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Screening of reference genes in the white-backed planthopper,
Sogatella furcifera (Hemiptera: Delphacidae) under heavy metal,

pesticide, and plant virus stress

WU Yu, WANG Yi-Ming, ZHU Yan-Fei, GAO Qiao, QIU Lin, LI You-Zhi* (College of Plant
Protection, Hunan Agricultural University, Changsha 410128, China)

Abstract: The study aims to identify stable reference genes for Sogatella furcifera under the stress
of heavy metals, pesticides, and the Southern rice black-streaked dwarf virus (SRBSDV) that it
transmits, thereby standardizing gene expression analysis under these adverse conditions. Using
qRT-PCR technology, we evaluated the expression stability of eight candidate reference genes

(EF1-a, RPS18, ACT, TUB, GAPDH, RPL9, RPLI10, 18S) under the stress of heavy metal
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cadmium(Cd), Flupyrimin, Dinotefuran, and SRBSDV through GeNorm, NormFinder,
BestKeeper, Delta Ct, and RefFinder software. The results demonstrated that all primers for the
eight candidate reference genes exhibited high amplification specificity across different stress
conditions. Under Cd and Flupyrimin stress, RPLY9 and RPLI0 were the most stable reference
genes; Dinotefuran stress, ACT and RPL9Y showed the highest stability; and SRBSDV stress, TUB
and RPL9 were the most stable. The stability of the selected reference genes was further validated
using gstdl and Vgl as target genes. The results indicated that the combined use of multiple
reference genes resulted in a lower standard error compared to single reference genes, providing
the optimal normalization standard. This study provides a set of stable reference genes for
gRT-PCR-based gene expression analysis of S. furcifera under the stress of Cd, Flupyrimin,
Dinotefuran, and SRBSDYV, laying a foundation for subsequent research on gene function.
Key words: Sogatella furcifera, cadmium; flupyrimin; dinotefuran; southern rice black stripe
dwarf virus; reference gene
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XFFAED TP R AP 22 18] UL 2B W) 5 3485 22 8] IR AH LK 22 52 5K HLEE (Kang et al., 2018;
Liu et al., 2022; Zhao et al., 2024) . SZH %% ¢ & & PCR (Quantitative Real-time PCR, gRT-PCR)
MR FEERIE AT 0 T RZ —, EREWE I PCR R A = AL 965 5 7 S hxy
5 R 3R IE K EAT 70 # . BRI B B . Rk AF . 15 S5 s, 45 PCR
BARMER LG EI 12N (Radonic et al., 2004). TfifEF]FH qRT-PCR AWt H )1
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etal., 2011). X455 % 4 (Callosobruchus chinensis) ft) 8 NS 3E K (B-Actin. p-Tub- o-Tub-
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FATE, TEAS IR S p HER A 1 N 2 5 RN EF1A Flo-Tub TEAS [E)R 2R A7 A
RN 23 Ay RPS18 Al RPLI3 (Kong et al., 2024). RMIFAFEL X FaE, EH T
SN S B, BT AZERT H (5 BRI AT R T IE 3408 W S 3L R A SN B 2.

FIH K E\ Sogatella furcifera J& R 2 2% 5 By, 5 B3 i ) W = F1 28 50 W K RS 4 K 0t
WG fEE, XKFEE B ERKRBIAMER (Wang et al., 2017; Miao etal., 2018). H
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f& (Yinetal., 2020; Wangetal., 2023; Xieetal, 2023), BIEMRHAESBR. K2
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T3, B H 20d A . 7E 4 PO RIACER KRR Ay BN 1% 6 HERMERSCR, £7 24 h
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1.2.2 Zj5fia
B4 2 Dinotefuran (98%i% 14>, CTH14N403, CAS: 1165252-70-0) 1 Flupyrimin
(94.2%3& PE %5y, CI3HICIF3N30, CAS: 16859566-03-7) ¥4 H ) P K o E M4 B
W) o LA Triton X-100 water 4y B V& VA fi#, 53 A BCE LCio M1 LCoo P MK BE AL BE, JLrp
Dinotefuran ] LC1o 1 LC20 73124 1.00 mg/L 1 1.55 mg/L, Flupyrimin f¥] LCio 1 LC20 %3 %l
N 1.24 mg/L Fl 1.82 mg/L (Wu et al., 2024), ACFRAUR R MR BUEN AT KEl 3 #35 H
BEATAEFR, AbHE 72 h JE R RS BIR A S5 HE KR T RARARIE TR, XERRAL N R & 255 e
MEE CE, IR L 1L, P 3 d JEHFTRENLIURE, B TR AR S B T -80°CH
IR VKA AT S . AR E 4 NMEYREE, SANEEIR 4 kHE,
1.2.3 SRBSDV il
B 200 3k 1~2 #&45 tYE/& Y% SRBSDV i 55 1 /K e Ak L1137 24 h, Bl ke A% 22 UK
4% SRBSDV i 5 (/KB MR 13 10 d, SRR A CEl T B K Fampk Lmas, 1R
fREE B 11 PR R IR IR RS 7 ORI, BEALEL 20 ka5 ROk AT qRT-PCR A ill, 5 J5 B5
ettt id 80%, M\ yALBERE AR A AR YL 3, W R TS SREAT SEAR . Rkt HR AL AN
SRBSDV 420 i B gEAT BEALHCRE, B b T WU R 5 B T-80° CHEEMIKIR VKA R A7 4 FH -
MRV E 3 AN ES, FAESE 10 ki,
1.3 2 RNA 2Bl cDNA E—iE& X
FH A RNA #HGAF & (RNAiso Plus9108, Takara, HZAS) $REUEE S )5 RNA, I
Al W53 )66 EETE (NanoDrop 1000, ZEBR K H/RBHEA R AR, FED XF& RNA B 5 &
WPEEATRE I, 18 SRAEVE K ODaeo A1 ODoso N IR IEFELLAA, UAEITE 1.8~2.0 Z 18], FIH
B VKA IILE RNA 58 B0, iR & 4% 1) RNA T—80°CIRIR LR 1F, T cDNA & /.
i 8 S % 6 57 & (Hifair 111 1% Strand cDNA Synthesis Kit ( gDNA digester plus )
11139ES10) ULBAFS, X4 cDNA BT & k. T
(1) gDNA JH1k: 7 200 pL {8508 H L B IR A (5xgDNA Digester Mix3 uL. Total
RNAlug. RNase-free H20 #h7a 3l 15 pL), BB FEWRITIESI G T PCR 4 42°CHiE &



