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Selection of reference genes on different days during the development
of the fifth-instar nymph of Locusta migratoria with
guantitative real-time PCR
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(Research Institute of Applied Biology, Shanxi University, Taiyuan 030006, China)

Abstract [Objectives] To identify the most appropriate reference genes on different days during the development of
fifth-instar nymphs of Locusta migratoria to pave the way for relevant studies. [Methods] Six genes were selected as
candidate reference genes, including the beta actin gene (B-actin), the Elongation factor la gene (EF-I/a), the
Glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH), the Ribosomal protein 49 gene (RP49), the Alpha tubulin gene
(a-Tubulin) and the 18S ribosome RNA gene (18S rRNA). The relative expression of these genes on different days during the
development of L. migratoria was detected with quantitative real-time PCR (qPCR). The expression stability of these genes
was then investigated using geNorm and Normfinder software. [Results] Based on the results of geNorm analysis, the
average expression stability (M) of the six genes was, in descending order; g-actin (0.3720) > RP49 (0.3750) > a-Tubulin
(0.4030) > 18S rRNA (0.4270) > EF-/0a (0.4970) > GAPDH (0.6040). The less the M value the more stable the gene expression.

The software took 0.15 as a constant value for pairwise variations. The appropriate number of reference genes was 2 because
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V2/3=0.098 < 0.15. Similar results were obtained using NormFinder software. [Conclusion] p-actin and RP49 are the most

suitable reference genes during the development of fifth-instar nymph of L. migratoria.

Key words Locusta magratoria, quantitative real-time PCR, reference genes, geNorm, NormFinder
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RNAiso™ Plus, RNase-free DNase, M-MLV
Reverse Transcriptase ( TaKaRa ) ; SYBR Premix
Ex Taq ( TOYOBO ) ; 2xTaq PCR MasterMix

( TIANGEN ) PTC-200 PCR 1% ( MJ research ) ;

; BRI R G
; Applied Biosystem ( Applied

3K15 BUE (L ( Sigma )
( Bio-rad )
Biosystems ) ; £89MAZEL{Y ( UVC500 , Amersham

Biosciences )
1.3 ASEEREERSIRT
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%28 RNAiso™ Plus B B#H{T LA RE
RNA B9$2EX , RNase-free DNase | £MERFFIRENAY

RNA 1.5%RIIRBEFEEEARFE kGl RNA RIRE |
AR EEITERE | 1.5 g 2 RNA SR —
5% cDNA , 3%H8 M-MLV Reverse Transcriptase 12
BRHEHITERIE.

15 RT-PCR WiE5|#455R1H4

(1) RT-PCR RRIAZ : 125 uL 2xTaq
PCR MasterMix ; 1 uL 35/ Tb%5 1490 ( 5 190RE
10 umol/L ) ;8.5 uL ddH,0 ;2 uL cDNA( 20x ),

(2) RT-PCR RMNFER : 95°CTRERTE 60 s,
95°CH##E 15 s ,60°CIRKFFEESH 60 s ,20 PMER |,
4°CIRTZ,

JEEY 5 BeFE RS 1 KA MR , 6 NE
EEM 1 N8, F 1.5%8IRBSHES e kA
U PCR 741,

16 SERIZZAEER PCR

(1) gPCR [ZMI{AZ : 10 pL SYBR Premix
Ex Taq; 0.8 uL B/ TESI14D ( 5I¥RE 10
pumol/L') ; 2 uL cDNA ( 20x ) ; 6.4 uL ddH,0,

®1 EREASERERSY

Table1 The primers of candidate reference genes of Locusta migratoria
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symbol efficiency
o B-HENES F: CGAAGCACAGTCAAAGAGAGGTA ,
f-actin Beta actin R: GCTTCAGTCAAGAGAACAGGATG 156 98.2%

