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Screening of Internal Reference Genes for Real-Time Fluorescence Quantitative

PCR of Pyrrhocoris tibialist Hemiptera: Pyrrhocoridae)

WANG Xi,REN Boqi,ZHANG Xinghua,ZHAI Shuxin, SHEN Fangyu, LI Rui
(College of Plant Protection, Shanxi Agricultural University, Jinzhong 030801, China)

Abstract: In order to screen out reference genes stably expressing in different tissues of male and female adults, different
genders, and different instar individuals of Pyrrhocoris tibialis Stal, in this study, eight candidate reference genes including
Hsc70, AK, GAPDH, a=Tub, EF1-a, SDHA, RPL32, and f—Act were screened based on the transcriptome data of P. tibialis
and the reference genes commonly used in insects. Real-time quantitative PCR(RT-qPCR) was used to determine the
expression levels of 8 candidate genes in different tissues(including head, chest, abdomen, feet, wings, and antennae),
different instars(1-5 instars and adults), and different genders of male and female adults of P. zibialis. The expression stability
was analyzed by GeNorm, NormFinder, BestKeeper, RefFinder, and other software. The results showed that there were
differences in the expression levels of candidate reference genes in different samples of P. zibialis. The top three reference genes
for stability in different instars were EF1-a, SDHA, and GAPDH genes. The top three reference genes for stability in different
adult genders were SDHA, RPL32, and EFI-a genes. The top three reference genes for stability in different tissues of female
adults were EF 1-a, a—Tub, and f—Act genes. The top three reference genes for stability in different tissues of male adults were
EFl-a, GAPDH, and f-Act genes. Combined with the comprehensive comparison of different algorithms, it was recommended
to use EF1-a and SDHA genes as the internal reference genes in different instars. In different adult genders, SDHA and
RPL32 genes were recommended as the internal reference genes. EF1-a and a —Tub were recommended as the internal

reference genes in different tissues of female adults. EF1-a and GAPDH were recommended as the internal reference genes in
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different tissues of male adults.

Keywords: Pyrrhocoris tibialis Stal; tissues; reference gene; RT-qPCR; expression stability
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PO E PR E 1 70 3N (Hse70) WA B 132 %
K (RPL32) g2 R Wl 5 (AK) (B-WL3h & 1
R (B-Act) o~ H AR (a-Tub) B HIER
AUl A AL SE N (SDHA ) | 3-8 R H i %

it S 3 (GAPDH) FISE K K 1 5 (EF 1-a)
YE Ao E N2 ZE K. FIJH Primer 5.0 38 3 3%
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Tab.l1 Primer information
BE 1751 (5'—3") TP E /bp PR/ % R
Gene Primer sequence(5'-3") Product length Amplification efficiency
Hsc70 F:AGCTCCTCATTAAAGGCATCG 195 96.3 0.992
R:AACCGCCAGTGGAAAGTCA
AK F:CGACGAGTTGAAGGGAACG 133 108.3 0.993
R:CCAGAATCGGCAAGCATTT
GAPDH F:AAAGGCGAAGTCTCCCAGTC 228 108.2 0.999

R:AACAAACATCGGTGCGTCA
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Tab.1(Continued) Primer information
A S19F 51 (5—3) PRI /b YRR % o
Gene Primer sequence(5'-3") Product length Amplification efficiency
a=Tub F: TTCCACGACCATATCCACC 210 107.1 0.999
R:TTCCTGCTGAGATTGTCCC
EFl-a F:AAACGACCTAATGGAGGGA 89 96.8 0.987
R:AAGTCTGGAGATGCTGCTA
SDHA F:GTAACTGAAGCCCAGCCCTAT 203 109.0 1.000
R: TGCCCTGGACCTTCTAATG
RPL32 F:CCGCTCCTTGTGGTTAGAC 215 111.8 0.992
R:AATACCCTTCGGCTTCCTC
[-Act F:GTATCGTAACTAACTGGGATG 92 107.4 0.987

