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Improving rice blast resistance and fragrance of rice
maintainer through marker-assisted selection

YANG Guili, ZHANG Ruixiang, WANG Hui, CHEN Chun, HUANG Cuihong, ZHENG Taotao, LIU Yongzhu
(College of Agriculture, South China Agricultural University/ National Engineering Research Center of
Plant Space Breeding, Guangzhou 510642, China)

Abstract: [Objective] The acquisition of high quality disease-resistant rice maintainers is the premise of
improving the quality and resistance of sterile lines. The molecular marker-assisted selection (MAS) can be used
for oriented breeding and accelarating the breeding process of elite rice maintainers. [Method] ‘Hengfeng B’
and ‘Guang 8B’ were used as recurrent parents, and ‘B39’ carrying fragrance gene Badh2 and rice blast
resistance gene Pita was used as donor parent. The successive backcross breeding and MAS technology was
combined to improve the quality and resistance traits of these two maintainer lines. [Result] Through multi-

generation backcross breeding, 14 samples of BC;F, improved materials were obtained. The improved single-
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plant line was tested with the corresponding sterile line, and the sterility grades of the corresponding plot were

fully sterile and high sterile. Through quality and resistance identification, most of improved target strains were

rated as strong aroma. The resistance to rice blast significantly improved and the disease nursery identification

showed that they were resistant or highly resistant to rice blast. Rice quality was characterized by slender rice

grains with low amylose content and low chalkiness. Other agronomic and economic characteristics were similar

to the recurrent parent. The genetic background recovery rates of most strains were 80% to 90% which met the

estimated recovery effect. [Conclusion] MAS shortens the process of trait improving for maintainer lines,

helps acquiring improved maintainers with better quality, stronger blast resistance and fragrance, and realizes the

oriented genetic improvement of ‘Hengfeng B’ and ‘Guang 8B’, which lays a foundation for further integrated

improvement in rice quality and resistance of three-line hybrid rice.

Key words: Oryza sativa; Maintainer line; Molecular marker assisted selection; Blast resistance; Rice quality

IKFE Oryza sativa &R E ) EEREBIED
—, RfREREREZEN R A . EELSKE
N B ARV KT B2 7, FEK i BB R Bk B AT
FVEREE R, FEOK I B R S 0T 7 R S T R B SR bk
BN SR VY 9 ) R R, B B R
KICH T BA T IS BRALFAL, miim Pt
B [ 2R 52 i A FRT A 2% ot JOT TV R A R ] /K A
TR FZ —, AR IR E R R R K AR T AR 4
5x10° hm™. & ZAMRER P RR, B Emi
IR b P2 B R B 2 T RN I 1R . 0 T h%
e 4 BhE$ (Molecular marker-assisted selection,
MAS) BB IS 5L G048 B MG, 7l PR R
G R A R EE N, R 58 m s B AR, 4B M
R, OVEZEN BT, YEFEB M T
8B’ Je A R & Mg JI R EE RARE B 5
MR fEFE AT R T 8AT BRI — RIS RS
AERE A, AR, R TRD, BRAEGURIE L
A R A, AR IX 2 MREF R K= &
Mo AWEFTLL “fEE B’ R )T 8B’ NAEL FIH
B BT I35 6 Pitas Badh2 S5 7 556 FE 4]
MIEREERMEL ‘B39” , 4G r Fhrid il Bk %,
X2 ANERAE F R0 P AR 5 AH OC 1 R 2R AT
e R, IR R miin s RRe R, A E W
AR A B RAZEE R R 1 2 SR 4 & 288
LA o

1 MR57EE

1.1 RXIEMRE

BEEEA: RFERME fHE B (T RE KR
BeoKFEWT S BT R A 3 e ik’ S5IR¥E R PP R
‘113B” JRACIER); IRFFRMEL T 8B (7 HREK

BBEKFEH T BEm 22 -8 18~ A 1325B7
RAIEE). HFEB A T 8B’ KL EIE;
“HE B FEIRPUERIUAFHL T 8B R
RPN

ek A B FHEPNTURE R TAEEAR
DIEERREF AR B39 . R AMEAS
FR, FORRPUIER Iy =Pt o R R 50
FW, ‘B39’ ¥ Pita. badh2 SRS AIER
AP 5 By Ayt DA b 35 PR a5 3047 5 1) i
1.2 BAMESERIFERLZE

