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In this study, eight candidate reference genes incl uding EF1α, TUB-b2, GAPDH, 18S rRNA, RP-L27P, 
UBI, ACT and ACT2 were selected to evaluate expression stability in p ear fruit of different genotypes, 
tissues, developmental stages and phytohormone-trea tments, using three software approaches: 
geNorm, NormFinder and BestKeeper. The results show ed that EF1α, TUB-b2 and GAPDH had the most 
stable expression across all experimental condition s tested. EF1α and TUB-b2 were the most stable 
reference genes across all genotypes. GAPDH and EF1α were the most suitable reference genes across 
different tissues. For developmental stage and phyt ohormone-treated samples, TUB-b2 and GAPDH 
were the most stable reference genes. 
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INTRODUCTION 
 
Gene expression analysis plays an important role in 
furthering our understanding of plant biological 
processes. Quantitative real time polymerase chain 
reaction (qPCR) is a powerful tool in gene expression 
analysis due to its high sensitivity, specificity, high 
reproducibility, throughput, and broad quantification 
range (Bustin, 2002). However, while the qPCR 
technique is the most appropriate way for analyzing gene 
expression, several flaws had been reported, including 
quantity of starting material, quality of the RNA extraction 
and amplification efficiencies. Some studies suggested 
that expression levels of common reference genes,  such  
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as 18SrRNA and ACT, were unstable under different 
experimental conditions (Hu et al., 2009; Maroufi et al., 
2010), which could lead to erroneous results (Dheda et 
al., 2005). Therefore, it is important to select appropriate 
reference genes for a biologically meaningful target gene 
expression.  

Pear (Pyrus L.) is an important fruit tree worldwide, 
cultivated in more than 50 countries. With the impending 
release of pear genome sequence (personal 
communication), functional genomics, based heavily on 
gene expression analysis, will become the future 
research focus. Recently, researchers had reported that 
qPCR technique was applied to gene expression studies 
in pears (Faize et al., 2009). However, it seems that no 
systematic evaluation of reference genes has been 
undertaken. In the present study, in order to ensure the 
correct application of qPCR in the study of pear fruit, the 
evaluation of reference genes for gene expression is 
performed. A total of eight candidate reference genes 
were selected for evaluating the stability of gene 
expression under the different conditions. These genes 
included elongation factor 1 alpha (EF1α), beta tubulin 
like protein (TUB-b2), glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), 18S ribosomal RNA (18S 
rRNA), ribosomal protein L27 precursor (RP-L27P), 
ubiquitin extension protein (UBI), actin (ACT) and actin  2  
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Table 1. Primer sequences, amplification length, and PCR Efficiency of eight candidate reference genes for normalization in pear qPCR assays. 
 

Gene 
name 

Accession 
number Gene description Forward primer (5’-3’) Reverse pri mer (5’-3’) Amplicon 

length (bp) 
PCR 

Efficiency (%) 
EF1α AY338250 Elongation factor 1 alpha GGTGTGAAGCAGATGATTTG TCACCCTCAAACCCAGATAT 165 98.5 
TUB-b2 AB239681 Beta tubulin like protein TGGGCTTTGCTCCTCTTAC CCTTCGTGCTCATCTTACC 169 97.3 
UBI AF386524 Ubiquitin extension protein AAGCACAAGCACAAGAAGGT CTCTAATCAGCCAGCCTTC 196 98.1 
GAPDH AB266449 Glyceraldehyde-3-phosphate dehydrogenase TGGTGTGAACGAGAAGGAAT CCCTCAACAATCCCAAACC 118 100.5 
RP-L27P AF195213 Ribosomal  protein L27 precursor AAGCACAAGCACAAGAAGGT CTCTAATCAGCCAGCCTTC 196 99.0 
18S rRNA AY168823 18S ribosomal RNA GGAAGGGACGCATTTATTAG CGAAAGTTGATAGGGCAGAT 133 96.8 
ACT AF386514 Actin TACTCTTTCACCACAACTGC CTCGTAACTCTTCTCCACAG 130 98.9 
ACT2 GU830958 Actin 2 AAGCACAAGCACAAGAAGGT TACTCTAATCAGCCAGCCTT 198 99.2 

 
 
 
(ACT2), all of which are commonly employed as 
references genes in plant gene expression studies 
(Kim et al., 2003; Hu et al., 2009; Wan et al., 
2010).  
 
