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Abstract
Pomegranate (Punica granatum) is an important economic fruit crop, facing many biotic and abiotic challenges during cultivation. Several research
programs are in progress to understand both biotic and abiotic stress factors and mitigate these challenges using gene expression studies based on
the qPCR approach. However, research publications are not available yet to select the standard reference gene for normalizing target gene
expression values in pomegranate. The most suitable candidate reference gene is required to ensure precise and reliable results for qPCR analysis.
In the current research, eight candidate reference genes' stability was evaluated under different stress conditions using different algorithms such as
∆Ct, geNorm, BestKeeper, NormFinder and RefFinder. The various algorithms revealed that EFA1 and 18S rRNA were common and most stable
reference genes (RGs) under abiotic and wilt stress. Whereas comprehensive ranking by RefFinder showed GAPDH and CYPF were the most stable
RGs under combined biotic (pooled samples of all biotic stress) and bacterial blight samples. The two most stable reference genes are adequate for
normalizing target gene expression under wilt, nematode, bacterial blight and abiotic stress conditions using qPCR. The above data provide
comprehensive details for the selection of a candidate reference gene in various stresses in pomegranate 

Introduction
Pomegranate (Punica granatum L.) is an important fruit crop of the world's subtropical and tropical regions. It has been used in traditional medicine
to cure many diseases across different cultures and civilizations [1]. At the global level, India is the leading producer of pomegranate, with a yearly
production of 2,442 thousand tonnes grown in 209 thousand hectares. However, pomegranate production has been hampered by various biotic and
abiotic factors leading to severe yield loss in quality and quantity. Major biotic and abiotic factors include bacterial blight caused by Xanthomonas
citri pv. punicae [2], wilt caused by Ceratocystis �mbriata [3], drought [4], and cold, respectively. Understanding the plant's underlying mechanisms to
these stresses with detailed molecular studies through gene expression analyses is essential.

The gene expression analysis requires the most sensitive, accurate, and reproducible measurements for speci�c mRNA sequences. Real-time qPCR
is emerged as the most sensitive yet powerful technique to study mRNA abundances and quantifying gene expression [5, 6]. The gene expression
studies required good reference genes for consistent and reproducible results. These genes are essential for maintaining the cell's basic functioning
and are stably expressed regardless of developmental stage or environmental conditions. Presently, the normalization of quantitative gene
expression is carried out by several traditional reference genes, including 18S [7], Actin [8], GAPDH [9], and CYP [9]. However, in pomegranate
reference genes such as 18S rRNA, Ribosomal protein S, named PgRPSΙΙ, and GAPDH has been used for gene normalization in various gene
expression studies [10–12]. However, this may misinterpret the gene expression because all reference genes may not constantly express in different
tissues under diverse environmental conditions. Both abiotic and biotic stresses are the major factors affecting gene expression, and wide variation
exists in the expression of RGs under stress conditions [13]. Therefore, it is essential to identify the most stable reference genes to measure
differentially expressed target genes.

Recently Pomegranate chloroplast and whole-genome have been sequenced, although a signi�cant portion of the genome has been annotated [14,
15], most of the genes remain functionally uncharacterized. In spite of being widely cultivated in India and other parts of the world, investigation on
the molecular basis of biotic and abiotic stress is limited. It is a prerequisite to functionally characterize stress-associated genes by identifying the
stable reference genes for different stress. Thus, the present study identi�es the candidate reference gene for biotic stress such as bacterial blight,
wilt, and abiotic stress such as drought and cold stress in pomegranate.

Materials And Methods

Plant material
Three varieties of pomegranate viz., Bhagwa, Nana, and Daru were grown using stem cuttings approximately 12 cm long in plastic pots �lled with
vermicompost, soil, and sand (1:1:3) and maintained at 29 ±2 ℃ at a relative humidity of 60-80 % in the greenhouse. One-year-old plants were used
to carry out experiments for biotic and abiotic stress. Bhagwa, Nana, and Dharu were used for the bacterial blight experiment and only Bhagwa was
used in other experiments. Experimental units were arranged in a completely randomized design with �ve replications.

