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Abstract 23 
Background: With the development of molecular biology technology, research on the molecular 24 
mechanism of medicinal plants tends to be popular. Since Euscaphis konishii is a medicinal plant 25 
with a long history in China, a large number of specific genes in E. konishii have been obtained 26 
by high-throughput sequencing technology. To quantify target genes accurately, stable and 27 
reliable reference genes are the key to improving the accuracy of real-time PCR. 28 
Methods: Based on the RNA-Seq data of different developmental stages, we selected eight 29 
candidate reference genes, including glyceraldehyde-3-phosphate dehydrogenase (GAPDH), α-30 
tubulin (TUA), cyclophilin (CYP), ubiquitin-conjugating enzyme (UBC), ubiquitin (UBQ), 31 
malate dehydrogenase (MDH/mMDH) and actin (ACT). GeNorm, NormFinder, BestKeeper and 32 
ReFinder were used to analyse the stability of reference genes. 33 
Results: The results showed that the stability of EkUBC23, EkCYP38 and EkGAPDH2 was 34 
better, and the low expression reference genes (EkUBC23 and EkCYP38) were favourable for 35 
quantifying low expression target genes, while the high expression reference gene (EkGAPDH2) 36 
was beneficial for quantifying high expression genes. This study provides abundant genetic 37 
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information for the functional analysis of important characters of E. konishii and contributes to 38 
the understanding of the biological regulation mechanism of the fruit development stage. 39 
  40 
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Introduction 41 
As an important economic crop, fruit trees play an important role in the agricultural 42 

production of various countries. Fruit development research is an important part of fruit science. 43 
Screening out stable reference genes in the fruit developmental stage can lay the foundation for 44 
the study of functional genes in neighbouring species and accelerate the process of molecular 45 
breeding. 46 

With the rapid development and cost reduction of high-throughput sequencing technology, a 47 
multi-group sequencing analysis has been carried out in the field of plants, which enables 48 
researchers to discover a large number of specific genes in a relatively short time, laying the 49 
foundation for the exploration of plant genetic information and the study of gene function. As we 50 
all know, the growth and metabolic regulation of plants are closely related to changes in gene 51 
expression. Therefore, the accurate quantification of gene expression is crucial. So far, the 52 
commonly used methods for the detection of gene expression are northern blotting, gene chip, 53 
and quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). Among 54 
them, qRT-PCR has become one of the most powerful tools for studying gene expression due to 55 
its high sensitivity, accuracy and specificity ( Bustin SA, 2002; Nolan, Hands & Bustin, 2006). 56 
qRT-PCR is wonderful for fast and accurate gene expression analysis. However, this technology 57 
requires suitable reference genes to normalize expression data and control the quantity of cDNA 58 
( Derveaux S, Vandesompele J & Hellemans J, 2010). In previous stages, candidate reference 59 
genes were selected as suitable reference genes due to the function of the housekeeping gene. 60 
However, lots of housekeeping genes have significantly different levels of expression in different 61 
experimental conditions or related species ( Dheda K et al., 2004.). Therefore, according to 62 
different experimental conditions, the key is to accurately quantify target genes and screen one or 63 
more reference genes with stable expression from multiple candidate reference genes. 64 

Currently, the gene expression database is used as a new tool to screen reference genes due to 65 
its accuracy and comprehensiveness. GeneChip research of Arabidopsis thaliana revealed that 66 
the protein phosphatase 2A was favourable for quantifying low expression target genes 67 
(Czechowski T et al., 2005)；Coker and Davies’ research showed that the stability of TUA 68 
(Tubulin alpha), CYP (Cyclophilin) and GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) 69 
is better when using EST data (Coker J S & Davies E, 2004). The best reference genes of Elaeis 70 
guineensis ( Xia W et al., 2014), Populus trichocarpa (Pang QQ et al., 2017)  and Populus 71 
trichocarpa (Su XJ et al., 2013) were screened out based on the transcript database. 72 

