Evaluation of Endogenous Reference Genes of
Bactrocera (Tetradacus) minax by Gene Expression
Profiling under Various Experimental Conditions
Authors: Lü, Zhi-Chuang, Wang, Liu-Hao, Dai, Rui-Lin, Zhang, GuiFen, Guo, Jian-Ying, et al.
Source: Florida Entomologist, 97(2) : 597-604
Published By: Florida Entomological Society
URL: https://doi.org/10.1653/024.097.0235

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.
Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.
Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/Florida-Entomologist on 19 Jan 2021
Terms of Use: https://complete.bioone.org/terms-of-use

Lü et al.: Evaluation of Endogenous Reference Genes

597

Evaluation of endogenous reference GENES of Bactrocera
(Tetradacus) minax BY gene expression profiling under
VARIOUS experimental conditions
Zhi-Chuang Lü1, Liu-Hao Wang1,3, Rui-Lin Dai1, Gui-Fen Zhang1, Jian-Ying Guo1,2 and Fang-Hao Wan1,2,*
1
State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Science, Beijing 100081, China
2

Center for Management of Invasive Alien Species, Ministry of Agriculture, Beijing 100081, China

3

Department of Entomology, Henan Institute of Science and Technology, Xinxiang 453003, Henan Province, China
*Corresponding author; E-mail: wanfanghao@caas.cn
Abstract
Quantitative real-time reverse transcription polymerase chain reaction (RT-qPCR) is widely
used for gene expression analysis in living organisms, and stably expressed endogenous
reference genes are needed to obtain accurate results. Some commonly used reference genes
varied among different experimental treatments. To obtain suitable reference gene for specific experimental conditions, the stability of 10 reference genes of Bactrocera (Tetradacus)
minax (Enderlein) were evaluated in various development stages, and under temperatureand γ-irradiation-stress conditions by semi-quantitative PCR. The present results indicated
that the most stable candidate reference gene was RPL32 in eggs, 3rd instars, 1-, 90- and
160-day-pupae and newly emerged female and male adults (< 24 h), and under different
stress conditions, i.e., 35 °C temperature stress for 0 h, 1 h, 3 h and 5 h, and 4 °C temperature stress for 0 h, 12 h, 36 h, 48 h and 60 h. GAPDH, G6PDH and RPL32 were ideal candidate endogenous genes under 35 °C temperature stress for 0 h, 1 h, 3 h and 5 h, and under
4 °C temperature stress for 0 h, 12 h, 36 h, 48 h and 60 h, and under a Γ irradiation stress
of 90 Gy. These results provide basic information for future studies of gene expression in B.
minax, and should serve as a resource to screen reference genes for gene expression studies
in other insect species.
Key Words: Chinese citrus fruit fly; developmental stages; PCR primer sequence reference
gene; stable expression; γ-irradiation, temperature stress
Resumen
La transcripción inversa de la reacción de la polimerasa en cadena (RT-qPCR) cuantitativa en tiempo real es ampliamente utilizada para el análisis de la expresión de genes en
los organismos vivos, y los genes de referencia endógenos expresados de forma estable son
necesarios para obtener resultados precisos. Algunos de los genes de referencia utilizados
variaron entre los diferentes tratamientos experimentales. Para obtener genes de referencia
adecuados para condiciones experimentales específicas, la estabilidad de 10 genes de referencia de Bactrocera (Tetradacus) minax (Enderlein) fueron evaluados en diferentes estadios
de desarrollo, y bajo temperaturas y condiciones de estrés por irradiación-γ por medio del
método de PCR semi - cuantitativo. Los resultados indican que el candidato del gene de
referencia más estable fue RPL32 en los huevos, tercer estadios, pupas de 1, 9 y 160 dias
y adultos recién emergidos de ambos sexos (< 24 h) y bajo diferentes condiciones de estrés,
como el estrés por temperatura de 35 °C durante 0 h, 1 h, 3 h y 5 h, y el estrés de temperatura de 4 °C durante 0 h, 12 h, 36 h, 48 h y 60 h. Los GAPDH, G6PDH y RPL32 fueron
candidatos ideales de genes endógenos bajo estrés de temperatura de 35 °C durante 0 h, 1 h,
3 h y 5 h, y bajo 4 °C de estrés de temperatura por 0 h, 12 h, 36 h, 48 h y 60 h y bajo estrés
de irradiación- Γ 90 Gy. Estos resultados proveen información básica para estudios futuros
de expresión de genes en B. minax y estos servirán como un recurso para detectar genes de
referencia para los estudios de expresión de genes en otras especies de insectos.
