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B 1 CEXKFEREE KoKREiE KRB . A: #E (E
FERFEME R EECE. B: 48 KBS F 18 O F KR R SE 5 18]
ROB ) HIRAEHEZ TR, C Pl REZEARNE BRI
AAR BT H . X B(CK)#ikl K RUEHEIET:, FRLL4A
(576 Bph 14 Bphl 5)5 KI5 7 (B F7 1447 1 22 TR fit)
Figure 1 BPH harms rice plants and rice plants confer resistance to
BPH. A: The brown planthoppers inhabit and feed on the leaf sheath of
rice. B: The BPH populations caused rice plants dead and extensive
yield losses (Photo provided by Huaxiong Qi). C: Performance of
Luohong 4A plants at the maturing stage in the field under BPH
infestation. The BPH-resistant rice plants were alive, but the susceptible
plants dead (Photo provided by Renshan Zhu). Luohong 4A, Bphl4 and
Bphl5 pyramided cytoplasmic male sterile line; CK, BPH-susceptible
rice variety

W TR H AR LR 22 5T 0 1K FE i« mUik
AN REGHE CEB DR, 201 LA
FIARA PUE K EGE BT SR SO R, BT E Fdh R AL
18, 20014EIRE KL 1 2 RKREHE CRIER YL E
RO S MR, PO CEBT RN T B R R
BB WS T — REERRR, il CEUKAE & FhA
# KRS PR BEE 1 LA,

1 KAEHLME REE IR SEBEDL

B bR R BT T T T 19694 1 R 1 /K Fe it &
HURR R B Mudgo™, LR % FIE AL T P L
B Bphi, 48T 7 KRGS CASEE DK TR A4
ZALZLR, WEFTN 5L Q2R A AR R AN B A A i
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AR R 2R IS 2RI B (lectin receptor-like kinase,
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AU KRB 125tk K R T 8 P R A
[A(Bphl, Bph2, Bph7, Bph9, Bphl0, BphlS8, Bph2l,
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HRIBE AL R %, IX 3N LecRK I K] gt 5 o7 T 41 o o e
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Table 1 The brown planthopper resistance genes have been isolated via map-based cloning in rice"

)

FEH 2R s E A CHERE B
Bphi4 CC-NB-LRR 2009 [12]
Bphls LecRK 2013 [13]
(Béi;hhzg CC-NB-NB-LRR 2014 [14]
Bph3 3R B LecRK 2015 [15]
Bph29 #'B3 DNA-binding domain 2015 [16]
Bph9/Bph1/Bph7/Bph10/Bph21 CC-NB-NB-LRR 2016 [17]
Bphl8 CC-NB-NB-LRR 2016 [18]
Bph32 rshort consensus repeat 45 #41%, 2016 [19]
Bphé6 LRD 2018 [20]
Bph30 LRD 2021 [21]
Bph40 LRD 2021 [21]
Bph37 CC-NB 2021 22]

a) Bph26F1Bph2;& [A]—/AN3EK; Bph9, Bphl, Bph7, Bphl10FBph2 1 %A 5K

BS5. AXEBSHIMHIME CEEE R AR Ak BRI
B, Bk S 63443z, ME T BPK63/BSHIF,
A ZH B A2 RBEE, AT ET I 25 € FIRFLP(re-
striction fragment length polymorphism)4>F-#5ic 7347
$pe 2 2 FH B AR B RV PR PR A B R B TR 40l
FES3MFAge kb, &% NBphl4FBphis!'”. &
HRZR TS (TN/BSEEAR AT ML A S A5 2 7 AH [H
fry 2 1,

N T EEBph 145, IWPK63/BS Ja AN ik % 1
I H Bph 14 E 4 H A RRI3S, STNIZRZHE TF,
PEBEBEAR. 43T T 370043 FL R 1k LA K 50004 FOF AE K,
¥ Bphl 45 AL AEFRICSMIFIG1318 22 [7]34 kbl X BL.
I FERITIM . Fak ML s 3 R LR R A R
KNI REBRALE, BT/ 8 T Bph14'?.