15 2017 SFHE, pLL “fEEB” A1 78BN
BEAR, BL ‘B39" NAABEATIRAL: 2017 MGG, Fh
AN F, “fE3 B’ F1 T 8B” 33 NEE a5
A, BAT EIAE 3T B AE— 4K (BCFy): 2018 4 FLig,
FhREA R BC,F,, “lHF B’ Ml T 8B’ HIEN
B BIEAR, HATRIA AT 52 — AR (BC,F)); 2018 4
Wi, FAEAHN. BC,Fy, “lHFE B Ml ‘T~ 8B’ 4
SE R B SR A, FEAT R A8 3845 B 238 =A% (BC3F)).
T EAT AR, ARAE PR T A ik A5 4 ] 5
AR ABAPE B v PR A 0 3G A DR R, AR 4R ik
Fe FHREHA AR 2R S5k 2R, A 5 IR R, 4R
i RSEARR A, 2019 4 FiE M E AN BC5F;
2019 EHGIE FHFE AR BCF,, HXF Fy BEAA ) # kK
BATREK S TR R R PO A 2R 52 . Bk
WA 1.
1.3 KERZHRKBPAESTERGREREE

BORA BT 2017 4EE 2019 EH. BpE R T
I T A R O K A E AR B R TR ER
F 7 A 036 2 s, P TR) B (K PE 95 E B I
S5 B K R B R S . R 57 2A S R
KRG FEAR 2R, WAV TR E 3 A
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2017 4E it O
Early season in 2017

2017 4RI ()

Late season in 2017

2018 4F L% O
Early season in 2018

2018 El % ()

Late season in 2017

2019 4 5L O
Early season in 2019

2019 4E & ()

Late season in 2019

RRIZEA x

Recurrent parent

LB S

Recurrent parent

FmIZEA

Recurrent parent

LRSS

Recurrent parent

LA EIE S

Recurrent parent

(ISESTEFN

Donor parent

KEGRETIREE

MAS . L -
Agronomic trait investigation

x  BC,F,

KELRETIREEE

MAS . L L
Agronomic trait investigation

x  BGC,F,

REGEATIREE

MAS . L Lo
Agronomic trait investigation

x BCyF,

C)ﬂiﬁﬁﬁﬁ%ﬁ

MAS . L L
Agronomic trait investigation

BC/F,

PRI FUrE LB R RS %

o Evaluation on rice quality, resistance, fragrance and agronomic traits

1 SFARICHBNER (MAS) S RKFBEFRFRTRMFEERMMERARRIZE

Fig.1 Process scheme of improving rice fragrance and blast resistance of rice maintainer through molecular marker-

assisted selection(MAS)

JI 5 35 A B AR K BT 52 7 7% NY 147—88™
HEAT IR & S 5. AU i ELBEVE Ry & & (Amylose
content, AC). EHHJE (Gel consistency, GC) FIH
{H (Alkali spreading value, ASV) AL 45 b5 1)
JE o B K A R B W E SR AR AE S R T B
KOH 2%, FREL 2 g BRI RE H, I 10 mL
0.3 mol/L KOH ¥, I o 4iR 3% 5 ¥ UM KR 78 7
Hefid, TN 50 C BABINHA 10 min J5, HRAE bR dE S
RAE o, FTF R E AT AW, BRI E
3INEKE,
1.4 S Frricianl

K H CTAB ¥ 42 BUK % &) g vt v B2 R 40
DNA. H#5R3E K Badh2 5K 7 RER B 40
VK3 AT, PCR 4 3G =M R H H 3 28 6 B AE
¥k (Fragment Analyzer™, USA), F|H PROSize
3.0 X HLVK &5 BT o M, B R Y . PR
Pita [R5 73 R F i 70 20 15 i il 42 23 i (High-
resolution melting analysis, HRM) £ R, iZ AF|H
55 IR 4H PRl i 22 S 0k H ) 2 DR Y R AT X 03, HAR Sy
Mr771%27% Luo &1 A58 o BTl W 519 e A=

