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Abstract

Background: Real-time quantitative PCR (RT-gPCR) is the most commonly used method for accurately detecting
gene expression patterns. As part of RT-gPCR analysis, normalization of the data requires internal control gene(s) that
display uniform expression under different biological conditions. However, no invariable internal control gene exists,
and therefore more than one reference gene is needed to normalize RT-qPCR results. Identification of stable reference
genes in potato will improve assay accuracy for selecting stress-tolerance genes and identifying molecular mecha-

nisms conferring stress tolerance in this species.

Results: In the experiment, we assessed the expression of eight candidate internal control genes, namely elongation
factor-1alpha (EFTa), actin, tubulin, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), adenine phosphoribosy!
transferase (APRT), 60S ribosomal protein L8 (L8), Cullin 3A (CUL3A), and exocyst complex component sec3 (sec3), in a
diverse set of potato samples representing drought stress and osmotic stress challenges, and using geNorm, Nor-

mFinder, BestKeeper and RefFinder softwares.

Conclusions: The results indicated that £F7a and sec3 were the most stably expressed genes in the potato under
drought and osmotic stress conditions. This work will facilitate future work on gene expression studies in potato and

also benefit other species of the Solanaceae, such as tomato.
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Background

Drought and osmotic stress can seriously limit plant
growth and productivity. Plants have developed multiple
strategies to cope with drought and osmotic stress. These
normally involve a mixture of stress avoidance and toler-
ance adaptations, which produce a range of changes at
the morphological, physiological, cellular, and molecular
levels [1]. Modern potato (Solanum tuberosum L.) vari-
eties are considered to be sensitive to drought, but they
have different morphological and physiological responses
to water deficit compared to other crops [2]. Drought in
field conditions results in significant losses in the yield
and/or quality of potato tubers. With the increased global
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warming, there is a need to identify genotypes of the
potato showing high tolerance to drought stress [3, 4].
Real-time quantitative PCR (RT-qPCR) is the most
commonly used method for accurately detecting gene
expression patterns [5]. It is necessary to use the normali-
zation method for the variation of the control sample,
caused by changes in RNA samples, reverse transcrip-
tion efficiency and the quality of PCR efficiency. The use
of one or more stable reference genes is the most com-
mon method for normalization of RT-qPCR data. As part
of RT-qPCR analysis, normalization of the data requires
internal control gene(s) that display uniform expres-
sion under different biological conditions [6]. However,
no invariable internal control gene exists, and therefore
more than one reference gene is needed to normalize
RT-qPCR results [7]. Identification of stable reference
genes in potato will improve assay accuracy for selecting
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stress-tolerance genes and identifying molecular mecha-
nisms conferring stress tolerance in this species.

A reference gene is usually a housekeeping gene, ubiq-
uitously expressed in all cells, and its product is essential
for cell structure or metabolism, such as actin, ribosomal
protein, EFI-a, and GAPDH [8]. However, these tradi-
tional reference genes are not always stably expressed
under different circumstances. Therefore, it is neces-
sary to select corresponding reference genes that are
expressed at a constant level in certain cases. In potato,
EFI-a was confirmed to be the most suitable reference
gene under salt stress and late blight, and EFI-a¢ and
APRT were considered to be the most stable under cold
stress [9, 10]. In addition, sec3, CUL3A, and C2 were
found to be most suitable for screening of reference
genes in edible tubers [11]. However, the stability of these
reference genes under other abiotic stresses has not been
confirmed. To the best of our knowledge, there is no pre-
vious report on the selection of suitable reference genes
for potato under drought and osmotic stress. Therefore,
the selection of stable reference genes for potato is help-
ful for future molecular studies using RT-qPCR.

RNA-seq is a powerful technique that can be used
to provide estimates of gene and/or transcript expres-
sion, and RPKM (Reads Per Kilobase per Million reads)
is widely used to represent the relative abundance of
mRNAs for a gene [12, 13]. In our previous study, we
used RNA-sequenced potato samples to gain insight into
the molecular basis of drought adaptation by comparing
digital expression profiles between drought treatment
and the control treatment [14]. To gain insight into the
transcriptome dynamics that are associated with drought
stress, genome-wide gene expression profile was con-
ducted by Solexa sequencing to generate a large dataset
and a comprehensive transcriptome profiling for potato.
Finally, we identified a number of genes that were sta-
bly expressed under drought stress, including many rec-
ognized housekeeping genes. An effective method for
selecting a stable expression of a reference gene candi-
date from the RNA-Seq data can be done by using the
coefficient of variation (CV) [15]. However, the transcrip-
tome with corresponding treatment is inherently lim-
ited; it cannot be used to determine a suitable reference
gene(s) for other experimental conditions. Therefore, for
a systematic selection of reference genes, RT-qPCR is still
the primary approach [16].

