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Abstract: In order to clarify the difference in physiological changes at the cellular level between the rice
genetic populations resistant and susceptible to brown planthopper, Nilaparvata lugens, the proteomics
methods were used to investigate the differentially expressed proteins (DEPs) between resistant rice line
16W19-1-1 and susceptible rice line 16W45. The spectrum of differential proteins was analyzed by us-
ing tandem mass tag (TMT) mark coupled with LC-MS/MS. Mascot search results software was used to
search protein library for identification of DEPs. The mRNA expression level at different rice lines were
detected by using qPCR technique. The results showed that 7 625 proteins were been identified, among
which 229 proteins were DEPs, including 156 up-regulated proteins and 73 down-regulated proteins.
The DEPs mainly belonged to metabolic proteins, redox proteins and stress proteins, and mainly partici-
pated in the pathways of cyanamidic acid metabolism, taurine metabolism, degradation of glycans, fatty
acid chain elongation, etc. Nine key proteins related to six enzymes (gamma-glutamyltransferase, beta-
glucosidase, beta-N-acetyl-D-glucosaminidase, glutamate decarboxylase, very-long-chain enoyl-CoA re-

ductase, very-long-chain 3-oxoacyl-CoA synthase) and eight protein-associated genes were identified
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through pathway analysis. Moreover, the correlation between the six enzymes and insect resistance of

host plants were analyzed. The six enzymes possibly had a close relationship with host resistance and

might play an important role in the resistance of above rice lines to the brown planthopper.
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e, i T HAT R S SRR B AR AR
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L, A 31K AU  CEE R B e 7 21 12 4%
IKFEGE AR 6 25 (B iR 2.3.4.6,11 F112)
b K Al A 18 AN FE H, 4 45 Bph3 (Liu et al.,
2014) | Bph6 (Guo et al., 2018) . Bph9 (Hu et al.,
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B UL T AR 12 B 1Y Bphil8 (1) 5K ; He et al.
(2013) - HERVERI B A ik 4R 380 10 T
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B HERME RS END Ot ENER oK E
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real-time PCR, qPCR) F, AR 5T T 8 /> S £ 11 4H
K HERA
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try , LC-MS/MS) B 537, AT [] R A8 10 AN [F]
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1.1 #F#

HEK A AR AT FH Y A R EUK A
KL 16W4s Fith CEUKFEA B 16W19-1-1 B R
B AR BEAE ) PR BIFTE T At 2 I BEA K
TR BT B FIACA KRS R HE Sh 22 1 i i 258 il
2 H A RS G R AR TR SR T B AR A1
afifi sy CEGB AL FEAR R 2l RS B HEAR . 27D
IKAE 53 R R E R 40 emx ¥ 20 emx & 10 cm
R b, B 30 kL, A E AR 3, T RE 27+
1°C AR 75%+5% G BRI TR] 12 ho g AT A48
FERGFE AR 2 3 A TR,

17 S A4S : Pierce™ Protease Inhibitor Mini Tab-
lets, EDTA-free . ThermoPierce™ BCA Protein Assay
Kit, BCA % i 7] & . Pierce™ Quantitative Colori-
metric Peptide Assay kB i & 3 7| & . TMTOplex™
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Isobaric Label Reagent SetTMT-10Plex #5ic & & ial
5 & . Bond-Breaker ™ TCEP Solution, 3¢ [ Thermo
Fisher Scientific 23 &) 3 Ml 37 25 {6 i [ 2 11 7, 3% [
Promega /% F] ; MiniBEST Universal RNA Extraction
Kit RNA #& B 7 £, H /& TaKaRa 2\ A 5 iScript™
gDNA Clear ¢cDNA Synthesis Kit JZ % 5% i 5 £ .
iTag™ Universal SYBR® Green PCR & & if 7 & , #r
3k Bio-Rad 23 7 3 HeAx izl 1 o [ 7 stk 11 3 #r
Al (Jii%2l) . Multifuge 1R 53048 R ES O AL L R IR
Thermo EASY-nLC % %t (1) Orbitrap Fusion 5t #5{¥ |
ND-2000C ji s 12 48 #b/A] W43 66 B 11 | Ultimate
3000 & 4t , 35 [E Thermo Fisher Scientific 2 & ;
XBridge C18( E £ 4.6 mmx 1 250 mm, K42 5 um)
S ], 36 [E Waters 23 ) ; Concentrator Plus F.25 ¢
45 4% , 15 [¥] Eppendorf 2y 7] ; CFX Connect ¢ i& &
PCRAY, %[H Bio-Rad A Hl.,

