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11 Abstrsct

12 Clerodendrum trichotomum, an important medicinal plant, has excellent salt tolerance and beautiful 

13 ornamental character. However, reliable reference genes for quantitative real-time PCR data (qRT-PCR) in 

14 C. trichotomum have not been investigated. Using our previous transcriptome data, 17 reference genes were 

15 selected in different tissues (leaves, flowers, fruits, stems, and roots) and under various abiotic stresses (salt, 

16 drought, flood, and heat) for C. trichotomum, using four different reference gene analysis software types: 

17 GeNorm, NormFinder, BestKeeper and ReFinder. The results identified RPL, ACT and HSP70 as the three 

18 most suitable reference genes for tissues. Genes ACT and AP-2 were most stably expressed under drought 

19 stress; MDH and UBCE2 were stable under flooding stress; RPL and UBCE2 were most stable under salt 

20 stress; and MDH and EF-1A were most appropriate under heat stress. For abiotic treatments, RPL, MDH 
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21 and AP-2 were the most stable reference genes; and AP-2, RPL and ACT were stably expressed in all 

22 examined samples. The expression profile of the genes for Na+/H+ Exchanger1 (ClNHX1) and laccase 

23 (ClLAC) were selected to validate the stability of the determined reference genes. Our study provided 

24 reliable normalization for gene expression analysis and ensured more accurate data for further molecular 

25 mechanism research in C. trichotomum.

26 Keywords: Clerodendrum trichotomum; qRT-PCR; Reference genes; Abiotic stress; Tissues

27 Introduction

28 Clerodendrum, a genus of flowering plants in the family Lamiaceae (Verbenaceae) (Wang et al., 2018), is 

29 widely distributed across China, Korea, Taiwan, Japan and India (Yamazaki., 1993). Clerodendrum 

30 trichotomum has been used for medicinal substances to act against human tumor cells (Wang et al., 2013a) 

31 and many new medicinal substances have been found in its tissues (Wang et al., 2013b; Xu et al., 2014). 

32 Moreover, C. trichotomum shows strong abiotic stress resistance and is easy to cultivate and manage 

33 (Mahmuc et al., 2008). As an ornamental plant, C. trichotomum has white petals, with a green calyx which 

34 turns red as the fruit ripens. The fruits (drupes) shift from white to bright blue and eventually dark blue in 

35 maturity. However, stable reference genes for C. trichotomum remain largely unknown and deeper research 

36 on molecular mechanisms in C. trichotomum is limited. Hence, selecting accurate reference genes for 

37 qRT-PCR analysis is urgently needed.

38 Generally, the reference genes used for plant research include glyceraldehyde-3-phosphate 

39 dehydrogenase (GAPDH), Actin (ACT), elongation factor 1 alpha (EF-1A), elongation factor 4 alpha 

40 (EIF4a), ubiquitin (UBQ), Ubiquitin-conjugating enzyme E2 (UBCE2), Tubulin (TUB), 18S ribosomal RNA 

41 (18S) and ribosomal protein  (RPL) (Pfaffl et al., 2001; Lilly et al., 2011; Mamidala et al., 2011). With the 
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42 development of transcriptome sequencing technology, more candidate genes have been identified (Machado 

43 et al., 2015). Stable reference genes have been confirmed in various plants, such as ornamental herbs 

44 (Fernandez et al., 2011; Qi et al., 2016), ornamental woody plants (Wang et al., 2014; Zhang et al., 2017), 

45 grasses (Yang et al., 2015; Takamori et al., 2017; Xu et al., 2017), fruits (Borges et al., 2014; Galli et al., 

46 2015; Xu et al., 2015), vegetables (Jiang et al., 2014; Tian et al., 2015) and food crops (Hu et al., 2009; 

47 Rodriguez et al., 2016; Shivhare et al., 2016; Gines et al., 2017). Reference gene research has focused on 

48 plants with short growth cycles, with few studies performed on woody plants. However, woody plants in 

49 particular have higher biomass and longer growth period, and have a strong ability to deal with soil 

50 salinization and other problems (Zhang et al., 2017).

