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Abstract

Global warming has dominated worldwide climate change trends, and adaptability to high temperatures is the main
factor underlying the spread of the pest Calliptamus italicus in Xinjiang Province, China. However, knowledge about
the molecular mechanisms responsible for this adaptability and other related biological properties of C. italicus
remain relatively unclear. Real-time quantitative polymerase chain reaction (RT-qPCR) is a key tool for gene
expression analysis associated with various biological processes. Reference genes are necessary for normalizing
gene expression levels across samples taken from specific experimental conditions. In this study, transcript level
of five genes (GAPDH, 18S, TUB, ACT, and EF1a), commonly used as reference genes, were evaluated under nine
different temperatures (27, 30, 33, 36, 39, 42, 45, 48, and 51°C) to assess their expression stability and further select
the most suitable to be used on normalization of target gene expression data. Gene expression profiles were
analyzed using geNorm, NormFinder, and BestKeeper software packages.The combined results demonstrated that
the best-ranked reference genes for C. italicus are EF1a, GAPDH, and ACT under different thermal stress conditions.
This is the first study that assesses gene expression analysis across a range of temperatures to select the most
appropriate reference genes for RT-qPCR data normalization in C. italicus. These results should assist target gene

expression analysis associated with heat stress in C. jtalicus.
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Calliptamus italicus is a pest that occasionally has a substantial impact
on crops (Blanchet et al. 2010). Global air temperatures have risen by
0.6°C in the past 100 yr, and this trend is expected to persist into the fu-
ture (Walther et al. 2002, Rogel;j et al. 2016). Notably, insects are highly
sensitivity to high environmental temperatures (Wang et al. 2014,
Nishide et al. 2015, Warren et al. 2018), and community responses to
global warming will likely retain strong physiological signals (Hamblin
et al. 2017). Calliptamus italicus is found in Xinjiang Province, China,
especially in Chapchal County, Yili State, and it is one of the predom-
inant insect species throughout the province. Calliptamus italicus has
caused substantial damage to grassland ecosystems (Xu et al. 2019). It
is possible that there should be some physiological change in C. italicus
as a consequence of global warming. Therefore, elucidating the mech-
anisms of physiological and stress adaptation to thermal conditions for
the species is important (Wang et al. 2014), including the expression of
key genes associated with adaptation to thermal conditions.

Gene expression studies yield important insights on physiological
responses and assist in the interpretation of other research. Real-
time quantitative polymerase chain reaction (RT-qPCR) methods