In the present study, we selected eight stable genes of
different metabolic pathways according to the previous
RNAseq analysis and screened them as reference genes
under drought and osmotic stress. The RT-qPCR data
generated were analyzed using the three most widely
used algorithms, namely geNorm, NormFinder and Best-
keeper, to determine sets of reference genes suitable for
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gene expression studies in different experimental condi-
tions [17]. Additionally, a comprehensive reference gene
stability analysis tool RefFinder was used to confirm the
ranking results obtained from geNorm, NormFinder and
Bestkeeper. This work will facilitate future work on gene
expression studies in potato and also benefit other spe-
cies of the Solanaceae, such as tomato.

Methods

Plant material, growth conditions and stress treatments
The experiments were carried out with the potato (Sola-
num tubersosum L.) tetraploid cultivar ‘Atlantic’ Potatoes
were grown in pots of Gansu Agricultural University
(Lanzhou, China) greenhouse facilities, maintained at
18-23 °C and 70% relative humidity under natural light
conditions. Three replicate pots per treatment were
arranged in a randomized block design. Drought stresses
were applied to the 6-week-old plants by stopping irriga-
tion in the treatment plots; the control plots were irri-
gated continuously. Fresh plants were collected from
drought-treated potato plants every 5 days; plants were
collected 6 times.

To prevent microbial contamination, potato shoots
were removed from tubers, surface sterilized (ethanol,
HgCl, and sodium hypochlorite) and placed in 30% (w/v)
sucrose Murashige-Skoog (MS) medium. The shoots
were incubated at 20 °C for 20 days. The stem sections of
the test-tube seedlings were cut and transplanted into a
special culture tube with an opening at the bottom con-
taining the new MS medium. When the plants were 6 cm
long, replacement of MS medium containing 20% poly-
ethylene glycol 6000 (C6 M), while the other three plants
were grown under MS medium. Fresh leaves were col-
lected after 0, 2, 4, 8, 16 and 32 h.

We also carry out simulated drought treatment as fol-
lows: some of the test tube seedlings were planted on
quartz sand containing MS medium, and when the plants
grew to 6 cm, the MS medium was removed from the
bottom of the special culture tube.

Fresh leaves were collected at 0, 2, 4, 8, 12 and 32 days.
All treated plant materials were immediately frozen in
liquid nitrogen and stored at — 80 °C until further RNA
extraction and target gene expression analysis.

Potential reference gene selection

We selected 8 (CUL3A, EFla, GAPDH, sec3, tubulin,
L8, APRT and actin) commonly used reference genes
for RT-qPCR analysis based on our previous publica-
tion [14] and our unpublished second RNAseq data set;
these genes contain more than one exon. The sequences
of these eight potato reference genes were obtained from
the GenBank database and from the Potato Genom-
ics Resource (http://solanaceae.plantbiology.msu.edu).
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Primer pairs were designed from these sequences with
the NCBI Primer-BLAST program (Table 1) (http://
www.ncbi.nlm.nih.gov/tools/primer-blast/) [18]. Prim-
ers were designed across exon boundaries to avoid
genomic DNA contamination and exon analysis using
Splign (http://www.ncbi.nlm.nih.gov/sutils/splign/splign.
cgi) [11]. Before RT-qPCR analysis, PCR was performed
using primers as shown in Table 1 to determine the size
specificity of the amplicons, then electrophoresed on
ethoxylated gels and ethidium bromide, and the target
amplicons were sequenced to confirm the identity of the
PCR product.