 
MATERIALS AND METHODS 
 
Pear fruit samples of different genotypes, tissues, 
developmental stages and phytohormone-treatments were 
collected from the pear experimental orchard of Nanjing 
Agricultural University. Four different pear genotype 
cultivars ‘Yali’, ‘Hosui’, ‘Jingbai’ and ‘Bartlett’ were 
collected; which were Chinese white, Chinese ussurian, 
Japanese and European pear, respectively. The mature 
fruits of the four cultivars were sampled at 150, 130, 125 
and 120 days after anthesis (DAA), respectively. Fruit 
tissue samples (peel, flesh, and core of ‘Hosui’) were 
sampled at the fruit mature period (130 DAA). Fruit 
developmental stage samples were collected from ‘Hosui’ 
pear fruit at 30, 60, 90 and 130 DAA. For the 
phytohormone-treatments, ten fruits of ‘Hosui’ were 
sprayed with gibberellin 3 (GA3) 150 µM, 2-chloropyridine 
(CPPU) 150 µM, uniconazole (S-3307) 150 µM and 1-
naphthaleneaceticacid (NAA) 150 µM at 30 DAA, 
respectively, and fruits sprayed with water were used as 
controls. The phytohormone-treated samples were taken 6 
h after spraying. A total of ten fruits and four pieces of fruit 
were used in different genotypes, tissues, developmental 
stages and phytohormone-treatments. All sampling 
procedures were replicated three times. The samples were 

put into liquid nitrogen and stored until the total RNA 
extraction. Total RNA was extracted using TRIzol Reagent 
(Invitrogen) and treated with DNase I (Takara, Japan) 
according to the instruction manual. The Agilent 2100 
bioanalyzer was used to evaluate RNA concentration and 
integrity. Total RNA of 1 µg for each sample was used for 
cDNA synthesis with the RNA PCR Kit Version 2.1 
(Takara, Tokyo, Japan) and the oligo (dT) 17 primer. qPCR 
was carried out on an iQ5 Detection System (Bio-Rad, 
USA) with SYBR Green Real-Time Master Mix (Takara, 
Tokyo, Japan), 1 µl cDNA template was used for qPCR. 
The thermal conditions for qPCR were 95°C for 10 mi n 
(denaturation), followed by 40 cycles of 95°C for 1 5 s and 
60°C for 1 min. ddH 2O as negative reverse transcription 
control, and all samples were amplified in triplicates. 
Quantification cycle (Cq), previously known as the 
threshold cycle (Ct), was used to describe the PCR cycle 
(Bustin et al., 2009). 

The sequences of all eight candidate reference genes 
were retrieved from the National Center for Biotechnology 
Information (NCBI) database (Table 1). Eight pairs of 
specific primers for reference genes were designed using 
the Beacon Designer 2.06 (Primer Biosoft International, 
USA) with optimal melting temperatures (58 to 60°C) . The 
primer length ranged from 19 to 20 bp and the amplicons 
ranged from 118 to 198 bp (Table 1). For each primer pair, 
mean Cq values for each 10-fold serial dilution were 
plotted against the logarithm of the pooled cDNA dilution 
factor and primer efficiencies were calculated according to 
[10(1/-S)-1] × 100%, where S denotes the slope of the 
standard curve (Ginzinger, 2002). The efficiencies of the 
quantitative PCR amplifications ranked  between  97.3  and 

100.5% for all the tested candidate reference genes (Table 
1). The Cq value of each reference gene under different 
experimental conditions was used to compare the variation 
in gene expression. To analyze the expression stability of 
the eight candidate reference genes, three software 
packages: geNorm (Vandesompele et al., 2002), 
NormFinder (Andersen et al., 2004) and BestKeeper (Pfaffl 
et al., 2004) were used. 
 
 
RESULTS AND DISCUSSION 
 
GeNorm ranks the tested genes according to the 
expression stability value M (average pair-wise 
variation of a certain gene with all other tested 
candidate reference genes). The gene with the 
lowest M value has the most stable expression 
while the highest M value has the least stable 
expression (Vandesompele et al., 2002). When all 
of the samples were analyzed together, EF1α and 
TUB-b2 had the lowest M values which indicated 
that they had the most stable expression. TUB-b2 
and EF1α genes were also the most stable in the 
different genotype samples. EF1α and GAPDH 
had the most stable expression in the samples of 
different tissues and developmental stages, while 
TUB-b2 and GAPDH showed the most stable 
expression under the phytohormone-treatments 
(Table 2).  
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Table 2. The eight candidate reference genes for normalization and their expression stability rank in various sample pools calculated by geNorm, NormFinder and Bestkeeper software. 
 