Biotic Stress

Bacterial blight infection
Pure and a single colony of XAP (Accession no. KX702398.1) culture was grown on NGA medium (0.5 % proteus peptone, 0.3% beef extract, and
0.25% sucrose) for 48hrs at 2 ± 0.5 ℃. The bacterial concentration was set for 0.3 OD at A600 nm using Bio-Spectrometer (Eppendorf AG, Hamburg,
Germany). The XAP was spray inoculated on pomegranate plants (Bhagwa, Nana and Dharu) according to [16]. Leaves samples were collected 10
days post pathogen inoculation for reference gene identi�cation.
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Nematode infection
The root-knot nematode M. incognita, was used for the experiment, according to [17]. Nematode population was maintained on the tomato plants
(Lycopersicon esculentum) and Non -sterile egg masses were collected in a 2 ml tube containing 500 ml of sterile distilled water. The suspension
was centrifuged at 1000 g for 5 min. The supernatant collected was re-suspended in 5 ml sterile distilled water and ready to use. Pomegranate plant
(cv. Bhagwa) was inoculated with1000 J2 stage M. incognita and control plants were inoculated with water and then maintained for approximately
25 to 30 days under greenhouse conditions.

Wilt infection
Ceratocystis �mbriata (UHS-CF5, Acc. No KU877189) grown on Potato dextrose broth at 25± 0.5 ℃, with a photoperiod of 12 h for 7 days. Before
inoculation of the pathogen, plants were wounded on the xylem using cork bore to facilitate the pathogen entry. The pathogen was then arti�cially
inoculated by soil drenching using a 30 ml inoculum with spore concentrations of 4×108 spores/ml. Plants treated with water were maintained as
control.

Abiotic stress

Cold stress
One-year-old Bhagwa plants were subjected to cold stress. Cold treatment was performed by keeping plants at 4 ℃ for 48 hrs in the cold growth
chamber. Leaves were sampled at 42hr post-stress imposition of the stress and immediately �ash feezed in liquid nitrogen and stored at -80 ℃ until
use.

Water stress
In the greenhouse, six-months-old pomegranate plants of Bhagwa variety were subjected to water-limited conditions. All plants were maintained at
�eld capacity before the imposition of water stress. Control plants were maintained at �eld capacity throughout the experiment according to the
protocol described by [18], whereas water-stressed plants were subjected to a water-limited condition for 12 days by withholding until the plants
showed a wilting symptom. Leaves were sampled at 12 days post-stress imposition and immediately frozen in liquid nitrogen and stored at -80 C
until use.

RNA isolation and �rst-strand cDNA synthesis
Total RNA was isolated using RNeasy plant mini kit (Sigma, USA) according to the manufacturer’s protocol, for root sample incubation period was
extended for an additional 15 minutes. Further, post RNA isolation samples were treated with RNase-free DNase I (Thermo Fisher, MA, USA) to
remove DNA contamination. The purity of RNA was measured by taking the observance at 260/280 nm using NanoDrop Spectrophotometer (ND-
1000 Thermo Fisher, MA, USA). cDNA synthesis was performed taking 1μg of total RNA in a 20 μl reaction using maxima �rst strand cDNA
Synthesis Kit (ThermoFisher, K1672, USA) following manual instruction. Constructed cDNA sample was diluted 10 times with nuclease-free water
and stored at –20 ºC for qPCR analysis.

Reference gene selection and primer design
Eight candidate reference genes viz., α-tubulin, β-tubulin, GAPDH, CYPF, PPCT, EF1-A, 18S rRNA, and UBQ (Table 1), were chosen in the present study.
The primers were designed based on the pomegranate gene sequences (http://www.ncbi.nlm) using Oligo Explorer software (version 1.1.0). Primer
sequence homology was validated using the BlastN program.

RT-qPCR
All the quantitative reverse transcription-polymerase chain reaction (RT-qPCR) reactions were performed using SYBR Green I technology, on StepOne
plus a real-time PCR machine (Applied Biosystems, USA). A cocktail mixture for each PCR reaction was constituted of 1X Power UP SYBR Green
master mix (Thermo Fisher Scienti�c), 0.5µM primers (forward and reverse primers), and 2 µL of tenfold diluted cDNA to the reaction volume of 10
µL. The following PCR condition was used: initial denaturation for 30 seconds at 95 ºC, followed by 40 cycles of 95 ºC for 10 seconds, 60 ºC for 30
seconds, and 72 ºC for 30 seconds. All the samples were carried out in three replicates with the same cDNA preparation and the total mean was
considered for analysis. To determine gene-speci�c PCR e�ciency (E), 10-fold serial dilutions (1–1000) of bulked cDNA were used for generating a
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standard curve for each gene and each stress condition. Ampli�cation e�ciency (E) of each primer was determined by linear regression model
according to the equation E (%) = (10−1/slope−1) × 100%[19]. The e�ciency of the PCR products was calculated by measuring the CT to a speci�c
threshold of each gene [20].