51 There has been no recent systematic screening of internal reference genes of C. trichotomum. Here, 

52 samples of C. trichotomum which were used for reference gene selection were collected from different 

53 provinces in China and named according to their place of sampling. Our previous physiological and 

54 molecular experiments showed that C. trichotomum sourced from Taian (TA) showed strong salt tolerance, 

55 and that sourced from Yancheng (YA) had the longest flowering period among all sources. Through the 

56 sequencing datasets of C. trichotomum, 17 reference genes were detected by qRT-PCR in roots, stems and 

57 different developmental stages of leaves, flowers and fruits: ACT, PP2A, RPL, PK, 18S, RAN, APT, SAND , 

58 PROF, MDH, EF-1A, UBCE2, AP-2, HSP70, TUA, UBQ and H3. Expressions of these reference genes 

59 were analyzed in different tissues and various abiotic treatments. Then, four software types were used to 

60 calculate the qRT-PCR results: BestKeeper (Pfaffl et al., 2004), GeNorm (Vandesompele et al., 2002), 

61 NormFinder (Andersen et al., 2004) and ReFinder (http://150.216.56.64/referencegene.php). These 

62 indicated that AP-2, RPL and ACT were the most suitable genes in all samples.
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63 The Na+/H+ Exchanger1 gene (ClNHX1) had been identified as crucial in strengthening the different 

64 abiotic stress tolerances of plants, especially salt tolerance (Jha et al., 2011; Sahoo et al., 2016), as has the 

65 gene for laccase (ClLAC) which is involved in lignin synthesis and is expressed in different organs 

66 (Kitajima et al., 2017; Li et al., 2018). In this study, ClNHX1 and ClLAC of C. trichotomum were selected 

67 to validate the reliability of target reference genes, and the results indicated that our reference genes 

68 selection was reliable. This work provided a solid reference gene resource for further molecular research of 

69 C. trichotomum.

70 Materials and methods

71 Plant materials and stress treatments

72 The C. trichotomum samples from TA and YA were used in this study. Plants were grown in the Baima 

73 Research and Teaching Base of Nanjing Forestry University (Nanjing, China). Five tissue samples were 

74 collected: stems, roots, leaves (young, mature and old leaves), flowers (flower bud, early flowering and full 

75 flowering stages) and fruits (early, mid and late development). All materials were immediately frozen in 

76 liquid nitrogen and then kept at –80°C until used.

77 Cuttings were planted in pots filled with a 1:1:1:2 mixture of perlite: vermiculite:peat:sand. Plants 

78 were maintained in a growth chamber (RDN-1000-3, Southeast Instrument Factory, Ningbo, China) with 

79 14-h photoperiod, 25/21°C (day/night), light intensity 180 mmol/m2/s and relative humidity of 60% for 3 

80 months. Cuttings were put into quarter-strength Hoagland medium (Hoagland et al., 1905) adapted for one 

81 week before performing abiotic stress treatments. For drought and salinity stress treatments, the cuttings 

82 were transferred into nutrient solution with 100 mmol/l NaCl or 15% PEG6000, respectively. For flooding 

83 treatments, plants were maintained in rainwater. The plants were preserved in the growth chamber at 
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84 42/35°C (day/night) for heat stress treatment. The leaves of three plants per replicate were collected 

85 following salinity, drought and flood stress treatments at 0, 2, 6, 12, 24, 48 and 72 h. For thermal stress  

86 treatment, the leaves of three plants per replicate were collected at 0, 2, 6, 12, 24 and 48 h. Then the leaves 

87 were immediately frozen in liquid nitrogen and stored at –80°C until used.

88 Total RNA isolation and cDNA synthesis

89 Total RNA was isolated using EASY spin Plus (Aidlab Biotechnologies Co. Ltd. Beijing, China), and the 

90 integrity of total RNA was confirmed by 2.0% (w/v) agarose gel electrophoresis. Then the quality of RNA 

91 (A260/280; A260/230) were measured with the UV5NANO (Mettler Toledo, Switzerland). cDNA synthesis 

92 was carried out using 2 μg of total RNA in a final volume of 20 μl by EasyScript One-Step gDNA Removal 

93 and cDNA Synthesis SuperMix (TransGen Biotech Inc. Beijing, China), finally, the cDNA was diluted 

94 10-fold with nuclease-free water for qRT-PCR (Yue et al., 2018).