RNA extraction and first strand cDNA synthesis

The sampled plants were grounded to fine powder with
mortar and pestle in liquid nitrogen, and 100 mg of the
material was used for RNA isolation. Total RNA was
extracted using Trizol TIANGEG (TIANGEN, Beijing,
China), according to the manufacturer’s instructions. Iso-
lated RNA was treated with RNase-free DNase (TaKaRa,
Japan) to remove genomic DNA contamination. Purity
and concentration of RNA samples were measured using
a micro-volume UV spectrophotometer (Quawell Q5000,
Quawell, USA) and integrity was checked on agarose
gel electrophoresis. RNA samples with 260/280 ratio
between 1.9 and 2.1 were used for subsequent experi-
mentation. First strand cDNA synthesis using ¢cDNA
synthesis kit (Sangon, Shanghai, China) was performed
according to manufacturer’s instructions in a total vol-
ume of 20 pl containing 2 pg total RNA. RNA extraction

Table 1 Candidate reference genes and primer sequences
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and cDNA synthesis from all samples were performed
for three biological replicates. The cDNA solution was 10
times diluted with nuclease-free water and aliquots were
stored at — 20 °C until use in RT-qPCR [19].

Real-time quantitative PCR analysis

RT-qPCR analysis was carried out in 96-well plates
with a Mx3005 multiplex quantitative RT-PCR sys-
tem (Stratagene, USA) using the EvaGreen-based PCR
assay. Each reaction (final volume of 20 pl) contained
1.0 pl template, 10.0 pl 2 x SuperReal Premix (TIAN-
GEN, Beijing, China), 0.4 pl 50x ROX Reference Dye,
0.6 pl each primer (10 pumol/pul) and 6.2 pl double dis-
tilled water was carried out. The RT-qPCR conditions
were pre-denaturation at 94 °C for 40 s, followed by 38
cycles of denaturation at 94 °C for 10s, annealing at
57.2 °C for 30 s and with a final extension step at 72 °C
for 10 min. Three technical replicates were set for each
cDNA [20].

Gene expression stability analysis

A standard curve, repeated in three independent plates
using a tenfold serial dilution of the mixed cDNAs was
obtained from all tested samples as templates. The cor-
relation coefficients (R2) and slope values were acquired
from the standard curve. Then, we calculated the gene-
specific PCR amplification efficiency of each gene. The
corresponding real-time PCR efficiencies were calculated
according to the equation: E = [10(’1/51"1”) — 1} x 100
[21].

Gene Gene code Primer sequences (forward/reverse) Amplicon length (bp) log,(drought/CK) Tm (°C) E(%) R?

EFla PGSC0003DMG400023270  GATGGTCAGACCCGTGAACA 106 0.148 60.9 10295 0.999
CCTTGGAGTACTTCGGGGTG

CUL3A PGSCO003DMG400001321  AGCATCGGGTTGTTGTGGAT 170 0.173 59.0 9556 0.998
TCCTGAATAGAGCTTCTCCCCA

GAPDH  PGSC0003DMG400015253  GCTCATTTGAAGGGTGGTGC 151 0.257 58.8 101.69 0.997
AGGGAGCAAGGCAATTTGTG

sec3 PGSC0003DMG402015451  GCTTGCACACGCCATATCAAT 160 0.084 58.0 100.88 0.995
TGGATTTTACCACCTTCCGCA

tubulin - PGSCO003DMG400009938  GGGAATAACTGGGCGAAAGGT 134 —0.185 60.0 97.00 0.996
CCTCCACCAAGTGAGTGACAA

L8 PGSCO0003DMG400025015  GTTGGTAATGTGTTGCCGCT 172 0.328 588 10296 0.996
TGGCACCTGATGGGAGCTTA

APRT PGSC0003DMG400021527  CGTATCGCTGGGATTGCTTC 177 0.065 589 9831 0.995
TGCTTCAATACCTGCAACCAC

actin PGSCO003DMG400023429  AGGAGCATCCTGTCCTCCTAA 180 —0.315 60.0 10340 0.998

CACCATCACCAGAGTCCAACA

log,(drought/CK) the log, value of the ratio of drought treatment to control reads per kilo bases per million reads, £ PCR efficiency, Tm annealing temperature, R?

regression coefficient
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Simultaneously, the amplicon characteristics, including
Tm, length, amplification efficiency with standard devia-
tion, and correlation coefficient, of the eight candidate
reference genes are listed in Table 1.

To compare stability of expression among the can-
didate reference genes, the computational methods,
geNorm [22], Normfinder [23], and BestKeeper [24]
were applied to quantification cycle (Cq) for each gene’s
expression data. These tools are based on different mod-
els and assumptions and each produced different results
for the same gene’s expression data [25]. RefFinder was
used to calculate a recommended comprehensive ranking
based on the results of computational analysis, which in
turn allowed us to identify the best reference genes for
RT-qPCR data normalization in potato samples [26].

