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ABSTRACT 2 

Endogenous housekeeping genes are traditionally employed to normalize the expression of target genes in RT-3 

qPCR studies. Assuming that a perfect housekeeping suitable for every condition does not exist, expression 4 

stability of the chosen reference gene should be evaluated at every new experiment.  The housekeeping selection 5 

process reveals furthermore complicated and time-consuming when different conditions have to be compared in 6 

the same experimental dataset. As alternative strategy we spiked an External Reference Transcript (ERT) into all 7 

RNA samples of our dataset (eggplant roots subjected to different biotic stresses), and used it to normalize the 8 

expression levels of native candidate housekeeping. ERT expression resulted highly stable across all samples and 9 

enabled to indicate Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as the most stable endogenous 10 

housekeeping. This result was confirmed by the use of GeNorm, Normfinder and BestKeeper algorithms. This 11 

method might be generally applied to expedite the selection process of the best reference gene. 12 

1. INTRODUCTION 13 

RT-qPCR (Real-Time Quantitative Reverse Transcription PCR) is the most commonly used technique for gene 14 

expression profiling due to its high sensitivity and precision (Bustin 2002). The expression level of a target gene 15 

is evaluated through the relative quantification of its mRNA against that of a reference gene called housekeeping 16 

(Livak and, Thellin et al. 1999; Schmittgen 2001; Brunner et al. 2004). The accuracy of this method strongly 17 

depends on the selection of a stably expressed reference, which ideally should exhibit little variation under a wide 18 

range of conditions such as tissue types, plant developmental stages and experimental treatments. Genes involved 19 

in basic cellular functions are the most common reference employed because they are assumed to have a constant 20 

expression pattern.  However, there is a growing recognition that expression of the commonly employed 21 

housekeeping may also vary considerably (Bustin and Nolan 2004; Dheda et al. 2004; Kozera and Rapacz 2013) 22 

depending on the conditions, thus indicating that their choice as stable references may sometimes be inappropriate. 23 

When unrecognized, unexpected changes in their expression may result in biased target gene expression profiling 24 

(Dheda et al. 2005; Gutierrez et al. 2008a and 2008b) and erroneous conclusion about their actual biological action 25 

(Mascia et al. 2010). In addition, these changes often remains hidden because most experiments include only a 26 

single reference gene, which, obviously, cannot be checked itself for its stability. For these reasons, it highly 27 

recommended to carefully assess the reference expression at any new experimental condition under study 28 

https://www.google.it/url?sa=t&rct=j&q=&esrc=s&source=web&cd=13&ved=0ahUKEwjs7quFxLbOAhWIKcAKHe2aBZ8QFghhMAw&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fprobe%2Fdocs%2Ftechqpcr%2F&usg=AFQjCNFYYs66x8Yw__lL8TWIcSqLbEu2pA&sig2=GT16lsA_mbrXvegzkBBgJA&bvm=bv.129389765,d.d24
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(Schmittgen and Zakrajsek. 2000; Turabelidze et al. 2010) better if with different statistical algorithms; moreover 29 

it is suggested to normalize experimental data to more reference genes (Huggett et al. 2005; Bustin et al. 2009). 30 

The identification of appropriate housekeeping genes becomes particularly difficult and time-consuming when 31 

different experimental conditions (e.g. biotic stresses) are assessed, due to the raised number of samples and genes 32 

to be compared. The number of publications describing evaluation of reference genes in model and non-model 33 

plants has markedly increased in the last decade and a set of reference genes has been proposed for almost every 34 

living species under study including tobacco (Corteleven et al. 2009, Schmidt and Delaney 2010), potato (Nicot et 35 

al. 2005; Lopez-Pardo et al. 2013), tomato (Dekkers et al. 2011; Wieczorek et al. 2013) and eggplant (Gantasala 36 

et al. 2013; Zhou et al. 2014). Many works recently focused on identification of the optimal reference gene(s) for 37 

expression profiling of molecular mechanisms related to plant responses to abiotic (Løvdal and Lillo 2009; Ma et 38 

al. 2013; Maksup et al. 2013; Park et al. 2012) and biotic stresses (Nicot et al. 2005; Libault et al. 2008; 39 