95 Selection of reference gene sequences and primer design

96 Candidate genes were selected from the C. trichotomum transcriptome using the Illumina Hi-SeqTM 3000 

97 platform. A total of 17 candidate reference genes were identified by Blast 

98 (https://blast.ncbi.nlm.nih.gov/Blast.cgi): ACT, PP2A, RPL, PK, 18S, RAN, APT, SAND, PROF, MDH, 

99 EF-1A, UBCE2, AP-2, HSP70, TUA, UBQ and H3. Primers were designed by Primer Premier 5 software 

100 and based on our usual methods (Mu et al., 2017) (Table 1). In order to detect the specificity of the 

101 amplicon, the amplified products of each gene were verified by 2.0% (W/V) agarose gel electrophoresis. 

102 The qRT-PCR amplification reactions were performed by using the Applied Biosystems StepOne PCR 

103 System (Thermo Fisher Scientific, USA) and SYBR Premix Ex TaqTM (TakaRa, Japan). The reaction 

104 volume was 10μl, in which the cDNA template was 1 μl, the ROX Reference Dye II was 0.2 μl, the forward 
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105 and reverse amplification primers were 0.4 μl, the 2× SYBR Primer Ex TaqTM was 5 μl, and the ddH2O was 

106 3 μl. The reaction procedure was using our usual methods(Yang et al., 2018; Yue et al., 2017). All 

107 qRT-PCR reactions were repeated three times biologically and three times technically, and three times 

108 template-free negative control.Ultimately, the reliability of the target reference genes were verified by using 

109 ClNHX1 and ClLAC genes, the reaction volume and procedure were the same as above.

110 Calculation of PCR efficiencies

111 Five-fold series of dilutions (1, 1/5, 1/25, 1/125 and 1/625) were performed on the cDNAs including the 

112 equimolar quantities of all samples to generate standard curves. The amplification efficiency (E) : E (%) = 

113 (10–1/slope – 1) × 100 for each reference gene was calculated, and the slope was the standard curve slope 

114 calculated by Applied Biosystems StepOne (Thermo Fisher Scientific) (Savard P et al., 2009).

115 Statistical analysis of gene expression

116 NormFinder, GeNorm and BestKeeper were used to select suitable reference genes, and ReFinder 

117 (http://150.216.56.64/referencegene.php) used for sequencing the stability of these reference genes. When 

118 using GeNorm, the Δct value was first calculated—the smallest ct value in the samples was subtracted from 

119 the ct value of other samples to get the Δct value—using Excel to calculate the corresponding gene of 2–Δct 

120 and import the 2–Δct value into GeNorm software for analysis (Schmittgen et al., 2008).

121 Results

122 Assessment of primer specificity and PCR amplification efficiency

123 The single peak on the melting curve of each reference gene represented the specification of each gene (Fig. 

124 1). The amplification efficiency of theses 17 genes ranged from 96.67% (18S) to 99.68% (EF-1A) (Fig. 1), 

125 indicating that these genes had reliable amplification efficiency and were suitable for further gene 
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126 expression experiments. The correlation coefficients (R2) of the standard curve ranged from 0.986(18S) to 

127 0.999 (EF-1A) (Table 1). The level of gene expression was determined by cycle threshold (CT), and the CT 

128 values of 17 reference genes ranged from 19.66 (ACT) to 28.35 (PROF). These candidate genes showed 

129 different levels of expression, ACT expression was the highest and PROF expression was the lowest (Figure 

130 2).

131 GeNorm analysis

132 Genorm software was used to analyze the expression stability values (M) of different samples to determine 

133 the most stable genes. The gene with the lowest M value was considered to be the most stable and vice 

134 versa; recommended stable expression of M-value is < 1.5 (Zhang et al. 2019; Vandesompele et al. 2002). 

