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ARTICLE INFO ABSTRACT

Keywords: The data normalization is a major subject in studies on the gene expression by quantitative polymerase chain
Gene expression reaction (qQPCR) to ensure the reliability of obtained results. The normalization aims to remove variation sources
geNorm with non-biological origins at the highest possible level. The accurate expression analysis greatly relies on the
NormFinder utilization of stable reference gene as an internal control for data normalization because expression patterns of
Reference gene h iderably al . kinds of ti ithin individual . 1 diti

RefFinder these genes considerably alter across various kinds of tissue or within individual experimental conditions.
Rosemary However, little information is available on the stable reference genes in Rosmarinus officinalis L. The present

study selected seven genes from the frequently-used housekeeping genes as candidate reference genes including
Elongation factorl-alpha (EF1-a), 18S ribosomal RNA (18S rRNA), Actin (ACT), alpha-Tubulin (a-TUB),
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Cyclophilin (CYP), and beta-Tubulin (8-TUB). Four
widely-used statistical algorithms, called NormFinder, geNorm, RefFinder, and BestKeeper, were utilized to
evaluate the stability of expressing candidate reference genes in different types of tissue (callus, leaf, flower,
stem, and root) and under the elicitor treatment (salicylic acid and methyl jasmonate). According to compre-
hensive results, GAPDH and 18S rRNA were suitable and unsuitable candidate genes, respectively. The obtained
findings are helpful for future studies on the gene expression in R. officinalis so as to attain improved and reliable
results.

1. Introduction

Rosemary (Rosmarinus officinalis L., Lamiaceae) is a perennial herb
with a woody form and various pharmacological effects due to its
abundant secondary metabolites such as antioxidant, (Raskovic¢ et al.,
2014), antibacterial, (Bozin et al., 2007), antimutagenic (Tajehmiri
et al., 2014), antidiabetic (Bakirel et al., 2008), anti-inflammatory and
antinociceptive (de Melo et al., 2011; Estevez et al., 2007; Gonzalez-
Trujano et al., 2007), hepatoprotective (Abdel-Wahhab et al., 2011),
and anticancer (Moore et al., 2016; Ngo et al., 2011). The main che-
mical elements of rosemary (i.e., triterpenoid acids, carnosic acid,
caffeic acid, carnosol, and rosmarinic acid) have high antioxidant ac-
tivities as the cause of a majority of its pharmacological effects (Ngo
et al., 2011). Due to these natural compounds, it has been studied for its
therapeutic potential and theses pharmaceutically valuable secondary
compounds have attracted much attention in industrial production.

* Corresponding author.
" Corresponding author.

Nevertheless, there is a little information about genes and metabolic
pathways; hence, the gene expression analysis has been widely con-
sidered to investigate transcript levels in specific tissues or different
conditions to assess metabolic pathways of secondary metabolites.
qPCR is a very sensitive, specific, rapid, and accurate technique to
quantitatively measure changes in the gene expression on transient and
spatial scales under fluctuating ecological or trial conditions (Valasek
and Repa, 2005). Moreover, it is the only system that can recognize a
few copies of mRNA. Appropriate normalization methods are necessary
to achieve the highest analytical ability because of troubles in different
steps of preparation and sample processing (Bustin et al., 2009). The
precision of accomplished outcomes by qPCR toughly relies on the
normalization against the stable reference gene expression to reduce
the impact of technical noise and differences in the sample preparation
(Guénin et al., 2009).

Despite the intrinsic ability of reference genes to catch all non-
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biological variations, the regulation of reference genes under some
circumstances have been proved in studies (Vandesompele et al., 2009);
hence, the validation in an experimental condition is a crucial task
whether a candidate reference gene is appropriate for normalization.
The selection of unsuitable reference genes for QPCR can prompt in-
correct and deluding results in the normalizing step. (Bustin et al.,
2013, L Gutierrez et al., 2008). It is more important in trying to quantify
the gene expression for metabolic engineering applications. The ideal
endogenous reference gene should not co-regulate with the target gene
and experienced expression with a fixed amount in all tissues, devel-
opment phases and distinctive experimental conditions in the qPCR
analysis (Radoni¢ et al., 2004). Determination of a suitable reference
gene is a big challenge as the expression stability should be calculated
without utilizing other references (Guénin et al., 2009). Therefore,
some statistical algorithms like NormFinder (Vandesompele et al.,
2002), BestKeeper (Andersen et al., 2004), and geNorm (Pfaffl et al.,
2004) were evolved to assess the strength and distinguish the best re-
ference genes under certain circumstances.

