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Mapping of Brown Planthopper Resistance Gene Bph40 (t) from
Guangxi Indica rice germplasm
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Abstract: Insect pests annually cause large rice yield and economic loss. Brown planthopper (BPH, Nilaparvata lugens) is
one of the most disaster insects of rice. The most effective measure to prevent its damage is developing BPH resistance lines
and cultivating resistant varieties. The indica rice germplasm 47-1 from Guangxi, China, is highly resistant at seedling and
adult stage for three consecutive years, thus proving the genetic stability and the significant antibiosis and antixenosis against
BPH. In order to enrich the gene diversity of BPH resistance and breed resistant rice varieties, it is meaningful to map its
resistance gene and explore its resistance mechanism. In this study, we developed by crossing 47-1 and a susceptible line 9311
a F» population containing 91 individuals, followed by identifying the insect weight gain. 61 and 30 individuals, each of which
showed the BPH weight increased <1.1 and >1.1, respectively, were obtained (Chi-square test: ¥>=3.081<%%0.01,1=3.84),
suggesting that this locus is genetically controlled by one pair of single dominant gene. This locus was delimited to the region
flanked by markers 04M0.453 and 04M3.688 on chromosome 4, where the BPH resistance gene Bph40 is present. Three
substitutions in the coding sequence of LOC Os04g08390 differing with that of Bph40 were detected in variety 47-1, which
resulted in two amino acid substitutions in the protein. Phylogenetic tree analysis showed that the Os04g08390 haplotype from
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47-1 was closely related to the Bph40. Collectively, these results implied that the BPH resistance gene in 47-1 is a novel allele
of Bph40.

Keywords: Rice; Brown planthopper (Nilaparvata lugens); Bph40; Gene mapping; Allelic gene

JUFEX KRR AR KB M BRI, i CEGR KA G H R ENREZ —. B CEk
H— V% FKRER —F R H AR (Homoptera: Delphacidae) E 1™, @it W= 128 B 42 ) % K
FE Y W) R AT, (AR . R, JRERKRER S, SEUKRRE R . KR
W EEE CAEE, SSFEHEMKEAN RERERYER, 1 rRw, ERERENNESE, BERER
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HE MR

K AP S A E, WA NA W ERE . SREIICE IR Rk P AUk . g
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111 MRER  AHFH RS0 CEUKRER ——HIFE 0 3R 47-1 B P8 RO R B KR e 44t
& AT P kK OB IR AR S B, L AE AR SR A ) (AR AR AR AR AR KA R L 0 BEHE AR . SRUSUIE S,
X KA R PR . ARHF AR FHESE 3 4F (2020, 2021 M1 2022 4E) K 6 A0 XA RHEAT T4
My REFRE S, K RAF, XS R EGUIE RS AR MR . R B 47-1 BT RAA, &k
MBL 9311 N BREAHEAT RS IR1G Fuy F HAESR M MBS 91 SR F 0 B R, o SR
A ZERRIYIE . 2022 4F 5 J ¥ FRHARIE S T 70 K5 iR 4t

1.1.2 REAHRE W CAE AR E G KR E, R 27+2°C MXTREE 75+5% JHIIE =M

I ERPEM L 9311 B H



1.2 RBEZE

1.2.1 BEHAMRKERABLEE % Qiu & HiR W P % ik it 47-1, 9311 F 2020 4 6
H, 2021 4F 6 H, 2022 4F 6 H7E] PH K= T i KRS e, BRECREI A NEE. B
IR . A SEARMRER ZE A TR F T A — AR (d = 15 em, h = 12 em) , F[E]FEIF
G MITE A AT PR /N X B3l 40 R ZE AR 7o AEARAE K E 2 W (7d 22 45) # S AN AT MR s 3 i (12d
A BIBEAT#E K EE A, BRI RE S . 9 AT AR, BEANNXE T 30 MR K FE
Fedi 273 4 CEUCE R IR EL 1:8) , RS B MAER b4 CE R H . A R 9311 FE T
FIEF] 90% LA LB, MRAEEARSZ ERE L, I Qiu VPN KRS WA bR, AR BV
079 (¥ & (0 NEMKEM FEE, 9 NEWIET , BUTFLHIN %A RPUES S, BHitE. g
PRI IV E BAR TR B 12-14d PSS SE AR AR 23 A AZ R B AS [F) 2R (d =29 cm, h =
20 cm) , FEAE 4 BRI fSF 20 0 B EORHR BT, BT bR KRR . AR R 2R, K 600 k&
RN R E T SEPER R 9311 JET-RIEE] 90% LA LI, Siit Bk .