TAMBARGRAF AR, BAEFIHERILE 1.
1.5 MEERNZE

KRG AR PR 98 P 4 5 SR L X R
R RN, 2019 ERIESE AR 6 1y fEHFE
B’ ] BCsF, (MR RLLLK 8 4 ‘)7 8B’ [ BCsF,
R AR R T F AL B i SR R IR AR 3R
PE B SR 5 R ], 76 1% 95 3R AT FH (a) R 3 o v DU
5. AR 5 AT, 84T 5 U BN 2~3 1, SR
T 2 AT iy ARSI 0 i P CO39.
1.6 HREERMER

D52 o5 B JE AR R 6T A N AN B AR I
ANEREFTI. 2019 FRIGE L fHE B” 1
BC5F, il ‘] 8B’ () BC;F, Fk & HEAT SRR (R AR
W, 2019 FEMIEENFHE RERA T R HZ LK
o [FI, FFHB-RAL A e 7 % e KRR e R B
VE, B AR B A2 45 90 38 J B PR I 4 SR Ok Bl
EARBREABMIRFERER
1.7 BMRHANEEEREEFRNE

L7 47y BC3F, et R A KL, FIH7KAE 20K SNP
O 17 O R A R ) 38 A% 1 S5 8] B FR AT 0 AT . 1%
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x1 BeNEERSI4F7
Table 1 Target genes and molecular marker sequences
%ﬂﬁ% AR S - TRy JEJ(VE&E/C E )/ 1 51 4) e
Genotyping Target . Annealing  Forward/reverse .
Allele Phenotype Amplicon . Primer sequence
method gene temperature primer
BN Ik Badh2 E7HMNET 7 Fragrant 3604215 57 1E /] Forward GGGAGTTATGAA
Capillary 8 bp#k 2k ACTGGTAAAAAGA
electrophoresis 8 bp deletion B[] Reverse AACCATAGGAG
in the CAGCTGAAATA
7" exon
Je8 bpHtk  AFE 368+188 57 1E ] Forward CTTCCTTCAGG
No 8 bp Not fragrant TGTGCTAAACA
deletion J% ] Reverse GAATGATGCTCA
AAGTGTCTTGA
R Pita T J& Sensitive  244+132 56 IE[] Forward CCCAGGTTACAA
figé h £ 7> Bir CTTACAAGGA
HRM J [7] Reverse CTCTGAAGACG
TGAAGAGGATT
G $T Resistant ~ 244+160 56 1E[H] Forward CTTCTTTCTTT
CTCTGCCGTGG
J ] Reverse TCATCAAGTCAG
GTTGAAGATGC

ERAN AR TAE A 5RFE 18 B e 2 s R A PR 2
SEk.
2 GEREHHR
21 EXRERES FARCHE L
e B LB A AT 4000 3L TR Pira R0 B

Badh2 {173y ¥ krickadll, Hrh Pita I H HRM #£47
SR 73 B3 W, Badh2 R F B4 A vk 3EAT 2 K] 73

TG HT o BRI U AR A 25 DR Y () PR 5 s [ S A [l
38, BC3F, S HU AL A B s 2 6 B4 () s bk itk AT T — 20
Jii% . FIRSEDE 3 B 4E R BOR, BCF, ik R A KLY
N AL S A R K] Badh2( 2) . 47090 2 K
Pita [f] HRM %= K 53 54 53 K AT DAY 26 A K 5 AR ek R
MR THRE e SIL (K3 “EEB 5 8B
1 R 5 1R BCsF, ¥k RTEZAL AHE A Pita B
ML

bp M1 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

250

200 o

150 |

M:DNA fxic; 1: ‘B39’ ;2: “fHE B’ ;3: J7 8B’ ;4~17: ‘fH¥ B’ MK BCsF, ¥E&K; 18~32: ‘T 8B’ R BC5F, k&
M: DNA marker; 1: ‘B39’ ;2: ‘Hengfeng B’ ;3: ‘Guang 8B’ ; 4-17: Improved BC;F, lines from ‘Hengfeng B’ ; 18-32: Improved BC;F, lines

from ‘Guang 8B’

2 FEAMBRENX BCF, #h& Badh2 EFE 5 BIEMERIKLER
Fig. 2 Genotyping of Badh?2 of parents and the genetically-improved BC;F, lines detected by capillary electrophoresis

