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Abstract 
 
Reverse transcription of RNA followed by real-time quantitative PCR (qPCR) is to date the most reliable method for 
gene expression studies. However, to control the errors introduced along the numerous experimental procedures, it 
requires a normalization using internal reference genes with stable expression. To address this issue, nine candidate 
reference genes were investigated in Ilex paraguariensis leaves subjected to water stress. To facilitate the selection, we 
analysed the real-time qPCR data with three different software programs. The obtained results support the conclusion 
that RNA polymerase associated protein rtf1 homolog (RTF) combined with any of the following pairs is the most 
suitable triad of genes to compute a normalization factor: elongation factor 1-alpha + tubulin alpha chain (EF1a +  
α-Tub), actin + cyclophilin 38 (ACT + CYP38), or cyclophilin 38 + vacuolar protein sorting-associated protein 18 
homologs (CYP38 + VPS). Our analysis constitutes the first in-depth study to identify the appropriate reference genes 
for the quantification of transcription in Ilex paraguariensis leaves during drought and provides essential information 
for further gene expression studies in this tree species. 
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Introduction 
 
Ilex paraguariensis A. St.-Hil. (Aquifoliaceae), a 
perennial tree species native to the South American 
rainforest, is cultivated by agroforestry systems and 
monoculture in NE Argentina, SE Brazil, and Paraguay to 
prepare a mate-tea from its leaves and young shoots 
(Gottlieb et al. 2005). This beverage is greatly 
appreciated for its taste, its stimulation effect due to the 
caffeine content, and some medicinal properties (Heck 
and Mejia 2007, Lima et al. 2014). Commercial crops are 
usually subjected to water stress during the growth 
season, which negatively affects plant growth and yield 
(Sansberro et al. 2004). To manage drought, plants adopt 
a number of physiological and metabolic strategies 

(Acevedo et al. 2013, Kim et al. 2015), which are the 
result of the interaction between the genotype and the 
environment. The stress response and acclimatization of 
plants to water deficit cause a complex readjustment in 
the expression of a large number of genes (Shinozaki and 
Yamaguchi-Shinozaki 2007, Singh and Laxmi 2015). The 
isolation and characterization of these genes constitute a 
reliable way to understand the mechanisms underlying 
water stress (Acevedo et al. 2016). To quantify the 
expression of a particular gene, reverse transcription of 
RNA followed by  real-time PCR quantitative (qPCR) is 
the most commonly used approach because of its high 
sensitivity, specificity, and large dynamic range  
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(Gutierrez et al. 2008). However, to avoid incorrect 
findings, an appropriate normalization strategy is required 
to control experimental error introduced during the 
numerous steps required throughout the entire workflow, 
i.e., sampling, extraction, processing of the RNA, reverse 
transcription, and qPCR (Die and Román 2012). Diverse 
methodologies have been proposed starting with the use 
of samples of similar size. However, this procedure is not 
enough to guarantee that samples from different 
treatments contain a similar number of cells and it should 
not be used as a single methodology. In a subsequent 
step, it is extremely important to assess the quality of the 
RNA and to quantify it accurately in order to introduce an 
equal quantity of good-quality RNA into the reverse 
transcription reactions. However, this procedure cannot 
control the variances in the enzymatic efficiency in 
different reactions, for example, caused by the presence 
of inhibitors. In addition, normalizing to total RNA has 
the drawback that the messenger RNA constitutes a 
variable fraction of about 2 - 5 %. As another alternative, 
the normalization to genomic DNA provides an 
estimation of the number of cells that were sampled. But 
it is infrequently used, mainly because RNA extraction 
procedures are not intended to co-purify DNA and its 
yield may vary between samples (Hugget et al. 2005). 
The most commonly utilized strategy is to normalize the 
expression of a target gene to an internal reference gene 
(usually referred to as a housekeeping gene). The ideal 
reference gene does not have variable expression in 
different tissues, developmental stages, environments, 
etc. (Andersen et al. 2004); therefore, its abundance is 
assumed to be indicative of the cDNA quantity present in 
each sample. Furthermore, target and reference mRNA 
are present in the sample even before it is collected; thus, 