have become a most widely applied technology for studying gene
expression levels (Livak and Schmittgen 2001). These methods are
relatively accurate, fast, easy-to-use, and sensitive, thereby enabling
the monitoring of gene transcription (Heid et al. 1996, Wang et al.
2014). However, the means of executing the precise quantification of
template nucleic acid is a central problem in the analysis of gene tran-
scription. There are numerous critical components in the workflow
that need to be accounted for in order to reach biologically mean-
ingful and trustworthy conclusions (Derveaux et al. 2010, Aggarwal
et al. 2018). Generally, the most common approach to normalizing
data from gene expression experiments is to use reference genes as
internal controls (Ye et al. 2018). Accordingly, it is crucial that an
appropriate reference gene is chosen (Radonic et al. 2004, Zhao
et al. 2019). The ideal reference gene should not be regulated or
influenced by experimental conditions. However, there has not yet
been discovered a reference gene with universally stable expression
across all experimental conditions (Yang et al. 2014b). Usually, ref-
erence genes, such as glyceralde-hyde-3-phosphate dehydrogenase
(GAPDH), the 18S ribosomal RNA (188) subunit, a -tubulin (TUB),
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and actin (ACT) (Nicot et al. 2005, Zhao et al. 2019), are selected g
for normalization of gene expression. %
Although, a previous study has already demonstrated the most g 2 I 2 3z g
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gene profile studies in Locusta migratoria, e.g., EFla, Hsp70, and = A 5 s 2 2
RPL32 (Yang et al. 2014a), there have been no systematic screenings R = > > >
of reference genes across different temperatures for C. italicus. In
this study, we selected five candidate reference genes (GAPDH, 188, _ '% @
TUB, ACT, and EF1a) and analyzed their expression stability across " 'é g § . & %
nine different temperatures. The geNorm (Vandesompele et al. © g oy s 8 & A::; é
2002), NormFinder (Andersen et al. 2004), and BestKeeper (Pfaffl g 2 gb A::j E E <ZC - S
et al. 2004) statistical software programs were used to assess which =R % g £ - g - ‘é = EE
gene among GAPDH, 18S, TUB, ACT, and EFla were the most ,5 £ = 3 ERENERE: £ 5=
: . 8 |2y ®E5828cEegl
stable and therefore represents the best choice for normalizing data g &g 2 g &8 § 2 § g £ = g 4;
in gene expression studies of C. italicus (Orthoptera: Acrididae). o © seF 0O O » OO
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Temperature Stress S
Adult C. italicus individuals were collected in the field (Chapchal 2 T I Y =
County, Yili State, Xinjiang Province, China) in July 2018 and g 2 ‘i C+>| o ‘i <
brought to the laboratory, where they were reared without food for § A @ 2 g ¥ =
one day at 27°C (the standard rearing temperature for the species) © ©~ s 2 9 ¢
under a 10-h photoperiod cycle and prepared for the temperature
stress assay. 8
Healthy C. italicus were randomly divided into nine experimental ;‘j % © ©
groups, each containing 30 individuals. Nine artificial climate boxes EU =~ -T2 8 =
were used to control temperature, and C. italicus were exposed to
nine different temperatures (27, 30, 33, 36, 39, 42,45, 48, and 51°C; o
Li et al. 2015) under light. After a 2-h exposure, live C. italicus indi- g 54‘;
viduals were placed into liquid nitrogen for 2 h and stored at -80°C § g
until RNA extraction. éb 2| {28 8 R
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perature were used in this study, and there were three C. italicus
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Total RNA Extraction and cDNA Synthesis g 5

Total RNA was isolated from 30 mg of three C. italicus individual

tissue homogenates by using liquid nitrogen in a mortar and pestle. - S ~
The RNeasy mini kit (Qiagen, Hilden, Germany) was used to extract O . % = 5 &C:‘ :E
total RNA according to the manufacturer’s protocol, and RNA was % 5 8 8 5 %:) ICRe) 8 i~
subsequently purified with the RNase-Free DNase Set (Qiagen) to E 8 5 :E & 5 5 5 < 8
.. . . FE<EO0=90
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are described in Table 1. Primers were designed using PrimerSelect L& o Ho< & =
software (DNASTAR, Inc., Madison, WI) based on the GenBank = T
sequences. Primer specificity was verified by checking the PCR prod- % g g - 2 =
ucts via 1% agarose gel electrophoresis (Supp File 1 [online only]). el 3S < 4 K S‘.:J =2


http://academic.oup.com/jinsectscience/article-lookup/doi/10.1093/jisesa/iez104#supplementary-data

Journal of Insect Science, 2019, Vol. 19, No. 6

Melt curves were generated based on temperatures ranging from 65
to 95°C to check the specificity of the reactions.

RT-gPCR Assay

LightCycler 480 SYBR Green I Master (Roche, Basel, Switzerland)
on the LightCycler 96 System (Roche) was used for RT-qPCR.
Each 20-pl reaction consisted of 10 pul of LightCycler 480 SYBR
Green I Master (2x concentration), 1 pl of cDNA template, 0.3 pl
of 10 umol/liter forward and reverse primers each, and 8.4 pl of
nuclease-free water. Reactions were conducted at 95°C for 10 s as an
initial denaturation step, followed by 40 cycles of 95°C for 5 s, 60°C
for 30 s, and 72°C for 15 s. Three technical replicates were analyzed
for each biological sample.

