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Abstract The rice(Oryza sativa) production is affected by many diseases and pests, such as Nilaparvatal lugens. Cultivating resistant
cultivars through polymerizing different resistance genes is the most effective strategies to cope with these biotic stresses. Traditional
aromatic rice cannot be popularized within a large area due to the deficiency of resistance. In this study, a series of maintainer line and
restorer line of high quality three-line hybrid rice, which containing rice blast resistance gene (Pi2, Pib or Pimh), bacterial blight re-
sistance gene (Xa23) or aroma gene (badh2) were hybridized with donor parents containing N. lugens resistance gene Bph3 or Bph24
(t). As a result, the N. lugens resistance genes were introduced into elite breeding lines through marker-assisted selection (MAS). A
total of 41 stable pyramided lines containing N. lugens resistance genes, and aggregated with other target genes in different combina-
tions were screened. The identification of resistance, aroma and agronomic traits showed that each pyramided line not only possesses a
high level of N. lugens resistance compared to the recipient parents, but also exhibits satisfactory agronomic traits, including dual-re-
sistance, triple-resistance and/or aroma. It can be used as germplasm resources for multi resistance and high-quality breeding of rice.

Keywords Nilaparvatal lugens; Blast; Resistance breeding; Aroma; Marker-assisted selection
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S0 R YA R AR R PR 2RI I, XK R 2 A
A B R, AAEED B | ENEEJE VY, JEAE
W= HARMIEG SRS LTI A E4E 2 000
T & 140370 ( Veres et al., 2020) ., 7EFREREIX,
MR FE AL 2 T AL, X KAE SR
T B A SR K A L A B S Y 30% , 1 R AT
BT m ik, AP B Rk
119 Jymi, Rl K R U 2 (X7 A 4%,
2016) . AA BRI E ) e OR B Y A it R
Poks CEFN AR R S PTESER, JFR A AR
FrAg s AP 55 E B S AR AE A TR T (Du et
al., 2020; Shi et al., 2023) .

HAT, SRR b e T — it hiis CalsE
B, F s o FE R s W TR R SC R Bph3 &
PRI SR 5 T30 B =2 R 1 5 5 ¢ Rathu Heenati” , Hi
4 A HRI I B A R 2 AR SE ) (OsLecRKs ) 4 .,
SN FHRGE TS, kg N, BA R
FH REWTIESUY (Liu et al., 2015), Bph24(t) %
PRI 5T 14 e Y A A 9 49 2B o 2 BPHR96 (K1)
TER 4%, 2011), S AZEE YK R i 2 0] 3R A4
SRS REBTE ( Xiao et al., 2016) . F7E 20 tHh4
70 AF AR, PR 7K #& WF 5T BT ( International Rice Re-
search Institute, TRRI) ¥l i MIZZHF MG, BlE
O K EBTYESRL R Bphl | bph2 . Bph3 F bphd T A
FMER AR A, B5F T — RAWPUE A,
W IR26° “IR36° “IRS0” Al ‘IR72’ % (Khush and
Virk, 2013)

il 25 R i 22 110 4 T VB M K R R DR A
BRI ZEATXEN 240 CEPTEEH S ARG 5
A KRR SRR, DURAS 3 . REA . R
PEKFG AP ELS R 10 Hu %5 (2016) 4% 3 MiiE &
B\KEH Bph3 . Bphl4 1 Bphl5 43 5 54 EAIAS & b
‘HMZ W, S EIA9 6 2RI TR AE CAEDT
P, R AZBL, BE M HEEABS P K 2 IEAH
oK, B HAKREPURE T EUH & R TR R B A
A AR PTER TR R R, Liv 5% (2016) % 2 4~
il WAL K Bph3 F Bph27 (1) 5 A B 5 B b
‘Ningjing3” ', ME|MRE RIEMAFLE e 1
X CEVBTIE, B T T U ) T AR Y
PR . Wang % (2017) % Bph6 F1 Bph9 R %
AR ARRIFRG 93-11" v, BRA & LT 24 sc G
e EHTE ) W R L Jiang BF(2018) Hf
Bph3 . Bphl4 . Bphl5. Bphl8. Bph20 1 Bph21 %5 6
A REBTE S B ARG 2R R ¢ Jin 23B°