135 GeNorm demonstrated that RPL and HSP70 were the best genes in TA tissues and all tissues (both TA and 

136 YA source); but in YA tissues, RAN and HSP70 were more stable. Under drought stress, ACT and PP2A 

137 expressed most stably in TA source, and ACT and AP-2 showed most stable expreesion in YA source. For 

138 flooding stress, UBCE2 and MDH were most stable in TA and for YA, PP2A and AP-2 were the most 

139 stable. The most stable genes under salt stress for both TA and YA were RPL and AP-2. For heat stress, 

140 EF-1A and MDH were most suitable for TA source, and EF-1A and UBCE2 were most suitable for YA. For 

141 all abiotic stress treatments, MDH and AP-2 were the most stable (i.e. lowest M-value). In the context of the 

142 total sample set, ACT and AP-2 were the most stable. Genes ACT and PP2A were the most stable in all TA 

143 samples, and RPL and AP-2 were the most stable in YA samples. Gene H3 was always ranked as unstable 

144 (Table 2).

145 The paired variation V-value of the normalized factor was calculated after a new internal reference 

146 gene was introduced. Then, the most suitable number of internal reference genes was determined; if Vn/(Vn 

147 + 1) < 0.15, then the number of reference genes needed was n, otherwise, the number needed was n + 1 

.CC-BY 4.0 International licenseavailable under a 
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted May 1, 2019. ; https://doi.org/10.1101/625145doi: bioRxiv preprint 

https://doi.org/10.1101/625145
http://creativecommons.org/licenses/by/4.0/


8

148 (Vandesompele et al., 2002). For abiotic stresses including drought, flood, salt and heat stress, the pairwise 

149 variation of V2/3 was < 0.15, indicating that two reference genes were sufficient. For all abiotic stress 

150 samples, V5/6 < 0.15. In TA tissues, V3/4 < 0.15, which meant that three reference genes should be used as 

151 internal controls. Four reference genes were selected according to V3/4 values of YA tissues. In all TA 

152 samples, V5/6 < 0.15 and in all YA samples V5/6 was close to 0.15. In total samples, because V5/6 was 

153 close to 0.15, five reference genes would be sufficient for normalizing the samples (Fig. 3)

154 NormFinder analysis

155 NormFinder selected the reference gene with the lowest stable expression value. NormFinder only screened 

156 out one suitable internal reference gene (Andersen et al., 2004). For all tissue samples, RPL was the best 

157 gene (both in TA and YA tissues). In the subset of TA and YA under drought stress, AP-2 was the most 

158 stable. For flood stress, MDH was the most stable in TA and YA. For salt stress, MDH was the best gene 

159 followed by UBCE2 and RPL in TA; however, in YA, RPL was the most stable, followed by UBCE2 and 

160 AP-2. For heat stress, MDH was the most stable gene for both TA and YA. For all abiotic stress samples, 

161 RPL was the most stable. In all TA samples, RPL was the most stable gene; for YA, AP-2 was the most 

162 stable followed by RPL. In total samples, AP-2 was the most stable followed by RPL. The H3 was unstably 

163 expressed in all tissue and stress samples (Table 2).

164 BestKeeper analysis

165 BestKeeper calculated the most relevant genes by analyzing the correlation coefficient (r), standard 

166 deviation (SD) and coefficient of variation (CV) between each gene and then comparing the individual 

167 values. Genes with larger r and smaller SD were considered more stable. Expression of reference gene > 1 

168 was considered unsuitable for internal control. BestKeeper only filtered out one of the most suitable internal 
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169 reference genes (Pfaffl et al., 2004). The PP2A was the most stable gene for TA tissues and AP-2 was the 

170 most stable for YA tissues and all tissues; ACT was suitable for drought stress and MDH for heat stress. For 

171 flood stress, PP2A had the minimum CV ± SD followed by MDH in TA; however, in YA, MDH was the 

172 most stable. In the salt-stress experiment, ACT was the most stable gene in TA and RPL the most stable in 

173 YA. The MDH was the most stable for all abiotic stresses. For TA samples, YA samples and all samples, 

174 AP-2 was the most suitable gene as an internal control (Table 2).

175 Comprehensive stability analysis of reference genes

176 The best reference genes were combined by ReFinder, which showed that RPL, HSP70 and ACT were 

177 suitable for TA tissues, and RPL, HSP70 and AP-2 were suitable for YA tissues. Among all tissue samples, 

178 RPL, ACT and HSP70 were the best reference genes. The ACT and AP-2 were suitable for drought stress, 

179 MDH and UBCE2 for flood stress, RPL and UBCE2 for salt stress, MDH and EF-1A for heat stress and RPL, 

180 MDH and AP-2 for all abiotic stress treatments. The three best reference genes for all TA samples were 

181 RPL, ACT and PP2A and for all YA samples, AP-2, RPL and ACT were more stable. Considering all 

182 experiments, AP-2, RPL and ACT were the most suited as reference genes in C. trichotomum (Table 3).

