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Abstract: Herbaceous peony (Paeonia lactiflora Pall.), as a high-end cut flower in the international market, has high ornamental and medicinal values. But in Northern China, drought is a major environmental factor influencing the growth and development of P. lactiflora. Quantitative real-time polymerase chain reaction (qRT-PCR) can evaluate gene expression levels under different stress conditions, and stable internal reference is the key for qRT-PCR. At present, there is no systematic screening of internal reference for correcting gene expressions of P. lactiflora in response to drought stress. In this study, 10 candidate genes [ubiquitin (UBQ2), UBQ1, elongation factor 1-α (EF-1α), Histidine (His), eukaryotic initiation factor (eIF), tubulin (TUB), actin (ACT), UBQ3, ACT2, RNA polymerase II (RNA Pol II)] were chosen, and 4 analysis methods were used to compare the stabilities for these 10 genes coping with drought stress. Due to the difference of operation methods, the results of different analysis were distinct, and the final comprehensive analysis indicated that EF-1α was a relatively stable internal reference gene for P. lactiflora under drought stress. Also, UBQ1 and UBQ2 were the best reference gene combination according to GeNorm analysis. This study will lay a foundation for screening the key genes of P. lactiflora in response to drought stress.
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1  Introduction

Gene expression levels analysis has been widely applied in numerous fields of molecular biology to sieve key genes, identify specific regulatory mechanisms, and study new gene functions [1–6]. Compared to northern blotting and conventional reverse transcription-polymerase chain reaction (RT-PCR), quantitative real-time polymerase chain reaction (qRT-PCR), avoids the contamination that PCR products may carry. Thus, more accurate and faster flux analysis can be performed at the mRNA level [7,8]. However, the results of qRT-PCR analysis may be affected their accuracy by many factors, such as highly variable experimental results due to poor sample storage [9], the quality and presence of RNA degradation, and the specificity of primer selection [10], from the synthesis efficiency of DNA and the total transcriptional activity of tissues [11], etc. Therefore, to acquire more accurate experimental outcomes from qualitative and quantitative studies, it is essential to choose proper reference gene based on the particular experimental situations.

Reference genes (housekeeping genes), referring to the genes with the stable expression in different individuals, tissues and organs, are not affected by abiotic or biotic stresses such as environment. Reference gene studies are applied to plants, usually referring to genes that make up cells or participate in basic metabolic activities of cells. Currently, reference genes are commonly applied in qRT-PCR. These include 18S ribosomal RNA (18S), actin (ACT), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), tubulin (TUB), Elongation factor 1-α (EF-1α), and ubiquitin (UBQ) [12–14], which are generally considered to be stable expression and applied as internal reference genes for data normalization [5,15]. However, most experimental studies have demonstrated that the transcription levels of internal reference genes differ in distinct species, or distinct tissues of the same species and under distinct stress conditions. Flyceraldehyde3-phosphate dehydrogenase (GAPC2) and DNA-directed RNA polymerase II subunit RPB2 (RPB2) were considered as reference genes for cycads to represent the stability of expression levels at different developmental phases and different tissue sites [16]. During soybean seed germination, the optimal reference genes for seed development were α-Tubulin (TUA5) and Hypothetical protein (UKN2), and the best reference genes for germination were Glyma05g37470 and Glyma08g28550 [17]. ACT1 was evaluated as the optimal reference gene for the shaping of pitaya fruit under different varieties, and different organs and tissues of the same variety, different growth and development periods and different temperature stress conditions [6]. Polypyrimidine tract-binding protein (PTB1), EF1, Clathrin adaptor complex subunit (CLATHRIN1), SAND family protein (SAND1) and Ubiquitin-conjugating enzyme (UBC1) were the top five proper reference genes in numerous experimental conditions for qRT-PCR in tea plants [18]. ACT2, Histidine (His) and TATA binding protein (TATA) represent stable expressions in different tissues of Metasequoia [19], and the optimal internal reference genes for leaves processed with flower-inducing hormone solution were ACT2, EF-1α and His, while 60 kDa chaperonin β-subunit (Cpn60β), GAPDH, EF1α, TATA and His are reference genes for the exact normalization reposed to abscisic acid signals. In normal growth, and abiotic and biotic stress conditions, TUA and β-Actin (ACT), and EF-1a, Clathrin adaptor complex subunit (CAC) and TUA were the most favorable combination for reference genes in watermelon tissues and organs [20]. In birch [21], EF-1α gene is the most stable one in distinct tissues; ACT, Translation elongation factor (TEF) and β-tubulin (TUB) are the most highly stable reference genes under normal conditions, salt stress conditions, and osmotic stress conditions, respectively. In Schima Superba [22], ACT was the most stable, and ACT and 60S ribosomal protein (RIB) were the most proper combination of reference genes in distinct tissues. The above-mentioned reference genes were mainly studied in food crops and fruit trees. Currently, studies on the selection of reference genes in ornamental plants are also increasing. Guan et al. found that, combining the Magnolia sieboldii seeds in five development periods, diverse organs, seeds under imbibition and stratification treatments, copper/zinc superoxide dismutase (Cu/Zn-SOD) fold was determined as the reference gene for qRT-PCR normalization [23]. Similarly, Dong et al. illustrated that, elongation factor 1-delta (EF-1δ) and 60S were finally determined as the best reference genes for Cymbidium lowianum [24]. Also, Cheng et al. found that, cytosolic phosphoglycerate kinase 2 (PGK2) was identified as the most stable reference gene during meiotic recombination [25].