o, R T S A A B4 BT S R A R
AAR, PUMESE R EY, ANFE A CETER A
TR T HIMRAS R Pk, A R 5E CEGE
H R KRBT

SR, PR T L3 A N R B R T As fk, B —
PO S 8 R AR S A I A AR AT e A S AL
PEZ R FIE R FHIE A A (rice bacte-
rial leaf blight, BLB ) 73 J J2& Jal B 7K i A= 7 d5e ™ B 1Y)
LM AN A 3 R TR R B
FHA R AL R ARG SR, AR B A
AR AU B SRR, A0 D F (2016) 4%
BB S (Pita . Pil FI/85 Pi2) | Fi AR
FEH (Xa23 Fl/ B vaS) FIPLHE KEUIER (Bph3) B
HEE R BE T 1 AEE SRR 5
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FEPR I B i FR O = RO U Y P B R
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SO R HUME QTL (¢STVIISG) | I8 0 i Pk 3 A
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B T B AR BN TR . R . A S
KAV T SIS R BRR . Dixit 55 (2020) ¥4 RS
JERFER (Pi9) . PLAMAREIEER (Xa4 | xa5 .| xal3
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BHEH (Gmd Fl Gm8) FPLEME QTL 54 (¢DTYI. 1
1 gDTY3. 1) FASZWRIEA  Swarna” W1, 3R1G T 7 1>
SAT T~10 MEEH/QTL HEWERE R, BREE
GER IR, FRR AT TN B, FLORRE
T ZAFEARBL EERFFE

AW T 2 R A G A 425 T bR e il B ik
£ (marker-assisted selection, MAS) £ A& | FEE IR 2
I [R5 B 6 DR A B R 0 TR AAS T) H b TR
HPEFARRE T—RIME R KRG R K E
Zrh, DUBIERIS B R H A R B B R A
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Figure 1 The breeding process of pyramided lines
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Table 1 Hybrid parents combination and target genotypes of rice pyramided line introgressed with

single Nilaparvatal lugens resistance gene

SZIEA o HRRER
S SRS S Recipient parents Target gene pyramided
Pyramided Donor B IeRs oy T Juns
line parents The first round of The second round  Bph3 ~ Bph24(1)  Pi2 Pib Pimh  Xa23  badh2
crossbreeding of crossbreeding
L1 Pth33 GH998/XYZ GH998/P59 + - - + + + -
L2 BPHR96 HZ/XYZ MX B - + + + - - +
L3 BPHR96 HZ/XYZ MX B - + + + - - +
14 BPHR96 XYZ MX B - + - + - - +
L5 Pth33 HZ HZ + - + - - - -
L6 BPHR96 GH998/HZ GH998/MH63 - + + - + - -
L7 BPHR96 (GH998/209B) /MH63 MH63/R8 - + - - + - -
L8 BPHR96 (GH998/MH63) /YF B MH63/R8 - + - - + - -
L9 BPHR96 XYZ/YF B XYZ/MM B - + - + - - -
L10 BPHR96 P59/MM B P59/MM B - + - - - + -
L11 BPHR96 MX B/MM B MX B/MM B - + - - - - +
L12 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L13 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L14 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L15 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
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Continuing table
ZAREA Ran HirEER
BAMER RN Recipient parents Target gene pyramided
Pyramided Donor A dbIRAs A A IRAS
line parents The first round of ~ The second round ~ Bph3 ~ Bph24(1)  Pi2 Pib  Pimh  Xa23  badh2
crosshreeding of crossbreeding
L16 BPHR96 MX B/MM B MX B/Qun B - + . - - - +
L17 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L18 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L19 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L20 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
L21 BPHR96 MX B/MM B MX B/Qun B - + - - - - +
W oA BRRERAALCR N+ RS HEEERT R e -7,
Note: The line harbouring the target gene marked as "+" , otherwise marked as "-".
*2 SAFIMMECAERNKEREREANEIFAEAEMEFRERE
Table 2 Hybrid parents combination and target genotypes of rice pyramided lines introgressed with
two Nilaparvatal lugens resistance genes
A B 410 F R
BAMR The first rnu?d of The second ro'und of Target gene pyramided
Poranied crossbreeding crossbreeding
line PefkcEA ZEOoRA i cRA ZAREA
Donor Recipient Donor Recipient Bph3  Bph24(t)  Pi2 Pib  Pimh  Xa23  badh2
parents parents parents parents

L22 Pth33 GH998/HZ BPHR96 P59 + + + - + + -
123 Pth33 GH998/HZ BPHR96 P59 + + + - + + -
L24 Pth33 GH998 BPHR96 P59 + + - - + + -
L25 Pth33 GH998 BPHR96 P59 + + - - + + -
L26 Pth33 GH998 BPHR96 P59 + + - - + + -
L27 Pth33 GH998 BPHR96 P59 + + - - + + -
L28 Pth33 GH998 BPHR96 P59 + + - - + + -
L29 Pth33 GH998 BPHR96 P59 + + - - + + -
L30 Pth33 HZ/MH63 BPHR96  GH998/R8 + + + - + - -
L31 Pth33 GH998/HZ BPHR96  GH998/R8 + + + - + - -
L32 Pth33 HZ/R8 BPHR96  GH998/HZ + + + - + - -
L33 Pth33 HZ/1R64 BPHR96  GH998/R8 + + + - + - -
L34 Pth33 GH998/HZ BPHR96  GH998/R8 + + + - + - -
L35 Pth33 MH63/XYZ  BPHR96 (GH998/R8) /1R64 + + - + + - -
L36 Pth33 GH998 BPHR96  GH998/R8 + + - - + - -
L37 Pth33 GH998 BPHR96  GH998/R8 + + - - + - -
L38 Pth33 GH998 BPHR96  GH998/YF B + + - - + - -
L39 Pth33 GH998 BPHR96  GH998/YF B + + - - + - -
140 Pth33 GH998/IR64 BPHR96  GH998/R8 + + - - + - -
L41 Pth33 GH998/R8 BPHR96  GH998/R8 + + - - + - -