these mRNAs should be affected similarly during all of 
the steps required to obtain the final qPCR measurement 
(Gutierrez et al. 2008). This might be the strongest reason 
for the normalization of qPCR with reference genes. 
Nevertheless, such a reference gene might not exist since 
a gene might be very stable under certain experimental 
conditions in which it has been tested but is often 
modulated under different conditions, which can 
introduce a significant error in the results obtained by the 
qPCR analyses (Zhu et al. 2013). This highlights the need 
for the validation of reference genes under the same 
experimental conditions in which the change in 
expression of target genes is investigated (Gutierrez et al. 
2008, Kozera and Rapacz 2013). To date, validation 
studies of reference genes have been conducted in crops 
and model species, including barley (Faccioli et al. 2007), 
rice (Kim et al. 2003), wheat (Paolacci et al. 2009), 
Medicago truncatula (Kakar et al. 2008), poplar (Brunner 
et al. 2004), grapevine (Reid et al. 2006), Arabidopsis 
(Czechowski et al. 2005), and other plants such as 
Glycyrrhiza glabra (Maroufi 2016). Additionally, to 
assist in the selection of appropriate reference genes, 
several statistical algorithms, such as those implemented 
in geNorm (Vandesompele et al. 2002), NormFinder 
(Andersen et al. 2004), and BestKeeper (Pfaffl et al. 
2004), have been developed. These software programs 
calculate the stability of reference genes in a specific set 
of samples, allowing the establishment of a ranking of the 
studied candidate genes. In this context, the objective of 
the present study was to evaluate the suitability of nine  
I. paraguariensis genes as reference genes for 
quantitative qPCR normalization during drought stress 
and recovery to provide indispensable information for 
further gene expression studies in this non-model species. 

 
 
Materials and methods 
 
Two-year-old Ilex paraguariensis A.St.-Hil. cv. SI-49 
plants grown in 4 dm3 pots filled with lateritic soil under 
greenhouse conditions were transferred to a chamber set 
at day/night temperatures of 27 ± 1/22 ± 2 ºC, a 14-h 
photoperiod, a photosynthetic photon flux density of  
420 µmol m-2 s-1 (provided by high-pressure mercury 
lamps), and a relative humidity of 50 - 55 % for 
acclimati-zation. After 10 d, three healthy plants were 
watered to field capacity (FC), the pots were covered 
with aluminum foil to prevent evaporation, and irrigation 
was suspended to cause a continuous soil drying. The soil 
water potential was measured using a thermocouple 
psychrometer (Dew Point Microvoltmeter HR-33T, 
Wescor, Logan, USA) with a PST-55 chamber according 
to the manufacturer´s instructions. Mature leaves were 
collected at midday on day 1 (control; soil water poten-
tial, Ψsoil, of -0.04 MPa), during drought stress, i.e., after 
14 d (Ψsoil = -1 MPa), 21 d (Ψsoil = -2 MPa), and 26 d 
(Ψsoil = -3 MPa), and also after 48 h of re-watering (Ψsoil= 
-3 MPa). All harvested leaves were immediately frozen in 
liquid N2 and stored at -80 °C until RNA extraction. 

 The total RNA was isolated using a Spectrum™ Plant 
Total RNA kit (Sigma, St. Louis, USA), and genomic 
DNA was digested with Amplification Grade DNase I 
(Sigma) according to the manufacturer's instructions. The 
RNA integrity of all samples was assessed by analysis on 
2.5 % (m/v) agarose gels. The purity was calculated 
according to absorption ratios (A260 - A320)/(A280 - A320) 
and (A260 - A320)/(A230 - A320) measured with a 
Multiskan™ GO microplate spectrophotometer (Thermo 
Scientific, Waltham, USA). Only RNA samples with a 
(A260 - A320)/(A280 - A320) ratio between 1.9 and 2.1 and 
(A260 - A320)/(A230 - A320) > 2.0 were used. The RNA 
content was determined by measuring the A260. Since we 
normalized the expression of the evaluated genes to the 
total RNA content, the samples were diluted to the same 
concentration, re-measured, and adjusted to ensure that 
the same amount of RNA was introduced in the 
subsequent reverse-transcription reactions. First-strand 
cDNA was synthesized from 4 µg of total RNA using the 
ImProm-II™ reverse transcription system (Promega, 
Madison, USA) with oligo(dT)20 primers according to the 



