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Real-time quantitative polymerase chain reaction (RT-qPCR) is a sensitive technique for gene expression studies. However, choosing the appropriate reference gene is essential to obtain reliable results for RT-qPCR assays. In the present work, the expression of eight candidate reference genes, EF1-α (elongation factor 1-α), GAPDH (glyceraldehyde 3-phosphate dehydrogenase), UBC (ubiquitin-conjugating enzyme), UBQ (polyubiquitin), ACT (actin), β-TUB (β-tubulin), APT1 (adenine phosphoribosyltransferase 1), and 18S rRNA (18S ribosomal RNA), was evaluated in Achyranthes bidentata samples using two algorithms, geNorm and NormFinder. The samples were classified into groups according to developmental stages, various tissues, stresses (cold, heat, drought, NaCl), and hormone treatments (MeJA, IBA, SA). Suitable combination of reference genes for RT-qPCR normalization should be applied according to different experimental conditions. In this study, EF1-α, UBC, and ACT genes were verified as the suitable reference genes across all tested samples. To validate the suitability of the reference genes, we evaluated the relative expression of CAS, which is a gene that may be involved in phytosterol synthesis. Our results provide the foundation for gene expression analysis in A. bidentata and other species of Amaranthaceae.
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INTRODUCTION

Real-time quantitative polymerase chain reaction (RT-qPCR) has become one of the most efficient and powerful techniques to study molecular biology analysis of gene expression and is widely used because of its reproducibility, accuracy, quantity, and sensitivity in gene expression analysis. Although RT-qPCR is a powerful technique, the results of RT-qPCR data analysis are often affected by different variables, such as RNA purity, RNA quantity, DNA contamination, PCR amplification efficiency, and reverse transcription efficiency (Zhu et al., 2013). To control these variables, it is essential to select one or more suitable reference genes as the commonly applied method for normalizing RT-qPCR data (Guénin et al., 2009; Chen et al., 2011; Kundu et al., 2013).

Traditional housekeeping genes that are universally expressed in all cells are often used as reference genes (Xu et al., 2011), such as GAPDH, 18S rRNA, ACT, UBQ, EF1-α, β-TUB, and UBC (Wang et al., 2014; Xiao et al., 2014). However, these traditional housekeeping genes are not always stably expressed in all species or experiments. Therefore, it is need to select appropriate reference genes that has a consistent level of expression under specific experimental conditions. At present, several studies on the evaluation and validation of reference genes have been carried out for many plant species, such as Arabidopsis thaliana (Czechowski et al., 2005; Remans et al., 2008), potato (Nicot et al., 2005), coffee (Barsalobres-Cavallari et al., 2009; Cruz et al., 2009; de Carvalho et al., 2013), rice (Kim et al., 2003; Jain et al., 2006), tomato (Expósito-Rodríguez et al., 2008; Mascia et al., 2010), wheat (Paolacci et al., 2009), pearl millet (Shivhare and Lata, 2016), barley (Burton et al., 2004), Brassica napus (Wang et al., 2014), radish (Xu et al., 2012), apple (Perini et al., 2014), rose (Meng et al., 2013), soybean (Jian et al., 2008; Hu et al., 2009), sugarcane (Iskandar et al., 2004), peanut (Jiang et al., 2011), tobacco (Schmidt and Delaney, 2010), banana (Chen et al., 2011), Buchloe dactyloides (Li W. et al., 2015), Salicornia europaea (Xiao et al., 2014), flixweed (Xu et al., 2016), kiwifruit (Ferradás et al., 2016), pear (Xu et al., 2015), and Solanum lycopersicum L. (Fuentes et al., 2016). However, systematic evaluation of the selection of suitable reference genes for RT-qPCR data normalization in Achyranthes bidentata under various experiments has not been reported.

Achyranthes bidentata Blume (Amaranthaceae) is a perennial herbaceous plant. It grows mainly on the hillsides or roadsides, about 200–1750 m above sea level, and is widely distributed in China, India, Java, and Japan (Yang et al., 2012; Li Y. et al., 2015). A. bidentata is one of the most important Chinese traditional medicinal herbs (Liu et al., 2015). It has been frequently used as a diuretic, antipyretic, antirheumatic, and anti-inflammatory drug (Nikolov et al., 1996; Wattel et al., 2004; Li et al., 2005; Jin et al., 2007; Chen et al., 2009; Zhu et al., 2012). In view of its important medical value, the production of A. bidentata is gaining more attention. However, the yield of A. bidentata is seriously reduced because the growth is influenced by the biotic and abiotic treatment (Li Y. et al., 2015). Some researches on A. bidentata are focused at the molecular and biochemical levels. Understanding the expression patterns of some key genes involved in pathway of active components biosynthesis will help understand accumulation and dynamic trends of triterpenoid saponin and ecdysterone in vegetative organs of A. bidentata. Furthermore, studies of the molecular events associated with stress responses of A. bidentata to multifarious exogenous regulators may also help us understand what causes the loss of A. bidentata. At present, RT-qPCR studies in A. bidentata are still limited by the use of unsuitable reference genes. Therefore, the selection of the most stable reference genes for A. bidentata is essential.

In the present study, we evaluated the stability of eight candidate reference genes (GAPDH, 18S rRNA, UBQ, EF1-α, UBC, β-TUB, APT1, ACT) for normalization across set of biological samples representing A. bidentata under different experiments. Two statistical algorithms such as geNorm version 3.5 (Vandesompele et al., 2002) and NormFinder (Andersen et al., 2004) were used to evaluate the most suitable reference genes for a given set of biological samples (Ferradás et al., 2016). To the best of our knowledge, this is the first systematic screening of the appropriate reference gene under a variety of experimental conditions for normalizing gene expression analyses using RT-qPCR in A. bidentata. The results will benefit future gene expression analysis in A. bidentata and other species of Amaranthaceae.

MATERIALS AND METHODS

Plant Materials and Treatments

This experiment was carried out using the seeds of A. bidentata, which were collected from the Wenxian Agricultural Science Institute of Henan Province in China. Seeds were grown in 1 L plastic pots filled with soil (50% nutrient soil, 50% vermiculite sand), and in a greenhouse under growth conditions of 25 ± 2°C, a photoperiod of 14 h, and 20–40% relative humidity. After germination, seedlings were irrigated weekly with Hoagland’s solution.

For samples of six different developmental stages, materials were sampled at the cotyledon, and 1, 2, 3, 4, 5 euphylla stage after germination. The cotyledon, stem, root, and euphylla of seedlings were separated and collected in triplicate, promptly frozen in liquid nitrogen, and finally stored at -80°C.

Material from five separate organs, including cotyledon, euphylla, branch, stem, and root were collected in three replicates, immediately frozen in liquid nitrogen, and stored at -80°C.

Four-week-old seedlings were used to various abiotic and biotic treatments. For cold and heat treatments, plants were grown at temperature of 4 and 42°C for 0, 1, 3, 6, 9, and 12 h, respectively. For drought treatment, plants seedlings were irrigated with 5, 10, and 15% PEG, and leaves were collected at 0, 6, 12, 24, 48 h. For NaCl treatment, seedlings were irrigated with 200 mM NaCl and leaves were collected at 0, 1, 3, 6, 12, 24 h. For hormone treatments, leaves were collected at 0, 1, 2, 3, and 4 days, after seedlings were sprayed with sufficient 1 mg/L MeJA, 1 mg/L IBA, and 3 mg/L SA solutions. The leaves of samples were collected in triplicate, immediately frozen in liquid nitrogen and stored at -80°C until further experiments.