T A HEEE DA RAIC N +7, A H RN RAIE N -7

o

Note: The line harbouring the target gene marked as "+" , otherwise marked as " -".
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AL ADRERET, A 29 MRS R NZIE
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Table 3 Identification result of relative traits of target genes in rice pyramided lines

)
B Resistance rate F ik
Pyramided line W eE W SR A Aroma
Nilaparvatal lugens resistance  Leafl blast resistance  Panicle blast resistance BLB resistance
L1 3 (MR) 3 (MR) 3 (MR) 1 (HR) -
12 3 (MR) 2 (HR) 3 (MR) 7 (MS) +
L3 3 (MR) 3 (MR) 3 (MR) 7 (MS) +
L4 3 (MR) 2 (HR) 1 (HR) 9 (HS) +
L5 3 (MR) 3 (MR) 3 (MR) 7 (MS) -
L6 3 (MR) 3 (MR) 1 (HR) 5 (MS) -
L7 3 (MR) 3 (MR) 3 (MR) 7 (MS) -
L8 3 (MR) 2 (HR) 3 (MR) 7 (MS) -
L9 3 (MR) 3 (MR) 3 (MR) 9 (HS) -
L10 3 (MR) 9 (HS) 9 (HS) 1 (HR) -
L11 3 (MR) 9 (HS) 9 (HS) 9 (HS) +
L12 3 (MR) 8 (MS) 9 (HS) 7 (MS) +
L13 3 (MR) 9 (HS) 9 (HS) 9 (HS) +
L14 3 (MR) 8 (MS) 9 (HS) 7 (MS) +
L15 3 (MR) 9 (HS) 9 (HS) 5 (MS) +
L16 3 (MR) 9 (HS) 9 (HS) 9 (HS) +
L17 3 (MR) 9 (HS) 9 (HS) 7 (MS) +
L18 3 (MR) 8 (MS) 9 (HS) 7 (MS) +
L19 3 (MR) 9 (HS) 9 (HS) 5 (MS) +
L20 3 (MR) 9 (HS) 9 (HS) 5 (MS) +
L21 3 (MR) 8 (MS) 9 (HS) 9 (HS) +
122 3 (MR) 2 (HR) 3 (MR) 1 (HR) -
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Continuing table
e
B R Resistance rate bk
Pyramided line R R BTG FAA R Aroma
Nilaparvatal lugens resistance  Leaf blast resistance  Panicle blast resistance BLB resistance
123 3 (MR) 3 (MR) 3 (MR) 1 (HR) -
124 3 (MR) 9 (HS) 9 (HS) 1 (HR) -
1.25 3 (MR) 9 (HS) 9 (HS) 1 (HR) -
126 3 (MR) 8 (MS) 9 (HS) 1 (HR) -
L27 3 (MR) 9 (HS) 9 (HS) 1 (HR) -
L28 3 (MR) 9 (HS) 9 (HS) 1 (HR) -
L29 3 (MR) 8 (MS) 9 (HS) 1 (HR) -
L30 3 (MR) 2 (HR) 1 (HR) 5 (MS) -
L31 3 (MR) 2 (HR) 3 (MR) 5 (MS) -
L32 3 (MR) 3 (MR) 3 (MR) 7 (MS) -
L33 3 (MR) 2 (HR) 3 (MR) 7 (MS) -
L34 3 (MR) 3 (MR) 3 (MR) 7 (MS) -
L35 3 (MR) 3 (MR) 3 (MR) 5 (MS) -
L36 3 (MR) 9 (HS) 9 (HS) 7 (MS) -
L37 3 (MR) 9 (HS) 9 (HS) 7 (MS) -
L38 3 (MR) 8 (MS) 9 (HS) 9 (HS) -
L39 3 (MR) 9 (HS) 9 (HS) 7 (MS) -
L40 3 (MR) 9 (HS) 9 (HS) 7 (MS) -
41 3 (MR) 9 (HS) 9 (HS) 7 (MS) -