R:GAGTACAGGGTGTTCTTCG

R 1A A, 8 MEBE N S FE Y RT-qPCR
Sl B ROR R 96.3%~111.8% , R* M 0.987~
1.000, BA RUFA 2t 0C 5, H & DAY 6 i il £&
Yo s JCAR R S ey R IR kit G R, A
A R RCR FRE % i FT RT-qPCR &
22 BRIENSERMRIKKEST

A 2 5 DAL 1R 3 3 7K1 2 T 2k oA 2 5 DR o i 2

Z A AE Ho 2T 05 45 AL RE S 8 AN N S 3 Y
CtFEME N 17.95~27.56, H A 1 & 9 3 3k K F
(R2), MK 1FR, T HABEENSER T CUHE
A, EFI-a LR ) Ct AL T3, 2 ] H:
FE AN ] BE S iy R8BI Hse70 il
RPL32 3235 F B HBAK , H RPL32 78 N [A] £ & 18] Y
Fik 2= R/ K, M EF 1-a 76 /8 [5) B 0 (8] () 3238 22

S/

x2 MABTERAAEAPEENSERN CHE

Tab.2 The Ct values of each candidate internal reference gene in different tissue samples of P. tibialis

HN Gene W Instar 5 Gender BEPELIZT Female tissue MM 4] Male tissue
Hsc70 26.12+1.57 25.924+1.46 25.204+1.17 27.56+1.44
AK 18.42+1.13 20.26+0.99 19.464+1.53 20.88+1.82
GAPDH 19.47+0.94 19.4541.45 18.824+1.14 20.48+1.37
a—Tub 20.79+2.11 20.87+1.67 19.324+0.72 21.18£0.95
EFl—a 17.95+1.00 19.00+£1.04 18.244+0.75 19.77+1.12
SDHA 22.00+1.32 23.08+1.59 21.90+1.28 23.53+1.47
RPL32 25.18+0.87 23.084+1.59 27.324+2.08 27.32£2.08
L—Act 19.82+1.55 20.33+1.74 19.704+1.09 21.284+1.31
32
30
28
26 .
o 24 - b4
m = 22 H
s E oot
&) 18}
16
14
12F
10
Hse70 AK GAPDH a —Tub EFl—qo SDHA RPL32 B -Act
FH A Gene

AT b £ gy 590 b DU 23 A SORT T DU 23 B 30, v g b R, rh 2RI _E R BROM B s R (AN S ML, B v R i R S A

The upper and lower lines of the box were the upper quartile and the lower quartile, respectively, the midline was the median. The upper and

lower limits of the vertical line were the maximum and minimum, respectively, the black dots in the figure represented the number of outliers
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Fig.1 Ct value analysis of candidate reference genes in different samples of P. tibialis
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Fig.2 Expression stability value M of the candidate reference genes calculated by GeNorm
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Fig.3 The optimal combination of reference genes in P. fibialis calculated by GeNorm
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1 PCR N 2 35 [H fiff 1%

2.4 MM NormFinder 84S MEENSERTRE
E

i F§ NormFinder 5 4 31 A f& 2 fH (SV) , SV
M/ RN LR R MR E o X Ik N S 5 TR
11 SV 4HT, 5 A2 3 s 1R s I v, 5k
o VEHE £ BT 3 19 N 2 &R W& SDHA (0.16) |
EF1-a(0.23) \Hsc70(0.48) , g A a2 NS 3 [H
a=Tub (1.79) ; 78 A [R5 P ) B e rpr | 26 5K 82 e
He 410 31N 2 5 W & EF1-a(0.19) . SDHA

(0.37) \RPL32(0.37) , Jx N2 E B9 N 2 5 K R
a=Tub(1.85) ; 76 W PE B AN [R] 2l 8L | SRR
PEHEA AT 3N S BN & EF1-2(0.14) (a-Tub
(0.38) \B-Act(0.39) , I AR EM NS H N
RPL32(2.10) ; 1€ i VE 5l d AR 6] 40 22 b, HE 4 A 3
RIEBREMNSIELHNEEFI-2(0.12) . GAPDH
(0.34) \p-Act(0.44) , I A FE WA Z 5 H
AK(1.40).

