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Abstract: [Objective] Rice blast is one of the most important diseases in rice production and poses a serious threat to
global rice production. The large-scale and long-term planting of varieties with a single resistance gene often leads to the
loss of resistance. Molecular marker-assisted selection is one of the most effective approaches for controlling rice blast.
[Method] Using Taifeng B as the recipient, and Shuangkang 77009 carrying Pigm-1 and Digu B carrying Pid2 as
donors, respectively. The genotypes of each generation were analyzed and identified by means of hybridization,
backcrossing, backcrossing and recurred cross, aided by molecular marker-assisted breeding. Subsequently, the blast
resistance of the developed sterile line Fumeng A and its hybrids was evaluated using 12 blast isolates from diverse
sources under natural field conditions. Finally, through field trials, the fertility, main agronomic traits, combining ability,
and heterosis of Fumeng A were systematically analyzed, and the photo-sensitive characteristics of its corresponding
restorer line were also examined. [Result] A new three-line male sterile line, Fumeng A, carrying both Pigm-I and Pid2,
was developed. Inoculation tests both in the laboratory and field confirmed its blast resistance. Fertility identification
showed that both the sterility rate and sterility degree of Fumeng A reached 100%, with a stigma exsertion rate of
57.39%. Genetic background and agronomic trait analysis indicated that Fumeng A inherited the main agronomic traits of
the recurrent parent and exhibited improved yield potential. Heterosis analysis revealed that half of the hybrid
combinations derived from Fumeng A yielded higher than the control variety Tianyouhuazhan, demonstrating good
potential for production application. [ Conclusion] Using molecular marker-assisted selection, a novel three-line male
sterile line, Fumeng A (B), with high blast resistance, stable sterility, high stigma exsertion, and excellent agronomic and
yield traits was developed. This work achieved targeted improvement of blast resistance in a sterile line and created a new
parental material for three-line hybrid rice breeding.
Key words: rice; resistance to rice blast; Pigm-1; three-line sterile line; polymerization breeding; photoinhibition
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Table 1. Target genes and closely linked molecular markers
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GGACTATGTGATCGGTTA(R)
M-Pid2 TGTGAAGCAAATGATCACCA(F) Pid2 1009, 629

GGCAGTCGTATTGCTGTGAA(R)
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Fig. 1. Breeding procedure of a new CMS line Fumeng A with Pigm-1 and Pid2 resistance genes by MAS
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BRFA A HWAB UH77009 A/ BEA - FEBA BB TT009  FEBA/
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A: HEFMESELER, HFE A KRR, 12 A, 15 B. X 77009 KA A A/ST23-89 Kl B: TAMMEESER, HFE A KEE
Wi, AR AL HIAS B XU 77009 KA ARE A/ST23-89 BifdE ;s C: EWNEEMAEMEG, KR A L& 1 om? 33 CPEMEERAEZ, >10)

Wik B

A, Field resistance test results showed that Taifeng A was susceptible to rice blast, Fumeng A, Digu B, Shuangkang 77009 and combination Fumeng A/ST23-89
were resistant to rice blast; B, Indoor resistance test results showed that Taifeng A was susceptible to rice blast, Fumeng A, Digu B, Shuangkang 77009 and
combination Fumeng A/ST23-89 were resistant to rice blast; C, Lesion numbers per cm? on rice leaves (mean+SD, 7>10) after indoor inoculation with blast

fungus as in (B).

2 TEREY ARAATBERMMLE

Fig. 2. Resistance identification of the sterile line Fumeng A and its combination to rice blast
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Table 2. Resistance spectrum analysis of sterile line Fumeng A and Taifeng A

4B
Digu B

BRI
Blast fungus

XU 77009
Shuangkang 77009

#EA
Taifeng A

WA

Fumeng A €039

18SH-D527
FJ2011
95085AZB
18NH-16-3
FJ81278
KJ201
501-3
RB22
20-15
MHS86-1
MHS86-3
M409

RARAARIRARRIARA
RARAARARAIARA

wn

v nLrnrnREn |
AR ARIRIAIAIRIRIR
NV nNnnNnnnnnn

RBIRGUH, S BRI, — SRRtk IR % E.

R, Resistance to disease; S, Susceptibility; —, Resistant phenotype has not been identified.
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A A 5 R 77009 HII AT 5.

The white background is the homozygous background of Taifeng A, the red background is the homozygous background of exogenous Digu A or Shuangkang
77009, and the blue background is the heterozygous background of Taifeng A and Digu A or Taifeng A and Shuangkang 77009 or Digu A and Shuangkang

77009.
3 BEAEERERSN
Fig. 3. Genetic background analysis of Fumeng A
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A: TEANRELIESS: B: BB,
A, Pollen fertility; B, Microscopic observation of pollen.