Bphl 42N 4if5—ACC-NB-LRRZKE H. 751
ELAE 43 M R BUBPH 14 CCRINB X 7E 7K A it Fft o AR 57,
LRRIXAZ 45K, Bphl42: K %48 KA & 15T, &
FE7KAG T8 AN 4 ] BB ) v B i 2 0. V48 i o 7
K INBPH14E [ 58 R T 40 o S50 M2 B A rpr >,

#y CETEBphl4/KFE FHUE, % Fa5 B IRAE, #F
A FR A BT SRR SRR 1 1/5, A3 261 38 35 BRI,
RUBph14 LA PUANE, REFMEE CAMIE. &K
AAEVE. L RER OO 748 EE KRS 1 (i He
BTN, B TR, # CETEBphl45iME R Fid, B
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Figure 2 Model of the molecular mechanism of BPH resistance genes Bphl4, Bphl5, Bph9, Bph6, Bph30 in rice (Modified by Zheng et al.[”]). The
BPH insects can secrete saliva into plants during the feeding process. Molecules such as proteins in insect saliva can be recognized by host resistance
protein and then activate the host plant resistance. The process ultimately leads to the accumulation of cellulose, hemicellulose and lignin in cell walls,
and callose deposition in sieve tubes, thus leading to prevent BPH sucking sap and performance
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FFENT, AT P A S g i )
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Bph21

W R IR F FhPokkaliE it KA. HFlH9311/
Pokkali F,BEALE/KFEEE 125 Ye ok KB SSR> T-hrid

Bph9J H2(i 3 F Bphl, Bph7, BphlOFi

RM28486F1RM28438.2 [H] & £ | — /> F i ¢ El I
PIL 5, s NBph9' . T SiREBphY, BE— T T
3000 7BC;F, 110000 MBCF, bk, ¥ Bph9%i/INE
68 Kb[X [ I8 e S D] 3 b ARG S DR EAMIGHIE B )
TilE T Bph9REK. Bphotahth—AN & S T /K RG240 P i
RGN A M ANBL 81 CC-NB-NB-LRR 5 .
Bph9=E BLLE A G HE LA K i 5 JE] [l i) A 4 i R 08,
HAAZE CEANEHT. I ERIEBphIZ FHUKF
JR AR ARG MIBET.. # AR S, Bph9PutEs kb
SA, JAFJA-Nef & & B & m. HEEH . ®&EPCR
FHNJF R M FRIGAIE T SAFITABL R AE Bph 947t b 1)
e

Bph9fii T 125 Qe ks CaERK b, 175X
XEH A R TE CEZER. JPH TR
B R — AN R SR, Bk Loy s U A
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SEf7 7 BIBph1/9-1, Bph1/9-2, Bph1/9-7, Bph1/9-9.
A B Bph1/9-1ELGHi ke B\ E K Bphl, Bphlo,
Bphl8, Bph2I; Bphl/9-2613&Bph2#1Bph26; Bphl/9-7
45 Bph7; Bph1/9-9E4iBph9. Ptk % e 45 1 R A
AL R A A —FE P PETE, BIBph1/9- 14 A4
R AIIA Pilk, Bphl/o-2xtA4p7% 1 F1 11 4 Hitk,
Bph1/9-7F1Bph1/9-9xf A8 1, 11, NIAHME, &K
IR BT T PR 1) S5 A7 AR e KRR R %o 4 VA P AR
SR E BT, Bpho5 A AR S AR R A0 7T
g8 JUR NP S B2 S R SR 5

E— X 1174 7K A B2 U5 (1K) Bph99m b X i3E 47 1 17
ForHr, KE] T 520K R 2 A AL sAN2 1h B
AL, BphOtE RIFEAUREFE (8] 000 2 oAk, KRG AL
IR 2 AYERAK, BLRAE DT T aifbig 6. RRgfek
W 2 YR A, APAERR R PR, XS ont
SRR IX 1R AT R ILLRR X A% R 22 A5 P ize vy T HAth 45
P 3k(n=0.07928, 6=0.05131), HLA5ALZ [A]ff 2 S th 3=
FAEHPELRRE MK, Ui BHLRREE M3 0T B 5 4 K Al
AR BRI AR 5.