The primers’ regression coefficients (R*) and efficiencies of
amplification (E) were determined based on the standard curves,
which were constructed by amplifications of a series of six 10-fold
dilutions of ¢cDNA, and E was calculated for each primer pair by
determining the slopes of the standard curves following the equation
E(100%) = (1057 _ 1) x 100. The performance of each primer
set was assessed according to E and R? values (Table 1). Primer spe-
cificity was verified using a melt curve analysis. The coefficient of
variation (CV) was calculated following the equation CV (%) = (SD/
mean) x 100% (Radonic et al. 2004).

Data Analysis of Reference Gene Expression

Stability

The expression stabilities of the five reference genes across the
different temperature treatments were evaluated using three algo-
rithms: geNorm (Vandesompele et al. 2002), NormFinder (Andersen
et al. 2004), and BestKeeper (Pfaffl et al. 2004). For the geNorm and
NormFinder algorithms for analyses, the raw Cq values were con-
verted into relative quantities using the formula 2724 (ACq = [each
sample Cq value] - [the lowest Cq value]). For the BestKeeper ana-
lysis, the average Cq values from each sample were directly used (Ye
et al. 2018, Zhao et al. 2019).

NormFinder

NormFinder evaluates the expression stability of candidate reference
genes on the basis of intra- and inter-group comparisons for each
reference gene. The high-expression stability of this gene is reflected
in a low stability value (SV) (Andersen et al. 2004).

geNorm

Similarly, geNorm calculates the expression stability of a candidate ref-
erence gene according to stability value (M). Lower M values represent
stable candidate reference genes, while higher values reflect less stable
genes. In addition, geNorm also evaluates pairwise variation values (V),
which determines the lowest number of reference genes needed for ac-
curate normalization (Vandesompele et al. 2002, St-Pierre et al. 2017).

BestKeeper

BestKeeper determines the best reference genes based on standard
deviation (SD), Pearson correlation coefficient (r), and coefficient
of variation (CV) for the Cg data of all candidate genes. The most
stable gene has the lowest SD and CV values. The range of variation
in SD should be below 1 (Sarker et al. 2018, Ye et al. 2018).
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Fig. 1. Amplification curves and standard curves for the five housekeeping
genes.
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Results

Primer Specificity and Expression Profiling Analysis

of Reference Genes

Gene-specific amplification was confirmed by a melt curve analysis
(Supp File 2 [online only]). The melt curves for all genes demonstrated
a single peak confirming gene-specific amplification. Agarose gel elec-
trophoresis revealed a single band for all amplified genes (Supp File
1 [online only]). The primers’ regression coefficients (R*) and PCR
amplification efficiencies (E) were determined based on the standard
curves, showing that R* values exceeded 0.99, and E ranged from
95 to 116%; the amplification curves were also visibly regular and
smooth (Fig. 1). The overall variability of expression for the five can-
didate reference genes (TUB, 18S, ACT, GAPDH, and EFla) was
studied across nine different temperatures based on an analysis of the
raw Cq and SD values (Fig. 2, Table 1). The minimum Cgq value of the
five reference genes was 15.68 for 188, indicating it had highest ex-
pression abundance, whereas the maximum value was 30.56 for TUB,
indicating that it had the lowest expression abundance (Table 1). The
CVs for GAPDH, EFla, TUB, ACT, and 18S were 5.51, 3.25, 9.28,
2.20, and 3.24%, respectively, corresponding to a compact Cq value
distribution (Fig. 2), with 18S having the lowest variance in Cq value.

