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Abstract 
 
Licorice (Glycyrrhiza glabra L.) is an important medicinal plant accumulating high-value secondary metabolites. Real-
time reverse transcription quantitative PCR (RT-qPCR) has become a common method for studying gene expression, 
and the availability of stable reference genes is a prerequisite to obtain accurate quantification of transcript abundance. 
Therefore, an experiment was designed to determine appropriate reference genes for gene expression studies in licorice. 
Based on reports in the literature and the availability of genomic sequences, eight putative reference genes were chosen. 
Further, the expression stabilities of these genes were evaluated in leaf and root tissues under normal and drought stress 
conditions using three distinct statistical algorithms including geNorm, NormFinder, and BestKeeper. Among the 
investigated genes, ubiquitin-conjugating enzyme E2 (UBC2), elongation factor 1  (EF1), and actin (ACT) under 
normal conditions and ACT, -tubulin (BTU), and UBC2 under drought stress conditions were the most stable genes in 
leaves, whereas BTU, ACT, and UBC2 under normal and drought stress conditions were identified as the most stable 
genes in roots. Nevertheless, the use of glyceraldehyde-3-phosphate dehydrogenase, F-box protein, and BTU have not 
been approved as reference genes for RT-qPCR data normalization. The findings in this study highlight the importance 
of the use of well-validated reference genes to the success of gene expression analysis using RT-qPCR.  
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Introduction 
 
Expression patterns of genes involved in signaling and 
metabolic pathways are required for a better 
understanding of biological processes in plants. Different 
investigation methods are available for gene expression 
study including Northern blot, ribonuclease protection 
assay, reverse transcription PCR assay and the more 
recent real-time reverse transcription quantitative PCR 
(RT-qPCR). Among them RT-qPCR has shown 
significant advantages such as accuracy, precision, 
sensitivity, and specificity (Gachon et al. 2004). 
Therefore, it has become the favorite method for 
quantification of gene expression in different organs or 
tissues in different fields of biology, medicine, and 
forensic study (Czechowski et al. 2005). Additionally, 
RT-qPCR is the method of choice for the confirmation of 
global gene expression analysis based on microarray 
technology (Schmittgen et al. 2008). Although 
quantification of mRNA using RT-qPCR is a widely used 

method, variation may arise in results of gene expression 
analysis from different sources such as biological and 
technical variation during the procedure of RNA 
extraction, cDNA synthesis, real time PCR, and sample 
loading (Vandesompele et al. 2002, Andersen et al. 
2004). These sources of variability, especially non-
biological variation, should be reduced to quantify 
steady-state gene expression levels. In order to avoid 
bias, several strategies have been recommended to 
normalize RT-qPCR data. Among these methods, the use 
of a reliable internal control gene, which is also called 
reference gene, is the most widely used approach (Thellin 
et al. 1999). An ideal reference gene should be expressed 
at a stable level across a range of conditions, 
developmental stages, and tissue types (Radonic et al. 
2004). Housekeeping genes, such as -tubulin (BTU), 
actin (ACT), glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), ribosomal subunits, and ubiquitin, have been 
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used in many studies directly as reference gene for 
normalization of quantitative gene expression assays 
(Rebouças et al. 2013, Kozera and Rapacz 2013). 
However, there is evidence that traditional housekeeping 
genes do not always manifest stable expression across 
different treatments, biological processes, and even 
across different tissues (Thellin et al. 1999, Czechowski 
et al. 2005, Radonic et al. 2004, Hu et al. 2009). 
Additionally, there are no universal reference genes 
showing stable expression patterns. This necessitates 
evaluation of stability of potential reference genes used 
for normalization in every experiment. Therefore in 
recent years, various housekeeping genes in different 
plant species have been evaluated for their stability to 
assure accurate quantification of gene expression under 
normal or specific conditions (Janska et al. 2013, Guo 
et al. 2014, Silva et al. 2014, Gali et al. 2015, Tian et al. 
2015, Zhuang et al. 2015).  
 Glycyrrhiza glabra is a well-known medicinal herb 
since its roots contain many saponins, flavonoids, 
polysaccharides, pectin, and glycyrrhizin (Obolentseva  
et al. 1999) and have been used in traditional medicine 
(Asl and Hosseinzadeh 2008). Licorice roots have a wide 
range of applications in food, cosmetics, and pharma-
ceutical industry (Hayashi and Sudo 2009). Since not all 
metabolites present in licorice tissues are at a high level, 