1.2 &

121 KGR B R GRR

BT R 3 FHBIK R 10 Bk, B0 43 501l 5
PR IABIFE I AR A | 4 WIS e B R AR A
50 mL 2.0, T-80CLRAERF .

W3 315 mL B IR BIHE IR 2 g,
IA=20C T4 (4 5 1 e 109%~15% 1 TCA/N
W7 (B R B B 190~2% 1) B-3i 3 £ FE) 8 mL,
TR 2], —20°C & 20 min, 4°C .8 000 r/min 251
TFELL S min, R BIER . ZRERE FIHR
FATCE ., i IURE I -20 CHv2 1 80% P T
8 mL, HER ), -20°CTi E 20 min,4C .8 000 r/min
AT B0 5 min, R LR IR, HE3K &
O HUBARE 1 AR A 2 8 T B2 iAo L
TR AR L BRAE S P SR . A 4°C TR 191
NS (B AT 820.190~0.2% 1Y f-37 3L 215 , ()
2K BE IR TEIR 21, 4 °CHUE: 60 min , 1] (B ASAT
BETR ST o SR I 172 BB A 16 R RERE , 34 e
TRAT,4°CTHUE 30 min. 14°C .9 000 r/min 5% {4 F &5
L 20 min, WERE W53 Z BT, v L 40 in
FURERE . BRI EH Y 50 mL 204 KT
PRBLLL 125 19 LU il S A =20 C V2 11 0.1 mol/L
Tl TR e/ PP B 05 WA, WA R TR 20, —20°C i B 7K
4°C .6 000 r/min 5 F B0 5 min, O UTHEMA
i g —20 °C V4 20 FP B, i BETR 50, 20 CTUE:
10 min, 4°C .6 000 r/min 25 N #5.0> 5 min, & 5 2%
Br EIEW . FAPIRE R 3 EEPIER RS
WeARAL T BRT A FH I, -80 CARAF A o

122 RAGEE GG

Fie B BCA B R S #R R A0 B RS iy
T e E AT E o BL100 pg 55 (A5 RS 2) 87 EP 4%
i, FH 8 mol/L JR 2 J# 2 100 uLE % . A 0.5 mol/L
=(2-B I B2 uL F37°CF A 1 h, BRJGIA
1 mol/L Bl £, FEf 4 uL, 2= 38 T kB R0 40 min, &
S HERE S N ARG 125 I A -20°C F I TR, O
T=20C P& UTTE, T 4°C .12 000 g 544 F 8.0
20 min, JF 55 BV . MA-20°C T4 14 90% P
W1 mL, IR A)TH UERE A S, T 4°C 112 000 g
ZAF N0 20 min, 3 LVEW . WBELSBEEE 2K,
FIR TR B DIER M NI 76 24 T )5 % HEE
T 100 pL 4 100 mmol/L TEAB 2% Mg v, il : 25 1
e i ok 10 50 A AR (U, 37 Cal BBl . R
FH CI8 I I AEBRER 5 , 2 BRI B s ik ) iV E il
AHI A K B e 20 IR T
1.2.3 R B BRI HEAT S ATIT A 5 pH RARS B