The cultivation of Paeonia lactiflora owns a very long history of over 4000 years in China. In recent years, P. lactiflora has also made great achievements in potted plants, cut flowers and flower arrangement art, and has become an international high-end cut flower. Also, P. lactiflora has very high medicinal value, in terms of blood circulation, beauty, endocrine regulation and body immunity, etc. P. lactiflora is light-loving and cold-resistant, and grows in deep, moist, well-drained soil. However, drought stress, as a common abiotic stress, seriously affects the growth and development of P. lactiflora, resulting in greatly limited ornamental and medicinal values [26], particularly in arid and semi-arid areas of China. In recent years, arid and semi-arid districts in the world have covered more than one-third of the total soil area, while the arid and semi-arid area accounts for about 50% of the total land area in China. On top of that, the lack of water resources has become the major factor limiting the growth and development of plants in China. Drought has also become one of the most susceptible stresses to plants. Drought stress severely restricted the growth of P. lactiflora. Therefore, the most urgent need at present is to find a way to alleviate the drought stress of P. lactiflora to maximize its value. So far, there are very few studies on selection of reference genes in P. lactiflora, reported only in distinct growth phases or in different tissues and organs [27,28]. Many studies have emerged around the screening of reference genes in response to drought stress. In P. ostii, the most suitable reference gene was RNA polymerase II (RNA Pol II) under drought stress [29]. Eukaryotic initiation factor (eIF) and EF-1α are recommended as the steadiest ones in distinct tissues of grass pea [30] under drought stress. In luffa [31], TUB was determined as the most suitable reference gene in response to drought stress. Meanwhile, no report is published on the verification of internal reference genes in P. lactiflora in response to drought conditions. Therefore, short of reference genes of P. lactiflora that could be stably expressed in response to different conditions for qRT-PCR analysis, when elucidating the underlying molecular mechanisms in response to drought stress and searching for effective mitigation pathways for P. lactiflora.

In this study, we preliminarily screened 10 candidate genes (UBQ1, UBQ2, UBQ3, EF-1α, His, eIF, TUB, ACT1, ACT2, RNA Pol II) that are widely used as plant reference genes from the transcriptome data obtained in the previous stage response to drought stress. Thereafter, the stabilities of the above 10 genes expressions were verified by four analytical methods. Finally, the 10 candidate genes were comprehensively ranked. These results will provide a reference for a more convenient selection of reference genes in distinct drought stress conditions, and guarantee the precision and accuracy of gene expression analysis for P. lactiflora.