Numerous studies have sought to investigate stable reference genes
in a lot of plant specimens such as Arabidopsis thaliana, as a model plant,
and non-model plants such as Oryza sativa (Jain et al., 2006; Ji et al.,
2014), Glycine max (Nakayama et al., 2014), Solanum Llycopersicum
(Exposito-Rodriguez et al., 2008), Solanum tuberosum (Nicot et al.,
2005), Triticum aestivum (Paolacci et al., 2009), Zea mays (Lin et al.,
2014; Manoli et al., 2012), Cichorium intybus (Maroufi et al., 2010),
Salvia hispanica (Gopalam et al., 2017). Published reports on internal
control genes have mainly focused on HKGs in which protein products
are engaged with fundamental routes in cell, for example ribosomal
subunit synthesis, the glycolytic pathway, protein folding and parts of
cytoskeleton. 18S ribosomal RNA (18S rRNA), Ubiquitin (UBQ), Actin
(ACT), a-Tubulin (a-TUB), 3-Tubulin (3-TUB), Elongation factors (EF),
Cyclophilin (CYP), and Glyceraldehydes-3-phosphate dehydrogenase
(GAPDH), are the most popular validated endogenous genes in plants
(Kozera and Rapacz, 2013) that express with an steadily and consistent
patterns within various tissue types, developmental stages and different
conditions. However, it is found that no single gene can be introduced
as a reference gene with the greatest stability and reliability to nor-
malize the derived raw data from the whole trial background and
plants. Therefore, the identification and evaluation of appropriate re-
ference genes should be accomplished in different plant species. There
has been no report on the assessment of reference genes in R. officinalis;
hence, it is essential to monitor a preeminent reference gene for the
accurate normalization in the analysis of expression of genes by qPCR.

The present study systematically and quantitatively evaluated a
panel of seven candidate reference genes to examine stable conditions
of expression in different tissues (callus, leaf, flower, stem, and root)
and under elicitor treatments including salicylic acid and methyl jas-
monate that could simulate various abiotic and biotic stress in R. offi-
cinalis. Ranking of stable candidate reference gene was performed by
NormFinder, BestKeeper, RefFinder, and geNorm. The research out-
comes are practical for analyzing the gene expression in R. officinalis in
the future to achieve reliable results.

2. Materials and methods
2.1. Plant material and elicitor treatment

A cultivated population of R. officinalis was chosen in a botanical
garden of the Medicinal Plants and Drugs Research Institute (MPDRI),
Shahid Beheshti University, Tehran, Iran, as a plant material and ex-
plant source. Four tissues, namely leaf, flower, stem and root were
collected from plants; and the callus induction was performed in an
experimental design. The surface-sterilization process of plant shoot
tips (10-15 cm) was done after washing them plenty under tap water
for 20 min. The explants were sprayed by 70% ethyl alcohol for a
minute followed by the surface sterilization in 1% sodium hypochlorite
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(NaOC)D) for 15 min. The process was followed by three times washing
of explants by the autoclaved distilled water. For the callus initiation,
Murashige & Skoog medium (MS medium) containing Gamborg B5 vi-
tamin (Duchefa no. M 0231, the Netherlands) with 7 gL' agar and 3%
(w = v) sucrose was used as the basal media that was complemented
with various concentrations of NAA (0.5, 1.0, 1.5 and 2.0 mgL™1)
combined with BAP (1.0 and 2.0 mgL ™). Before adding agar, the pH
was adjusted to 5.8 by 1N HCI or NaOH followed by autoclaving at the
temperature of 121 °C and duration of 20 min (1.4 Kg cm ™ 2). The cul-
ture incubation was performed at 23 + 4°C in a dark place. The callus
induction (%) of calli was evaluated after 40 days as follows:

Rate inducing callus= (total amount of callus generated from ex-
plants/total amount of cultured explants) x 100%.

R software was used to analyze statistics. Duncan's multiple range
test (to compare the statistically significant mean) and ANOVA (ana-
lysis of variance) were used for the analysis. P < 0.05 was considered as
the statistical significance value. Calli were then sub-cultured in fresh
medium at a three-week interval. Four-month-old calli were used for
the RNA extraction. For the elicitor treatment, salicylic acid (SA) and
methyl jasmonate (MeJA) were applied by spraying the foliage of plant
in an aqueous solution at concentrations of 1 and 2 mM. Sampling from
leaves was done in 0, 8, 12, 24, 48 and 72h after treatment. Three
independent biological replicates were allocated to the experiment. The
samples were directly plunged in the liquid nitrogen for snap-freezing
and put away in ultra-cold conditions until the further use.