Barsalobres-Cavallari et al. 2009), in particular when caused by viruses (Mascia et al. 2010; Lilly et al. 2011) and 40 

fungi (Sestili et al. 2014), often pointing out that biotic stress, which cause severe effects on the plant metabolism, 41 

could also interfere with the expression of the most common reference genes. 42 

The debates on the criteria for selecting the best reference are still a hot spot in the scientific community (Guénin 43 

et al. 2009), as demonstrated by the raising of work-groups focused on this argument (e.g. ERCC-External RNA 44 

controls consortium), or the development of web resources devoted to discussion about gene expression like the 45 

qPCR Forum, the portal www.Gene-Quantification.info and the database OMICTools (Henry et al., 2014). Several 46 

statistical algorithms have been set up for normalization of experimental data from gene expression analysis to 47 

assist the evaluation of housekeepings’ expression stability. The algorithm and software developed for evaluation 48 

of candidate reference have their own advantages and pitfalls, but to date there is no consensus on the one that 49 

should be used (Goulao et al., 2012). One of the most commonly used is GeNorm (Vandesompele et al. 2002 and 50 

2009), an Excel-based tool consisting in a looped pair wise comparison and geometric averaging across a matrix 51 

of candidate genes; at every cycle of comparisons, the gene corresponding to the highest M-value (less expression 52 

stability) is eliminated until the couple of the two most stable expressed genes remains. The GeNorm analysis 53 

should be ideally performed on 6 to 12 candidate genes, the reliability of the results dropping when a slighter 54 

number of candidates are considered. Moreover, the method is based on the principle that in all samples the 55 

expression ratio of two housekeeping genes remains constant and invariable, therefore is highly dependent on the 56 

sometimes-erroneous assumption that none of the analyzed genes are co-regulated. In order to reduce the risk of 57 

artificial selection of co-regulated reference genes, the GeNorm outputs need to be compared with those of other 58 

computational programs whose algorithms are less sensitive to co-regulation (Gutierrez et al. 2008b) such as 59 

Normfinder (Andersen et al. 2004) and BestKeeper (Pfaffl 2001; Pfaffl et al. 2004). The former is a model-based 60 

variance estimation that provides a direct measure, named stability value, of the expression variation for each 61 

housekeeping, enabling the user to evaluate the systematic error introduced when using that gene for 62 

normalization. The latter, is a free Excel-based tool that determines the optimal housekeeping gene through pair-63 

wise correlation analysis of all pairs of candidates trough the calculation of the geometric mean of the best suited 64 

ones. When two or more computational methods are compared, often the ranking orders show slight variation 65 

especially in the middle positions (Mascia et al. 2010; Liu et al. 2012; Mafra et al. 2012; Zhou et al. 2014), rising 66 

http://www.gene-quantification.info/
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the necessity of a reasoned comparison of the different output to gain a consensus ranking order. All this translates 67 

once again in a more and more time-consuming preliminary evaluation of the panel of chosen candidates that must 68 

be performed at any new experiment. Smith et al. (2003), proposed an alternative method for normalization of RT 69 

