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Change in the gene expression of seedling stage rice in response to
feeding by the brown planthopper Nilaparvata lugens
(Stal)(Hemiptera: Delphacidae)

1***
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(1. Institute of Insect Sciences, Zhejiang University, Hangzhou 310058, China; 2. State Key Laboratory of Rice Biology, Hangzhou
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Abstract [Objectives] To investigate the molecular mechanisms used by plants in response to attack by the brown
planthopper BPH; [Nilaparvata lugens (Stél)], a piercing-sucking insect that is now one of the most globally important rice
pests. [Methods] Transcriptome data of seedling stage rice, with, or without, BPH were obtained using Illumina
next-generation sequencing technology. Gene expression levels were obtained using RSEM software and DEseq2 used to
analyze differential gene expression. Twenty differentially expressed genes were randomly selected for verification with
fluorescent quantitative real-time PCR (qPCR) and GeneMerge software was used to analyze KEGG and GO enrichment of
differentially expressed genes. [Results] A total of 1 104 differentially expressed genes were identified in rice plants infested
by BPH, of which 435 were up-regulated and 669 were down-regulated. Twenty differentially expressed genes were selected
for validation with qPCR, among which 18 were consistent with RNA-Seq estimation thereby confirming the reliability of

transcriptome analysis. GO and KEGG enrichment analysis show that the up-regulated genes were enriched into 14 KEGG
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pathways and 30 GO terms, that are mainly involved in oxidative stress, trehalose synthesis and secondary metabolism,

whereas the down-regulated genes were enriched into 29 KEGG pathways and 26 GO terms that are mainly involved in the

synthesis of cellulose, protein and fatty acids. In addition, 61 transcription factors and 13 genes related to the salicylic acid and

jasmonic acid pathways were enriched in the differentially expressed genes. [Conclusion] Feeding by the BPH stimulates

the stress and defense responses of rice plants, and also reduces nutrient synthesis, which suggests a possible impact of BPH

on rice yield. These results reveal changes in gene expression in rice plants in response to feeding by BPH, the possible impact

of BPH on rice yield, and also provide theorical support for developing rice cultivars resistant to BPH.

Key words rice; Nilaparvata lugens; rranscriptome analysis; molecular response
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1 MRERFZE
1.1 #HiAER5EY

PhE K ECRAE T BN - B, ZEAT
SAEEFEFE A, KRS F A Taichuang
Nativel (TN1), HEREHET. BELM: BE
(26+£2) °C, JElEL 16 L : 8 D, JEF 75%+5%.

1.2 HAEE

o AU AL (BFR) FIXTIE4H (CK)
AHC 10 Bk 3 K ARTT, AREAINA 300 3k 4
BRI A, X BT AR P, £ 3
WY EE ALY X B4R RS E T A TR
fEEHPEE, 570 CAUE 6 h 5, BUH KA,
BYEUHT KRG 1048 REICE 4120 (2 cm) E
i M RE S, 2t 6 4~
1.3 RNA 2B EREREANF

FKH Trizol IARHUKFEFES A RNA, £/
WA A A% S5 FH T cDNA SCHEEM ., R
Mlumina A 65 5E S SELH T o B2 Al
MF ¥yt i s IR AR (dbat) S8
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ARG KRG 2 5 RR 3, 22 7 Rk pnife
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( Adjusted P-value, padj) /)M 0.05,
1.5 SERPRHER PCR WIE

K H Trizol ¥4 HUE KA TS A /KRG RE
fil RNA, KA HIScript® I RT SuperMix for
qPCR ( Vazyme ) i % 51877 & 5 18 cDNA 4
BEALEHL 20 225 FRIK B, f#H Primer6 %
RS 1Y), HEBUKAS Ubiquitin 5 (UBQS ) 3

RIVE NS 3EH(Z2 1845, 2013 ), R ChamQTM
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JE i PCR, SUW AR 58 S A A0 BRI 4 BRG] Gk
17, £ QuantStudio 3 ( Applied Biosystems ) *E &
PCR Y E5E MR o R AR (3, 2720
Pt E X REE, ZREBEHIRA
Student’s T-test /7 L ke g ( 28 & FISEA, 2019 ),
1.6 KEGG 1 GO BREE S