1.2.2 @ YEBEIRFRE Sy 12-14d PN SEARMARFE IR B F — N EHE (d =29 cm, h =20
cm) , FERH 4 MRE (BU. & 20k, F—RARX MR R , R H 2 M S SR B, By ¢
AR, HARKE 30 d, ¥ 100 ki KA ARGANYS MRS, JFEZSS 1d. 2d. 3d. 4d. 5d. 6d.
7d. 8d Guit bk EAE S, WEBEE 5 N EE.

1.2.3 W/ CEAFFRRE Hky 12-14d KA KA R BN F — AR (d =10 em, h=16 cm),
KN —"S MR (d=8 cm, h=10cm) JRHF LRI, KRR 27 B AL R HkKZE 30d 5, A
FLAEEEN 10 3k 273 W (e K EE B, FF B 8 A R LB k48 K EL K S 8d it K AR B L AR
e KEBH. BAKEAKRE S MER.

1.2.4 {YEARMEEIKG KA 91 F o SRR T %518 iR — 80 Bk ED
N ¥ —NH Parafilm &5 FBEHI A K G EEEES (3.5 ecm X 3 cm) ZR7ETHES M 40d K FREZEEE, IF
FIWE K DT TS AR BT — SR CRRE Y 3 4R CE A B, Bt 48h JRAE 5 70— A5 BE I RSP PR & A
A HEY, AR EAHA N R 48h RUAEMGH = W RERGEERE /B ARSI ER,
AP EE 3 UL b, B OREUS T E SR 245 R . @i 48h dUpR R E A5 51 2 = P ME Y
Fy B> SRR 0 dUKF .

1.3 IMEGOMBREBFRCIFE  RENE KR A 200 mg BE 4K, 2 M Murray CTAB $2HUZEHR
HUDNA™ . SR 5 B 0 #rik (Bulked Segregation Analysis, BSA) ffiik 55tk Hl % 104> FArid,
BARIFEW R e 91 A B, KR Bkik 10 /Wi 40 2UAT 10 A4S A% i 8 S bk 2 Joil 2 BOCEE PRI 26 DNA, - 4333l
B % BE i DNA HOUR B, SR 5 K 25 i) AN JE R 2H DNA E4T TR & M R . J6 T AR B8 % 1559 % SSR
Al InDel 519347 PCR §7 34, PCR RMNAKZR 10 nl A: 2XTag Master Mix 5 nl. IE. RF54#%
0.4 wL, DNA 1.0 uL, dd H0 3.6 L. PCR MY HFEFH: 94CHANM 5 min, 94CAEME 30 s,
55°C58°CiEk 30 s, 7T2CZEMH 30 s, 72°CHEMH 5 min. PCR Ji/ =¥ SDS-PAGE FELIKAGI, Mk



WLy 8%, HRGY, AL LR, TR RIS R AR 2 L5 Y. fH 2 SE51 3 3w 9t J2&% DNA ik,
I ARG 2 A ERRIT

1.4 SEESERFEES OTL LSRN T F R ENERS. BikE CREE 2 S5l
Yo, FEILALE ML TR 8 2 R AR AR 2 SRR 517, SIS 2 S0k S XHE R 91 AN F,
FRRR 2 R R HEAT AL I . R Join Map 3.0 A4 Fy 34K R Jm) 8 8 4% 32 B30 IR 905 O 3R 45 20 7 A A 1] 14
WAL . B T LA E AT P AR R A DL R R R s, A B TCIM X B 4K h 4T
P QTL A7 s #EAT A
x1 41 EEEMNHEESIDER

