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Table 1 Primer sequences of linkage markers of rice blast resistance genes

It Fric e Pefafk trid Eyid] FRICB T (5'—3") B AIRSE(°C)
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} e
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" . F:CCCATGCGTTTAACTATTCT
pi-k el 1 RM206 SSR R:CGTTCCATCGATCCGTATGG 33
Pi-9 Bk 6 PBS SCAR F:ATGGTCCTTTATCTTTATTG 58

R:TTGCTCCATCTCCTCTGTT

Bl 1 FISSREACRR bk SR BRI DU E S E 4521 Line 1~18 MR AR R

Figure 1 Identification results of rice blast resistance of backcross population and progeny lines at seedling stage. Line 1-18 are progeny lines
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WPi-K'. Pi-IFIPi-9MKMZEHL. 1~8HRI S Marker. 471059, #1676+ line 3+ line 6+ line 15, line 17/line 18

Figure 2 (Color online) Foreground selection of near-isogenic lines of FH676. (a)—(c) are the detection results of the target gene by the molecular
markers RM206, MRG4766 and PBS closely linked to the target gene Pi-K" , Pi-1 and Pi-9, separately. 1 is Marker, 2 is JH1059, 3 is FH676, and 4 to 8

are line 3, line 6, line 15, line 17 and line 18
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Table 2 Disease resistance genes and combined resistance levels of donor parent, recurrent parent and improvied lines
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Figure 3 Comparison of main agronomic characters between recurrent parent FH676 and improved line 6. (a) Plant morphology, bar=50 cm. (b) Grain

length, bar=1 cm. (¢) Grain width, bar=1 cm. (d) Panicle traits, bar=5 cm
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Table 3 Comparative analysis of agronomic traits between improved lines and recurrent parents (Jianyang County, Fujian, 2020)

e P75 (cm) T EERERIELCRE) B SORIECRY) 455 3(%) THiH (g)

TR 676(CK) 132.7+4.1 7.4+0.8 172.0+11.3 153.1+8.2 89.0+3.3 32.140.4
Line 3 129.4+7.2 7.3+1.4 173.6+17.2 155.4+15.4 89.5+4.9 31.4+0.3
Line 6 131.646.6 7.4%1.7 169.2+11.3 156.3+12.1 92.443.5% 30.8+0.4
Line 15 132.949.6 7.1£1.6 189.5+12.5% 162.3+11.6 85.6+2.7* 32.3+0.5
Line 17 129.9+4.2 8.4+1.4% 179.5+12.6 159.3+10.1 88.746.4 30.5+0.3*
Line 18 133.7+8.7 6.5+0.6* 194.3+15.6* 161.5+12.7 83.14.1%* 29.4+0.5%*

a) *FTR*o ] R 22 53K0.05710.01 2.5 K F
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Table 4 Comparative analysis of rice quality between improved lines and recurrent parent (Jianyang County, Fujian, 2020)

vl BEARE (%) FIRE(%) BORRE(%) EHR%) EAE%) BUE  BIHE  EEEER(%) B (mm) &5
1P 676(CK) 78.3 64.1 483 25.1 11.7 2 5.0 15.8 85 il
Line 3 79.0 66.9 48.7 19.3* 6.7+* 2 49 14.7 86 Wi
Line 6 80.3 69.8% 51.3% 15.1% 3.7%% 2 5.0% 152 88 A5l
Line 15 79.2 64.9 474 19.2% 6.9%* 2 5.0% 15.1 84 Wi
Line 17 80.3 69.3% 46.3 253 127 2 48 16.1 81 A5l
Line 18 79.8 62.7 44 4% 27.8 129 2 5.0 158 82 ST

a) 3 3R 22 5340.05510.0 12 3 7K -
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PREEAR RS PUIES, B KRR LA R A
AL K RRE R, AR BRI, B3RS
M ERERE . IR R R, BT 5k
8RB KT 90%, Hrhline 67EFTAINI69 Mric rh L
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£S5 BRKRSRERAEK6T6Z K& EE RGN
Table 5 Genetic background detection between improved lines and recurrent parent FH676
fn HrlARiC AL Al G B 2 SRR T SE - bl Tae v HIIRE (%)
MK 676(CK) 69 0 0 100
Line 3 69 1 1 97.1
Line 6 69 2 0 97.1
Line 15 69 2 2 94.2
Line 17 69 3 3 91.3
Line 18 69 3 2 92.8
. asERER