KB A GeneMergel.4 ( Castillo-Davis and
Hartl, 2003 ) X 22 5+ &R iAZ N 9E T KEGG #1 GO
WS, HIE P-value < 0.05, fiipEf33)25R
FEIR AL N I 2 M A Y D) B

2 HR5SH

2.1 HFRABESH
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Table 1 qPCR primers

FLH ID Gene ID

#5149 Forward primer (5'-3")

T #5149 Reverse primer (5'-3")

Ubiquitin 5 (UBQ5)

AACCACTTCGACCGCCACT

GTTCGATTTCCTCCTCCTTCC

OsR498G0100081600 CGACACCATGATCCGTCTCCC CACTTCCACGGCCTCTTCG
OsR498G0100081800 ACCATCCTGCTCTTCCTCCTCG GGCGGGTTCATCTTGTTGC
OsR498G0102334700 GAACGCAAGAATCCGCTCCC TCCCAGCTTGTGCAGTCCC
OsR498G0203907000 CGTCATGTGGGAGATGGAGCAG CTGGTGTTGGTGGTGGTGGC
OsR498G0306783600 AAACAACCATCCCGCTGCTA TCATCCTTCCTCCGCCTC
OsR498G0408187800 CATTGCCTCCGTTTCCTC TTTCCAGCAGCAGCGATT
OsR498G0408202600 ATGTCGGCGAGGATGAAC CCCTAAGCAAGCGAAACC
OsR498G0408737000 ACCGGCGACGACAGGGACAA CCAGTAGGGAGGCCAGTAGCAC
OsR498G1018988800 AGCGATACTGTGATTCGGTCAA TGGCGGATGAGGATTTGG
OsR498G1019021500 ATGGCTGACGCAGAGGAC CCCAACCATAACGCCTGT
OsR498G1019092700 GGTGATGTCCAGCCTCGGGTTC GTTGGCGATGGCGAAGACG
OsR498G1120631700 CACCATCAATCCATTCCTCCAT CTCGCCATCCTGAACTGC
OsR498G1120633300 GCACTTCTTCATGCACGACACG GACCACCGACAGCTCCCTCA
OsR498G1221501200 GGAAAGTGCTGCTCGGATGA ATGCCCTTGCTGTTGTGG
OsR498G0100558200 GCGGAGGCGAGGAACATCAAG CATGGCTTCTTGGCCTGCTTGT
OsR498G0100612200 TCAGCCGCCTCTTCTCCA GCAACACCGCATCCCTCA
OsR498G0101116900 GGGAGGAGTGGCGTGCTGAA GGAAGGGACGAGGTTTACG
OsR498G0101439000 TGATGATGATGGTTACGCAGAC CACGGTGATAGCACAAACTCTT
OsR498G0203527800 CACCGTCAACGTCACCACCG TCTGCGGCTTCCCGTGCTTC
OsR498G0203880500 AACGGCTTCGGTTTACGC CAACTCCAAAGCGAAATGTAA
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) B4 o S e ) B R K RS 2 B R EU X, HE
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Table 2 Transcriptome sequencing data quality assessment

RESRERR QIO MIEHCE R L it reads SHIEHLE A
Sample ID Q30 base ratio Low quality read ratio ~ High quality reads  Reference genome alignment rate (%)
CKl1 96.15 0.81 60 034 869 93.6
CK2 96.06 0.86 58 905 381 92.8
CK3 96.05 0.77 57 745 824 92.6
BFRI 96.31 0.62 53269 890 93.4
BFR2 95.94 0.85 56 389 786 92.4
BFR3 96.02 0.75 63 845983 92.1
CK1. CK2., CK3 NXf M4 /KFEFEM ; BFR1, BFR2, BFR3 i KEUUE 6 h Jo5 /K FERES