many studies are required to develop well-organized 
methods for increasing metabolite content in tissues of 
cultivated Glycyrrhiza plants. Moreover, production of 
secondary metabolites is strongly correlated with growth 
and environmental conditions. In general, plants growing 
under drought stress alter expression of certain genes; this 
may enhance production of secondary metabolites 
(Selmar and Kleinwachter 2013). Therefore, successful 
use of deliberate drought stress on licorice could increase 
secondary metabolite production. Identification of 
candidate genes involved in the biosynthetic pathways of 
glycyrrhizin has been one of the main goals (Hayashi 
et al. 2001, Seki et al. 2008, 2011). Lack of reliable 
reference genes is the main cause to the limited use of 
RT-qPCR in G. glabra. Up to now, only 18S rRNA has 
been used for normalization of target gene expression in 
licorice plants (Hayashi et al. 2004, Shabani et al. 2010) 
even though its expression stability has not yet been 
verified. Thus, it is substantial to identify the most 
suitable reference genes in licorice to facilitate further 
gene expression analyses. Consequently, the identi-
fication of reliable reference genes for normalization in 
different tissues and environmental conditions would 
provide the baseline for further gene expression analysis 
in licorice plants where a high demand for its valuable 
secondary metabolites exists. 

 
 
Materials and methods  
 
Seeds of Glycyrrhiza glabra L. from Pakan Bazr (Iran) 
were sown in pots containing a mixture of sand, 
expanded clay, and soil (1:1:1, by mass). The plants were 
kept in greenhouse conditions at a temperature of 25 °C, 
an air humidity of 60 %, a 16-h photoperiod, and an 
irradiance of 1 000 mol m-2 s-1. Each pot was supplied 
with 500 cm3 of water per day to maintain the full field 
capacity (called normal conditions). Drought-stress 
treatment was performed on the plants by reducing the 
irrigation to a half for two weeks at the mature stage. 
Then leaves and roots of 10 plants (biological replicates) 
from both the treatments were separately sampled, 
immediately frozen in liquid nitrogen, and kept frozen at 
-80°C until further use. 
 The total RNA was extracted from 100 mg of root or 
leaf tissue sampled under the normal and drought 
conditions using the acid guanidinium thiocyanate-
phenol-chloroform extraction method (Piotr and Sacchi 
2006). Concentration and purity of the isolated RNA 
samples were determined using a Nanodrop ND-1000 
spectrophotometer (Thermo Scientific, Waltham, MA, 
USA). The total RNAs were treated with DNase 
(Fermentas, Waltham, MA, USA) to remove all genomic 
DNA contamination. The first strand cDNA was 
synthesized from equal amounts (1 μg) of the total RNA 
for all samples using M-MuLV reverse transcriptase 
(Vivantis, Shahe Alam, Malaysia.) and an oligo dT primer 
in a total volume of 0.02 cm3 according to the 
manufacturer’s instructions. The resulting cDNA samples 