Expression Stability of Candidate Reference Genes

To evaluate the expression stability of reference genes, the geNorm,
BestKeeper, and NormFinder algorithms were used, and the results
are described as follows.

geNorm Analysis

The expression stability (M) of each candidate reference gene across
the different tested RNA samples was calculated using geNorm
(Vandesompele et al. 2002). The genes with the lowest M-values
have the most stable expression, and stepwise exclusion of the genes
with the highest M-values can, thus, be used to identify combinations
of genes with the highest stability. Otherwise, the geNorm algorithm

also calculates the average pairwise variation V (V ) to determine
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Fig. 2. Expression levels of candidate reference genes across different
temperature. Distribution of the Cq values obtained for the five housekeeping
genes in Calliptamus italicus across nine different temperatures. The boxes
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conditions using geNorm software. (A) The gene with the lowest geNorm
M-value (<1.5) is considered to have the most stable expression. (B) Pairwise
variation (V/V ) was calculated between the normalization factors NF,
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normalization.
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Fig. 4. Evaluation of stability of candidate reference gene expression under
different experimental temperature conditions using NormFinder software.
The gene with the lowest NormFinder stability value is considered to have
the most stable expression.

When V< 0.15, at least the 7 + 1 best reference genes are neces-
sary for normalization. In this study, EF1a was predicted to be the
most stable gene by geNorm, based on its lowest M-value (1.333),
whereas ACT and GAPDH were found to be least stable, with
M-values of 1.457 and 1.475, respectively. However, 18S and TUB
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Table 2. Descriptive statistics of five candidate reference genes across the nine different temperatures based on BestKeeper analysis results

Parameters Gene
188 GAPDH TUB ACT EF1

Geometric mean [CP] 15.67 17.82 30.45 22.26 20.59
Arithmetic mean [CP] 15.68 17.83 30.57 22.28 20.60
Min [CP] 14.26 16.17 27.17 20.68 19.31
Max [CP] 16.92 20.39 36.30 24.41 22.43
SD [+ CP] 0.61 0.80 2.27 0.70 0.76
CV [% CP] 3.91 4.49 7.43 3.12 3.71

had variable expression stabilities across the nine different tempera-
ture as demonstrated by their M-values >1.5 (Fig. 3A).

For different temperatures, the recommended optimal numbers
of reference genes are shown in Fig. 3B. The V,, and V,, values
were 0.076 and 0.062, respectively, suggesting that the normaliza-
tion factor should preferably contain three reference genes (Fig. 3B).

NormFinder Analysis

NormFinder analysis assessed the stability value (SV) of each candidate
reference gene, with the lowest SV indicating the highest gene expres-
sion stability. In this research, the stability ranking results under tem-
perature stress were similar to those of the geNorm analysis. EF1a was
the most stable gene, and TUB was the least stable gene across tempera-
ture treatments (Fig. 4). Similarly, expression of ACT was more stable
than that of GAPDH, in accord with the geNorm analysis results.

BestKeeper Analysis

The BestKeeper analysis results summarized in Table 2 indicate that
the most stable reference genes were ACT (CV = SD, 3.12 = 0.70)
and EFla (CV = SD, 3.71 = 0.76) for different temperatures.

Discussion

Quantitative gene expression analysis across different experimental
conditions is necessary for the proper functional analysis of target
genes. Further, RT-qPCR is a powerful method to measure gene ex-
pression (Pfaffl 2001). However, the accuracy of RT-qPCR in dif-
ferent experimental conditions or species depends strongly on the
stability of the reference genes used (Hildyard et al. 2019, Zhao et al.
2019). The ideal reference gene should therefore be stably expressed
across a variety of experimental conditions. However, an optimally
stable reference gene that meets this criterion across all conditions is
almost nonexistent. For example, previous studies across the family
Acrididae have shown considerable instability across references
genes. The three classical housekeeping genes 185, GAPDH, and f-
actin were influenced by hypobaric hypoxia (Zhao et al. 2012). For
adult desert locust brain tissue, the most preferred reference genes
were GAPDH, Ubi, and EFla, but for fifth-instar nymph brain
tissue, RP49, EF1a, and ACT have been preferentially recommended
as reference genes (Van Hiel et al. 2009). Thus, preliminary experi-
ments are necessary to find appropriate reference genes or gene com-
binations with stable expression across all experimental conditions
(Derveaux et al. 2010, Ye et al. 2018).