22 EXRERKENBERMMEEE

2019 M iEREN fEF B’ i) BCsF, SR H
BL6 . T 8B’ ) BCyF, B R KL 8 4y, FHidkAT
993 DX R 75 R s L s . B R EoR, 55
FIsEA fEE B MU, S RERMEIRE RN
5%~20%, FUEIR B A 1~3 24, 80% 2 R AT K
SERPUEIEAN N “PL” , 20% RIN “TEHL7 Bt
WRIWERT “HE B (£2). SHEELR
‘77 8B7 AHLEL, Bt RS ENRIE RN 5%~20%,

FEIEIR AT 1~3 2, 75% o RA BRI S v
Mo “HL” 5 25% RIA “EPL7  PUORRIMBOR
ABEHIRTIE (5 3).
23 BRERKRFERZMHR, BRABEMERK
RERLEEER
X fEEB’ R T 8B MM BCF, Bt R
Fbk &R EBUR 2R RS MR S kAT T A
i, 5 R EIR, BCyF, Bt R HPE Rk & 8K 5
PEAR | &5 S B AN B8 b S MR 5 T4 [B] 58 A # A
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AL TOLE

Normalized
fluorescence

P

74 75 76 77 78 79 80
o/C

IR RN AL H B AEE A RIS RER ( ‘B39” UL AY); 4t
= N TR N AR R IR e TP A RN = N e =y

Grey lines represent the rice lines harboring elite homozygous
allele( ‘B39’ has the genotype), red lines represent the rice lines not
carrying the elite allele, and blue lines represent the rice lines harboring
heterozygous alleles

B3 FAMKREN BCsF, #k% Pita ZE 4518 HRM 5
LEES
Fig.3 HRM genotyping of Pita of parents and the
genetically-improved BC;F, lines

AL, MEFE B’ O BCF, B Hikk R BARE
R R K 5 9 /b, (B A ROk 0 I, R R
FARE TR AR MR — @R #H: M T 8B” 1
BC;F, B R Ak & WA I, A SR R 30 3
I, AR HORL B A E BN A kb, (H S
1M & TR SR TR AR I — 2R (& 4).
RS AR AR TR AR 5 T R A AR B, H 4 R
R I 0 B R % (B 4. I S); AR AR B 7
M, RZHAREREM L EAEEE (F 6.
Kl 7).

‘“lEE B’ M ‘) 8B’ I BC3F, i Rk RTE
K 28 1 IR B 5 5 7 THD -5 R 26 [ o A 22 il AS
K “HE B’ 1 BCyF, MR bk R EBIEW S &

&2 EFB MRENK BCF, BERMMELESR

Table 2 Rice blast resistance identification of the genetically-improved BC;F, lines from ‘Hengfeng B’

. IS L A 2% 2 4 . .
g b/ PitaBt R 537 ) RIFAEE Y% T
) o ) Disease grade of neck . .
Material Origin Genotyping of Pita . . Incidence Evaluation
blast in Yangjiang
H1 BC;F,(fEF-B/B39) 45 Homozygous 3 10 1 Resistant
o2 BC;F,(fEFB/B39) 44 Homozygous 3 5 T Resistant
H3 BC,F,(1E=£B/B39) 4li4 Homozygous 1 5 =1 Highly resistant
H4 BCyF,(1HFB/B39) 444 Heterozygous 3 20 T Resistant
H5 BC;F,(fEFB/B39) 44 Homozygous 3 10 T Resistant
H6 BC;F,({E=£B/B39) 4li4 Homozygous 3 20 P71 Resistant
Al EES ] 7& None 5 20 FF i Medium resistant
A3 B39 44 Homozygous 1 1 =Pt Highly resistant
=3 ‘T 8B’ MREN BCGF, FBERNMMELEELER
Table 3 Rice blast resistance identification of the genetically-improved BC;F), lines from ‘Guang 8B’
. FE T A 7 ¢ . .
E KU PitaXE K 5 B , R iy
) o . ) Disease grade of neck ) .
Material Origin Genotyping of Pita . . Incidence Evaluation
blast in Yangjiang
Gl BC,F,(J "8B/B39) 4li-& Homozygous 3 5 P Resistant
G2 BC,F,() "8B/B39) 4li4 Homozygous 1 5 {=iPt Highly resistant
G3 BC;F,(J 8B/B39) &4 Heterozygous 3 20 Pt Resistant
G4 BC;F,(/ 8B/B39) 4l Homozygous 3 20 #T Resistant
G5 BC;F,(/ 8B/B39) 4l Homozygous 3 10 #T Resistant
G6 BC;F,(/ 8B/B39) 4l Homozygous 3 10 #T Resistant
G7 BC;F,(J 8B/B39) J&4 Heterozygous 3 5 Pt Resistant
G8 BC,F,() "8B/B39) 4li4 Homozygous 1 5 {=iPt Highly resistant
A2 J"8B JC None 3 20 T Resistant
A3 B39 4i4 Homozygous 1 1 =Pt Highly resistant
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T4 EXMERER BCF, %RENEERZ MR