Total RNA Isolation and cDNA Synthesis

Approximately 100 mg of frozen samples were ground in liquid nitrogen using a pestle and a mortar. Total RNA was extracted from different samples using Trizol reagent (Takara, Japan). A NanoDrop 2000 Spectrophotometer was used to determine the purity and concentration of total RNA. The integrity of the isolated RNA was verified by 1% agarose gel. Only the RNA samples with absorbance ratio at A260/A280 = 1.8∼2.2 and A260/A230 = 2.0 were used for further analysis. For each sample, 1 mg of total RNA was used for first strand cDNA synthesis according to the manufacturer’s instructions (HiScript® 1st Strand cDNA Synthesis Kit, Vazyme, China). The cDNA products diluted with nuclease-free water in the ratio 1:10 were used in RT-qPCR studies.

Selection of Candidate Genes and Primer Design

The eight common candidate housekeeping genes were selected based on the studies on other species (Czechowski et al., 2005; Jain et al., 2006; Lin and Lai, 2010; Chen et al., 2011; Perini et al., 2014; Wang et al., 2014; Xiao et al., 2014). In this experiment, these genes include: EF1-α, GAPDH, UBC, UBQ, ACT, β-TUB, APT1, 18S rRNA. Sequences of 18S rRNA was obtained from National Center for Biotechnology Information (NCBI, USA). The sequences of other selected genes were collected from the A. bidentata transcriptome database (PRJNA350183), which was obtained by high-throughput Illumina sequencing (Li et al., 2016b).

Specific primers for RT-qPCR analysis were designed using Primer Premier 5.0 software (Table 1). A standard curve was repeated in three dependent plates using a 10-fold dilution series ([1/1], [1/10], [1/100], [1/1000], [1/10000]) of the mixed cDNA from all tested samples as the template and it was used to calculate the correlation coefficient (R2) and gene specific PCR amplification efficiency (E = 10-1/slope) of each gene (Radonic et al., 2004) (Table 1). The specificity of the all primer pairs of candidate reference genes and target gene were verified by agarose gel electrophoresis (3%) and melting curve analysis.

TABLE 1. Candidate A. Bidentata reference genes and target genes, primer sequences and amplicon characteristics.
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Real-Time Quantitative PCR

All reactions were carried out in 96-well optical plates with a LightCycler 96 (Roche, Switzerland) with SYBR®Green Master Mix (Vazyme, China). Each reaction mixture contained 0.4 μL of each primer, 10 μL of SYBR®Green Master Mix, 2 μL of diluted cDNA (1:10), and 7.2 μL of double distilled water to a final volume of 20 μL. Following cycling conditions were applied: 95°C for 5 min, 40 cycles at 95°C for 10 s and 60°C for 30 s in 96-well optical reaction plates. The melting curve was analyzed at 60–95°C after 40 cycles. All RT-qPCR reactions were carried out in biological triplicates with three technical replicates per experiment, and three no-template controls in every run were included to avoid possible DNA contamination.

Data Statistics

The expression stability of each reference gene through samples was statistically analyzed using geNorm version 3.5 (Vandesompele et al., 2002) and NormFinder (Andersen et al., 2004), which were used as described in their instructions manual. For these analyses, the mean of the Cq values were changed into relative quantities for genes. The relative quantities of gene were imported into NormFinder and geNorm for further analysis. All other statistical computations were performed in Microsoft Excel 2007.

Normalization of CAS

In order to validate the usefulness of the optimal reference genes in RT-qPCR, the relative expression levels of A. bidentata gene, CAS is not only a key enzyme gene involved in phytosterol synthesis, but also an important regulatory site for triterpenoid synthesis (Kim et al., 2005; Liang et al., 2009; Zhong et al., 2010). The CAS gene was analyzed using the one or two most stable reference genes and the most unstable reference gene. The primer pairs used for the RT-qPCR analysis of CAS gene are listed in Table 1. The relative expression levels of the CAS were assessed according to the 2-ΔΔCt method (Livak and Schmittgen, 2001) under heat treatment. The expression level of pre-treatment samples (controls) was set to a value of 1.

RESULTS

Verification of Primer Specificity, PCR Efficiency Analysis

In order to verify the specificity of the all primer pairs for these candidate reference genes and one target genes, agarose gel electrophoresis (3%) and melting curve analysis were carried out using RT-qPCR. The results of agarose gel electrophoresis (Figure 1) showed that all the candidate reference genes were specifically amplified with a very single band of the anticipated fragment size, and primer dimmers or other non-specific amplification products could not be detected on the agarose gel electrophoresis (Figure 1). Melting curve analyses of the each internal reference gene after 40 cycles had a single peak (Figure 2). These indicated that the eight primer pairs were specific and could be used for the gene expression analysis of RT-qPCR. For each candidate gene, the efficiencies (E) of each primer pair ranged from 1.807 to 2.069 (Table 1) and the correlation coefficients (R2) had a range of 0.971∼0.998 over 104 fold of cDNA dilution (Table 1).
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FIGURE 1. Specificity of primer pairs for RT-qPCR amplification. The 3% agarose gel electrophoresis showing a single product of the expected size for each candidate reference gene and the target gene CAS; M represents the DNA size marker.
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FIGURE 2. Specificity of primer pairs for RT-qPCR amplification. Dissociation curves with single peaks generated for all amplicons.



Expression Profile of Reference Genes

Analysis of the raw expression levels of each candidate reference gene (EF1-α, GAPDH, UBC, UBQ, ACT, APT1, 18S rRNA, β-TUB) was assessed across all samples (Figure 3). In order to obtain reliable results, all RT-qPCR experiments were performed in three technical replicates. The Cq (Bustin et al., 2009) values of the eight reference genes ranged from 10.44 to 28.41 in all tested samples, while the majority of these values were between 18.44 and 23.52 (Figure 3). The UBQ and UBC showed low variability than other candidate reference genes in all the tested samples, with their Cq values ranging from 17.38 to 23.86667 and 20.45 to 27.89667, respectively (Figure 3). In addition, GAPDH, APT1, β-TUB, and EF1-α showed medium variability, with Cq values of 16.88667–26.7, 18.78–28.045, 19.33–32.075, and 15.64333–26.07, respectively. β-TUB and 18S rRNA indicated high variability, with Cq values of 10.44–23.82 and 19.33-32.075, respectively, while this two genes presented a wider interquartile range than other candidate reference genes in all the tested samples. This indicated that none of the selected genes had a constant level of expression in various tested experiments. Therefore, it is necessary to select suitable reference genes for use in gene expression normalization under different experimental conditions.
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FIGURE 3. RT-qPCR raw Cq values for candidate reference genes in different samples. The box-plot show the mean, maximum, minimum, interquartile range, and outliers.