2.2. Total RNA isolation and cDNA synthesis

Total RNA extraction was done with Trizol (TRI reagent SIGMA-
ALDRICH, USA) based on the company guidelines. The isolated RNAs
were separately diluted at a ratio of 1/50 in treated water with DEPC,
and were then visually assessed by measuring optical density at 260,
280 and 230nm in the UV spectrophotometer; and A260/A280 and
A260/A230 ratios were obtained. RNA samples with A260/280 ratios
ranging from 1.8 to 2.2 and A260/230 > 1.8 were only considered for
the cDNA synthesis. The synthesis of the full-length first strand cDNA
was done from 2 pug of RNA templates via RevertAid™ H Minus M-MuLV
RT First Strand cDNA Synthesis Kit (Thermo Fisher Scientific,
Fermentas); and the diluted cDNA (1:5) was applied as the qPCR tem-
plate.

2.3. Primer design and analysis of qRT-PCR

Seven candidate reference genes were chosen for reference genes as
reported in the previous literature and plant-based studies (Table 1).
Since most of the sequences were not deposited in GenBank for R. of-
ficinalis, assembled transcripts from high throughput sequencing
(http://medicinalplantgenomics.msu.edu) were used to get sequences
and primer designs. The local blast (TBLASTN) was performed to obtain
predicted sequences encoding protein products of reference genes
through BlastStation2 Version 2.71 software (https://www.blaststation.
com/intl/en/blaststation2.php). In the similarity search, amino acid
sequences of Arabidopsis homologs of reference genes were retrieved
via TAIR database (https://www.arabidopsis.org/) and applied as in-
quiries for searching TBLASTN versus the assembled transcript of R.
officinalis. The hit sequence with the highest bit scores and the lowest E-
value reflected the best hit for each gene. According to sequences of
such unigenes, particular primers were developed and checked for their
properties by Oligo Calc (http://biotools.nubic.northwestern.edu/
OligoCalc.html) and OligoAnalyzer (https://eu.idtdna.com/calc/
analyzer). Primer-BLAST tool (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/) was used for checking the primer pair specificity.
Table 2 shows all sequences of primers. The qPCR analysis was per-
formed on the Rotor-Gene® 6000 (Qiagen, Germany). The reaction
mixture contained 2 pL diluted cDNA, 300 nM of each primer, 5 ul qPCR
GreenMaster (Jena Bioscience, Germany) and Milli-Q H20 in a final
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Table 1
Candidate reference genes in R.officinalis.
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Gene abbreviations Gene names Arabidopsis homolog locus Arabidopsis TBLASTN Identity (%) to A. thaliana
E-value
ACT Actin AT3G12110 0.0 90%
a-TUB Alpha tubulin AT5G19780 0.0 98%
B-TUB Beta tubulin AT4G20890 0.0 96%
CcYP Cyclophilin AT5G35100 7E-77 64%
GAPDH Glyceraldehyde-3-phosphate dehydrogenase AT1G13440 1.1E-158 89%
18SrRNA 18S ribosomal RNA AT3G41768 4E-65 88%
EFl-a Elongation factor-lalpha AT5G60390 0.0 73%

volume of 10 L. All reactions were implemented by a no-template
negative control (NTC) and 3 technical and biological replicates.
Thermal cycling was performed as follows: 2 min at 95 °C accompanied
by 40 cycles of 95°C for 20s, 54-57 °C for 20s, and 72°C for 20s.
Results were confirmed by the melt curve and agarose gel analysis.
Correlation coefficient (R?) and amplification efficiency (E) were cal-
culated for all primer pairs using 10 fold serial dilutions of cDNA and a
relative standard curve by gqBaseplus V3.2 software (Hellemans et al.,
2007). PCR efficiency was measured according to the standard curve
slope and the following formula:

E= (107/slope — 1) x 100

2.4. Data analysis and assessment of expression stability

Data analysis was performed by 3 statistical software, namely
geNorm (Vandesompele et al., 2002), NormFinder (Andersen et al.,
2004) and BestKeeper (Pfaffl et al., 2004) to evaluate the expression
stability of candidate internal reference gene over each experimental
subset. The whole statistical software included Microsoft Excel-based
algorithms. GeNorm calculated M value (a measure of gene expression
stability) for candidate reference genes. The genes with the minimum M
values were expected to be stable at an expression level, and thus they
could be considered as the finest references. NormFinder detected the
reference gene with the greatest stability using an ANOVA-based ap-
proach that calculated intragroup and intergroup differences. The genes
with the greatest stability represented the least variation. BestKeeper
program determined the stability rank of reference gene via two factors,
namely the coefficient of variance (CV) (the closeness to 1 was better)
and the standard deviation (SD) (the bigger was the worse) of average
Ct values. Moreover, the algorithm calculated pair-wise correlations
and the probability p value. The genes with significant higher corre-
lation coefficients were accepted as the most stable one. To obtain a
consensus, Reffinder (Chen et al., 2011a), a web-browser program, was
utilized to consolidate aftereffects of three techniques and produce a
complete rank based on geometric means of 3 algorithms that

corresponded to ranks.