E. konishii is a member of the family Staphyleaceae, which is used as an ornamental and 73 
medicinal source material in China. The fruit of E. konishii has various chemical compounds, 74 
including flavonoid compounds (Liang WX et al., 2018a), triterpene compounds (Cheng JJ et al.; 75 
Li YC et al.,2016), and phenolic acid compounds (Huang Y et al., 2014), which have both anti-76 
inflammatory and anticancer effects according to traditional and modern medical research. 77 
Moreover, in order to study the gene regulation mechanisms of medicinal compounds in E. 78 
konishii fruit, several reference genes in E. konishii were selected by Liang.  (Liang WX et al., 79 
2019) based on transcriptome data (Liang WX et al., 2018b). However, the data being studied 80 
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from Liang et al. lack the transcriptome of the E. konishii pericarp. Yuan identified a large 81 
number of differentially expressed genes associated with endocarp colouration based on the 82 
transcriptome database (Yuan WY et al., 2018), but it is unknown which genes are suitable as 83 
reference genes related to fruit development. 84 

 85 

Materials & Methods 86 
 Plant material 87 

The fruits of E. konishii have three developmental stages, including the green stage, turning 88 

stage, and red stage. These were collected from Qingliu County, Fujian Province, China, from 89 

June to September. All pericarp samples were separated from the fruit, wrapped in tin foil and 90 

then frozen in liquid nitrogen and immediately stored at -80°C until they were qualified for 91 

further analysis. Three biological replicates for each sample were used for RNA extraction. 92 

Establishment of the RNA-Seq database 93 
We sequenced the transcriptome of the E. konishii pericarp in three developmental stages. The 94 

library produced 67.78 G of clean data, and the average clean data in the 9 samples were 6.78 G. 95 

In total, 86,120 unigenes were assembled. We used BLAST software to compare unigene 96 

sequences to NR (ftp://ftp.ncbi.gov/blast/db/), Pfam (http://pfam.xfam.org/), GO 97 

(http://www.geneontology.org/), KEGG(http://genome.jp/kegg/), Pwiss-Prot (http://uniprot.org/), 98 

KOG (ftp://ftpncbi.nih.gov/pub/KOG/), eggNog (http://eggongdb.embl.de/), and COG 99 

(ftp://ftp.ncbi.nih.gov/pub/COG/). Transcriptome sequences were used as references to analyse 100 

the expression profiles of each sample. The sequencing results of each sample were compared to 101 

the reference sequence, and the expression amount of each unigene in different samples was 102 

obtained. 103 

The dataset of the 86,120 unigenes serves as a platform from which to study the regulatory 104 

mechanisms of E. konishii fruit. Through the analysis of the differential gene expression in the 105 

pericarp expression profile at different developmental stages, we found that the coefficient of 106 

variation of some genes was less than 0.2; the possible answer is candidate reference genes. We 107 

selected eight candidate reference genes, including glyceraldehyde-3-phosphate dehydrogenase 108 

(GAPDH), α-tubulin (TUA), cyclophilin (CYP), ubiquitin-conjugating enzyme (UBC), ubiquitin 109 

(UBQ), malate dehydrogenase (MDH/mMDH), and actin (ACT), and combined them with the 110 

RNA-Seq data of the pericarp at different developmental stages. The expression stability was 111 

calculated by using GeNorm, NorFinder, BestKeeper and ReFinder. 112 

RNA-Seq database analysis and primer design 113 
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According to the screening conditions (Fig.S1), we screened candidate reference genes with 114 

relatively stable expression from the RNA-Seq database of E. konishii fruit in different 115 

development stages. To ensure accuracy and reliability of the data, NCBI-blast was used to 116 

verify candidate reference genes. Analysis of the transcriptome and expression of candidate 117 

reference genes are shown in Table 1. According to the nucleotide sequence of candidate 118 

reference genes and the design principle of qRT-PCR, primers of reference genes were designed 119 

using Primer Premier 6.0 software and were synthesized by Jinweizhi Biotechnology Co., LTD 120 

(Suzhou, China) and purified by PAGE. 121 

RNA Extraction and cDNA Synthesis. 122 
Total RNA was extracted and purified by using an RNAprep Pure Plant Kit (Polysaccharides 123 

and Polyphenolics-Rich, Tiangen, Beijing, China), according to the manufacturer’s instructions. 124 

