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Abstract: In order to investigate how brown planthopper (BPH, Nilaparvata lugens) responds to the
stimulation of tricin, an insect-resistant compound in rice, and reveal the transcriptional regulation
mechanism behind it, this study systematically analyzed the transcriptional changes in salivary gland tissue
of BPH under the stimulation of tricin using RNA-seq. The results showed that, compared with the blank
control, 49 and 232 differentially expressed genes (DEGs) were found in the salivary glands of BPH after
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treatment with tricin for 6 h and 24 h, respectively, and 23 shared DEGs were found between both time
points. The number of DEGs caused by long-term treatment of tricin was significantly higher than that
caused by short-term treatment, and the expression levels of these genes also exhibited a temporal
induction pattern. Further analysis by Gene Ontology (GO) functional annotation indicated that these
shared DEGs were mainly involved in biological processes such as response to stimuli and response to
stress. At the same time, Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis further demonstrated
that these genes were mainly concentrated in protein digestion and absorption and endocrine regulation and
other related pathways. RT-qPCR analysis of shared DEGs confirmed that tricin stimulation could indeed
induce the expression of trypsin, maltase and transporter-related genes in the salivary glands of BPH. These
results will help to reveal the molecular mechanism of BPH response to tricin stimulation, and also indicate

that trypsin and organic anion transporter LOC111045154 may serve as polential targets for future control

of BPH.

Key words: Salivary gland genes; tricin stimulation; BPH; transcriptome
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Table 1 Validation gene and primer information for RT-qPCR

FE[H Gene ID 5% Primer (5" - 3")
LOC 111044311 F: AACACCATCAACCACGAC
(Try3) R: CCTGTAGCCAAACGAGAC

LOC 111054162 F: CTTGGAGGTGAAGACTTTG
(Hsp68) R: TCAGTGCTCGTGGATTAG

LOC 111044784 F: GATTCCTTACCAGGTGTCA

(PRSS3) R: GTTACTTCCCAGGGCTAC
LOC111045313 F: CACATTGAAAGGAGGAGC
(Tmprss4) R: TGACTTACTGCCCACTCG

LOC 111049618 F: GCAACCACGACAACTTCA
(Mal-A3) R: GGTCCCACCTCACGAACA

LOC 111050405 F: ATCAAGCAGATACGGAGTGC
(Slc49a4) R: TCCATATCGGCTTGATGGT

LOC 111054923 F: TCAAACAGTACCCATTTC
(Prss55) R: CTCACTTTCACCCTATCC

LOC 111057129 F: GGCGAAATACAGCCACTA
(Mal-B1) R: GAGCCGACGTACAAACGA

LOC 111049619 F: CAAGGCTGCCAGATTACC
(Mal-B2) R: AACTGCTGCGGAGAACAA

LOC 111045318 F: AGGCGGAAAGTTATCAAA
(=) R: GAAATGGTAGGCTGCTGT

LOC 111060082 F: CACAGTCTCGGAGCACAT
(Puliprp2) R: CAATCGCACTTCTATTGG

LO C111048038 F: CGTCTGAGATTTCCCTCC
(-) R: TACTGTCCTTTCGGCTTG

1.4 Srit=EsbE

AHIF 5% 1 56 $5 4 % FH SPSS 25.0 Al Prism 8.0 4k
PHEAT 23 B Sl B o X968 i PCR 45 R 47 5L
E I 245H1 (One—way ANOVA) Fl Duncan’s %
HEILEE, P<0.05 BN A e B35 255,

2 EREHH
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F2 BRAERRITEA (CK) MEFHWMAF (T) 6 h# 024 hJFH RNA-seq ZIRSEIT
Table 2 Statistics of RNA—seq data from salivary glands of BPH treated under control (CK) and tricin treatment (T) for 6 h and 24 h

FEA IR (M) SIEEFES] (M) Q2041 (%) Q30 51t (%) sHIERFEI LR (%) MER IR (%)