183 Reference gene validation

184 To validate the identified reference genes, qRT-PCR was applied to evaluate expression of ClNHX1 under 

185 different abiotic stress experimental conditions and of ClLAC in different tissues. Expressions of ClNHX1 

186 and ClLAC were normalized using the most stable combination of reference genes and both single 

187 compared with the least stable reference gene in each stress subset (Fig. 4). For drought stress, ClNHX1 

188 expression increased at 2 and 24 h, and decreased at other times. For salt stress, ClNHX1 was upregulated 

189 during 0–48 h and downregulated thereafter. For flooding stress, ClNHX1 was upregulated during 0–6 h and 
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190 downregulated thereafter. For heat stress, ClNHX1 expression was upregulated at 2 and 12 h and 

191 downregulated at other times. The ClLAC was highly expressed in stems and roots, followed by leaves(Fig. 

192 4). The gene expression levels showed similar trends when they were normalized using the stable reference 

193 genes that we identified. However, normalizing using H3 resulted in quite different results.

194 Disscussion

195 Recently, qRT-PCR has been one of the most important techniques for detecting nucleic acid content and 

196 analyzing gene relative expression levels (Johnson et al., 2013). It has been widely used for high sensitivity, 

197 strong specificity and repeatable accuracy (Huggett et al., 2005; Derveaux et al., 2010). However, 

198 amplification products and RNA integrity of different lengths also affect expression analysis. In order to 

199 minimize the interference of RNA integrity on the results and the precise comparison of mRNA 

200 transcription in different samples, it is important to select the appropriate reference genes (Radonić et al., 

201 2004; Obrero A et al., 2006). Traditional reference genes cannot be expressed stably in all cases, and their 

202 transcriptional stability is also species-dependent (Dheda et al., 2005). Therefore, in some cases, it is 

203 necessary to select the corresponding reference gene expressed at a constant level (Schmittgen et al., 2000; 

204 Tang et al., 2017). We designed primers of some traditional reference genes such as UBQ and GAPDH and 

205 of some new reference genes like TIP41 and DNAJ (Shivhare et al., 2016; Zhang et al., 2017). However, 

206 our results showed that some traditional reference genes did not have a single specificity in C. trichotomum, 

207 which indicated that appropriate internal reference genes differed among species, experimental conditions 

208 and tissues.

209 Cl.trichotomum is a traditional medicinal plant and has a long flowering period with excellent 

210 ornamental characteristics. It also has excellent tolerance to various abiotic stresses, especially salt stress. 

211 Soil salinization is a worldwide problem (He et al., 2014) and coastal saline-alkali plant selection has been 

.CC-BY 4.0 International licenseavailable under a 
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted May 1, 2019. ; https://doi.org/10.1101/625145doi: bioRxiv preprint 

https://doi.org/10.1101/625145
http://creativecommons.org/licenses/by/4.0/


11

212 in the spotlight of coastal ecological restoration in recent decades (Ravindran et al., 2007; Li et al., 2010). 

213 Using qRT-PCR to select a stable reference gene as the normalization factor would ensure reliable 

214 qRT-PCR data for target genes and help us better understand the salt tolerance of plants at a molecular 

215 level. Here, 17 candidate genes were selected in C. trichotomum, and their expression stability in different 

216 tissues and various treatments were analyzed. Generally, three or more validated reference genes is 

217 considered to be appropriate for analyzing expression of target genes (Bustin et al., 2005). In this research, 

218 under various single abiotic stress treatments (drought, flood, salt, and heat) in TA and YA sources, the 

219 GeNorm results indicated that we should choose two candidate genes, while in tissues, all abiotic stresses 

220 and all samples, the results indicated that more than three genes were needed. This may be due to 

221 significant differences in gene expression of sources we selected with distant phylogenetic relationships. 