Jik BE TR & 9 % ) TMT-10Plex bric & f il 7 &
Z IRV R TARIC KRS 16W45 Y 34T 52 K
i A A FRIC A 127N, 127C L 128N, /K #6 16W19-1-1
() 3 A4~ T SRR i 43 AR IC A 128C (129N, 129C., 4
A EEAER R E RO 34 PRiC KB R
HIRHT

KBRS Y E 7T pH 10,20 mmol/L (1) FP i £k
TR (i sh A8 A) L 48 J& F Ultimate 3000 5 4t %
B2 CI8 S Ik, i FH SO M £ 3 A7 8 pHL 0 8
40 min PN pH 10 Y 80% Z.5/20 mmol/L H R &4 %5
(I BIAH B) MR BE B 5% Ze T+ 28 45% . HEFT1EWIIR
ZAF T VA 15 min, A #4ERFAE 1 mL/min, £
HeFFAE 30°C . WCEER 12 M8 . S MR E A
We i A b1 HPLC-MS/MS 73 Hr 4 7E .
1.2.4 JFKE 49 LC-MS/MS % & 5 #7

W BRER 7R T )5 DMK B E A T 30 uL 190.1% H R
TR (T B AH A) Ji5 25 FR TC & 76 22 40 5 25 1R 1Y
LC-MS/MS 43-¥r. #4E R4k H Bk Thermo EASY-
nLC R4 1Y) Orbitrap Fusion i ¥, B3 FAE4 uL
(4t & #1 Thermo Fisher Scientific Acclaim PepMap
C18, FA4% 100 pmx1: 2 cm, 23 H1 4 Acclaim PepMap
C18, F 275 umx 1 15 em) , 5K B 435 : 90 min
N 0.1% W R/ NG W (i sh AH B) MR FE H 3% F+ 2
32%. FEWEREHITE 300 nL/min, HEEH 40°C, B
HLHE R 2 k. HRERFE R 2800 PEAKS Studio 8.5 47
¥r. PEAKS DB X{/K#% Oryza sativa(UP000059680)
A (49171 entries) 18 22 , Y1 A iR &R B (1
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fiti, 48 SE 7 B R A VPR 22 :0.05 Da, B
B A VFR 22 2 10 ppm, e KIEVIEL: 2, [E 2 B
1ffi : Carbamidomethylation 57.02, TMT 10 plex (K, N-
term)229.16, A] ZZ&fi : Oxidation(M) 15.99, Deami-
dation (NQ) 0.98, Acetylation (Protein N-term)42.01.
KBt 223 1% FDR F 1 unique peptide Fi 414 7€ . i
25 SEAEECE 124504 b, &4 270 2 45 unique Jik
B, 4l ANOVA L2 5 KT 13 (P<0.05) B 2
HE 2578 .
125 E2FEGQUEMEEF M

2= 5 1 GO Yifig s v, #1H Blast2GO ver-
sion 4 AT g1 R , 38 ik BLASTP fifi F GO %iti 2
XA T P A0 B PE A T RS B, 22 AR
R TN BEST 1T H Fisher’ s exact test #EA 7G55 . b3
RE AT AR it 8 e Ihie (AR RS 3 R AR T
BEL R P T Level 3 19 5% H 1% P-value HE)7 , 58
11 P-value F/INITT 20125 B i B2 BI R 1 4L

KEGG i3 i 73 #7 i F KOBAS 3.0 1 ik
17, R 2R E M1, 4 P<0.05 B iZYifgn
5.2 5 R . KEGG &£ 45 R
JEE AT #AL , XF P-value fiz/)MPI R 20 41 A5 i B AE
B, HA bR R ol g rh i B S S 25 R P A