#£3 ETF NormFinder#itaAERNSERTEEM

Tab.3 Stability of internal reference genes of P. tibialis based on NormFinder analysis

- 11 Instar PEH  Gender WMEPEZHZY Female tissue HEPEAZ Male tissue
Cont B i H ¥ Rl HE Rl H I Rl H I

Stability value Ranking  Stability value Ranking Stability value Ranking Stability value Ranking
Hsc70 0.48 3 0.62 5 0.39 4 0.49 4
AK 0.96 7 0.39 4 1.4 7 1.4 8
GAPDH 0.5 4 0.65 7 0.42 5 0.34 2
a=Tub 1.79 8 1.85 8 0.38 2 0.83 5
EFl-a 0.23 2 0.19 1 0.14 1 0.12 1
SDHA 0.16 1 0.37 2 0.98 6 0.85 6
RPL32 0.95 6 0.37 3 2.1 8 1.31 7
p-Act 0.54 5 0.62 6 0.39 3 0.44 3

2.5 ¥ F BestKeeper R o HMIZRENS ERHE
EE

i 1 BestKeeper #F 115 i SD #1 CV, 43 #r
N2 B R A Fa E P, SD ORI CV U, 3 B L [H 3R 34
A E . Y SD<T1iF, WA fE R NS HE, £4
S5 R AT ) i 3R R AR PR AT 3 1Y R K IR

TE AN A PR 1) i 3% 58 R fR 2 ) J2 AK (SD=
0.87,CV=4.27) I , KK & EF1-a(SD=0.93,
CV=4.91) 5 A ; 7 M P B A [ dH 8L, Rk F
FEE T 3 BRI @~ Tub(SD=0.58,CV=3.03) .
EFI1- a (SD=0.59, CV=3.26) fl g ~Act (SD=
0.82,CV=4.14)JE X ; 7 MEVE AR [ 421, F ik i

N GAPDH(SD=0.68,CV=3.52) \RPL32(SD= fa & & a-Tub(SD=0.83, CV=3.91) , H K &
0.71,CV=2.81) \EFI-a(SD=0.80,CV=4.44) ; EF1-a(SD=0.90,CV=4.53) 3K ,
=4 HT Bestkeepera il NS ERTEE H
Tab.4 Stability of internal reference genes of P. tibialis based on Bestkeeper analysis
- 3 Instar P Gender HEPELLZ] Female tissue Mkl Male tissue
Gene SD CV/% Riﬁgﬁg SD  CV/% Rfﬁgﬂg SD CcvV/% Rfﬁgng SD CV/% Rfﬁgﬁg
Hsc70 1.31 5.03 7 1.23 4.75 3 0.87 3.45 4 1.19 4.30 5
AK 0.87 4.74 4 0.87 4.27 1 1.20 6.15 7 1.64 7.86 7
GAPDH 0.68 3.52 1 1.24 6.37 4 0.87 4.63 5 1.16 5.66 4
a=Tub 1.88 9.04 8 1.38 6.62 5 0.58 3.03 1 0.83 3.91 1
EFl-a 0.80 4.44 3 0.93 4.91 2 0.59 3.26 2 0.90 4.53 2
SDHA 1.10 5.03 5 1.45 6.30 6 1.03 4.69 6 1.29 5.48 6
RPL32 0.71 2.81 2 1.45 6.30 6 1.82 6.65 8 1.82 6.65 8
p-Act 1.29 6.49 6 1.54 7.56 8 0.82 4.14 3 1.14 5.35 3
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Fig.4 Expression stability of candidate internal reference genes analyzed by RefFinder
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