Sample  Raw reads Clean reads 020 030 Clean reads ratio Total mapped
Ck6-1 49.85 49.68 98.00 96.31 99.66 86.63
Ck6-2 43.52 43.34 98.17 96.58 99.59 86.36
Ck6-3 51.27 51.07 98.20 96.61 99.60 86.48
T6-1 41.46 41.29 98.08 96.35 99.60 86.40
T6-2 42.43 42.27 98.15 96.51 99.62 86.29
T6-3 48.00 47.85 98.23 96.69 99.68 86.41
Ck24-1 50.58 50.41 98.22 96.64 99.66 86.83
Ck24-2 53.48 53.26 98.02 96.37 99.60 86.86
Ck24-3 56.52 56.30 98.03 96.36 99.60 86.90
T24-1 47.34 47.17 98.02 96.37 99.65 86.12
T24-2 4921 49.02 97.97 96.23 99.62 85.76
T24-3 57.66 57.46 96.77 91.16 99.66 84.49

e 1, 2, 3 BIERAR 3N EY2AFEE . Note: 1, 2, and 3 respectively represented 3 biological replicates.
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expressed genes (DEGs) (B)
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Fig. 5 RT-qPCR verification of differentially expressed genes in gene set A (A) and gene set B (B)
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TR ZEZS, P<0.05, n=3, Note: The results of the histogram were expressed as mean +SD, and one—way variance and
Duncan’s multiple comparison were used to analyze the data. Different lowercase letters on the same gene column indicated significant

differences, P < 0.05, n=3.

25 XEEEMERE gt PSR LA K B R 155 (Wei et al., 20135 5K
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FILOCI11060756 (1) 33k #R =, (A AR BE % EAH Y A AL A W A7 R (Nicholson et al..

AW (£3, #4). 2012), KPR R4 U6 (0 W RE A M N 2
P P B S ) 55 KA 0 SR AR I S B, R AR
3 &it5itie B R R AR A L AT R T

PEMREAE DI/ LIS (Zhang et al., 2018) .

TEK - B Bt [ A b, KAEIEA ) T fEKFE-Hs CEUEAERR D, HRICAARD X T
RZ BTG Y LU T4 A B JU Bk, R PR VR A S A B 1 A OB GE , JF A
TFEAFEHRLEY . WRAEGY . TEALEY. rh e 3 O TR BRI (Noda et al.,
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x3 BEEEABSEEB TR
Table 3 Functional annotation of selected genes in gene set A
HEPH KRG (TPM)
FEH Gene ID IfiEERE Function annotation
CK6 T6 CK24 T24
LOC111044311  2.14 4.41 2.85 9.02 JHREE A 12 Trypsin—12
LOC111050328  3.99 11.60 1249 4337 JBE7E [ B 11-P29 Trypsin 11-P29
LOC111044784  62.66 13217 8226  224.72 [ #E A 1-P1 Trypsin I-P1
LOC111045313  10.55 54.78 14.01 82.57 JREE A 7 Trypsin—7
LOC120349367  2.93 12.10 5.88 15.06 A M AT Maltase Al-like
LOC111047871 8.67 3.56 5.34 13.58 FIE B Venom protease
LOC111049618  0.54 1.64 5.46 1.84 72 ZFWEMG A3 Maltase A3
LOC111046115  0.37 1.50 1.14 4.16 ZENYJLT il A Endochitinase A-like
LOC111054162  5.15 13.44 13.59 31.94 PR T 1 68 Heat shock protein 68-like
LOC111056618  69.22  178.99 6298  185.56 HLVHE NGB Cathepsin B
LOC111044505  0.26 0.38 0.65 3.08 TR TR 49 Z5E LB Solute carrier family 49 member
LOC111061535 1520  31.84  17.01 42.20 IR A 2
Cationic amino acid transporter 2-like
LOC111045154  13.36 12.83 12.11 63.27 AL T s SRR
Solute carrier organic anion transporter family member
LOC111053606 15527 43040 351.62  782.79 U SE Uncharacterized
LOC111054632  120.88  251.42 21637  449.85 F5E Uncharacterized
LOC111053570  9.03 25.02 8.87 24.55 KM 5E Uncharacterized
LOC111057554  3.22 7.39 6.09 14.61 F M58 Uncharacterized
LOCI11058739  59.47  121.11  79.09  162.93 KM 5E Uncharacterized
LOC111060756  81.58  166.74 13821  321.12 U 5E Uncharacterized
LOC111050405  5.63 23.01 6.11 1.75 F U5 Uncharacterized
F4 EEEBHIERMINEETRE
Table 4 Functional annotation of selected genes in gene set B
SN B E (TPM)
LK Gene ID e B¢ Function annotation
CK6 T6 CK24 T24