In this study, five commonly used reference genes (18S, TUB,
EFla, GAPDH, and ACT) were selected as candidate reference
genes for analyses across nine different temperatures. Because this
selection of an algorithm for the calculation of the stability of ref-
erence genes is inadequate, different analytical approaches based on
the geNorm, NormFinder, and BestKeeper algorithms were used.

EFlais a key protein involved in the elongation cycle of protein
biosynthesis, and it is also commonly used as an internal control

for normalization for different experiments in insects (Ma et al.
2016, Xu et al. 2017). Similarly, our geNorm and NormFinder
algorithm results also show that EF1a was the most stable of the
candidate reference genes. Otherwise, based on the geNorm al-
gorithm evaluation, ACT was recommended as the second most
stable reference gene across different temperature conditions, in
agreement with the NormFinder algorithm. However, there was
little disagreement with the BestKeeper algorithm results, as
EFla was chosen as the second ranked reference gene and ACT
as the most stable gene. Minimal changes in target gene expres-
sion can be masked by the overrepresentation of a reference gene
(Raaijmakers et al. 2002, Yang et al. 2018). Although 18S was
chosen as the third most stable reference gene, it has a small Cq
value (15.68 = 0.51, Fig. 1, Table 1); therefore, it is not an optimal
reference gene. Notably, the geNorm algorithm was employed to
evaluate the optimal number of genes for normalization across
different temperatures. Our results showed that all reference genes
and V., that

/3 3/4
were <0.15, which indicated that an optimal number of reference

expressed mean pairwise variation values of V,

genes for normalization in this experiment condition would, there-
fore, be three. However, although three is the optimal number for
calibration in the normalization process, which would make the
gene expression profiling more accurate, this is not an absolute
standard (Vandesompele et al. 2002). TUB is a common reference
gene, and it showed the best stability under various thermal stress
conditions in Bemisia tabaci (Dai et al. 2017), but in our study,
TUB was the least stable according to geNorm, NormFinder, and
BestKeeper algorithms in C. italicus.

This study is the first to systematically analyze reference genes
across different temperatures in this species. The most appropriate
reference gene in C. italicus is EF1a, but GAPDH and ACT can also
be effectively utilized if two normalization genes are needed. These
results will enable more accurate quantification of gene expression
levels in C. italicus across different temperatures.

Supplementary Data

Supplementary data are available at Journal of Insect Science online.

Acknowledgments

This study was funded by Scientific Research Program of the Higher Educa-
tion Institution of Xinfiang (Grant no.: XJEDU20141028) and Open Project
of Key Laboratory Xinjiang Special Species Diversity application and Regula-
tory Biology (Grant no.: XJTSWZ2017-02).

References Cited

Aggarwal, A., M. Jamwal, G. K. Viswanathan, P. Sharma, M. S. Sachdeva,
D. Bansal, P. Malhotra, and R. Das. 2018. Optimal reference gene se-
lection for expression studies in human reticulocytes. J. Mol. Diagn. 20:
326-333.



Journal of Insect Science, 2019, Vol. 19, No. 6

Andersen, C. L., J. L. Jensen, and T. F. Orntoft. 2004. Normalization of real-
time quantitative reverse transcription-PCR data: a model-based variance
estimation approach to identify genes suited for normalization, applied to
bladder and colon cancer data sets. Cancer Res. 64: 5245-5250.

Blanchet, E., C. Pages, L. Blondin, C. Billot, R. Rivallan, J. Vassal, M. Lecoq,
and A. Risterucci. 2010. Isolation of microsatellite markers in the
Calliptamus genus (Orthoptera, Acrididae). J. Insect Sci. 10: 133.

Dai, T. M., Z. C. Lii, W. X. Liu, and F. H. Wan. 2017. Selection and validation
of reference genes for qRT-PCR analysis during biological invasions: the
thermal adaptability of Bemisia tabaci MED. PLoS One. 12: ¢0173821.