Table. 1 Main primer information of 47-1 gene mapping

i FRE (53 ) RE3M G —3 ) IR SRR
Maker Forward primers (5 ‘—3’ ) Reverse primers (5 ‘—3’ ) Initial location End Tocation
L1:04M0. 453 CATTTCTCCTCTGTCTTCCA AATCTCCATTAAGCTCCTCC 441997 442098
L2:04M6. 387 GTAGAGGAGGGTGACGGC CATCCTCCTCCCACCATC 6156077 6156205
L3:04M04514 TGATTTAACCGTAGATTGGA TCCAACATATTCCCAAAAAC 8215220 8215085
L4:04M3. 688 CATTGGACAGTCACATGTTT TGGTCCAATGACTAAACACA 4643332 4643475
L6:04M10. 677 GTCATGGAGTAGGTCGAACA TCATTGGGTAAGCAAACTCT 10701910 10702060
BPH40-CDS ATGCTTTGGGAGAGCTTTTATG TCACCAGAGAAGAGAGCATCTG 4490101 4484997

e YL E S CHARN” SEEY.

Note: Physical location based on ‘Nipponbare’ genome sequenc.

1.5 RNASREUFAREER IR FREMEEEAMN v, B E T 50D, B TR, KIIIRAF-80C
VKA . JKFE RNA SRECKF R TRIzol k. TRIzol WYKL 44 A% (TransZol Up $5: ETI111) .
FEHUM RNA B F Uk b, R 1. 5% B i W e e b RNA JEAT & % . MM B 5% 28 s 5 5 1 B
Gy GG FETEREAT RNA 5T & J5 B %8, RNA %5 5E A 4% J5 A AT & HiScript IIT RT SuperMix for
qPCR(+gDNA wiper) (Wl HHMERE, 185: R323) ¥4 cDNA.

1.6 BURGIHSH KA SPSS 20. 0 A8t . BT A BRI R - IR R J7 Z 50, IFAE B%El 1%FK) 2
EMHKT EHB/NEEEZER (Least Significant Difference, LSD) #E4TEL#K,

2 HEREHH
2.1 fFE 471 B— SR CERNMRER

AL 3 FEXPRIAG 47-1 AT M CEBTIE IS, R I B G AR e VR o 3 Yk I e gl R AR
HIFE AT-1 X5 Ph g 7 FHUE) 004 K L SRR AT ok, MR R IR AR IR R IE R 40, 2020 fE4T
PEME Y 2.1772.16, $4{E Y 2. 4940. 30; 2021 FHLPEE A 2. 0072. 75, HMEHK 2.8010. 40; 2022 FHitk
B9 2.4373.03, BB N 2.80+50.32 (£ 2) . 9311 HIUEERRH T AEZE, ZIFETAEIR, 2020 4EHTIEL
4 8.0078.33, ¥IMH AN 8. 16+0.17; 2021 FEHLMEAE N 7. 9078. 30, ¥I{E N 8. 1240. 205 2022 FHIMEAE A
8.0378.43, ¥ N 8.18+0.22 (K 1A, Kl 1B kK 2) . Mtk digs RS AT —2, Bt Eaw



R 2 (HI1C-K 1F) o 3 RPUREE BRI SR AL w WA bR 4% Rl pi e EAFE R F I ER (R 2),
HAT-1 4 CRGUE+ 0 RaE, 22— iii Cal i KR A s .

F2 3L 471 9311 HEARBKIAE CERERIEE
Table.