2min. (2) WHFARE: F—PRRFK 15 uL. 10xHifair® 11 Supre Buffer2 pL. Hifair
Il RT Enzyme Mix1 pL. Random Primers N6 (50 uM) 0.5 pL. Olig (dT) 18 (50 uM) 0.5 pL-«
RNase-free H20 M7t El 20 pLo (3) W% FARERE P L E : 25°CHFEE Smin. 55°CHFEE 15min.
85°CHF4E Smin. = cDNA T—20°CIKIR#47, T qRT-PCR 524
1.4 {ZENSEENHE RS PET
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Rhodniusprolixus % B AT WS VT i F B IR, 34 0 KRV E M Rl F 1-a(EFT-00+
R E B SI8(RPSIS LB E A (ACT ME B H (TUBD - H e -3- B2 it Z (GAPDHD «
EHEASE A L9 (RPLY). MZFERE A L10 (RPLI0O). 18S #ZKE/K RNA (18S) %5 8 NN Z3E
(Majerowicz et al., 2011; He etal., 2014; Yuanetal., 2014; Anetal., 2016; Wu et al.,
2019 ) o RO Feeo4 5 B ., M M NCBI  Primer-BLAST
(https://www.ncbi.nlm.nih.gov/tools/primer-blast) it qRT-PCR 5|4, &K K 5140M5 5 W%
1.
1.5 ZREASEERREREMES

AL 1.2 F & BT cDNA B, FIIH qRT-PCR 7341 8 ANk P 2 55 R 7EAS [R] b 2R
T mRNA #i5/KF. KA GeNorm. NormFinder. BestKeeper Al RefFinder ¥ 1%} 5 4> J&
B8 . Flupyrimin B8 . Dinotefuran 3 fl SRBSDV i 2% il N 1IN S 3k R R IEFa e 1
BEAT 70 M7 o GeNorm 18I T SRR A 2 B DRI A 1 (1) MLER F e e PR I N S 2R IR
FHERRE N M AEBR N N SRR YR s R AT SIN 1S N SR S
PRAEACIR T IOBCS 2S5 VB, FFARYE Vo/ Vi (BRI E P 75 Bod A Z 5 R 8 H , BUA V E
015, WIR Vo/Van<0.15, MEid A 23 H %R 2 n 4. NormFinder 18 id 15 3% %
R FRIAFEEH (Stability value, SV) BEATHER, SV {HBk/NUEE K 5 #iES € . BestKeep
er BRI TGN SR 22 AR O (KR 9 /R 3L (Related coefficient, R). Friffii 2 (Standa
rd deviation, SD) 1455 2% (Coefficient of variation, CV), HR¥E SD Ml CV (/N3
PRl A SR, e 20t & R R AT HER . SD<<1 FIFE R N R Ik K PR NAEE » Delta
Ct P25 I8 T I EL AN [l B R 2 ) s B bR 22 (SD) K/ R e 2 e M, SD {Hilk
ANEE R R PR, R . SR, ARAE GeNorm R PFHER (1 550 iE N 2 B R 1 4
FIF RefFinder 1E£E 70 444 (https://www.heartcure.com.au/reffinder/?type=reference) ¥ ik
4 PO IR T 65 RHAT SR VRN, B 20 E S T E M N S
1.6 REASEESIPHERMERIRERZLT