EKEF lo F: AACATCGTCGTCATTGGTCA ,
EFla Elongation factor la R GTTCAGCCTTCAGCTTGTCC 175 99.4%
At Sk s e
GAPDH SHEHIHEREM [ AGGCCAAGGTCAAGGAAGCT 120 02 2%
Glyceraldehyde-3-phosphate  R: GAATGGCAGTCACCAATGAAGTC o7
dehydrogenase
RP49 SRR 49 F: CGCTACAAGAAGCTTAAGAGGTCAT %0 96.3%
Ribosomal protein 49 R: CCTACGGCGCACTCTGTTG :
- o EER F: TGGTGTCCAACTGGTTTCAA .
a-Tubulin Alpha tubulin R: CGCTCTCTTGGCATACATCA 174 96.5%
18SIRNA 18S #ZHEK RNA F: CTGAGAAACGGCTACCACATC 171 05.6%

18S ribosome RNA

R: ACCAGACTTGCCCTCCAAT

(2) qPCR RNFEFF : 95°CHiZEtE 105,
95°Cfi#4E 55 , 60°CIRXFFIER 30 s , 40 MBEIR,
60°CIHE1TIRFE1a M. DNA J&#E 55 #7 60~95°C
gL EFH1°C,

BIEREYFEES 3R BFAES 2K,
S RILAEIR 6 XI5 |#H1##1T PCR R AL,
17 BEREBSSH

KA 2% FiRTEHR L EERPEE
ERIEXTRIAE |, WA geNorm 2RIt EEREZRE
EREEYE (M), DITRIERNSERNZER
XT3N, FIARER NormFinder THikHISERY
NE&ER , —EESHERSENRSER.
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2 RNA SERREEIKESSRANE] 1 Fis , MEL 1
PRI 3 REEHE , o5 28S. 18S F 58,
FABSARAGI ODaeo A1 ODago , Aczsorzso fEIITE
1.8~2.0 28 RAFFENEE RNARERY |,

REERER TR TRERER NI E
£ PCR I8,

1 2 RNA §3hig
Fig. 1 Extraction of total RNA

1~7 38179 5 R KHESS 1 = 7 KFFIR RNA BUEEKERE,
1- 7: The agarose gel electrophoresis of total RNA from the
5" instar nymphs on day 1 to 7.

22 RNSEEHSIFEFMERIE

WS EE RT-PCR PSR KRS RANE 2
A~ AT S EES 9B RISty 18
=1, BXI5 YA IEHTEA AR BS51MZ
BR{R. qPCRMIZATIARA 6 MASEERIBHE
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%k  BREIEINRBEMZE | RATSIM R
RIS RS TE.

2.3 geNorm I2FF & 4F

NZF3 geNorm F2FF0 1 6 MRS ERMIFIA
REY  ARTEERREANREE M 5, 6
MERERNSEEARIZEE M EIRF/9 B-actin
(10.3720 ) > RP49( 0.3750 ) > a-Tubulin( 0.4030 )
> 185 rRNA( 0.4270 )> EF-1¢{ 0.4970 )> GAPDH
(10.6040 ), EIRT geNorm EXf4 AR/ B FEoxd
B ( Pairwise variations )0.15 ERANENE(E ,
NE 3 LAY  AXENNENEFEXE
S8 (Vn/n+1) $Y9/\F 0.15,

2.4 NormFinder B4

Andersen £ ( 2004 ) B&RRYS —FRATIER
BERSERIERFE NormFinder , ERIEETE
FiaiTERERFRASEE | %EHERNRBE
RREHIEE (F2) . 253 NormFinder izE
6 MEEPIHAR RP49 5 p-actin BIFSE.

3 W
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fBE. MRGEHTIRENE |, 5B ER—
MEREREANS | TESEUEIRNGS. AT
LAfE qPCR LI RAARNASER | EBX
HRAEHATE RNA NRE. FEURKRES
R ERIE S Jian et al. 2008 ;Miranda et al. ,
2013),
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THERRELENERNERELREH TN
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B2 {RiENSEE PCR ¥ 18 ¥IHY TrBs #7 5 AL 6 ik B i AR 2%
Fig. 2 Agarose gel electrophoresis and the melting curves of six reference genes of PCR products
A IR 6 MREIERNSEE RT-PCR BKEIE, 1:RP49 ; 2 : p-actin ; 3 : EF-1a ; 4 : 185 rRNA ; 5 : a-Tubulin ; 6 :

GAPDH ; M: DL2000 DNA marker, B B8 6 MEERSEHERI gPCR IAfEHTZ.
Fig. A shows agarose gel electrophoresis of reversed transcript PCR products of six candidate reference genes. Fig. B shows
melting curves of six candidate reference genes by using gPCR.
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B3 {xiERSEERIREE M EMERXES
Fig. 3 The expression stability measure M and pairwise variance of candidate reference genes
A Ffi7 /9 geNorm ST fRE A 6 NMEERIAREE M 8 ; B B i/ geNorm DTERES
NEERHEHE.