222 For convenience, when using internal reference genes, only the top three genes in the overall ranking should 

223 be chosen. Due to different statistical algorithms and analysis procedures, the application of different 

224 analysis software in the same tissue or treatment will lead to different verification results (Li et al., 2016). In 

225 our study, different software gave different results, but the stable ranking of genes was roughly the same.

226 Genes UBCE2, RPL and ACT have been demonstrated to be stable under abiotic stresses across 

227 various plants (Cameron et al., 2013; Shivhare et al., 2016; Li et al., 2017). In Hibiscus cannabinus and 

228 Salicornia europaea, ACT was also the optimum reference gene under drought stress ( Niu et al., 2017). 

229 After expression analysis of candidate reference genes in Urochloa brizantha, EF-1A was demonstrated as 

230 the most suitable reference gene for heat stress (Stephan et al., 2019; Takamori et al., 2017), and EF-1A was 

231 also suitable in various plants (Narancio et al., 2011; Yang et al., 2014; Zhong et al., 2018). Gene MDH was 

232 confirmed to be the best reference gene in amaranth exposed to biotic or abiotic stress (Vera Hernandez et 

233 al., 2018), and was stable in various tissues of apple (Perini et al., 2014). Gene AP-2 was identified as a 
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234 potential reference gene due to stability in Arabidopsis and grapevine (Czechowski et al., 2005; Tashiro et 

235 al., 2016). Our results indicated that a combination of RPL, ACT and HSP70 were the most suitable 

236 reference genes for tissues; in other plants, RPL and ACT were also the best reference genes for different 

237 tissues (Chen et al., 2011; Bin et al., 2012; You et al., 2018), and HSP70 was identified as the candidate 

238 reference gene in carrot (Campos et al., 2014). Across all abiotic stresses, ACT and AP-2 were stably 

239 expressed under drought stress, MDH and UBCE2 under flood stress, and UBCE2 and RPL under salt 

240 stress. For heat stress, MDH and EF-1A were the most suitable reference genes; and RPL, MDH and AP-2 

241 were the most appropriate under all four abiotic stresses. In general, AP-2, RPL and ACT were expressed 

242 stably in all samples. Gene H3 was found to be the unstablereference gene in liverwort Marchantia 

243 polymorpha (Saint-Marcoux et al., 2015), and in our studies H3 was also one of the most unstable reference 

244 gene. To verify the reliability of the reference genes we selected, the expression levels of ClNHX1 and 

245 ClLAC were normalized by the identified reference genes, and results showed that the reference genes were 

246 stable in various abiotic stress treatments and tissues and indicated that different experimental conditions 

247 required different reference genes. This work provided guidance on the selection of reference genes for the 

248 application of Clerodendrum trichotomum, as well as reference gene selection for other Clerodendrum 

249 species. And this work will help to establish a better standardization and quantification of transcript levels 

250 in C. trichotomum in the future. 
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414 Fig. 1 Primer specificity. Melting curves of 17 reference genes (lines 1–17: ACT, PP2A, RPL, PK, 18S, RAN, APT, SAND, 

415 PROF, MDH, EF-1A, UBCE2, AP-2, HSP70, TUA, UBQ and H3) show simple peaks.

416

417

418 Fig. 2 Ct values of 17 candidate reference genes in all samples. A line on the box depicts the middle belt. The upper and 

419 lower boxes represent the 25th and 75th percentiles, respectively. The whiskers show maximum and minimum values.
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420

421 Fig. 3 Pairwise variation (V-value) of reference genes calculated by GeNorm. The Vn/(Vn + 1) values were used to 

422 analyze the optimal numbers of reference genes.
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423

424 Fig. 4 Relative quantification of ClNHX1 and ClLAC expression using the validated reference genes. Leaves were 

425 collected from seedlings subjected to PEG, salt and flood stress after 0, 2, 6, 12, 24, 48 and 72 h (A, B, C). Leaves were 

426 collected from seedlings subjected to heat stress after 0, 2, 6, 12, 24 and 48 h (D). All abiotic stress treatments used the 

427 ClNHX1 gene. Relative quantification of ClLAC expression using the validated reference genes in different tissues (E)
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428 Table 1 Genes and primer sets used for qRT-PCR.

