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Abstract: Low selection-efficient and long cycle are the main bottle necks of conventional breeding technique.
In order to make improvement of the efficiency of variety breeding and hybridized-combination we innovated the
molecular breeding strategy in rice. Then we carried out molecular improvement of restorer line and evaluation of
new hybrid combination by multiple genes pyramiding and early-generation hybridized combination. The donor par—
ent H318 was hybridized with restorer parent Huazhan and we constructed the multiple genes pyramiding technolo—
gy by selection and design molecular markers and performed pyramiding-improvement application with 6 functional
genes for grain quality fragrance and disease resistance including Wx' fgr Xa23 Pi2 Pi46 and Pita. As the re—
sult we achieved a series of 14 stable rice lines with genetic background of restorer line Huazhan homozygous tar—
get-genes and high grain—quality double—esistant and fragrance. In accordance with stable-inheritance properties i—
deas of early—generation hybridized combination was raised. Test cross of improved lines with CMS lines in produc—
tion practice of NingA and C815S were carried out and performance of new hybrid combination was evaluated
therefore potential superior hybrid rice was screened and achieved. In this study breeding programs adopted the
strategy of multiple genes pyramiding-early-generation hybridized combination this method could realize the quick

pyramiding of multiple favorable genes targeted improvement of key traits of grain quality and disease—resistant pro—
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motion of high-efficiency breeding of hybrid rice.
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Tab.1 Information on the molecular markers
(5-39
Target gene ~ Marker Primer and sequences Types
Wx Wx-GT Wx-0-F¥ AATAACTGCAGTCTCTCTCTCTCT SNP
Wx-0O-R TCAGGACATATATATGGATCTTGG
Wx-T¥ ATCAGGAAGAACATCTGCAgGT
Wx-GR GAAACAAAGAATTATAAACATATATGTACAC
far for-£7FM far-0F CTTCCTTCAGGTGTGCTAAACA InDel
Jer-OR GAATGATGCTCAAAGTGTCTTGA
Jer¥ GGGAGTTATGAAACTGGTAAAAAGA
farR AACCATAGGAGCAGCTGAAATA
Xa23 M-Xa23 F TTGCTCAAGGCTAGGAAAATG STS
R CCCCATCAACGAACTACAGG
Pi46 RM224 F ATCGATCGATCTTCACGAGG SSR
R TGCTATAAAAGGCATTCGGG
P2 AP22 F GTGCATGAGTCCAGCTCAAA SSR
R GTGTACTCCCATGGCTGCTC
Pita Pita-GT Pita-T¥ TCTGCCGTGGCTTCTATCTTTACLTT SNP
Pita-GR AAGTCAGGTTGAAGATGCATgGC
Pita-0-F CTCTTATGGTTGATATACAATGGGTGGA
Pita-OR ACCTCTACTCTGAAGACGTGAAGAGGA
Rf3 RM10338 F GTGAAGTTTCCCTCGGAATCACG SSR
R AGCTAGGGAGAAGAAGCGGAAGC
R4 RM6100 F TCCTCTACCAGTACCGCACC SSR
R GCTGGATCACAGATCATTGC

Note: The bases of lowercase letter in the primer sequences are the introduced mismatch bases; Bases underlined are the allelic variation bases.
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Tab.2 Performance of principal grain quality traits in the parental cultivars and improved breeding lines
No. Pita Pid6 Pi2 Xa23 far Wx Rf3 R4
Al2 + H + H H + + +
BO1 + H + H H + + +
B07 + H + H H + + +
B09 + H + H H + + +
B12 + H + H H + + +
C02 + H + H H + + +
CO5 + H + H H + + +
C09 + H + H H + + +
C12 + H + H H + + +
D10 + H + H H + + +
EO06 + H + H H + + +
FO1 + H + H H + + +
FO3 + H + H + + + +
F0O9 + H + H H + + +
F11 + H + H H + + +
G09 + H + H H + + +
HO6 + H + H H + + +
Lo+ . H.
Note: +. Elite allele; H. Heterozygote.
#&Y Huazhan x Z3EF H318
Wxb+Pi2 Wxb+Xa23+Pid6+Pita+fgr EHARSWER
MG-R(Restorer lines)
45 HuazhanxF, Wx"+P1'2+XaZ3A+Pi46+Pita+fgr
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MG-new hybrid rice combinations
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Fig.2 The schematic working flow of molecular improvement based on the strategy of
'""Multiple genes pyramiding-early-generation hybridized combination' in rice
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Tab.3 Investigation of major grain quality traits and in the disease resistance for
parental cultivars and improved breeding lines
Line Genotype /% Fragrance LWR /% 1% DEC Baclefial blight Blast resistance
AC PGWC resistance I I
Huazhan Wx" + Pi2 14.17 - 3.1 21.96  10.17 S MR R
H318  Wx" +fgr + Xa23 + 14.92  + + + 3.0 14.62 4.69 R R R
MG-Line H318 Pi46( 1) + Pita
RH9621 12.02 + + 3.1 13.69 7.51 R - R
R-9862 14.36  + + + 3.0 5.66 1.67 R R R
R-9913 18.01 + + 3.0 23.60 5.92 R R R
R-9935 10.24 3.0 13.65 8.47 R R R
R-20133 14.92 + 3.1 19.05 7.99 R R -
R-20244 15.67 + + 3.1 11.54 2.70 - R -
R-20314 Wx" +for + Xa23 +Pi2  13.42 + 3.0 17.82 8.99 R R HR
R-20321 + Pi46(t) + Pita 12.02 + + 2.9 26.45 5.45 R R HR
R-20436 14.08 + 3.2 8.91 6.03 - R -
R20765 10.05 3.1 15.89 7.73 R - R
R-21035 13.14 3.0 16.77 4.06 R R R
R-21056 13.42 + + 3.0 13.68 7.07 R - R
R-21064 13.52 + + + 2.9 7.66 4.54 R HR HR
R-21553 14.64 + + 3.2 36.84 15.12 - R -
T AC. ; LWR. ; PGWC. ; DEC. I ; 1.2016 ; 11.2016