REFERENCE GENES FOR PCR NORMALIZATION 

91 

manufacturer’s instructions. For each sample, portions 
from the same cDNA synthesis batch were used as a 
template throughout the qPCR reactions, thus avoiding 
possible variations between different lots. 
 The sequences of six commonly used reference genes 
in plant species and three novel reference genes were 
obtained from the cDNA to design primer pairs suitable 
for the qPCR analysis. Owing to the lack of  
I. paraguariensis sequences in public databases, 
fragments of transcript sequences of polyubiquitin 
(UBQ), elongation factor 1-alpha (EF1a), actin (ACT), 
tubulin alpha chain (α-Tub), tubulin beta chain (β-Tub), 
and cyclophilin 38 (CYP38) were obtained using primers 
designed on consensus alignments of these genes 
available in other plant species. In contrast, the suggested 
new reference genes were derived from three transcript-
derived fragments (TDFs) with high stability of 
expression when the control plants with drought-stressed 
plants were earlier compared by mRNA differential 
display (DD) (Liang and Pardee 1992). Polyacrylamide 
gels from a DD assay showed a banding pattern with a 
uniform intensity, suggesting stable expression across the 
treatments and indicating that the TDFs were good 
candidates for qPCR normalization (Fig. 1 Suppl.). The 
TDFs achieved by both approaches were sequenced in 
Macrogen (Seoul, South Korea), and the homology was 
assessed by BLASTN in the GenBank database of the 
National Center for Biotechnology Information (NCBI). 
Afterward, the amplified sequences were extended by 5´ 
and 3´ rapid amplification of cDNA ends (RACE) using 
GeneRacer™ kit (Invitrogen™, Carlsbad, CA, USA) 
according to the manufacturer´s instructions and were 
deposited in GenBank. Based on those sequences, 
primers were designed using Primer3Plus (http:// 
primer3plus.com/) and selected those with an annealing 
temperature between 59 - 63 °C,  the maximum length of 
the amplicon of 200 bp, and guanine-cytosine  (GC) 
content between 40 and 60 %. 
 Three biological replicates were performed for each 
treatment with a 7500 real-time PCR system (Applied 
Biosystems, Foster City, USA). The 15 mm3 of reaction 
mixture contained 10 ng of cDNA, 7.5 mm3 of 2 SYBR® 
Select Master Mix (Applied Biosystems, Austin, USA), 
and 250 nM each of the specific primer pairs (Table 1 
Suppl.) except for amplifying EF1a, UBQ, and 4-OH, for 
which 500 nM primers were used. The qPCR programme 

consisted of a first step at 95 °C for 5 min and then 40 
cycles of 95 °C for 15 s and 60 °C for 1 min. Each 
combination of gene/sample was conducted in technical 
triplicate, and no-template controls were included. The 
specificity of the amplicons was assessed by a melting-
curve analysis after the qPCR run (by heating from 60 to 
95 °C). The real-time PCR amplification efficiency (E) 
for each primer-pair was determined by five-fold serial 
dilutions of the cDNAs (Rasmussen 2001) in a range of 
25, 5, 1, 0.2 and 0.04 ng, and each dilution was 
performed in triplicate. 
 The real-time PCR provides the threshold cycle (Ct) 
of each reaction as the expression of the target. For each 
gene/sample combination, the average Ct value for all 
technical replicates was used in subsequent analyses. 
From this point forward, the Ct is referred to as the 
quantification cycle (Cq) (Lefever et al. 2009). 
 The amplification efficiencies were determined by the 
7500 Software v.2.0.1 (Applied Biosystems, Foster City, 
USA) from the slope of the regression line in the standard 
curve according to equation E = 10(-1/slope) (Rasmussen 
2001). Initially, to determine the influence that the 
biological replicates exert on the gene expression 
variability, an analysis of variance was conducted. The 
proposed statistical model considers the effect of the 
treatments (days 1, 14, 21, 26, and 28) and the replicates 
(plants A, B, and C). The mean squared error (MSE) is 
considered indicative of the variability introduced by the 
different sampled plants. Subsequently, the data were 
analyzed by geNorm v3.5, NormFinder v0.953, and 
BestKeeper v1, which apply different statistical 
algorithms to assess the stability of the candidate 
reference genes. Input in geNorm and NormFinder must 
be loaded as relative quantification data. Hence, for each 
gene measured, the Cq values were transformed to 
relative quantities Q using the formula Q = E∆Cq, where E 
is the real-time PCR amplification efficiency of the 
specific primer-pair used, and ∆Cq is calculated as the 
lowest Cq value (corresponding to the sample with the 
highest expression of that gene) minus the Cq value of 
the sample in question. The sample with the maximum 
expression level (the minimum Cq value) was used as a 
calibrator and was set to a value of 1. BestKeeper 
analyses require untransformed Cq values as input data 
and E. 