Derveaux, S., ]J. Vandesompele, and J. Hellemans. 2010. How to do successful
gene expression analysis using real-time PCR. Methods. 50: 227-230.

Hamblin, A. L., E. Youngsteadt, M. M. Lopez-Uribe and S. D. Frank. 2017.
Physiological thermal limits predict differential responses of bees to urban
heat-island effects. Biol Lett. 13: 20170125.

Heid, C. A., ]. Stevens, K. J. Livak, and P. M. Williams. 1996. Real time quan-
titative PCR. Genome Res. 6: 986-994.

Hildyard, J. C. W., A. M. Finch, and D. J. Wells. 2019. Identification of qPCR
reference genes suitable for normalizing gene expression in the mdx mouse
model of Duchenne muscular dystrophy. PLoS One. 14: €¢0211384.

Li, S., D. M. Wang, J. Li, H. X. Hu, and R. Ji. 2015. Differences in heat toler-
ance and physio-biochemical mechanisms between adult female and male
Calliptamus italicus (Orthopera:Acrididae). Chin. J. Appl. Entomol. 52(4):
960-967.

Livak, K. J., and T. D. Schmittgen. 2001. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Delta C(T))
Method. Methods. 25: 402-408.

Ma, K. S, E Li, P. Z. Liang, X. W. Chen, Y. Liu and X. W. Gao. 2016.
Identification and validation of reference genes for the normalization of
gene expression data in qRT-PCR analysis in Aphis gossypii (Hemiptera:
Aphididae). J Insect Sci. 16. pii: 17.

Nicot, N., J. F. Hausman, L. Hoffmann, and D. Evers. 2005. Housekeeping
gene selection for real-time RT-PCR normalization in potato during biotic
and abiotic stress. J. Exp. Bot. 56: 2907-2914.

Nishide, Y., S. Tanaka, and S. Saeki. 2015. Adaptive difference in daily
timing of hatch in two locust species, Schistocerca gregaria and Locusta
migratoria: the effects of thermocycles and phase polyphenism. J. Insect
Physiol. 72: 79-87.

Pfaffl, M. W. 2001. A new mathematical model for relative quantification in
real-time RT-PCR. Nucleic Acids Res. 29: e45.

Pfaffl, M. W., A. Tichopad, C. Prgomet, and T. P. Neuvians. 2004.
Determination of stable housekeeping genes, differentially regulated target
genes and sample integrity: bestKeeper—Excel-based tool using pair-wise
correlations. Biotechnol. Lett. 26: 509-515.

Raaijmakers, M. H., L. van Emst, T. de Witte, E. Mensink, and R. A. Raymakers.
2002. Quantitative assessment of gene expression in highly purified hem-
atopoietic cells using real-time reverse transcriptase polymerase chain re-
action. Exp. Hematol. 30: 481-487.

Radonié, A., S. Thulke, I. M. Mackay, O. Landt, W. Siegert, and A. Nitsche.
2004. Guideline to reference gene selection for quantitative real-time PCR.
Biochem. Biophys. Res. Commun. 313: 856-862.

Rogelj, J., M. den Elzen, N. Hohne, T. Fransen, H. Fekete, H. Winkler,
R. Schaeffer, F. Sha, K. Riahi, and M. Meinshausen. 2016. Paris Agreement
climate proposals need a boost to keep warming well below 2 °C. Nature.
534: 631-639.

Sarker, N., J. Fabijan, R. D. Emes, F. Hemmatzadeh, J. Meers, J. Moreton,
H. Owen, J. M. Seddon, G. Simmons, N. Speight, et al. 2018.
Identification of stable reference genes for quantitative PCR in koalas.
Sci. Rep. 8: 3364.

St-Pierre, J., J. C. Grégoire, and C. Vaillancourt. 2017. A simple method to as-
sess group difference in RT-qPCR reference gene selection using GeNorm:
the case of the placental sex. Sci. Rep. 7: 16923.