Palabras Clave: Mosca china de la fruta de cítricos; estadios de desarrollo; gene de referencia
de secuencia del cebador de PCR, expresión estable; irradiación-γ, estrés térmico
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Quantitative real-time PCR (qRT-PCR) is sensitive, accurate, reproducible and quantitative
(Ginzinger 2002; Bustin et al. 2005; Kubista et
al. 2006; Van Guilder et al. 2008), and has been
widely used in gene expression analysis to provide insight into complex biological processes
(Hong et al. 2008). Although qRT-PCR is a powerful tool in gene expression analysis, data analysis and subsequent interpretation, there are still
some limitations in this assay, such as variations
in transcription and amplification efficiencies
among different samples (Thellin et al. 1999;
Suzuki et al. 2000; Pfaffl et al. 2004; Bustin et
al. 2005). Therefore, it is necessary to normalize
gene expression analysis data when qRT-PCR is
used in assays. A common technique for normalization data in qRT-PCR is to use reliable reference genes in the same samples in parallel (Shen
et al. 2000; Tunbridge et al. 2011; Li et al. 2013).
Housekeeping genes, such as α-TUB
(α-Tubulin), β-actin (Beta actin), 18s rRNA (18S
ribosomal RNA), 28s rRNA (28S ribosomal RNA),
GAPDH (Glyceraldehyde-3-phosphatedehydrogenase), G6PDH (Glucose-6-phosphate dehydrogenase), β- TUB (Beta-Tubulin), RPL32 (Ribosomal
protein L32), EF1-α (Alpha elongation factor),
ELF1-β (beta elongation factor), are usually used
as endogenous controls for normalization of qRTPCR data, but the reference gene expression levels can differ under different environment conditions (Radonic´ et al. 2004; Li et al. 2013). It is
high unlikely that a single universal reference
gene is suited for all experimental conditions, tissues or cell lines (Thellin et al. 1999; Butte et al.
2001; Vandesompele et al. 2002; Zhou et al. 2006;
Thorrez et al. 2008; Folkersen et al. 2009; Ponton
et al. 2011). So, it is critical to select a consistent
expression reference gene under specific experimental conditions for qRT-PCR data analysis. To
make sure expression of candidate reference gene
occurs at a constant level, each candidate reference gene should be evaluated under specific experimental conditions (Thellin et al. 1999).
Bactrocera (Tetradacus) minax (Enderlein)
(Diptera: Tephritidae), the Chinese citrus fruit
fly, has caused great losses in commercial citrus for more than half a century in China (Wang
& Luyi 1995). A series of control strategies has
been used to manage the pest (Yang et al. 1994;
Wang & Luyi 1995; van Schoubroeck 1999). These
measures cannot effectively reduce population
density. Bactrocera minax has a long pupalperiod – more than 6 months - which hinders mass
rearing. Bactrocera minax has unique dietary
requirements, and just one generation per yr
(van Schoubroeck 1999). Therefore, understanding and breaking diapause is a key prerequisite
for mass rearing, i.e., the production of 2 or more
generations per yr, which would have important
significance in the application of certain new
techniques to control this pest. In addition, adults
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have strong resistance to high temperatures,
whereas the larvae and pupae are strongly resistant to low temperatures. To develop effective
pest control strategies, an understanding of these
resistance mechanisms at the molecular level is
necessary. Elucidation of gene expression profiles
in different development stages and under different stress conditions will help to better understand diapause and resistance mechanisms. The
selection of suitable reference genes is a critical
step for accurate gene expression profile analysis
under different experimental conditions.
To select reference genes with consistent expression under different experimental conditions,
we hypothesized that some reference genes have
consistent expression under specific experimental
conditions. In the present study, the 10 candidate
reference genes (α-Tubulin, β-actin, 18s rRNA,
28s rRNA, GAPDH, G6PDH, β-TUB, RPL32,
EF1-α and ELF1-β) were evaluated in different
development stages, and under various temperature and γ-irradiation-stress conditions by
semi-quantitative PCR. Our aim was to identify
appropriate reference genes to study their gene
expression profiles under different experimental
conditions.
Materials and Methods
Insects