Note: AC. Amylose content; LWR. Length-width ratio, PGWC. Percentage of grain with chalkiness;
fragrant; [ . Early season of 2016; II . Late season of 2016.

DEC. Degree of endosperm chalkiness; + . Indicates
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Tab.4 The major agronomic traits of the F, of hybridized combination for the improved lines
VS )
(J. S Line /em /g /g /g 1% SR /% /% /% [/ mm / mm LWR % 1%
line PH PWPP PNPP TGW KGW BRR MRY HRY GL GW POWC DEC
A CK 104.2  29.3 10.67 26.20 21.53 75.28 80.64 68.08 60.13 9.43 2,44 3.89 17.07 4.2

Ning A R49862 110.1 30.1 9.33 27.20 22.07 82.02 80.93 66.30 59.41 9.12 2.45 3.73 18.27 3.2
R20314 98.5 22.7 8.33 19.87 20.80 68.57 79.76 68.47 60.54 9.58 2.37 4.06 16.22 2.4
R21035 108.8 26.3 8.00 24.13 22.73 82.98 79.92 67.45 53.05 9.57 2.41 3.9 21.70 3.3
R21056 106.8 28.5 8.67 25.90 22.67 81.64 79.97 69.12 59.30 9.47 2,40 3.97 4.67 1.4
R21064 115.8 27.0 7.33 24.87 23.60 85.57 79.95 67.43 62.45 9.51 2.35 4.06 12.26 0.7
c815s CK 110.3  26.3 8.33 23.47 22.93 78.43 78.89 58.57 43.12 9.58 2.30 4.18 14.56 2.2
R49862 103.0 25.7 9.33 21.93 23.07 68.37 79.97 72.36 63.66 8.84 2.57 3.45 24.04 5.6
R49913  96.7 26.7 10.00 23.20 23.20 73.46 80.23 70.42 58.73 9.60 2.54 3.79 15.00 3.0
R20133 103.2 29.5 9.33 25.13 23.60 68.43 80.29 69.31 58.47 9.53 2.57 3.72 17.93 13.3
R20314 112.8 23.3 6.33 19.97 24.30 72.25 79.33 70.00 59.33 9.74 2.56 3.83 12.15 9.3
R20765 107.7 30.5 9.33 26.40 23.73 67.07 79.39 68.02 60.68 9.41 2.62 3.60 15.45 1.9
R21035 109.7 26.9  9.33 22.27 23.40 58.50 79.20 66.27 54.98 9.23 2.65 3.50 24.41 4.5
R21056 108.7 31.2 8.67 27.10 24.93 69.40 78.56 66.91 61.46 9.57 2.55 3.76 13.16 8.7
R21064 106.8 28.4  9.33 24.00 24.67 64.04 79.58 71.11 66.39 9.38 2.52 3.73 15.32 9.5

: CMS line. ; PH. ; PWPP. ; PNPP. ; TGW. ; KGW. ; SR. ; BRR.
MRY. ; HRY. ; GL. , GW. ; LWR. , PGWC. ; DEC. .
Note: CMS line. Cytoplasmic male-sterile line; PH. Plant height; PWPP. Panicles weight per plant; PNPP. Panicles number per plant; TGW. Total
grain weight; KGW. 1000 grain weight; SR. Seed setting rate; BRR. Brown rice rate; MRY. Milled rice rate; HRY. Head rice yield; GL. Grain length;
GW. Grain width; LWR. Length-width ratio; PGWC. Percentage of grain with chalkiness; DEC. Degree of endosperm chalkiness.
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