Van Hiel, M. B., P. Van Wielendaele, L. Temmerman, S. Van Soest,
K. Vuerinckx, R. Huybrechts, J. V. Broeck, and G. Simonet. 2009.
Identification and validation of housekeeping genes in brains of the desert
locust Schistocerca gregaria under different developmental conditions.
BMC Mol. Biol. 10: 56.

Vandesompele, J., K. De Preter, F. Pattyn, B. Poppe, N. Van Roy, A. De Paepe
and F. Speleman. 2002. Accurate normalization of real-time quantitative
RT-PCR data by geometric averaging of multiple internal control genes.
Genome Biol 3: RESEARCH0034.

Walther, G. R., E. Post, P. Convey, A. Menzel, C. Parmesan, T. J. Beebee,
J. M. Fromentin, O. Hoegh-Guldberg, and F. Bairlein. 2002. Ecological
responses to recent climate change. Nature. 416: 389-395.

‘Wang, H., Y. Fang, L. Wang, W. Zhu, H. Ji, H. Wang, S. Xu, and Y. Sima. 2014.
Transcriptome analysis of the Bombyx mori fat body after constant high
temperature treatment shows differences between the sexes. Mol. Biol.
Rep. 41: 6039-6049.

Warren, R., J. Price, E. Graham, N. Forstenhaeusler, and J. VanDerWal. 2018.
The projected effect on insects, vertebrates, and plants of limiting global
warming to 1.5°C rather than 2°C. Science. 360: 791-795.

Xu, J., M. X. Lu, Y. D. Cui, and Y. Z. Du. 2017. Selection and evaluation of ref-
erence genes for expression analysis using QRT-PCR in Chilo suppressalis
(Lepidoptera: Pyralidae). J. Econ. Entomol. 110: 683-691.

Xu, Y.,]. W. Mai, B. J. Yu, H. X. Hu, L. Yuan, R. Jashenko, and R. Ji. 2019. Study
on the genetic differentiation of geographic populations of Calliptamus
italicus (Orthoptera: Acrididae) in sino-kazakh border areas based on mito-
chondrial COI and COII genes. J. Econ. Entomol. 112: 1912-1919.

Yang, Q., Z. Li, J. Cao, S. Zhang, H. Zhang, X. Wu, Q. Zhang and X. Liu.
2014a. Selection and assessment of reference genes for quantitative PCR
normalization in migratory locust Locusta migratoria (Orthoptera:
Acrididae). PLoS One 9: ¢98164.

Yang, Q., J. Yin, G. Li, L. Qi, F. Yang, R. Wang, and G. Li. 2014b. Reference
gene selection for qRT-PCR in Caragana korshinskii Kom. under different
stress conditions. Mol. Biol. Rep. 41: 2325-2334.

Yang, X., H. Pan, L. Yuan, and X. Zhou. 2018. Reference gene selection for
RT-qPCR analysis in Harmonia axyridis, a global invasive lady beetle. Sci.
Rep. 8: 2689.

Ye, J., C. E. Jin, N. Li, M. H. Liu, Z. X. Fei, L. Z. Dong, L. Li, and Z. Q. Li.
2018. Selection of suitable reference genes for qRT-PCR normalisation
under different experimental conditions in Eucommia ulmoides Oliv. Sci.
Rep. 8: 15043.

Zhao, D. J., K. Guo, and L. Kang. 2012. Identification of condition-specific
reference genes from microarray data for locusts exposed to hypobaric
hypoxia. FEBS Open Bio. 2: 235-240.

Zhao, Z., L. Wang, D. Yue, B. Ye, P. Li, B. Zhang, and Q. Fan. 2019.
Evaluation of reference genes for normalization of RT-qPCR gene expres-
sion data for Trichoplusia ni cells during Antheraea pernyi (Lepidoptera:
Saturniidae) multicapsid nucleopolyhedrovirus (AnpeNPV) infection. J.
Insect Sci. 19: 1-9.