 
 
Results 
 
Owing to the current lack of I. paraguariensis sequence 
genes in public databases, we amplified cDNA fragments 
of EF1a, UBQ, ACT, α-Tub, β-Tub, and CYP38 using 
primers designed based on related plant species. 
Moreover, from the DD polyacrylamide gels, we excised 
three transcript-derived fragments showing a good 
stability pattern. We sequenced and extended all of these 
segments by rapid amplification of the cDNA 5´ and 3´ 
ends when possible. By comparative analysis with 

BLASTN, all of the elongated sequences showed a high 
similarity (85 - 98 %) with their expected homologous 
sequences, and the novel reference candidates were 
named RNA polymerase associated protein rtf1 homolog 
(RTF), 4-hydroxy-3-methylbut-2-en-1-yl diphosphate 
synthase (4-OH), and vacuolar protein sorting-associated 
protein 18 homolog (VPS). Ultimately, the classic 
reference sequences of EF1a, UBQ, ACT, α-Tub, β-Tub, 
and CYP38 were 1 584, 1 160, 373, 1 417, 1 618, and 
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1 491 bp in length, respectively. The novel reference 
sequences, referred to as RTF, 4-OH, and VPS, were 488, 
2 338, and 3 094 bp in length, respectively. These 
sequences were later deposited in GenBank with the 
accession numbers listed in Table 1 Suppl. For all 
primers used (Table 1 Suppl.), the melting curve analysis 
shows a single peak (Fig. 2 Suppl.), supporting the 

synthesis of a single product, which was further 
confirmed by electrophoresis of the qPCR products on a 
2.5 % (m/v) agarose gel. 
 To compare the variation in the expression between 
treatments and different biological replicates, a heat-map 
made with the mean values of Cq obtained from each 
gene/sample combination was made (Fig. 2). The MSE  

 

 
Fig. 1. Expression stability and variation analyses of the candidate reference genes by geNorm: A - average expression stability value 
M of reference genes at each step during stepwise exclusion of the least stable expressed reference gene; B - pairwise variations 
(Vn/n+1). Determination of the optimal number of control genes for normalization. A variation < 0.15 means no significant 
contribution of an additional reference gene to the normalization factor. 
 
Table 1. Descriptive statistics of the candidate reference genes based on their quantification cycle (Cq) as calculated by BestKeeper. 
N - number of samples; GM - the geometric mean of Cq; AM - the arithmetic mean of Cq; Min and Max - the extreme values of Cq; 
SD - the standard deviation of the Cq; CV% - the coefficient of variation expressed as a percentage on the Cq level; Min [fold] and 
Max [fold] - the extreme values of expression levels expressed as an absolute x-fold over- or under-regulation coefficient;  
SD - standard deviation of the absolute regulation coefficients. Candidate reference genes were ranked as the most stable when have 
the lowest SD and CV.  
 