Two-hundred nanograms of total RNA of each sample was used as the template. In addition, the 125 

cDNA synthesis strand was performed by using a Revert Aid First Strand cDNA Synthesis Kit 126 

(Thermo Fisher, Foster City, CA, USA), according to the manufacturer’s instructions and was 127 

stored at–80°C for further experiment. 128 

Candidate reference genes for RT-PCR amplification 129 
The RT-PCR mixture contained 25 µL of 2 ×EasyTaq®PCR SuperMix, 0.4 µL of forward 130 

primer (10 µM), 0.4 µL of reverse primer (10 µM), and 5 µL of diluted cDNA in a final volume 131 

of 50 µL. PCR conditions: 40 cycles of 3 min at 94℃, 94℃ at 30 s, 56℃ at 10 s, 72℃ at 30 s, 132 

and 72℃ at 7 min. RNA quality was determined by 1.2% agarose gel electrophoresis. 133 

Candidate reference genes for qRT-PCR amplification 134 
The qRT-PCR mixture contained 3 µL of diluted cDNA, 5 µL of 2 × SYBR Green Master, 0.4 135 

µL of forward primer (10 µM), and 0.4 µL of reverse primer (10 µM), with ddH2O added to 136 

achieve a final volume of 10 µL. All PCRs were performed using the QuantStudioTM Real-Time 137 

PCR System under the following conditions: 40 cycles of 2 min at 95℃, 5 s at 95℃ and 30 s at 138 

60℃. The procedure ended with a melt-curve ramping from 60-95℃. The melting curve was 139 

analysed to determine primer specificity. 140 

Statistical analysis 141 
The instrument calculated the Ct value of each sample based on the qRT-PCR experiment. We 142 

can analyse the stability of candidate reference genes using GeNorm, NormFinder, and 143 

BestKeeper software. Finally, ReFinder was used to calculate the comprehensive ranking of the 144 

stability of candidate reference genes based on analysis results. 145 
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Validation of the candidate reference genes 146 
Anthocyanin is the key factor affecting fruit colouration as an important plant pigment. In 147 

general, fruit colouration is closely related to the content and proportion of anthocyanin. To 148 

verify the results of our experiments, we used 9 genes related to the anthocyanin synthesis 149 

pathway to verify the expression of candidate reference genes, and the details are shown in Table 150 

2. The qRT-PCR experimental method was the same as described above, and the relative 151 

expression level was calculated by the 2−ΔΔct method. Experimental data from three biological 152 

replicates were analysed using analysis of variance (ANOVA), followed by Student’s t-test 153 

(P<0.05). 154 

 155 

Results 156 
Reference gene selection and primer design 157 

The selection criteria of the reference genes we used came from the idea from the study of 158 

Kimmy. (Kimmy AS, Patrick PE& Joshua RP, 2017). First, we excluded genes with FPKM less 159 

than 5 since low expression genes used as reference genes are not suitable for quantifying the 160 

expression of the target gene. Then, we screened out 1131 genes with stable expressions based 161 

on the coefficient of variation and fold change values. Finally, 8 reference genes were selected 162 

from 1131 genes using Blast software to exclude false positive genes on the NCBI website 163 

(https://www.ncbi.nlm.nih.gov/). The details of 8 reference genes (GAPDH, TUA, UBQ, mMDH, 164 

ACT, CYP, UBC and MDH) are shown in Table 1. Forward and reverse primers of all candidate 165 

reference genes were designed using Prime Premier 6.0 software. All primers were synthesized 166 

by Jinweizhi Biotechnology Co., LTD (Suzhou, China). Primer details are shown in Table 3. 167 

Candidate reference genes for RT-PCR amplification 168 
PCR results of the 8 candidate internal reference genes are shown in Fig.S2 with a single band, 169 

no primer dimer and nonspecific amplification, which could be used for subsequent qRT-PCR 170 

analysis.  171 

Cq values of candidate reference genes  172 
The Cq values for all 8 reference genes are shown in Fig. 1. The Cq values varied from 24.65 173 