For geNorm and NormFinder analysis, the raw Cq
values under different experimental designs were trans-
formed into relative quantities using the formula 2744
(ACq = each corresponding Cq value-lowest Cq value)
and then imported to geNorm to analyze gene expres-
sion stability value (M1). Similar to geNorm, NormFinder
was further used to investigate the expression stabil-
ity values (M2) for each gene and the pairwise variation
of that gene with other reference genes. The reference
gene with the highest M (M1 or M2) value is consid-
ered as the most unstable gene while the lowest M (M1
or M2) value indicated the most stable gene [22]. Best-
Keeper analysis was based on the untransformed Cq
values and using coefficient of variance (CV) and the
standard deviation (SD) of the Cq to evaluate the stabil-
ity of reference genes. All three of the software programs
were run based on the software manuals to select suit-
able reference genes [24]. By the combination of the three
kinds of RefFinder (http://150.216.56.64/referencegene.
php?type=reference) software, we could easily rank the
expression stability of reference genes in different experi-
mental sets [27].
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Results

Assessment of primer specificity and PCR amplification
efficiency

The sequences of CUL3A, EFla, GAPDH, sec3, tubulin,
L8, APRT and actin in potato were targeted by using
specific primers on a template cDNA. The specificity
of the designed primers was identified by gel electro-
phoresis and target amplicons were sequenced. The
results showed a single band with the expected size by
gel electrophoresis (Fig. 1), and the sequencing results
of the target amplicon are also consistent with those of
the target amplicons. The amplification efficiencies and
correlation coefficients (R2) of 8 candidate reference
genes in potato were calculated by slopes of the stand-
ard curves. The RT-qPCR amplification efficiencies
for the 8 reference genes ranged from 95.56 to 103.40,
and correlation coefficients ranged from 0.995 to 0.999
(Table 1). Thus, these primers can be used in RT-qPCR
analysis.

Cq Values of candidate reference genes

The quantification cycle (Cq) values of the eight
potential reference genes were assayed using RT-
qPCR, with lower Cq values reflecting higher mRNA
transcript levels. The Cq values of all the potential ref-
erence genes were between 17 and 30 under the three
treatments (Fig. 2). The expression level of the poten-
tial reference gene was different under different treat-
ments. CUL3A had the highest expression level under
drought treatment (mean Cq of 21.2), while APRT had
the lowest expression level (mean Cq of 26.3). Under
the osmotic stress, tubulin had the highest expres-
sion level (mean Cq of 21.0), while EFla had the low-
est expression level (mean Cq of 22.8). CUL3A had
the highest expression level under simulated drought
(mean Cq of 22.7), while sec3 had the lowest expres-
sion level (mean Cq of 26.1).

Fig. 1 Specificity of PCR and amplicon length. Amplified fragments shown by agarose gel electrophoresis with ethidium bromide staining. M
marker 2000. Lanes 1,2, 3,4, 5, 6, 7 and 8 were the genes of EF1q, tubulin, GAPDH, sec3, CUL3A, L8, APRT and actin from potato

< 100bp
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Fig. 2 Expression levels of candidate reference genes in experi-
mental samples. Expression data are displayed as Cq values for each
reference gene in all samples. The line across the box indicates the
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Candidate reference genes expression stability

geNorm analysis

The gene expression stability of all the 8 candidate ref-
erence genes was evaluated using geNorm statistical
algorithm. This software determines the normalization
value based on the geometric mean of various candidate
reference genes and mean pair wise variation of each
gene from all the reference genes in a given set of sam-
ples. According to geNorm analysis the cut-off range of
stability value (M1) is < 1.5, so the gene with lowest M1
value is considered to be the most stable reference gene
in terms of gene expression, and vice versa. We analyzed
our data for all three experimental sets and found that
under drought and simulated drought all the 8 candidate
reference genes exhibited high expression stability with
low (< 0.8) M1 values, which were much lower than the
default threshold of 1.5. However, only 5 genes are sta-
ble under osmotic stress, they are EFla, sec3, tubulin, LS,
and actin. Among all treatments, EF1a has the lowest M1
value followed by sec3, however CUL3A exhibited high-
est M1 value indicating that EFIa and sec3 were most
stable in expression and CUL3A the least (Table 2).