2  Materials and Methods

2.1 Stress Treatments and Sample Collections

Three-year-old P. lactiflora ‘Da Fugui’ were the plant materials in this experimental study. Twelve potted seedlings with 1000 mL at 17:00 every day, and after 3 days of continuous watering, they were subjected to natural drought treatment, that is, 25°C for 14 h during the day and 20°C for 10 h at night. In this study, leaves were separately collected at 0, 4, 8, and 12 days after treatments, and each group had 3 biological replicates. With liquid nitrogen, the collected samples were quickly freezed, and stored in an ultra-low temperature fridge at −80°C degrees for storage.

2.2 Total RNA Extraction and cDNA Synthesis

Frozen tissues were taken and ground with liquid nitrogen repeatedly in a mortar until they were ground into a fine powder. We took 0.05~0.1 g of samples and extracted total RNA with a plant total RNA extraction kit (Takara, Japan). We utilized 1.0% agarose gel electrophoresis to analyze the integrity of RNA, and RNA purity and quality were measured with a BioPhotometer D30 (Eppendorf AG, Hamburg, Germany). All RNA samples used in subsequent experiments had a D260/D280 ratio ranging from 1.8 to 2.0; D260/D280 ratio > 2.0. PrimeScript RT kit (Takara, Japan) was applied to compound the first-strand cDNA.

2.3 Selections of Candidate Reference Genes and Primer Design

According to previous transcriptome database of P. lactiflora ‘Da Fugui’ with drought treatment, we received 10 unigenes owning the highest stability of expressions, which were distributed in eight gene families as internal reference genes candidates for the following analysis. Primer Premier 5.0 was employed to design the qRT-PCR primers for each reference gene of P. lactiflora. The total sequences of the primers of the 10 genes were available in Table 1.
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2.4 qRT-PCR Analysis

qRT-PCR was employed for the analysis at the gene expression levels with the system of Bio-Rad PCR CFX96 (Bio-Rad Laboratories, Hercules, CA, USA). 10 candidate genes were amplified by qRT-PCR from distinct drought stress treatments by SYBR Premix Ex Taq (Takara, Japan). A reaction without cDNA was employed as a negative control. The system of qRT-PCR was set up as follows: 95°C for 30 s, followed by 95°C for 5 s, 55°C for 30 s, and 72°C for 30 s (40 cycles). Three biological replicates were set in each group.

2.5 Data Analysis

Each data was averaged from 3 biological replicates.

The GeNorm algorithm [32], NormFinder algorithm [10], and BestKeeper algorithm [33] with the software Bio-Rad CFX Manager were employed for the data analysis. RefFinder was employed to appraise the stabilities of expression of the different gene candidates to the different drought stress levels.

GeNorm analysis can use its unique algorithm to compute the expression stabilities for the candidate genes, which are represented by the M value. The highest the expression stability, the lower the M value. Unlike other assays, this assay also computes pairwise variation (Vn/Vn+1), resulting in the best combination of candidate genes for qRT-PCR analysis.

NormFinder analysis can also generate an M value by calculating the differences between samples to obtain a ranking of the expression stabilities of the candidate genes. This will allow to obtain the more appropriate candidate gene under this algorithm.

The BestKeeper analysis method compares the standard deviation (SD) and the coefficient of variation (CV) generated by the Ct value. The higher the expression stability of the candidate gene, the lower the SD and CV.

RefFinder (http://www.leonxie.com/referencegene.php) is an on-line tool program, integrated with the GeNorm, NormFinder, BestKeeper, and Delta Ct ranking results. It combines the outcomes of these four algorithms to get a comprehensive result and suggests the most appropriate reference gene.