Gene name Gene symbol Primer sequence

(forward/reverse)

Size (bp) E (%) R2

Actin ACT F:CGATTCTTGCTTCCCTCAGTA

R:ACCATTTTCGCCGCCTTA

113 98.528 0.994

Protein phosphatase 2A PP2A F:GGACAAGCACCAAGACGCC

R:TCAGCACTTCTAAAACCGCATC

246 98.850 0.995

Ribosomal protein L RPL F:AGTCAATGGTGGCGATGTAGC

R:CCCTTGGTCACTCCGATAATGT

123 97.816 0.991

Phosphoglycerate kinase PK F:CTGAAGGTGGTGTACTCCTGCTC

R:CGAAACTGCCCCAACAAGATA

233 98.344 0.993

18S rRNA gene 18S F:ACAATCACCGAACAAAGCAGC

R:CGAGAAGTAATCTTGGAACGCC

237 96.669 0.986

Ras-related nuclear protein RAN F:GGAGACGACAGTTTGGGTGC

R:TGCCATACTTGCGGGTGAA

163 98.114 0.992

Adenine phosphoribosy transferase APT F:CCACGCATTCAAGCCATTC

R:GAGCCTCTATCCCAGCAACG

150 99.333 0.997
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SAND family protein gene SAND F:GACCAGTCGCTTGATGCCC

R:GGATGCTCCAGGTACTGCTCTT

122 98.896 0.995

Profilin PROF F:GAATGTGGTGTTTTGAGTGAGAGG

R:ATGTGAAGTTTTGGGGGA

235 97.770 0.990

Malate dehydrogenase MDH F:ACCTGGAATGACGAGGGATG

R:GCCACAAACGTATTAGCTCTGACT

231 99.264 0.997

Elongation factor 1-alpha EF-1A F:AGGATGGACAGACCCGTGAG

R:AAAACCAGAAATGGGGACAAAT

203 99.678 0.999

Ubiquitin-conjugating enzyme E2 UBCE2 F:GCAAAGGCTGATTGATGAGATTC

R:CCTCAACATTGTCTTGGGTGG

131 98.505 0.994

Adaptor protein-2 complex AP-2 F:CCACAACTAACGCCTCCACC

R:AAATTCACCCTCCGACTCCC

191 99.632 0.998

Heat shock protein 70 HSP70 F:GCCATTTTGAGTGGTGAGGG

R:GGTTGGTTGTCCGAGTAGGTAGA

176 99.218 0.997

Tubulin alpha TUA F:GTCCCCAAAGATGTGAACGC

R:AAGCAGCCAAATCCTCCCTC

213 97.885 0.991

Protein Ubiquitin UBQ F:TGCTGTTGAGAAGGTGCTACG

R:CGAAAATGGTTGACGGGAC

226 98.735 0.995
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Histone H3 H3 F:CAAGTTAAGCCCTTTCACCCC