Quantitative PCR data across different experimental conditions, which uses an exogenous sequence (RuBisCo 70 

transcript) as an External Reference Transcript (ERT) in human. Contrary to what often happens when new 71 

technologies developed in one field is rapidly transferred also to other fields of studies, the spiking technique, 72 

which was broadly employed both in humans and animals, is still in a preliminary stage of spreading in experiments 73 

dealing with plants. In fact, according to our knowledge, bibliography dealing with spiking strategy in plant is very 74 

poor as only two papers are reported (McMaugh and Lyon, 2003, Czechowski et al., 2005) while the most common 75 

pipeline for the selection strategy of reference genes remains the traditional statistical analysis through one or more 76 

algorithms. On the other side, in animals and humans the ERT spiking strategy is widely employed but mainly as 77 

external normalizer itself (and the only one utilized). This, although leading to reliable results, may be time and 78 

costs consuming depending on the dimension of the panel to be considered because the ERT must be added to all 79 

the samples. 80 

In this paper we propose a different strategy. Indeed, we will use the ERT as a normalizer for a panel of native 81 

candidate reference genes chosen from literature, with the aim to speed up the selection of the most suitable 82 

housekeeping to be used in an experiment dealing with the expression profiling of genes involved in the response 83 

to different fungal pathogens in eggplant (Barbierato et al., 2016). We confirmed the reliability of this approach 84 

by testing the stability of gene expression with the three algorithms GeNorm, Normfinder and BestKeeper.  85 

2. MATERIAL AND METHODS 86 

2.1 Plant materials  87 

Seed-derived plantlets of an advanced introgressed line of eggplant (Toppino et al., 2008), were grown in 88 

greenhouse and individually inoculated at the 3-4th true leaf stage, according to the root-dip method described in 89 

Cappelli et al., (1995) and Barbierato et al., (2016) with a conidia suspension of Fusarium (sample set named “F”), 90 

Verticillium (“V”), or both fungi together (“M”), while root dipping in water (“C”) was used as mock-inoculation. 91 

Both inoculated and mock-inoculated eggplant roots were harvested at 0, 4, 8 and 24 hours after artificial 92 

inoculation, frozen in liquid N2 and stored at -80 °C.  93 

2.2 RNA isolation, ERT addition and reverse transcription 94 

Total RNA was purified from 100 mg of powdered tissue using the RNeasy® plant RNA extraction kit (Qiagen, 95 

Clifton Hill, Victoria, Australia) according to the manufacturer’s instructions. RNA purity and quantification was 96 

determined with Nanodrop (Thermo Scientific Wilmington, USA). The Kanamycin 1.2 kb Control RNA (KANAr) 97 

was found as positive control RNA in the Promega kit Improm-II reverse transcription system, therefore we used 98 

this gene as ERT because it was available, cheap and of good quality (considered that it is used as positive control 99 

in a kit it guarantees good transcription quality). Moreover, is of average length with respect to most part of 100 

transcripts therefore should be transcribed with the same quality as most part of the genes in the sample.  Thus, 30 101 

ng of Kanamycin 1.2 kb Control RNA (Kan 1.2; Promega, Madison, WI, USA, from here called KANAr) was then 102 

added to 3000 ng of total RNA (ERT/total RNA =1/100) of each sample before DNase Treatment using 1U/µl of 103 



4 

 

RQ1 RNase-Free DNase (Promega). Reverse transcription was then performed with the ImProm-II™ Reverse 104 

Transcription System (Promega, Madison, WI, USA), in a total volume of 20 μL. 105 

2.3 Primer design  106 

Sequences of GAPDH (glyceraldehyde-3-phosphate dehydrogenase, AB110609.1), EF1 (elongation factor α1, 107 

X14449.1), TUB (beta-tubulin, DQ205342.1), PP2Acs (catalytic subunit of protein phosphatase 2A, 108 

AY325817.1), 18S (18S rRNA, AJ421474) and UBI (ubiquitin, BT012698.1), were retrieved from the DFCI-TGI 109 

(Tomato Gene Index) EST database (http://compbio.dfci.harvard.edu/tgi/cgi-bin/tgi/gimain.pl?gudb=tomato). 110 

Primers to amplify each gene in eggplant (Table 1) on the basis of the homologous tomato sequences plus the 111 