El4 TERED A NWEEEE
Fig. 4. Pollen fertility of Fumeng A
EIRWEIKFOR, AR, RIWHERFE A SEMHE
LU B R 4-A). e ERSRER, B A
KRR G AR, AN EEE 99.99%, LI
(Kl 4-B); #EkAMEERE, BAMER 57.39%, Hp
XULHNTEZR N 26.12%(F 3). MiAEES B 1625 IR
RER U, Butadfsy, 3, fEhaEEk, HhE
PEFIHI R SESEIE® . ANE REREATALESL, A F
PERAAE EBAN 100%. a0, EERPURAE
AR A MBI, 222
25 ABREZTA (B) TERZMHRSH

FIH 73 FAnic il Bh ik 35 5 ok %5 e A 45 A 1
Jrik, BlE RO BRSSO R R
A, SAEREAHRE R, QI EE.,
WA . TR AL SR (B 5-A).
NT BB MRS AB)YRZIEIR, 2024 FELEME
AP SR AR L (AR 2R EEAT T RS

®3 TERBETABMERE

82, HHRFEEARF(A)B #HTILE., FERE
VERANE T AL R DR, SR OREF R L W
K, HRF A SRGIRER 11 do AEpRH ST
HaAF A Phptiisn, JA30 T 83.44 em b, fEREFNK
Bk e PR PR R O IR AR AL A8 B RS
I, 5%F B ML, 2 B TREKAIRR Ao 2
B, REURATRES A NEEKIERE AR
BN 1 em, (HAERIE L EEIN, SERERNIATE
AR RO Z G BT R D K
KRERM. RENTEEER. THESERD.
BRI, QIRIKIPURA T 288 A KRR R a4
B ik VR IPDRAR EER SR, BAEL A
P, PIMAARILSAIE TR (R 4 M 5).
2.6 TEREAHSEMRB IR

WIS AR RS A FRER G IER, B
B RGBS AGUERKEAE R B,

Table 3. Identification of sterility from the improved CMS lines Fumeng A

TG W AR 36

1,-KI staining reaction pollen rate(%)

Percentage of bagged seed setting rate(%)

FEk Mg
Stigma exsertion rate(%)

ES
. i I o e AR RETORE AR . .
Line , _ _ E#TE " ) HONNE  RULSNE AL
Typical Spherical Stained . Total Filled Self- . .
. X . Fertile . X X Unilateral Bilateral Total
abortion abortion abortion spikelets spikelets  pollinate rate
BEA 99.68 0.32 0 0 8100 7 0.086 30.06 29.85 59.91
Taifeng A
185 A 99.99 0.01 0 0 9250 0 0 27.67 26.12 53.79
Fumeng A
#EB 0 0 0 100 9125 8508 93.24 0 0 0
Taifeng B
HiZ B 0 0 0 100 9832 8907 90.59 0 0 0

Fumeng B
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Table 4. Major agronomic traits of Fumeng A and Fumeng B

EXTN 1w A ZEA &% B ZFB

Trait Fumeng A Taifeng A Fumeng B Taifeng B
FkiE Plant height(cm) 83.44+1.82%* 73.04+1.19 106.58+2.15%* 92.66+1.27
116 Ji# Sowing heading duration(d) 90 79 91 78
Sl Flag leaf length(cm) 31.42£1.66%* 24.64£1.23 41.24£1.59%* 25.06%0.59
S5 Flag leaf width(cm) 1.2340.02%* 0.97+0.02 1.3120.04%* 1.08+0.03
34 FEEL Effective panicle number 14.2+0.66%* 22.6+5.81 13.6+1.08%* 23.4+1.78
F K Main panicle length(cm) 21.09+0.63 20.74+0.24 23.33+0.45%* 20.17+0.23
F RS FHAEEL Spikelets number per plant 160.22+15.09 133.22+6.57 233.33+8.91** 131.565.7
AR S Filled grains per panicle 181.11£9.24%% 103.11£6.08
455 Seed setting rate(%) 77.62+2.86 78.1£2.06
FiK Grain length(mm) 8.98+0.06** 10.95+0.03
FiFE Grain width(mm) 2.47+0.02 2.45+0.03
FHiE 1000-grain weight(g) 18.64+0.24*%* 21.88+0.04
Hpki & Yield per plant(g) 45.91+2.34 52.7943.11

*Pp<0.01 RoREEZS

** P<0.01 indicates very significant difference.

pdif

1% AFumeng A  ZEF ATaifeng A 4% B Fumeng B 7% B Taifeng B
A MBS, BN 1Sem: B: KK, AR Tem; C: K%, #5/085mm; D: B8, #5083 em.

i

[

7% F B Taifeng B

i

1% B Fumeng B

A, Plant morphology, bar=15 cm; B, Grain length, bar=1 cm; C, Grain width, bar=5 mm; D, Panicle traits, bar=3 cm.