Rank Candidate gene N GM AM Min Max SD CV% Min [fold] Max [fold] SD  

1 RTF 15 27.13 27.13 26.48 27.60 0.21 0.76 -1.54 1.37 ± 1.15 
2 ACT 15 27.82 27.82 27.22 28.48 0.33 1.19 -1.49 1.55 ± 1.25 
3 VPS 15 26.90 26.90 26.11 27.61 0.37 1.37 -1.70 1.62 ± 1.28 
4 4-OH 15 25.27 25.27 24.40 25.93 0.37 1.46 -1.83 1.58 ± 1.28 
5 CYP38 15 25.54 25.55 24.58 26.24 0.38 1.50 -1.91 1.60 ± 1.29 
6 EF1a 15 22.13 22.14 21.30 22.78 0.44 2.01 -1.74 1.54 ± 1.34 
7 β-Tub 15 34.08 34.09 32.91 35.21 0.57 1.68 -2.31 2.25 ± 1.46 
8 α-Tub 15 24.34 24.35 23.12 25.31 0.70 2.89 -2.24 1.91 ± 1.59 
9 UBQ 15 20.37 20.39 18.75 21.58 0.78 3.84 -2.95 2.24 ± 1.68 
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calculated from the analysis of variance allows to 
conclude that the RTF gene was the most stable across 
the different biological replicates, followed by VPS, 
CYP38, and EF1a. In contrast, the expressions of β-Tub 
and UBQ were highly variable among different plants. 
 For a comprehensive analysis of gene expression 
stability, BestKeeper calculates descriptive statistics 
using the Cq values of each gene. Based on the standard 
deviation (SD) and coefficient of variation (CV) values, a 
first estimation of gene expression stability can be 
performed. Genes with an SD greater than 1 cannot be 
used as reference genes. The nine evaluated genes each 
had an SD less than 0.8; they can be ranked from the 
most stable, having the lowest variation, to the least 
stable, having the highest variation, as follows: RTF > 
ACT > VPS > 4-OH > CYP38 > EF1a > β-Tub > α-Tub 
> UBQ (Table 1). In addition, BestKeeper proposes using 
more than just one reference gene in the form of a 
weighted expression index, and therefore provides the 
BestKeeper index, which is the geometric mean of the Cq 
values from the candidate reference gene considered 
stably expressed, i.e., SD < 1. Then, a pair-wise 
correlation between each candidate reference gene and 
the BestKeeper index are estimated using the Pearson 
correlation coefficient (r) and the probability P-value. 
This analysis showed a strong correlation (r > 0.79) with 
a high significance level (P  0.001) for α-Tub, EF1a, 
RTF, and VPS (Table 2 Suppl.). After removing VPS, the 
correlation between the remaining genes and the index 
increased (r > 0.87). When only α-Tub or EF1a were 
used to obtain the index, the correlation further improved 
(r = 0.987 and 0.972, respectively).  
 
Table 2. Expression stability of the candidate reference genes 
calculated by NormFinder. 
 

Rank Gene name Stability value 

1 RTF 0.071 
2 EF1a 0.122 
3 ACT 0.136 
4 CYP38 0.143 
5 VPS 0.145 
6 α-Tub 0.174 
7 β-Tub 0.213 
8 4-OH 0.238 
9 UBQ 0.257 

 
 
 From another approach, on the basis that the 
expression ratio of two ideal reference genes is the same 
in all samples independent of the cell type or the 
experimental condition, geNorm computes the reference 
gene stability measure M, as the average pairwise 
variation of a particular gene with all other reference 
genes in the assessment. The lower the M value, the 
higher the gene expression stability (Vandesompele et al. 
2002). The gradual elimination of the gene with the 
greatest M value yields the most stable pair of genes. In 

the samples tested, they were ACT and CYP38 (both  
M = 0.279) closely followed by RTF (M = 0.288) and 
EF1a (M = 0.353). The least stable one was UBQ with  
M = 0.649 (Fig. 1A). Moreover, Vandesompele et al. 
(2002) suggested using at least three stable genes to 
determine a qPCR normalization factor (NFn, n = 3). 
Thus, a pairwise variation (Vn/n+1) analysis between the 
normalization factors NFn, and NFn+1 was also calculated 
to determine the optimal number required for 
normalization. A Vn/n+1 value greater than 0.15 (cut-off 
value) gives reason to include the (n+1)th gene to 
calculate a reliable normalization factor. In this study, the 
V2/3 was 0.086, a value below the cutoff point indicating 
that the two most stable reference genes (ACT and 
CYP38) are sufficient to obtain a reliable normalization 
factor, and the inclusion of the third gene (RTF) has no 
significant effect (Fig. 1B). 
 