PL 1.2 ool B AR 3 RNA SO s ) cDNA MR, {8 A 2xHieff ultra-Rapid hotstart PCR
Master Mix ( I 8 FAEY BB G RAFD X536 H 51437 PCR 48, {8 1%k %
(1 B3 IR WA B s ot T i 6 DK 5 P %) PCR 4718 ) BLHEAT 3 B 4558 . BERR cDNA K IRHRE 5 NIk



FERREE, BEAMERFEREFE 4 1% )5 18 F] Hieff gPCR SYBR Green Master Mix (b 28 2B W kL
A R A ED HEAT PR Il 2R, ARHE R I 25 AT BB MEAH ¢ R4 (RO A 30% (B,
2 HBREDH
2.1 RERSEESIHER MY IBEERAN

8 ML N S 5L [F 1) PCR P14 1%BR IR HEBEIS Bk 7 B )5, Bk R TR & H 40
—H, PN S U E 8, WA RIS =R (B D, 4h, qPCR I
FEBCRVAL o, 8 ANt N 23k K 5 TR s e th Ze oy BT 4o B — 0 (B 2), EW] & A S5k
RS B RAFI Y 3R 5 v o b o it 28 45 R SR 0 0 2 56 DR 51 W 7 30 2k 3 Y L TE
92.6%~106.4% 1], Z&MEAHIC REL R?>0.994 (& 1), KIABIR cDNA ¥R 5 M IG5
ZIEAFAE RAF IRV G, bl bsvE il 2R UE R (5, S RENEI R &8, fFE51w
THIYE, FTRLH T RZ T RS

Bl 1 (BN ZHEH RT-PCR &1 7= fa ik 45
Fig. 1 Electrophoresis results of RT-PCR products of candidate reference genes

7E: M, 2000 bp DNA Maker; 1, 18S; 2, ACT; 3, EFl-a; 4, GAPDH; 5, RPSI8; 6, RPL9; 7, RPLI0;

8, TUB.
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Fig. 2 gRT-PCR melting curves of 8 candidate endogenous reference genes genes in Sogatella furcifera

x1 BEYE 8 MEENSEE qRT-PCR 5IHIHERER
Table 1 Information of primers of 8 candidate reference genes used for qRT-PCR in Sogatella furcifera
R A ID 5 FFH (5°-37) S A TR (%) i il 2 e RECR?
Gene Gene ID Primer sequence (bp) Amplificationefficiency Coefficient of
Amplification determinationin standard
size curves
RPL9 KP735523 F: CAAGATGAGAGCCGTGTA 142 101.7 0.999
R: CGAGTTGGTAACAGTGAC
RPL10 KP735524 F: CACTCTAGCCACTGTTCCTT 121 92.8 0.995
R: GCGACTTCATCCGTTCCA
EFl-a KP735517 F: ATTGTGCTGTGCTGATTGT 198 92.6 0.995
R: TGCTCACCTCCTTCTTGAT
ACT KP735520 F: TGCCATCTATGAAGGTTATGC 79 106.0 0.996
R: GAGGTAGTCGGTCAAGTCA
188 JX556779 F: CGGAAGGATTGACAGATTGAT 78 105.4 0.998



RPS18

R: TCGCTCCACCAACTAAGA
KP735519 F: CTGAAGAGGAGGTGGAGAA 133 98.9 0.997
R: TCAAGGTTGGATGATGTTAGC

GAPDH KP735522 F: CAGAAGACCGTCGATGGA 78 104.9 0.998

TUB

R: CGCTGCTGGAATGATGTT
KP735521 F: CAACAACTACGCCAGAGG 126 106.4 0.994
R: CCGAATGAGTGGAAGATGAG

22 AEHGEPIRIENSERE mRNA RikKFE5H

mRNA R FECLL R R, AFRKASEREAFPE T F mRNA Rk FFE
FAEZES . 8 NN S EFN mRNA RiAFEAESBRME N A 18S (6.87~7.63) >
EFI-0. (13.05~15.02) >RPLI10 (13.65~14.69) >RPL9 (13.73~14.71) >ACT (14.00~15.08)
>GAPDH (16.00~18.34) >TUB (19.13~21.37) >RPS18 (21.00~23.43) (|4 3-A). Flupyrimin
it R HIHERE A 18S (8.62~10.32) >RPLI0 (16.40~19.17) >EFI-a (16.41~19.30) >RPSIS
(17.15~19.78) >RPL9 (17.16~19.78) >ACT (17.28~19.70) >GAPDH (19.44~22.51) >
TUB (21.18~23.30) (] 3-B). Dinotefuran f}i8 ~ B #HF 74 18S (8.69~10.31) >RPLIO
(16.94~19.16) >RPSI8 (17.08~19.40) >RPL9 (17.59~19.64) >EFI-o. (17.03~20.48) >
ACT (18.50~20.31) >GAPDH (20.19~22.90) >TUB (20.628~23.28) ([& 3C). SRDSBV
il R HIHEF A 18S (6.38~12.06) >EFI-o0 (15.23~17.13) >ACT (15.18~18.07) >RPLI0
(16.09~17.52) >RPL9 (16.67~17.32) >RPSI8 (16.84~18.26) >GAPDH (17.22~20.39)
>TUB (18.20~19.00) (] 3-D). £ 4 MARIBIFEM T, Br 185 RIEF LN E 4N, EFl-a.
ACT. RPSI8. RPL9. RPLI0. TUB. GAPDH )& T IE % /K FiaH . AEEBmMaT,
18S. RPL9. RPLI0 [f] Ct 1% 53%/N, {E Flupyrimin Al Dinotefuran il F 18S. ACT. RPL9
) Ct {52 55/, 76 SRBSDV i N, TUB F1 RPLY ) Ct {H 2 R d/lN, BAAKE GAPDH
1 4 NAEFER ) CeE 2 Aok (B 3D
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Fig. 3 Expression levels of eight candidate reference genes in different stress