1 I 0T BPHO 14 % 45 K 35 (1 0 A 43 1 D R gk AT
ST, RILCCHE F sk & BPHOWE Niif(5 5 145 i3,
HH NG5 MBS o TCCSs Mtk B & HAE.
BLor BT R BHCCII97~11 S FE R AT CCE5 M3k i B & L
PEFIBEHR I e A BLAZEC R, 7 A ELX R I N NB
ZIRAFE R ZE 5, NB2&5H S8 %, P4 s iRy, 18
BPHOH it 57 45 & ADP/ATP, $ii 1 5 FIAL) 548 H (1 4
M. BCCH: EHAM S M, BT HR I R 52 25200,
NB 1A CCHIEE, NB2A LIIHICCHIETE, LRR
AT LA BENB 2 CC R 2.

2.3 Bpht

R b FliSwarnalatase — 43 ) 51K B KRG %
J8. FIH9311/Swarnalatakt) & [\IF, B 44, K5 Swarnalatar
[ Bph635E [R5 AL 7E K 78 S5 4 G- AR K 8 (1 SSR AR IE
RM6997FIRMS57422 []; Bph63E K {EF, FIBC,F, B4
o IERETT.5% 184 9% IR AR S & — A Hrdiak
2 E BRI T SIBEBph6, 43T T 43004
BC,F Mk, 2K Bph6 e Mt 5> FFric HA Y92 [[]
18.1 kbJIX Bt %X B HiA AR, i i L A
HANIATE T Herp— AN IR 2 Bph6™.

Bph64itih— A& 981NN AR B M H . g
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Jia 5 o7 45 SRR BHBPH6 [z H.93 111 H A I (1) & 437 J2% [A]
St & (1 32 AL T Exocyst &K 4. Bph61E /K FE I IR
R EZE. Sm, R, 2. SRR R EE RIX,
HAZAE CEBUEHE S RIE. RNARAL A 45 1 BoR
Bph6F EAE M- E AT By (K JERELL 21 4R AR £
b 2k, i BLIE AR RAE W EE E TE Ead rofr B

ExocystZ 5 1 /R HE A4 5 3 ds $E 0 5 41 i 5
PRGNSR, TESMAYF R EEZEIEH. Exo-
cystEH 8N E3E(Sec3, Sec5, Sec6, Sec8, Secl0, Secls,
Exo70f1Exo84)4 i, BPH6% — M5 Hy
OsEXO70FH H AR,  BEREXU S AS Ao s FL e s i 3=
HIBPH6-50sEXO70E1 H.AE. [ Ao 55 1 Sz o 4 51
FHIBPH6 1 LU #EOsEXO70E | A4 it B¥ 28 1 [ Jof b
IR 53 3. {ENip-Bph6-NIL/KF& s 1] OsEXO70E 111
ik, EHEPIHAKCFRE TR & CEREWRE, Bt
HIKFEI311-Bph6-NILH [ JERELH 2L, 45 M. I
B RV L 1 4 B 5 D DRI B 4 B Y 3 v TR R
KFEOITIH, KM KA &KL ES,
Bph6R] VL4 7 R0 0 58 7K 8 J5 Bk 2 2R 1% 24 8 o 2H 2R 4
PR (2 7, AT 2 347 ),