[ E 3 L, B R R 7 P-value /)N
1.2.6 £ %% &G &K qPCR 45 H

X} 2 586 1 KEGG 1 Qs B 4rAr h A5 il {5
A S K ) BRI R EA T QPCR 20 AT . BiUH-80°C Hh
TRAFEHI 2 100 mg /K FERE S, 761 & 78 50 WF S A
FRIG I 2 R 24, 914 B MiniBEST Uni-
versal RNA Extraction Kit RNA $2 U 7 & #a/E 4
EIEAT RNA I . MR L RNA 47
PR L2 RNA MR, DL DEPC /KAEZS A%
e, [A] B9 57 RNA RS2 OD g0 ,/OD g o F EU AL
2 B iScript™ gDNA Clear cDNA Synthesis Kit /2 %
SRR S AR E AL BRI T U 514k 15% ¢cDNA, L B-ac-
tin VE R INSEEH X AR IR RN B-actin 43 5115
YD), 519 i s E Y TR R A FA .
Fie BRRE A = 2B EF T qQPCR ™4, 20 pL S VAR Z
cDNA 2 uL.3 pmol/L I Fi#5[ ¥ 4% 2 uL.2xqPCR
Mix 10 pL.ddH,O 4 pL. JZ I & ¥ : 95°C Fii 242 ¥k 2
min;95°CAEME 105,58 CiB k10 s, 72°CHEH 10 s, 40
MEA . RGNS 34T : 72~95 C TR il
JETRIRE 0.5°C , T PR FERT ] 24 10 s530°C &6 30 s,
P AE B HUKFE M R i JE Rk A 1, R H
2 A AR AT O I PR A N RS R 1 22 BT

®1 EREAERRENSEES Y

Table 1 Primes of differential protein genes and reference gene

151 (5-3")

B

ZH Gene Primer sequence (5'-3") Annealing temperature
4324526 F:AGGATCGTCGACAACACCAC;R:CGAAGAGGTGGTTCTCCGTG F:55.73°C;R:56.11C
4333841 F: TCCCTCTTGCGCTTGAGAAG;R:CAGTGCTTGACACGATTGCC F:55.68°C;R:55.87°C
4347441 F:ACCCTATCGTGCATGGTGAC;R:CCGATGAAGTCGTAGGAGCC F:55.45C;R:55.68°C
4338802 F:ATGCTGAACGACGAGGTGTC;R: ACGACGGATAACCAACACCC F:56.11°C;R:55.69°C
4333932 F:CTAGGGGACTCTGAAACGGC;R:CTGCCACCTCCTCTTGAAGG F:55.48°C;R:55.64°C
4324516 F:TTACTACTGCAACCACCCGC;R: ATAGCCACCGTTACCACTCG F:55.97°C;R:55.21°C
9272344 F:GATGAGGAAGGGTGATCGGG; R : GGAGGTGGTGATCTGTTGGC F:55.22°C;R:56.30°C
4350817 F:GGACTTCAAGATGGCGTTCG;R: AGGCCGAGGTTCTTCTCGAT F:55.04°C;R:56.25°C
P-actin F:CACATTCCAGCAGATGTGGA ;R: GCGATAACAGCTCCTCTTGG F:53.51°C;R:54.14°C
1.3 BRSNS HAZE S A S 2R R L E R 7 62514

TR AR ] SPSS13.0 A A 748140 # L Bt
RIS R A AR [ 25 5 A 1 2 DR RS K 4R
MR T 22 5 WA TR S

2 BEREHM

21 ABEEATMT EEEHRAFRIESH
W1 TMT bRic i) G B2 0 2H 2 s 20T, 3k
PR 7K 6 16W4S FIPT UK AF 16W19-1-1 B9 2R

H, H 22 R E 2290, ¥ & BB A 1564, T
HH 731
2.2 EREAGOINEESHT

X JEk d1 K AR 16 W45 FHT UK RS 16W19-1-1 (1)
2R AT GO TIRE T, £ 44 B B B o
Ha R s R AE Y B 28, R EA EEA
FEA AL A g A A
NGRS AW o AR R R R
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N AEA PRI N 3T DI REVE T AN RN | 14.41%.12.23%.9.61%.5.24% 3.93% .3.06% . 1.75% .
IR SE N, SALIBBNEE 1SRRI, & H A 1.31% .0.87% (& 1-A) .
48.03%. 44.54%. 42.79%. 39.74%. 21.40%. 18.34%.