2.5. Validation of reference gene

In order to justify the selection of a reliable reference gene, an ex-
pression pattern of the targeted gene, Squalene synthase (SQS), which
participated in the isoprenoid biosynthetic pathway, was estimated by
normalization by two genes with the greatest and lowest detected sta-
bility. SQS sequence was obtained according to data of R. officinalis
transcriptome. The amplification efficiency was calculated by
gBaseplus software. qPCR amplification was performed as described
above. The amount of expression of target gene was estimated in five
different tissues under the MeJA treatment with forward primer,
5’-GTCATGTTCTCCGGACTTG-3’, and reverse primer, 5-TGGGAATAC
CTGGGGAATTG-3'. The approximate amounts of the gene expression
were calculated via the E~24T method (Wong and Medrano, 2005).

3. Results
3.1. Callus induction

Different NAA concentrations combined with BAP were used in the
MS medium and applied to culture the primarily nodal sections for
callusing. Visible calli were produced at two ends of shoot explants after
three weeks (Fig. 1). Different percentages of callus formation were
observed based on the applied treatments (Table 3). No calli was in-
duced in the media without any hormone indicating that plant growth
regulators were necessary for the callus induction. Other reports also
emphasized the importance of exogenous plant growth regulators for
the callus formation in other Lamiaceae members including Salvia fru-
ticose (Karam et al., 2003), Satureja khuzistanica (Sahraroo et al., 2014)
and Ocimum basilicum (Wongsen et al., 2015).

In the present study, the highest percentage of callus induction
(96.67%) was obtained from the MS medium containing 2 mgL.~* BAP
and 0.5 mgL_1 NAA (Table 3). Previous studies indicated the callo-
genesis from explants of R. officinalis. For instance, Dong et al. (2012)

Table 2
Comprehensive details of genes and primer sets used for qRT-PCR.
Gene symbol Primers (F/R) 5'—=3’ Amplicon length (bp) Amplicon Tm (°C) PCR efficiency (E%) (R2)
ACT ATGATCGGAATGGAAGCTGC 196 85.6 98.6 0.999
CCACCACCTTAATCTTCATGC
a-TUB GAGAGCGTTTGTTCACTGGTA 116 82 102.1 0.999
CACCTTCTGCACCAACTTC
B-TUB ATGATGCTCACTTTCTCTGT 131 83 92.4 0.994
GCTTCATTGTCCAACACCAT
CYP TCGGCTCGTGTCGTATTTCA 170 82.7 89.9 0.996
ACATCAGCAACTTGGGCGAC
GAPDH GCTCTAAACGGAAAGTTGAC 173 82.7 107.8 0.999
ACACTCAAGAAACTGAATACTC
18SrRNA ACCATAAACGATGCCGACC 228 86.5 106.4 0.992
AGCTCTCAGTCTGTCAATCC
EF1-a GCTGAGATGAACAAGAGGT 157 83 102.7 0.995

TGAAATCACGATGTCCAGG
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Fig. 1. (A) Explant source of R. officinalis plant (B) Callus induction at two ends of shoot explants after three weeks (C) Four-months-old calli.

obtained an induction rate of 88.8% using the MS medium that was
complemented with 0.5mgL~! NAA, 50 gL sucrose, and 0.5 mgL ™!
BAP (Dong et al., 2012), whereas MS medium, which was supple-
mented by 1 mgL ™' NAA, was considered as the best medium for the
biomass production by Yesil-Celiktas et al. (2007). These results in-
dicated that the callus induction and growth of R. officinalis mostly
depended on the nature and types explants as well as concentration and
combination of growth regulators, especially cytokinin and auxin.

3.2. Verification of amplified product and Ct value analysis

A total of seven widely-used candidate reference genes including
ACT, a-TUB, 3-TUB, CYP, EF1-a, GAPDH and 18S rRNA were assessed in
different Rosemary tissues under the elicitor treatment of salicylic acid
and methyl jasmonate. Amplification specificity for each gene was
verified by a peak in melt curves (Fig. S1) and a band of target product
size in the agarose gel electrophoresis analysis (Fig. S2). The results
revealed that there was no non-specific amplification or primer-dimers
and no fluorescent signal in the no template control (NTC) indicating
the specificity of each primer pair and no genomic DNA contamination.
The standard curves were designed for candidate genes via serial di-
lution series to calculate amplification efficiency (E) and correlation
coefficient (R?). The PCR efficiency (E) of primers varied from 89.9%
for CYP to 107.8% for GAPDH; and correlation coefficients were all
above 0.99 (Table 2). Expressing level of candidate reference gene were
measured using qPCR assay crosswise over 3 subsets of samples con-
sisting of various tissues, SA and MeJA treatments. Seven candidates
exhibited great variations in Ct from 14.77 (18S rRNA) to 30.45 (ACT)
with the highest falling in the range of 22-26.

