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Screening of reference genes for RT-qPCR analysis in Endoclita signifier

Walker larvae
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( Forestry College of Guangxi University Nanning 530004 China)

Abstract: Screening the reference genes stably expressed in different instars and different body segments
of Endoclita signifer Walker larvae which provided a reference for gene expression study of E. signifer.
Expression levels of five candidate reference genes ( ACTIN GAPDH TUB RIB and EF) in different
instars (3™ 5™ 9™ and 12" instars) different body segments ( head thorax and abdomen) and the all
samples were determined by real-time quantitative PCR. GeNorm NormFinder and BestKeeper were used
to evaluate the stability of 5 candidate genes. Finally RefFinder comprehensively analyzed the results and
selected the best reference gene. Optimal number of reference genes was 2 in different body segments of 5"
and 9" instar E. signifer larvae head and thorax of different instar larvae and 3 in different body
segments of 3" and 12" instar larvae abdomen of different instar larvae and the all samples. ACTIN +
RIB + GAPDH EF +RIB GAPDH + EF and ACTIN + RIB + GAPDH could be selected as the most stable

reference gene combinations in different segments of 3™ 5™ 9" and 12" instar larvae respectively. EF +
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RIB RIB + GAPDH and EF + GAPDH + ACTIN could be used as the most stable reference gene

combinations in the head thorax and abdomen of larvae at different instars respectively. RIB ACTIN and

GAPDH could be selected as reference genes when the effects of different instars and different body

segments of E. signifer larvae were considered.

Key words: Endoclita signifer; larvae; instar; body segment; reference gene;, RT-qPCR

Endoclita signifer Walker (

Lepidoptera Hepialidae)
( 2021) .
1~3 ;
3 3~5
12
( 2012) .
( 2013) .
( 2011
2012; Yang et al. 2013; Zheng et al.
2016; 2021) . ( 2014
2016) ( Yang

et al. 2016; Zhang et al. 2021)

o

PCR ( Quantitative real-time
PCR RT-PCR)

RT-qPCR

o

( Elongation factors

EF) . ( Actin ACTIN) .

( Ribosomal protein RIB) .
( Tubulin TUB) 3-
( Glyceraldehyde3-phosphate dehydrogenase  GAPDH)

(Luet al. 2018) .

( Zhang et al. 2014; Shakeel et al.
2018) » RT-PCR
RT-

qPCR

RNA ~ ¢cDNA N

( Guenin
et al. 2009) .
RT-qPCR
(3 5 9 .12 ). ( -
- )
GeNorm. NormFinder. BestKeeper
RefFinder 5
1
1.1
2019 6 -2020 9
(N 22°941°
E 108°3367) o
-80C
o (2015)
3 5 ( ). 9
( ) 12 ( )
3 .
1.2 RNA cDNA
RNeasy® Plus Mini  Kit
( No.74134; Qiagen Hilden Germany)
RNA RNeasy© Plus Mini Kit
o 1 pL RNA NanoDrop
8000 ( Thermo Waltham MA USA) 0D, /
0D,y OD,g, /0Dy, 1.8~2.1
cDNA o 1 wL RNA