3  Results

3.1 Verification of PCR Assays

Based on the P. lactiflora transcriptome sequencing data obtained earlier, we designed primers for the candidate gene sequences. The lengths of amplified PCR fragments ranged from 100 to 190 bp (Fig. 1). Through comparison and verification, the lengths of the amplified PCR fragments were consistent with the transcriptome results. In addition, all the designed primers were found to have only one peak in the melting curves of the 10 candidates through quality analysis, representing that the specificity of each primer was appropriate (Fig. 2). PCR efficiencies, i.e., E values, were from 92.1% for UBQ2 to 108.4% for EF-1α and TUB, and the determination coefficients, i.e., R2, ranged from 0.9826 for EF-1α to 0.9999 for eIF (Table 2).
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Figure 1: Agarose gel electrophoresis exhibiting the qRT-PCR amplification products of the candidate genes of P. lactiflora
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Figure 2: Melting curves of 10 candidates of P. lactiflora
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Marker, DL 2000 marker; 1, ACT1; 2, ACT2; 3, EF-1α; 4, UBQ1; 5, UBQ2; 6, UBQ3; 7, eIF; 8, His; 9, TUB; 10, RNA Pol II.

3.2 Expression Characteristics of the Candidate Reference Genes

The Ct values of the screened 10 reference genes on days 0, 4, 8 and 12 after drought stress were shown in Fig. 3, and the Ct values were from 20.27 to 31.23. The mean value of Ct of RNA Pol II was the lowest (22.19), which proved that RNA Pol II presented the highest expressions at the mRNA level, while the mean value of Ct of UBQ2 was the highest (30.30), which proved that UBQ2 presented the smallest expression level at the mRNA level. CV value represents the stabilities of the gene expressions of the reference genes in response to different drought stress conditions (Table 3). According to the CV values, the ranking from small to large was EF-1α, His, eIF, UBQ2, UBQ1, TUB, ACT2, UBQ3, ACT1, RNA Pol II. Among the 10 selected reference genes, the variation span of EF-1α was the smallest, which meant that the expression stability was the best, and the RNA Pol II gene had the largest variation span.
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Figure 3: qRT-PCR CT values. The expression data demonstrate the Ct value for each reference gene of P. lactiflora maximum and minimum Ct values were presented
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3.3 GeNorm Analysis

The software GeNorm selects the reference genes with more stability by computing the M value for the stability. The default value of the software is 1.5. Genes could serve as reference genes with an M value smaller than 1.5. The candidate gene expression stabilities were inversely proportional to the M value, with a minimum value of 0.29. It means that UBQ2 and UBQ1 were the most stable. Meanwhile, the maximum value was 1.24, indicating that the RNA Pol II was the most unstable. Except for UBQ2, UBQ1 and RNA Pol II, we ranked the stabilities of the other candidates as follows, EF-1α > His > eIF > TUB > ACT1 > UBQ3 > ACT2 (Fig. 4).
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Figure 4: Expression stability values and ranking of the 10 candidate genes by using the GeNorm algorithm

Additionally, GeNorm analysis determines the proper count of reference genes by computing the pairwise variation between the normalization factors of the two gene sequences (Vn/n+1). If Vn/n+1 is lower than 0.15, n is applied as the count of optimal internal reference genes; if Vn/n+1 is greater than 0.15, n+1 is applied as the chosen count. In this research, UBQ1 and UBQ2 were chosen as the best combinations for exact qRT-PCR analysis with a V2/V3 value of 0.097 in response to different drought stress in P. lactiflora (Fig. 5).
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Figure 5: Pairwise variation (V) analyses of 10 candidates by using the GeNorm algorithm