The Ct value is a sign of transcription level; and a high Ct value
reflects a low transcription level. Narrower CT range values indicate
more stable gene expression. Among samples, 18S rRNA showed the
highest expression abundance with the lowest mean Ct value of
17.35 = 1.60 (mean * SD) accompanied by GAPDH (22.33 * 1.16),
EFl-a (22.88 + 1.54), a-TUB (23.71 = 1.24), 3-TUB (24.50 = 1.61),
CYP (25.99 + 1.34) and ACT (26.92 = 1.53) (Fig. 2). Genes with high
standard variations were considered as an unreliable reference gene
because of higher variable expressions. The data was seemed to suggest
that none of genes could be considered as the stable reference gene;
hence, it was essential to assay reference genes for normalization in
qPCR for R. officinalis.

Table 3

3.3. Data analysis for assessment of expression stability of reference genes

The stable expression of seven candidate reference genes was as-
sessed by three most common algorithms, namely geNorm, Normfinder
and BestKeeper.

3.3.1. Analysis of geNorm

GeNorm operates based on an algorithm to determine the stable
expression of the reference gene by which the mean stability of ex-
pression (M-value) could be calculated for each gene based on the non-
normalized expression level. In this method, the accepted cut-off M-
value of 0.50 was usually proposed for stability of reference genes
(Hellemans et al., 2007). Lower M-values indicated the higher stability.
In the present analysis, Fig. 3 exhibited stable expression ranks of seven
candidate reference genes in various tissues and under SA and MeJA
treatments and in all samples. GAPDH and a-TUB indicated the smallest
M value, and were thus considered as the stable expressions in both sets
of tissues and SA treatment (Fig. 3A and B). Based on the M-value, 18S
rRNA (1.25) in tissue group and EFI1-a (1.45) in SA treatment group
were the least stable genes. In the MeJA treatment group, a-TUB and f3-
TUB were the top ranked candidates (0.49 and 0.55 respectively) that
were characterized by the greatest stability, accompanied by GAPDH
(0.6) and EFI-a (0.7). 18S rRNA (1.07) and ACT (0.89) were the least
stable genes in this group (Fig. 3C). When all samples were mixed and
tested, no gene exhibited M-values of less than 0.5, but GAPDH (0.82),
CYP (0.88) and a-TUB (0.92) were more stable among seven tested
genes (Fig. 3D).

This algorithm also indicated how many reference genes were ne-
cessary for precise normalization via calculating a pairwise variation
(Vn/n + 1) between sequential ranked genes in different samples. The
value of Vn/n + 1 < 0.15 meant that it was not essential for the further
reference gene (Vandesompele et al., 2002). The histogram of Fig. 4
indicated that pairwise variation values were all above 0.15 in groups
of SA and MeJA treatments and also in all samples. Therefore, no op-
timized number of reference genes could be specified because of rela-
tively high values of V. The evaluation of further candidate reference
genes is probably helpful. If this is impossible, It is recommended using
5 or 6 reference genes with the lowest M values since the normalization
with multiple reference genes (non-optimal in this case) can lead to
more accurate outcomes than the normalization with a single non-va-
lidated reference gene. In contrast, the reported V2/3 value was less

Effect of different concentrations of BAP and NAA on callus induction (%) of Rosmarinus officinalis.

Callus induction (%)

BAP (mgL™ ") NAA (mgL™ ")

0.5 1.0 1.5 2.0
1.0 36 + 6.38 58.33 + 13.74% 48.33 + 11.39%f 41.67 + 13.74%
2.0 96.67 + 3.85% 68.33 + 8.39 53.33 + 12.174¢ 80.0 * 5.44°

Means + SD with different letters are significant according to the Duncan's multiple range test (P < 0.05).
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Fig. 2. Distribution of cycle threshold (Ct) values
of seven candidate reference genes across all of the
samples in R. officinalis. The horizontal line within
the box indicates the median, boundaries of the
box indicate the 25th and 75th percentile, and the
whiskers indicate the highest and lowest Ct values.
The circles depict potential outliers.
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Fig. 5. Stability values of seven candidate reference genes calculated by NormFinder. (A) Tissue; (B) SA treatment; (C) MeJA treatment; (D) all of the samples in our

given conditions.

3.3.3. BestKeeper analysis

Raw Ct values are inputs of BestKeeper software. The values of
CV = SD determine the stability of expression. In this workflow, the
more stable genes possess the lower CV * SD values. SD greater than 1
were unacceptable (less stable) for genes and these genes were in-
troduced as unstable genes that should be ignored (Ma et al., 2016;
Pfaffl et al., 2004). According to the Bestkeeper evaluation, the CV +
SD ranking of the candidate reference gene increased like in geNorm
and Normfinder suggesting the gradual decrease in the stability (Fig. 6).