Evaluative of the Expression Stability of Candidate Reference Genes

In order to obtain reliable dataset of the reference genes for 12 groups of samples, two software programs (geNorm and NormFinder) were used to evaluate gene stability. The stability values were determined only in the sample sets of different experimental conditions.

GeNorm Analysis

The gene expression stability measure (M) of the eight genes was the parameter that was assessed using geNorm software (Vandesompele et al., 2002). The Cq values for each cDNA sample was transformed to relative expression levels according to the formula Q = 2-ΔCt (ΔCt = Ct value of each sample – the minimum Ct value), where 2 stand for 100% efficiency (Livak and Schmittgen, 2001; Ramakers et al., 2003) and then evaluated on the basis of the manual. The average expression stability values (M) were calculated at stepwise exclusion of the gene with the least stable reference gene until two best genes were generated. For each group, the gene with the lowest M-value was regarded as the most stable expression. Among the eight candidate reference genes used in the analysis, not all the reference genes had constant expression in the different experimental conditions (Figures 4, 5). The UBC and EF1-α were the two most stable reference genes in all the tested samples. In the different organ sample sets, UBC and ACT were found to be the most stably expressed. The UBQ and β-TUB, β-TUB, and EF1-α, and UBC and ACT were the best reference genes for normalization in samples at the different developmental stages of roots, stems, and leaves, respectively. For salt treatment, EF1-α and APT1 were evaluated by geNorm as the top two reference genes. In the cold treatment, GAPDH and APT1 were recognized as the most stable genes. The ACT and EF1-α were suggested as the most stable genes among the eight reference genes in heat treatment. The UBC and EF1-α genes ranked the highest in the drought treatment. For the MeJA, SA, and IBA hormone treatments, UBC and APT1, APT1 and UBC, GAPDH and UBC were chosen as the optimal reference genes, respectively.
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FIGURE 4. Average expression stability values (M) of candidate reference genes. Average expression stability values (M) of the candidate reference genes were calculated by the geNorm software in A. bidentata samples under different experimental conditions, including Cold treatment (A), Heat treatment (B), development stages (Root) (C), development stages (Stem) (D), development stages (Leaf) (E), and different organs (F). The lowest M-value indicates the most stable gene and vice versa.
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FIGURE 5. Average expression stability values (M) of the candidate reference genes. Average expression stability values (M) of the candidate reference genes were calculated by the geNorm software in A. bidentata samples under different experimental conditions, including IBA treatment (A), MeJA treatment (B), NaCl treatment (C), Drought treatment (D), SA treatment (E), and Total (F). The lowest M-value indicates the most stable gene and vice versa.



The geNorm software was also used to determine the optimal number of reference genes required for accurate normalization in the different experimental conditions. The Pairwise variation (Vn/Vn+1) is an index to determine the minimum number of reference genes required for accurate RT-qPCR normalization in gene expression studies. Vandesompele et al. (2002) recommended using 0.15 as a cutoff value for selecting a suitable number of reference genes, and the additional reference genes below the value of 0.15 are not required for normalization. In our study, the V2/3 values of cold, stem, drought, MeJA, SA, and IBA were less than 0.15, suggesting that the optimal number of reference genes for normalization in these groups was at least two. For different organs and salt stress, the pairwise variation value of V3/4 was 0.126 and 0.134, respectively, suggesting that three reference genes were needed. For the root of different stages, the V5/6 value was 0.147, recommending the selection of five reference genes. However, Pairwise variation analysis (Figure 6) indicated that 0.15 is not an absolute cutoff value, but rather an ideal value (Vandesompele et al., 2002; Guénin et al., 2009; Paolacci et al., 2009; Wan et al., 2010). Other studies have shown that Pairwise variation is above 0.15 (Vn/Vn+1) for the species under consideration (Silveira et al., 2009). In our study, pairwise variation was higher than 0.15 for all the samples and for different subgroups. Based on these values, we recommended the selection of the top three ranked genes as reference genes for normalization, which is more accurate and reliable than using only one single reference gene.
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FIGURE 6. Pairwise variation (V) analysis of candidate reference genes in the A. bidentata sample sets. The Pairwise variation (Vn/Vn+1) between the normalization factors was calculated using the geNorm software program to determine the optimal number of candidate reference genes.



NormFinder Analysis

The NormFinder is an algorithm to select the optimal candidate reference gene. It ranks the full set of candidate genes according to their expression stability in each sample set. NormFinder provides a stability value for each candidate gene, which is a direct measure for evaluating the expression variation when using genes for normalization (Andersen et al., 2004). The lowest expression stability value is the most stable gene.

The results of our analysis using NormFinder program are represented in Table 2. Many of the results were consistent with the results of the geNorm analysis. In the samples from different organs and MeJA treatment, UBQ and EF1-α were the optimal reference gene. Under the cold treatment and developmental stage (leaves), GAPDH and ACT displayed the best stability value. In the development stages (root and stem), β-TUB and UBC had the most stable expression. Under NaCl treatment, EF1-α and APT1 showed the common and high stable expression. EF1-α and GAPDH, GAPDH and UBC, ACT and APT1 were the two most stable genes under IBA, SA, and heat treatments, respectively. EF1-α and UBC had the most stable expression in all the tested samples and drought treatment (Table 2).

TABLE 2. Expression stability of the candidate reference genes calculated by NormFinder software.
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Reference Gene Validation

In order to validate the selected reference gene for normalization, we analyzed the expression of CAS using RT-qPCR under the heat treatment. Our results showed that the expression level of CAS in leaf decreased obviously during heat treatment and there was only a slight difference between ACT and the combination of ACT+ EF1-α reference gene(s) for normalization (Figure 7). However, when 18S rRNA was used as the most unstable reference gene, the CAS gene change patterns were completely changed during normalization under heat treatment (Figure 7). These results clearly indicated that the use of improper reference gene could lead to misleading results for the normalization of target gene. Thus, the results of our analysis further emphasized the need of selecting appropriate reference gene stability prior to RT-qPCR study, to avoid low accuracy.
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FIGURE 7. Relative expression levels of CAS using validated reference genes for normalization under the heat stress treatment. The validated reference gene (s) used as normalization factors were alone (ACT and EF1-α) or the combination (ACT and EF1-α) of most stable reference genes, and the most unsuitable one (18S rRNA) in heat stress sample set. The expression level of pre-treatment samples (0 h) was set to a value of 1. Each value represents the mean of three replicates, standard error bars are shown.



DISCUSSION

Real-time quantitative PCR as a common technique has been widely used for gene expression analysis in plant species. However, increasing numbers of studies have shown that the selection of unsuitable reference genes could create deviation in results for the expression profile of genes (Gutierrez et al., 2008; Mascia et al., 2010; Wang et al., 2014; Li et al., 2016a; Zhao et al., 2016). Therefore, it is essential to select the appropriate reference gene with the stable expression levels in different experimental conditions in A. bidentata.