TransScript One-Step gDNA Removal
and cDNA Synthesis SuperMix ( TranGen Biotech)
cDNA.
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1.3 RT-qPCR . Genious 2X SYBR Green Fast qPCR Mix ( No
ROX) ( ABclonal Technology) 12.5 pL
( Zhang er al. 2021) (10 pmol/L) 1 pu. cDNA 2.0 pL
ACTIN. GAPDH. TUB. RIB. EF Nucleasefree H, O 8.5 pL Ligh Cycler 480 1II
( 1o Primer 3 ( https: // ( Roche USA) . PCR 95%C
primer3. ut. ee/) RT-gPCR ( 1) 3 min 95°C 5s 60C
TSINGKE o 30 s 40 7 95C 15s 60C 60s 95C 15 s
1.4 RT-qPCR o
c¢DNA 1/10. 1/100. N
1/500. 1/1 000, 1/1 500 R ( 1) 5 cDNA
RT-qPCR (25 nL) 3 3 o
1 5
Table 1 Primer sequences and amplicon characteristics of the 5 candidate reference genes in
Endoclita signifer Walker larvae samples
GenBank
(5°-37) (%) (R
Full name
Genes GenBank Primer sequences ( bp) Amplification  Regression
of genes . o
accession NO. Length efficiency coefficients
F: CACCGGTATCGTCTTGGACT
ACTIN OM646549 200 99. 8 0. 995
Actin R: TCTCCTTGATGTCACGAACG
3-
F: TTGACACCGACGACAAACAT
GAPDH Glyceraldehyde3—phosphate ~ OM646546 188 100. 5 0.997
R: ATTGCTGTTTTCTCGGAACG
dehydrogenase
F: CGTTCGTGACATCAAGGAGA
TUB 0OM912451 178 106. 2 0. 996
Tulubin R: CAAGAATGAGGGCTGGAAGA
F: GCAAGAAGACTGGGATACCG
RIB 0M912452 165 99.7 0.999
Ribosomal protein R: AGCAATGGACTGAAGGTTGC
F: CAAGCACAACCGTCTCTTCA
EF OM646548 161 108. 4 0.995
Elongation factors R: ACCAGATCTTACGGGCCTCT
o F . o Note: F Forward primer; R Reverse primer.
1.5 et al. 2002) ; Normfinder
GeNorm-
BestKeeper ~ NormFinder RefFinder ( Stability value SV)
( https:  //www. heartcure. com. au/reffinder) ( Andersen et al. 2004) . BestKeeper Ct
( Standard
o GeNorm deviation  SD)
M<1.5 Sbh<1 SD
; ( Pfaffl et al. 2004) .
Vonen <0.15 RefFinder 3
n ( Xie
Viinsy < 0.15 ( Vandesompele et al. 2012) .
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Fig.2 Expression levels of different candidate reference genes
in the samples of Endoclita signifer larvae ( Ct value)
Ct
Note: The point represent the Ct mean value and the upper
and lower limits of the midline represent the standard
deviation.
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Fig. 1 PCR amplification bands of primers (SD>1);
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TUB (SD =6.48) ? TuB
EF (SD =3.30) . GAPDH (SD =3.21) . RIB 33 12
(SD=2.84) ( 2). ! RiB
2.2 EF N
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5 2.2.3 NormFinder
ACTIN. GAPDH TUB SD 1 3
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EF GAPDH. RIB  ACTIN : -3 9
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; ACTIN 12 2.2.4 RefFinder
TUB ; EF 3 12 N
RIB RIB. ACTIN  GAPDH
N 3 RIB > ACTIN >
o GAPDH  ACTIN > RIB > GAPDH. RIB > GAPDH >
TUB BestKeeper ( 2 ACTIN RIB > ACTIN > GAPDH, EF TUB
2

Table 2 Expression stability of candidate reference genes under different experimental conditions

BestKeeper GeNorm NormFinder
Experimental condition Rank Gene SD Gene M Gene Y
(v~ ) Different segments of the same instar ( head thorax and abdomen)
1 GAPDH 1.429 ACTIN/RIB 0. 657 RIB 1.271
2 RIB 1.713 GAPDH 2.977 ACTIN 1.447
3
u 3 ACTIN 1. 830 EF 3.134 GAPDH 1. 681
3" instar
4 EF 2.027 TUB 4. 044 EF 2.337
5 TUB 2.921 TUB 3.362
1 RIB 0.423 RIB/EF 0.474 GAPDH 0.903
2 EF 0.774 ACTIN 2.132 EF 1.474
5
3 ACTIN 2.335 GAPDH 3. 608 RIB 2.024
5" instar
4 GAPDH 4. 154 TUB 5.358 ACTIN 2. 889
5 TUB 7.508 TUB 5.379
1 EF 0. 151 GAPDH/EF 0.488 GAPDH 0. 169
2 GAPDH 0.270 RIB 0. 640 EF 0. 169
9
. 3 RIB 0.578 TUB 1. 082 RIB 0. 445
9" instar
4 TUB 1.397 ACTIN 1. 965 TUB 1.293
5 ACTIN 2.017 ACTIN 2.232
1 ACTIN 0.277 GAPDH/RIB 0.467 ACTIN 0.382
2 EF 0.967 ACTIN 2.061 RIB 1.317
12
3 RIB 1. 900 EF 2. 405 GAPDH 1.495
12" instar
4 GAPDH 1. 906 TUB 3.012 EF 1. 669
5 TUB 2.206 TUB 2.404
(3 <5 <12 ) The same segment in different instars (3™ 5" and 12" instar)
1 ACTIN 1. 580 RIB/EF 0.984 EF 0.341
2 GAPDH 1. 867 ACTIN 1.755 RIB 1. 167
3 EF 2.382 GAPDH 2.882 ACTIN 1. 630
Head
4 RIB 2. 440 TUB 3.436 GAPDH 2.375

5 TUB 3.611 TUB 2.572
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2 Continued table 2
BestKeeper GeNorm NormFinder
Experimental condition Rank Gene SD Gene M Gene SV
1 GAPDH 0. 688 GAPDH/RIB 1.289 RIB 0. 447
2 RIB 1.786 ACTIN 2.052 ACTIN 0.835
Thorax 3 ACTIN 1.957 EF 3.249 GAPDH 1.217
4 EF 3.544 TUB 4.816 EF 3.384
5 TUB 5.813 TUB 4.742
1 ACTIN 1.358 ACTIN/EF 3.419 RIB 1.510
2 EF 1.783 RIB 4.026 EF 2.585
Abdomen 3 RIB 2.701 GAPDH 4.886 ACTIN 2.726
4 GAPDH 3.963 TUB 5.261 GAPDH 2.748
5 TUB 4.344 TUB 3.323
All samples
1 ACTIN 1. 881 ACTIN/RIB 2.863 RIB 0.991
2 GAPDH 2.267 EF 3.266 ACTIN 1.765
3 RIB 2.309 GAPDH 3.804 GAPDH 2.061
4 EF 2.534 TUB 4. 640 EF 2. 450
5 TUB 5.520 TUB 3.644
. Gene . SD M M ; SV o Note: SD Standard deviation, M M Value; SV Stability value.
TUB RefFinder ( 3)
-] 9 3 .12
3 EF. RIB. GAPDH ACTIN + RIB + GAPDH;, 5
EF > RIB > GAPDH. GAPDH > EF > EF + RIB
RIB; ACTIN  TUB 5 ; 9
TUB. N
ACTIN . GAPDH + EF. RIB + GAPDH EF + RIB + ACTIN