Bactrocera (Tetradacus) Minax eggs were collected in citrus in Zhangjiachong, Cun Jingzhou,
Hubei province in Aug 2011. Eggs in citrus were
held at 26 ± 1 °C and 12:12 h L:D for hatching.
Newly hatched larvae were reared in citrus in the
laboratory. Late third instars left the fruit and
jumped into bottles filled with fine sand with a
moisture content of 10-15%. The third late instars
pupated in the sand and were transferred to 17 ±
1 °C and 12:12 h L:D until adult eclosion.
Candidate Reference Genes

Ten housekeeping genes were selected as candidate reference genes including α-TUB, β-actin,
18s rRNA, 28s rRNA, GAPDH, G6PDH, β- TUB,
RPL32, EF1-α, ELF1-β. Primer 5.0 were used to
design primers for semi-quantitative PCR analysis. The PCR primer sequences used for cloning
target genes and semi-quantitative expression
are shown in Table 1.
Treatment Conditions

Eggs, 3rd instars, 1-, 90- and 160-day-pupae,
and newly emergency female and male adults
(< 24 h) were sampled and subjected to 3 different treatments. Each treatment was replicated 3
times. The 3 treatments were as follows.
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Table 1. Primer sequences used in the cdna cloning and semi-quantitative pcr of Bactrocera (Tetradacus) minax reference genes.
Gene
α-TUB
β-actin
18s rRNA
28srRNA
GAPDH
RPL32
β-TUB
ELF1-β
G6PDH
EF1-α

Primer sequence (5’ 3’)
TTCATGGTTGATAACGAAGC
GCACCAAGTTAGTCTGGAAT
TATCCTCACCCTGAAGTATCCC
TGACAGCACAGCCTGAATGG
GCGAGAGGTGAAATTCTTGG
CGGGTAAGCGACTGAGAGAG
CTGTGGATGAACCAAACGTG
TGTACGCCAGCGGTAATGTA
GACGCCTACAAGCCTGACAT
GTTGAAGCGGGAATGATGTT
CGATTTCTCCGCAGTATTCAC
GCCAGTACCTCATGCCTAACA
TGGTGCCATTTCCTCGTTTA
TGCTCGTCCACTTCCTTCAT
TTCTTCGATTTCTTAGCAGCAT
GGTATCGTCACATTGCGTCA
CGAGCAGGCCATGTATGA
GCGGCAAAGCCAAGTAAA
GGTGTCAACAAGATGGATTC
CCTTCAGCATTACCTTCCTT

High Temperature Stress. A single newly
emerged adult was collected and was placed in
a 1.5 mL centrifuge tube, and was heat-shocked
at each of the 3 time periods (1, 3 and 5 h) in a
climatic incubator at 35 °C. Adults maintained at
26 °C were used as untreated controls.
Low Temperature Stress. Newly emerged
adults were collected and each was placed in a
1.5 mL centrifuge tube. Individually held adults
were heat-shocked at each of the 4 time periods
(12, 36, 48 and 60 h) in a climatic incubator at
4 °C. Adults maintained at 26 °C were used as
untreated controls.
Γ Irradiation Stress.Fourth stage pupae, i.e.,
pupae that would emerge after an additional 2
days, were irradiated with a Co60 machine (No.
0800574, Chengdu Institute of Nuclear Power,
Chengdu, China) at 90 Gy. Non-irradiated pupae
were used as an untreated control.
Extraction of Total RNA and cDNA Synthesis

