Rank CV (%) Rank CV (%) Rank 

Ubc 20.8 0.5 2.4 1 1.9 1 1.1 2 2.1 1 
Rn18s 21.5 0.6 2.7 2 3.6 4 0.7 1 1.1 2 
Ywhag 24.8 0.8 3.2 3 3.4 3 3.4 4 2.7 3 
Tfrc 27.3 1.0 3.6 4 4.1 7 1.6 3 4.4 8 
Cck 32.8 1.5 4.4 5 4.1 8 5.1 6 3.2 5 
Gusb 27.9 1.4 5.0 6 4.8 9 6.1 7 5.4 11 
Rplp2 27.2 1.4 5.2 7 4.0 6 7.7 11 3.4 6 
Ppia 28.4 1.6 5.7 8 6.7 12 6.3 8 2.7 4 
Pgk1 29.4 1.8 6.0 9 5.7 10 5.1 5 5.5 13 
B2m 25.0 1.6 6.5 10 8.5 15 7.1 10 6.0 15 
Hprt 29.2 1.9 6.5 11 7.3 13 6.7 9 5.4 12 
Hmbs 25.7 1.9 7.2 12 7.5 14 9.7 15 4.9 10 
Arbp 27.1 2.0 7.3 13 4.0 5 7.9 12 4.1 7 
Actb 24.4 2.1 8.4 14 6.3 11 10.6 17 4.7 9 
Gapdh 27.4 2.3 8.5 15 3.0 2 10.2 16 6.0 14 
Tbp 25.4 2.2 8.6 16 8.5 16 9.0 13 9.6 16 
Ppib 27.7 2.4 8.8 17 9.7 17 9.5 14 12.0 17 
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Table 6.  Gene expression of top five reference genes in different tissues selected according 
to their biological coefficient of variation obtained by RT-qPCR in Wistar rats following a 
fat gavage. 
Gene symbol Control 4 h 8 h 

Liver    

Ubc 20.3  ± 0.4 20.9  ± 0.2 21.2  ± 0.4a 

Rn18s 21.5  ± 0.6 21.9  ± 0.8 21.1  ± 0.1 

Ywhag 24.8  ± 0.8 24.4  ± 0.8 24.8  ± 0.8 

Tfrc 27.2  ± 0.9 27.8  ± 1.1 26.8  ± 0.4 

Cck 32.8  ± 1.4 32.0  ± 1.3 33.3  ± 1.7 

Duodenum    

Rn18s 24.7  ± 0.5 24.5  ± 0.3 25.0  ± 0.7 

Ubc 24.9  ± 0.5 24.8  ± 0.6 25.1  ± 0.8 

Tfrc 28.5  ± 0.7 28.5  ± 0.5 28.9  ± 1.1 

Ppia 23.1  ± 0.6 23.1  ± 0.3 23.3  ± 0.9 

Ppib 24.9  ± 0.7 24.9  ± 0.6 25.0  ± 1.0 

Jejunum    

Cck 33.3  ± 1.2 33.3  ± 0.6 33.7  ± 1.4 

Gusb 27.5  ± 1.1 28.3  ± 0.7 27.1  ± 0.4 

Ppia 24.5  ± 1.0 25.1  ± 0.3 24.5  ± 0.9 

Hprt 30.9  ± 1.3 31.7  ± 0.4 30.8  ± 1.2 

Tfrc 24.9  ± 1.1 24.7  ± 0.7 25.2  ± 0.8 

Ileum    

Rn18s 27.7  ± 1.2 27.3  ± 0.9 27.0  ± 1.3  

Ubc 23.9  ± 1.1 23.4  ± 0.7 24.4  ± 1.4 

Tbp 25.9  ± 1.4 25.6  ± 1.5 25.8  ± 1.3  

Hprt 29.8  ± 1.6 29.1  ± 1.1 29.9  ± 2.4  

Ppib 28.7  ± 1.6 28.1  ± 1.0 28.9  ± 2.4  

Data expressed as Cq are means ± SD for each group. Statistical analysis to evaluate dietary 
response was done using one-way ANOVA and the Mann Whitney’s U as post hoc test. a, 
P< 0.05 vs control. 
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Table 7.  Hepatic gene expression of 17 commonly used reference genes in Zucker (fa/fa) rats fed a hypocaloric 

diet organized according to their biological coefficient of variation obtained by RT-qPCR. 

