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Screening of reference genes for quantitative real-time PCR in Phauda

flammans ( Walker) ( Lepidoptera: Phaudidae)
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Abstract: This study aims to screen and verify stably expressed genes under given conditions as reference
genes for quantitative real-time PCR ( qRTPCR) in Phauda flammans ( Walker) which can provide the
basis for following experiments on gene quantification of this moth. Based on transcriptomics sequencing
results in P. flammans and reference genes reported in other lepidopteran species 10 genes were selected
as candidate reference genes. Then the primers of qRT-PCR were respectively designed and their
expression levels in different adult tissues ( head thoraxe abdomen leg wing and antenna) sexes and
different developmental stages ( egg larva pupa and adult) were tested by qRTPCR. The expression
stability of candidate genes were evaluated by GeNorm NormFinder and BestKeeper softwares and
RefFinder website. According to the comprehensive rank of RefFinder the expression stability of above ten
candidate reference genes in different adult tissues were TUB2 > GAPDH > TUBI > AK > EFla > ACTIN3 >
TBP > TUB3 > ACTIN2 > RPL32; the expression stability of above candidate reference genes in different
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adult sexes were TUBI > EFla >ACTIN3 > RPL32 > ACTIN2 > TUB2 > AK > GAPDH > TUB3 > TBP; the
expression stability of above candidate reference genes in different developmental stages were ACTIN3 >

TBP >TUBI > EFla > TUB3 > ACTIN2 > GAPDH > RPL32 > TUB2 > AK. Three pairs of genes ( TUB2

and GAPDH TUBI and EFla ACTIN3 and TBP)

gene quantification of different adult tissues

respectively.

were recommended as reference genes to study on the

sexes and developmental stages in P. flammans

Key words: Gene expression; expression stability; GeNorm; NormFinder; BestKeeper; RefFinder
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Table 1 Candidate reference genes analyzed in Phauda flammans
GenBank
Genes Full name of genes GenBank accession No.
ACTIN2 ACTIN MN852474
ACTIN3 ACTIN MN852475
TUBI o a-tubulin MN852477
TUB2 a a-tubulin MN852476
TUB3 8 B-tubulin MN852478
EFla 1-a Elongation factors 1-o MN852479
AK Arginine kinase MN852480
GAPDH 3- Glyceraldehyde3—phosphate dehydrogenase MN852481
RPL32 L32Ribosomal protein 132 MN852482
TBP TATA TATA-binding protein MN928574
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Table 2 Primers for qRT-PCR in Phauda flammans

Genes Primer sequence (5° —3°) Amplicon length ( bp)
ACTIN2 F: AACAAGAAATGGCAACCGCC 114
R: ATAGAGCTTCTGGGCAACGG
ACTIN3 F: TCCTCACAGAGCGTGGTTAC 160
R: CGTCGGGAAGCTCGTAAGAC
TUBI F: GATGCCGACCGACAAGACTA 155
R: ACAACTGCCTGTATGTGCCA
TUB2 F: CAACTACGCACGAGGACACT 130
R: CACCGCCAAACGAGTGAAAC
TUB3 F: GCGAGGGTATGGACGAGATG 155
R: ATCGTGTTGCTCATCTTGCG
EFla F: CCCTGGACACAGAGATTTCATC 108
R: GAGATACCTGCCTCAAACTCAC
AK F: AGCTCATCGACGACCATTTC 113
R: GGTCTTGTTCTCATTGTGGTAGA
GAPDH F: AACTGCCTTGCTCCACTAGC 145
R: GAGCACCACGACCATCTCTC
RPL32 F: GGCGTAAACCCAGAGGTATTG 107
R: CAGCATATGGCGTGTCTTCT
TBP F: GCTCTTACGAACCGGAACTATT 103
R: GCACCTGTTAGCACAACTTTAC
. F . R o Note: F forward primer; R reverse primer.
1.5 ( stability value SV)
10
GeNorm ( Vandesompele et al. Bestkeeper ( Cq)

2002) . Normfinder ( Andersen et al. 2004)
Bestkeeper ( Pfaffl et al. 2004) RefFinder

( https: //www. heartcure. com. au/

( standard deviation SD) .
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( geometric mean GM)

reffinder/) ( Silver SD <1 o
et al. 2016) ; GeNorm RefFinder
(M ) M<1.5 o
M
o 2
GeNorm V",( wil) Vn,( wip) <
0.15 n 2.1
n+1 10
o Normfinder (R?) 0.991 ~ 0.999
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TUBI 0.99%4 0.998
TUB2 1. 136 0.998
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EFla 1. 027 0.998
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Expression levels of candidate reference genes

for different samples in Phauda flammans
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genes as calculated by the geNorm
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Table 4 Expression stability of reference genes of Phauda flammans analyzed by NormFinder

4

NormFinder

mRNA

Tissues Sexes Developmental stages
Genes
Stability value Rank Stability value Rank Stability value Rank
ACTIN2 0. 084 8 0. 060 4 0. 141 8
ACTIN3 0. 086 9 0. 036 2 0.043 1
TUBI 0. 047 3 0.014 1 0. 082 4
TUB2 0. 028 1 0.079 5 0.179 9
TUB3 0. 083 7 0. 159 8 0. 053 3
EFla 0. 053 4 0. 036 2 0. 109 6
AK 0. 056 5 0. 102 7 0.183 10
GAPDH 0. 039 2 0. 082 6 0. 100 5
RPL32 0. 137 10 0. 048 3 0. 134 7
TBP 0.071 6 0. 161 9 0. 050 2
5 Bestkeeper
Table 5 Expression stability of reference genes of Phauda flammans analyzed by Bestkeeper
ACTIN2 ACTIN3 TUBI TUB2 TUB3 EFla AK  GAPDH RPL32 TBP
SD( CP) 0.12 0.21 0.17 0.15 0.17 0.13 0.18 0.27 0.21
(%) CV( CP) 71.87 93.19 81.91 89.17 120.60 88.67 94.57 50.02 71.87 114.76
Tissues GM( CP) 0.11 0.16 0.11 0.05 0.03 0.03 0.30 0.24 0.07
Rank 1 8 5 3 4 2 6 10 7
SD( CP) 0.26 0.25 0.18 0.36 0.26 0.16 0.18 0.24 0.27
(%) CV( CP) 53.47 62.40 64.48 32.37 82.23 51.63 54.62 27.20 55.95 112.64
Sexes GM( CP) 0.31 0.27 0.50 0.21 0.41 0.23 0.63 0.34 0.08
Rank 6 5 2 8 6 1 2 4 7
SD( CP) 0.27 0.28 0.18 0.28 0.30 0.37 0.19 0.30 0.25
(%) CV(CP) 90.46 63.55 57.92 101.41 81.25 63.10 100.51 72.37 56.32 68.09
Developmental
stages GM( CP) 0.11 0.16 0.04 0.04 0.15 0.03 0.06 0.15 0.08
Rank 4 5 1 6 8 9 2 7 3
3 ( Stéphanie et al.  2009) . qRT-PCR
qRT-PCR
( Shakeel et al. 2018) ,
(Lii er al. 2018) qRT-PCR
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