3.4 Norm Finder Analysis

NormFinder is like the GeNorm program, which can compute the stabilities of candidate genes expression levels in response to different drought stress conditions. Normfinder analysis shows that the lower the M value is, the more stable the gene expressionsis. ACT2 and EF-1α showed the smallest M value of 0.003, while RNA Pol II had the largest M value. Therefore, EF-1α and ACT2 were the most stable candidate genes in the Normfinder analysis, while RNA Pol II was the most unstable. The other candidate genes were ranked as follows in order of the M value: TUB > UBQ3 > ACT1 > UBQ2 > His > eIF > UBQ1 (Fig. 6).
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Figure 6: Expression stability values and ranking of 10 candidates genes according to the NormFinder algorithm

3.5 BestKeeper Software Analysis

BestKeeper analysis uses the CV and SD values to compare the Ct values for measuring the stability of genes. If the SD value is greater than 1, the gene cannot be stably expressed; otherwise, it can be stably expressed. The SD values of ACT2 (1.01), UBQ3 (1.06), ACT1 (1.10), and RNA Pol II (1.16) were all greater than 1 (Table 4), so they could not be stably expressed. The SD values of the remaining candidate genes were all smaller than 1, so they could be expressed stably. Among them, EF-1α had the most stable expression, due to its lowest SD value (0.12), which was the most suitable selection of the candidate reference gene in response to drought stress.
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3.6 RefFinder Analysis

RefFinder, is an analysis method composed of GeNorm, Normfinder, BestKeeper and comparative ∆Ct, which is a comprehensive tool. Each program comprehensively ranks the selected genes based on their Ct value, assigns appropriate weights to each gene according to the ranking of each program, and computes the geometric means of the weights to receive the final entire rankings.

The result of the re-rank order analysis was as follows: ACT2 > EF-1α > UBQ1 > His > eIF > UBQ2 > UBQ3 > ACT1 > TUB > RNA Pol II. Thereby, ACT2 was the most stable gene, while RNA Pol II presented the most unstable expression (Fig. 7).
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Figure 7: Comprehensive stability analysis of 10 candidates with RefFinder

3.7 Comprehensive Analysis

In summary, combined with the four analyses (GeNorm, BestKeeper, NormFinder and RefFinder), an overall ranking for 10 reference genes was performed (Table 5), EF-1α > UBQ1 > His > eIF > UBQ2 > ACT2 > TUB > ACT1 ≥ UBQ3 > RNA Pol II. EF-1α had a good ranking, and EF-1α could serve as the best reference gene in response to drought stress. Besides, the 0.15 threshold was proposed by GeNorm to determine the optimal reference gene numbers, and the standard was as follows: if Vn/Vn+1 value < 0.15, the optimal number is n; otherwise, the optimal number is n+1. In this study, UBQ1 and UBQ2 were the optimal combination for accurate qRT-PCR analysis in P. lactiflora with a 0.097 of V2/V3 value in various drought stress conditions.
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4  Discussion

qRT-PCR has been extensively applied in numerous fields of molecular biology because of the high throughput at the mRNA level, its high sensitivity and specificity [7,8]. However, no reference gene can be consistently expressed without a species restriction, biological stress, or abiotic stress. Accordingly, it is remarkably significant to identify distinct reference genes in distinct species and external conditions, which is pivotal to achieving the expressions of target genes.

However, no study has been reported on reference gene selection for P. lactiflora in response to environmental stress, and the reference gene screening for P. lactiflora has only been studied in different development stages and different tissues and organs of flowers [34]. The results showed that, accurate gene expression results can be obtained by using the combination of GAPDH and UBQ with the most stable expression [34]. Regarding the further development of experimental research, reference genes upon different stress conditions are able to be screened for specific scientific problems, such as exogenous material stress [35], water stress [36], temperature stress [37], salt stress [38], etc. With the increase of the medicinal and industrial value of P. lactiflora, its planting scale is also expanding. Due to the physiological properties of P. lactiflora, cultivation in semi-arid and arid regions are limited. More and more studies on P. lactiflora in response to drought stress have been reported. Hence, it is remarkably significant to obtain proper reference genes to reveal the key mechanisms of drought stress.