A AN FAE Small molecules metabolic [ N R RMBEEEEEEN -+
B ALY Organic substance metabolic e 10
4y AR Catabolic metabolism I
ZHHIARHT Cellular metabolism _ 102
¥4 Primary metabolic || A ©:
RALAYARB Nitrogen compound metabolic [ N NI /o
S 4LiE J5 Oxidation-reduction _ 28
Bi R B Response to stress [ NN 22
FEAYIRIB R BL Response to abiotic stimulation [ 12
43 F IR Regulation of molecular function [ 9
K FLiZ3} Stomatal movement I 2
W& Secondary metabolism | 4
A4 i Biosynthesis [ N N +2
HMERHIE R BL Response to external stimulus ||| 7

HuBE B Immune response JJ 3
[ I I I
B 0 20 40 60

KRB Hyarots ooy I
FAEIEE 1somerase activity [N 10
S R BRE M Oxidoreductase activity _ 27
Y EEIE % Oxidoreductase activity [ IIIEEE 10
BSIA5¥E#: Enzyme regulatory activity [l 7
BRI Transferase activity ||| T
HBh A TF454 Cofactor binding _]5
fig%54 Lipid binding [l 5
BML & Sulfide binding JJj 2

[ I [ |
10 20 30

0
C 4HffI4H 5> Cell part 100
DNABEE &%) DNA packaging complex ] 3

L5740 g 2% Membrane-bounded organelle _ 66

EH-DNAKE A Protein-DNA complex [ 3
GHpa-4HHLEEE Cell-cell junction [ 7

#E A4 Organ part _ 33
HHSHXIRA 2> Extracellular region part | 3

[ I [ |
0 20 40 60

EHA G Protein percent/%

A YR ; B 4 FI0EE; C: 48R . A Biological process; B: molecular function; C: cellular component.

E1 ZREE GO EELINEED T

Fig. 1 GO Enrichment functional analysis of differential proteins
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A5 A IRREETE R TIEYE IR S B Las
BEEA, SR 20.96%, 19.21%. 11.79%.
4.37%.6.55%.4.37%.3.06%.2.18% F110.87% (%] 1-B)

IG5, A F 2SS
YMaZH 53 R AN S A B AL AN - A0 R
DNA {2558 &) FE 1-DNA B84 A0/ X 20
IPEEA, &R 43.67% . 28.82% . 14.41% .
3.06% .1.31% .1.31% f11.31%(K 1-C) .,
2.3 EZREBAKEGGREHERSH

JE& HUKFE 16W4S Fildr K AF 16W19-1-1 Y 2
S H KEGG R A Ar g R R, 2 R EH E
25 THREERRE(EZFED4A NI
1.75% , P=0.006) A=t fR A (22 R H 24, i 1t
0.88%, P=0.009) Wi RS (Z B H 24, 4
k. 0.88%,P=0.03) JgMifas K (ZFEA 24, 5
[t 0.88% , P=0.035) %5 5 , Horh 2 5 U e FE R 4 G
W PER/DN, ZREA R RZ (E2),
24 ERERERREENH

KEGG Ui oA s 2010 5 45 32 i
0sa00460 . 0sa00430. 0sa00531. 0sa00511 . 0sa00062,
WL E 9N, UniProt A543 7112 AOAOPOUYM7
Q75193. QOJON4. Q53NF0. Q5WMRO. Q6ASV4,
Q5ZED1.QOIRWS.B7F5B4, iif 8 122 54k I 7E i 4L
JKAE 16W19-1-1 th R IA 5 5 T 5 R UK A 16W45
TR, I Z ] 0 22 A5 5000 R 1.26..1.20,
1.24.1.32,1.29.1.29.1.44,1.22, 1l B7TF5B4 & H 7EHT
HKFE 16W19-1-1 H (1) 26 3k 5K T 5 7 18k H K Fe
16W45 H IR GE, Hif 5 2 5 1 48.50% ; XTI 6 Ff
ity , 73 Wi p- 4 2k S L RE Bl | p- R T I L B-N-4
P -D- 28 B A A 2R IR T K B A T -