were finally diluted 10-fold in deionized water prior to 
use in real-time PCR.  
 Eight potential reference genes, namely translation 
initiation factor 1, GAPDH, histone H3 (HIS3), F-box 
protein (FBP), BTU, ubiquitin-conjugating enzyme E2 
(UBC2), elongation factor 1  (EF1), and actin (ACT), 
were selected based on previous reports on identification 
of the most stably expressed reference genes (Thellin et 
al. 1999, Czechowski et al. 2005, Radonic et al. 2008, 
Paolacci et al. 2009, Huis et al. 2010, Schmidt and 
Delaney 2010, Le et al. 2012, Janska et al. 2013). BLAST 
was used for identifying homologous sequences (Boratyn 
et al. 2013). The corresponding expressed sequence tags 
that shared a high sequence similarity with a distinct gene 
were considered as putative orthologous gene. Specific 
primers were designed from the expressed sequence tags 
of Glycyrrhiza uralensis using the online software 
Primer3 (Untergrasser et al. 2012) in order to obtain a 
fragment with the amplicon length of 60 - 150 bp 
(Udvardi et al. 2008) and melting temperatures ranging 
from 58 to 60 °C. Primer dimer and hairpin loop 
formation were examined using AutoDimer (Vallone and 
Butler 2004). Reverse transcription PCR was performed 
in a total volume of 0.05 cm3. Each reaction mixture 
contained 100 ng of cDNA, 300 nM each primer, 400 μM 
dNTP mix, 2 U of Pfu DNA polymerase, and PCR buffer 
(Promega, Madison, WI, USA). Amplifications by PCR 
were conducted in a thermocycler (Bio-Rad, Hercules, 
USA) programmed as follows: an initial denaturation step 
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at 95 °C for 2 min followed by 35 cycles of 94 °C for  
30 s, 58 °C for 30 s, and 72 °C for 30 s, with a final 
extension step of 72 °C for 10 min. The PCR products 
were then analyzed on 1 % (m/v) agarose gel followed by 
ethidium bromide staining. 
 For real-time qPCR, amplification reactions were 
carried out for 2 technical replicates and 10 biological 
replicates in a 384-well plate on a Lightcycler 480 
(Roche, Basel, Switzerland). Each reaction mixture 
contained 1× LightCycler® 480 SYBR Green I (Roche, 
Basel, Switzerland), about 50 ng of diluted cDNA 
template, 250 nM of forward and reverse primers, and 
water to a 0.01 cm3 final volume. The absence of 
genomic DNA contamination was confirmed using an 
equivalent amount of the total RNA for each sample 
without reverse transcription. A no-template control was 
included for each primer pair. The thermal profile of the 
reaction was as follows: 95 °C for 5 min an initial 
denaturation and enzyme activation step followed by 
45 cycles consisting of 95 °C for 10 s and 58 °C for 10 s. 
Lastly, a dissociation curve was generated by increasing 
temperature starting from 65 to 95 °C to determine the 
specificity of each reaction. The quantification cycle 
(Cq), which is referred to as crossing point in LightCycler 
terminology and previously known as the threshold cycle, 
was automatically generated for each reaction by the 
LightCycler480 SW 1.5 software with default parameters 
using the second derivative method.  
 The expression stability of the candidate reference 
genes was calculated using geNorm, a stepwise exclusion 
of the least stable genes method (Vandesompele et al. 
2002), NormFinder, an ANOVA based-model (Andersen 
et al. 2004), and BestKeeper, a pair-wise correlation 
method (Pfaffl 2004). The geNorm determines the 
expression stability value (M), which is the average 
pairwise variation of a particular gene and all other 

present genes. It is based on the principle of the identical 
expression ratio of two best reference genes in all 
samples independent of a tissue type and experimental 
conditions. The expression stability value is determined 
by a repeated process of a stepwise exclusion of the 
worst-scoring reference gene. According to geNorm, the 
gene with the lowest M value is most stable, whereas the 
gene with M value more than 1.5 has a greater expression 
variation and is regarded as unstable gene. Thus, geNorm 
ranks the set of reference genes according to their  
M values. The geNorm additionally calculates the 
pairwise variation between two sequential normalization 
factors, which determines an optimal number of reference 
genes required for normalization. Vandesompele et al. 
(2002) proposed 0.15 as cut-off value for the pairwise 
variation. This means that below the threshold the 
inclusion of extra reference genes is not required. The 
NormFinder calculates stability of genes based on a 
variance estimation approach taking into account an intra- 
or inter-group variation. It also avoids artificial selection 
of co-regulated genes (Andersen et al. 2004). A lower 
stability value indicates a more stable expression within a 
gene set. The BestKeeper calculates a pairwise 
correlation of each candidate reference gene to the 
BestKeeper index (the geometric mean of the Cq values 
of all candidate reference genes) utilizing raw Cq values 
(Pfaffl et al. 2004). An ideal reference gene is a gene with 
the highest coefficient of correlation to the BestKeeper 
index and the lowest standard deviation value. 
 The Cq values were firstly transformed into relative 
quantities via the delta-Ct method (Hellemans et al. 
2007), using the EΔCq formula (relative quantity = EΔCq, 
where E is the PCR amplification efficiency of a 
candidate gene and ΔCq is the difference of Cq values 
between a treated-sample and a control sample). To 
obtain the PCR amplification efficiency of the candidate  

 
Table 1. Description of candidate reference genes for reverse transcription quantitative PCR analysis in licorice. R2 refers to 
coefficient of determination. 
 