Es5 ZHFEA (B) MEZ A (B) WETEXRSMHIRELE

Fig. 5. Comparison of major agronomic traits between recurrent Taifeng B and improved line Fumeng B

B T 5 m BARSR AR AR R DS, A KR
& EARER IR A SEAR R R EREE . AT IR AL R
RUPRBIMBRAET REE A SNEAS B R
TH Pigm-1 1 Pid2 fi 5, FERIMHBHIRKAE
PEFIAE R IR Z MR N T i — IR A E &
ML A 1 B G RAF IR, A FAER A 7335
20 MANFEEBR IS ST IAD, DARRAE 5%
TRHHT 24P Fi AEF M. PERAFEEM RN R E
7, X AF F IRE R DT S . S5 RMER
SHLLVEH, 20 MEACHA G 88~91d, R
EAE RZAEE WK 0 d), BEH KT HEET
M FRACER, RN FEIA BN, P

EExHIERAC A 55 3~6d, AF TIERZE . FEf
M XOKFE Rt ERE XM M. 488 A BLdr F
Wife T REAMAR, RI4rBE R TR E D, Tk
R, MR L, SRS G, 20 45k
LHABFERINET A, B 3 N NS ERENE
= RKRERE, Rl ER, SRR E IR
Ay B 20,72 g5 FEAG L DR ZORN Sk 0 3 4
(K S). —MIM T, A0 BEERFR AR L, B
SYEEREAZ, RERIECHD, W BEREEUD, FEARE
K, BRECEZ, 18 A J 38 4 ARk B £ nlik
305.00 ki, /A 190.67 ki, WEERIE SN
176.33 ¥i(3K 5).
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Table 5. Comparative analysis of agronomic traits between hybrid progeny of Fumeng A