VE: A, 4R G ; B, Flupyrimin 38 ; C, Dinotefuran fii}if1 ; D, SRBSDV ff}ifl . Note: A, Heavy metal cadmium stress; B, Flupyrimin

stress; C, Dinotefuran stress; D, SRBSDV stress.

23 ESREWMETHSERREMS R
GeNorm 7P T 45 R, LIRS 8 NN SEER T4 57 B M AEIIMET 1.5, &9
Ik ) 8 AN 25 RIFE B &R bl T X e E Yy N SR KIE R, o RPLY A1 RPLIO ) M
EFE4 0.161, 7 8 MELE A SEF T M HE/N, NERAENANSER: GAPDH 1 M fH
N 0.564, J& 8 NMASEE T M EHEKI, NN EATRERNSER, fwtEH Ry
RPLY/RPLI0 (0.00005) >18S (0.0004) >EFI-a (0.0007) >RPSI8 (0.0011) >ACT (0.00163)
>TUB (0.00162) >GAPDH (0.0020) (|4 4-A). NormFinder 7 #7453 &7~ RPL9 F1 RPL10
(1 SV {E /)N, [F4 0.08, s Normfinder ¥ HEF fefe @ N S AL, o MEHEF IR IKCH
RPLY/RPLI0 (0.08) >EFI-a (0.18) >ACT/18S (0.22) >RPS18/GAPDH (0.28) >TUB (0.3)
(K 4-B). Delta Ct ) #r4h B 7~ RPL9 1 RPL10 [f) SD (0.41) {H/D, AEIEMAS
FH kB, B tEHER K N RPLY/RPLI0 (0.41) > 185 (0.48) >EF1-0.(0.49) >ACT (0.60)
>RPS18 (0.61) >TUB (0.67) >GAPDH (0.69) (I 4-C). BestKeeper 745 R o, 8
MNSIREE SDAEE/NT 1, #AE NN S I HE, H2E RPLY M1 RPLIO K] SV (0.93
115 fEHE/DN, KR r (0.880 F10.806) fHAHA, FULHEM RPLY Al RPL10 N ke e
ISR H AR E MEHEFR RO 188 (0.12) >RPLY (0.13) >RPLI0 (0.16) >EFI-a
(0.32) >RPSI8 (0.34) >ACT (0.40) >TUB (0.43) >GAPDH (0.54) (|& 4-D).
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Fig. 4 Expression stability analysis of 8 candidate reference genes in cadmium stress
R A, GeNorm 3Hr45 58 B, NormFinder /#1455 C, Delta Ct 2047455 D, BestKeeper 2047459, & 5~ 7 . Note:A,

GeNorm analysis results; B, NormFinder analysis results; C, Delta Ct analysis results; D, BestKeeper analysis results, Fig. 5-7 same.