LOC111054923  10.86 17.84 6.75 27.99 KPREEM Trypsin like
LOC111045318  10.72 19.78 22.81 86.33 JIREE 1 # a3 Trypsin alpha—3
LOC111049619  39.82 64.93 36.78 152.80 FZEMETE 2 Maltase 2
LOCI11057129  93.06  165.08  157.78  520.85 ZZEMEBIEE ] Maltase B1 protein
LOCI11064631  52.83 73.62 57.82 185.93 HHEEH 2 Mucin-2
LOC111046521  19.63 33.31 38.64 150.67 KA BN N IIKAE Legumain
LOC111045320  50.83  100.64  66.42 209.24 WURIEE M Granzyme M
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4F 3 4 Continued table 4

FeH Rk HE (TPM)

FEH Gene ID JHETERE Function annotation
CK6 T6 CK24 T24
P 17 S 32 76 1 Tret1 -2 [R) J5H4))
LOC111052473 210.66  327.80  233.54 634.39
Facilitated trehalose transporter Tret1-2 homolog
LOC111056012  0.33 0.46 0.32 2.18 {BE M iEMG RS -10- B .1 Putative helicase mov—10-B.1
LOC111055526  0.11 0.22 0.10 1.18 T gpi 48 %2 B 1 58 Predicted GPI-anchored protein 58
LOC111054939 0.15 0.31 0.16 1.08 2 [A]JE A 1 Vnd Homeobox protein Vnd-like

LOC111060082  81.70 65.47 151.72 70.63

LOC111045857  205.10 182.86  539.22 232.84
LOC111048038 1.27 2.06 7.63 0.94
LOC111044314 256.76  409.05  334.57 902.24
LOC120350939 0.84 1.36 0.57 5.33
LOC120351772  17.28 11.58 85.98 201.74
LOC111049636 670.32 122249 935.05  2143.25

e i P =

Pancreatic triacylglycerol lipase-related protein 1-like
D 3B H B A

D-3-phosphoglycerate dehydrogenase-like

A2 5E Uncharacterized
ASE5E Uncharacterized
ASE5E Uncharacterized
AU 5E Uncharacterized

R % E Uncharacterized

2008; Konishi et al., 2009; Jiet al., 2013; I[#
5, 2019) . FRHT (2019) i X HCE TN BUEOK
e i AR IR 56 FU koK A I r 48 K EL P i 4 i Ay
ek dlsemtay, w18 SiE1k . s | iR
DA R AREAR I 25 DO BEAH DG 1A 22 57 R 3K FE K5 Zhang 55
(2019) il 3= %o BUEr TN 1 SRR R FIHEHF Bph6 3
PR AR P AR At S 0 R EWIE A T 5% SR 2 22 5T
KA CERT AR T AW L T M A BR DL
TR LN Rk,