Data mining and statistical analysis to determine the expression stability
Standard curves were generated from a 5-fold series dilution sample from pooled cDNA as a template for each primer, in three replicates. The
melting curves of each primer pairs are shown in Fig. 1. The stabilities of selected reference genes were evaluated using Microsoft Excel-based
software tools, NormFinder [21], BestKeeper [22], geNorm [23]. BestKeeper program calculates the stability of the expressed gene using raw data i.e.,
ct values, the geNorm software program analysis based on the stability of the expressed values (M) and ranks the gene order. Lower the M value
(stability value), higher is the stability of any gene expression, M value less than 1.5 considered as ideal reference genes in all stress conditions.
NormFinder calculates the stability of expressed gene based on intra- and inter-group variations and gives the gene rank order by combining these
values, lower the rank higher is the stability of any expressed gene. RefFinder performed comprehensive analysis using the data from geNorm (M
values), NormFinder (Stability values), BestKeeper (CV and SD), and ΔCt values.

Results

Primer speci�city and PCR ampli�cation e�ciency for each candidate reference
gene
To identify appropriate reference genes for pomegranate under biotic and abiotic stress, eight candidate reference genes such as EFA1, CYPF, UBQ,
βTUB, αTUB, GAPDH, 18S, and PPCT were selected based on the previous studies on various plant species. The selected reference gene sequences
were obtained from the National Centre for Biotechnology Information (NCBI, USA). The products of these eight reference genes were associated
with a wide variety of biological functions of plants. To check the primer speci�city for these candidate reference genes, we performed melting curve
analysis using qPCR and agarose gel electrophoresis. The PCR product of each primer pair exhibited a single peak in the melting curve and a single
band with the expected size after agarose gel electrophoresis (Fig. 1 & S1). The ampli�cation e�ciency for the eight candidate reference genes
ranged from 90.65% (GAPDH) to 103.04% (PPCT), and correlation coe�cient (R2) values ranged from0.981 (GAPDH) to 0.999 (EF1-α and 18S rRNA)
(Table 1).

Delta-Ct (ΔCt)
The stability of reference gene using delta-Ct analysis, which was represented by the standard deviation (SD). The ranking of reference genes based
on the ΔCt method is presented in Table 2. According to the ΔCt analysis, EFA1 was the most stable reference genes with low SD under all the stress
conditions, except under wilt infection. 18S rRNA showed stable expression under wilt infection with a standard deviation of 1.27.

Best keeper
Data on reference gene expression was reanalyzed using BestKeeper to identify stable reference genes (Pfa� et al. 2004). The analysis revealed
that GAPDH was the most stable gene in both biotic stress and bacterial blight infection with a standard deviation (S.D) of 0.22 and 0.73
respectively (Table 3). Pairwise correlation between the reference gene was performed by the best keeper algorithm to calculate the stability of
individual gene. Alpha tubulin showed the most stable expression under abiotic stress with the least S.D of 0.05.

NormFinder
NormFinder is excel based application, which calculates expression stability for individual reference gene based on variance analysis. A higher
stability value of the reference gene indicates a more unstablility, whereas a lower stable value indicates greater gene stability. According to Norm
Finder the stability analysis (Table 4), EFA1 occupied the top position with a stability value of 0.07 and 0.12 in abiotic and bacterial blight. CYPF,
18S, and βTUB were the two most stable genes under biotic, wilt, and nematode respectively.

geNorm
geNorm algorithm calculated the average gene stability (M value) of eight candidate reference genes. Similar to NormFinder, the lower the M value,
the higher the gene stability (Figure 2). GAPDH and EFA1 were most stable under biotic stress, 18S and CYPF stable under bacterial blight, BTUB and
CYPF stable under wilt infection, EFA1 and ATUB stable under nematode infection, BTUB and EFA1stable under abiotic stress (Table 5). To determine
the optimal number of reference genes for qPCR normalization for different stress in pomegranate, the average pairwise variation was calculated
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between two consecutive normalization factors (Vn/Vn+1, where n represents the reference gene number) across individual stress. According to
Vandesompele and colleagues, recommend Vn/Vn+1 cut-off should be less than 0.15, although this threshold should not be regarded as too
stringent. The results exhibited that the Vn/Vn+1 values for different stress were below the cut-off value of 0.15 (Figure 3), except for biotic stress,
which indicated that two reference genes would be su�cient for normalization of qPCR analysis in pomegranate.