TEAEY) Fexocyst 3 B A 2 AN FIVREER,
KFGHRIBEXOT0RIZ K A 474, WFH RILEXO70%K
%5 — R 1 OsEXO70H3 A8 5 BPHO HLAE. X4 Kl
HE S5 (7K o AMA ER 15 2 24 LA b, R IOsS-
MASLTEOsEXO70H3WIHHI A KL 235 R B, BEREXL
#3Z. Co-IPFIBIFC# ] OsSMASL 50sEXO70H3 Al
BPH6Y HAF. BPH6FIOSEXO70H3{E#E 7 OsSMASL
] JiR AMA I 2. #0H OsExo 70H3 N OsSMASLI 23k,
IR R A R 2 A0 B BE A 4 R R BE, [
B 150 38 PRI T Bphota ke REPTIE. DL g5k
B, BPH6IEAOSEXO70H3 HAE, {E#EOsSMASLIY]
Sk, Y LB AC T AR Bk A DY,

BRI B o b R WA Bphon] LU I R A B 2R 1)
5T B R R AR AR A 11 [ B PR X e LR .
TR S R A I 45 B ORTEAE R (1 3R
6 h), Bph6HEFkTSAFIIA-Tlel )& BbuE Eif, B&mT
KR fEAR KRR S A120124 h, 201524 & (cytoki-
nin, CK)JEIE R F K EK (cis-zeatin, ¢Z)F) 75 EAEBph6
Mk R ER. AMNREESE AN AL B IR ST T SA,
JAFNCK AT LA IR F2 K RE SR . 302 B R ICKAE K
FEPURAPRIThRE. FE— 20 i KIS T EUEE FICK AL
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HS, Bph6MRH s I AR 3 1) & A IR (R
AR Rk B B, B TR

ZhengZE NPRHL, 2438 K EEUE & Bpho it
IKFEG, K B R R TR I U R PR, A
K218 HARRLE /NI S, 30 R DX B3 |
VAP g i A FBE AR, BRI /DN, HB & &= %
ik, RUHEYTE E0HE RGP RE S B E M ¢
N i R AR AR Mg B A 1) i SR A i e v
A - = U ARAT 7 i (UHPLC-MS/MS)HE AR, K1
1 KRR & Bpho it /KRG G, T LAIRIE i gy H-ih =
B fr 2 G2, 5 EL 1 g T FEL AT SO0 2 LR 3 — R 3 H
AL, FESEY A E BPCRSE BAWAESE T HUR & Bph6
Ut KR, G E A P H i R 2SR v B S
POAASRFEDA i R 2 T R 32 D) A K% g 5 TR e
KIEN I RIB KR AE T AR FEFEEE AR, FEs oy
PR R, & Bpheiitk /KRGS 14 KRR A K ek
BRI R I FRIE. XL R KN R IE ™ E A E
REAWEKMEE, B&SEHE CRSET:

T BT Bph61E E SR B AR S5, A0 AT T Hh B
S AT 148 FREL RG240 BF A= FE,  Bpho)%E
MENPEREHZERZ S, LR 7448102
BYEAL, w7 80F A5 Y. Bph6 1A% 573 A
P EERDSL, & NClusters [ FIL: Clusters [ I
BAFEE AERAAR B R RIRE, Clusters 11 32
FE. FE1S8OUFhR BB TR, 544 FI5Ag A2 4 85 2L g 4
B P %1 5 Swarnalata ] Bph6 /5 51— 203+t Hmdids «
B, oA R A T A X, _EiR 45 R
Bph 6L PR EC Y5 T B A 7 IO BE 7E MV P Fierts Hb X R
Fa AP B, FRATXT 152003 A ERAKFG I O R T
PR EEAT T 00 by, PR T kRA THAERO.
nivaraE/‘J%iﬂ}#&‘ﬁfﬁﬁﬁﬁ%fﬁﬁiﬁB"Jﬁﬁ]ﬁm].