CK1, CK2 and CK3 are rice samples of control; BFR1, BFR2 and BFR3 are rice samples after feeding by brown planthopper

for 6 h.
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Fig. 1 Volcano map of differential expressed genes

Padj: fZIEJI¥ P{H. Padj: Adjusted P-value.
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Fig. 2 The quantitative real-time PCR validation of 20 differentially expressed genes in
rice seedling tissue induced by BPH feeding

BFR: # KEMCEJG/KAE; CK: XIRAUKFE. St HrR Al Student’s T-test, KUEN-FIME + prifiie, *UERER
B¥ (P<0.05), **URERMEE (P<0.01),
BFR: Rice samples after feeding by brown planthopper; CK: Rice samples in the control without feeding.

Student’s T-test is used for statistical analysis, and data are mean + standard errors (SE). * stands for significant
difference (P < 0.05), ** stands for extremely significant difference (P < 0.01).
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Fig. 3 KEGG enrichment analysis for up-regulated genes
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Fig. 4 GO enrichment analysis for up-regulated genes
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Fig. 5 KEGG enrichment analysis for down-regulated genes
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Fig. 6 GO enrichment analysis for down-regulated genes
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24 ERRIENFERET JAMYB, DIK[FEf 25 SA {55 JA {5584
B CECEDR 61 Ak Tk ) WRKYTOS: 4 FEE S JA I S
B (Test, P< 005), Jih 36 1kt 0 AAHE LOXT, LOXT HIREILMIR A SULH:
TOLPEk L [ 25 AR T, ACKe: B SRR A vﬁ‘rézk%@éﬂiﬂ’@@%%
R 61 A2 Rk A T T o P4:50 A fLHF CYP94CL, u&ﬂﬁéé%'—ﬁ SAﬁ%ﬂ JA
AR T R MESLL; WA SA {55 10 T ik A
a- XU DOX. iX 13 4~ SA Fl JA FHIEIEH ]
Bl IE SA Il JA (5SS 5 T KRHE K
25 ERREHKGERFMFFEBREREXER  goa g mnspif e
TEAE CEVIUE SR R K ARG Sk vh, L& B 3 Wi
13 1> SA Fl JA FHOCIE N 22 e ik, B2 il
(P<0.05) (£ 4), Wd&IH#E SA G UK ABIEFE I 2 53 A TR S K R
T SARDI, J# SA {55 U PR IEFMFE A AL, FEME 1104 M8 CEUREIH S
F WRKY33, WL JA {550 FiiffRlF  KEZEFRRBEN, Hrhkik RN 435 14,

PIFJLZE: MYB. ERF. ARF. NAC. HOX.
WRKY ., bHLH % (£ 3),

®3 HEANRFSNEHKEPEFRENERET

Table 3 The differentially expressed transcription factors in rice seedling tissue induced by BPH feeding

K S IR IR B
Transcription factor type Up-regulated gene number Down-regulated gene number
MYB 5 4
ERF 6 1
ARF 2 4
NAC 4 1
HOX 2 1
Zc3h 2 2
WRKY 6 0
bHLH 0 4
Bzip 1 1
AHL 2 0
HAth Others 6 7
ST Total number 36 25

MYB 2 & MYB 45030 —JH kN 15 ERF RGN T, & A AP2/ERF 45#45; ARF S A K SR

A AUX/TAA 2519380 NAC 255 A NAC G538 — 58 Sk N 15 HOX 2 —J45aR 19 HA Rl I & DNA W%ﬁé’mﬁ
SAYHSRIN T Ze3h JES A CCCH BHISL IR —JEH kN7 5 WRKY 2% A WRKYGQKT AR M -~
PO — 285 5% K 75 bHLH 2 35 A7 WATE-PR-MR R 25 1) ) — 2R3 Sk R 15 Bzip J& BAT BB Pk Se S IR P BE A5 1 ) — S0 %
75 AHL 247 AT-hook B3 4% 1 1954 ST

