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B E [Bf)] kbt Paranosema locustae R 5AF T AW KL Locusta migratoria SEH 8 &
PCR FGE NS [ A3k ] ABFFEN A SEI 9 i PCR H A 5 AR W7 K ook - 3- W I Ot I 1K)
( Glyceralde-hyde-3-phosphate dehydrogenase, GAPDH ), 18s #ZAMi{Kk RNA ( I8sRNA ). W& HEHAHEEH
(Tubulin, TUB). W3 HZERK (Actin, ACT) FEMIEF 1 £ (Elongation factorl, EFI) 5 Mk
FEPTE 3 MU IR (1 10%, 1 x 10° A1 1 x 108N ET/3k ) J8e 12 d SR R aRa @t A geNorm,
Bestkeeper #ll Normfinder 3 PMALES T 5 MNSERFaEYE, [ER ] geNorm HAXS 5 1~ S5
PRIAEAN [T HO B e R RUE Mo BT SR R . 18S SERRE AR, PRI FREHE M R
4 0.658 4, TUB FEHFE e, M {HEAKH 0.278 4, NormFinder #4736 A [R) s Al 7 HUe B IR e
5 ANNS IR BIRREE 5N 0.152 (EF1), 0.181 (ACT). 0.212 (TUB). 0.329 ( GAPDH ) #1 0.395
(18S), AIMNSEHFE T X EFI > ACT> TUB > GAPDH > 18S, H1 BestKeeper #1143 Hr KM 5
MMEFENSEEE R SD ESB/NT 1.0, FikBEFaE ., WL R RZE CV WI/NTH, ACT BEEN
BoE L Sie ] &4 3 MRS R, FEARRIE T Rk B T, AT BB RUE M NS 3 ACT,
EF1 Hl TUB SRR AR X 1 192 AN
XEIR HIRT; AW WIE; NSILFE; SUHER PCR; Rl

Identification of stable reference genes for real-time quantitative PCR

(RT-gPCR) in Locusta migratoria infected by Paranosema locustae
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Abstract [Objectives] To identify stable reference genes in Locusta migratoria infected by paranosema locustae for
real-time quantitative PCR (RT-qPCR). [Methods] In this study, five commonly used candidate L. migratoria reference genes
(glyceralde-hyde-3-phosphate dehydrogenase, GAPDH. 18sRNA. tubulin, TUB. actin, ACT. And elongation factorl , EF'/) were
evaluated to assess their suitability for use in the normalization of RT-qPCR data in locusts infected with different
concentrations of Paranosema locustae spores (1 x 10*, 1 x 10° and 1 x 10® spores/individual ) . Gene expression profiles were
analyzed using the geNorm, Normfinder, and BestKeeper software packages. [Results] geNorm predicted TUB to be the
most, and /8S the least, stable reference genes based on their respective M-values (0.2784 and 0.6584). NormFinder estimates

of the stability values (SV) of each candidate reference gene were EF1(0.152), ACT(0.181), TUB(0.212), GAPDH(0.329) and
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185(0.395), which allows these genes to be ranked in order of stability as follows; EFI > ACT > TUB > GAPDH > 18S.

BestKeeper evaluates the expression stability of reference genes by calculating and comparing their variance, including their

coefficient of variance (CV) and standard deviation (SD). This analysis indicated that all five genes were stable on the basis of

having SD values < 1.0. However, with respect to CV values, the ACT gene was the most stable. [Conclusion] These results

indicate that the best reference genes for L. migratoria infected with P. locustae are ACT. EF1 and TUB.

Key words Paranosema locustae; Locusta migratoria; real-time PCR; reference genes; expression stability
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RS, I it X B85 LA R it bt 2 7= A g g 2 1 45
HB 23ty AN A kG ) BeUR ( Tilman et al., 2017 ),
AR, B IEIA B R BRI 24 By i A A= Y Bl iR
LA T, A6 N THEE I 20 AR | A T4
FEPOGHORG | B AR 245 DL R A 2555 (
M54, 2013 ). HBARFIFH Wb in e R B T
BT EIBIARCR , (X R BE T  BA —E R
BEME o TAE W ORI SRy —Fh B v AR bR T
BARFBL, B 4E A RO Fae ik S50,
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F| Kl ¥ ( Lange and Azzaro, 2008 ); 2015 4F
X 10 ARt A A 02 H At I B )T S 225
X b E b Ly f i R S R T T B A, A
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HAy, SCHf % & PCR ( Quantitative real time
polymerase chain reaction, RT-qPCR ) & Nl
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HERAIE AR (Livak and Schmittgen, 2001; Wang
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B RESL RNA £8 ND2000 R, Aseo/Asso (.