2.4 Bph30

TEX K AE TR T R S e, RIS
FHACL613 i KA. % 7 9311/AC16131IF,E N7
FEAR, R EIE E AR K RE SRR, ¥k E
AC1613F T & I K 8 A R4 G R 8 1
TURM16278 FIRM 1642511 [X B, Ff-6r 44 Bph30™. Ky
T VEFEBph30, Shits \PVgkss: ik B 4L Bbk, ¥ Bph30
TENLAEAS G R HG B 73 F AR i SSR-28 FISSR-69 1
22.4 kb[X 1], jd sk A5 PR Y0 A 4 225 ER Dh R B, i Th oe

V& T Bph30ZE K. BPH30E @ T M R
FEW. Bph30FE DR TE W RN 20 () i B R - e 2
ARIL, A2 CEIE ST
Bph30%: K ORF4:K:3246 bp, #fi% 108245 JL %,
AEA TR R &5 M4k, BPH30E A R &AM
ANLRDs, HAFT ERIEMLRRE M, BT —FHA
MyitEE . S FEYERERE R EaSaT. 4
TR KRB M 45 & e FE R ThREIGE, TEPiiE KRS %
JHSE232, SE67HIC33471 5385 | Bph305 k& 7 — At
W WEIEH, 4% NBph40. J5 BN ERS T 2 W Bph40
X R E I 5 Bph302540, 5 5 BE A Uk Y,
My R B — PR e SR R, R —
PEWR B KR R, T4 R SR AR /K R o A
M2 N, 8 KA T AERR TR B AR AL A BT
HBEE R E, —HRRMEZ . DS RI, Bkt
eI 8 2 T Eh R R RO I R R S M O . i
(G5 A Bt R K T A 7, KRS 1 25 44 B G 2 kg
s ARAL LR . S R B R T 45
H5HANMALH BN MK R KB 72
JEEEH IR, Akshim AR EE W, ARSI T
J7 R TERELN MY, T A AU, I 88 % e K EUI A AN
DARIERTE A0, 5 ) R s A I e A T 4t
i 2% TR P38 S H T L O M SR A 32, SR AR K L
FUEF B /KRG 3R T 6 B3R KT 40 i s 35
BN FELLZR, T I35 4 R 0 e
RNAJRAI 2428 R I, Bph307E K40 s 2 A I
JEEEAH i s k. R R ZURAR R E BRI
PIRBEIL a2z . 438 T EREH L, X gl
BERR A BEATISE, I Bph30F ) Ff - S5 BE 21 441
FEE A A R AN A 4E 2 s m 19311, - HAE K
I AT e s B k. 8 AR RIS, Bph3oix
SRR AR R RE 2H S A PR R A 5 R A ) R
ERT9311. MER TR, Bph30in5HEH Rz it
JE B 4H AURD B3R T B 5 1 11 8 b, R LR
REZHZIPA80 T4 CEL 2R 5. 5 Bph30%G 5L R bk
RAATERERE R b, ) CE S &S 1 R D,
B ETEE R A KA E B R & B,
B Xof Ay TR S A P A T Y e 2 B DX 3 N X
TR, KREEN AN B T — R BTN
il-ERELH APk, BRI, Bph307EJEREH SR
ik, 3 JELRE 2H 22N PR R (VR R RN JELTE, SRAL I SRR

1331
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LR T B A B, PRI L &5 25 o 2
B B AR BRI AR Ak K1

3 Pl CEEEHRBE AR

RN T TR 7 A 32 TR AT 43 A HEE
(antixenosis) FU2E T4 (antibiosis) Fify 52 14: (tolerance).
KRBT REY, KB CEGEE X CEAA
Heta g vE. 7297 REFELIH, # CEfhkiE
PRI KRG T AN LB A Pl EEE R KRG, 7R
HUKFE B, A8 CEAS T K ] AR B St K RS 3 K,
PEEGE, BESFEERT. EEE RAPUE K
H:[RBphl4, Bphl5, Bph6FBphoWi/KFatEMk L, BT
PUAEERIMER, 8 CEIEZBH0H], B>, 4
I Z K, SRR BA, PTHRACR B, X0
[KI %8 & W Bph14+Bphl5, Bph6+Bph9, W= T g 14
AR RS H T I DR A R
Wi AR E P, SR EEEEREA R
w2022 ARG S R, S E KRS AR L,
FhE Bph14+Bphl5/K & H Perbis « R 2 b, I
3% B R B2 1 86% AL, AR IFHIRT Hujh R

