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Abstract: 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 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.
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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<y%,, ,=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 Bph4(0 is present. Three substitutions in the coding sequence of
Bph40(t) 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 Bph40(¢) haplotype from 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.
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Table 1 Main primer information of 47-1 gene mapping
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PCR JZ v/ )4 Fl SDS-PAGE H, 3K AG: I , J52 9 %
8%, YL L T AE L | T e SRS S A Z 85 |
Y. FHAZEMS WY A4 2 DNA L, i %
PAFZARMRL, Z8MFREE 1 ER WK 1,

EIE7 BN EmG1¥(5—3") S g4y (5—3") AR YIFRALE (bp) A5 E (bp)
Primer name Forward primers (5'—3") Reverse primers (5'—3') Initial location End location
04M0.453 CATTTCTCCTCTGTCTTCCA AATCTCCATTAAGCTCCTCC 441997 442098
04M3.688 CATTGGACAGTCACATGTTT TGGTCCAATGACTAAACACA 4643332 4643475
04M6.387 GTAGAGGAGGGTGACGGC CATCCTCCTCCCACCATC 6156077 6156205
04M04514 TGATTTAACCGTAGATTGGA TCCAACATATTCCCAAAAAC 8215220 8215085
04M10.677 GTCATGGAGTAGGTCGAACA TCATTGGGTAAGCAAACTCT 10701910 10702060
Bph40-CDS ATGCTTTGGGAGAGCTTTTATG TCACCAGAGAAGAGAGCATCTG 4490101 4484997
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2.17~2.76 , {8 9 2.49; 2021 AEHMEAE 9 2.37~3.17,
BIMH M 2.805 2022 4F BT P {E A 2.43~3.03, ¥ {H K
2.80(5%2) . 9311 i I Bl bR A 25, SR BAE
TRE MR, 2020 4E 450 M A 8.00~8.33, Y11 K 8.16;
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Table 2 BPH resistance score of 47-1 and 9311 by BPH infestation in three years

Ay A G5 SRR W KAE e/ IME Frifeis
Year Period Number Mean+SD Max. Min. SE
2020 i 47-1 2.49+0.30" 2.76 217 0.17
9311 8.16+0.17 8.33 8.00 0.10
A 47-1 2.2540.25" 2.50 2.00 0.14
9311 8.50+£0.25 8.75 8.25 0.14
2021 i 47-1 2.80£0.40™ 3.17 237 0.23
9311 8.12+0.20 8.30 7.90 0.12
BRI 47-1 2.33+0.38" 2.75 2.00 0.22
9311 8.50+0.43 8.75 8.00 0.25
2022 gl 47-1 2.80+0.32" 3.03 243 0.19
9311 8.18+0.22 8.43 8.03 0.13
SRR 47-1 1.92+0.29™ 2.25 1.75 0.17
9311 8.33+0.14 8.50 8.25 0.08

#x NI T 3 (P<0.01) 5 FIH]

*#* indicates extremely significant difference (P<0.01) ; The same as below
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47-1 % QEUHEAG 25 B RREE (] 2A) o e KL
AR R W], $2 0 8 d N, PUPERIFRZERT L AiE &
AEIE B R T BRI R 9311, 3F HAEZE 5 K
— HIR B E KT BB B CEETE S H T
R ABGTMEA R 47-1 T B B e 55 8 K 47-1 -3
FEEBERAUN 23,9311 £715 A5 8 3k (] 2B) , % H]
UM L 47-1 %048 €A B PUENE. DLk
S5 SRR 47-1 30 00X R EUR A ke, DL
i K ELIE A KRk 2 e EAg S /e .
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Fig.2 Physiological resistance characterization of indica

rice 47-1 resistance to BPH
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A': Before BPH infestation in seeding stage; B: After BPH infestation
in seeding stage; C: Before BPH infestation in 47-1 adult stage; D: After
BPH infestation in 47-1 adult stage; E: Before BPH infestation in
9311 adult stage; F: After BPH infestation in 9311 adult stage
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Fig.1 BPH resistant phenotype of resistant and
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Fig.3 Distribution of BPH weight increased multiple of
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iﬁ@@fﬁﬁ% J\fﬁjﬁ 0.67. ﬁ‘j(ﬁj{l 175, %ﬂj{ﬁ)@ Table 3 Segregation of BPH resistance in 47-1/9311 F,

population
F, %1 F, A e
91 /\F ﬁ@k E]/‘J?}L@/\I%EELoQ ﬁ#ﬁ(@ 3), F, # F2 henotvpe  Number ;fF individuals BPH weight increased
PRFU A E D 61:30, 250 B (p=3.081< ; multple of F, line
Koo, =3 8O BIIZHERM B LA & R sy P o o
R (R 3) o S R UL P AAAE 1 Pt & Rk HS 30 > 1.1

il E/‘J i’ﬂ(ﬁ‘@% o HR: High resistance; R: resistance; HS: High susceptibility
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Primer name

HEZL LOD{E=2.5. PEV R/RAEHE LR T F AT HiiE CERAVE 10 25.9% , 216 = fIEFRRHUENLA
The dotted line indicates LOD score =2.5. PEV indicated that the gene locus explained 25.9% of the phenotypic variation of BPH resistance in F,

population. The red triangle represents the resistance gene locus
4 HENBIEEEDERIMEQTLAE

Fig.4 Construction of local genetic linkage map and locationof resistance QTL
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321

A Bph 40

Bph40(1)

EAZ29719.1 hypothetical protein OsJ_13782 Oryza sativa Japonica Group

58
99 —: XP_015634108.1 uncharacterized protein LOC4335049 Oryza sativa Japonica Group

77 L BASET7876.1 Os0420166000 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 KAB8094808.1 hypothetical protein EE612_022162 partial Oryza sativa

Bph40(1)

96
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EYY S— QYAS53814.1 BPH30-like protein 396 Oryza sativa

EEC76871.1 hypothetical protein OsI_ 15063 Oryza sativa Indica Group
CAEQ1711.2 OSINBb0O050O03.1 Oryza sativa Japonica Group
XP_015633065.1 disease resistance protein RPS5 Oryza sativa Japonica Group
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A': Amino acid sequence comparison of Bph40(¢) and Bph40; Numbers represent amino acid positions; LRR is the abbreviation of leucine rich

repeat; P is proline; T is threonine; S is serine; L is leucine; B: Phylogenetic tree developed with amino acid sequence of Bph40(t) and its

homologous sequences; Box means amino acid sequence of Bph40(¢) and cloned Bph40
E5 Bph40(t)F1 Bph40 S EBF 555
Fig.5 Amino acid sequence analyse of Bph40(¢t) and Bph40
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