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Identification of reference genes in the heads of Mythimna separata
with real-time quantitative PCR under different light sources
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Abstract [Objectives] To select the most stable reference genes for real-time quantitative PCR (qRT-PCR) in Mythimna
separate. [Methods] We assessed mRNA expression of candidate reference genes in the heads of M. separata under different
light sources. Five candidate genes, including /8s rRNA, EF-1a, f-actin, GAPDH, and AK, were selected for qRT-PCR
analysis. The expression stabilities of these genes were evaluated with the Ct method, BestKeeper, GeNorm, Normfinder and
RefFinder. Pairwise variation (V) of candidate reference genes were calculated by geNorm. [Results] The Ct values of
candidate genes were between 15 and 28. The four software packages differed somewhat in estimating gene stability, however,
overall, AK and GAPDH were the best reference genes for M. separata adults under different light conditions. [Conclusion]
It is important to select suitable reference genes for specific conditions to ensure the accurate quantification target genes in
qRT-PCR. This study has important practical value for the accurate quantification of target genes of M. separata adults
exposed to different light conditions.
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SRS G E i PCR ( QRT-PCR ) 238 i X}
PCR 434 S p g — MG IR ) 5617 5 1 52
ARSI Sk S5 B S Jp i Al e e M e MR 20T . 5
f44: PCR Mitt, qRT-PCR $ AR ELATH- LR |
FI 3l A A B va A FH Y8 LT 48 7 A ( Huggett
etal., 2005; #IBIBAE, 2013 ), ILLL4AFEk,
qRT-PCR HARE M) 32 W 001 A 2 F B
SRAEAT I HLE DNA B[ RNA & =T,
HE PR 83K 22 S 3 A R IR 43 B 45 D7 TG AR 4 T
SR OB FAL 4 X0, 2007 #EIRSE,
2013 ), BEE X BRBIFERHRA, qRT-PCR iR
328 7 2 R WA B M 2 G B A M BOR
Zz— (EFHHME, 2013),

TEARLPR I E 50 AT, QRT-PCR A W E =
Tk, —MRga xR, —MoE X E R, BT,
qRT-PCR WX ik O 2 W H T2 R R A
(026 S 43 BT o O TR R A — > T R 2
PRR M, 418 H IO BEP 5 N 2 K 1 LU AR S &5
RPEAT B (BMese FIE G K, 2007 ). FERTSE
FEPI AT LI, Sy i SR it 22 TR R i PR
255, | APE DUEGS . RiRFaE NS5k
PRI H bp i PR A e 38 B AT R IE o SR, R F
FERW, AP KR A ia e iy LA (38
RS, 2013 )o ATAT—Fh A S K 1 BT iR ERE
FIRHR H R TER e U A N I EE ( EAESE,
2014 ), fESEPR, RZAEGMNS RN (G
p-actin ) TEFEBESIG S5 T RIRAKP AL RARK,
AEFE NSRRI RS, 2016 ).
FRLL, fESEIT590E 8 PCR R/, XHREE L8 5%
PER NS IR EATIPAS , PR EE NS
FEPA e g e Rk a5 AR 2 ( Andemen
etal., 2004; Vanetal., 2008; Derveaux et al.,
2010; EfESE, 2014) .

HAT, B Hrh 5CT i 3E A 25 5 PRI s e 1) i
RZ, W RSN F2A : 18S A RNA
( 18S ribosomal RNA, 18S rRNA ), 3-Bl& H il
[ Wi & M ( Glyceraldehyde-3-phosphate
dehydrogenase, GAPDH ). p W8 & H ( B-actin ).
o- i & #£ H ( Alpha microtubules protein ,
a-tubulin ), ¥E{H K F( Elongation factor 1, EF-Ia )

FIOKE 2R I ( Arginine kinase, AK ) ZFHpZ e
(Lu et al., 2013; EHFHFISE, 2013; 5L
G5, 2016 ), MERRHBANGE A S AR O TR
R HASRE . PR R LA E (R
R, 2011; FAESE, 2014; EP5%E, 2016 ),
NBEIAMR I S AL ( Succinate dehydrogenase,
SD ) it A AF R NS W5 e R 8 R IS
W8 Bactrocera cucurbitae FERBFRIEN ( Ji1H
L%, 2016 ). EF-1 W] LLAE R #F 78 JK K AL
Laodelphax striatellus L2 VE IR R IR FH AN
S (EWEE, 2016 ), UBQ Fl GAPDH T L)
YE RN SRR WFFAHAE K S8 Bactrocera minax
AR BT ERNPRSE (EHE%F, 2014) .