i

ST

gy TS

KASHAE Sows M ) FK TR E TSR LR THRIE EﬁTﬂir"‘E,i e
Hybrid rice ow1.ng- Plant Panicle Panicle Grain number  Filled grains Seed-setting 1000-grain Yield perr (")
combination heading height(cm) number per length(cm) per panicle per panicle rate(%) weight(g)  plant(g) Blast
duration(d) plant resistance
KALAE 94 106.40£0.91 15.67+0.33  19.77+1.69  176.33+10.35 148.37£9.89  84.16+3.91 24.17+0.78 55.0 MR
Tianyouhuazhan
AF AHT102 89 102.00+£3.25 12.67+£0.33  24.43+0.46™ 258.00+14.73 216.00+23.18 83.24+4.42 18.79+0.21""  52.0 R
Fumeng A/HT102
HAF A/HT100 91 11417129  10.67£1.76  26.30+0.92"" 276.67+11.20" 248.33+5.81" 89.90+2.01 18.01+0.16™  63.0 R
Fumeng A/HT100
faAs A/HT89 89 110.23£1.90  9.33+0.33™ 24.57+0.55" 267.67+31.80" 234.00+33.08 87.04+2.70 18.36+0.25"  55.0 R
Fumeng A/HT89
A A/HT82 91 119.67+0.33™ 11.00+£0.58  25.63+0.41"" 274.33£27.91" 239.33+£19.10" 87.63+2.56 17.01+0.19™  59.0 R
Fumeng A/HT82
A A/HT80 88 113.43+4.28 13.00+£2.08 25.37+0.50"" 243.67+6.06 211.67+7.31  86.94+3.21 18.36+0.21""  52.0 R
Fumeng A/HT80
A A/HT78 90 118.37+1.05™ 10.67+0.33  25.70+0.82"" 286.33+19.68" 258.67+19.89™ 90.23+0.84 18.59+0.13""  63.0 R
Fumeng A/HT78
WA A/HT71 89 123.1043.16™  9.67+0.33" 27.40+0.66™ 305.00+44.28" 288.67+44.56™ 94.33+1.33 19.35£0.28"  51.0 R
Fumeng A/HT71
WA A/HT67 89 107.73£1.83  8.67+0.33™ 25.43+0.20" 264.67+7.62" 242.33+6.33" 91.63+2.23 19.38+0.13"  55.0 MS
Fumeng A/HT67
A A/HT66 91 115.17£1.80 11.33£1.20  23.97+0.88" 233.33+£9.53  207.00+21.66 88.25+5.72 19.73+0.24™  54.0 R
Fumeng A/HT66
A A/HT64 90 115.73£1.19  11.67+0.88  25.20+1.47" 252.67+24.77 229.33+21.18 90.88+1.26 19.49+0.22""  65.0 R
Fumeng A/HT64
A A/HT56 90 113.5740.66  13.00£2.31  24.73+0.15" 294.00+31.34™ 261.00+33.51™ 88.44+2.61 19.65+0.05  69.0 R
Fumeng A/H56
A A/HT43 92 115.43+2.10  12.33+£0.88  24.57+0.43" 246.00+20.79 222.67+20.17 90.46+2.79 19.84+0.13"  43.0 R
Fumeng A/HT43
A A/HT32 89 106.60+2.65  9.33+0.67™" 25.83+0.38" 225.33+11.20 206.67+11.35 77.48+13.8520.82+0.15""  47.0 R
Fumeng A/HT32
A A/HT31 92 107.30+£1.94  11.00£1.15  24.07+0.58" 207.67+24.73 184.33+23.24 88.64+1.59 18.71+0.36™  51.0 R
Fumeng A/HT31
A A/HT28 88 115974494 1333+£2.6  25.93+0.33" 250.67+5.36  232.00£3.61  92.58+1.02 19.64+0.20  66.0 R
Fumeng A/HT28
A A/HT16 90 119.33+£0.58™ 11.33£1.76  25.60+0.23"" 234.00+£9.87  215.33+10.93 91.98+1.43 18.66+0.13""  72.0 R
Fumeng A/HT16
WA A/HTI15 91 116.37+1.11" 11.00£1.00 24.90+1.46™ 243.67+21.09 221.33+22.64 90.58+2.07 19.72+0.53""  43.0 R
Fumeng A/HT15
A A/HT9 91 110.43+2.11  10.67+0.33  26.20+0.46™ 227.00+18.77 193.33£16.02 85.34+3.30 17.32+0.43"  48.0 R
Fumeng A/HT9
A A/HTS 91 99.17+1.73  11.67+0.33  25.30+0.81"" 190.67+14.33 177.33+£14.24 92.94+1.27 20.72+0.75™  58.0 R
Fumeng A/HTS8
A A/HTS 90 107.90+£1.32  11.33£0.33  26.03+0.68" 211.67+5.81  187.33+2.03  88.59+1.53 20.52+0.15"  54.0 R
Fumeng A/HT5

R BRI AR R, DURILAE 90

#4371 R IR P<<0.05 F10.01,

Data present as mean + SE, with Tianyouhuazhan as control. * and ** represent P-value<<0.05 and 0.01, respectively.

1A A HARUFW) e/, Fe i 20 N4
A, BHEE A/HT32 452 R 77.48%58, HA
A g 83.24% ~ 94.33% , i M N AR AF
AHT71 iEF] 94.33%, XTHE R HGELERN
84.16%(F 5). FERIEUAILE LR BE M, L
A ARR P B, (E 20 DR HE A 104
HE PR E T, HAP4Es A/HT16 I
P 72,0 g, WEETHRRMAE G S), BAR
LA 72 R 7 AR A FTBC S ERR s E
BLFRIR I e R IX FH A i L E AR P % T 2 4L

R B P, A8BI2E, #E2 AHT6T RIL
HK, A HT67 78 EHUE IR -5 B AR ik
S HESE 3 FYIRILPURE, HED AT B XOR
R 3 70 P8 2 R BRI 28 37 5 [R] 2 T AH E A Y B
FAEFASERE T PR R R AR A, S BO R
[ ERERT 5P
2.7 FERISIRE RIS

ATARF R BIEARAS A WAL FEp 4efh Fy 42
BiEr T RYCEAEE A, R AA 2RI,
HE5ROUE RECAR A A REW IR . T
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2o B AN Z PR B RN, AT 7R T BA
HH RO E & H310. H366 il H389 548 £
1 AL KM% AL TRE A DRIIHTIAS, R d A
a3 AERE H BRI H A N FE, @ik #4458
At Fe R B, 48 H IR, (Bl
A 44 = 0TI FEE A 2k St R R 1) BT A 2L 28 BB LE S
i, HrPARAS A FrECH A HINTE 89~92 d 2 [,
K% A FNZRE A FTC 4 & # 3 I7E 83~99 d 2 [A];
KHBEKMET, EREERE PR E, f8 A
FTEC4H & 7525 I B3 RE AR H AR, 5 H 10 B R 1
&y 88~91 d, 5 H 20 HAFI 5 A 30 HEM
RN 83~90d,6 A 10 HIER K& Ay 80~
85d; MK A MZEF A FRHERTE —HMEZE9
H 26 B &5 414 i, FRfHh 5 KT 138 do
RIE, NS HABAE KA, M2 A GERSHNH]
Yo AREBOEIRE RFTECAL A IEH AR GR 6).