NormFinder analysis

The expression stability of 8 candidate genes was further
analyzed using NormFinder software. NormFinder meas-
ures gene expression stability by comparing the variation
within and between user-defined sample groups. Candi-
date control genes with lowest stability values have the
minimum intra and intergroup variation and thus are top
ranked. For each candidate gene, NormFinder provides
a stability value (M2) that is a direct measurement of
expression variation. Hence, it could easily be seen that
EFla, actin and sec3 are the most stable reference genes
for the three treatments. Among the most stable ref-
erence genes, EFIa had the lowest value which may be
considered as the most important reference genes. More
interestingly, EFla has the lowest value under the three
treatments consistent with the use of GeNorm analy-
sis. However, there are also slight differences between
the results of geNorm and NormFinder analysis. For
instance, actin was considered as the most stable refer-
ence gene by geNorm under osmotic stress, while it was
ranked third by NormFinder (Table 2).

BestKeeper analysis

BestKeeper calculates the BestKeeper Index from the
geometric mean of the reference genes and performs
Pearson correlation of each of the reference genes to
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Table 2 Ranking of candidate reference genes based on stability values calculated by four softwares for three treatments

Approach Gene geNorm (M1) Normfinder (M2) BestKeeper (CV £ SD) RefFinder
Drought stress EFla 0.375 0.079 393+£091 1.97
CUL3A 0.772 0.520 693+ 147 8.00
GAPDH 0417 0.105 479 £1.06 3.83
sec3 0.395 0.130 349+ 0.75 2.06
tubulin 0.505 0.248 463 +1.17 6.19
L8 0432 0.151 3304085 4.00
APRT 0.580 0376 1.96 +£0.52 3.96
actin 0.464 0.253 271 £ 067 2.78
Osmotic stress EFla 1.173 0.333 4.00 £ 091 2.06
CUL3A 2.248 1.460 834+ 1.89 8.00
GAPDH 1.829 1.134 800+ 1.77 6.48
sec3 1.144 0.206 2594+ 0.55 1.57
tubulin 1482 0.773 443 £093 473
L8 1.278 0.466 548 +1.17 299
APRT 1.908 1.105 749 £ 1.64 6.48
actin 1.226 0.129 3.69 + 0.80 221
Simulated drought EFla 0429 0.178 244 +0.58 1.86
CUL3A 0618 0379 485+ 1.10 8.00
GAPDH 0515 0.264 3.904£0.98 573
sec3 0453 0.233 221+£058 2.06
tubulin 0.562 0.337 1.62£0.39 3.74
L8 0471 0.265 2124+053 263
APRT 0.507 0.262 444 +1.02 5.60
actin 0.468 0214 403 £ 096 3.50

the BestKeeper Index to indicate the correlation of that
gene with the Index [28]. BestKeeper also calculates the
standard deviation (SD) and the coefficient of variation
(CV) based on the Cq values of all candidate reference
genes [24]. Genes with SD greater than 1 are considered
unacceptable. Reference genes are identified as the most
stable genes, i.e. those that exhibit the lowest coefficient
of variance and standard deviation (CV + SD) [29]. The
results of BestKeeper analysis are shown in Table 2. The
best correlations were obtained for APRT (0.52), actin
(0.67), sec3 (0.75) and L8 (0.85) in the drought stress,
and for sec3 (0.55), actin (0.80), tubulin (0.93) and EFla
(0.91) in the osmotic treatment, and for tubulin (0.39),
L8 (0.53), sec3 (0.58) and EFIa (0.58) in the simulated
drought treatment. Under the three treatments, the most
unstable genes are identical to CUL3A.

RefFinder analysis

The results obtained from geNorm, NormFinder and
BestKeeper were further confirmed using the compre-
hensive ranking platform RefFinder. RefFinder is a web-
based tool which integrates three current computing
programs to compare and re-rank the tested reference
genes based on the geometric mean of the weights of

every single gene calculated by each program. The final
ranking results are shown in Table 2. For all the tested
samples, a similar ranking order was obtained using Ref-
Finder as compared to geNorm and NormFinder. Under
drought treatment, the ranking order (from the most sta-
ble to the least stable) was: EFla > sec3 > actin > GAPDH
> APRT > L8 > tubulin > CUL3A. Under osmotic stress,
the ranking order was: sec3 > EFla > actin > L8 > tubu-
lin > GAPDH > APRT > CUL3A. Under simulated
drought treatment, the ranking order was: EFla >
sec3 > L8 > actin > tubulin > APRT > GAPDH > CUL3A.