 
 Global Control Diet 

Gene symbol Mean Cq  SD CV (%) Rank CV (%) Rank CV (%) Rank 

Tbp 26.5 0.6 2.4 1 3.8 7 5.2 8 
Ywhag 24.2 0.6  2.6 2 3.4 3 5.8 9 
Tfrc 25.4 0.7 2.7 3 3.9 9 5.9 10 
Cck 32.5 0.9 2.7 4 3.0 2 3.0 2 
Hmbs 28.1 0.8 2.8 5 3.9 10 2.7 1 
Ubc 20.8 0.6 2.9 6 2.1 1 4.6 6 
Gusb 21.4 0.6 3.0 7 3.8 8 9.9 16 
Hprt 27.6 0.8 3.0 8 4.4 15 4.6 5 
Actb 23.5 0.7 3.1 9 4.3 14 5.9 11 
Ppib 26.3 0.8 3.2 10 3.6 6 4.3 4 
Arbp 26.1 0.8 3.2 11 3.9 11 7.1 14 
Rplp2 23.4 0.8 3.3 12 3.4 4 8.4 15 
Ppia 23.4 0.8 3.4 13 4.3 13 6.1 12 
Pgk1 26.2 0.9 3.6 14 3.5 5 4.7 7 
B2m 23.6 1.0 4.1 15 5.3 16 6.8 13 
Rn18s 23.9 1.0 4.1 16 4.3 12 3.3 3 
Gapdh 23.2 1.0 4.4 17 5.8 17 11.3 17 
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Table 8.  Hepatic gene expression of top five reference genes 

selected according to their biological coefficient of variation 

obtained by RT-qPCR in Zucker (fa/fa) rats fed a hypocaloric 

diet   

Gene symbol Control Diet 

Tbp 26.4 ± 1.0 27.1 ± 1.4 

Ywhag  24.1 ± 0.8 24.7 ± 1.4 

Tfrc 25.4 ± 1.0 25.9 ± 1.5 

Cck 32.5 ± 1.0 32.4 ± 1.0 

Hmbs 28.1 ± 1.1 28.3 ± 0.8 

Data expressed as Cq are means ± SD for each group. 
Statistical analysis to evaluate dietary response was done using 
one-way ANOVA and the Mann Whitney’s U as post hoc test. 
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Figure 1. Gene stability according to different procedures. The geNorm and NormFinder 

softwares were used to calculate the most stable genes among the 17 genes in 

four different organs of Wistar rats after a fat gavage. The most stable genes are 

those with the lowest stability values. 

 
Figure 2. Gene stability ranking order for selected reference genes using BestKeeper. The 

17 genes in four different organs of Wistar rats given a fat gavage were ranked 

according to data obtained with this software. The most stable genes are those 

with the lowest stability values. 

 

Figure 3. Gene stability according to different procedures. The geNorm (A), NormFinder 

(B) and BestKeeper (C) softwares were used to calculate the most stable genes 

among the 17 genes in livers of control and following a hypocaloric diet Zucker 

rats. The most stable genes are those with the lowest stability values. 

 

Figure 4. Influence of normalisation with different reference genes in rat. Hepatic Slc34a2 

mRNA expression referred to that of Ppib (A), Hprt + Ppia (B), Cck (C) and 

Rn18s (D) in control and 4 and 8 hours after a fat gavage in Wistar rats.  Hepatic 

Apoa1 mRNA expression referred to that of Gapdh (E), Hprt + Actb (F), Tbp (G) 

and Rn18s (H) in control and following a hypocaloric diet Zucker (fa/fa) rats. 

Data are means ± SD. Statistical analysis to evaluate dietary response was done 

using one-way ANOVA and the Mann Whitney’s U as post hoc test. a, P< 0.05 

vs control. 
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