CoA It Ji il A B -4l , LA S 8 /1SR, JE A
ID 5 43 9l by 4324526, 4333841, 4347441, 4338802,
4333932 .4324516.4350817.9272344(F2).,

BEXT E AR 8 AN CHESE IR UEA T qQPCR 34T, 45 2R %
HH 5L [H] 4324526, 4333841 Fi1 4324516 7E BT 1L 7K F
16W19-1-1 H [y 3 38 & W 8 35 0 1 78 S8R K 7
16W45 1 ) 3 ik & (P<0.01) , 3 [A 4338802 Il
4333932 fEHL KRG 16W19-1-1 iy ik 1 B 35 5
TFAE I HUKFE 16W45 Hh 1) 335 7 (P<0.05) (K13) .
PrBUKRE RGN R A EZ T SEARBZEF K
H oA

2.0 7
P<0.01

1.5

1.0 4 P<0.01 P=0.03 P=0.035 P=0.047

0.5 1

& H 5 H Protein percent%

0.0

ARUHIEE Metabolic pathway
1: BUREERRACHT s 20 MR SRMEREA 5 3. AR QIS
4; HEREMEM; 5. IBIIRSEMK . 1. Cyanamide
acid metabolism; 2: glycosaminoglycan degradation; 3:
taurine metabolism; 4: other glycan degradation; 5: fat-

ty acid chain elongation.

B2 HHKEE 16W19-1-1 1BLL B EKFE 16W45 £ REH
KEGG @53
Fig. 2 KEGG pathway analysis of differential proteins of resis-
tance rice line 16W19-1-1 and susceptible rice line 16W45

F2 MAKIEI6WI9-1-1 5EREBKTEI6WAS EREBER

Table 2 Information of differential proteins of resistance rice line 16 W19-1-1 and susceptible rice line 16W45

3 % EC % JLMID  UniProtfUAY
fiff Enzyme .
Pathway EC number Gene ID  UniProt code
05200460 -7 Sk HeH5 74 il Gamma-glutamyltransferase EC2.3.2.2 4324526  AOAOPOUYM7
BHINETT i Beta-glucosidase EC3.2.1.21 4333841 Q75193
P-HHEET i Beta-glucosidase EC3.2.121 4347441 QOJON4
Q53NF0
0sa00531  f-N-ZTk-D-2 24 %5 B Beta-N-acetyl-D-glucosaminidase EC3.2.1.52 4338802 Q5WMRO
0sa00511  f-N-ZFt-D-23 354 2 i Beta-N-acetyl-D-glucosaminidase EC3.2.1.52 4338802 Q5WMRO
05200430 - Sk I FE AL il Gamma-glutamyltransferase EC2.3.2.2 4324526  AOAOPOUYM7
AR IR Glutamate decarboxylase EC4.1.1.15 4333932 QG6ASV4
05200062 ELRKEEME-CoA A IR Very-long-chain enoyl-CoA reductase EC1.3.1.93 4324516 QSZEDI1
A A 3-SR4 T Very-long-chain 3-oxoacyl-CoA synthase EC2.3.1.199 4350817 QOIRWS
AR A 3- 4L 4 Very-long-chain 3-oxoacyl-CoA synthase EC2.3.1.199 9272344 B7F5B4
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3.5+

e = & AR} Susceptible rice

3.0 m i Akl Resistant rice

ZREH Fold change

4324526 4333841 4347441 4338802 4333932 4324516 9272344 4350817
A ID Gene ID
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Fig. 3 Relative expressions of eight genes in resistance rice line 16W19-1-1 and susceptible rice line 16W45
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