— AT E WIS, CRENTUE CEZERAE
JUREBURE, BT ik KB M A RLAE, T Bphl4,
Bphl5, Bph65Bph300/KEEPLEY CEl, FA XL
BB & 0K SR R B BUdE B G R A
H. Bph6F1Bph30/2 554 WA B R, 2258 J5 AR 2 & BL 1A
BN B A 540G HE R BAR R b vk, 7EK ARG
Pl =l VA I ST

IKAEAE KA 2 AT LARCA KRS AR 72 P B — K
o, FESRKFEUE K ES A B = KRR R R 2
JECAE BT AE R B SRR SE IR L b, e AR A 5 2 /K R
B R PR AR S e SR, EBE A, HE E T
FURALIIHME AT . ikl R B R s R RIS, 19 B
PR A X R 7] 1 . I [R5 B R P K ESE A
HEFINFIARA A, Ak T BSAEEZ69E IR
BFh L, $RAELS B AR Pt B R A AR B
AR 751 & ThaE o Fhnic, TEKREE MG +E
o R ERPCRY™ Y, 5 AT AR 5 A B & mEE R 1)

KFEMEL. bidl CEE PR HER . . ST, —
ME PRI RETT . DABUHE K EGHTM i A R 4,
I A>T bR A B g R R e (o), EC
ZHE M T — PR CEUK R R e A
dipi T, 202 14E B SF B FE B AR 7713 (Bph6
+Bph9)~ B KFHI 5 W3 11(Bphl4+Bphl5).
TNV KPR 2171(Bphl4+Bphl 55 W B &
s CE A EE T E A R E. Bl G
B A EA AR R HET, R R EGX BRI E
LR OB IEBEE T A LA

4 JEH

FRG A, M IR KRR A
FAP R E AR, R PTRAE IBE FEAR E AZ2 2)
R EAL. AR, B KRS SR al Ik DR v [ Al
Pt WA T B RBORII R, Hiik IR 7 R0 E
FEMRIEE e el H Rl D2 b 717N R
Pik CEGER, 5 B RFAPUR AR AL 13 5.

s, AR R N BB K EUKAE d R AR
%, HEZJFARZPTRIEDT TS E M &R st a5
ST, WAk BRI E A RS El I
Wt . VRN B THEEE R TTHOR, BRI R A
T CEGER AR S B RN . BB DU
TREEE R TN e ke, ISR D RETE 2T AR T O TT AR
SRR PTRA B MR, B LR
MR RE. IR, EVKRRN TG T A Rz, H
RN R AL A B E N SEATPURME A, R
PUw HEIA AR R RN A REHE . 018 [ K 4k 8 K S FF
DU piRE CESE A A 0 SR W FT, 7 Fh e E
SR HE A TN 5 5E , HESHPL QA A A3 A

FEHEF N CNWTHE TN AR B FRAWE R, 85
A E KR ETEH T, F RG5O
B A5 GRS EE P PR, LLKAE-15
TREIRE AR R I TR RS HAt A AR T AL B R i
REABEEM. WA S W EY)-F R AR T
MU, At dii i, 558 praEy i, selE mm
ZREOPHE, FERE T AR T IVEA, BA TS

S5 3k
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Progress in exploitation and utilization of brown planthopper
resistance gene in rice

GUO JianPing, CHEN RongZhi, DU Bo, ZHU Lili & HE GuangCun*

College of Life Sciences, Wuhan University, Wuhan 430072, China

Rice is the most important food crop globally and a model species for basic biological research. Brown planthopper (BPH) is one of
the major insect pests of rice. In the past decades, scientists have explored the BPH resistance gene from rice germplasm and revealed
the molecular mechanism underlying the host plant resistance of rice to BPH. Research results have promoted the development of
BPH-resistant rice varieties and their release in rice production. This review briefly introduces the research progress on brown
planthopper resistance gene discovery, mechanism analysis, germplasm innovation, and utilization in rice breeding programs to help
readers understand the mystery of plant resistance against insects and the practical significance of insect resistance research in plants.
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