For instance, CYP showed a CV =+ SD value of 1.91 + 0.51 and iden-
tified as the best reference gene for normalization in the tissue group,
while 18S rRNA was the worse with a CV + SD of 6.66 + 1.27. In the
SA-treated subset, CV = SD values of all genes were in the same range;
and only EF1-a had SD < 1. In MeJA-treated subset and all sample
subsets, a-TUB and CYP exhibited the lowest CV x SD values of
2.69 = 0.62 and 3.66 = 0.95; hence, they were considered as genes
with the highest stability. In this scenario, the least stable reference
gene with a high SD value reported 18S rRNA in all groups. BestKeeper
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Table 4
Pearson correlation coefficient of Reference Genes with Bestkeeper index.

Bestkeeper coefficient of correlation (Bestkeeper index vs Reference Genes)

group 18S rRNA ACT a-TUB B-TUB CYP EFl-a GAPDH
Tissue 0.140 0.743* 0.613* 0.762* 0.608* 0.553* 0.633*
SA treatment 0.518* 0.498* 0.736* 0.913* 0.853* 0.001 0.893*
MeJA treatment 0.347* 0.461* 0.815* 0.633* 0.792* 0.839* 0.891*
All samples 0.481* 0.481* 0.587* 0.796* 0.806* 0.369* 0.783*

*Indicates significance at p-value < 0.05 level.

software also calculates an index called the BestKeeper Index which is
obtained from correlation coefficients of Ct value of each gene with
geometric mean of all their Ct values. The Pearson correlation coeffi-
cient between Bestkeeper index and genes were calculated in the next
step. The probability p-value indicated a statistically significant corre-
lation. Table 4 present computed correlation coefficients of studied
reference genes in this survey. According to this data, it seems that
there was some conflict. Therefore, correlation coefficients and related
p-values, which were calculated by BestKeeper, were obtained only
from groups with homogeneous variance between transcript levels. The
observed significant variances may be because of differences in ex-
pression values (Ct) of selected internal controls (Neerukonda et al.,
2016). In the present research, Ct values were ranging from ~17 (18S
rRNA) to ~27 (ACT). In the tissue subset, both in SA and MeJA-treated
subsets and all samples group, B-TUB, GAPDH and CYP were sig-
nificantly correlated with one another and the BestKeeper index and
were considered as genes with higher stability.

3.3.4. Comprehensive stability analysis of reference genes

Ranking the reference genes stability via the above-mentioned three
algorithms were slightly different, and thus it was essential to get a
comprehensive rank. RefFinder is a comparative algorithm that pro-
duces overall ranking and subsequently a consensus result. The com-
prehensive rank for studied reference genes in each subset was obtained
from RefFinder as presented in Table 5. According to the ranking order
by RefFinder, GAPDH was comprehensively ranked first in all samples
and groups. The results was the same as the list by geNorm and
NormFinder for all combined data supporting that the same result with
these two different algorithms and the proposed best gene by multiple
strategies were the same. ACT was in the lowest rank for groups of
tissue and SA treatment; and 18S rRNA was the last rank for the MeJA
treatment and all tested samples indicating that the genes were un-
stably expressed in tested groups.
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Table 5
Comprehensive ranking of seven candidate reference genes integrated by
RefFinder.

Ranking Tissue SA treatment MeJA treatment Total

1 GAPDH GAPDH GAPDH GAPDH
2 CYP B-TUB a-TUB a-TUB

3 B-TUB CYP CYP CYP

4 a-TUB a-TUB B-TUB B-TUB

5 EFl-a EFl-a EFl-a ACT

6 18SrRNA 18SrRNA ACT EFl-a

7 ACT ACT 18SrRNA 18SrRNA

3.4. Validating reference genes

Approximate amounts of expression of a targeted gene were tracked
in various tissues under MeJA treatment in R. officinalis using qRT-PCR
in order to validate the best reference genes. The expression was
quantified and underwent the normalization via two stable reference
genes, individually and jointly, and a reference gene with the lowest
stability according to comprehensive ranking in each group. Squalene
synthase (SQS), involved in isoprenoid and sterol biosynthesis pathway,
considered as a target gene. The enzyme catalyzed the final branch
point of both biosynthetic pathways and the formation of squalene as a
two-step reaction. In different plant species, sterol and triterpenic
compounds were enhanced by the overexpression of SQS (Grover et al.,
2013, OT Kim et al., 2010, Y-K Kim et al., 2014; Seo et al., 2005). In
different tissues, the relative expression level of SQS was higher in
leaves and flower when it underwent the normalization with two re-
ference genes (GAPDH or CYP) with the highest stability individually or
in combination state. In contrast, when it was normalized with an un-
stable endogenous control 18S rRNA, the highest expression of SQS was
found in stem (Fig. 7A). Under the MeJA treatment, the transcript
abundance increased at 12 h and gradually decreased till 72 h, whereas
the relative expression level of SQS was overestimated at 12h and 48 h
while using the least stable reference gene (Fig. 7B). In general, the
same pattern of gene expression was seen in application of two stable
reference genes (GAPDH or a-TUB) individually and in combination for
normalization; and the expression model was entirely altered when the
normalization was done by the least reported stable gene, 18S rRNA.
The results highlighted the importance of selecting housekeeping genes
that could lead to a significant effect on the final normalized results.
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4. Discussion