2.4 755 Flupyrimin N8 TS EEREME S

1t Flupyrimin 138, Delta Ct 1 GeNorm FF 27 #R 1T 5 H RPL9 F1 RPL10 [FIR Hyfx
OB S, 185 ARAFEMHNS IR . GeNorm 15 H 8 /N S BL K (A2 e M HET
WK A RPLY/RPLIO (0.1529) >RPS18 (0.1588) >TUB (0.2395) >ACT (0.2735) >EFI-a
(0.2943) >GAPDH (0.3283) >18S (0.3844) ([ 5-A). Delta Ct 15 H A2 e MHEF 1K
YN RPLY (0.32) >RPLIO0 (0.33) >RPSI8 (0.33) >ACT (0.35) >EFI-a (0.37) >TUB
(0.38) >GAPDH (0.45) >18S (0.54) (] 5-C). NormFinder i% i RPL9 F1 RPSI8 1]
SV (0.2) flif/h, NEFEIEENSER, 18S 1SV (0.5 K, NEAFREHIN
SN, BEERHRFARICN RPLY (0.20) >RPS18 (0.20) >RPLI0 (0.21) >EFI-a (0.21)
>ACT (0.22) >TUB (0.26) >GAPDH (0.34) >18S (0.5) (& 5-B). BestKeeper #ffit
S 18S A1 RPLY 1Y) SD {H /N, 435108 0.36 A1 0.61, RIENEONFEE M NS EE NS, H
& 18S 1) CV HHLER, HAHKRECH 8 NN SEER T & AN, B Lllid BestKeeper 1154
N RPLY RipkaE K (Bl 5-D).
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Fig.5 Expression stability analysis of 8 candidate reference genes in Flupyriminstress
2.5 7557 Dinotefuran BHE TS EEREM S
1£ Dinotefuran #}i8 F, GeNorm it H RPLY #1 RPLI0 AFEfaE N SR, HE N
M {E[F 0.1435, J& 8 NHSE:EH &/, T 18S B M EHH K, 5 0.43658, ZHAFaiE
N ZHE R . GeNorm THH tH 8 /NN S A (48 € 1 HF P AR I RPLY/RPLI0O (0.1435) >
TUB (0.20718) >ACT (0.2509) >EFI-a (0.2770) >GAPDH (0.3457) >RPSI8 (0.3918)
>18S (0.43658) (|4 6-A). Normfinder TH5 45K Box ACT WAEEME CV f&/h, H CV HAZ
0.19, FagEtHEF MK N ACT (0.19) >RPLI0 (0.20) >RPL9 (0.22) >EFIl-a (0.23) >
TUB (0.24) >GAPDH (0.39) >RPSI8 (0.46) >18S (0.50) (I 6-B). Delta Ct {545 H
BIR ACT Afcka g MR, H SD A 0.34, HikJ& RPLY, SD {H4 0.35, SR J5 KXy RPL10
(0.35) >TUB (0.38) >EFI-a (0.39) >18S (0.45) >GAPDH (0.48) >RPSI8 (0.52)
( 6-C). BestKeeper 115 45 B R oR & F A1) SD {HIK KA 18S (0.35) >ACT (0.42) >
EFl-a0 (0.60) >RPL9 (0.49) >RPLI0 (0.53) >GAPDH (0.53) >TUB (0.63) >RPSIS8
(3.26), 18S HHAERHATTH, (H2H CVAEKRK, MRXRE r 8/, Fril#EdE ACT 1 RPLY
REENNZER (K 6-D).
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Fig. 6 Expression stability analysis of 8 candidate reference genes in Dinotefuran stress

2.6 SRBSDV B TASEREREM ST
GeNorm tHHE 45 R 7R 8 AN WS B K ke YEHE PR I ACT/RPLY (0.0011) >RPS18
(0.0014) >GAPDH (0.0024) >TUB (0.0030) >18S (0.0040) >RPLI10 (0.0052) >EFI-a
(0.0077) (] 7-A>, HA ACT 1 RPLY & M AEHR/NIPHA WS EE, EFI-af) M {HE K,
et AER N Z 5. Normfinder T 45 R 278 RPLY Al RPS18 WIASEME CV (0.19) i
/N, 4 Normfinder #E#E ) S fa € N SR, F2sE YRR IR 5 8 RPLY/RPS1S (0.19)
>TUB (0.20) >RPL10 (0.23) >EFI-a (0.33) >ACT (0.77) >185 (0.94) >GAPDH (1.01)
(Kl 7-B). Delta Ct 1HH 25 R B/ TUB Ffta g WA, HAREME N 1.01, HikiE RPLIO,
HAaEM N 1.02, SRIGHKIK N RPLY (1.03) >RPSI8 (1.04) >EFI-a (1.07) >ACT (1.28)
> 185 (1.48) >GAPDH (3.98) (& 7-C). BestKeeper i+ 45 R < %3 K1) SD M K
MKV RPLY (0.11) >TUB (0.15) >RPS18 (0.26) >RPLI0 (0.28) >18S (0.42) >
EFI-a (0.42) >GAPDH (1.03) >ACT (1.61), RPLY [ SD f /), NE @ MHNSER,
HHE TUB 2R (Bl 7-D).
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Fig. 7 Expression stability analysis of 8 candidate reference genes in SRBSDV stress