EF > RIB > ACTIN > GAPDH > TUB (
2.2.5

8 Vn/(n+l)
0.15 ( 4)
Vn/(n+|)
2~3
o 5 9
3
Vn/(n+l) 4

2 3 12

3 Vn/(n+l)

3 3

RT-qPCR
RT-qPCR
RT-qPCR

( Dundas and Ling 2012) .

RT-qPCR

( 3o

( Shi and Zhang 2016) .
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A B
C D
E F
G H
REGE RATE REGE RATGE
Most stably Least stably Most stably Least stably
3 RefFinder
Fig. 3 Expression stability of the candidate reference genes was analyzed by RefFinder software
A..B.C. D 3.5 9 .12 v E. FV G N
N ; H o Note: A B C and D represented the different segments of the 3™ 5" 9" and 12" instar

larvae respectively; E F and G represented the head thorax and abdomen of different instars; H was for all samples.
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3

Table 3 Optimal gene combination of reference genes under different treatments

Treatmeans Most stably expressed gene Optimal combination of reference genes Least stably expressed gene
(v~ ) Different segments of the same instar ( head thorax and abdomen)
3 3" instar RIB RIB + ACTIN + GAPDH TUB
5 5" instar EF EF +RIB TUB
9 9" instar GAPDH GAPDH + EF ACTIN
12 12" instar ACTIN ACTIN + RIB + GAPDH TUB
(3 +5 .12 ) The same segment in different instars (3™ 5" and 12" instar)
Head EF EF + RIB TUB
Thorax RIB RIB + GAPDH TUB
Abdomen EF EF + RIB + ACTIN TUB
All samples RIB RIB + ACTIN + GAPDH TUB
4 GeNorm
Fig. 4 Optimal number of reference genes under different conditions was analyzed based on GeNorm software
NormFinder ACTIN
RIB. GAPDH ( 2),
o 3 ( 2014; Yang
et al. 2017) 3
3 ° RefFinder
o 12
BestKeeper ACTIN o
EF. RIB GeNorm GeNorm
RIB = GAPDH > ACTIN > EF > TUB Vinsy <0.15
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Viey >0.15 (1 4)
Chilo
suppressalis .
( Xu et al. 2019) Bactrocera minax
N ( 2014)
Plutella xylostella Bt
( 2012) . GeNorm
Viitasy >0.15
2-~3
( Vandesompele et al. 2002) ;
3 (Zhu et al.
2014) . 5 9
N 3
Virtasn
2; 3 12
N 3
Vartar
3( 4.
3 .12
RIB ( 3). RIB
Conogethes punctiferails RP49
( 2017) ;
Mythimna separata
RPLI2 (Liet al. 2018); RPSI5S RPLI3
Helicoverpa armigera
( Zhang et al. 2015) . 5
N EF
( 3). EF
Thitarodes armoricanus ( Liu et al. 2016)
Heliconius numaia
( Pan et al.
2015) EF
o 9
GAPDH ( 3) « GAPDH

( Glyceraldehyde-3phosphate dehydrogenase)

Sesamia inferens Spodoptera exigua

Spodoptera litura

(Lu et al. 2013; Zhu et al. 2014; Lu et al.

2015) GAPDH .

GAPDH

12

ACTIN ( 3) . ACTIN ( B-Actin) .

N N

( Chapman and Waldenstrom 2015) . ACTIN
3 9
Gynaephora
( Zhang et al. 2017) .
Hyphaniria cunea ( 2019)
TUB ( Tubulin)
o Lymaniria dispar
( Yin et al. 2020) . Chilo
suppressalis (Xu et al. 2019)
Phauda flammans ( 2021)
TUB 0
TUB
( 3
5
(N 3)
2 RIB  ACTIN
ACTIN 12
5 9
; EF
( 3o
(1~12 )
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3 o 3.
5 .9 12
ACTIN + RIB + GAPDH. EF + RIB. GAPDH + EF
ACTIN + RIB + GAPDH ;
N EF
+RIB. RIB + GAPDH  EF + GAPDH + ACTIN,

RIB. ACTIN  GAPDH 0
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