GeNorm and NormFinder are the two most commonly used software for analyzing the expression stability of candidate reference genes and selecting the most appropriate reference gene sets under certain cases. The two software analysis results are not entirely consistent, probably because of the different statistical algorithms (Hu et al., 2010). Recent studies have shown that analyses in geNorm and NormFinder softwares generate similar results, with only slight difference in ranking orders (Cruz et al., 2009; Lee et al., 2010; Zhao et al., 2016). Our study observed several relevant differences between the two methods as well. However, no matter how the ranking changed, the most unstable gene was the same in both geNorm and NormFinder analyses in all the sample sets, which had been identified based on other species (Artico et al., 2010; Lopez-Pardo et al., 2013; Wang et al., 2014; Li et al., 2016a; You et al., 2016). Therefore, the expression stability value of each gene and the suitable reference genes were obtained by two software packages. Combining the results of the two algorithms together is more reliable when determining the appropriate internal reference genes for normalization.

We evaluated the expression stability of eight candidate reference genes in different organs, during developmental stages and under seven treatments in A. bidentata. When all sample groups were evaluated in A. bidentata, the three top genes were selected for normalization of gene expression (Figure 5 and Table 2). EF1-α was ranked first in both the drought and salt groups. The stability of EF1-α in A. bidentata was consistent with previous findings in Solanumly copersicum L. (Fuentes et al., 2016); however, EF1-α is unsuitable for normalization in Salicornia europaea under drought stress (Xiao et al., 2014). UBC was stable in organ group and different in development stages in root group in A. bidentata. Similar stable results have been shown by another group using different tissues in Salicornia europaea (Xiao et al., 2014). However, the stability varies by species. For example, UBC expressions fluctuated in different organs of bamboo (Fan et al., 2013). ACT is satisfactory for RT-qPCR normalization in A. bidentata. ACT was highly stable in banana (Chen et al., 2011). However, this gene was not a suitable reference in potato (Nicot et al., 2005). Studies evaluating reference genes in different species have diverse results.

In this study, different sample sets had their own best appropriate internal reference genes (Figures 4, 5 and Table 2). For instance, GAPDH and ACT were ranked as the most stable genes in cold treatment, whereas EF1-α and APT1 did better than GAPDH and ACT under NaCl treatment. For hormone treatments (MeJA and SA), UBQ and EF1-α, APT1 and UBC were suggested as the most stable reference genes, respectively. For drought treatment in different organs, EF1-α and UBC were chosen as the most stable reference genes. Our results indicated that specific sets of reference genes are needed in different experimental conditions. Similar results have been obtained in other studies, such as sugarcane (Xue et al., 2014), Jute (Niu et al., 2015), Cichorium intybus (Delporte et al., 2015), Buchloe dactyloides (Li W. et al., 2015), perennial ryegrass (Lee et al., 2010), and carrot (Campos et al., 2015). It should be pointed out that the most stable internal reference genes were screened out by evaluating eight candidate reference genes that were not frequently used in other plants because there are many reports suggesting that the reference genes are regulated differently in different plants species and they might also show different expression patterns (Maroufi et al., 2010; Chen et al., 2011; Ye et al., 2015; Zhuang et al., 2015). These results highlight the importance of selecting suitable reference gene for each experiment conditions, especially when the samples are very different.

An increasing number of studies have shown that only one reference gene is unsuitable for accurate normalization of RT-qPCR data and the selection of more than one reference genes could get more accurate data in RT-qPCR analysis of plants (Gu et al., 2011). Therefore, the number of reference genes should be considered when a large number of samples need to be analyzed (Lin and Lai, 2010). It is recommended that the number of reference genes to be used, should be determined according to the experimental conditions (Hu et al., 2009). In this work, two or three reference genes were a valid normalization strategy in most experimental cases. For root, five reference genes were needed for normalization. For leaves and heat treatment, we recommend using three reference genes as reference genes for normalization. Our results suggested that selecting a suitable combination of reference genes is necessary according to the different experimental conditions.

To determine the suitability of the reference genes in the present study, we used different reference genes for CAS gene normalization. The results showed that the most unstable reference gene for normalization led to significant differences (Figure 7). When one gene or the combination genes were used for normalization, the expression pattern of target gene produced slight differences (Figure 7). These results suggested that appropriate reference genes are crucial to achieve accurate RT-qPCR results and it was emphasized by the expression analysis of CAS. This study provided a foundation for more accurate and widespread use of RT-qPCR in the analysis of gene expression in A. bidentata.

CONCLUSION

Our results showed that different suitable reference genes for normalization should be selected depending on different experimental conditions. For different sample groups including cold, drought, MeJA, IBA, SA, and the stem of different stages, our study suggested the selection of GAPDH and ACT, EF1-α and UBC, EF1-α and UBQ, UBC and GAPDH, APT1 and UBC, and β-TUB and UBC, respectively, for normalizing RT-qPCR data. The UBC, EF1-α and UBQ, and EF1-α, APT1 and UBQ were the three most stable reference genes in the different organs and under NaCl treatment, respectively. For heat treatment, the leaves of different stages and whole samples, ACT, EF1-α and UBC were, respectively, the best reference genes. ACT, EF1-α, UBC, UBQ, and β-TUB were considered to be the best combination for root of different stages. These results will benefit to the future studies of gene expression in A. bidentata using RT-qPCR.

AUTHOR CONTRIBUTIONS

JL and XZ designed the project and revised the manuscript. XH, CW, WQ, WZ, and LT were performed the sample collection, analyzed the data and wrote the manuscript. All authors have read and approved the final manuscript.

ACKNOWLEDGMENTS

This work was financially supported by the National Nature Science Foundation of China (81274076) and the Key Projects of Henan Province Colleges and Universities (17A180026).

REFERENCES

Andersen, C. L., Jensen, J. L., and Ørntoft, T. F. (2004). Normalization of real-time quantitative reverse transcription-PCR data: a model-based variance estimation approach to identify genes suited for normalization, applied to bladder and colon cancer data sets. Cancer Res. 64, 5245–5250. doi: 10.1158/0008-5472.CAN-04-0496

Artico, S., Nardeli, S. M., Brilhante, O., Grossi-de-Sa, M. F., and Alves-Ferreira, M. (2010). Identification and evaluation of new reference genes in Gossypium hirsutum for accurate normalization of real-time quantitative RT-PCR data. BMC Plant Biol. 10:49. doi: 10.1186/1471-2229-10-49

Barsalobres-Cavallari, C. F., Severino, F. E., Maluf, M. P., and Maia, I. G. (2009). Identification of suitable internal control genes for expression studies in Coffea arabica under different experimental conditions. BMC Mol. Biol. 10:1. doi: 10.1186/1471-2199-10-1

Burton, R. A., Shirley, N. J., King, B. J., Harvey, A. J., and Fincher, G. B. (2004). The CesA gene family of barley. Quantitative analysis of transcripts reveals two groups of co-expressed genes. Plant Physiol. 134, 224–236. doi: 10.1104/pp.103.032904

Bustin, S. A., Benes, V., Garson, J. A., Hellemans, J., Huggett, J., Kubista, M., et al. (2009). The MIQE guidelines: minimum information for publication of quantitative real-time PCR experiments. Clin. Chem. 55, 611–622. doi: 10.1373/clinchem.2008.112797

Campos, M. D., Frederico, A. M., Nothnagel, T., Arnholdt-Schmitt, B., and Cardoso, H. (2015). Selection of suitable reference genes for reverse transcription quantitative real-time PCR studies on different experimental systems from carrot (Daucus carota L.). Sci. Hortic. 186, 115–123. doi: 10.1016/j.scienta.2014.12.038