MYB is the transcription factor with MYB domain; ERF is the ethylene response factor and contains AP2/ERF domain; ARF
is auxin response factor, which contains AUX/IAA domain. NAC is the transcription factor containing NAC domain. HOX is
the transcription factor with homologous box DNA-dependent domain. Zc3h is the transcription factor with CCCH zinc
finger domain. WRKY is the transcription factor with conserved sequence consisting of 7 amino acids WRKYGQK. bHLH is
the transcription factor with helical-ring-helical structure. Bzip is the transcription factor with basic region/leucine zipper
motif. AHL is the nuclear localized transcription factor containing AT-HOOK motif.
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Table 4 The differently expressed genes associated with SA and JA in rice seedling tissue induced by BPH feeding

257 Type HH 45 Gene ID FH7E R Gene annotation Z 5580 Fold change
SA FHICH A OsR498G0815887900  Protein SAR DEFICIENT 1 3.76
Geniji‘:}jsg’sated OsR498G0100620200  Transcription factor WRKY33 2.86
OsR498G0511031400  Probable WRKY transcription factor 33 2.85
OsR498G1221518200  Alpha-dioxygenase 1(DOX1) 2.13
JA FHCHEH OsR498G1221890200  Transcription factor JAMYB 2.88
Ge“ii;ﬁﬁjfmed OsR498G0204402500  Transcription factor MYB21 3.79
OsR498G0100288900  Probable WRKY transcription factor 72 2.19
OsR498G0816439800 Lipoxygenase 7, chloroplastic(LOX7) 3.39
OsR498G0306871300 Lipoxygenase-1(LOX1) 4.27
OsR498G0509800400  Acyl-coenzyme A oxidase 4, peroxisomal(ACX4) 2.14
OsR498G0100209800  Acyl-coenzyme A oxidase 4, peroxisomal(ACX4) 2.00
OsR498G0510943100  Cytochrome P450 94C1(CYP94C1) 2.28
SA Il JA #HEHEN  OsR498G1119325200  Probable WRKY transcription factor 70 2.27
G‘:i‘tfssfsfrféa;zd OsR498G0203096300 WRKY transcription factor WRKY71 2.46
OsR498G0714720100  Putative methylesterase 11, chloroplasttMES11) 2.28

FE T HEERA 669 4>, it GO Ml KEGG U
BT, KPEIE BRI EEW it A
Mt . SR WRKY33., MGuEsES G . wEkmik
B A LRSS R 3 e 3 RS A FIAE 0 1 3 1
PR G E B AR O o R 9% R AR A b e SR IR 1
WRKY?33 GERE B ZME SA 15 S I I0% SA 553
% TR PR1 LI (Koo etal., 2009 ),
R DN S SR Y Whaa B, BT & B
O A TG T B8 AU A 1 R AR R K ( Zhang
etal., 2016 ), b4k, 7E2: 5 RIBFEF PIivE SA
FIA FHOCEEA, A BB 21 13 4> SA Fil JA
PN 22 RGBSR ¥ 2 4 CEURE 5 T R/
L, Ui SA Fi JA 552 5 KAEXE KR
B TR . SA F A 55 22 5PNt
HO R, FHICHEGERBHAKAE  SA Fl JA 55 #0
Sz CEUREES, (HEA SA (552K
X RENA P SO %75 A9( Guo et al., 2014;
Li et al., 2017; Lu et al., 2018; Matthias and
Philippe, 2019 ), 1ML T AR EZES 5244
2. EAR. BEIRR G U, DA
iz f A RE A R

LR ERTA 4 1 A 3 AR BOR K AR
BB, U5 T KRS B IS I AT A
BL, SEORFEH R AL . SA HTA {55
WAL A YIS A R I 120l A a4 )
AR T, FEHORN T 0S5 SA
JA Gl IR AF AR T . [RINE, 8 CEURE
FEE R KRR E RN, AR E R IR
TZ B, JEHOR B e 5 40 BE = 2R 4
YR | RISERIED, ATRER CEUNF FBUK
RV B IR 2 — o ARWFFE L RXTRA 48 78 /KA
SPEBTAE S, B 48 AT KA B B
ZH A
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