Total RNA from the samples was extracted using the RNeasy Mini Kit and the RNase-Free Set
(Qiagen, Valencia, California, USA) were used to
remove genomic DNA. The quantity and quality of RNA were assessed by spectrophotometry
(Beckman Du 650 spectrophotometer, Fullerton,
California, USA), where A260/A280 ratios were
typically above 1.8. RNA quality was also evaluated by 1% agarose gel electrophoresis.
Two μg of total RNA was used to synthesize
cDNA using SuperScript® III Reverse Transcrip-

Fragment length (bp)

Reference

178

—

235

—

191

Shen et al. 2010

210

Martinez &Denlinger, 2008

221

Shen et al. 2010

147

—

217

—

226

—

152

—

224

—

tase Kit (Invitrogen Life Technologies, Burlington, Ontario, Canada), following the manufacturer’s instructions. The cDNA was stored at -80 °C
prior to further analysis.
Cloning Sequence Fragments of Endogenous Reference
Genes

Sequence fragments of the 10 candidate endogenous references genes were cloned from B.
minax, respectively. The PCR primer sequences
used for cloning target genes and semi-quantitative expression are shown in Table 1. The amplification volume was 20 µL, including 10× PCR
reaction buffer 2 μL, dNTP Mix (10 mM) 0.4 μL,
Taq polymerase (2.5 U) 0.4 μL, forward primer
(10 μM) 0.8 μL, reverse primer (10 μM) 0.8 μL,
cDNA template 0.4 μL, and ddH2O 15.2 μL. The
PCR cycling conditions were: 94 °C for 5 min, followed by 35 cycles of amplification, each cycle
consisted of 94 °C for 30 s, 58 °C for 30 s, and 72
°C for 1 min. The 35 cycles was followed by a 5
min final extension at 72 °C. Amplification products were all detected electrophoretically on 1.5%
agarose gels. The target band was sliced from the
gel and was purified (High Pure PCR Product
Purification Kit; Shanghai Boya Biotechnological
Ltd., Shanghai, China), ligated, and cloned using
a pGEM®-T Easy vector system (Beijing TianweiShidai Biotechnological Ltd., Beijing, China).
Plasmid DNA was then purified from bacterial
cells (GenEluteTM Plasmid Kits, Beijing TianweiShidai Biotechnological Ltd.), and was se-
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quenced by Shenggong Biotechnological Co. Ltd.,
Shanghai. The sequence obtained was compared
with known sequences by searching the National
Center for Biotechnology Information (NCBI) databases with the BLAST program.
Comparative Expression Levels of Endogenous
Reference Genes Under Different Treatment Conditions

After PCR amplification, the comparative expression levels of 10 candidate endogenous references genes during different stages of development of B. minax were detected on 1.5% agarose
gels by Image Lab 3.0 (Fig. 1).
Data Analysis

Statistical analyses were conducted using
SPSS package (version 13). Prior to all statistical analyses, data were examined for assumptions of normality using Kolmogorov-Smirnov
test. The effects of different development stages
and different stress conditions on endogenous
reference gene expression were analyzed by
the least significant difference (LSD) test after
one-way ANOVA. The results were expressed
as means ± standard errors (mean ± SEM). The
differences were considered significant when P
values were ≤ 0.05.
Results
Comparative Expression Levels of Endogenous
Reference Genes in Various Development Stages

Expression levels of α-TUB, EF1-α and
RPL32 mRNA were not significantly different
in the various development stages (α-TUB:
F6,20 = 2.478, P = 0.076; EF1-α: F6,20 = 1.287, P
= 0.325; RPL32: F6,20 = 2.837, P = 0.051). However significant differences in expression levels
were detected for β-actin, GAPDH, β-TUB, 18s
rRNA, 28s rRNA, ELF1-β and G6PDH mRNA
expression in different development stages of
B. Minax (β-actin: F6,20 = 146.762, P = 0.000;
GAPDH: F6,20 = 15.653, P=0.000; β-TUB: F6,20
= 21.039, P = 0.000; 18s rRNA: F6,20 = 3.438,
P = 0.027; 28s rRNA: F6,20 = 5.453, P = 0.004;
ELF1-β: F6,20 = 3.775, P = 0.019; G6PDH: F6,20 =
7.317, P = 0.001). (Fig. 2).