HBIE 1.9-2.0 Z[H], Aneo/Anso [HEBTE 2.0 ZE 47 B

EWHEE I F VK 5 SRy RN T, R RNA FEL 1Y
Al RN S B T AR TR iR

22 BRENSERESIYRRENT ARSI

qPCR Z55REM, 5 XFHNSIENGIY 057
XA W W ——40g (& 1), qPCR 724
P BRI kS, R S — s S B A
BeR/M g (B 2), BSIRes e Ry
BRI N SR L 5 0 NS R R
N 95%-116%, [EIITZR %L R (EIT7E 99%L I, i

s 5 MEEWFEEES (B 3), AR
RV B f At UL S5 5 X By R A i
C, HMARALIE R 4018 10.50-12.21 (18S).
15.22-17.81 ( GAPDH ). 15.82-17.82 ( TUB ).
17.3-19.01 (ACT) 1 13.81-15.10 (EF1), Hrh
bRt 22 (H K/NEF b GAPDH > EF1 > TUB >
ACT> 18S, B FIKE IR EWI N 18S, SR5 &
ACT 1 TUB, FIH GraphPad Prism #4154
e NS LR )EE) Cq 1B . FaiEZ (Standard
deviation, SD) 17487 &%k ( Co-variance, CV)
R 2 PR, RikEmmWERE 18S, 1
Cq fHH 1145, RibmERMRIERE R ACT, T
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Fig. 1 Melting curves of reference genes

A I8S HH; B. ACTH#H; C.EFI1 #H; D. GAPDH 3 ; E. TUB %M .
A. Gene 185, B. Gene ACT; C. Gene EF'1; D. Gene GAPDH; E. Gene TUB.
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5 4 3 2 1 M
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250

100

B2 HMSER Real-time PCR £ Rk E
Fig. 2 Real-time PCR results for reference genes
M: DL 2000 DNA #3#E5>THE5 1: GAPDH;
2: 18S; 3: EFl; 4. TUB; 5: ACT,

M: DNA marker DL2000; 1: GAPDH,
2:18S;3: EF1;,4: TUB; 5: ACT.

=

TEEREE (Caft)

Quantification cycle (Cq) value

(S)T 1 1 1 1 1

188 GAPDH TUB ACT EF1
HH Gene

B3 REEEMHENE CqESHE
Fig. 3 Distribution of the Cq values obtained for the
five housekeeping genes in Locusta migratoria under
different infection condition

T HEH A0 2R R A, thR IR, AR
LN Z TR R Mt/ MEL, “+7 FR-FH{E
The boxes indicate the 25th to 75th percentiles. The
horizontal lines dividing the boxes indicate the median
values, while whiskers represent the maximum and the
minimum values. The “+” symbols represent the means.

Cq R 1821, #W¥E CV &, "TLIRIAHIE,
GAPDH FasEVE i 2E (4.43% ), FaE MRty 5t
K ACT (3.01% ) 1 TUB (3.52% ),

24 RiENSEERBEMSHT

FIFH geNorm 4k {4E%F 5 4NN S B EAS A 9%
617 O P R T (B 4), M i
FIA 0.658 4, FAKAIH 0.278 4, ATHIAN S 3
A& WY & TUB > ACT > EF1 > GAPDH >
18S, IR 5 AN S I HTEAR R A7 dk B

JRYL T B9 NormFinder #4434 (&l 5), RIS
MNSIEFEME BN 0.152 (EFI). 0.181

*2 REEECqESH
Table 2 Analysis of values and expression of
candidate reference genes

TEHECE A o A5 R R
FEHH Mean FrifE 2 Coefficient
Gene quantification SD of variation
cycle (Cq) (CV%)
GAPDH 16.56 0.7333 4.43%
EF1 14.90 0.610 1 4.09%
TUB 16.90 0.5955 3.52%
ACT 18.21 0.547 6 3.01%
188 11.45 0.506 1 4.42%
15 geNorm
1.0+

FHyR IR HEE

Average expression stability M

|

o

18§ GAPDH EF1 ACT TUB
NS AN Reference genes

 BRREEE  BREEEN

Least stable genes Most stable genes

4 GeNorm B4R iEEFRKRE S
Fig. 4 Evaluation of stability of candidate reference
gene expression using geNorm software

1.0 NormFinder

o
)
T
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(=)
T
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(3] EEN
T T

“\\‘\\‘\\*\\ﬂ

1 | | |
18§ GAPDH TUB ACT EF1
NZ 2N Reference genes

«— BAFE RN A E R —>
Least stable genes Most stable genes
B 5 NormFinder Z# A irikiEEERILTRE M

Fig. 5 Evaluation of stability of candidate reference
gene expression using NormFinder software
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% 3 BestKeeper GRS IR

Table 3 BestKeeper analysis results
S8 FEH Gene
Parameters EFla TUB 188 GAPDH ACT
JUE %0 Geometric mean 14.89 16.89 11.44 16.55 18.20
FARSEIIEL Arithmetic mean [Cq] 14.90 16.90 11.45 16.56 18.20
#¢/MH Min. [Cq] 13.81 15.82 10.50 15.22 17.30
e KAE Max. [Cq] 15.95 17.80 12.21 17.81 19.01
tRiEZE SD [+ Cq] 0.47 0.50 0.40 0.59 0.49
AR S AN Coefficient of variation CV [% Cq] 3.14 2.97 3.46 3.57 2.69