 
Fig. 2. Heat-map representation of the gene expression profiles 
in Ilex paraguariensis leaves subjected to drought and recovery. 
The mean squared error (MSE) was calculated from an analysis 
of variance. Colour from red to green indicates low to high 
expression. A, B, and C - individual plants. 
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 In the NormFinder analysis, the strategy to evaluate 
the expression stability of candidate reference genes is 
rooted in the model-based approach to estimation of 
expression variation (Andersen et al. 2004). This 
mathematical method requires the analysis of a minimum 
of three genes and a minimum of two samples per group. 
We assessed nine genes, and three samples (plants A, B, 
and C) in each of the five groups (two controls and three 
stressed treatments). NormFinder computed both the 

intra- and inter-group expression variation, and combined 
the two results into a stability value; the smaller the 
value, the greater the gene stability. According to this, 
RTF was the most stable, followed by EF1a, ACT, 
CYP38, and VPS. In contrast, UBQ displayed the least 
stable expression (Table 2). In addition, NormFinder also 
indicated that CYP38 and VPS were the best combination 
of two genes to obtain a normalization factor (NF). 

 
 
Discussion 
 
Investigating changes in gene expression is essential for 
identifying the function of genes and interpreting the 
molecular mechanisms involved in the physiological 
responses of plants to the environment (Gantasala et al. 
2013). To produce accurate results, qPCR requires a 
robust normalization strategy by using a reference genes 
for relative quantification of the target gene. Many 
studies that have reported the results of gene expression 
research performed qPCR normalization with a single 
reference gene, but it is recommended to always use at 
least two or three reference genes since the use of only 
one can cause large errors (Nicot et al. 2005). The 
expression stability of the selected reference genes must 
be verified before each experiment. Preferably, the 
reference and target genes should have a similar 
expression level, but, in practice, it is not always true; 
therefore, it is still acceptable to use reference genes 
which expressions (Cq) vary between 15 and 30 (Wan 
et al. 2010). In this regard, it is necessary to consider that 
the Cq value is directly related to the initial amount of 
cDNA. In the present study, we used 10 ng of cDNA 
sample, and all genes assessed complied with this 
suggestion, except β-Tub, which had an arithmetic mean 
of Cq equal to 34.09 (Table 2). 
 The use of ACT as a reference gene in leaves of non-
stressed and drought stressed Glycyrrhiza glabra plants is 
suggested, whereas EF1a and β-Tub genes are proposed 
only for the stressed ones (Maroufi 2016). UBQ and ACT 
are the most stable genes at different developmental 
stages and at different times of the year in poplar 
(Brunner et al. 2004). In this context, we assessed the 
stability of six conventional reference genes extensively 
utilized in plants and three novel potential reference 
genes to select the best candidates for qPCR 
normalization and to improve the accuracy of gene 
expression analyses in leaves of I. paraguariensis 
subjected to drought stress and recovery. To facilitate the 
selection of the suitable reference genes, we analysed the 
qPCR data with three different software programs. In this 
context, BestKeeper determined that RTF was the least 
variable gene. To obtain the BestKeeper index, the most 
correlated candidates were used, which included RTF, 
EF1a, and α-Tub; and the best pair was EF1a and α-Tub. 
In contrast, geNorm selected ACT and CYP38 as the most 
stable pair of genes (both M = 0.279), closely followed 
by RTF (M = 0.288). Finally, NormFinder ranked RTF in 