Comprehensive ranking by RefFinder
RefFinder is a web-based interface, which calculates the geometric mean for each reference gene based on ranks calculated by other approaches.
According to RefFinder expression stability of all reference genes were sorted according to the geometric mean (Table 6). Reference genes with the
lowest geometric mean are considered the most stable. GAPDH ranked the most stable gene for the biotic stress sample group with a stability value
of 1.86. 18S rRNA for wilt infected samples with a stability value of 1.46. Under bacterial blight infection, CYPF showed the least stability value
(1.86).

Discussion
In the post-genomic era, various omics approaches have empowered us to understand the molecular mechanisms underlying the defence response
of plants subjected to various stress. qPCR is the most widely used technique to study the molecular mechanisms of plant stress responses by
analysing gene expression. However, gene expression studies are affected by several factors such as variation in RNA integrity from sample to
sample, the variation in reverse transcriptase e�ciency, and the quantity of cDNA template in each PCR reaction. Hence, normalization of target gene
expression level against a stably expressed reference gene can eliminate all kinds of variation across samples [22]. The accuracy of the qPCR
results strongly depends on selecting one or more reference genes that are stably expressed across different tissue and experimental conditions.
Thus, in the present study, eight commonly used reference genes (EFA1, CYPF, UBQ, βTUB, αTUB, GAPDH, 18S, and PPCT) were used for evaluating
their expression stability under both biotic (Bacterial blight, wilt, and nematode) and abiotic (cold and moisture stress) stress conditions in
pomegranate.

The primer pairs speci�city of the RG’s was con�rmed by melt curve by qPCR and agarose gel electrophoresis analysis (Fig. 1 and S1). The
ampli�cation e�ciency of all RGs exhibited between 92.1 to 103 and r2 ≥ 0.99, considered acceptable [24, 25]. Expression stability of all RGs was
estimated using different statistical algorithms such as ∆ Ct, BestKeeper, NormFinder, and geNorm. These methods use distinct statistical algorithm
procedures and have their advantages and drawbacks [26]. However, geNorm has been considered the best algorithm for identifying stable RG and it
is highly sensitive for co-regulation compared to norm �nder [27, 28]. According to geNorm, EFA1 was found to be a stable gene under biotic stress
and abiotic stress. Similarly, in ∆the Ct method, EFA1 exhibited high stability across different stress conditions than other RGs in pomegranate. EFA1
was considered stable RG in Eucalyptus globulus during cold acclimation, and it has a relatively close taxonomic relationship with pomegranate
based on comparative genomic analysis [29]. EFA1 also reported being a stable RG in different crops such as Cucumber [30], Tobacco under abiotic
stress [31], Maize for abiotic and hormonal treatments [32], Perlmillet under abiotic stress [33]. RefFinder provides consensus expression stability
values for RGs by combining other statistical algorithm methods such as ∆Ct, BestKeeper, NormFinder, and geNorm. Comprehensive ranking by
RefFinder indicated that EF-1α was the most suitable reference gene for nematode infection and abiotic stress, CYPF for bacterial blight, 18S for wilt
infection, and GAPDH for biotic stress. Interestingly, 18S was the most stable RG ranked by all other methods under wilt infection, except geNorm.
18S rRNA was also reported to be stable under different stress conditions in crops such as eggplant [34] in tea plants (Camellia sinensis) exposed to
Zn stress [35]. However, few studies have reported that due to a higher abundance of 18S rRNA transcripts than the target gene in the tissue, it is
di�cult to subtract the baseline value in qRT-PCR accurately [36–38]. Though the reference gene's stable expression is important in qPCR
normalization, 18S rRNA cannot be considered a bad gene for normalization [23]. It can be used as the reference gene for those target genes with
high expression under certain environmental conditions [36].