2 BPH resistance score of 47-1 and 9311 by BPH infestation in three years

Ay B 39 9T Y AR EZE (o) 2 KAH (%) e/ IME () PR i
Year Periodr Number Mean + SD (%) Max. (%) Min. (%) SE
47-1 2.4940.30" 2.76 2.17 0.17
=g U]
9311 8.16£0. 17 8.33 8.00 0. 10
2020. 6
47-1 2.25+0.25" 2.50 2.00 0.14
S
9311 8.50+£0.25 8.75 8.25 0.14
47-1 2.80+0.40" 3.17 2.37 0.23
T
9311 8.12%0.20 8. 30 7.90 0.12
2021.6
47-1 2.33+0.38" 2.75 2.00 0.22
D27
9311 8.50%0.43 8.75 8.00 0. 25
47-1 2.80+0.32" 3.03 2.43 0.19
i
9311 8.18%£0.22 8.43 8.03 0.13
2022. 6 "
47-1 1.9240.29 2.25 1.75 0.17
Bk
9311 8.33%£0. 14 8.50 8.25 0.08
e R ERWEE (X0.01) : TR,
Note: *% indicates extremely significant difference (/X0.01); The same as below .
A WP A B AET; B: WMAPTAREEARE C 9311 obkMIEEdLAT:  D: 47-1 bR MIEEdLET; B 9311 otk MIEEAE s Fro47-1 bk

W dUE .



A: Befor BPH infestation in seeding stage; B: After BPH infestation in seeding stage; C: Befor BPH infestation in 9311 adult
stage; D: Befor BPH infestation in 47-1 adult stage; E: After BPH infestation in 9311 adult stage; F: After BPH infestation
in 47-1 adult stage.

1 MR EAR AR R RE

Fig. 1 BPH resistant phenotype of resistant and susceptible materials at seedling and adult stage

2.2 HFE 471 3B AR E IR UM HE
RN T HE— BT PUEA R 471 Xk A8 K R B AP A MR AL, FRATT I A X A K R AR e R

AR IR I R AT 5 . 1 FIE BRI s R, HelUs 8d 1, HUMEA R 47-1 RiAk b HE « m 4
BT MM B 9311, 58 3 KRG —HB R R EKF, HHMXERE R FF@EE, BEMER 9311 Kk
Zi B8 RIS 47-1 MMk B4 K ECF IR AR 16%, 9311 Mtk b0 84%, RUIFTIEM EL 47-1 Xf
W AR RE R (B 20) . B CEEE RIS R, Bl 8d N, HUMERLAR AT LR T« EAE S AL
R TR R 9311, FFHAES 5 K —HIAF R EKT, PUBAMEE CAGESEH S T3, Btk
PR 47-1 TREBEL P 55 8 K 47T-1 FIJEEHEICN 2 3k, 9311 fEi%iL 3 8 3k (& 2B) , RUIHLIEM
BE47-1 %4 CEGE A B E RPN DL R RIUEI 47-1 @i xS K EGR K, DL e 4 K L
TEH AR KRR B 4 & ) S A

>
w

L1207 o a7q 2151 - a1
c
s & = 9311
= 904 =
# 8 g'; 104 — 5 3 v
# T < —F
g 60- " 2 —~
243 o5
Z 5 B 5
2 304 8
E E
2 2
1d 2d 3d 4d 5d 6d 7d 8&d 1d 2d 3d 4d 5d 6d 7d 8d
HEEMARH HEEMAREY
Days after BPH infestation Days after BPH infestation

A 1E EEFFRE; B HAAAEE AR .
A: BPH Host choice test; B: Number of BPH survival.

2 HIFE 47-1 3348 CE Y E IR HHE

Fig. 2 Physiological resistance characterization of indica rice 47-1 resistance to BPH

2.3 MIFE471 PEE-DPETHEHERA

# CE Y E RO R I, SRR AT-1 R 9311 4B K EEE A A R B AR LRI R AL, Py Ak
HAEEC 0. 83 1 1. 32 78 F, B SR pofp da v AR S ), A 38 o 15 e /MR 0. 67, B KRAEA 1. 75,
SERMEN 1,07 (3R 3) o 4 QR HUAE K E g AR, SE AR 91 AN B, SRR I TR B L 1] 3,
F, BEARDUIME SRR 3 A A < 1. 1, AP E R (<0.9) 1 (0.97L. D AKFRIS A% (RR A R
PR BB S H B (>1.100 B (rr), BBRHE N 61: 30, &0 RTRL (x *=3.081< x
‘0. 01, 1=3. 84) R MR 14 25 LUAF & 1 BRI 20 A GR 4D o B RUHBH R FAE— M
GV R R A
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BPH weight gain multiple