i o Mythimna separata 3 & 8 ¥ H
Lepidoptera, & I#k#l Noctuidae, J&—F 8 21
olr 3, AR FSE RN 2 0 1% ]
BfaFH/NE KR EARSERIEY, Sallark
JREMATHIR (KR EAE, 2012; VIEMRAE,
2014 ), BEE I3 T AV FBORTER S5 A
DT I T, 35k PRI 6 8 At 22 A 10 FH SR H Y AH
Mg (ZEM4E, 20105 Heetal., 2017), R
B HATC A X THER I Spodoptera exigua . 1
¥ W Helicoverpa armigera ., #H8UK 1 Spodoptera
litura 558530 H 3% NS H % R IE (Lu
etal.,2013; Zhu et al., 2014 ; Zhang et al., 2015 ),
B H Al = N AN SR HU 2 58 PR i 0 B 5 4
WEIMRA (Lietal., 2018 ), AHFFEHE£EHG RTE
AFDEAE BT LA LUHE S, FIH qRT-PCR J7
MMM T 18s rRNA. -actin, GAPDH, AK Fl
EF-1o 5 FPEL i A N 256K mRNA 19 3R 35
SN, FHis A BestKeeper ( Pfaff et al.,
2004 ), GeNorm ( Vandesompele et al., 2002 ) Fl
Normfinder ( Andemen et al., 2004 ) X} A& 2%
AT RIS E AT o A SO BF SR I AE A A
FJEAR PR H Y 3 R SR G SR AL T A

1 #R5AE

1.1 $#KEHR
AR, H AT R 4 AR B 2 B AR PR B AT
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FERTL0 % NGESEARCIA 3R 10 fRAOFREE . 4R
FH BT B FOR AT IR 3% . IR AR RN
(25%1) °C, AMHXHBEEN (70%+£5% ), JEHRJE
Bk L : D=14 : 10, K B J5 21T e A %
E, i TR . BHCRALE R DL 10%7Y
WK o

VEFREO— S0 3 H ISR AL - =1 1)
PR . FOBAEIMNR I 6:00 FFLh, HEITiE
%% 6 h OEIR (400-750 nm, 1500 1x ), FHrr—
AR FOCALBRRE &, 55— R Ay e T
MG FOEEUERANEAL B B RO IR S T Y
RSk, AR A P, 5T - 70 °C
&M SR 3 AEE .

WL . FDOEAEE 6 h T, AT 3 h (R
LB

FOLA R 25 6 h DGR EE R 3 h Y2
BSAb RS, FHEAT 3 h AYEOGALFE (589 nm,
110 1x );

LR IR . 25 6 h I EDEANEE K 3 h 1K)
MR AR, FELT 3 h 92 AN (365 nm,

110 1x ),
1.2 FERKFIFUEE

L RNA 2GR Trizol g H Invitrogen 24
Al s aEARHE . SR PrimeScript RT
Reagent Kit with gDNA Eraser (Perfect Real Time)
AP E = PCR X7 SYBR premix Ex Taq I #]
WA 55 AR TR K% A7 BR 2 A Takara ); Agarose
SENEME VL 7= s SN, 0TS A 1)
[ 7oy Hr 4, % PCR Y ( Sensoquest
LabCycler ) % [E SENSO ARl =5 4 Hshw¢
JeRE R PCR SN HEAXAS (ABI 7500) K[
ABI 2 F] 77 il o

13 HMSEEMZEESSIMHRTERN

7E NCBI Mufi 8 2K 185 rRNA . B-actin .
GAPDH AK M EF-1a W3 H T 51 . 2/ qRT-PCR
I — MR, A BT qRT-PCR
S, SIS R 1, S A TAY TR
( bifg) ARARE

x®1 BATHZERERT-PCRHEEIMREXER
Table 1 Primers and relative information of reference genes in gRT-PCR

i‘ . BE i’—“ 2% N ,_-_,/\\,
S 4 5141755 PIRIIRE o o R
Gene name Pri Y Length of amplified =~ Amplificaton Determination
rimer sequence (5'-3') product (bp) efficiency (%) coefficient (R?)
F: GCATTCGTATTGCGACGTTAG
185 rRNA R: ATCTTTGGTTTCCCGGAAGCT 217 89.89 0.998
. F: ATGTGCGACGACGATGTTGCT
Practin R: GGGTACTTGAGCGTGAGGATAC 212 15.35 0991
F: CTACCTCTTCAAGTACGACTCC
GAPDH R: ACCTTCTTGGCACCACCCTCT 225 99.69 0.997
F: CAGTCTGGTGTTGAGAACTTGG
AK R: TAGCCCTCCATGGAGCGTCC 239 90.13 0.992
EF-To F: GCGCTGGACACTAACCAAGAAG 247 90.18 0.992