Using a single RG for normalization will affect the accuracy of calculating the target gene's expression [39]. Hence, using two or more RGs or using a
single, highly stable RG for normalization would increase the accuracy of knowing the target gene's exact expression in a given sample. The geNorm
algorithm determined the optimal number of reference genes required for normalization in pomegranate under different stress conditions. With a
threshold of 0.15, two reference genes were su�cient for normalization under wilt, bacterial blight, nematode, and abiotic stress. More than two RGs
are required to normalize under biotic stress (pooled samples of all biotic stress). In biotic stress, the samples' complexity may result in higher
variability in the expression of RGs. However, using more RGs would help to reach optimum results.
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Gene Name

Gene
symbol

Primer sequence (5'-3') Accession ID Amplicon
length

E (%)* R2 

Forward Reverse

18S Ribosomal
RNA

18S
rRNA

GTTGATCCTGCCAGTAGTC CCGAGTAGCAGATACCATC XR_004152599

 

136 95.72 0.999

α- Tubulin α -TUB TCCAGGGCTTCCTTGTCTTC TTGGGGAGAGGGGGTAAAC XM_031521521 132 99.43 0.995

β-Tubulin β-TUB TGAGGAAGGAGGCTGAGAAC TTGGGTGATGGGAACACTG XM_031530647
 

163 92.10 0.992

Cyclophilin CYP TGTGCCAAGGTGGTGACTTC CGGTGTGCTTCCTGATGAAG XM_031537407 99 99.98 0.998

Peptidyl-prolyl
cis-trans
isomerase

PPCT GAACTTCGCCCCGTAGATC AAGCCCCTCCACTACAAGG XM_031537407 120 103.04 0.995

Elongation
Factor 1- α

EF1-α TGGATGGCAGGGACAAGAC GGGTGGCAAGTGAATCGTG XM_031517615 134 95.28 0.999

Ubiquitin-
conjugating
enzyme

UBQCE ATTCTCCGCTGGTTTGGTG AGGGCTGTTGGGATAGTTGG XM_031545647 136 99.97 0.997

Glyceraldehyde
3-phosphate
dehydrogenase

GAPDH AAGGGTGGTGCWAAGAAGGT CCCCACTCRTTGTCRTACCA XM_031549027
 

230 90.65 0.981

 

*Measure of RT-qPCR e�ciency calculated by standard curve method,  Regression co-e�cient calculated from the regression line in the standard
curve

Table 2: Expression stability of eight reference genes in pomegranate analyzed using the Delta-Ct algorithm, SD-standard deviation.

Rank Biotic stress Bacterial blight Wilt Nematode infected Abiotic stress

Genes SD Genes SD Genes SD Genes SD Genes SD

1 EFA1 1.28 EFA1 0.83 18s 1.27 EFA1 1.12 EFA1 0.47

2 CYPF 1.29 18s 0.87 CYPF 1.31 αTUB 1.13 βTUB 0.50

3 GAPDH 1.63 CYPF 0.88 UBQ 1.35 βTUB 1.14 αTUB 0.53

4 αTUB 1.64 PPCT 1.02 GAPDH 1.39 UBQ 1.19 UBQ 0.53

5 UBQ 1.7 GAPDH 1.05 EFA1 1.42 CYPF 1.24 PPCT 0.66

6 βTUB 2.01 βTUB 1.06 βTUB 1.42 PPCT 1.35 GAPDH 0.68

7 PPCT 2.04 UBQ 1.14 αTUB 1.81 GAPDH 2.02 18s 0.77

8 18s 2.16 αTUB 1.81 PPCT 2.85 18s 2.67 CYPF 0.81

 

Table 3:  Expression stability of eight reference genes in pomegranate analyzed using the Best keeper algorithm, SD- Average of standard deviation.
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Rank Biotic stress Bacterial blight Wilt Nematode infected Abiotic stress

Genes SD Genes SD Genes SD Genes SD Genes SD

1 GAPDH 0.22 GAPDH 0.73 18s 0.28  βTUB 0.28 αTUB 0.05

2 UBQ 0.28 CYPF 0.79 EFA1 0.49 αTUB 0.46 EFA1 0.19

3 EFA1 0.87 18S 0.79 UBQ 0.85 EFA1 0.47 GAPDH 0.21

4 βTUB 1.00 PPCT 0.93 CYPF 0.87 UBQ 0.49 UBQ 0.24

5 CYPF 1.09 EFA1 1.08 GAPDH 0.97 CYPF 0.50  βTUB 0.33

6 αTUB 1.48 βTUB 1.68 βTUB 1.02 PPCT 0.51 PPCT 0.50

7 PPCT 1.93 UBQ 1.74 αTUB 1.09 GAPDH 1.35 18s 0.60

8 18S 2.22 αTUB 2.52 PPCT 2.14 18s 2.03 CYPF 0.72

 

Table 4:  Expression stability of eight reference genes in pomegranate analyzed using the NormFinder algorithm, SV- stability value.