LU RS AT, R EGIR G RN e R R T CEYUTE + R R DT + A Rk
RIGHTEE R — 2, R T ARAGH AR R A 17 8RR T8 CaEPUTE + FRN T
PR R A dh R AL R R AR B AR Y B PEPEAR A 1 A RRAS T CEBTTE + B A
WITER , W E 2 Fras, A9 D R TR R UMK A 11 AR R RS TR R ET M +
SPUE+ AR DUIE + A RS BT A 3 A ERTEAR
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Figure 2 Statistics of rice pyramided lines with different types of introgressed traits
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EHERE 3 DAFE HAREAREEF W 12 5 &R
(L1~14 ., 122~129) , #ATR EMEIRVEA, RIS
1Jr9/|\ SEASKE Y fth RAF R A ZAERPEMN 14T
B IER T 8 Wi AP, bk, &tk &t
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Table 4 Evaluation of agronomic performance of the selected 12 improved lines and some representative recipient parents

p  RE/em GIfK/em  BINSE/em  AHOAACGERL  SSUR/% BEREUE TRE/g  BHTR/
e Plant height Flag leaf Flag leaf Panicle number Seed set Grain number 1 000-grain Grain weight
/em length/cm width/em per plant rate/% per panicle/grain weight/g per plant/g
L1 104.4x1.6 36.6+0.4 2.2+0.02 6.5+1.3 84.0+1.3 220.2+7.5 19.0+0. 1 25.1+1.7
L2 106.4+0.9 29.1+£0.6 1.8+0.09 10.2+1.4 82.2+1.3 186.0+6.2 25.3+0.3 47.1+2.8
L3 103.6+1.0 27.2+0. 4 1.5+0. 06 9.1x1.3 83.1+£2.0 192.3+5. 1 21.7+0.4 37.5+1.8
14 98.7+1.3 36.3+1.0 2.2+0.04 7.4+0.5 80.0x1.5 243.0+8.0 20.3+0.3 34.6+3.0
L22 126. 6+0.9 33.9+0. 8 2.5+0.07 9.0+1.3 80.4+1.6 225.3+5.7 21.1+0.3 42.8+1.1
L23 111.4+1.3 49.1+0.5 1.9+0. 02 12.3+1.3 84.2+1.6 168.8+7.2 18.8+1.0 38.1+2.4
124 95.8+1.9 37.8+0. 4 1. 6+0. 09 9.3+0.3 82.4+1. 8 216.6x11.9 25.9+0.5 50.5+0.9
L.25 115.6+0.4 41.1+1.3 1.8+0.04 13.8+1.4 79.6+2.0 158.8+9.2 19. 0£0. 2 42.2+1. 1
L26 104.3+1.5 43.3+1.2 2.2+0.07 10.9+0. 4 83.6x1.1 178.0+7.4 27.3+0.3 53.5+1.0
L27 100.3+2.6 31.6+0.3 1. 6+0. 05 9.1+0.3 84.0+2.3 190. 0£6. 6 19.0+0. 3 32.5+3.2
128 120.4+1.3 41.6+0.4 1. 8+0. 06 11.0+0.4 82.4+1.9 176.3+12.5 23.1+0.4 44.8+1.5
L29 94.1+2. 1 33.3+0.8 1.6+0.03 8.6+1.4 82.2+1.4 204.5+7.2 16.8+1.2 30.8+1.6
HZ 93.4+0.4 38.0+0. 4 1. 6+0. 04 9.8+0.3 84.6+1.2 168.7+7.6 21.5+0.7 36.3+1.3
GH998 98.0+0.5 36.8+0.3 1.3+0.03 12.6x1.0 85.2+1.5 162.9+9. 8 19.5+0.4 41.3+1.5
MHG63 97.6+0.9 38.6x1.1 2.1+0.05 10.9+0. 4 83.5+1.7 148.2+6. 1 24.5+0.5 39.9+0.7
XYZ 62.1+0.4 32.4+0.6 1.4+0.07 12.0+0. 3 86.2+1.5 142.8+6.7 19.5+0.4 33.4+0. 1
YF B 73.4+1.0 46.7+0.5 1.9+0. 06 5.0+1.4 80.4+2.2 298.7+6.9 20.5+0.6 30.6+1.5
MX B 70.6+0.7 36.1+0.3 1.5+0.03 9.9+0.2 83.9+1.3 167.5+7.5 18.0+0.2 30.2+0.7
MM B 70.4+1.2 16.4+0.2 1.7+0. 04 9.3+0.4 79.4+1.4 172.6+10. 1 22.5+0.5 35.0+0.3
Qun B 84.2+0.7 40.3+0.8 1.5+0.07 11.2+1.3 0.8+1.9 154.9+6. 4 20. 8+0. 5 34.9+0.7
209B 68.5+1.0 36.2+0.9 1.7+0.03 10.9+0. 8 0.8+1.7 170.0+7.6 19.3+0.6 36.0+1.7
AR ETEE ] 94. 1 em (129) & 126.6 em  298. 7 Fikh, HA S RIIITE 142. 8~ 172. 6 Ki Z|H],