Rank 

Total  Genotype  Tissue  Development  Phytohormone-treated 

geNorm 
Norm- 

Finder 

Best- 

Keeper 

 
geNorm 

Norm- 

Finder 

Best- 

Keeper 

 
geNorm 

Norm- 

Finder 

Best- 

Keeper 

 
geNorm 

Norm- 

Finder 

Best- 

Keeper 

 
geNorm 

Norm- 

Finder 

Best- 

Keeper 

1 
EF1α/ 

TUB-b2 
TUB-b2 TUB-b2 

 EF1α/ 

TUB-b2 
EF1α EF1α 

 EF1α/ 

GAPDH 
GAPDH TUB-b2 

 EF1α/ 

GAPDH 
TUB-b2 TUB-b2 

 TUB-b2/ 

GAPDH 
TUB-b2 TUB-b2 

2 GAPDH EF1α EF1α  ACT TUB-b2 ACT  ACT2 EF1α GAPDH  TUB-b2 GAPDH GAPDH  EF1α UBI GAPDH 

3 RP-L27P GAPDH ACT  ACT2 GAPDH TUB-b2  ACT ACT EF1α  UBI EF1α ACT  UBI GAPDH ACT 

4 UBI RP-L27P GAPDH  GAPDH ACT RP-L27P  TUB-b2 RP-L27P 18SrRNA  18SrRNA 18SrRNA 18SrRNA  18SrRNA EF1α UBI 

5 ACT2 ACT2 ACT2  18SrRNA ACT2 ACT2  RP-L27P TUB-b2 ACT2  ACT2 ACT2 EF1α  RP-L27P 18SrRNA ACT2 

6 ACT ACT RP-L27P  RP-L27P UBI UBI  18SrRNA ACT2 ACT  RP-L27P UBI RP-L27P  ACT2 RP-L27P EF1α 

7 18SrRNA UBI 18SrRNA  UBI 18SrRNA GAPDH  UBI 18SrRNA RP-L27P  ACT RP-L27P ACT2  ACT ACT2 18SrRNA 

8  18SrRNA UBI   RP-L27P 18SrRNA   UBI UBI   ACT UBI   ACT RP-L27P 

 
 
 
NormFinder software identifies the gene 
expression stability among a set of candidate 
reference genes (Andersen et al., 2004). It ranks 
average expression stability values and the lower 
value has the greater stability. The data showed 
that TUB-b2 was the most stable reference gene 
across total sample group, the developmental 
stage group and phytohormone-treated group, 
while EF1α was the most stable across the 
different genotype sample group and GAPDH was 
the most stable across the tissue sample group 
(Table 2).  

To further confirm the gene expression stability, 
BestKeeper software was used. This software 
was based on standard deviation (SD), coefficient 
of variance (CV) and coefficient of correlation (r) 
to the BestKeeper index (BI) (Pfaffl et al., 2004). 
The ranking of the eight candidate reference 
genes by BestKeeper are presented in Table 2. 
Compared with results from geNorm and 
NormFinder, BestKeeper showed a weak 
difference (TUB-b2 emerged as the most suitable 
reference genes in tissue samples), which may 
have   been   caused   by   the   distinct  statistical 

algorithms of different softwares. The results 
confirmed that EF1α, TUB-b2 and GAPDH were 
the three most reference genes due to the lowest 
SD values (0.91, 0.85, 0.89) and the highest r 
coefficient (0.912, 0.928, 0.900) (supplementary 
material). 

In this study, the results showed that no single 
universal reference gene and program could 
provide the optimal reference genes under all of 
the experimental conditions. Therefore, we 
recommend that researchers select many 
candidate reference genes and interested 
computer-assisted reference gene selection using 
multiple programs. Additionally, in the previous 
papers, the studies showed that the different 
experimental conditional may affect the 
expression levels of reference genes, even within 
the same species (Gubern et al., 2009; Small et 
al., 2008; Van Hiel et al., 2009). In our study, the 
results showed that fruit developmental stage 
samples have an effect for the performance of 
candidate reference genes (data not shown). 
Therefore, researchers need to be cautious in 
validating the  reference  genes   used   in   every 

study. 

 
 
Conclusion 

 
In summary, EF1α, TUB-b2 and GAPDH were 
consistently identified as the most stable 
reference genes across all experimental 
conditions tested in pear fruit by geNorm, 
NormFinder and BestKeeper analyses. The same 
genes have been reported as stable reference 
genes in other species, such as EF1α in 
cucumber (Wan et al., 2010), TUB-b2 in 
Bupleurum chinense (Dong et al., 2010) and 
GAPDH in "Swingle" citrumelo (Carvalho et al., 
2010). In pear fruits, EF1α and TUB-b2 were the 
most stable reference genes across the different 
genotypes samples. GAPDH and EF1α were the 
most stable reference genes across the different 
tissues samples. For developmental stage 
samples and phytohormone-treated samples, 
TUB-b2 and GAPDH were the most stable 
reference genes. 
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