Gene Accession 
number 

Primer sequence Amplicon 
length [bp] 

Amplification 
efficiency 

R2 

TIF1 FS241662.1 F- ACAACCGTTCAGGGATTGA 
R- GGGTCCTGAACAACTGTACC 

100 92.67 0.9996 

GAPDH FS273773.1 F- AAGACCCCACTGTGGAAATG 
R- CCCTCTCCCAGAATCCTTACTC 

100 95.07 
 

0. 9982 

HIS3 FS284430.1 F- TAGATACCGCCCTGGAACTGT 
R- ACGAACAAGACGTTGGAAGG 

100 94.02 0.9990 

FBP FS271614.1 F- GACCAAGGTTGCGAACTGAT 
R- CAGACCACGTGAACTGGATTAG 

100 94.06 0. 9997 

BTU FS280792.1 F- ACTACACTGAAGGCGCTGAACT 
R- GAATGGCACACTTGGAAACC 

100 91.66 0.9995 

UBC2 FS991487.1 F- CTACAACAAGACCCACCTGCT 
R- CCCATGGAGTATCATCAGGAC 

100 89.88 0.9934 

EF1 FS288022.1 F- GACTGGTACAAGGGACCAACTC 
R- AGACATCCTGCAATGGAAGC 

100 91.32 0.9901 

ACT EU190972.1 F- CCTCTCTCTTTATGCCAGTGGT 
R- AGGGAGTGCATAACCCTCATAG 

100 89.34 0.9815 
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genes, a standard curve by serial dilution of linearized 
plasmid containing the respective sequences of each gene 
was generated. The slope produced by the standard curve 
was used to calculate the amplification efficiency 
according to the formula E = 10(-1/slope) as described by 
Pfaffl (2001). The relative quantities were imported into 
geNorm or NormFinder to obtain gene stability values. 

The input data for the BestKeeper algorithm were only 
raw Cq values. Descriptive statistics including standard 
deviation (SD) and coefficient of variation (CV, %) were 
additionally computed for all the genes. The expression 
stability values calculated by each programme were 
finally used to rank the genes. 

 
Table 2. Candidate reference gene expression stability order according to geNorm and NormFinder for licorice plants under normal 
and drought conditions in leaf tissue and root tissue. M - expression stability value. 
 

 Normal conditions  Drought  
 geNorm Normfinder geNorm Normfinder 
 gene  M gene  M gene  M gene  M 

Leaf UBC2 0.28 UBC2 0.055 ACT 0.23 ACT 0.116 
 EF1 0.28 ACT 0.084 BTU 0.23 UBC2 0.141 
 ACT 0.34 EF1 0.107 UBC2 0.29 EF1 0.162 
 GAPDH 0.37 GAPDH 0.267 EF1 0.30 TIF1 0.163 
 TIF1 0.42 TIF 0.281 TIF1 0.32 BTU 0.200 
 BTU 0.49 BTU 0.338 GAPDH 0.33 GAPDH 0.203 
 HIS3 0.59 HIS3 0.608 HIS3 0.38 HIS3 0.316 
 FBP 0.79 FBP 0.927 FBP 0.51 FBP 0.578 

Root BTU 0.27 BTU 0.091 UBC2 0.16 BTU 0.102 
 ACT 0.27 ACT 0.095 ACT 0.16 UBC2 0.116 
 UBC2 0.33 UBC2 0.233 BTU 0.25 ACT 0.231 
 EF1 0.40 TIF1 0.250 TIF1 0.29 EF1 0.238 
 TIF1 0.48 HIS3 0.337 EF1 0.33 GAPDH 0.254 
 HIS3 0.53 EF1 0.401 GAPDH 0.36 TIF1 0.263 
 GAPDH 0.68 GAPDH 0.724 HIS3 0.44 HIS3 0.336 
 FBP 0.89 FBP 1.001 FBP 0.74 FBP 1.124 

 
 
Results  
 
Based on the literature survey and availability of 
expressed sequence tags database from Glycyrrhiza 
uralensis, eight potential reference genes were chosen to 
evaluate their expression stability (Table 1). The selected 
genes are involved in a wide variety of biological 
functions and have been used as reference genes for 
normalization of RT-qPCR data. Moreover, the selected 
genes are not co-regulated, which is highly required to 
identify stable genes by geNorm (Vandesompele et al. 
2002).  