(122); REMBWEIH KRN 27.2 em (L3)
F49.1 em (123); A5 R 06058 5 5 F N
1.5em (L3)E 2.5 em (122), KEHEA MR
AR 5 8 R A L P B 2 0 () S IR SE AR G T AR
ARG, BEMARDL1(6.5) &K, 125
(13.8) Fx s, 5 GH998 (12.6)#HY, KT 4R
Mgeit, LL123 (84.2% ) feir, 125 (79. 6% ) iefik,

AR B A ) 45 2 AR AE 79, 4% ~ 86. 2% 11

HZAHE, RTEERAENSTT, BE 50 RN

FIERAE 158. 8 (125) %] 243.0 (L4) ki, 12 M &
A 10 A R PR AEREGE S 170 KL (L1~14, 122,

124, 126 ~129) . ZARZEARGHF LR YF B

R4 i F T RIS e TR L 1) 4 M 1Y 52 A
FA, KT TREMSI, 76 129 (16.8 g) &
fiK, 76 126 1 (27.3 g) fef, S50 IRZAEAR
18.0 ~24.5 g BYZSALIE FIAH I, R BRI 28 1k
W, TR E ST, BA Rk R
FE25.1 g (L1) %] 53.5 g(126) Z[6], 5%MEAR
30.2 ¢ £ 41.3 g JUFBNAHLEL, Bt KA
Fil, TERTSEE R 12 M REMAET, RS RH
R 52 ACRARIT, BR L1 AN, 11 AN SR
MY 30.0 g, HP e MR (L2, 122,
124~126, 128) [ bk /= & ¥l i 40.0 g, 12,
124, 126 #l 128 P HXH0E (44.8~53.5 ¢), AILA
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AR AR BT ', Wi K,
T o R Pt 3 1) 2K e A 7 v Ry 3 e T 1Y
T LR R A T M X KRR A 7
BRAE ™= &2k (Wang et al., 2023), 7EPrEess
KRR SRR TR R AP0 RN, R A A o 3
B, B A TR 3 e A MU ASHT 2 A AR ) 38 1
T, AT DAy b 245 A R B B A
B T4 i 2 Sk A A 7 AR E VE R AT SR M, I
Hh, TS HA T WS A ) o i PPN 7Y B S
Z—, BAFURAFE K P H R A Y 5 T R 52 T 9%
HRBE, HA B W25 U R R 1 T 3 5 K
(Verma and Srivastav, 2020; Imran et al., 2023) ,
W, $EEA ) B A AR S KA A E
JEIRNL T X —ad, ATl CREN S A —
IR IR RER SRR T, [F LU [ 1 H A5
BERHE T, BPORRR AR | P AR L
IR AT TR G, RIE8 41 M REMARTE
HUPEFIF IR S i R IR AR i B PEAR, JFEA
S XEERG RS E SR BTM R, TERS
BL2PUR . B EA =N R, AT
YR R B T 2R 77, WnT RN RS2 E
TAERMHASEA , 258 2 HirtR R RS,
DI KR A 7
2.2 BAB@REPARBREROEE

YR A R CEBT S e, G R,
A Bph3 F/5% Bph24 (1) PrikFED Y i 2 30 L XF
#y RERYEPLE (K 3) . MR, 5 dtp
AL, REPiHE CEGEE AT DL E R diiE . ¥
KA RE, U0 Bph3 + Bph27 ., Bph6 + Bph9 1 Bphl4 +
Bphl15 % (Hu et al., 2016; Liu et al., 2016; Wang et
al., 2017; Jiang et al., 2018) , AT, AW HRE
T Bph3 # Bph24 (1) XM Hi# CEUIER Y6 RS
HEAHA R — PR B o R, IER I
U B P EACE . X AT RE R TR A R 14t
TN 32 A SR A 2Z 8] 138 A% 75 SR BAE R 052 e, i)
W EA A EAER (Yadav et al., 2019; Yadav et al.,
2021) . BT, 7EIA MBTrE SR BT, I A 2
IR E AR E

2.1

R R FIERIIEE E SRR, F
2 DPURE R HE R e B &R (Pi2+Pimh , Pi2+Pib
F Pib+Pimh) HAG w2 h Pk, FEREG BT
R 1) b 2R T, Pimh . Pi2 F1 Pib B A il
RILTFAY TIEREHE RS MR, BE 2 MPRFE
o B AT ) it 2R A WL 3 W) B TR B K,
WX 3 /> 35 DR P 2 T) 0 e 3 A 2 ) R AR
N, HABAEGE A A LE R (Zeng et al., 2017,
Pandian et al., 2018) , 7EAHFFT AT 3 A0 AF I o
R, Pi2 B sk GAE R RAR. Tioh, BT
126, HAt BAT s Hite (FitEh 1 90/ 2 20) iy &
WEA P2 B, UL Pi2 TEARFIT L1 =
FIUH AHTIEZEE 2R T A 2 D BRI R, X
— ESIERTABIIFR H (Xiao et al., 2019; Dubina et
al., 2020) WAFH] THESE,

