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Abstract: [Objective] To breed restore lines of hybrid rice resistant to white backed planthoppers and brown
planthoppers, [ Method] we used B5 with brown planthopper resistance genes Bph14 and Bph15 and Fuhui 7011 with
white backed planthoppers resistance gene gsl-4 as donor parents, and Fuhui 676, a main restorer line, as the recurrent
parent through the molecular marker-assisted selection combined with field and indoor identification. The
insect-resistant lines and their hybrid progenies were tested and their agronomic traits were analyzed. [Result] Three
restorer lines with three resistance genes to rice brown planthoppers and white backed planthoppers (Bph14, Bph15 and
gsl-4) and three lines with two resistance genes were bred. Resistance identification indicated that the resistance of the
restorer lines was moderately resistant or resistant. Two restorer lines with potential for production and application were
screened out by examining the resistant strains and their crossing progenies and analyzing their agronomic traits.
[ Conclusion] This study provides new resistance germplasms against brown planthoppers and white backed
planthoppers for hybrid rice breeding.
Key words: rice; white backed planthopper(WBPH); brown planthopper(BPH); resistance gene; pyramiding breeding
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Fig. 1. Processes of rice planthopper resistance lines.
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Table 1. Linkage markers of the white-backed and brown planthoppers resistance genes and primer sequences.
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Gene Characteristics  Chromosome  Marker Type Primer sequence (5'-3") Melting temperature /°C  Production size/bp

qSl-4 PATA L 4 RM8213 SSR F: AGCCCAGTGATACAAAGATG 55 208
Codominant R: GCGAGGAGATACCAAGAAAG

Bphl4 PATA L 3 RI35 InDel  F: CAATCATCAAGCACGCGTTA 58 325
Codominant R: ATCGAAGCCACTTGGTGAAC

Bph15 PATA L 4 Y15 InDel  F: AGGAACAGTGACACGTAGCA 55 460
Codominant R: GGAGAGTTCAGTTTGCCATCC
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Fig. 2. Molecular marker analysis of insect-resistant gene Bph15 for insect-resistant individuals in segregating populations.
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Fig. 3. Molecular identification of resistance genes Bph14, Bph15 and gsl-4 in stable lines.
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Table 2. Identification of insect-resistant genes and
resistance levels of each line.

PR P BCR

%%‘ Insect-resistant gene Average  Resistance
Line qsl-4 Bph14 Bph15 resistance level
FJ717 + + + 2.93 R
FJ718 + + 3.81 R
FJ719 - + 3.08 R
FJ723 + - + 5.43 MR
FJ742 + - 5.57 MR
FJ745 + 3.84 R
FJ747 - - + 6.67 S
B5 - + + 3.07 R
FH7011 + - - 6.33 S
FH676 - - - 8.38 S
TN1 - - - 7.87 S
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The picture on the left shows the seedling before identification and the picture on the right shows the seedling at 7 days after insect inoculation.
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Fig. 4. Artificial resistance identification in the laboratory of the stable lines screened in the field.
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Table 3. Comparative analysis of agronomic traits between selected insect-resistant restorer lines and recurrent parents
(Shaxian County, Fujian, 2016).

. R SRR SHRESRI o TRE
AR I35 . . . . iy .
i : Panicle number Grain number per Filled grain number R 1000-grain
Line Plant height/cm . . Seed-setting rate/% .
per plant panicle per panicle weight/g
FH676(CK) 131.9#4 .4 7.630.9 175.0#1.6 154.049.6 88.0+.6 31.240.3
FJ717 127.44.2" 8.3+1.2 173.6413.6 159.0+12.8 91.6:4.9" 30.740.3
FJ718 125.945.3" 9.242.1" 168.9415.9" 154.313.3 91.3425" 29.840.2
FJ719 133.946. 7 6.840.6" 187.149.5" 159.548.6 85.242.7" 32.040.1
FJ745 126.945.27 7.4+1.3 169.5#12.3 151.4+10.2 89.340.4 30.140.4

Ferft T4 BIFIRTE 0.05 H1 0.01 KT EREE,

“and ™ show significant difference at 0.05 and 0.01 levels, respectively.
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Table 4. Comparative analysis of agronomic traits of hybrid progenies between selected insect-resistant restorer lines and

recurrent parents(Shaxian County, Fujian, China, 2018).