Fig. 2. Effects of various development stages of Bactrocera (Tetradacus) minax on mRNA expression of 10
reference genes. A: represented the candidate reference
genes. B: represented the differentially regulated genes.
P1, P90 and P160 are 1-day pupa, 90-day pupa and 160day old pupae, respectively. AF and AM are adult females and adult males, respectively. The results were
expressed as means ± SEM. The differences were considered significant when P-values were ≤ 0.05.
Comparative Expression Levels of Endogenous
Reference Genes under High Temperature Stress

There were no significant differences in the
level of β-actin, GAPDH, β-TUB, RPL32, G6PDH
and ELF1-βmRNA expressed under 35 °C high
temperature stress for 0 h, 1 h, 3 h and 5 h (β-actin:
F3,11 = 2.823, P = 0.107; GAPDH: F3,11 = 1.164, P
= 0.382; β-TUB: F3,11 = 0.842, P = 0.508; RPL32:
F3,11 =1.645, P = 0.255; G6PDH: F3,11 = 1.202, P =
0.369; ELF1-β: F3,11 = 2.104, P = 0.178). However
there was a significant difference in α-TUB, 18s
rRNA, 28s rRNA and EF1-α mRNA expression
under different high temperature stress conditions (α-TUB: F3,11 = 7.738, P = 0.009; 18s rRNA:
F3,11 = 22.751, P = 0.000; 28s rRNA: F3,11 = 5.465, P
= 0.024; EF1-α: F3,11 = 5.068, P = 0.030). (Fig. 3).
Comparative Expression Levels of Endogenous
Reference Genes under Low Temperature Stress

Fig. 1. PCR amplification production of candidate
endogenous references genes in Bactrocera (Tetradacus) minax. References genes coded 1-10 were α-TUB,
β-TUB, β-actin, EF1-α, ELF1-β, GAPDH, G6PDH,
RPL32, 18s rRNA and 28s rRNA, respectively.

GAPDH, RPL32 and G6PDH mRNA expression levels were not significantly different at 4
°C for 0 h, 12 h, 36 h, 48 h and 60 h (GAPDH:
F4,14 = 2.738, P = 0.089; RPL32: F4,14 = 0.904, P =
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Fig. 3. Effects of high temperature stress on mRNA
expression of 10 reference genes in Bactrocera (Tetradacus) minax. A: represents the candidate reference
genes. B: represents the differentially regulated genes.
Temperature stress of 35 °C was applied for 1 h, 3 h and
5 h, respectively. The results were expressed as means
± SEM. Differences were considered significant when
P-values were ≤ 0.05.

Fig. 4. Effects of low temperature stress on reference gene mRNA expression in Bactrocera (Tetradacus)
minax. A: represents the candidate reference genes. B:
represents the differentially regulated genes. Temperature stress of 4 °C was applied for 12 h, 36 h, 48 h and
60 h, respectively. The results were expressed as means
± SEM. Differences were considered significant when
P-values were ≤ 0.05.

0.498; G6PDH: F4,14 = 3.423, P = 0.052). There
was a significant difference in mRNA expression
levels of α-TUB, β-actin, 18s rRNA, 28s rRNA,
β-TUB, EF1-α and ELF1-β mRNA at 4 °C for
different time periods (α-TUB: F4,14 = 7.694, P =
0.004; β-actin: F4,14 = 6.189, P = 0.009; 18s rRNA:
F4,14 = 4.929, P = 0.019; 28s rRNA: F4,14 =7 .227, P
= 0.005; β-TUB: F4,14 = 8.526, P = 0.003; EF1-α:
F4,14 = 5.316, P = 0.015; ELF1-β: F4,14 = 4.022, P =
0.034). (Fig. 4).