XF SR il AR IEAT R BT M 4 R R
WY, & Xa23 HEP YRl R 5 R0 Al e 26 B0
BrembitE, RULUT A Xa23 B2 LR K FE
A R R T35 A Bt X e R 5 Je T
AR B AP 2 B OB SE 45 2R (Wang et al.,
2020) AH—%, 3 —Jr i, Bt &R B B KA
BORIYABHR (5 % ~9 %), "REZPIHEESRIY M R
(35 1% 15 St BLAE L8 A 1 I A i BT 1 R/ QTL
E &

XPRA i RBAT R E WG REY], BET
badh2 B Y BRCR i FR 9 A K 24 5T AR Y A R
(#£3),

2.3 AEMRNENERGEKBREAREFTE
B % iEThRE

X G Z AR RS R PR BN R
Y, a2 it 22 v R TP 35 R o A R 3 TR B8 S
HEHIIRE, B Z %A BE WA BAESY, T4
e, OF ZWNFEE A bR iC A B R A 5 H R R A5
Mg &, i S A 24 BFr&H/QTL,
DA KRR A A S SR 5 540, Mohapatra S5
(023) BT —RINGAKFEM R, BRETHAMN
REEIN (Xa2l | xal3 Fl xa5) KRG K B0
QTL(Subl) . Dixit % (2020) ¥ & T H KRS R,
BAT VOB (Pi9) . M AL R B S
(Xa4 ., xa5. xal3 Fl/88 Xa21) Fl/af Bt CELEE A
( Bph3 /8§ Bph17) , Ramalingam At (2020) 43 54F
KRG ASD 16° Fi1C ADT 43° RIS H FRAE T H
AR HTEIE A (xa5 | xal3 F Xa2l) | FOEIRBUIE
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LA (Pis4) MBS RBLME QTL (¢SBR7-1., ¢SBRII-
1 F1gSBRII-2) , iXUSERA 5 2R ARAG T A A9 355
KA/ Az 01, BLAE 2 A SR AR K
AT T RIS Z R AR AL, Bk, [
— KRR IER  R A e R b . R P,
AR ZE AT 2 R 1) 2R e 08 T T K A Ik bt 2 A
i B E ) BE 71 ( Zampieri et al., 2023) , [HAW 5T
KW, Al —RRPTHERFNRE A BRI S
bk, I, 7 EAE AR B T AE b 5e o FH B
f14 35 DR R A I R A B R, R
TSP S AL A, DA T A S R A TR
TS Ml R AR R BT AT RN R

ERISE SN PNE 2L IR E S ik ie L
DIHRH A P st F A= it , b W A £
PUEE IR R L P A 58 . Luo 5§ (2016) 7EiX —
J5 1 T ORI K, K R R b R R
(Xa27) . IR PUEIEH (Pi9) . Tl ¥ 7 3 A
(SubIA) MIFHREH (badh2. 1) B4 — M RIK
R MW 725 0, BEH - DH MR
WH6725, {H&, & WA KU AL #4052 E T
PRI R A U 1 BB 5 A R Dy B e Db A
HHE , L, A B 50K 22 Fh b 5 DR A R
R A H HT AT A G AP, DL v KR 9 ] R
e d S BT, X e A RR BT L T R L
R HA B L,

2.4 BFAECGEARRTHEERRENEHLEM
P

TEZ PSRN R & F ML, DUk 5 H
AT BE R Y 52 1% RBE IR J2 — A T Z 0 1 1)
AL BN, Pi2l 5AYRA RIBRAHICER (Angeles-
Shim et al., 2020) , B ZAEAR AT Z UK AL,
A B TATROR G R, ARG M ANET
AR AR X — s, MR 2 B ARE 5 Ak
LTI . ZAZMGEAR RS 5 R s s L &

MLy, TEFTHEs S ZECW R, 7T DR S 5%
TR AWM A (Leung et al., 2015) , 74
HACHY e R v, BRI B AR R K, &
IR R PR B SRR | Gk TR AR
HEHTHE - EJPURMINR MR, REMIREE
gERIR, 12 NRE T 34 HERHOREE A & R A7
REZPIERDT S G5 R R A7 Bk 2
PRIR, AR s R (K4), 4 Mk R
(L2, 124 126 F1 L28) HyHpk = 1 44 1 2 v % R
SEEA (44.8~53.5 g) , ULHIEIXLER, R, K
FEbosi 5 PR A 2R 6 R S el 7 e SOt o, X —
A5 Mi %5 (2018) Al Jiang %5 (2019) A4 B AH—
2, BIFET 2 kg R IR e S, SRR A AT LA
SR R AR B N RIS I