 The specificity of RT-qPCR amplification was 
verified by agarose gel electrophoresis followed by 
ethidium bromide staining and gel photography. All 
primer pairs generated a single PCR product of an 
expected size (Fig. 1 Suppl.). Furthermore, amplification 
specificity of the primer pairs and the absence of primer-
dimer formation were verified by the presence of a single 
peak in the melt curve analysis (see Fig. 1 Suppl.). These 
results show that all primer pairs were suitable for  
RT-qPCR studies in licorice. Amplification efficiency 

 

 
Fig. 1. The quantification cycle values of candidate reference genes. Boxes show median values. Vertical lines indicate value ranges. 
 



REFERENCE GENES FOR RT-qPCR IN LICORICE 

649 

of the PCR reaction was calculated from the given slope 
from the standard curve by making a dilution series. 
Amplification efficiencies (Table 1) of the candidate 
reference genes ranged from 89.34 % (ACT) to 95.07 % 
(GAPDH) and correlation coefficients varied from 0.9815 
(ACT) to 0.9997 (FBP), both are within expected ranges 
for RT-qPCR reactions (Pfaffl 2004, Bookout et al. 
2006). Therefore, these data provide important basic 
information for further studies in licorice. 
 The Cq values of all the candidate reference genes for 
all samples were collected. Transcripts of all the genes 
were detectable in all of the tested samples. Raw real-
time PCR data are expressed as Cq values in all the 
samples reveal that UBC2 was the most expressed gene 
of the set, with mean Cq of 23.64, and EF1 was the least 
abundant transcript with mean Cq of 32.40 (Fig. 1). The 
remaining genes occupied the intermediate positions 
between these two genes (Fig. 1). β-tubulin showed the 
least variability among all the genes in the set of the 
samples tested (CV = 1.64 %), whereas FBP (CV = 
3.64 %) and HIS3 (CV = 3.02 %) were highly variable 
genes (Table 1 Suppl.). Generally, according to these 
analyses, Cqs of all the candidate reference genes were 
variable across different tissue types and growth 
conditions, and therefore, further evaluation is needed to 
select stable genes.  
 Expression stability values of the eight candidate 
reference genes in root and leaf tissues under the normal 
and drought stress conditions were calculated by geNorm 
and all the candidate reference genes exhibited M values 
below 1.5 (Table 2), which is the default limit to accept 
stable genes as defined by Vandesompele et al. (2002). 

Different tissues from two treatments showed different  
M values. Successive elimination of the least stable genes 
according to their lowest M values by geNorm led to the 
identification of two most stable genes. Therefore, from 
these analyses, UBC2 and EF1 were the two most stable 
genes in leaf tissue under the normal conditions, whereas 
the most stable pair of reference genes in leaf tissue under 
the drought stress was ACT and BTU (Table 2). In root 
tissue, ACT and BTU were found to be the most stable 
pair genes under the normal growth conditions and the 
pair of UBC2 and ACT was the most stable for the 
drought stress (Table 2). The highest M value was 
observed for FBP in both root tissue and leaf tissue under 
the normal and stress conditions, which can be explained 
by a lower stability of its expression. The pairwise 
variation values in both leaf tissue and root tissue under 
the two environmental conditions were smaller than the 
recommended cut-off value (Fig. 2) indicating that it is 
not necessary to use more than two reference genes for 
normalization of gene expression analysis using  
RT-qPCR. 
 The NormFinder analytical tool was also employed to 
determine the expression stability of the candidate 
reference genes. The M values of all the candidate 
reference genes were calculated by NormFinder with no 
subgroup determination (Table 2). In leaf tissue under the 
normal and drought conditions, UBC2, ACT, and EF1 
were identified as three most stable genes. However, in 
root tissue under the normal and drought conditions, 
BTU, ACT, and UBC2 were determined as the most stable 
genes. F-box protein in leaf and root tissues under both 
the normal conditions and the drought stress  