B3 47-1/9311 F, BN EEEH I
Fig. 3 Determination of BPH weight gain; B: Distribution of BPH weight increased multiple of F, population
derived from the cross of

#*3 EARFHHRMEKEERN
Table. 3 BPH weight of observed traits in the parents and F, population
- F, B4
A Parent F, Population
(ERN
Trait S A A+ AT VR AL [iE
171 9311 P E £ A i JBE A
Mean =+ SD Skewness Range
14 5 4
i E'@”ﬁ ‘ 0.83 1.32 1.0740.18 1.23 0.6771.75
BPH weight increased multiple
F4 47-1/9311 FEAEMNB ENMMES S
Table. 4 Segregation of BPH resistance in 47-1/9311 F,population
F, B[R Y F, M%) F, X ZEH

F, genotypes Number of F, individuals Phenotype of F, line

RR 13 <0.9
Rr 48 0.971.1
rr 30 >1.1

W RR: 4iGPid; Re: RGPl rr: AifmEH.
Note: RR: Homozygous resistance; Rr: Heterozygous resista-

-nce; rr: Homozygous susceptibility.

2.4 HUFE 47-1 B A QTL 420

I 1599 X 43 A 7E KRG 12 APk L5y FARid, A 4T-1 Rl 9311 JE47 2 & PER i, 450
AT 236 N EA ZSMERARC. 2T CE S kN R B PR EL 10 MRS R R A 10 A
HR i B % DNA 3, AR I R BUAE 58 4 et R B 3 A2 A ERRT . A 91 AN F,

FRRAI A AR5 4 Y AR AE SR AR 2 8VER) 5 N Thnid, MR A B . 455 FREA

F0) 2 2R R TR RSt , R PR TCIM 23 M et A s P 2 e (iR X BL R B B . S5 RR ), 7E58 4 Gt



EAREI 53T F5id 04MO. 453 55 04M3. 688 [a) k&l 2] — /N B B QTL A7 /&5, &% K LOD 1H 5.9, TEFEARA X}
Pt QAR R TTER R IR 25. 9% (K 4) , BRGE N CEPUES S, B4 N Bph40(t) .

FUERLR
. Resistance locus
6 1 LOD=5.9, PEV=25.9 —— LOD
T TN e 3
5
4
03
wg ]
aa
2521
et} i
1
3 - [
% : % g z
] 2 < < 3
EEER

Genetic linkage

B4 HMENBIMEEEHERRME OTL LE

Fig. 4 Construction of local genetic |inkage map and locationof resistance QTL.

2.5 Bph40 (t) J9 Boh40891 NS ER

R4E S AR “HAR” F “93117 FEEARELR, H4FH5id 04M0. 453 5 04M3. 688 [A]5 — 4
25 R PR CEIER Bph40" . FRBATE BN 47-1 b Bph40 2 A1 5L R CDS BEATIN T o @it &
CDS FIRA R A LR B, 47-1 v LOC 0504208390 R [¥) CDS %51 5 . 56 M ) Bph40 CDS F& 5N AF
1E 3 AbHR AL 22 57, 35 9 BRI S o T S L IR LU X AR AE 2 Ab SRR 25 = HLTE S — AN LRR &5 0938 |,
Sy AIAESE 641 A1 651 N FERRAL B AL . 47-1 WS IR /7 YA Bph40 29748 2 N ERR 5, H 85— LRR
SEA I 5 321 L 3 660 i g kR B A B P2 BT 2 28 318 {2 F) 658 AL FL IR (& 5A) o FE T 47-1
LOC 050408390 F&HEM () R IR 7 5 4E NCBT _E AT R IEIR P 5 Lbxt, ¥ 8 DNRIVREIE R 90% LA | 3
AN RIYE FEAE 30%  60% (1 2 HE IR J 41 il i RE Bk HEAT 5 1) o3 Mo A R W], 47-1 v LOC 0504208390
Y5 Bph40 M1 Bph30 [F)5 e s (B 5B o AR E AL X (8] AKX B AR IR 17 41 LU 843 A, #EM Bph40( 1) 7T g
N Bph40 W — D H AL A .