R:TGCTCAGGATTTCAAGACGGA

191 99.471 0.998

429 Table 2 Ranking order of candidate genes calculated by GeNorm, NormFinder, BestKeeper. (TA, Taian; YA, Yancheng)..

GeNorm NormFinder BestKeeper

Best Least Best Least Best Least

Rank 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

TA tissues RPL HSP70 UBCE2 TUA APT H3 RPL ACT HSP70 TUA APT H3 PP2A RAN AP-2 APT TUA H3

YA tissues RAN HSP70 RPL PK TUA H3 RPL HSP70 AP-2 TUA PK H3 AP-2 SAND PP2A H3 MDH TUA

All tissues RPL HSP70 RAN TUA APT H3 RPL ACT RAN PK APT H3 AP-2 18S ACT APT TUA H3

TA drought ACT PP2A EF-1A 18S H3 PROF AP-2 APT RAN 18S H3 PROF ACT PP2A AP-2 PROF TUA H3

YA drought ACT AP-2 UBCE2 EF-1A PROF H3 AP-2 MDH UBCE2 PROF EF-1A H3 ACT UBCE2 AP-2 PK PROF EF-1A

TA flood UBCE2 MDH PK H3 APT RAN MDH PK PP2A H3 APT RAN PP2A MDH UBCE2 EF-1A APT RAN

YA flood PP2A AP-2 UBQ APT PROF H3 MDH UBCE2 EF-1A APT PROF H3 MDH EF-1A TUA SAND APT H3

TA salt RPL AP-2 UBCE2 PK APT H3 MDH UBCE2 RPL EF-1A APT H3 ACT UBCE2 RAN SAND APT H3

YA salt RPL AP-2 UBCE2 H3 EF-1A 18S RPL UBCE2 AP-2 H3 EF-1A 18S RPL PROF UBQ APT 18S EF-1A

TA heat EF-1A MDH SAND 18S APT RAN MDH RPL SAND 18S APT RAN AP-2 PROF UBQ 18S APT RAN
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YA heat EF-1A UBCE2 MDH PROF UBQ H3 MDH AP-2 EF-1A HSP70 UBQ H3 RPL PROF UBCE2 HSP70 RAN 18S

All abiotic stress MDH AP-2 RPL RAN APT H3 RPL UBCE2 SAND APT RAN H3 MDH AP-2 UBQ RAN APT H3

TA all samples ACT PP2A AP-2 RAN APT H3 RPL ACT SAND RAN APT H3 AP-2 MDH PP2A RAN APT H3

YA all samples RPL AP-2 ACT EF-1A PK H3 AP-2 RPL ACT APT PK H3 AP-2 SAND RPL EF-1A PK H3

Total samples ACT AP-2 PP2A RAN APT H3 RPL AP-2 SAND PROF APT H3 AP-2 MDH SAND RAN APT H3

430 Table 3 Stability of reference gene expression as recommended comprehensive ranking calculated by ReFinder (TA, Taian; YA, Yancheng).

Method 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

TA tissues RPL HSP70 ACT AP-2 PP2A UBCE2 RAN MDH 18S PK UBQ EF-1A SAND PROF TUA APT H3

YA tissues RPL HSP70 AP-2 RAN ACT EF-1A PP2A SAND UBCE2 APT 18S MDH PROF PK UBQ TUA H3

All tissues RPL ACT HSP70 AP-2 RAN SAND UBCE2 18S EF-1A PP2A UBQ MDH PROF PK TUA APT H3

TA drought ACT AP-2 PP2A APT EF-1A RAN UBCE2 SAND MDH HSP70 TUA PK RPL 18S UBQ H3 PROF

YA drought AP-2 ACT UBCE2 MDH RAN UBQ PP2A HSP70 APT SAND RPL PK 18S TUA H3 PROF EF-1A

TA flood MDH PP2A UBCE2 PK AP-2 TUA SAND UBQ ACT RPL HSP70 PROF EF-1A 18S H3 APT RAN

YA flood MDH UBCE2 EF-1A AP-2 UBQ TUA PP2A PK 18S ACT HSP70 RPL RAN SAND PROF APT H3

TA salt UBCE2 RPL AP-2 MDH RAN ACT UBQ 18S TUA PP2A PROF EF-1A HSP70 PK SAND APT H3

YA salt RPL UBCE2 AP-2 MDH ACT UBQ PP2A PROF RAN PK TUA SAND HSP70 APT H3 EF-1A 18S
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TA heat MDH EF-1A SAND RPL ACT AP-2 UBCE2 PK TUA PROF UBQ PP2A HSP70 H3 18S APT RAN

YA heat MDH EF-1A UBCE2 AP-2 RPL SAND ACT TUA PROF PP2A PK APT RAN UBQ 18S HSP70 H3

All abiotic RPL MDH AP-2 UBCE2 SAND TUA ACT UBQ PP2A PK HSP70 EF-1A PROF 18S RAN APT H3

TA all samples RPL ACT PP2A AP-2 SAND MDH UBCE2 PK HSP70 UBQ EF-1A TUA 18S PROF RAN APT H3

YA all samples AP-2 RPL ACT SAND MDH RAN UBCE2 PP2A HSP70 TUA 18S UBQ PROF EF-1A APT PK H3

Total AP-2 RPL ACT SAND MDH UBCE2 PP2A HSP70 UBQ EF-1A TUA 18S PK PROF RAN APT H3

431
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