5  Analysis Methods

GeNorm, BestKeeper, NormFinder, and RefFinder were selected to analyze the stabilities of the selected candidate genes. GeNorm is applied in the screening of any count of reference genes in any experiment, and finally the selected two or more reference gene combinations are applied to rectify the data, which can improve the accuracy. The program picks reference genes with more stability by calculation of the M value. The criterion was that the lower the M value, the better the stability of the reference gene. NormFinder analysis algorithm is like GeNorm analysis. It also received the stable expression values of internal reference genes first, and then chooses the most appropriate internal reference gene with the size of the stable expression value. The criterion for judgment is that the internal reference gene with the smallest stable expression value represents the most suitable internal reference gene. BestKeeper analysis is conducted to identify the reference genes with better stability by the comparisons of the standard deviation (SD), correlation coefficient (R) and coefficient of variation (CV) generated within each gene, while RefFinder analysis obtains a relatively comprehensive ranking of internal reference gene stability by combining GeNorm, BestKeeper and NormFinder with a special algorithm. The results obtained by the four analysis methods are different because of their unique calculation methods. Therefore, it is necessary to determine the final comprehensive ranking with the analysis outcomes of each algorithm.

In our research, we selected suitable reference genes using the FPKM values of unigenes in the transcriptomic data of P. lactiflora in response to drought stress, and set a certain threshold, namely log2 (DT/CK), set the range of −0.1~0.1. At this point, we obtained 10 candidate reference genes, and then evaluated the 10 candidate genes using four analysis methods to choose the optimal reference genes, including GeNorm Analysis, BestKeeper Software Analysis, NormFinder Analysis, and RefFinder Analysis. There were certain differences in each evaluation result in that the above 5 analysis methods adopt different algorithms. According to GeNorm Analysis, β-TUB and RNA Pol II were the optimal internal reference genes for P. ostii in response to different drought stresses [29]. It is different from P. ostii that even though P. ostii and P. lactiflora share 99% homology, the selections of reference genes are different in this research. UBQ1 and UBQ2 were confirmed as the steadiest reference gene combination according to GeNorm analysis of P. lactiflora in response to different drought stress levels, indicating their stable expressions. NormFinder Analysis measures the stabilities of gene expression by the comparisons of the M values. Smaller M value demonstrates more stable the gene expression. ACT2 and EF-1α had the smallest M values (0.03), and EF-1α also ranked well in GeNorm Analysis. Meanwhile, EF-1α was also the candidate gene with the most stable expression in BestKeeper Analysis, which was consistent with NormFinder Analysis outcomes. RefFinder Analysis showed that RNA Pol II was the most stably expressed reference gene in response to numerous drought stress conditions, which was consistent with the results of the homologous plant P. lactiflora. Due to the different algorithms of the four analysis methods, EF-1α was the most stable internal reference gene in response to various levels of gratitude stress (Table 4) after the comprehensive evaluation.

6  Conclusion

In this research, the selection of 10 candidate reference genes (UBQ2, UBQ1, EF-1α, His, eIF, TUB, ACT1, UBQ3, ACT2 and RNA Pol II) was conducted by using GeNorm, NormFinder, BestKeeper and RefFinder to appraise the expression stabilities of 10 candidate genes selected from P. lactiflora RNA-seq in response to different drought stress conditions. The results showed that EF-1α was the best choice among the 10 reference genes which can be utilized to relatively quantify the expression level of the target gene. Besides, UBQ1 and UBQ2 could also be considered as the best reference gene combination by GeNorm analysis. Our study provides the selection of reference genes of P. lactiflora in response to different drought stress conditions and ensures the accuracy and precision of gene expression analysis.
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Table 1: FPKM values in P. lactiflora transcriptome sequencing