Undoubtedly, qPCR is a sensitive accurate and powerful technique
to detect low levels of RNA (Kozera and Rapacz, 2013), but the major
challenge of this technique is the normalization step with the validated
reference genes in order to avoid the influence of nonbiological varia-
tion(s) such as errors of operator, sample preparation, performance of
reverse transcription and platform differences. (Gadkar and Filion,
2015; Huggett et al., 2005). The reliable reference genes have a number
of standard features: involved in the basic necessary processes for the
cell survival (Housekeeping Genes), minimal variability in their ex-
pression between different tissues and under various experimental
conditions, unaffected by experimental factors, stably expressed and
non-regulated continuous level (Chervoneva et al., 2010; Kozera and
Rapacz, 2013). Therefore, the selection of inappropriate internal genes
can bring to erroneous normalization and subsequent false interpreted
results (Dekkers et al., 2012; Dheda et al., 2004). In a research, a series
of candidate reference genes for normalization was evaluated in R. of-
ficinalis as the first systematic survey. A systematic survey was con-
ducted on the expression stability of a set of candidate reference genes
for normalization in R. officinalis in different experimental situations
(different tissues, SA treatment and MeJA treatment).

In the present study, the expression stability of seven nominee re-
ference genes was assessed by four statistical procedures, NormFinder,
geNorm, BestKeeper and RefFinder. In the research, the top-ranked
genes, which were generated by geNorm and Normfinder algorithms,
were identical across different conditions. Moreover, the bottom posi-
tion of ranking was the same in each subset. Nevertheless, the stability
rank of two algorithms were partially dissimilar because of different
strategy of each algorithms to measure the stability. The gene ranking
of geNorm was based on the low pairwise variation (the expression
stability value, M) (Vandesompele et al., 2002), while the stability was
determined via NormFinder according to the combination of intra- and
inter-group variations (Andersen et al., 2004). In addition, PCR effi-
ciencies largely affected the output of geNorm according to Norm-
Finder. In contrast, NormFinder was more sensitive to small sample
sizes (De Spiegelaere et al., 2015). a-TUB was the gene with the greatest
stability in tissue group and MeJA treatment; and GAPDH was ranked as
the best gene in the SA treatment and all samples group, so they were
two reference genes with the greatest recommended stability by both
geNorm and Normfinder in studied experimental conditions. 18S rRNA
and EF1-a were considered as unstable reference genes in the SA
treatment and other three groups respectively by geNorm and Norm-
finder. BestKeeper provides SD of Ct values, and Pearson correlation of
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every gene by a BestKeeper Index (Pfaffl et al., 2004). This algorithm is
less sensitive to the co-regulation like NormFinder, whereas geNorm
ranking can be affected by co-regulated genes that appear to be more
stable (Peng et al., 2018; Wu et al., 2016). Ranking BestKeeper was not
similar to geNorm and Normfinder in the present study. For instance,
BestKeeper could not recommend the most stable reference genes based
on the standard deviation in the SA treatment. Therefore, results of
three algorithms were integrated by RefFinder. This web-based tool
represented the comprehensive ranking by calculating geometric means
of the weight of each gene generating by programs (Chen et al., 2011a).
This algorithm has been widely used to explore the proper reference
gene in particular conditions (Duan et al., 2017, Galli et al., 2015, L
Huang et al., 2014, T Huang et al., 2018, Kiarash et al., 2018, Zhu et al.,
2012). According to the comprehensive ranking (Table 5), we found
that GAPDH and a-TUB have been the most appropriate genes when
each sample pooled. The most stable expression based on all three given
conditions was related to GAPDH. This gene was the highest three
ranked reference gene in each group by all three programs. Based on a
literature survey, there are contradictory reports on the expression
stability of GAPDH in different trials and species of plants. The present
study indicated that it was a gene with the highest stability in various
tissues, SA and MeJA treatment in R. officinalis. According to the same
way, GAPDH seemed to have a stable expression gene in Salvia hispanica
in various abiotic stresses (Gopalam et al., 2017), Narcissus pseudo-
narcissus in different organs and different cultivar (X Li et al., 2018),
Cicer arietinum under stress conditions (Garg et al., 2010), Cajanus cajan
under heat and salinity stress (Sinha et al., 2015), Panax ginseng in
seedlings treated with heat (Wang and Lu, 2016), Paeonia suffruticosa in
different cultivars (J Li et al., 2016), Linum usitatissimum in various
tissues and development phases (Huis et al., 2010), Brachypodium dis-
tachyon through cold and heat stress (Hong et al., 2008), Coffea Arabica
in different tissues and organs (Barsalobres-Cavallari et al., 2009) and
cereal plants (Triticum aestivum, Hordeum vulgare and Avena sativa)
under viral infections (JaroSova and Kundu, 2010). In contrast, other
reports considered GAPDH as an inappropriate reference gene for nor-
malization, for instance, in strawberry under drought and salt stress
condition and different cultivars (Galli et al., 2015), Zea mays under
flowering and water deficit stress (Oneto et al., 2016), Nicotiana ta-
bacum across developmental stages and abiotic stress (Schmidt and
Delaney, 2010), Cichorium intybus In cell cultures grown under various
conditions (Delporte et al., 2015) and Carica papaya at different storage
temperatures, modified atmosphere packaging, hot water treatment
and biotic stress (Zhu et al., 2012).