Chen, L., Zhong, H. Y., Kuang, J. F., Li, J. G., Lu, W. J., and Chen, J. Y. (2011). Validation of reference genes for RT-qPCR studies of gene expression in banana fruit under different experimental conditions. Planta 234, 377. doi: 10.1007/s00425-011-1410-3

Chen, Q., Liu, Z., and He, J. H. (2009). Achyranthes bidentata polysaccharide enhances immune response in weaned piglets. Immunopharmacol. Immunotoxicol. 31, 253–260. doi: 10.1080/08923970802439795

Cruz, F., Kalaoun, S., Nobile, P., Colombo, C., Almeida, J., Barros, L. M. G., et al. (2009). Evaluation of coffee reference genes for relative expression studies by quantitative real-time RT-PCR. Mol. Breed. 23, 607–616. doi: 10.1007/s11032-009-9259-x

Czechowski, T., Stitt, M., Altmann, T., Udvardi, M. K., and Scheible, W. R. (2005). Genome-wide identification and testing of superior reference genes for transcript normalization in Arabidopsis. Plant Physiol. 139, 5–17. doi: 10.1104/pp.105.063743

de Carvalho, K., Bespalhok Filho, J. C., Dos Santos, T. B., de Souza, S. G. H., Vieira, L. G. E., Pereira, L. F. P., et al. (2013). Nitrogen starvation, salt and heat stress in coffee (Coffea arabica L.): identification and validation of new genes for qPCR normalization. Mol. Biotechnol. 53, 315–325. doi: 10.1007/s12033-012-9529-4

Delporte, M., Legrand, G., Hilbert, J. L., and Gagneul, D. (2015). Selection and validation of reference genes for quantitative real-time PCR analysis of gene expression in Cichorium intybus. Front. Plant Sci. 6:651. doi: 10.3389/fpls.2015.00651

Expósito-Rodríguez, M., Borges, A. A., Borges-Pérez, A., and Pérez, J. A. (2008). Selection of internal control genes for quantitative real-time RT-PCR studies during tomato development process. BMC Plant Biol. 8:131. doi: 10.1186/1471-2229-8-131

Fan, C. J., Ma, J. M., Guo, Q. R., Li, X. T., Wang, H., and Lu, M. Z. (2013). Selection of reference genes for quantitative real-time PCR in bamboo (Phyllostachys edulis). PLoS ONE 8:e56573. doi: 10.1371/journal.pone.0056573

Ferradás, Y., Rey, L., Martínez,Ó, Rey, M., and González, M. V. (2016). Identification and validation of reference genes for accurate normalization of real-time quantitative PCR data in kiwifruit. Plant Physiol. Biochem. 102, 27–36. doi: 10.1016/j.plaphy.2016.02.011

Fuentes, A., Ortiz, J., Saavedra, N., Salazar, L. A., Meneses, C., and Arriagada, C. (2016). Reference gene selection for quantitative real-time PCR in Solanum lycopersicum L. inoculated with the mycorrhizal fungus Rhizophagus irregularis. Plant Physiol. Biochem. 101, 124–131. doi: 10.1016/j.plaphy.2016.01.022

Gu, C., Chen, S., Liu, Z., Shan, H., Luo, H., Guan, Z., et al. (2011). Reference gene selection for quantitative real-time PCR in Chrysanthemum subjected to biotic and abiotic stress. Mol. Biotechnol. 49, 192–197. doi: 10.1007/s12033-011-9394-6

Guénin, S., Mauriat, M., Pelloux, J., Van Wuytswinkel, O., Bellini, C., and Gutierrez, L. (2009). Normalization of qRT-PCR data: the necessity of adopting a systematic, experimental conditions-specific, validation of references. J. Exp. Bot. 60, 487–493. doi: 10.1093/jxb/ern305

Gutierrez, L., Mauriat, M., Guenin, S., Pelloux, J., Lefebvre, J. F., Louvet, R., et al. (2008). The lack of a systematic validation of reference genes: a serious pitfall undervalued in reverse transcription-polymerase chain reaction (RT-PCR) analysis in plants. Plant Biotechnol. J. 6, 609–618. doi: 10.1111/j.1467-7652.2008.00346.x

Hu, R., Fan, C., Li, H., Zhang, Q., and Fu, Y. F. (2009). Evaluation of putative reference genes for gene expression normalization in soybean by quantitative real-time RT-PCR. BMC Mol. Biol. 10:93. doi: 10.1186/1471-2199-10-93

Hu, R., Qi, G., Kong, Y., Kong, D., Gao, Q., and Zhou, G. (2010). Comprehensive analysis of NAC domain transcription factor gene family in Populus trichocarpa. BMC Plant Biol. 10:145. doi: 10.1186/1471-2229-10-145

Iskandar, H. M., Simpson, R. S., Casu, R. E., Bonnett, G. D., Maclean, D. J., and Manners, J. M. (2004). Comparison of reference genes for quantitative real-time polymerase chain reaction analysis of gene expression in sugarcane. Plant Mol. Biol. Rep. 22, 325–337. doi: 10.1007/BF02772676

Jain, M., Nijhawan, A., Tyagi, A. K., and Khurana, J. P. (2006). Validation of housekeeping genes as internal control for studying gene expression in rice by quantitative real-time PCR. Biochem. Biophys. Res. Commun. 345, 646–651. doi: 10.1016/j.bbrc.2006.04.140

Jian, B., Liu, B., Bi, Y., Hou, W., Wu, C., and Han, T. (2008). Validation of internal control for gene expression study in soybean by quantitative real-time PCR. BMC Mol. Biol. 9:59. doi: 10.1186/1471-2199-9-59

Jiang, S. J., Sun, Y. J., and Wang, S. H. (2011). Selection of reference genes in peanut seed by real-time quantitative polymerase chain reaction. Int. J. Food Sci. Technol. 46, 2191–2196. doi: 10.1111/j.1365-2621.2011.02735.x

Jin, L. Q., Zheng, Z. J., Peng, Y., Li, W. X., Chen, X. M., and Lu, J. X. (2007). Opposite effects on tumor growth depending on dose of Achyranthes bidentata polysaccharides in C57BL/6 mice. Int. Immunopharmacol. 7, 568–577. doi: 10.1016/j.intimp.2006.12.009

Kim, B. R., Nam, H. Y., Kim, S. U., Kim, S. I., and Chang, Y. J. (2003). Normalization of revere transcription quantitative-PCR with housekeeping genes in rice. Biotechnol. Lett. 25, 1869–1872. doi: 10.1023/A:1026298032009

Kim, O. T., Kim, M. Y., Hwang, S. J., Ahn, J. C., and Hwang, B. (2005). Cloning and molecular analysis of cDNA encoding cycloartenol synthase from Centella asiatica (L.) Urban. Biotechnol. Bioproc. Eng. 10, 16–22. doi: 10.1007/BF02931177

Kundu, A., Patel, A., and Pal, A. (2013). Defining reference genes for qPCR normalization to study biotic and abiotic stress responses in Vigna mungo. Plant Cell Rep. 32, 1647–1658. doi: 10.1007/s00299-013-1478-2