Our combined results show, for normalization, EFla
and sec3 exhibited the best stability under the three treat-
ments, although their ranking was different. On the other
hand CUL3A is the most unstable.

Discussion

According to previous studies on the selection of plant
reference genes for RT-qPCR, the expression level of a
reference gene might not be constant across various spe-
cies. Even the stable reference genes of tomato that are
homologous to potato are also different [30, 31]. In addi-
tion, the expression of a reference gene can be different
in the same species in response to various treatments or



Tang et al. Plant Methods (2017) 13:85

different plant tissues. For example, EFla is considered
to be the most stable reference gene under potato biotic
(late blight) and abiotic stresses (salt stress) [9], but EFla
and APRT are the most stable genes under cold stress. In
the potato tubers, the most suitable reference genes are
C2, sec3 and CUL3A [11].

In this study, 8 genes that have been commonly used
as the candidate reference gene in many species were
evaluated. Interestingly, EFla and sec3 exhibited good
stability in potato under drought, osmotic and simulated
drought treatments in this study. This indicates that there
is an inherent link between the three processes. How-
ever, there are some differences in the rankings of poten-
tial reference gene stability. For example, the three most
stable reference genes are EFla, sec3 and actin under
drought stress, and the three most stable reference genes
are sec3, EFla and actin, while the three most stable ref-
erence gene of the simulated drought are EFla, sec3 and
L8.

GeNorm, NormFinder, and BestKeeper are three pro-
grams based on statistical analysis. They are commonly
used by researchers to assess the robustness of a gene
that is used as a reference gene in RT-qPCR analysis. The
operating principle of NormFinder is similar to that of
the GeNorm program, but the latter can select suitable
reference gene combinations and the optimal number of
reference genes. In contrast to GeNorm and NormFinder,
BestKeeper software directly makes calculations using
Cq values [24]. In our analysis, the rankings created by
GeNorm and NormFinder were similar, while the rank-
ing obtained by the BestKeeper program was almost
always different. A previous report revealed a similar dif-
ference between BestKeeper and other methods [32, 33].
The final rank of reference genes was determined with
the RefFinder program, a web-based user-friendly com-
prehensive tool that integrates geNorm, Normfinder and
BestKeeper [34]. Therefore, the use of multiple softwares
in a comprehensive analysis will help to obtain a more
accurate reference gene.

Finally, the ability to control water stress in plants is
desirable for drought resistance studies. When plants are
growing in soil, studies of the effects of water stress on
physiology are usually either very short so that soil and
plant water stress change little, or they involve repeated
soil drying cycles. For many studies, however, water
stress of soil-grown plants cannot be manipulated well
enough for careful experiments. Therefore, the addi-
tion of osmotic agents, such as PEGs, sorbitol, or man-
nitol, to liquid nutrient media is very useful and has
received considerable attention in the literature [35].
However, the toxicity of osmotic agents has also received
increasing attention. PEG toxicity may come from toxic
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contaminants, and the other may be the accumula-
tion of salt toxic levels. Therefore, we decided to look at
additional drought simulation in this study; we planted
the plant on quartz sand, and when the plant grows to
6 cm high, the culture medium is dried to avoid the use
of osmotic regulators. It is worth noting that the stable
reference gene under simulated drought conditions is
similar to the other two treatments. In summary, in this
study, we analyzed the stability of reference genes for
RT-qPCR in potatoes under drought and osmotic stress
conditions. The combination of EFia with sec3 was suit-
able for gene quantification in potato under drought and
osmotic stress. This study also proved that the drought
formed by the quartz sand culture has a high degree of
similarity in the internal reference gene.

Conclusion

This study represents the first attempt to select a set of
commonly used candidate reference genes in potato
under drought and osmotic stress for the normalization
of gene expression data using RT-qPCR. We showed that
the most suitable reference gene is EF1a in drought and
simulated drought environments, and the most suitable
gene under osmotic stress is sec3. While different pairs
were found to be the most appropriate for these biologi-
cal contexts, we observed that the EFIa and sec3 showed
the most stable under all three treatments.
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