2 R — R Tz o A T KR R B E
KA, A 522 S5 5%
PUMHACE R R DS (UKAE, 2007; Zhanget al.,
2017) . ASTREA FTI O 5T A B mUn i A
43 WA R A 1 NISP7 52 0 K R AR 9 22 s AR, 3
iy R\ F B AT W K R BT H A G - 22 B
LML 7 AN TE 2 o ASBIF 9 38 Ao %o 22 0 I 3 T
(46 Y TN Y MR 2F A 7% SR 4 2% 43 BT S RT-qPCR 4%
WE, & e W m MR VR Y AR B . A R
i 3 B R DG R TR S 52 22 v T 1) RS T R
iGN R S o A R DRI R T N A B R IR E I
wAR, ST AR AGEAARL CFH, 2016). HAET
A GE T BR S T T EUN 2B A7 A 8 ) 22
SRIBEEH AT 0, FEETEL — R

TR0 0] X 4 22 S Bk DR ] 42 2 v IR 7 B A R A
) HAR D BEHEAT 0, TR A BT 4 TR PR VA R 7
PEK RS U A G A W A 2 2 v EUE PR RO BIL AR
AT 2y 317548 R Bl 16 FE B i A AR AT 57 22 By i 28
E FE LA

e R O 22 IR £ 1 W X I T R — B
Z 5 TaFBRAICEE . A5, Hik. MERIEAm
REEZMAEH ALK SR (Zou et al., 2006;
Bao et al., 2014). HAREHEMEA AT MW F2 ) T
AR B, 4 o i i EE R AN Ik, 3
L 5y 4 HE AN AT REA B T DR U A A W 4
KA B ELEH (Yue et al., 2019; Yang et al.,
2023) . MEZE . T KRR AR A U AL
&G W) E B UE S AN A RETE A4 S0 % i 2 11 il 5L A7 40
HVER, i RE 35 AR 42 1 Helicoverpa armigera
4y SO PN B TR AR TS, HLE DG TR AR
TV A AR PO A A 0 3 I R T R
WA W5 (War et al., 2013; ¥ W], 2013;
Lazarevi¢ et al., 2015). ARWFRGERER, £E 50
) Sf) 3 Ak PR, A R YR 194 R AR 1 Rl 1P
TR FA 7 . JBE A F i TT-P29 %5 1 2K 1 AR DG 36 1A
Fikid WETHE, X RUIBE AT REEE KEl
VRO LB NEO R =L el S Sacie 3 (o NI ]
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S 4 YRR AT A ) 7 A A 0 1 3 O R A
FFRET o

e TR T BEAE 2 i 1 T ETH AL OBOR DG Y
[ 2R AN L TGS A A DG 1 B IR 15 2R
PR o, AL R R s 8 A LR
BTz Z ke - REENRBCEEEER, 1]
TERNA 2R 2G5 R AHAB SN EYEY) B
5 ¥4 iz (Hagenbuch and Meier, 2003; Li et al.,
2019). GroenZF (2017) A IAEMEEKA . HiE¥E
A 3 B R 13X 3 M EE IR BRI BT, SR R
Drosophila melanogaster 1] POatp33Eb Fl POatp58Db
BELAI R R I AL A TG 28 . LDy AR T B A BUHR
HREA, AN K A e LR 4 5 1) A BILEH 5 1 s
Z KT R B A i A i SRy g, A
WITREAFMPCEEY . HA, Rosner 55
(2021) ke BRZ SRR BE ALK A IR BRI, Ak
L &5 ¥ Tribolium castaneum 1 TcOATP 1-A6 Fl
TcOATP 5 AL.1 A HLBA B 1§z 22 IR P g R kK
A R, gF— 208 i RNAD SR IESE T
TcOATP 1-A6 FI TcOATP 5 AL.1 HLAT AR Uik E &
DG Al e N O [ ) = A N ) a1
LOCI11045154 3 A REZi % — P HLEA S 1412 K
F1, %k R 32 22 e 24 b5 8 B B S 36658,
M T AT BEAE AR R EUR K R BT L ) Jo 22 v T ) il
BEAE IR R OCBAE T o 25 bk, AR P AN
AHLBIE F 2 HE A LOC1 11045154 T RES 546 &
XS B S BT R ) BT i R A Y o AR, A A
R AR i e R E TR A
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