RAHE AR FAURLEL (ORI SR TRLE g/ g
Hybrid rice Panicle number Grain number per  Filled grain number Seed-setting 1000-grain Theoretical yield
combination per plant panicle per panicle rate/% weight/g I(kg-hm?)

11-32A/FH676 (CK) 9.740.9 190.5+13.6 177.649.6 93.2#+.4 28.240.9 9160.5+169.2
11-32A/FJ717 9.94+.2 193.6421.2 181.0+12.8 93.5#.5 28.740.2 9749.34210.2"
11-32A/FJ718 10121 188.345.6 175.7#3.3 93.3#2.0 28.1#.1 9426.14107.17
11-32A/FJ719 7.840.6 213.549.8 185.348.6 86.841.7 29.040.2 8878.3+192.5
11-32A/FJ745 10.441.3 194.5+18.4 173.8410.2 89.3#.3 27.240.4 9308.9198.4
Y58S//FH676 (CK) 9.140.8 205.1411.6 176.449.6 86.040.9 26.240.3 7950.9214.5
Y58S//FI717 8.340.2 210.3+14.6 185.5+12.8 88.240.9 26.7H.4 7732.2410.2
Y58S//FJ718 10.3#.4 196.745.6 171.5#3.3 87.243.2 26.640.1 8886.54183.1"
Y58S//FI719 7.840.8 223.54109.9 184.848.6 82.7H.7 28.040.9 7571.3+199.2
Y58S//FJ745 9.840.3 197.413.2 174.2+410.2 88.3+.4 26.140.3 8397.54210.1"

A4y o 5 B A M RIS X R 2 A 0.05 AT 0.01 B
“and " show significant difference compared with its CK combination derived from the same male parent at 0.05 and 0.01 levels, respectively.

#5 ANERHARERSREFRANRZERRZERER S (8=, 2018)
Table 5. Comparative analysis of agronomic traits of hybrid progenies between selected insect-resistant restorer lines and

recurrent parents(Sanya, Hainan, China, 2018).

PP PR TEAERIEL ERRSTRIEL s TRLE Mg
Lo L Panicle number Grain number per Filled grain per Seed-setting 1000-grain Theoretical yield
Hybrid rice combination i . i 3
per plant panicle panicle rate/% weight/g /(kg:hm™)
FE WL 4 5(CK) Fengliangyou 4(CK) 8.940.7 191.448.3 159.546.4 83.442.2 28.540.1 7619.24203.5
1148 86 11 Youming 86 9.3#0.7 190.7+4.4 174.043.3 91.242.8 28.340.1 8683.04219.3
&3 AJFJ717 Taifeng A/FI717 10.320.5 186.6+11.3 161.448.6 86.541.7 25.340.1 7965.3+184.8"
=3 AJFJ718 Taifeng A/FI718 9.820.4 179.5#10.3 157.249.0 87.643.4 25.040.1 7241.6414.7
Ze=F AIFJ745 Taifeng A/FJ745 10.3#0.4 182.8+13.4 157.9412.0 86.4+1.8 25.340.1 7795.34217.6
V7 618A/FI717 Luxiang 618A/FJ717 9.740.3 199.849.1 178.447.3 89.3+1.2 25.440.2 8279.04117.9™
Vi 618A/FJ718 Luxiang 618A/FJ718 11.140.7 176.449.8 154.146.3 87.340.8 25.540.2 8214.24254.7"
Y7 618A/FI745 Luxiang 618A/FJ745 9.4+1.0 193.0+2.7 171.8+10.7 89.0+.1 25.840.4 7857.7247.7

TS RIROR SRR 4 5 HI2E 594 0.05 A10.01 BE AT,

“and ™ show significant difference compared with Fengliangyou 4 at 0.05 and 0.01 levels, respectively.
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