R: TAGCCAACATGGCATGCTCTCG

1.4 E RNA B cDNA £ 1 8 8

PR BRI TR A R B S, A
Trizol 1 mL, #RJ5#Z18 Trizol Reagent Kit 1A 45
HEATEL RNA B2, SR 19%B0 AR H TR
B RNA B9S2, 4 Nanovue # ffim 40 GG
11 ( GE Healthcare, JefE ) M@, FE4E

Aoz 1 Aneonzo FIIERAE RNA MZERE, 2 H8
SRR & (AW TR REARRAH

( Takara)) WUERAEULIAAT cDNA % 1 #5005
AHC 1 ug &L RNA, 10 x RT mix 2 uL,dNTP &
& (2.5 mmol-L™" each) 2 pL, Quant reverse
Oligo-dT15 5 Random
(10 pmol-L™ ") 2 puL, %% RNase-free ddH,0 %

transcriptase 1 pL ,
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20 uL, JR2), AEE.L. 37 CHFE 60 min, 7~
YIMEAFAE - 20 °C45H .

15 SERYEHEE PCR

B IR 4 ng W858 (cDNA ), &%
JtE it PCR BaHH 5847, ROWAKZR R 25 ul, 2
% 10.4 pL Real Master Mix J&4, 10 pmol-L ™'
. FiES14 0.8 uL, cDNA Btk 1 uL, fmsk
7 uLo W EF: 95 °C 5min; 95 °C 30's, 60 °C
30s; 72 °C 34 s, 3L 40 AMEHR; HJ5TE 60-95 °C
W s i i 2 #2 . OV 45 R 5 70 #1 Real-time
PCR J I (44" 14 288 s i i 42, Bl BT i1
SIPEA AR R EY RS —RIK S, W
cDNA Hig IR 1-10 BB 5 AN R
AT EINZ AT, JFZ R Pfaffl (2001) 115
ARG MR BRI R, AR TR 3 IR,
Xof HEFH Ah Pk ) K B KA ARAR -

16 HELAEEASERBEETM

qRT-PCR ¥ #¥5¢ 5 )5, >R Pfaffl (2001 )
e CHEI AR 4 MR 5 FNS A
FyF A, MM Excel 2010, Origing.0 13
Pl H NS 2R e MM R GeNorm
(ver.3.5) . NormFinder (ver.0.953)#1 Bestkeeper
(ver.1.O)XHMEEE N S BE R (1) -1 Rk FaoE k(M)
AT AT, YR M AR NHETHET, M {E
/N, FasEME#NE ( Vandesompele et al., 2002;
Andemen et al., 2004 ) . F4F, geNorm i&n] L)
3 3 A A PR T 6T 22 S o A A LR PR P LA T
RS V(V=Vo/Vas1), 24 Vi/Varr<0.15 B, #7018
FUEHHET i E Sl NS A E N n A~ &5
i#1d RefFinder 7EZk# 14 ( http://www.leonxie.
com/referencegeiie.Php ) Xf LA I 3 Fhir#r4h it
TERE o0, kG iEr NS HER

2 HRES

2.1 HERE RNA RGN

FhHL 4 AL BRER S RNA 1Y KA 25
W 1 I AR BERT , Agsonso T 1.9-2.1, Assonzo
TE 2.0-2.4, SifEFITEIELS; 2 1% IR HEEE

Jisg HL UK (s ) 28S rRNA | 18S rRNA F1 5S rRNA
3 444, Hir 28S rRNA F11 18S rRNA 2 £ =%
5S TRNA 55 IR, LB RNA SE8 MR

28S rRNA
il 18S rRNA

5S IRNA

B 1 #iHSEELE RNA BikE
Fig. 1 Total RNA agrose gel electrophoresis from four
treatments of Mythimna separata heads

Lo PO 20 B 30 5506 4 80,
1: White light; 2: Dark; 3: Ultraviolet light; 4: Yellow light.