KANAr ERT were designed using PRIMER3 software (170 bp maximum length, optimal Tm at 59°C, GC% 112 

between 40% and 60%). Primer’s specificity was confirmed by checking the correct PCR product sizes on 1% 113 

agarose gel and then by sequencing of the amplicons.  114 

2.4 Two step real-time quantitative PCR 115 

Real-time amplifications using SYBR Green (IQTM Supermix Master Bio-Rad) were performed in a Rotor-Gene 116 

RG-6000 thermal cycler (Corbett Research) according to the manufacturers. The efficiencies (E) of the primer 117 

specific amplifications and the correlation coefficient (R2) of linear regression models were derived from qPCR 118 

standard curves generated using a 4-fold serial dilution of pooled cDNA (obtained mixing equal proportion of all 119 

16 cDNA samples) with the Rotor gene software according to the equation: E= 10[-1/slope]. Primer conditions were 120 

optimized by determining the correspondent best annealing temperature and primer concentration. The cycling 121 

conditions were set as follows: initial denaturation step of 95°C for 3 min, 50 cycles of 15s at 95°C  +  40s at 59°C, 122 

followed by melting analysis to insure the detection of one gene-specific peak and the absence of primer-dimer 123 

peaks. The sets of samples V, F, M, and C, at the four timings after inoculation (T0, T4, T8, T24) were used for 124 

qRT-PCR expression analyses of each candidate gene and the ERT. Each reaction was run in duplicate in two 125 

biological replicates, so that each gene was analyzed in a total of 64 samples.  126 

2.5 Data processing 127 

Expression levels were determined by Ct values. The threshold was set at 0.004 fluorescent units, and the threshold 128 

cycle (Ct) values were plotted against the starting template concentration. The average Ct-values obtained from 129 

each duplicate qRT-PCR reaction were converted in relative expression levels for subsequent analysis with 130 

geNorm software version 3.5 (http://allserv.ugent.be/;jvdesomp/genorm/index.html) according to the 131 

manufacturer’s instructions; the Ct data of all the samples were used as input in Normfinder (moma.dk/normfinder-132 

software) Version 20 and BestKeeper (www.gene-quantification.de/bestkeeper.html) Version 1 all according to 133 

the manufacturer’s instructions. All other statistics were performed with Microsoft Excel and Past software. 134 

3. RESULTS  135 

 3.1 Pre-analytical assessment of the panel of candidate genes 136 

Primer pairs were designed on the basis of the consensus sequences retrieved from six tomato housekeeping 137 

candidates TUB, EF1, UBI, PP2Asc, 18S, and GAPDH frequently used in experiments of pathogen-mediated stress 138 

induction in plant (Løvdal and Lillo, 2009). Despite the use of several alternative primer pairs, UBI sequence still 139 

revealed un-specific amplification and was excluded from the study (data not shown). PCR-based screening of the 140 
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five genes on eggplant cDNA samples confirmed their expression in roots (data not shown). All amplicons were 141 

sequenced for verification and all shared more than 96% of identity with the tomato consensus sequences (Table 142 

1). The linear R2 for the five pairs of primers had a range of 0.989-0.999, and all the genes displayed good values 143 

of PCR efficiency (E) varying from 0.88 to 1.01. The identity of each qPCR product was confirmed by the presence 144 

of a single peaks in melting curve analysis.  145 

3.2 Evaluation of the expression stability of the External Reference Transcript 146 

A fixed amount of KANAr mRNA transcript was added in a constant ratio (1:100) to each sample of RNA before 147 

DNAse treatment and retrotranscription, thus it was incorporated together with all the endogenous eggplant 148 

transcripts in qRT-PCR. qRT-PCR standard curve generated for KANAr showed a E = 1.05. A qRT-PCR analysis 149 

was performed to assess the expression stability of KANAr among all the sets of samples. The KANAr amplification 150 

(Figure 1) gave a mean Ct-value of 5.96, with values varying from 5.16 to 7.33 (sd ±0.62), thus revealing a very 151 

stable expression which remained nearly unaltered among all the samples derived from different experimental 152 

conditions. As the expression of KANAr was highly reliable, this transcript was considered suitable to be used as 153 