Table 4 Main agronomic characteristics of parents and the genetically-improved BC;F, lines

Py oy ) == —N 75 3 +: 5y 327 /. o
. o113 i 1) SRS 8 7 S YD A eV G i e BEER% T L X
o BFifem z TUrE  EKem  ARRRI : THLF g
s K/em  Fi/em Panicle  Effective ] ] Seed  Grain length-
. Plant . . Panicle  Grains per . . 1 000-seed
Material . Leaf Leaf weight panicle . setting to-width .
height . length spike . weight
length  width per plant number rate ratio

fEEB  108.6£0.07 37.3£2.78 2.3£0.06  27.2+1.42  9.0+0.00 22.4£0.33 180.4+8.80 80.3+0.67 4.5£0.02  19.7+0.23

H1 109.8 36.8 23 28.5 7 20.95 207.25 79.32 4.56 19.79
H2 108.7 38.5 23 29.1 7 24.12 199.42 81.15 433 19.56
H3 109.8 39.8 2.2 31.2 8 24.01 201.17 79.65 435 19.96
H4 111.3 35.8 2.4 27.6 8 20.62 197.25 81.02 434 19.71
HS 1123 36.7 23 27.5 7 23.63 210.71 80.62 427 20.09
Hé6 106.5 40.6 2.3 29.8 7 21.71 198.60 80.31 432 20.11

J78B  109.9£0.75 37.3:0.34 1.940.03  30.8+2.52  7.6+0.33 222+043 206.5£3.40 73.0x1.15 4.1x0.12 15.8+0.03

Gl 110.9 374 1.8 34.1 8 25.95 207.11 74.15 4.16 14.63
G2 111.3 38.5 1.9 28.8 8 23.36 196.75 75.03 4.14 14.93
G3 112.3 36.7 1.9 31.6 7 22.97 187.00 71.98 4.20 15.24
G4 111.2 35.7 2.0 32.8 9 2233 195.08 71.65 4.06 15.61
G5 113.7 36.5 1.8 279 8 22.44 214.22 72.81 4.08 17.08
G6 112.8 38.5 1.8 28.5 8 21.83 202.88 76.01 4.12 16.08
G7 110.6 39.2 2.1 292 9 22.22 196.75 69.98 4.04 15.96
G8 112.4 37.5 1.9 28.9 8 23.14 189.64 71.65 4.16 16.15

B39 98.9+1.02 41.1£0.50 1.9£0.03  24.3+0.73  8.6+0.33 22.9+0.64 166.4+24.88 79.0+8.51 3.7£0.77  19.2+0.19

4 EF B REHENKKRKZR H2 F1 H4 FHEIXTLL 5 T 8B’ RERNKBRIER G450 G5 FBRIXILL
Fig. 4 Panicles of ‘Hengfeng B’ and its genetically improved Fig. 5 Panicles of ‘Guang 8B’ and its genetically improved
line, H2 and H4 lines, G4 and G5

B o i Ha L | cs |\ as Ml
6 “EF B REFRKBKRIKZR H2 1 H4 FREIXTLL 7 ‘T 8B REBKBRIER G4 1 G5 HREIXILL
Fig. 6 Plant types of ‘Hengfeng B’ and its genetically improved Fig. 7 Plant types of ‘Guang 8B’ and its genetically improved

lines, H2 and H4 lines, G4 and G5
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WHBRNE, 55 R 705 AR 04 B £ 25 R KRS DR FF 28 A W R R L E 15

Y% 18.4%, ‘I 8B’ 1 BC,F, i R Pk R HLBEVE
M E E PN 17.5%, EALRFE T % B3 R A AL
BEEEEN & R TR 7T, 2 ok RS AR

bk R RI KB 1, BKAE 60 mm AL, B
THAEAE 5.7 it AW E S R BoR, I SR AR
BRINAER (R 5).