3 Ui

31 MAS #EEABREHHNA

BEm. mrr ZP0RKERE SR — B KR
MR FEZEEbR, SRERE LS. fRrRIZRE
FREE R B 2 U B B A 21, AR 78 HH JR) 2% A
NG B A B NP AEAE 2R E A S m AR
B — M i o S I e AL PR 4 o T e A 1 2 R
B& LBy, WMk ELNANE. B, $H%E
A RS R AP I KRS S Fh A B P2,
TR, BMECHEHZANPRER RS 2F—
AR, AT SE A R B AR PR 23, i 2
MAS HARPIEF A BB RPTRF R 2
MR R RSB AR, RS AL

RIS PUERE R P < (8] 1 fai 5 2on, iy Hakk
A RIPUPE R R 2 (8] 5 A 7 AR AN [R PR 3808
Yang ZERADIAE 1201S(HEH Pi2). A 1015S(H#5 47
Xa23)NBEA, 4y BIAHE 1165S(#EH5 Bphl4. BphlSs)
AT BIZE, Z5A MAS 158 T &A 1A HAREE R
(=F 39S IS HE N B2 AR, FIEIE E A4 & MAS,
BENTEH 4 MYUREFRIE 39S, gkith £ L5
HEAT Xa23 LR AR RF76 K51 Pia FE K 1)
i 1540(F ) MM R, 520 R K FERKE
RT ZRATRIEAE, 456 MAS, R EHIR
faE HE A Hbr R PIWE R .
32 KEMRZEEREKR

% LR A R AR KR S P RE R R P, (2
PU A FEAS 17 B b 2 3 g BN 003 ik R () P v 2 )
{10 7 B B2 00, T A T R R 2 ) R TR A 0 Y 2
PR ELAE , B0 IR HR TSR AN B s ik DR AS e IR0 ) A B/
Flte — MR UL, PIMERER R A B 2, MY
REfs A BOR B PUIE AT A K, 11 HIE Ak
P AN PUPE R R A REXT BT (1 A BN X 2 2 B A
REBPOER Y. kbR E TR, EFEkK,
Pigm-1 3£ [ THEEFRIC A Pid2 FER (ESARC E
B2 F BKFE P00 B P R A 18201 A 5T
I EA LA, BRI, FIH Pigm-1
BRI ThRERRC R Pid2 8 BEBbRiCE 4T PR ER
ke, IHIE HIRTGHEAT Pigm-1 A1 Pid2 $if ik
DR R T AR, 28 25 P B R RN (B R0 %0, 33
RIMPUREER, #— Dl R E, B3R
WIAE RIS NAREE R, MRIAE 2524k
B RIATIEL , 2428 2065 R B B i3
Prik K. FAh, ARBIBNEE R A IAL,
BRMITE, FIH Pigm-1 1 Xa23 FEF ThAERRC

x6 BEAMEMTERMEASAEHE =TI HMNERERTHREEBABMALLR
Table 6. Comparison of heading date among the hybrids derived from Fumeng A and other CMS lines at Sanya, Hainan

Province and Nanping, Fujian Province

it A FL I 9= 0 | BMASETRY)
Hybrid Sowing date(Sanya, Hainan) (d) Sowing date(Wutun, Nanping. Fujian) (d)
05-10 05-20 05-30 06-10
#i4 A/H310 Fumeng A/H310 89 88 87 88 82
#i4 A/H366 Fumeng A/H366 91 88 83 83 80
@4 A/H389 Fumeng A/H389 92 91 90 89 85
Z%94E A/H310 Taifeng A/H310 83 138 145 139 144
Z&9E A/H366 Taifeng A/H366 85 145 148 144 148
Z&94E A/H389 Taifeng A/H389 87 144 150 143 141
7k A/H310 Yongxing A/H310 90 149 >150 >150 >150
7K % A/H366 Yongxing A/H366 97 148 >150 >150 >150
7K % A/H389 Yongxing A/H389 99 145 >150 >150 >150
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