27 AEMETRENSEERREENHAZE

GeNorm T Vio/ Vi &R, PAEAFBE T H) Vo Vs BN T BIME 0.15 (& 8),
R, EFRAYE CEWESBEMIE . 257 Flupyrimin F1 Dinotefuran 318 f1 SRDSBV )y
BN H R EER R AT, TSI NSRBI B R R B KFEAT A — . BUE R
H RefFinder X A [FJ AL BN A 2B RIAGE PRI T URFE AT HE, 25 R BoRfEmiiE T E
HCE 8 NN SRR SR G AaE YA A s BUIRAR Iy RPL9>RPL10> 185> EF1-0>ACT
>RPS18>TUB>GAPDH; Flupyrimin Ji8 T ) 52E YAE KN RPL9>RPL10>RPS18>
ACT> 185> EF1-0>TUB>GAPDH; Dinotefuran i3 e e tHEF 1K A ACT>RPLI>
RPL10>TUB>EFI-0>>185>GAPDH>RPS18; SRBSDV #ifl I {IHEF 4K Ky TUB>RPL9
>RPLI10>RPS18>EFI-a>ACT> 185> GAPDH . %i#r GeNorm Fl RefFinder /> Hr&5 #, 15
HHAE DAE 4 b T 0 $E AR Rl AT A BTN R LN 2 N A S EER BT AR AEAL , FAk o)
BN E S B E TR AEAN S EE RN RPLY 1 RPL10, Flupyrimin B8 N ifa e N 258
(K79 RPLY 1 RPL10, Dinotefuran Ji}i8 T A% 5E A S Ky ACT M1 RPL9, SRDSBV i
NEASE RN ZEE Ry TUB 1 RPLY.
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Fig. 8 Pairwise variation analysis (Vu/n+1) of the number of candidate reference genes in Sogatella furcifera
various stress
R A, EEJEMMNE; B, Flupyrimin J}38; C, Dinotefuran }iE; D, SRBSDV Jf}i& . Note: A, Heavy metal cadmium stress; B,

Flupyriminstress; C, Dinotefuran stress; D, SRBSDV stress



2 ET RefFinder RGN HIRIEANSEFFERE M

Table 2 Expression stability of the candidate reference genes was analyzed by RefFinder software

e frbE Flupyrimin J#}i8 Dinotefuran i SRBSDV Jii#l
Rank cadmium stress Flupyrimin stress Dinotefuran stress SRBSDYV stress
HE A g S A FEME A FEME A g
gene Stability value gene Stability value  gene Stability value  gene Stability value
1 RPL9 1.00 RPL9 1.19 ACT 1.68 TUB 1.19
2 RPL10 1.86 RPL10 2.00 RPL9 1.86 RPLY 1.97
3 18§ 2.71 RPS18 3.57 RPLI10 2.59 RPL10 2.71
4 EFI-a 4.0 ACT 3.94 TUB 3.83 RPS18 4.00
5 ACT 5.23 18§ 4.76 EFl-a 4.43 EFl-a 4.16
6 RPSI18 5.73 EFI-a 5.23 188 5.44 ACT 5.73
7 TUB 7.00 TUB 5.63 GAPDH  6.09 188 7.00
8 GAPDH 8.00 GAPDH  17.24 RPSI8 7.44 GAPDH  8.00

®3 ZERFATEEEMERNASERRE

Table 3 Identification of Optimal Reference Genes under Various Stress through Multi-Algorithm Evaluation

Jopie S A HEFEN SRR

Stress conditions Recommended reference genes
E4JRMIE (Heavy metal cadmium stress) RPL9 F1 RPL10

Flupyrimin 338 (Flupyriminstress) RPL9 1 RPL10

Dinotefuran ;i (Dinotefuran stress) ACT #1 RPLY

SRBSDV Jifrii (SRBSDVstress) TUB 1 RPL9

2.8 HWSEREBEMIIE

DA I IR -S-7 R Wik D] gsed 1 R0 G 8 5 2 1 L TR g 1 BB A R R KT P 2 B TR o e e
BHATIGUE, SRR (B9 fEHRMIE T, MEEH G BURMM T N S5 F T I — 40 21
I, gstd] FERITEAS R FEAR AL B R AR Fas A5 X S DUAH LA e %, TS F AN ) S5 R
VB VA — iy SR SO s B R AT M, A X AR 1) A S 5 Rl GAPDH AT
I, gstd] BIAHXS 2B R I AT #A — 3. £E/K 24 Flupyrimin F1 Dinotefuran
E R, ME R B A R E N S B REAT 0 — b B, gstd ] FERITEAS [F) 7 5 A« 25 )
18T Rk AR AE R ZE BB, [FIRE R 2H A F (0 8 R b B e R e, (B R AR e
N Z K GAPDH T RPS18 VE NN FL R, PIRIINE S gstd] HIRIEKFAREIRZRBK,
SRIG 45 N AT SE7E SRDSBV Mhid 45 4 rp 2 280, 20 & Rl b F 0T 21 (¥ 9 25 1) TUB
HRPLY VEIH—MbHERT, Vgl BERIFRIEAKTFRERUN, MHAEHRET /N, SRR e
B 7 M GAPDH NIA—FFB, RikErEiRZER K.