(ACT). 0.212( TUB ). 0.329( GAPDH ) F1 0.395

(18S), AN S HE KR E PENT Ry EF1 > ACT
> TUB > GAPDH > 18S. 1 BestKeeper {45347
W 5 AMEE NS EFR SD EHE/MF 1.0, &
KPR (3R 3 ), PG HAS R RZEUE CV IR
/NI, ACT HE R MFRGE o 2545 3 PRk ot
IR, TR IR A dO B R Y T BN AR E RN
ZIEN I ACT, EFI1 1 TUB A,

25 LmDpt EEERIEESHT

POCERGIREN (K 6), EFEARMN
SALN TR E R 704, LmDpt JENF I8 945
R R A

- EF]
107 = 71UB
~ g ~18s
§ g ~+ GAPDH
Q .
NG 6 *Actn
— 4
og & 4
K S 17
K2
;»};E
(]
=
s
0 1 1

10* 10¢ 108
BYeFE (4% ) Doses (spores/ind. )

B 6 ARANSEESH LmDpt BEERIZE
Fig. 6 Relative quantification of LmDpt gene using
various reference genes for normalization

3 itig
PN PCR M — iR M A IR 2

RATHAR, 2EER PCR B4k Z
I HAERE R A DR 4r M 7 T ( Pfaffl, 2001 ). i
FEAF BRI 2T, R E NS
TR PG E R PCR ik iefT HARKEN fAH
X i MR AN AT D 2L B ( Zhao et al., 2019 ),
EARFBRE AT, fegfa e RN S A
JUFRATFAE o 75X R B B ) S 3 R AR5
ORI, TEAURSESRMET, 3 SRS
A 18S, GAPDH i f-actin W) F6 A5 4% 5|
HRgmary, Horp 188 SERTE T A AR rh Rk E i
T, RIGWKIRSE GAPDH T B-actin 3K , ( Zhao
et al., 2012 ), TEIHb—T% TANA & & BB
KA L NS I A TR Wt b & 3,
eI SN, Feak ke i SE & GAPDH .
Ubi Ml EFla, {BJETE 5 WML, ik
ke L ) J& RP49 EFI1a F1 ACT( Van Hiel
etal., 2009 ), BT X} LmDpt FER kW58 945
RABFRW, AFEH SIS RER AR YR
HAFE. 28 EHE, XE A NS
fIRaE MEVEA T T, X T TR B N S 3
PR R Y

ARTGEAE ST BT A R bl RO L T, i
BT 5 MEk NS EFla. ACT. TUB.
GAPDH F 18S, J7%H geNorm. NormFinder
F1 BestKeeper 3 FEA4:, Xof A [R) e B ol A ke e
(IR 5 SNSRI Rk R A T o
G0 Hh, EFla VE5—HE H BTE UE R A
T, WHARE AR RN SN (Wang et al.,
2018 ), AT 3 NormFinder 2l B~ H7E
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Pl F AU GR B 25 . EFla SRR R
E o SR, I geNorm Bkl B R i
THRAEN (TUB) WRIBFEARE., WA,
X 2 FPERES R R, WIsBhE AR ACT K
Feik mAE HEHEAESS 2, TMiiE i BestKeeper #X
PRI EE R0, 18S Fl EF 1o KM By%a 8 1
Oy HETESS 1 FNEE 2, ACT REDNNHEZESS 3., 4%
H AT 3 PRI AS SR, ACT JERFI EF1a 3
PR AT DA R A AN R IR v B 2 R T R ik R
NS I 2 21 H A FE K 1) ek /)N
BF, RN S AR SR, SFEO0RK
ME| NS EH N E (Yang et al., 2018 ),
ARG RE ACT FEH A Cq E R 18.21
+ 0.55, 1M EFlo JEH M) Cq EHAUH 14.90 +
0.61 (£ 1), L& LR, AWK ACT HEH
SN [V e B 1 R i o S e R R ) e A
NS
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HEEEANE Y Alenatea touxie Song et Zhu

R Y B 1] Arthropoda R 44 Arachnida W%k H Araneae)FfAgiEFR, W HEH 2 ) A
RFRAR (RS TR A Insecta ) MYAZEMFFTRCR , [RIBS UL ™ SCAA BE 5 I IR S5 AH DG A
TR W HGE , [R]A AR 22 ik 2 B R A0 R AN U I B - $R 40 T S el k- Alenatea touxie Song et
Zhu ( pE#RF} Araneidae, ZEMXREEE YRR, sKIGEIOREIE ) AR BERTEYR, 20204F 9 H 27 H
g T O R BE N . MR TE KB rh, TEBMERENT , EEH 20 A e g R,
W 5 25 TH 7 Z R Ty e e, W i R i A kR, IR AR T 2L, ik A R 4 I
R FE I APICH , gARdSR L 1T AMA , WER JS IR E JS , BT — SRR 1y A2
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