2.2 RAEH S RARE RS

I XT 5 Ak PN S5 PR A i il 2 10 B

e BRI e M 2 X oA B0 | I N B TEE AR R
PEY NG [P A K 4 S AEBERRE S Y cDNA
B 43 007 B A [ 65 B B e FE B (107 -
10°), L Ct fENHALFR, HIAFHE DA X5k
BEARER, FEATARERN G 0T, 15 TE NS
[ B0% Ty 89.89%-115.3%, PEEZREL (RY)

0.991-0.998 (& 1), HA i Ih £k Fbn i ih £k 1
IR, IRty 5 AN SEREG T4
qRT-PCR SZERZR

2.3 ASEEREEITH

231 Bestkeeper MHEMIEMER &
Bestkeeper 74T, 4 FOGAREE ST RS HU k4
2l 5 Rk NS R E ML RNk 2 fr
/~o BestKeeper ZUIMRfEZE (SD) S5 R4
brifE2s SD[X-fold[ P A i Rk fa ek,
{HH/ NG T . 5 PN SR AR e T
15 M NKEVIMER N . 18S-rRNA>ACT>GAPDH>
EF=AK. BestKeeper P /8L AK Fl EF N
FaE NS, GAPDH %5 3, BAFAEM &
18S-rRNA F1 ACT,
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% 2 7| Bestkeeper AT M AR S AL E THE R LABALR B 5 MIRIENSEFRRIZBE Y
Table 2 Summary statistic generated by the BestKeeper analysis for candidate reference genes in the head of
Mythimn separata after exposure to different light based on quantification cycle value (Cq)

Z4( Parameter M Gene
18s-rRNA B-actin GAPDH AK EF-la

#on 4 4 4 4 4

geo FHJ{H geo mean [CP] 16.75 25.44 25.92 26.24 26.37
AR F¥J{H AR mean [CP] 16.78 25.45 25.93 26.25 26.37
H/IME min [CP] 15.60 24.37 24.92 25.23 25.49
B HK{H max [CP] 17.88 26.31 26.61 26.95 27.25
Frifi2% std dev [+/- CP] 0.86 0.66 0.63 0.56 0.56
AR ZEL CV [% CP] 5.14 2.59 2.41 2.12 2.14
/M min [x-fold] -2.23 -2.10 -2.01 -2.01 -1.84
B HKMH max [x-fold] 2.19 1.83 1.61 1.63 1.85
P R BbR 2 std dev [+/-x-fold] 1.82 1.58 1.54 1.47 1.48

2.3.2 GeNorm HEREMNER GerNorm 4K
X8 PN 2 25 IR R AR S AR e R R E B T 1
H MR/, M AN, WSEREEE
BWERE; R, REtiMzE, 4 GerNorm #iff
VRO 3, ANTRDGAEBIS RGeSk ERZH b 5 Ak
NS TR E PEILIE 2 (A ), FEANR AL SRS
a5 NS B ROREE PV M RE )
WK H 2 18s-rRNA>EF-10>p-actin>AK=GAPDH ,
HI AT I, FUE PRl N S B & AK
GAPDH, 18s-rRNA [ MAEEK, etk

RKWFGEH Vo /NF 0.15 BE (E 2: B), 3+

o
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FHRBRENE (M)
Average expression stability

0 1 1 1 1 )
185 rRNA EF-la. B-actin AK GAPDH
F A Gene

BB R AT SEAR B 5 H 93 R ek i DU, H5
FENSIRIE B 2 4, Bl { ] AK 1 GAPDH
HEERNNSHEN,

2.3.3 NormFinder ZH&iEMER H
NormFinder Z3H7 P23 A (1) Ji B AR B8 32 R A
EMR R/, 5 GeNorm B4 3Hr26, 4
FEAEE/N, HNSHEENNRAREEES, &
NormFinder 7787, i 4 FOGAHE, 5 Fp
i e A 2 DR 7 Sk S v 2 58 RS PRI A
p-actin (0.066 ) >GAPDH (0.118 ) >4K (0.141)
>EF-1 (0.168 ) >185-rRNA (0.307 ), Wi 3 Ffr

0.08

g
=3
>N

P Xt 25 S{E
Pairwise variation value
o =
= =
o b

(=}

I/'2/3 I/SM I/:1/5
WU NS HE R EE

Number of reference genes

B2 FA GeNorm IEMAREFALETHRLEAR T 5 MRENSEFRREREY
Fig. 2 Average expression stability value (M) of the candidate reference genes in the heads of
Mythimna separata after exposure to different light analyzed by Genorm