the first place for stability, followed by EF1a, ACT, 
CYP38, and VPS in that order; in addition, CYP38 and 
VPS formed the best combination of two genes for 
obtaining a normalization factor (NF). 
 After examining the algorithms underlying geNorm, 
NormFinder, and BestKeeper, it is easy to understand that 
the evaluated genes can be sorted in different ways 
depending on the software applied (Kozera and Rapacz 
2013). However, we can also discern that RTF, ACT, 
CYP38, and VPS were ranked among the five most stable 
genes by the three algorithms. It is worth mentioning that 
two of these genes are novel references, and RTF 
emerged as the most stable gene by BestKeeper and 
NormFinder, and as the third most stable gene by 
geNorm; this makes it the most stable gene, and therefore 
suitable to be chosen when only one gene will be used for 
normalization of qPCR. In special cases or when the 
sample is scarce, use of a single reference gene is 
acceptable, if it was previously proven under similar 
experimental conditions and properly validated (Thellin 
et al. 1999). Nevertheless, Vandesompele et al. (2002) 
reported that using a single reference gene cause an error 
up to three-fold in 25 % and six-fold in 10 % of the cases. 
Using more than one gene usually increases the 
resolution and accuracy of the measurements. 
 Based on our results and considering that a general 
recommendation is using three genes as the most 
appropriate and realistic method (Vandesompele et al. 
2002, Pfaffl et al. 2004, Derveaux et al. 2010), we 
suggest RTF combined with any of the following pairs to 
compute a normalization factor for qPCR: EF1a/α-Tub, 
ACT/CYP38, or CYP38/VPS. However, it is also expected 
that some differences in quantification will occur, 
depending on the number and selection of housekeeping 
genes (Nicot et al. 2005). 
 The classical reference genes utilized in plants 
sometimes yield good results, but often the new 
experiment-specific factors (even using different 
cultivars) cause a variation in their expression and lead to 
false results (Kozera and Rapacz 2013). In this sense, the 
expression of UBQ and β-Tub from I. paraguariensis 
samples were highly variable and their use as internal 
controls is discouraged. However, as in G. glabra and 
poplar, ACT presented a constant expression in  
I. paraguariensis. The expression of Cyclophilin and  
β-Tub was highly stable in the leaves of I. paraguariensis 
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in contrast with the variability observed in the pericarp of 
grapevine fruits by Reid et al. (2006). These contrasting 
results emphasize the need for validation of reference 
genes when they are used in different conditions, not 
previously validated. 
 When searching for candidate genes for novel 
experimental conditions, previous studies can be a good 
starting point for the selection of traditional reference 
genes, but also the evaluation of new potential reference 
genes is highly recommended (Kumar et al. 2011). The 
use of tools that enable global analysis of transcripts, 
such as microarrays (Czechowski et al. 2004) or serial 
analysis of gene expression (SAGE; Lee et al. 2010), is 
frequently recommended to find a set of genes for 
validation. In this context, DD is an end-point PCR 
technique that is intended to find genes with modulated 
expression (Liang and Pardee 1992) but also enables 
visualizing genes that are constitutively expressed across 
the samples (uniform band intensity, see Fig. 2 Suppl.). 
Unlike microarrays and SAGE, DD has the advantage 
that no prior sequence knowledge is required; therefore, it 

enables studying non-model organisms with a lack of 
genomic data. In addition, DD is versatile and can be 
easily adapted to compare samples of the new experiment 
in a simple, fast, affordable and reliable manner. Note 
that RTF and VPS, two genes obtained by this method, 
showed higher stability (calculated by the three 
algorithms) compared with the classic reference genes 
from the literature, possibly because the former were 
chosen from an experimental approach. 
 In conclusion, we cloned, sequenced, identified, and 
deposited in GenBank nine mRNAs of I. paraguariensis 
and examined their suitability as reference genes for 
normalization of real-time qPCR. Our data support the 
conclusion that RTF combined with any of the following 
pairs EF1a/α-Tub, ACT/CYP38, or CYP38/VPS are the 
most suitable triads of genes to compute a normalization 
factor. Our analysis constitutes the first in-depth study to 
identify the appropriate reference genes for the 
quantification of gene transcription in I. paraguariensis 
leaves during drought and recovery. 
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