1 321 660 766 972 1018
C E P W

Bph 40

.~ 641 P/T~.
* 651 S/L -~

471—-l'1':-II—I!EEI—

K E P W
1 318 658 766 972 1018
B

58 EAZ29719.1 hypothetical protein OsJ_13782 Oryza sativa Japonica Group

i{E XP_015634108.1 uncharacterized protein LOC4335049 Oryza sativa Japonica Group
77 BAS87876.1 Os04g0166000 partial Oryza sativa Japonica Group

93 { EAZ29718.1 hypothetical protein OsJ_13781 Oryza sativa Japonica Group

100 KAF2932780.1 hypothetical protein DAI22_04g024900 Oryza sativa Japonica Group
100 KABB8094808.1 hypothetical protein EE612_022162 partial Oryza sativa
t47-1
= o [——{ QYA53813.1 BPH40 Oryza sativa

34— QYA53814.1 BPH30-ike protein 396 Oryza sativa

EEC76871.1 hypothetical protein Osl_15063 Oryza sativa Indica Group
CAE01711.2 OSJNBb0050003.1 Oryza sativa Japonica Group
XP_015633065.1 disease resistance protein RPS5 Oryza sativa Japonica Group

A: Bph40 F1 AT-1 ¥ LOC 0s04g08390 RH:ME T HILLEL: B: He T Bphd0 BT A KL RIE T A EN RERKEW . FHENNC 5wk Bph10
FAUIR AT-1 A A7 5 R 6 B ) R R Y 9 o
A: Amino acid sequence comparison of LOC 0s04g08390 in Bph40 and 47-1; B: Phylogenetic tree developed with amino acid sequence
of Bph40 and its homologous sequences. Box means amino acid sequence of cloned Bph40 and allelic gene derived from resistance
accession 47-1.

5  Bph40F0 47-1 H1 LOC 0s04g08390 S EBLF 5 547
Fig. 5 Amino acid sequence analyse of LOC 0s04g08390 in Bph40 and 47-1

3 it

BEE AR 2B VA OB HE T, 4 KA AR I ILE 2 AR, W K E A Y E
PR R IR RPN, BIIniEN Bpal () “TR267 . W Bph2 ) “IR367 Fl “IR42” ", ZLfiFEN £
FEPEX Y0k 2 R AN GUIE S b s B B BB R, iR R Y 81 2 A PEAE K A AR K T L kA
fE . Zhao "W KM, Brh9 5 54 T NEALSEIN Bphl. Bph2. Bph7. Bph10+ Bphl8. Bph21 Rl Bph26
AL 4 A SER A . Bph6 & — NS A FE I, Guo M E T ORIE T AN [F K FE A4 R
() Bph6 ALFEDR, K ARFEIZEAL SNP 2 20400 80 Fh&EAr . (R, PRl RIEPiME CEZERE G
FERGEFE AL JFil I 2 R A E R E R T A BN R K e T N E T AR

H ARG R B IE S 5 s —— W R, AR 4 PR RO (B4, FE 9P T8 K.
A KL R RS A XS TR A S B R T F, o B A I B MR AR G A R
PR K A48 R A PUPE % R AT QTL 2, A RS54 G L REE w4 RmE 8. KRR
BT AA B EBBEAGUEN (B 2) BHIFRE 47-1 5 9311 MEI F, 20 B EER, SR sk & ko s



PR R AT 48 CEPTVE S 2 . B A XA T N e Uik, AR S LA 48h 5 I R A
REHE N RAUE, 2SR T BRI b Tl A E M DL —BUNIR % . 455 B, BRI 32 B R0
AL H 3, 7256 4 5 L (AR 1) 40 TR id 04MO. 453 &5 04M3. 688 [H] Al 3] — N 235 1) QTL A7 A5, A% K LOD
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