Gene ID Gene name Gene CK DT Log, (DT/CK)
symbol FPKM  FPKM
Unigene0044909 Actin ACTI 7.39 7.04 —0.07152195
Unigene0067578 Actin ACT? 4.57 4.43 —0.043934452
Unigene0046727 Elongation factor 1o EF-lo 306.69  311.52  0.022560291
Unigene0056262 Ubiquitin UBQI 31.12 30.62 —0.02360758
Unigene0034013 Ubiquitin UBQ?2 5.71 5.73 0.00346434
Unigene0058719 Ubiquitin UBQ3 5.86 5.89 0.007429685
Unigene0041533 Eukaryotic translation initiation  elF 13.44 13.60 0.017444868
factor

Unigene0028749 Histidine His 19.71 19.58 —0.009844261
Unigene0038511 Tubulin TUB 4.31 4.54 0.07270479
Unigene0038736 RNA polymerase II transcription RNA Pol I 23.22 23.83 0.037514427

factor

Note: FPKM. fragments ner kilobase million: CK. control: DT. drought treatment.
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Table 3: CV values of 10 reference genes

Ranking Gene symbol SD CV
1 EF-la 0.12 0.52
2 His 0.18 0.77
3 elF’ 0.27 1.03
4 UBQ?2 0.30 1.00
5 UBQI 0.32 1.21
6 TUB 0.68 2.38
7 ACT? 1.01 3.39
8 UBQ3 1.06 3.67
9 ACTI 1.10 3.70
10 RNA Pol 11 1.16 5.21
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Table 4: Primers and PCR efficiencies for P. lactiflora reference genes

EF-loo His elF UBQ2 UBQI TUB ACT2 UBQ3 ACTI RNA Polll

std dev [+ CP] 0.12 0.18 0.27 0.30 0.32 0.68 1.01 1.06 1.10  1.16
CV [% CP] 0.52 0.77 1.03 1.00 1.21 238 339  3.67 370  5.21
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Table 2: Primers and PCR efficiencies for P. lactiflora reference genes

Gene Forward primer Reverse primer Amplicon Amplicon E R?
symbol length (bp) Temp. (°C) (%)

ACTI GGTTCTCAAGCCTTAGCG  CGGTTCAGCGAGTAGCAT 164 64.5 98.7 0.9949
ACT2 AGAGTGGTTGGACTATTTAC GCATCAGACACCATAGAA 105 58 99.1 0.9874
EF-loo ~ ATGCGTTGGTTTGTTCCT GTGTTCAAAGCACCGAGG 100 63.5 108.4 0.9826
UBQI TTGCGTGGAGTATCGGAG  GCCAATGAAACATAATGCG 122 61.5 99.0  0.9978
UBQ2  CTACATACACTTGGACGG CTGCAAGACGTATTCTGT 114 59 92.1 0.9942
UBQO3  GCGATTGAAGAAGGCACT CCCGATTAGACTCACCGA 114 63 107.7 0.9887
elF’ AGTTCAGCGAAGACGGAT ATGTTCGGGATTTCAAGG 108 62 98.7 0.9999
His GTGGAAGTGAAGAAGGCT TATACCGATGTCTGGGTG 176 61 99.1 0.9891
TUB TATCTGTTGGAGACCCTT CAGCATTTAGTGTTAGTCG 144 58 108.4 0.9929
RNA Pol GGTTTGTGACATTTCCTG ATAGTTTGGTGCATCTCC 190 58.5 99.0  0.9921

1

Note: E. efficiencv: R>. determination coefficient.
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Table 5: Ranking of 10 candidate genes by individual analysis method and overall ranking

Method 1 2 3 4 5 6 7 8 9 10

GeNorm UBQI1/ UBQ2 EF -la His elF TUB  ACTI UBQ3 ACI2 RNA Pol Il
NormFinder EF-Ia ACIT2 UBQI elF His UBQ2 ACTI UBQ3 TUB RNA Pol Il
BestKeeper EF-lo His elF UBQ2 UBQI TUB ACT2 UBQ3 ACTI RNA Polll
RefFinder  ACT2 EF-la UBQI His elF UBQ2 UBQ3 ACTI TUB RNA Pol Il
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