A 20e B 3r == RPLY+RPLI0)
. = Igﬁiz+RPL1 0 RPLO
== RPLI0
ep . RPLIO APDH
m— GAPDH G
H_.g B '§ T
% % 1.2F % §
2 B we
®o 1 g o
22 08 £
m=E Z5 1t
3 2
0.4H
%0 s 1015 0 51015 051015 05101 ‘
S 10150510150 51015 0 51015 Fen? FeRer Fener Fese?
FRALHLIREE (mg/kg) -
Cadmium treatment concentration LB (mg/ L)4
Treatment concentration
C 20 == ACT+RPL9 D 20 == TUB+RPLY
=== RPLY === RPL9
— JCT == TUB
L5 e RPSIS 15| === GAPDH
s =
ol 82
<1 %
K20k 42! 2 1.0F
#® 9 iy
= 2 e
2E zE
Rl =
~ [~
0.5F 0.5F
0.0
S et Fever Fever Seves & & & X & X
TP TURGP Tl CeReF Fg T T s
AEFEHREE (mg/L) & & & &
Treatment concentration Kb

Treatment

9 (FAARRIANSERE SR EER gstd] T Vgl FEARFIIE T AR Fik &
Fig. 9 Relative expression level of target genegstd! and Vglin Sogatella furciferaunder different stress analyzed
by using different reference genes
FE: A, E&JEEMNE: B, Flupyrimin 38; C, Dinotefuran Jiti; D, SRDSBV Wifl, %% %K nbnifk
w7 (SD), B A, B. CWHMIERE N gstdl, B D 1 HBIERE )Y Vgl Note: A, Heavy metal cadmium stress;
B, Flupyrimin stress; C, Dinotefuran stress; D, SRBSDV stress, The error bar represented the standard deviation
(SD), the target gene for Fig. A, B, and C was gstd!, and the Fig. D was VglI.

3 ST

R T AT Biin A8 S A AT NS, AR T I RB A HHAR . LRt
FOCE R T HAER 5, MEER, 159 DSR2 w2 T4 7 AR~ AU o) i B R 2
ik, — R skt e AR E R, o DR I R IA B A R A AR E R, X R T ik
RIMH RS ERE R GG A S5 FX H 5 R IAFATH— . A S ERIRERZHT A
X RIE B E R, I8 DU IR 2 R AL X S (Chapman et al., 2015). Hf
EREREE NN SEER R WRE I CEA A DIRIE, BFFANAFEHN . AR
N AERE BB A R A A S N SR R P (Yang et al., 2020; Fuetal., 2022;
Tang et al., 2022; Zhang et al., 2022; Yuan etal., 2024). {HHI46AWF ST 08 IX Lo 48 5 0
PRIFEAS ] (0 2% A (B A2 MR A R X E @ AR 1, FEAAELE — MNEAE I %A T #RRE TR



ERIEMIN SR (Maroniche e al., 2011; Kongetal., 2024), HILIEXT H K3 FFREK
SEREATHE SO RO SRS F RN S AR Wi $E, 207 HiFM A ik .

A543 HKH GeNorm. NormFinder. Delta Ct A1 BestKeeper % 5%k P 2 3 [ £ e 1
BEAT o3 HT, S5 SRRDLRIMEEAR [ A ME N , [F)— N 2 B R AR e PR e 2R A 5] (8 B 2 T
FAEZE S (E5RMA R, GeNorm. NormFinder. Delta Ct fil BestKeeper 4 /N84 143 7 45 H
HEN—3, BIR RPLY 1 RPLIO # N A€ HEik WS, TUB M GAPDH #8 A
BN SRR, B2 18S. RPSIS. EFI-afl ACT 7 4 N d ke e R #ANE . 7
Flupyrimin P18 1 Dinotefuran [}~ % F A 2 (8] 1 0 A a5 R AAEE 22 7, ltan, 18S #ERT =
AR AR e MR Y HEAE i J5 — 137, i 7E BestKeeper F2/7 1 HE# 55—, /£ SRDSBV iy
BN WAAERE N, ACT 7E GeNorm i FIFR B MEHEFF N EE—, TIrEH AL ="M F e
58 T HE PP 8 LU ACRE IS o 3 B P 3 A 2 1) 43 A 5 SR 72 S T D& AT RT i o 8 P R 11 2
WG INEARF, FBORFEHAFR 2R E R R AR e A A A2 . KPS AE T H
Diorhabdarybakowi. 15248 Chilo sacchariphagus &5 B R WAEERLL (Xu et al.,
2017; Kimetal., 2023; Xietal, 2024; Wangetal., 2024). FTLLN T 8% — 8 F 2 8]
OIMT LS e R 2 1, BRI T B £ RefFinder BAHII M MTEE SR, LA B AERT A 25
PRl e 8 PR VPN A REE HH B I A S B R . A B — I A 2 8: R qRT-PCR #0415 — Tl g o>
SO SEAG 5 e I, B 2 A WS EEE N H 1) F AT AR HEL (Concha et al., 2012),
D5 L 75 AR 45 GeNorm #1114 T 5 35 DX T X A8 59 4B Vio/ Vit KA E JT 75 i A A 2 5 R B R .
GeNorm AT Vo/V3<0.15, $#E7# 75 H 4 )& 45  Fluyrimin F Dinotefuran i 2 SRDSBV
38 R HEAT qQRT-PCR SERGET 75 51N 2 AN S BRI H 5 REAT ARG AL B . HH DG 5T 4R
HERMAEZ I ESBYNEEURACILE, HARN TR R R H 2k KT 2 2 SR,
I H AR B BT B Helicoverpa armigera fREEREIEDN GST INEIE, SEILAETT R IEK