A. GeNorm BfFIMHT 5 DNNSIERRISFEVEE; B. WSIERFCWA G .
A. Expression stability of 5 candidate reference genes calculated by GeNorm; B. Pairwise group of reference genes.
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;EQ%—

g 0 FIAT, QRT-PCR EL4J™ V2 I T HUAE A 4

4 ‘*gig PO, h T RIAREAR RNA PRI 2% 5

o Z 005 T TR | 5 B P9 B R A A 1
Z

01 8srRNA EF-la  AK GAPDH p-actin
F A Gene
3 F A NormFinder ZEFIFN AR LE TR
SKEAEASD 5 MIRENSERNRILRES
Fig. 3 Average expression stability value (M) of
the candidate reference genes in the heads of

Mythimna separata after exposure to different
light analyzed by NormFinder

o Horh, B B-actin FGE(ER/N, BN : B-actin
B F AT E e, AT LME M NS 3N, H
W GAPDH Fll AK, 1fij 18S-rRNA 1 EF-1o %2
M, RNEGIE ISR,

234 3WREEESTHER ZELE3IFK
HHITEN 2R (K 4), &I BestKeeper X 1F4r
Bris th Rk g 3L K& 4K Ml EF-la,
GeNorm K PFH 45 R & AK I GAPDH e e,
Mm%kt NormFinder MJPFMEEHRE B-actin Fifa
L, HIWKIEHEN GAPDH Tl AK ., I, 4 Fpthb
FAMER, 5 A N S IR S Rk
MR 4K, KRN GAPDH; ke
PESC SIS 18S-rRNA, ANi&EAVERCA LT b
HH SR AR E RSB NS,

HEREFREN
Gene geomean of ranking values
S = N W A U

185 rRNA EF-la f-actin GAPDH AK
HH Gene

4 ZEEMLETHRLMEL R
5 MR NS ERRRIEZE L
Fig. 4 The comprehensive ranking values of the
candidate reference genes in the heads of Mythimna
separata after exposure to different light

FARAELL (Bustin e al., 2005), i, wE#HE—
Fiie e R IA I N S LU ORIE H iy 2 R 3Rk 2%
RUMERH AT AERY AT S5 4F (Van er al., 2008;
Derveaux et al., 2010 ),

NS BE R i e — e B L 3-18 MEIENS:
F: A ( Andemen et al., 2004 ), ASHFFTIEELT 5
PR R E NS 18SrRNA . B-actin |
GAPDH .AK Fl EF-1,°}% ] BestKeeper .GeNorm ,
NorFinder i RefFinder 4 FHE{EXT 5 Fi itk N =
D RS PE T 45 SR R I, AR N2
HEEPFEEHDT A —E 25, &R
EAFESE (F741%, 2012 ), BestKeeper 2
JP E2E G L Ct B BRI 25 F17AE S RECK
BRI AR E L (Pfaffl e al., 2004 ), %
HGEI AT, AR NEERSER T 4K
EF-1 E5fa 21 . GeNorm ¥ /& i1 A N2
FERFRIBRETEN M AE, Ko HAEARRE 5
R FRIAFETE . MAEBRRREE 2 RZ,
fa g Ml ( Vandesompele er al., 2002 ), %K
PEXSABET B BT 45 R 7R, AK Fl GAPDH 1
M a5/, i AG1ENNSHERN . NormFinder
AR BT 5 22 50 B AN N 2 2 DR TR A R i
s fE e ( Andemen et al., 2004 ), FEA
5T, ZEAIT R TR B-actin Z iR
EM o L5 3 PR AR, AR R
18S rRNA 7E 4 PR B GAR T T A2 1 e 22
AN A AE ST AL T RS B H A 5 R SRR 1
BN S EEIN s T AK AR e Ml dy, A3
MINSEERE , 558, FIH GeNorm #414nHEAL
PR BE X 22 5 43 17 5 1 35 1 N S B R B H
24, BRI eI AK I GAPDH 4145
YERNZSHEA

Rl HUR— R B L, R SRR A
B4 3% Bl A AE R )R AT o 2 1) P ' R AR 1 %o el HL
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AYAT S 1% B0 RN AR B e ) SR A EEE R e (Al
etal., 2016; Btz=%5, 2016; Duanetal., 2017 ) .
AR qRT-PCR Jrvkxt 5 Ffeik N S 5L i
TPV, 25 R IR PT R B 5 Tl N 2 3L R 3Rk
FeE P2 AL BRAAF I R AN ] o i 5 45 5
A JE R FEAL HZEAS R AL BE R H A4 3£ R ) ek
TEOLARAL T A
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