ERT to normalize the expression data of the eggplant native candidate housekeeping genes. Considering also the 154 

RT-qPCR analysis in which it was used as reference with respect to the other candidates, ERT transcript was 155 

amplified in 228 replicates, ensuing an even better stability value (Ct 6.02, se ±0.06). 156 

3.3 Evaluation of expression levels of the native candidates.  157 

Raw qRT-PCR expression levels of the five candidates showed very marked variation (Figure 1), ranging from Ct 158 

values of 2.14 to 24.62, with 18S having the highest transcriptional levels (Ct values from 2.14 to 4.68, with a 159 

mean of 3.50 and sd ±0.68) and PP2Acs the lowest ones (20.31-24.62, with average of 22.23 and sd ±1.18). TUB 160 

showed the widest expression variability across all samples, with Ct values ranging from 15.1 to 20.61 (average 161 

17.02, sd ±1.32), while GAPDH had the smallest variation (range: 15.30-17.30; average 16.19; sd ±0.66).  EF1 162 

ranged from 12.61 to 18.02, with a mean of 14.35 and sd ±1.18. 163 

3.4 Evaluation of the candidate reference genes stability with respect to the ERT  164 

For each gene, ΔCt comparisons with respect to KANAr are shown in figure 2. The five genes displayed a wide 165 

range of relative expression levels with the mean ΔCt values ranging from -3.6 (18S) to +16.8 (PP2Acs). ERT 166 

normalization enabled to indicate GAPDH as the gene that displayed the slighter variability among all the samples 167 

(ΔCt-value ranging between 9.7 and 10.6). This gene is often reported in literature as the best housekeeping in 168 

several tested conditions and species (Barsalobres-Cavallari et al. 2009; Iskandar et al. 2004; Wan et al. 2011) 169 

including eggplant (Zhou et al. 2014; Gantasala et al. 2013), although sometimes was reported as highly reliant on 170 

the experimental conditions (Expòsito-Rodriguez et al. 2008; Kozera & Rapacz 2013; Løvdal and Lillo 2009; 171 

Wieczorek et al 2013). Slighter variation with respect to GAPDH was evidenced for 18S (ΔCt-value ranging from 172 

-1.3 and 3.6). Thus, considering that similar expression levels of reference and target genes are an important issue 173 

in RT-qRCR normalization (Bustin et al. 2009), its high abundance make it a good choice when comparing highly 174 

expressed target genes. However, its inappropriateness as reference was reported especially under stress condition 175 

(Lopez-Pardo et al.  2013), probably due to its specific role in ribosomal activity and translation, which are both 176 

severely affected by these conditions. Often reported as a stable gene (Løvdal and Lillo, 2009, Schmidt and 177 

Delaney 2010) PP2Acs showed in our dataset expression variation after Fusarium and mixed inoculation (ΔCt-178 
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value between 14.7 and 16.7), while no differences were detected after Verticillium and mock inoculations. Our 179 

results confirm that different pathogens may induce divergent alteration in the expression of reference genes 180 

probably as a consequence of differences in the molecular and biological features of the pathogenetic processes 181 

(Liu et al. 2012, Whitham et al. 2003). TUB showed a wide variability across all samples (ΔCt-value from 9.9 and 182 

12.3). In eggplant, it was already stated as poorly stable under cold/heat abiotic stress (Gantasala et al. 2013) and 183 

therefore may be definitely considered poorly recommendable as reference in experiments involving stress-184 

induced eggplant tissues. The highest and widest ΔCt variability was detected for EF1, which proved to be severely 185 

affected by the four types of inoculations (ΔCt between 7.02 and 10.4): although often indicated as good reference, 186 

discrepancies on its evaluation have been already documented in tomato, potato, tobacco and melon and also 187 

eggplant (Exposito-Rodriguez et al. 2008; Løvdal and Lillo 2009; Liu et al. 2012; Sestili et al. 2014; Zhou et al. 188 