RS FAMBREN BCF, R RMFERRRMEAK
Table 5 Rice quality traits of parents and the genetically-improved BC;F, lines

ppap ARG BRI BOIRG RCES g Wf\jiﬁ e foum ﬁfff FRPEAR
Material Chalky grain - Chalk Brown rice Mll]eé riee Head yield Amylose Gel consistency spreading Fragrance
percentage  degree rate ratio content value
1H=EB 4.34+0.16 13.8+0.12  73.8+0.48 62.7+0.61 50.1+0.64 18.6+0.41 61.7+0.26 5.7£0.17 N
HI 4 13.67 72.97 63.14 50.91 18.54 63.4 5.74 &
H2 3 12.57 74.55 63.25 49.67 17.56 62.9 5.68 i
H3 3 14.52 74.96 63.21 51.34 19.45 63.7 5.64 &
H4 4 11.54 73.53 64.50 50.29 18.21 61.7 5.24 &
H5 5 13.24 71.97 61.34 51.98 17.96 62.8 5.36 i
H6 5 12.47 72.58 62.25 50.47 18.47 63.7 5.28 &
J"8B 3.940.64  19.740.25 71.6+0.67 61.8+0.94 51.5+0.47 17.9+0.28 63.8+0.54 5.6+0.23 AN
Gl 4 18.45 71.45 61.47 51.74 17.58 64.5 591 i
G2 3 17.21 70.86 60.57 51.02 17.12 65.3 5.64 g
G3 4 16.84 70.67 60.97 50.86 18.56 64.1 5.17 *
G4 5 19.57 71.96 61.56 50.34 18.23 65.8 5.87 &
G5 3 16.58 71.54 61.32 51.21 17.56 64.7 5.63 s
G6 4 18.59 71.61 61.87 51.23 16.87 65.9 5.67 H
G7 4 15.34 70.34 60.25 50.67 17.54 66.7 5.85 i
G8 3 18.57 72.47 62.19 51.11 16.98 64.8 5.47 &
B39 3.140.25  12.9+40.64 75.4+0.23 64.9+0.47 53.840.96 16.4+0.84 65.9+0.78 5.440.36 &

24 BRMRNRER

162019 FEHIEXT “/HE B M T 8B” [
BC;F, 47 T SRR AR AG I o 2019 4F R 3 {7 25
IR, 23 4 BCsF, AR R AR N X S 16 4
INKABERNEANENEAE 4 NP NER
BER, 3NN MESAIERE AT E %% . BCyF, Wl
TR E 69.57% NEERNEABTIEAE, 17.39%
NEARE, 13.04% NIEFAEH, il 5 Fik 3
30.43%. MILR BT FIRR RACKDIE 71 0 A 45 RO,
TER e o A SR 2578 (18] 8A. 8B); MR A & Hk
PRI A R, A E PRI IES (K] 8C. 8D).
25 HRMBREERERRIER

FIH 23 A5 T K FE 12 gtk B3k 26 170 A4

A: H2 WRAF BRAEH : B: G3 WIRA B BRALK : C: H2 MRAF Brbk
A D: G3 MLRA B Mk T

A: Pollen from sterile line maintained by H2; B: Pollen from sterile line
maintained by G3; C: Plant type of sterile line maintained by H2; D: Plant
type of sterile line maintained by G3

8 FMMRTEREMBNEREIPESER

Fig. 8 Pollen vigors and plant types of partial sterile lines
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SNP FRicHRE, farill ot R 5 AR % 1 5 1 2
R, GREIR, SR MBS T 5B S A
F 86.16%, H iz ik ] 89.16%, ik 81.29%
(F 6). VL WAL SRR, &1 RIS R A
KI5 A% 1 5 R R 2k B T H AR . 22 A SNP AL
U LRI 29 3%, RStk FIRAFEAE — @ b
Bl 2 B 1

#6 WMH/URBCF, KRBEAEREIEER
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