Discussion

Comparative Expression Levels of Endogenous
Reference Genes under Γ-irradiation Stress Conditions

α-TUB, EF1-α, 18s rRNA and 28s rRNA
mRNA were not differentially expressed under
Γ-irradiation of 90 Gy stress (α-TUB: F = 7.536,
P = 0.013; EF1-α: F = 1.273, P = 0.003; 18s rRNA:
F = 0.787, P = 0.016; 28s rRNA: F = 0.595, P
= 0.018) (Fig. 5). In contrast, β-TUB, β-actin,
ELF1-β, GAPDH, G6PDH and RPL32 were differentially expressed under the Γ-irradiation
stress condition (β-TUB: F = 7.405, P = 0.347;
β-actin: F = 0.352, P = 0.979; ELF1-β: F = 4.996,
P = 0.112; GAPDH: F = 1.714, P = 0.931; G6PDH: F = 4.049, P = 0.081; RPL32: F = 6.330, P
= 0.758).

qRT-PCR has proved to be an accurate and
sensitive method for gene expression analysis (Andersen et al. 2004; Willems et al. 2006; Hoogewijs
et al. 2008; Langnaese et al. 2008; Tatsumi et al.
2008; Bustin et al. 2009; Huis et al. 2010) and to
study developmental processes in biological systems (Exposito-Rodriguez et al. 2008). RT-PCR
data analysis is greatly influenced by the selection
of reference genes (Bustin 2002; Vandesompele
et al. 2002; Gutierrez et al. 2008), and the lack
of stable reference genes can create great risks
of misinterpretation of results (Perez et al. 2008).
Shen et al. (2010) showed that various reference
genes could be affected by different experimental
conditions and result in various expression levels
of the target genes. Therefore, it is critical to use
an appropriate reference gene for expression profiling analysis when using the qRT-PCR technique.
Also, Bustin et al. (2009) showed that normalization was an essential component of a reliable qPCR
assay, and the use of reference genes as internal
controls was the most common method for normalizing data. Bustin et al. (2009) also showed that
reference gene mRNAs should be stably expressed
under certain experiment conditions, and it is nec-
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Fig. 5. Effects of γ irradiation of 90 Gy on mRNA expression of 10 reference genes in Bactrocera (Tetradacus)
minax. The results were expressed as means ± SEM. Differences were considered significant when P-values were
≤ 0.05, and are so indicate by an asterisk (*).

essary to use multiple reference genes to normalize data in qPCR assay. In the present study, we
selected a set of stably expressed genes, and the set
of genes would vary depending on various experimental conditions, including development stage,
stress by different temperatures and γ-irradiation
stress. Our results provide the information on multiple reference genes for normalizing qPCR experiments in B. minax.
In the present study, we searched GenBank
and downloaded 7 commonly used reference
genes sequences (α-TUB, β-actin, RPL32, β-TUB,
ELF1-β, G6PDH and EF1-α) from which we designed primers to amplify target sequences. In
addition, the other 3 reference genes (28srRNA,
18s rRNA and GAPDH) were amplified by using the reported primers sequences (Martinez &
Denlinger 2008; Shen et al. 2010). All 10 reference genes were amplified by the corresponding
sequence fragments from B. minax (Fig. 1). The
ideal reference genes of B. minax during different development stageswere α-TUB, RPL32 and
EF1-α (Fig. 2), and the development stages consisted of eggs, 3rd instars, 1-, 90- and 160-day
old pupae, and newly emerged female and male
adults (< 24 h).
To identify and validate housekeeping genes
in the brains of the desert locust, Schistocerca
gregaria Forsskål (Acrididae) under various developmental conditions, Van Hiel et al. (2009)
reported that EF1-α was one of the most stable
genes in fifth instar and adult locusts. Horňáková
et al. (2010) reported that EF1-α was stably expressed in different life stages of Bombus terrestris (L.) (Apidae) and B. lucorum (L.), and also