Lee, J. M., Roche, J. R., Donaghy, D. J., Thrush, A., and Sathish, P. (2010). Validation of reference genes for quantitative RT-PCR studies of gene expression in perennial ryegrass (Lolium perenne L.). BMC Mol. Biol. 11:8. doi: 10.1186/1471-2199-11-8

Li, J., Jia, H. X., Han, X. J., Zhang, J., Sun, P., Lu, M. Z., et al. (2016a). Selection of reliable reference genes for gene expression analysis under abiotic stresses in the desert biomass willow, Salix psammophila. Front. Plant Sci. 7:1505. doi: 10.3389/fpls.2016.01505

Li, J., Wang, C., Han, X., Qi, W., Chen, Y., Wang, T., et al. (2016b). Transcriptome analysis to identify the putative biosynthesis and transport genes associated with the medicinal components of Achyranthes bidentata Bl. Front. Plant Sci. 7:1860. doi: 10.3389/fpls.2016.01860

Li, J. X., Hareyama, T., Tezuka, Y., Zhang, Y., Miyahara, T., and Kadota, S. (2005). Five new oleanolic acid glycosides from Achyranthes bidentata with inhibitory activity on osteoclast formation. Planta Med. 71, 673–679. doi: 10.1055/s-2005-871275

Li, W., Qian, Y. Q., Han, L., Liu, J. X., Li, Z. J., Ju, G. S., et al. (2015). Validation of candidate reference genes for gene expression normalization in Buchloe dactyloides using quantitative real-time RT-PCR. Sci. Hortic. 197, 99–106.

Li, Y., Zhang, W., Fu, Z., Wang, W., and Li, Y. (2015). Isolation and characterization of microsatellite markers for Achyranthes bidentata (Amaranthaceae) using next-generation sequencing platform. Biochem. Syst. Ecol. 61, 437–440. doi: 10.1016/j.bse.2015.06.032

Liang, Y. L., Zhao, S. J., and Zhang, X. (2009). Antisense suppression of cycloartenol synthase results in elevated ginsenoside levels in Panax ginseng hairy roots. Plant Mol. Biol. Rep. 27, 298–304. doi: 10.1007/s11105-008-0087-7

Lin, Y. L., and Lai, Z. X. (2010). Reference gene selection for qPCR analysis during somatic embryogenesis in longan tree. Plant Sci. 178, 359–365. doi: 10.1016/j.plantsci.2010.02.005

Liu, Y., Wang, Z., and Zhang, J. (2015). Dietary Chinese Herbs [M]. Vienna: Springer.

Livak, K. J., and Schmittgen, T. D. (2001). Analysis of relative gene expression data using real-time quantitative PCR and the 2-ΔΔCT method. Methods 25, 402–408. doi: 10.1006/meth.2001.1262

Lopez-Pardo, R., de Galarreta, J. I. R., and Ritter, E. (2013). Selection of housekeeping genes for qRT-PCR analysis in potato tubers under cold stress. Mol. Breed. 31, 39–45. doi: 10.1007/s11032-012-9766-z

Maroufi, A., Bockstaele, E. V., and Loose, M. D. (2010). Validation of reference genes for gene expression analysis in chicory (Cichorium intybus) using quantitative real-time PCR. BMC Mol. Biol. 11:15. doi: 10.1186/1471-2199-11-15

Mascia, T., Santovito, E., Gallitelli, D., and Cillo, F. (2010). Evaluation of reference genes for quantitative reverse-transcription polymerase chain reaction normalization in infected tomato plants. Mol. Plant Pathol. 11, 805–816. doi: 10.1111/j.1364-3703.2010.00646.x

Meng, Y. L., Li, N., Tian, J., Gao, J. P., and Zhang, C. Q. (2013). Identification and validation of reference genes for gene expression studies in postharvest rose flower (Rosa hybrida). Sci. Hortic. 158, 16–21. doi: 10.1016/j.scienta.2013.04.019

Nicot, N., Hausman, J. F., Hoffmann, L., and Evers, D. (2005). Housekeeping gene selection for real-time RT-PCR normalization in potato during biotic and abiotic stress. J. Exp. Bot. 56, 2907–2914. doi: 10.1093/jxb/eri285

Nikolov, S., Thuan, N., and Zheljazkov, V. (1996). Flavonoids from Achyranthes bidentata BC. Acta Hortic. 426, 75–78. doi: 10.17660/ActaHortic.1996.426.7

Niu, X., Qi, J., Zhang, G., Xu, J., Tao, A., Fang, P., et al. (2015). Selection of reliable reference genes for quantitative real-time PCR gene expression analysis in Jute (Corchorus capsularis) under stress treatments. Front. Plant Sci. 6:848. doi: 10.3389/fpls.2015.00848

Paolacci, A. R., Tanzarella, O. A., Porceddu, E., and Ciaffi, M. (2009). Identification and validation of reference genes for quantitative RT-PCR normalization in wheat. BMC Mol. Biol. 10:11. doi: 10.1186/1471-2199-10-11

Perini, P., Pasquali, G., Margis-Pinheiro, M., de Oliviera, P. R. D., and Revers, L. F. (2014). Reference genes for transcriptional analysis of flowering and fruit ripening stages in apple (Malus x domestica Borkh.). Mol. Breed. 34, 829–842. doi: 10.1007/s11032-014-0099-y

Radonic, A., Thulke, S., Mackay, I. M., Landt, O., Siegert, W., and Nitsche, A. (2004). Guideline to reference gene selection for quantitative real-time PCR. Biochem. Biophys. Res. Commun. 313, 856–862. doi: 10.1016/j.bbrc.2003.11.177

Ramakers, C., Ruijter, J. M., Deprez, R. H. L., and Moorman, A. F. (2003). Assumption-free analysis of quantitative real-time polymerase chain reaction (PCR) data. Neurosci. Lett. 339, 62–66. doi: 10.1016/S0304-3940(02)01423-4

Remans, T., Smeets, K., Opdenakker, K., Mathijsen, D., Vangronsveld, J., and Cuypers, A. (2008). Normalisation of real-time RT-PCR gene expression measurements in Arabidopsis thaliana exposed to increased metal concentrations. Planta 227, 1343–1349. doi: 10.1007/s00425-008-0706-4

Schmidt, G. W., and Delaney, S. K. (2010). Stable internal reference genes for normalization of real-time RT-PCR in tobacco (Nicotiana tabacum) during development and abiotic stress. Mol. Genet. Genomics 283, 233–241. doi: 10.1007/s00438-010-0511-1

Shivhare, R., and Lata, C. (2016). Selection of suitable reference genes for assessing gene expression in pearl millet under different abiotic stresses and their combinations. Sci. Rep. 6:230360. doi: 10.1038/srep23036

Silveira,ÉD., Alves-Ferreira, M., Guimarães, L. A., da Silva, F. R., and de Campos Carneiro, V. T. (2009). Selection of reference genes for quantitative real-time PCR expression studies in the apomictic and sexual grass Brachiaria brizantha. BMC Plant Biol. 9:84. doi: 10.1186/1471-2229-9-84