3 #REFE
3.1 #EW#e

BEACEA . Pl CELR /K FE R Pih33, #Er4L
e CEIE Bph3, VR T E PRk FEAFGEIT; Pite «
UMK RS & &2 BPHRO6, #EH7 Hite R ELIE [H Bph24
(1) , RIETFAUREAL,

ZMEAN 25 AL R B = R AR FEREE R
MR R F AR (R 5) . Hr, <484 (HZ)
& P2, WK 637 (MH63) Fl¢ 1K 998° ( GH998)
& Pimh | PR (XYZ) & Pib, ¥ BA RS
BUHER AL BRI A ( Oryza sativa subsp.  indica ) & 7,
P59 & Xa23, J&BAA A e BT R Y 8 B A A
(0. rufipogon ) B AFR, ‘W B (MX B) &H
badh2, EHEARGRFF R, “HE B’ (Qun B) ‘4 +F B’
(YF B) ‘3£ B’ (MM B) F1 209B St B 45 5 .
R8 Fll IR64 ALK &

Ptk % E XK RE. Pth33 . HZ F1 P59 43 5l ¥
FHVERS CE  FEARIE R Al B 4 Tk X
HE, TN B HIAE =it 4 B % R

x5 REFMHEZEFELAEGHNBERERRENER
Table 5 The target characters and corresponding genes of each recipient parents in pyramiding breeding
%' SEVREA A Y AR AL D EEANERIN Ailk
Accession number Target gene contained in recipient parents Target trait Pedigree
1 P2 GURRRLIA HZ
Blast resistance
2 P2 PRSI HZ/IR64

Blast resistance
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Continuing table

s ZARGEAE Y B AR LA [SEZRERTN Rk
Accession number Target gene contained in recipient parents Target trait Pedigree entries

3 Pi2 BRI HZ/MH63
Blast resistance

4 Pi2 IR B HZ/R8
Blast resistance

5 Pimh BRI GHY998
Blast resistance

6 Pimh W iEY e GH998/TR64
Blast resistance

7 Pimh B GH998/MH63
Blast resistance

8 Pimh IR GH998/R8
Blast resistance

9 Pimh BUFE GH998/YF B
Blast resistance

10 Pimh R EY (GH998/R8) /TR64
Blast resistance

11 Pimh UG (GH998/209B ) /MH63
Blast resistance

12 Pimh UREE (GH998/MH63) /YF B
Blast resistance

13 Pimh W EY e MH63/R8
Blast resistance

14 Pib R R XYZ
Blast resistance

15 Pib IR XYZ/MM B
Blast resistance

16 Pib UREIEI XYZ/YF B
Blast resistance

17 Pi2, Pimh BRI GH998/HZ
Blast resistance

18 Pi2, Pib UGS HZ/XYZ
Blast resistance

19 Pimh, Pib BB GH998/XYZ
Blast resistance

20 Pimh, Pib R E MH63/XYZ
Blast resistance

21 Xa23 Bt H A P59
BLB resistance

22 Xa23 AR LI T P59/MM B
BLB resistance

23 badh2 FWR Aroma MX B

24 badh2 F 1 Aroma MX B/MM B

25 badh2 F bk Aroma MX B/Qun B
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3.2 BKRE # ko AEE A MAS #EATHT Sk e, W, 14

W A A5 R T IE R 1 LR A4 5 5 R A AR TR Z AR P e, RS BRI g G H
ZR AL RRIMESHTE e, FlS Aty ROERBER @R, 6 F, AU B bR
FEP B AR S FARC I ok AR BAR e 4l SRZHOR, EPEIE R BB R, LR 3
BMES F AUENK, BRFEGES A, NF,  Fs,

Hedae SR A (Pth33) % ZhERA] ftksE4 (BPHRY6) X ZlhEADr
Donor parents (Ptb33) Recipient parents 1 Donor parents (BPHR96) Recipient parents 1°
P x| REEAR T RERAY
! l, Recipient parents 2 1 l Recipient parents 2’
HAEF, (Bph3) X HEF, [Bph24()]
Complex F (Bph3) Complex F, [Bph24(1)]

S AF, [(Bph3), Bph24(1)]
Complex F, [(Bph3), Bph24(1)]

IH T

AR Ea F, B F,, FIH MAS BEA7 AR ) HARIE N L& 1) SRtk ; F, B Fg, SEPRRAIE
HARZMERASE S R TE; Fo 2 F,, BHARMeRE e Fk Z ke

Selection criteria for each generation; complex F, to F,, using MAS for single plant screening of different target
gene combinations; F, to F¢, selection of lines with homozygous genotypes and stable agronomic traits; F¢ to
F,, target traits and agronomic traits evaluation.