(Zhan et al., 2017), Zeiknk HUWKEY & 3 S B S R AL 1S 14 &2 R Clanis bilineata A EH
JIR-S-FE R Wi VE RO T Je PR AR S (FeIgsE, 2024). WBPH /&4t SRBSDV & L%
WHEEERTIERMEE Xuetal, 2014), HENI Ve Rk PGS 236 FIHR
IR gstdl T Vgl y H ¥5E BRG] 7 31 (1 ) S R R e Ve b AT 408, 4i R R ERA SN
S R AR R 22 2 /N T8 SR g S DR, /N T4 AR R PR 44 B 5 I 1 ) 208 TR R
R ZE, XRWILAPIAS A S5 KR A — bR e S8 45 R v {5 .

RPLY I RPL10 SEAZWEAR R ) B L B, F S 5B AL R AR &
B EAE CAAKEELBEREEEENEM. BT, SRR OERERRNSHER
Wt se B R EE T, A BT HESE N S BRI TAE CGRmiigaE, 2023). g o) seie g
BT IR, TEAR A AR B Flupyrimin e R, AT HAh x5 K, RPL9 1 RPL10
WL E A E NN S EE M, 7F Dinotefuran 8 fil SRDSBV Wil & RPLY f3dE FH M s
U o X5 KA AT B S R 1 I HR AR BT RPLY MRS e PERLT, mIE A (1 2 5L



fEFHBIEOAE (He eral., 2014); fERMTTRM Spodoptera frugiperda ANRIALBE R N 25
PRI 3 R SR B0 v, AIESE T RPLIO EARTFIZHE. ANIER B M B S A [F) IR FE AL B R Re i A
SERIL (Hanetal., 2021). fE£CIREIAE CEIAFER GO B AR ZURUA [F]T
BRI S B R R VR TS, 25 R EOR RPLY R RPLIO BiFasE, W ANN S
BFERH (Aneral., 2016). W RPLY fELL FE N AR SSAAAERL 2 I& VS Bl mrx
JREEZ RS S T A RN S B 1 ik ARSI — M ER IS %

HmEE-3-BER SN (GAPDH) RMERHRK Ol —, el EHor sy, AV
% B R 0k B 50 R B AR S B R, B a0 7E R SUR K Spodoptera litura FI K MR
Sesamiainferens WIS % BH Br+ BRIEUE Conogethespunctiferails IR ALY, iM% 6
Anthonomus eugeniiCano 1% 738 Hippodamia variegata 7' B 13 K 12 15 7K P 1 78 48
HHENSEREH (Luetal, 2013; Luetal., 2015; Yangetal., 2017; Pinheiro et al.,
2020; Xieetal., 2021). fEARIRSZL T GAPDH #5ANE HAE MR E NS REEMEH, H
SRDSBV Jirif T FA 1946 2] i) B A € I Z ALK & TUB M RPLY, T GAPDH #a € VEHF P i
EE, NERARERNZIERN, X5CERIENET CAUKY SRDSBV 4B i GAPDH & i
FUEIN S I MIE AR (Anetal, 2026). fERANH B SR B\ Bemisiatabaci
WA RIE, GAPDH TE A HEFL AL S o B AR ER € 1% (Sueral., 2013; Daietal.,
2017). AT HE AR (1 45 SR T BE 2 T RE S R I I 1) 22 S Bl R A S B IR AR SR A
RS ZER R, 2019; Yineral, 2020; #ffFER%, 2022). B2, HEd—4
W S5 R EA R TE AT 5 AF T #8&E A 1E N B R R IE A M A —bs ik, Rk, 7E 13
qRT-PCR B A B 13 R K A EAT S Wi, o Xt o 2 B6 IR ) i ik 2 5 M B2 1), ARIIE
PN 2 R IR IR R T e M B 8 A R AT T IF 7 485 TR S I LA m S A IR

R FEER N A IR SRR . =25 FIMNE & SRBSDV Ji # il 3 Flik e 5
RN SIEE BT T RGVETRE . ST AR PR 515 CEMERPUEIAEZE R, R
JRTCEIRAT IR A 2 5 R 2L & A FLA B 8 251 T IRDE P AT R it — P B0IE o Bbdh, el T ) 5
PRl A PR ML 10 22 ek, 308 Py 23 B TR 7E A P o e 0368 P 1 AT SR 1R B E . AT 045
R AFIH QRT-PCR BiA /4 (1 € B\ CE B G Jm AR e . AE A% B e S bt 24 VA G RE 1R
RIEZE AR SER N S B RN £ 77 B, 5 B SRR IR 1) T Re b F 431 WLt 70 24
LA
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