Vandesompele, J., De Preter, K., Pattyn, F., Poppe, B., Van Roy, N., De Paepe, A., et al. (2002). Accurate normalization of real-time quantitative RT-PCR data by geometric averaging of multiple internal control genes. Genome Biol. 3:RESEARCH0034. doi: 10.1186/gb-2002-3-7-research0034

Wan, H., Zhao, Z., Qian, C., Sui, Y., Malik, A. A., and Chen, J. (2010). Selection of appropriate reference genes for gene expression studies by quantitative real-time polymerase chain reaction in cucumber. Anal. Biochem. 399, 257–261. doi: 10.1016/j.ab.2009.12.008

Wang, Z., Chen, Y., Fang, H. D., Shi, H. F., Chen, K. P., Zhang, Z. Y., et al. (2014). Selection of reference genes for quantitative reverse-transcription polymerase chain reaction normalization in Brassica napus under various stress conditions. Mol. Genet. Genomics 289, 1023–1035. doi: 10.1007/s00438-014-0853-1

Wattel, A., Kamel, S., Prouillet, C., Petit, J. P., Lorget, F., Offord, E., et al. (2004). Flavonoid quercetin decreases osteoclastic differentiation induced by RANKL via a mechanism involving NF kappa B and AP-1. J. Cell. Biochem. 92, 285–295. doi: 10.1002/jcb.20071

Xiao, X., Ma, J., Wang, J., Wu, X., Li, P., and Yao, Y. (2014). Validation of suitable reference genes for gene expression analysis in the halophyte Salicornia europaea by real-time quantitative PCR. Front. Plant Sci. 5:788. doi: 10.3389/fpls.2014.00788

Xu, M., Zhang, B., Su, X., Zhang, S., and Huang, M. (2011). Reference gene selection for quantitative real-time polymerase chain reaction in Populus. Anal. Biochem. 408, 337–339. doi: 10.1016/j.ab.2010.08.044

Xu, X., Liu, X., Chen, S., Li, B., Wang, X., Fan, C., et al. (2016). Selection of relatively exact reference genes for gene expression studies in flixweed (Descurainia sophia) by quantitative real-time polymerase chain reaction. Pestic. Biochem. Physiol. 127, 59–66. doi: 10.1016/j.pestbp.2015.09.007

Xu, Y., Li, H., Li, X., Lin, J., Wang, Z., Yang, Q., et al. (2015). Systematic selection and validation of appropriate reference genes for gene expression studies by quantitative real-time PCR in pear. Acta Physiol. Plant. 37:40. doi: 10.1007/s11738-015-1784-0

Xu, Y., Zhu, X., Gong, Y., Xu, L., Wang, Y., and Liu, L. (2012). Evaluation of reference genes for gene expression studies in radish (Raphanus sativus L.) using quantitative real-time PCR. Biochem. Biophys. Res. Commun. 424, 398–403. doi: 10.1016/j.bbrc.2012.06.119

Xue, B., Guo, J., Que, Y., Fu, Z., Wu, L., and Xu, L. (2014). Selection of suitable endogenous reference genes for relative copy number detection in sugarcane. Int. J. Mol. Sci. 15, 8846–8862. doi: 10.3390/ijms15058846

Yang, L., Jiang, H., Wang, Q. H., Yang, B. Y., and Kuang, H. X. (2012). A new feruloyl tyramine glycoside from the roots of Achyranthes bidentata. Chin. J. Nat. Med. 10, 16–19. doi: 10.1016/S1875-5364(12)60003-X

Ye, X., Zhang, F. M., Tao, Y. H., Song, S. W., and Fang, J. B. (2015). Reference gene selection for quantitative real-time PCR normalization in different cherry genotypes, developmental stages and organs. Sci. Hortic. 181, 182–188.

You, Y., Zhang, L., Li, P., Yang, C., and Ma, F. (2016). Selection of reliable reference genes for quantitative real-time PCR analysis in plum (Prunus salicina Lindl.) under different postharvest treatments. Sci. Hortic. 210, 285–293.

Zhao, X. T., Zhang, X. L., Guo, X. B., Li, S. J., Han, L. L., Song, Z. H., et al. (2016). Identification and validation of reference genes for qRT-PCR studies of gene expression in Dioscorea opposita. Biomed. Res. Int. 2016:3089584. doi: 10.1155/2016/3089584

Zhong, H. W., Trevor, Y., and Hong, H. (2010). Cloning and characterization of oxidosqualene cyclases from Kalanchoe daigremontiana. J. Biol. Chem. 285, 29703–29712. doi: 10.1074/jbc.M109.098871

Zhu, J., Zhang, L., Li, W., Han, S., Yang, W., and Qi, L. (2013). Reference gene selection for quantitative real-time PCR normalization in Caragana intermedia under different abiotic stress conditions. PLoS ONE 8:e53196. doi: 10.1371/journal.pone.0053196

Zhu, X., Pan, Y., Zheng, L., Cui, L., and Cao, Y. (2012). Polysaccharides from the Chinese medicinal herb Achyranthes bidentata enhance anti-malarial immunity during Plasmodium yoelii 17XL infection in mice. Malar. J. 11:49. doi: 10.1186/1475-2875-11-49

Zhuang, H. H., Fu, Y. P., He, W., Wang, L., and Wei, Y. H. (2015). Selection of appropriate reference genes for quantitative real-time PCR in Oxytropis ochrocephala Bunge using transcriptome datasets under abiotic stress treatments. Front. Plant Sci. 6:475. doi: 10.3389/fpls.2015.00475

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Li, Han, Wang, Qi, Zhang, Tang and Zhao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpls-08-00776-g002.jpg
—df/dt —df/dt

—-df/dt

0.001

0.000

0.001

0.000

18S rRNA

| ] I | I | ] ]
66 70 74 78 82 86 90 94 98
Temperature (°C)

| | | | I | | I
66 70 74 78 82 86 90 94 98
Temperature (°C)

0.000

B-TUB

| | ]
66 70 74 78 82 86 90 94 98
Temperature (°C)

0.001

0.000

0.000

T T T T T I T I T
66 70 74 78 82 86 90 94
Temperature (°C)

98

EF1-a

I | I I I | I I [
66 70 74 78 82 86 90 94 98
Temperature (°C)

0.001

0.000

T T T T T T T T T
66 70 74 78 82 86 90 94 98
Temperature (°C)

0.001

0.000

APTI

0.001

0.000

0.001

0.000

| | | | | | I |
66 70 74 78 82 86 90 94 98
Temperature (°C)

I I 1 I I I I 1
66 70 74 78 82 86 90 94
Temperature (°C)

A

UBQ

I I I I I I I |
66 70 74 78 82 86 90 94 98
Temperature (°C)





OPS/images/fpls-08-00776-g001.jpg
M UBQ EFI-a p-TUB UBC M 185rRNA CAS GAPDH ACT APTI






OPS/images/fpls-08-00776-g004.jpg
Average expresion stabiliy M Average expresion stabiliy M