Fig. A shows the geNorm’s analysis of average expression stability M of 6 candidate reference genes;
Fig. B shows geNorm's analysis of average pairwise variations.

%< 2 NormFinder BN ENEERNREEEE % Bk R R Rk | LB SR RP49.

Table 2 Expression stability values of the reference

genes calculated by NormFinder EFla 5 ACT AfARIVIEIRE 5 b EREIENSE
EE el , GAPDH, Ubi 5 EFla AR5 HRIDIEER
Gene symbol Stability value E‘Bﬂaiiﬁlj\]%go Chapuis % ( 2011 ) Ziﬂ"l Arm
eAron 03810 5 EFla ARRFRAEREME T RAT LS
18ESFr-FiZA Z:izzg Chortoicetes terminifera #&HLFRIATHIER
e I RISEE, & LA M FHREMLIRE
B-actin 0.1210 HTEENERE FESSLHEZENG THRE
RP49 0.0870 RESERES,

EERTEREAA 10 ZERETCIE AR
AR SR geNorm 5 Normfinder SHRERSEZREREAGED FENZH
E’X ,fq: Van Hiel % ( 2009 ) 53\ *F]: 7 5¢\ iﬁ E ?‘EI’”E ' P\]%EE’J‘%@&%W?E@%%E’J)’E@
Schistocerca gregaria 7 MEIERNSEHRETE 5 8E MEAAAER. LiuF (2013 ) BIRIEA oPCR
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15t EFla 5 GAPDH AR KIEREHLER
NUHNRERSEER , p-actin 5 EFla JIFRFIAREE
RENRERSER, AHARLEL 5 IR
BEREENR ETEEBERR 6 MERER p-
AENER ( p-actin ). IEKEF (EF-/a ). 3-8
FRHMESBLSEE ( GAPDH ), #ZAE(RER 49
(RP49). o-fEEH ( a-Tubulin ) 5 18S #%##
& RNA (185 rRNA ) AIRIERSEER , A
geNorm 5 Normfinder Z{4-SHiEXRIAE | 15
FERFASEE M B, RENEFENEREE
AR FIAIEEE. geNorm FEFEOHT 6 PHSE
HfY 2 E HEEERRANBEE M E.
M BERE— M HNSERESHEFMERSERE
IRIKPRILUER T ERE  TTEEEITREEE
HERRAREENTEIE, 253 geNorm 127
ST, ik 6 MRERSERRIREE M &
IIFiFE9 : p-actin (0.3720 ) >RP49 ( 0.3750) >
a-Tubulin( 0.4030 ) > 185 rRNA( 0.4270 ) > EF-/a
(0.4970 ) > GAPDH ( 0.6040), M {Ei#i/\ , &
PR ERIAIZEMES. FIT geNorm FI4FLAFR
EWEFEXTER{E ( Pairwise variations ) 0.15
EIANENEE , A1 Vn/n+1<0.15 B , FKIES
BV ERRERE> N+ NEREARS. N
E 3 A LABY  AAREINECEFENESR
8 (Vn/n+l) B/NF 015, N8B MEIRE>3
MWEREARS. ZLERATR | £ geNorm F2F%H
T ANFRSIESRE p-actin 5 RP49 ANMERE SFRIE
W& EE, NormFinder XHWIEITRES
geNorm 2RI , IBITEREUREBENAN
HeF  REAREER/NNEEDASRENE
&, Bd% 2l REER/NRIRERNS
HEPA79 RP49 5 p-actin, NARERIG A
RERERE 5 B VIENRAREHEENSE
H  FnteEEERNSERN®EEE —E

REENE.
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