2014) depending on the different conditions and also on the algorithms utilized. (Mascia et al. 2012; Wieczorek et 189 

al. 2013).  190 

3.5 Evaluation of the candidate reference genes stability through different algorithms. 191 

The 64 Ct-values obtained from the qRT-PCR analysis of both KANAr and the panel of native candidates were 192 

therefore analyzed with GeNorm, BestKeeper and NormFinder algorithms. 193 

3.5.1 GeNorm analysis 194 

The panel of chosen candidates included genes involved in basal metabolism, but distantly related with respect to 195 

their metabolic function; therefore they were suitable for the GeNorm algorithm test. Stepwise exclusion of the 196 

gene with the highest M-value allowed ranking of the candidate genes according to their expression stability thus 197 

enabling the selection of the couple of genes that showed the most stable expression with respect to each other. 198 

The outcome from the most stable (lowest M-value) to the least stable (highest M-value) was: GAPDH/KANAr < 199 

18S < PP2Acs < TUB < EF1 (Table 2 and Figure 3). The GeNorm algorithm also stated at 4 (KANAr, GAPDH, 200 

18S and PP2Acs) the optimal number of genes (Vn) required for accurate normalization, based on the pair wise 201 

variation between two sequential normalization factors containing an increasing number of genes (Vn/Vn+1), as  202 

the V4/5 value of 0.165 obtained was the closest to the cut-off threshold of 0.15. 203 

3.5.2 Normfinder analysis 204 

By using Normfinder, the reference genes were ranked according to their expression stability with the lower 205 

Stability Value corresponding to the more stable reference gene. The measure of expression variation indicated 206 

KANAr as the best reference gene, followed by GAPDH, PP2Acs, 18S, TUB1, and EF1 as reported in table 2 and 207 

in Figure 4.  208 

3.5.3 BestKeeper analysis 209 

The BestKeeper output confirmed KANAr as the most stable housekeeping gene, while 18S was the second best 210 

gene followed by GAPDH (Table 2). The ranking order of the reference genes, based on the standard deviation of 211 

the absolute regulation coefficients (std dev. ± x fold value), from the most stable to the less one, was: KANAr and 212 

18S, GAPDH, TUB1, EF1, PP2Acs. The three different algorithms (GeNorm, Normfinder and BestKeeper) 213 

confirmed the reliability our strategy for choosing a reference gene through the spiking KANAr as ERT because 214 

they gave coherent ranking outcomes with only slight variation in its middle part. GeNorm and Normfinder 215 

assigned the best expression stability in eggplant roots affected by fungal inoculations to KANAr, GAPDH and 216 
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18S genes, and discarded TUB and EF1 as the worst choice. Bestkeeper preferred 18S gene to GAPDH in the 217 

ranking order, although their stability values are very close, and put TUB in the last position. After accurate 218 

comparison of the three software’s outputs, a consensus ranking order may be ventured, which indicates, from the 219 

most to the least affordable KANAr, GAPDH , 18S, PP2Acs, EF1 and TUB reference gene.  220 

4. DISCUSSION  221 

Experimental conditions could have strong effects on the basal plant metabolism and, consequently, interfere with 222 

expression of the so-called housekeeping genes (Schmittgen and Zakrajsek, 2000), therefore the choice of a 223 

suitable reference genes at every new experiment represents the major critical bottleneck for an accurate evaluation 224 

of gene expression. The fact that in our previous work the gene actin, one of the most commonly used 225 

housekeeping reported in literature, was  identified among a panel of differentially expressed genes in response to 226 

fungal wilt (Barbierato et al. 2016) and therefore unreliable as reference, prompted us to explore an alternative 227 

strategy to ease and speed up the selection process of the most suitable housekeeping. This strategy is based on 228 

the assumption  that a synthetic alien RNA (also called RNA spike-ins), added to the extracted plant RNA prior to 229 