B3 SEAEGREATEMAR

Figure 3 Diagram describing the breeding scheme of multi-parental hybridization
3.3 DNA $2EUF0 PCR #illl OrFhRIC, O AN AE R B9 DNA ZEAT R, 2
FI CTAB 3= £ B0 30 A4 b 4 it - (i 26 cHE B RIETE XL (£ 6), PCR Jx
2l DNA ( Murray and Thompson, 1980), J H N R R R 7 2 B Wang 55 (2021) (975 3%
1. 2% B AR HEGE I L VK X 46/ BE i DNA st e SR T 8% T M G I 5 I o Ok AR W04 2
FIoE B PESEATR I . e S H bR B A Gy A
*®6 RATErsiEEFN BRERESRE

Table 6 Linked markers in foreground selection

HERIEN TR L3I (53) T (53) e s
Target gene Linked marker Forward primer (5'-3") Reverse primer (5'-3") ment size/bp Reference
Bph3 RM589 ATCATGGTCGGTGGCTTAAC CAGGTTCCAACCAGACACTG 295 Jairin et al., (2007)
Bph24(t) HJ22 CTATGTGGTCCCATTTCTTC GTGTCGGTTCACATGCTCC 101 Xiao et al., (2016)
Pimh RM213 ACAAGCAGATACTGACTGATGC  CTTCTTTGCATCCAGACTTCC 187 it (2010)
Pib Pibdom GAACAATGCCCAAACTTGAGA GGGTCCACATGTCAGTGAGC 365 Fjellstrom et al., (2004)
Pi2 9-Pro TGATTATGTTTTTTATGTGGGG ATTAGTGAGATCCATTGTTCC 111 Tian et al., (2016)
Xa23 Lj74 AAGCCATTTGATGAGCAACC GGATCCATTTCAGCATAACCTT 983 Wang et al., (2014)

badh2 FMbadh2-E7  GGTTGCATTTACTGGGAGTT CAGTGAAACAGGCTGTCAAG 260 FNHAE 55(2021)
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3.4 EHREREERENERE

UL KT 114 6 1 4 AT e
Z M Wang 55 (2021) 58 J L RPN bRifE, XK
FE 4% il R4S QAWM E 2 I I3 (2013) i %
FETTIE RN VR A o, I R e S0 e P 4 S TR
Wang 45 (2021) i 58 58 T ik FIPF M A o . XK A 4%
a9 I R S BT M 4K 2 4 i 2 IR Sani
(2020) F1 IRRI(2013) A% 5% L MR AR 1B, 1
RSB K - Y 4 i 55 ik, S IR Wang 5%
(2021) %5 J7 A TIRRI(2013) A PEM bR i, A5
KA B A PR B 58 22 5 1R R M AR 1 S B8 Jin 2§
(2010) 1Y KOH 2175 F1 Dhulappanavar (1976) [J4¥
YUV

3.5 KREMRBNE

2021 4, X SRR R IFAT AR 2R
ME, FREE AR TR EN, 2 H 25 Bi%
Fi, 3 H 24 HEA, B—MAMME 6 17x10 £&, H
KREGMEEE A 20 cmx20 cm, HEIEHE M, kP
[B] 20 w0 EAfe 2R, mEkE ., gl gt
FE ., MR RO, A5S0R REARIEL, TORLE AR
PR i R

3.6 HIEZITHE

1T Microsoft Office Excel (2007) 3% A{f K k4T
B igeit, RSB R T 227081 (ANOVA) Flf /s
W2 (LSD) #EAT 80dE 22 5 W & Ve v i, (]
PowerPoint F{XF IR 476 IF FIRE L

1% STk

B A IS Y 2 0 B T N S B BF 5T A AT
N, SEREAE 7 AT FIE ORI I B AR SoEvE . B
EIEMNIRS SRR BT AT I FEAENEA
WIS RSt SRt Bl b
FESCEIE S B, AT e 0 [F) B R A
SR,

FENERE, 2013, [ BRoK A BT ik 22 b0 R 4558 TN Z 5T R 1Y
B, B Ae 3. B, Aol ks [JTIANG S L,
2013. Evaluation of breeding lines from IRRI and develop-
ment of multi-resistant restorer lines, Thesis for M.S. Wu-

han; Huazhong Agricultural University. |

XUFFET, XU, BRI, 45, 2011, ¥y B KREIRE RPUEE

RAENFARMES R 2 THYER, 9(4): 410-
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ment of brown planthopper resistance gene-inserted and-ac-
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