. aEER

Marker RM6464 RM7033 RM6829 RM2811

FH676
JH1059

Bl 4 EASHRERRIEESHIET

Figure 4 Genetic diversity of parents and improved lines
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Table 6 Comparative analysis of agronomic traits between hybrid progeny of improved lines and recurrent parents (Jianyang County, Fujian, 2021)

pivney  EEP mmem  mpo mRs mw seceen TR o B MU BRI
I 8A/KEIK6T6 139 1323+2.1 92408 224.8+13.2 189389 842+2.1 254%0.1  9953.0 12.7£1.2% MS/S
J8A/line 3 141 130319 9.4+1.1 21344213 18594172 87.1£3.0 25.6£0.2  10063.8  13.120.8* R/R
J8A/line 6 140 128.0£62 9.5£04  196.3+8.9 171.4+103 87.4+2.5 253+0.1 9278.1%*/* 12.5:1.3" R/R
J"8A/line 15 139 134141 84408 2213+7.7 188.5£6.7 852+1.5 25502 9087.1%%/% 11.7+1.2%%* R/R
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JUi63-4S/line 6 132 136325 9.120.2  198.7+11.3 167.1x12.4 84.1+1.7 30402 10401.4%%/" 13.7+12%%/ R/R
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I 63-4S/line 17 133 139.4+3.6 8.4+0.8 180.4+12.4 158.4+15.6 87.8+3.1 30.9+03 9250.2%*/ 11.8+1.2%%/ R/MR
J7i563-4S/line 18 134 138.142.9 7.7+1.1 217.9+10.5 181.949.9 83.542.2 30.3+0.1  9551.2%  12.7+2.0° R/MR
EBEMNECK) 143 1249461 102+0.1 191.2+16.4 157.4£142 82.3+1.8 27.8+02 100423 13.1£1.6 S/S
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Table 7 Comparative analysis of rice quality between hybrid progeny of improved lines and recurrent parent (Jianyang County, Fujian, 2021)
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] 8A/FENK676 80.3 74.5 61.2 2.3 55 1 5.0 14.5 78 iE
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Rice is the staple food for more than half of the world’s population. The success of hybrid rice in China has made
outstanding contributions to global food security. Restorer line is one of the parents of hybrid rice, and its characteristics
often determine the quality of a hybrid rice variety. Fuhui 676, as a restorer line parent of hybrid rice with high yield, good
combining ability and excellent comprehensive characters, has been tested and bred 18 new hybrid rice varieties, which
have passed the variety examination and approval at the provincial level or above. One of the varieties has been identified
as a super rice variety by the Ministry of Agriculture and Rural Affairs, which with excellent performance in production.
However, with the expansion of the extension area and the extension of time, the combination of the male parent was
susceptible to rice blast. Studies have shown that breeding and application of disease-resistant varieties is one of the most
economical and effective methods to control diseases. Long-term practice has also proved that aggregating multiple blast
resistance genes with different resistance spectra into the same variety is an effective measure to cultivate varieties with
durable resistance. Therefore, in order to effectively improve the blast resistance of the restorer line Fuhui 676, extend the
application period of the restorer line in production and improve the efficiency of breeding, the cross was made between the
high-quality restorer line Jinhui 1059 with three broad-spectrum rice blast resistance genes (Pi-1, Pi-9 and Pi-kh) bred by
molecular marker-assisted selection and the susceptible restorer line Fuhui 676. Meanwhile, through the combination of
backcross introductionbetween the restorer line Jinhui 1059 as the donor parent and the restorer line Fuhui 676 as the
recurrent parent, molecular marker-assisted selection and identification of rice blast resistance in the field, five stable
resistant lines were selected, of which three lines aggregated the rice blast resistance gene Pi-1, Pi-9 and Pi-K" in this study.
The comprehensive agronomic traits, quality, and combining ability of these five lines were systematically analyzed and
compared, and the resistance to rice blast was identified in the field and in the laboratory. The results showed that compared
with the recurrent parent Fuhui 676, the improved lines and their hybrid F, with Guang8A, Quan9311A, and Guangzhan63-
4S showed significantly enhanced resistance to rice blast. Among them, line 6 performed best in terms of agronomic traits,
yield, and quality, The rice quality of the combinations with the three male sterile lines reached the national standard of
third-class high-quality rice.In terms of genetic background, compared with the recurrent parents, the genetic background
recovery rate of this line was 97.1%, and there was no significant difference in the main agronomic characters of the growth
period and plant height with Fuhui 676, but the yield was improved and the quality was improved. In summary, the resistant
parent Jinhui 1059 was used in this study to improve the blast resistance of susceptible restorer line Fuhui 676. The
improved line 6 retained the excellent characteristics of Fuhui 676, such as high yield, strong resilience and good
combining ability. The quality was improved and had a good production application prospect.

rice blast resistance, gene pyramiding, genetic improvement, molecular markers, combining ability
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