 

 
Fig. 2 Determination of the optimal number of reference genes by geNorm required for normalization: A - leaf tissue under normal 
conditions, B - leaf tissue under drought, C - root tissue under normal conditions, D - root tissue under drought. Pairwise variation
(Vn/n+1) values under 0.15 mostly indicate that no additional genes are required for the normalization of expression. 
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was the least stable gene. Overall, the rankings resulted 
by NormFinder and geNorm were rather similar with 
minor changes. 
 For further verification, BestKeeper, an independent 
approach, was also adopted to determine the expression 
stability of the candidate genes. Using the BestKeeper 
analysis, FBP in leaves under the normal conditions 
showed SD > 1 (data not shown). An SD greater than 1 
for any gene is considered inconsistent and the data need 
to be reanalyzed after omitting these genes from the set 
(Pfaffl et al. 2004). Therefore, FBP was removed and the 
data were reanalyzed. Removing this gene changed the 
overall rankings for the remaining genes and high 
correlation coefficients were obtained (Table 2 Suppl.). In 
leaf tissue under the normal conditions, UBC2 and EF1 
had the highest correlation coefficient and the least SD 
and therefore had the ability to be selected as stable 
reference genes. The analyses of the genes in leaf tissue 
under the drought conditions revealed that TIF, EF1, 
GAPDH, UBC2, and ACT had high correlation 
coefficients with SD values lower than 1, but only ACT 
and UBC2 were considered as suitable reference genes 

with the highest correlation coefficient (P-value of 0.004) 
and a lower SD (Table 2 Suppl.). F-box protein, with the 
smallest correlation coefficient and the highest SD, was 
found to be the least stable gene in leaf tissue under the 
drought conditions. In root tissue under the normal 
conditions, FBP also showed a high variability with an 
SD value larger than 1; therefore, FBP was removed and 
the data were reanalyzed. Removing this gene changed 
the overall rankings for the remaining genes and resulted 
in high correlation coefficients for all the genes except 
GAPDH (Table 2 Suppl.). Therefore, due to the high 
correlation coefficients and low SD values, ACT, UBC2, 
and BTU were considered to be the most stable reference 
genes. In root tissue under the drought, FBP showed 
variability as well as SD > 1, then, after removal of FBP, 
the analysis was performed again with BestKeeper (Table 
2 Suppl.). Accordingly, ACT, UBC2, and BTU were 
qualified as appropriate reference genes since they had 
high correlation coefficients (P-value of 0.001) and low 
SD values. Overall, the stably expressed genes verified 
using BestKeeper closely agree with the stable genes 
selected by geNorm and NormFinder. 

 

 
Fig. 3. Relative quantification of F-box protein (FBP) in root tissue of licorice plants grown under normal conditions. ACT - actin, 
BTU - β-tubulin, GAPDH - glyceraldehyde-3-phosphate dehydrogenase.  
 
 To show how estimation of expression of a target 
gene can depend on the choice of reference genes, an 
FBP expression profile in root tissue was monitored. 
Therefore, the expression profile of FBP in root samples 
under the normal conditions was determined by 
normalization to either the combination of the two most 
stable references genes suggested by geNorm (Table 2), 
ACT, the recommended gene by the three analytical tools, 
or GAPDH, which may be applied as reference gene 
without any validation and showed instability in this 
study. First of all, significant biological variations for 
transcript levels of FBP (as target gene) among individual 
plants were detected (Fig. 3). The relative expression of 
FBP normalized with different gene sets (ACT, ACT plus 
BTU, and GAPDH) resulted in relatively different 
profiles (Fig. 3). For example, the expression level of 
FBP sample number 3 obtained using GAPDH as control 
was higher than the expression normalized to the 
ACT/BTU expression or only to the ACT expression. In 