Rank Biotic stress Bacterial blight Wilt Nematode infected Abiotic stress

Genes SV Genes SV Genes SV Genes SV Genes SV

1 CYPF 0.25 EFA1 0.12 18S 0.28 βTUB 0.21 EFA1 0.07

2 EFA1 0.25 CYPF 0.57 EFA1 0.40 CYPF 0.41 βTUB 0.17

3 αTUB 1.13 18s 0.58 CYPF 1.03 αTUB 0.48 UBQ 0.29

4 GAPDH 1.16 βTUB 0.62 UBQ 1.04 EFA1 0.52 αTUB 0.31

5 UBQ 1.34 PPCT 0.77 GAPDH 1.20 UBQ 0.64 PPCT 0.52

6 βTUB 1.73 UBQ 0.80 βTUB 1.25 PPCT 0.67 GAPDH 0.58

7 PPCT 1.76 GAPDH 0.87 αTUB 1.35 GAPDH 1.91 18S 0.65

8 18S 1.85 αTUB 1.74 PPCT 2.82 18S 2.61 CYPF 0.70

 

Table 5:  Expression stability of eight reference genes in pomegranate analyzed using the geNorm algorithm, M- stability value.

Rank Biotic stress Bacterial blight Wilt Nematode infected Abiotic stress

Genes M Genes M Genes M Genes M Genes M

1 GAPDH/EFA1 0.29 18S/CYPF 0.20 BTUB/CYPF 0.22 EFA1/ATUB 0.11 BTUB/EFA1 0.18

2 UBQ 0.55 GAPDH 0.30 GAPDH 0.24 UBQ 0.29 ATUB 0.31

3 αTUB 0.68 PPCT 0.40 UBQ 0.28 BTUB 0.58 UBQ 0.35

4 18S 0.77 EFA1 0.46 18S 0.60 CYPF 0.72 PPCT 0.39

5 PPCT 0.86 βTUB 0.67 EFA1 0.86 PPCT 0.82 GAPDH 0.44

6 βTUB 0.99 UBQ 0.85 ATUB 1.17 GAPDH 1.06 CYPF 0.53

7 CYPF 1.29 αTUB 1.15 PPCT 1.55 18S 1.43 18S 0.58

 

Table 6:  Expression stability of eight reference genes in pomegranate analyzed using the Ref �nder algorithm.GM-Geo mean of ranking values.
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Rank Biotic stress Bacterial blight Wilt Nematode infected Abiotic stress

Genes GM Genes GM Genes GM Genes GM Genes GM

1 GAPDH 1.86 CYPF 1.86 18S 1.49 EFA1 1.86 EFA1 1.18

2 EFA1 2.06 18S 2.06 CYPF 2.21 αTUB 1.86 βTUB 2.11

3 CYPF 2.51 EFA1 2.23 EFA1 3.31 βTUB 1.86 αTUB 2.44

4 UBQ 2.65 GAPDH 3.20 UBQ 3.46 UBQ 3.93 UBQ 3.72

5 αTUB 4.35 PPCT 4.22 βTUB 3.83 CYPF 3.97 GAPDH 4.82

6 βTUB 5.42 βTUB 5.42 GAPDH 4.16 PPCT 6 PPCT 5.47

7 PPCT 7 UBQ 6.73 αTUB 7 GAPDH 7 18S 7

8 18S 8 αTUB 8 PPCT 8 18S 8 CYPF 8

 

 

Figures

Figure 1

Melting curves of 8 candidate reference genes in Pomegranate. Melting temperatures were visualized by plotting the negative �rst derivative of
�uorescence relative to the temperature in Celsius [-(d/dT)].
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Figure 2

Average expression stability values of reference genes calculated by geNorm during different biotic and abiotic stress.
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Figure 3

The optimal number of reference genes for accurate normalization was calculated by geNorm during different biotic and abiotic stress. Pairwise
variation (Vn/Vn+1) analysis of eight candidate reference genes analyzed in �ve different conditions.
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