suggested that EF1-α may suffice as a normalization gene for use with different life stages of other
bumble bee species. Additionally, it was shown
that EF1-α was one of the ideal reference genes
in response to various abiotic factors in Panonychus citri (Acari: Tetranychidae) (Niu et al. 2012)
and Bemisia tabaci (Gennadius) (Aleyrodidae) (Li
et al. 2013).
Su et al. (2013) showed that α-TUB was a suitable reference gene across developmental stages
of B. tabaci, but that α-TUB showed the highest
variable expression for 3 whitefly organs, i.e., gut,
salivary gland and ovary. In addition, for P. citri,
EF1-α and α-TUB could be the most stable reference genes for normalization in gene expression
studies in various development stages including
the egg, larva, nymph and adult female and male
(Niu et al. 2012). While, α-TUB was detected and
regarded as a suitable reference gene under insecticide stress and bacterium-treatment conditions, α-TUB was not suitable as a reference gene
for different organs in B. tabaci (Su et al. 2013).
In addition, α-TUB was an appropriate reference
gene for gene expression profiling in the midgut,
Malpighian tubules and the fat body of Bactrocera
dorsalis (Hendel) (Tephritidae) for determining
differences between males and females in gene
expression in these tissues (Shen et al. 2010).
Our results showed that β-actin, GAPDH,
β-TUB, RPL32, G6PDH and ELF1-βstably expressed under 35 °C temperature stress for 0 h,
1 h, 3 h and 5 h. Likewise GAPDH, RPL32 and
G6PDH stably expressed under 4 °C low temperature stress. Niu et al. (2012) showed that in P.
citri α-TUB and GAPDH were stably-expressed
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reference genes under various abiotic stress conditions, such as thermal- and UV-irradiation. In
contrast, β-actin had various expression levels
and was an unsuitable reference gene in P. citri
under various abiotic stress conditions. GAPDH
could be regarded as a suitable reference gene
across P. citri developmental stages (Niu et al.
2012), and in B. tabaci under bacterium-treated
conditions (Su et al. 2013). Su et al. (2013) showed
that RPL32 was equally expressed in B. tabaci
salivary glands and in the whole body, and was
a suitable endogenous reference gene in various
organs. However under temperature and insecticide stress conditions, GAPDH was not an ideal
reference gene for B. tabaci (Li et al. 2013). Shen
et al. (2010) showed that β-TUB should be regarded as a candidate reference gene in studying
different tissues and sex gene expression profiling
of B. dorsalis, but that GAPDH and G6PDH expression were variable, and they were unsuitable
reference genes in various tissues and between
the sexes. Scharlaken et al. (2008) showed that
β-actin was stably expressed in the heads of bacterium-challenged honeybees, Apis mellifera, but
β-actin was not stably expressed in fungus-infected Tribolium castaneum (Herbst) (Tenebrionidae)
(Lord et al. 2010). In contrast, Ponton et al. (2011)
showed that GAPDH and RPL32 were unsuitable
reference genes of for Drosophila melanogaster
Meigen (Drosophilidae) under heat shock stress
conditions, whereas 18S could be considered as an
appropriate reference gene under heat-stressed
conditions for D. melanogaster.
We found that many of the candidate reference
genes in B. minax should not be used as default
reference genes because their expression is highly
variable under certain conditions. Our results indicated that the most stable candidate reference
gene was RPL32 in the eggs, 3rd instars, 1-, 90and 160-day-pupae, and newly emerged female
and male adults (< 24 h), and under different
stress conditions, i.e., 35 °C temperature stress
for 0 h, 1 h, 3 h and 5 h, and 4 °C temperature
stress for 0 h, 12 h, 36 h, 48 h and 60 h. GAPDH,
G6PDH and RPL32 were ideal candidate endogenous genes under 35 °C temperature stress for 0
h, 1 h, 3 h and 5 h, and 4 °C temperature stress
for 0 h, 12 h, 36 h, 48 h and 60 h, and under a Γ
irradiation stress of 90 Gy. Our results provided
basic information and candidate reference genes
for further study of gene expression profiles and
gene function in various development stages and
under various temperature stress conditions in B.
minax. Further our results should serve as a resource to screen reference genes for gene expression studies in other insect species.
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