Average expresion stabiliy M

1.4

1.2

1.0

0.8

0.6

0.4

0.2

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4

1.9

1.7

1.5

1.3

1.1

0.9

0.7

n
\ Cold
!
\-I\\.
18SrRNA TUB UBQ UBC EFl-a ACT GAPDH
APT1
\
Root
APT1 GAPDH EF1l-a 18SrRNA ACT UBC UBQ
TUB
X Leaf
—
-—
\-\\.
APT1 18SrRNA GAPDH TUB UBQ EFl-a UBC
ACT

(i Least stable genes

most stable genes )

D

Average expresion stabiliy M Average expresion stabiliy M

Average expresion stabiliy M

1.6

1.4

1.2

1.0

0.8

0.6

0.4

1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4

13
1.2

1.1
1.0
0.9
0.8
0:7
0.6
0.5
0.4

\ Heat
\\
\
\\.
18StRNA GAPDH TUB APT1 UBQ UBC ACT
EFl-a
5 Stem
N\
\-\\-
APT1 18SrRNA GAPDH UBQ ACT UBC TUB
EFl-a
'\ Different Organs
\_\\‘\
e
APT1 18SrRNA GAPDH TUB UBQ EFl-a UBC
ACT

(i Least stable genes most stable genes :::::::>






OPS/images/fpls-08-00776-g003.jpg
35

30

Cq Values
o )
S n

[
N

10

GAPDH UBQ B-TUB

UBC

ACT I18SYRNA EFl-a

APTI






OPS/images/fpls-08-00776-g006.jpg
0.300
S 10250
0.200

0.100

Pairwise variation

0.050

0.000

mVv2i3

mV3/4

mV4/5

mV5/6

mVve6/7






OPS/images/fpls-08-00776-g005.jpg
Average expresion stabiliy M

Average expresion stabiliy M

Average expresion stabiliy M

1.3

0.9

0.7

0.5

0.3

0.9

0.7

0.5

0.3

0.1

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Least stable genes

most stable genes

- IBA
\.\M‘_\.
I8STRNA TUB APTI EFl-a ACT UBQ GAPDH
UBC
\‘\\\
18STRNA TUB ACT GAPDH UBC UBQ EFl-a
APT1
"~
=
0
18SrRNA UBQ TUB GAPDH EFl-a ACT UBC
APT1

iy

Average expresion stabiliy M

Average expresion stabiliy M

Average expresion stabiliy M
(=]

1
0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0.8
0.7
0.6
0.5
0.4
0.3

0.2

1.6
1.5
1.4
1.3
1.2

0.9
0.8
0.7

"""" \ | MeJA

{uii Least stable genes  most stable genes

18STRNA TUB GAPDH EFl-a UBQ ACT UBC
APTI
—
\'\ \ Drought
i~
APT1 TUB 18StRNA ACT GAPDH UBQ UBC
EFl-a
"~
" Total
Ry
e
APTI1 18StRNA TUB GAPDH ACT UBQ UBC
EFl-a






OPS/images/cross.jpg
3,

i





OPS/images/cover.jpg


OPS/images/fpls-08-00776-t002.jpg
Total IBA SA Cold Heat MeJA

Ranking  Stability ~ Ranking  Stability ~ Ranking  Stabilty ~ Ranking  Stability ~ Ranking  Stability ~ Ranking  Stability

EF 1-a 0.011 EF 1-a 0.004 GAPDH 0.010 GAPDH 0.008 ACT 0.009 uBQ 0.004
uBC 0.015 GAPDH 0.007 uBC 0.012 ACT 0.008 APT1 0.013 EF1-a 0.004
ACT 0.031 uBC 0.014 APTT 0.013 EF1-a 0.010 EF1-a 0.013 GAPDH 0.008
uBQ 0.035 ACT 0.018 EF1-a 0.017 uBC 0.012 uBC 0.023 B-TUB 0.022
GAPDH 0.052 uBQ 0.019 ACT 0.022 APT1 0.014 uBQ 0.039 ACT 0.023
B-TUB 0.059 APT1 0.038 uBQ 0.026 uBQ 0.024 B-TUB 0.047 APT1 0.030
APT1 0.078 p-TUB 0.062 p-TUB 0.029 B-TUB 0.089 GAPDH 0.104 uBC 0.032

18SrANA 0.120 18S/ANA 0118 18S/ANA 0079 18S/ANA 0159  18S/ANA 0132 18S/ANA 04178
Drought Different organs Root Stem Leaf NaCl

Ranking Stability Ranking Stability Ranking Stability Ranking Stability Ranking Stability Ranking Stability

EF1-a 0.007 uBQ 0.015 usc 0.016 uBc 0.009 GAPDH 0.009 EF1-a 0.007
uBC 0.008 EF 1-a 0.015 B-TUB 0.016 p-TUB 0.011 ACT 0.011 APT1 0.007
GAPDH 0.020 uBC 0.023 ACTIN 0.027 EF1-a 0.011 uBC 0.013 uBc 0.020
usQ 0.022 ACTIN 0.028 EF1-a 0.029 ACTIN 0.017 usQ 0.021 uBQ 0.025
ACT 0.082 B-TUB 0.042 uBQ 0.044 uBQ 0.028 EF1-a 0.025 GAPDH 0.039
p-TUB 0.046 GAPDH 0.046 GAPDH 0.055 GAPDH 0.080 p-TUB 0.039 B-TUB 0.056
APTT 0.046 APT1 0.079 18s rRANA 0.060 APT1 0.100 APT1 0.145 ACT 0.058

18S rANA 0.053 18s rRNA 0.124 APT1 0.093 18s rRNA 0.102 18s rRNA 0.148 18s rRNA 0.093





OPS/images/fpls-08-00776-t001.jpg
Gene symbol

EF1-a

p-TUB

ACT

18SrRNA

GAPDH

uBC

usQ

APT1

CAS

‘Gene name

Elongation factor 1-a
-tubuiin

Actin

188 ribosomal RNA
Glyceraldehyde 3-phosphate
dehydrogenase

Ubiquitin-conjugating enzyme

Polyubiquitin

Adenine phosphoribosyltransferase 1

Cycloartenol synthase

RNA-Seq
number

UNO11764

UN053874

UNO11760

UN053070

UN008343

UN005599

UNO01675

Contig7815

Primer sequence (5'-3)

GAGGCTGCTGAGATGAACAA
TGATAAAGTCACGGTGTCCAG
GCTTACTTTCTCCGTGTTCC
TGTCATAAAGAGCCTCATTGTC
CCAAGGGCTGTCTTTCCA
TAGGCATCCTTCTGTCCCAT
CAGAACATCTAAGGGCATCACA
TAGTTGGTGGAGCGATTTGTCT
GGTCACAGGAACCCAGAGG
AACGACAAACATTGGAGCATC
AGAGGTTGATGCGGGATTTC
GATAACGGCATTCCAGAGCA
CGATTGATAATGTGAAGGCG
CTGACCACCACGAAGACGA
GCATGTGGGTGCAGTAGAA
GCACTCCTACACGCTCAAG
AGATGTTGAGGGAGAAGGCG
GGTCTTCCACCCAACAACAAA

Amplicon
length (bp)

166

137

80

110

158

Amplification
efficiency

2.048

1.944

1.907

1.931

1.807

2.08

1.964

2013

1.865

0.981

0.992

0.988

0.996

0.980

0.981

0.998

0.995

0.993
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