addition, the expression of FBP in a sample using 
GAPDH for normalization was about two fold less than 
the expression obtained after normalization with 
ACT/BTU or only with ACT. It is clear that expression of 
a specific gene (FBP) of the same sample was different 
using different sets of control genes. Therefore, the 
expression pattern across a set of samples obtained using 
GAPDH as reference gene in comparison with the other 
normalizers (ACT/BTU or only ACT) would be 
overestimated or underestimated. If GAPDH was a stable 
gene like ACT, then the expression profile of FBP in 
different samples would be the same or at least similar to 
the expression profiles established when normalized 
using a combination of two stable genes (ACT/BTU) or 
ACT alone with high stability values. Therefore, the 
target gene expression profiles (e.g., FBP) is strongly 
affected by the choice of the reference gene. In particular, 
these results reveal the low expression stability of 
GAPDH across samples in comparison with the more 
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stable genes such as ACT and BTU. Thus, these analyses 
discovered the adverse effect of using an inappropriate 

reference gene (Dheda et al. 2005).  

 
 
Discussion 
 
The RT-qPCR has become one of the most widely used 
methods for quantitative analysis of gene expression due 
to its outstanding accuracy, broad dynamic range, and 
sensitivity. Due to variation in expression of a gene in 
different tissues or cell types in addition to developmental 
and physiological stages, using any genes as reference 
ones, for instance housekeeping genes, prior to their use 
in gene expression studies should be avoided. A number 
of reports have also described that the housekeeping 
genes are not essentially expressed at a constant level in 
all tissues or different developmental stages (Marino et 
al. 2008, Huis et al. 2010, Marum et al. 2012). Gutierrez 
et al. (2008) illustrated that the use of an arbitrarily 
chosen gene for normalization could affect expression of 
a target gene up to 100-fold; this could be due to variation 
in reference gene expression. These unverified reference 
genes, consequently, bring about a great potential scope 
for misinterpretation of RT-qPCR results. Therefore, 
candidate reference genes need to be validated for each 
plant species, such as G. glabra, and also for each 
specific experimental condition. So far, most gene 
expression studies in licorice have been carried out using 
a single reference gene without any preliminary 
validation of its expression stability. Additionally, there 
are currently limited genomic and transcriptomic data 
available for licorice, which does not allow identifying 
new reference genes.  
 Plants respond to biotic and abiotic stresses by 
altering their morphology, physiology, and biochemistry. 
Some of the adaptations to stresses are related to changes 
in content of primary and secondary metabolites (Hansen 
and Seufert 1999). Various approaches have recently 
been attempted in an effort to increase the production of 
plant secondary metabolites for their medicinal and other 
practical uses. Accumulation of such metabolites often 
occurs in plants subjected to stresses including drought 
and salinity. Hence, drought stress was chosen to study 
its effect on expression of some candidate reference 
genes, which may be advantageous for analyses of gene 
expression in licorice plants. To date, no validated 
reference genes for licorice plants under drought stress 
have been reported, and there is also very little data in 
other plant species. Therefore, the availability of stable 
reference genes in such conditions will also substantially 
improve data normalization for gene expression analysis 
under drought stress in G. glabra. 
 In the present study, eight commonly used reference 
genes were selected to assess their stability in leaves and 
roots under normal and drought stress conditions. First, 
Cq values of the eight candidate reference genes were 
evaluated, and initially it was found a variation from 
23.64 Cq for UBC2 to 32.4 Cq for EF1, which was within 
the recommended Cq range for gene expression analysis 