reverse transcription can act as valuable standardization tool in real-time PCR experiments as it is completely 230 

independent from the plant biological process adopted (Gilsbach et al. 2006), and therefore it can be used not only 231 

as reference gene itself but also as a normalizer to evaluate the suitability of the native reference genes. This 232 

strategy has been successfully used in human (Smith et al. 2003; O’Shaughnessy et al. 2011) and animals (Lanes 233 

et al. 2012) gene expression analysis and recently a suit of  96 spike-in unique RNA control sequences has been 234 

set up (ERCC, https://www.thermofisher.com/order/catalog/product/4456740) to better analyze the RNAseq 235 

experiments;  while, up to now, spike-in RNA has been very sporadically applied in plants (McMaugh and Lyon, 236 

2003, Czechowski et al., 2005). The possibility of using an ERT as external control to check the native candidate 237 

housekeeping has been successfully explored in our experimental dataset (cDNA of eggplant roots samples 238 

inoculated with different fungal pathogens), enabling the identification of GAPDH as the most suitable reference 239 

gene across the different conditions. The reliability and goodness of the spiking strategy was confirmed through 240 

comparison of the ranking order retrieved with the KANAr spiking strategy with the outputs of three different 241 

algorithms. Moreover, according to GeNorm output, the use of 4 housekeeping genes was stated as the minimum 242 

number for a sufficiently robust validation of the expression data, while the ERT strategy enabled the selection of 243 

GAPDH as the single native housekeeping gene suitable for accurate qRT-PCR analysis in our experimental 244 

conditions. The spiking strategy is simple, fast and may find a general application in any qPCR-based study; in 245 

our laboratory, it is routinely utilized as preliminary step at any new experiment in which one or more conditions 246 

have to be compared. Recently, this approach allowed the selection of 18S as the best housekeeping gene to 247 

compare the expression levels of genes involved in glycoalkaloids biosynthesis among fruit tissues of eggplant at 248 

different developmental and ripening stages (unpublished). Moreover, both GAPDH and 18S have been already 249 

used in our lab as references in several RT-qPCR experiments (Docimo et al, 2015; e.g. candidate genes study on 250 

biotic stress-unpublished) and their stability across the different samples and experimental conditions have been 251 

confirmed. 252 

https://www.thermofisher.com/order/catalog/product/4456740
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Figure legends 253 

Figure 1 Box-plot representing the raw expression profile of the candidate reference genes and of the External 254 

Reference Transcript (ERT) across all samples set: for each gene, Median Ct values are represented as lines, 25-255 

75 percentiles as boxes and range of Ct values as whiskers 256 

 257 

Figure 2: Expression profiles of the candidate housekeeping genes after different types of fungal inoculation (C: 258 

control, V: Verticillium, F: Fusarium, M: Mixed) and timings (0, 4, 8, 24 hours) using the ERT as reference gene. 259 

Each data point represents the average of two experiments (performed in duplicate) and the error bars indicate the 260 

standard error of the mean of four replicates. EF1 (green-rimmed squares), TUB (red-circles), PP2Acs (violet-261 

triangles) 18S (pink-squares), GAPDH (blue-diamonds) 262 
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 263 

Figure 3: GeNorm output for average expression stability values of reference genes from the most stable (lowest 264 

M-value) to the least stable (highest M-value): elongation factor 1- α (EF1), β tubulin (TUB) , catalytic subunit of 265 

phosphatase 2A (PP2Acs), 18S rRNA (18S), glyceraldeyde-3-phosphate dehydrogenase (GAPDH) and 266 

Kanamycin resistance (KANAr). 267 

 268 

 269 

Figure 4: Histogram obtained from the results of Normfinder program; Stability value and Standard error are 270 

calculated by the algorithm and indicates KANAr and GAPDH (lowest stability values) as the most stable 271 

housekeeping genes. Abbreviations: elongation factor 1- α (EF1), β tubulin (TUB), catalytic subunit of 272 

phosphatase 2A (PP2Acs), 18S rRNA (18S), glyceraldeyde-3-phosphate dehydrogenase (GAPDH) and Kanamycin 273 

resistance (KANAr). 274 
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Gene 