(EkGAPDH2) to 35.27 (EkACT7). Moreover, as shown in Fig. 1, EkmMDH2, EkMDH and 174 

EkACT7 are more variable than other candidate reference genes. The stability of EkmMDH2, 175 

EkMDH and EkACT7 expression is poor. 176 

qRT-PCR analysis 177 
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As shown in Fig. 2, the melting curve of the 8 candidate reference genes at different 178 

developmental stages only had a single main peak, and the amplification curves between the 179 

repeated samples had high repeatability. 180 

Expression stability analysis of reference genes 181 
GeNorm, NormFinder, BestKeeper and ReFinder were widely used in the analysis of 182 

reference genes. Gene expression stability was determined by the M-value in GeNorm. The gene 183 

expression stability increases as the M-value decreases (Wu JY et al., 2018; Vandesompele J et 184 

al., 2002). It was considered that candidate reference genes can be used as reference genes when 185 

the M-value is less than 1.0; the result of GeNorm revealed that EkUBQ1 was the most stable 186 

gene with the lowest M-value, followed by EkUBC23, EkCYP38 and EkGAPDH2. However, 187 

EkACT7, EkmMDH2, EKMDH and EkTUA3 were unsuitable as reference genes, with a value 188 

greater than 1.0. Expression stability values analysed by GeNorm are shown in Fig. 3-A. 189 

NormFinder software ranks all reference gene candidates based on intra- and inter-group 190 

variation and combines results into a stability value for each candidate reference gene. A better 191 

stable gene expression is indicated by a lower stability value (Andersen CL et al., 2004). The 192 

analysis results of NormFinder shown in Fig. 3-B revealed that EkGAPDH2 was the most stable 193 

gene for all samples. 194 

BestKeeper software determines the most stably expressed genes based on the standard 195 

deviation (SD). The lower the SD, the greater the reference gene expression stability will be 196 

(Pfaffl MW et al., 2004). As the analysis results in Fig. 3-C show, the SD values of EkACT7, 197 

EkmMDH2, EkMDH, EkTUA3 and EkGAPDH2 are greater than 1 and are considered 198 

unacceptable as reference genes, according to the selection criteria of BestKeeper software. 199 

EkUBC23, EkUBQ1 and EkCYP38 are stable genes with low SD values. 200 

ReFinder software was used to rank the stability obtained by the analysis of GeNorm, 201 

NormFinder and BestKeeper on the comprehensive index. The stability of the reference gene 202 

expression is directly related to the size of the index. According to the analysis result of 203 

ReFinder shown in Fig. 3-D, the stability ranking obtained by ReFinder software is as follows: 204 

EkUBC23, EkCYP38, EkGAPDH2, EkUBQ1, EkMDH, EkTUA3, EkmMDH, and EkACT7. The 205 

results showed that the stability of EkUBC23, EkCYP38 and EkGAPDH2 was better, and the low 206 

expression reference genes (EkUBC23 and EkCYP38) were favourable for quantifying their 207 
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targets, while the high expression reference gene (EkGAPDH2) was beneficial for quantifying its 208 

target. 209 

The suitability of the reference gene 210 
According to the results of the four algorithms (GeNorm, NormFinder, BestKeeper and 211 

ReFinder), EkUBC23, EkCYP38 and EkGAPDH2 performed more stably. EkUBC23 and 212 

EkCYP38 showed similar expression levels during fruit developmental stages. However, 213 

EkUBC23 was used to normalize the expression due to its greater stability. Relative expression 214 

levels were normalized using the low expression reference gene (EkUBC23) and high expression 215 

reference gene (EkGAPDH2). The results showed that there were some differences between the 216 

expression levels of 9 genes related to the anthocyanin synthesis pathway and transcriptome 217 

sequencing (Fig. 4). When EkUBC23 was used as the reference gene, the results had no 218 

significant difference. When EkGAPDH2 was used for normalizing low expression target genes 219 