by RT-PCR. Values Cq which are greater than 15 could 
better determine the baseline (Karlen et al. 2007) and Cq 
values lower than 33—35 could avoid interfering in the 
reaction (Bustin and Nolan 2004). Therefore,  all chosen 
candidate reference genes may have potential to be 
selected for quantifying gene expression provided that 
they exhibit a stable expression. In other words, the more 
stable the genes are, the more accurate RT-qPCR results 
are. Since the raw expression data (Cq values) for all the 
genes were found to be invariant amongst all samples, it 
was necessary to determine gene expression stabilities 
using statistical approaches. For better evaluation of 
stabilities of candidate reference genes, three commonly 
used statistical applets (geNorm, NormFinder, and 
BestKeeper) were employed. According to the three 
analyses, the stability rankings of the selected reference 
genes were not identical in the different sets of samples, 
and the most stable genes across the different growth 
conditions in both the tissues were different (Table 2 
Suppl.). It is necessary to use corresponding reference 
genes for different tissues and different environmental 
conditions for a relative quantification of gene expression 
experiments in G. glabra. In several plant species, similar 
results were obtained (Thellin et al. 1999, Czechowski et 
al. 2005, Barsalobres-Cavallari et al. 2009, Hu et al. 
2009, Marum et al. 2012).  
 To avoid further selection of co-regulated genes and 
confirm the stability of the ranking results obtained using 
geNorm, the expression stability and ranking of the 
candidate reference genes were also determined by 
NormFinder. A very similar but not identical stability 
ranking of the genes was obtained in roots and leaves 
under the different environmental conditions. Addi-
tionally, the correlation-based and SD-based approaches 
resulting from BestKeeper confirm the most stable genes 
identified using both geNorm and NormFinder. Slightly 
different ranks were offered by the individual analytical 
methods due to their different statistical models. Despite 
the differences, all the analytical methods show that FBP, 
HIS3, and GAPDH were the most unstable genes in leaf 
and root tissues of licorice, and discarded them for 
normalization. An unstable expression of FBP in 
Caragana intermedia was also demonstrated (Zhu et al. 
2013). Le and et al. (2012) similarly discovered that FBP 
is not always ranked in the top in different tissues and at 
various abiotic stresses. Moreover, HIS3 was not found to 
be suitable reference gene for normalization of gene 
expression in some species (Paolacci et al. 2009, Long  
et al. 2010, Luo et al. 2010, Condori et al. 2011) although 
HIS3 is considered as stable in other plant species or 
different tissue types (De Almeida et al. 2010, Cui et al. 
2011, Hoenemann and Hohe 2011). Similar to this study, 
a number of reports have demonstrated that GAPDH is 
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not the most stable gene in different tissues and 
environmental conditions and should not be used as 
reference gene (Marino et al. 2008, Schmidt and Delaney 
2010, Zhang et al. 2013). However, in some plant 
species, GAPDH has been reported as one of the most 
stably expressed genes (Reid et al. 2006, Barsalobres-
Cavallari et al. 2009, Jarosova and Kundu 2010). 
 β-tubulin does not always exhibit a stable expression 
across all tissues under different environmental 
conditions; therefore, this should be considered for future 
gene expression studies of G. glabra. Other studies have 
also demonstrated that constitutive genes, such as ACT 
and -tubulin are not always the best choice for 
normalization since they are present in multiple copies 
and could therefore affect a high variation in their 
expression (McDowell et al. 1996, Farajalla et al. 2007), 
and consequently for the same reasons, BTU may not 
show a stable expression. Some researchers still use a 
group of genes as reference, such as GAPDH, beta-actin, 
and rRNA, which have been identified for other plant 
species (Radonic et al. 2008), whereas several studies 
have confirmed that such genes are frequently unstable or 
might be affected by developmental and environmental 
factors in different plant species (Czechowski et al. 2005, 
Die et al. 2010, Schmidt and Delaney 2010). 

Accordingly, an incorrect result of gene expression would 
be obtained if an inappropriate reference gene is utilized. 
Therefore, it is recommended that one should be cautious 
using unverified reference genes in future gene 
expression analysis in licorice plants. Finally, the results 
of this study obviously specify that it is extremely 
important to validate the expression stability of any genes 
prior to use them for normalization of gene expression 
analysis using RT-qPCR since none of the chosen genes 
was constantly expressed in all the tissue types and 
growth conditions. 
 Based on the results obtained in this study, a different 
set of optimal reference genes should be employed to 
measure changes in differential gene expression in leaf 
and root licorice tissues under normal and drought stress 
conditions. The results obtained by the three statistical 
models indicate that using reference genes, such as 
GAPDH or BTU, which are supposed to be stably 
expressed in a particular experimental set-up, might lead 
to biased results and erroneous interpretations in  
G. glabra, whereas genes, such as UBC2 and ACT, in 
leaves or ACT and UBC2 in roots were approved as 
reliable reference genes. Among all the selected genes, 
ACT was verified as the most suitable reference gene for 
RT-qPCR studies in licorice.  
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