The second top stable reference gene was different in each group in
comprehensive ranking. CYP, 3-TUB and a-TUB were ranked second in
various tissues, SA and MeJA treatment respectively. Similar to the
present study, CYP also exhibited uniform expression pattern in
Panicum virgatum under different environmental stresses and different
plant tissues (Gimeno et al., 2014), Panax ginseng in different organs
and different growth stages (Liu et al., 2014), Salvia hispanica in the
different abiotic stress treatments (Gopalam et al., 2017), Peanut
(Reddy et al., 2013) and Sorghum under abiotic stress (Sudhakar Reddy
et al., 2016), Soybean in various tissues (Jian et al., 2008) and in de-
veloping and germinating seed (Q Li et al., 2012), Vicia faba in different
tissues and genotypes (N Gutierrez et al., 2011) and Solanum tuberosusm
in salt stress (Nicot et al., 2005) and banana under different conditions
(Chen et al., 2011b); however, it was recognized as an inappropriate
reference gene in the grapevine berry development (Reid et al., 2006),
and Cicer arietinum under various experimental conditions (Reddy et al.,
2016). The microtubules are parts of the cytoskeleton of eukaryotic
cells that are involved in a variety of cellular processes. They partici-
pate in the cell division (segregation of chromosomes during the mitosis
and meiosis), positioning of organelles and the intracellular transport
(Reboucas et al., 2013). Therefore, they were traditionally used as re-
ference genes in several species.

In the present specific research, they had a uniform expression
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pattern after GAPDH in SA and MeJA treatment; hence, they could be
considered as stable genes for normalization. According to the studies,
the genes had stable expression In Buglossoides arvensis under different
experimental conditions and in different tissues (Gadkar and Filion,
2015), durum wheat in drought stress (Kiarash et al., 2018), Orobanche
ramose (Gonzélez-Verdejo et al., 2008), Cucumis sativus (Wan et al.,
2010) and Helianthus annuus (Fernandez et al., 2011) during develop-
ment, chrysanthemum in aphid infestation (Gu et al., 2011) and Salvia
hispanica in vegetative stages (Gopalam et al., 2017). On the other
hand, they were less constant under different stress treatments in maize
(Sekhon et al., 2011). In the present study, ACT and 18S rRNA exhibited
variations in the expression, and thus they should be prudently con-
sidered as reference genes. They are widely used as internal controls in
gPCR among a number of different plant species and experiments.
Nevertheless, some studies have suggested that they may be unsuitable
to compare expression among different experimental conditions be-
cause of the variability in the expression in different conditions. In this
case, the normalization can lead to wrong evaluations. These results
were consistent with studies by Gadkar and Filion (2015) who con-
sidered 18S rRNA and ACT as genes with the greatest instability of
expression for selected experimental conditions in the assay (Gadkar
and Filion, 2015).

5. Conclusion

It was the first study on the validation of reference genes in R. of-
ficinalis for the qPCR normalization. The experimental condition to
assess reference genes included five different tissues and SA and MeJA
treatments at six-time intervals. In conclusion, GAPDH and CYP in
different tissues, GAPDH and -TUB in SA treatment, and GAPDH and a-
TUB in MeJA treatment were considered as appropriate internal con-
trols for the qPCR-based normalization in R. officinalis. For reliable
application of reference genes, it is recommended to validate more
genes in more conditions because most of reference genes are not al-
ways constant in different conditions. Therefore, the amount of ex-
pression of reference genes should be measured under the same con-
ditions as those that are used for related genes.
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