[c57877.graph_c0( DFR), c59825.graph_c0(CHS) and c69862.graph_c1(UFGT)], the results 220 

were different from the expression of transcriptome. However, EkGAPDH2 has better accuracy 221 

than EkUBC23 when it was used for normalizing high expression target genes 222 

[c72659.graph_c0(CHS) and c72737.graph_c0(CHI)]. Therefore, we suggest that the stability 223 

and expression of reference genes should be considered as important selection conditions. 224 

 225 

Discussion 226 
Many studies have shown that it was quicker and more efficient to screen appropriate 227 

reference genes based on transcriptome data. In addition, primers designed according to the 228 

transcriptome sequencing of the material itself are more stable than those using other materials. 229 

Selection of the reference gene based on transcriptome data has been done in many plant species, 230 

such as Corylus (Yang D et al., 2017), Sedum alfredii (Sang J et al., 2013) and Dendrocalamus 231 

sinicus [Guo XJ et al.,  2018], and so on. In the present study, we selected 3 stable reference 232 

genes (EkUBC23, EkCYP38 and EkGAPDH2) based on transcriptome data of E. konishii 233 

pericarp in three different developmental stages. This result validates and complements the 234 

results of reference gene screening by Liang. (Liang WX et al., 2018b). 235 

The expression of reference genes was related to organ type, developmental stages and 236 

external environmental conditions. ACT was commonly used as a reference gene. For example, it 237 

was the most stable gene in studies of Glycine max (Ma SH et al., 2013). In contrast, we confirm 238 

that ACT is the most unstable gene in our study. This consequence is consistent with studies in 239 
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Setaria viridis (Martins PK et al., 2017) and E. konishii by Liang et al. (Liang WX et al., 2018b). 240 

UBC has been widely accepted for normalization of gene expression as a reference gene (Yuan 241 

W et al., 2012). UBC was selected as the reference gene in the study of Prunus pseudocerasus (2 242 

Zhu YY et al., 2015). However, it was unsuitable as a reference gene for Oryza sativa (Li QF et 243 

al., 2008). In this study, we identified UBC as a reference gene to quantify low expression target 244 

genes. CYP played important roles in Elaeis guineensis(Yeap WC et al., 2014) and Malus 245 

domestica (Kumar G & Singh A K, 2015) as reference a gene. CYP with stability and low 246 

expression is also used for quantifying low expression target genes. GAPDH, an enzyme in 247 

glycolysis, has been widely used as a reference gene in different species (Kozera B& Rapacz M, 248 

2013). However, GAPDH has different performances in different species and different 249 

experimental conditions. GAPDH shows stable expression in Citrus sinensis (Wu JX et al., 250 

2014)and Lycopersicon esculentum(Mascia T et al.,2010), but it did not perform well in S. 251 

viridis(Martins PK et al., 2016) and Panicum virgatum(Jiang XM et al., 2014). In this study, we 252 

selected EkGAPDH2 as the reference gene to quantify the high expression target genes for 253 

further study.  254 

 255 
Conclusions 256 

The development of high-throughput sequencing technology provides an accurate and efficient 257 

approach to molecular biology. It plays an important role in molecular breeding and specific 258 

gene research. In this study, we construct a screening system for reference genes of E. konishii 259 

based on an RNA-seq database from different developmental pericarp samples. We selected 3 260 

stable reference genes (EkUBC23, EkCYP38, and EkGAPDH2) from 8 candidate reference 261 

genes. Among them, EkUBC23 and EkCYP38 with low expression are suitable for quantifying 262 

low expression target genes. However, EkGAPDH2 with a high expression is favourable for 263 

quantifying high expression genes. Our study will contribute to future studies of gene expression 264 

in E. konishii and genetic studies related to fruit developmental stages. 265 
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Supporting information 372 
Figure 1 Cq values of candidate reference genes in 9 samples. 373 
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Figure 2 The melting curves of candidate reference genes. 375 
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Figure 3 Expression stablility analysis of reference genes bynormfinder (A), genorm (B), 377 

BestKeeper (C) and RefFinder (D). 378 
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Figure 4 The suitability of reference gene. 380 
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Figure S1 The selection of candidate reference genes. 382 
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Figure S2 Candidate reference genes for RT-PCR amplification. 384 