Genbank 

accession 

number 

Primer sequence 

Amplicon 

lenght 

(bp) 

Ta 

(°C) (1) 

% 

Identit

y (2) 

E 

(%) 

(3) 

R2 (4) 

KANAr FJ621586.1 
5' GATGTTGGACGAGTCGGAAT 3' 

3' CGAGCATCAAATGAAACTGC 5' 
157 59 100% 105 0.979 

GAPDH AB110609.1 
5' GGTGCCAAGAAGGTTGTGAT 3' 

3' CGTTGTGCAACTAGCATTGG 5' 
120 59 96% 101 0.995 

18S AJ421474 
5' ATGATAACTCGACGGATCGC 3' 

3' CTTGGATGTGGTAGCCGTTT 5' 
169 59 98% 100 0.995 

PP2Acs AY325817.1 
5' GGACTCTCACCATCCCTTGA 3' 

3' GAGGTGATATTCCCCAACCA 5' 
136 59 99% 96 0.991 

TUB DQ205342.1 
5' CCAGACAGGATGATGCTCAC 3' 

3' GCTTCGTTGTCAAGGACCAT 5' 
140 59 96% 99 0.989 

EF1 X14449.1 
5' ACCAAGATTGACAGGCGTTC 3' 

3' TGGAGGGTATTCAGCAAAGG 5' 
132 59 100% 88 0.999 

        

UBI BT012698.1 
5' GGACGGACGTACTCTAGCTGAT 3' 

3' AGCTTTCGACCTCAAGGGTA 5' 
134 59 n.d. n.d. n.d. 

 275 

Table 1. Solanum melongena candidate reference gene description. The gene bank accession number, the code, primer sequences, amplified fragment length, (1) 276 

Optimal annealing temperature. (2) Percentage sequence identity between the amplicon and the corresponding homolog tomato sequence from Genbank. (3) Measure of 277 

the real-time PCR reaction efficiency E (calculated by standard curve method). (4) Reproducibility of the real-time PCR reaction. n.d. = no data because the gene was 278 

excluded from the study are reported.  279 



11 

 

 280 

 281 

Table 2 The rank order of each reference gene for the tested algorithms. Candidate reference genes for normalization ranked according to their expression stability 282 

with respect to the ERT (5),  to GeNorm (6) (calculated as the average M-Value after stepwise exclusion of the worst scoring gene), Normfinder (7) (the most stable 283 

housekeeping genes indicated by its lowest Stability value), and Bestkeeper (8) (ranking order based on the standard deviation of the absolute regulation coefficients) 284 

algorithms. 285 

 286 

 287 

Gene 

Ranking  

order vs 

KANAr  

(ΔCt-range)    
(5) 

Ranking 

order 

Genorm 

(M-value) 
(6) 

Ranking    order 

Normfinder 

(stability value) 
(7) 

Ranking  

order 

Bestkeeper 

(sd [± x-

fold]) (8) 

KANAr - - 1 (0,285± 0,04) 1 (1,421955) 

GAPDH 1 (9.7-10.6) 1-2 (0.54) 2 (0,451±0,05) 3 (1,499745) 

18S 2 (-3.6 -1.3) 3 (0.59) 4 (0,461±0,05) 2 (1,478101) 

PP2Acs 3 (14.7-16.7) 4 (0.68) 3 (0,453±0,05)  5 (1,93559) 

TUB 4 (9.9-12.3) 5 (0.76) 5 (0,494±0,05) 6 (1,954305) 

EF1 5 (7.0-10.4) 6 (1.13) 6 (0,498±0,05) 4 (1,831924) 

          

UBI n.d. n.d. n.d. n.d. 
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