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Abstract The development of Japonica hybrid rice is of great significance to ensure supply of good quality
Japonica rice and food security in China. Aiming at the problems of late growth period, unstable yield, and the
need to improve rice quality and seed production yield of Japonica hybrid rice, a new Japonica hybrid rice
combination 'Shenyou28' with early maturity, good quality, blast resistance, stable and high yield and easy seed
production was developed by using molecular breeding techniques including high-density rice gene chip.
'Shenyou28', bred by Shanghai Academy of Agricultural Sciences, is a three-line Japonica hybrid rice with
'Shen21A' as sterile line and 'Shenhui26-28' as restorer line. For two-year regional trials, the average output were
10 588.5 kg/hm?2, which was 11.6% higher than the control variety 'Huayoul4'. For the one-year production trial,
the output reached 10 473.0 kg/hm? which was 4.8% higher than the control variety 'Huayoul4'. 'Shenyou28' has
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good quality, reaching the second grade of national standard, and has fragrance because it carries fragrance gene

badh2-p-5'UTR. It also has good resistance to rice blast and bacterial blight because it aggregates the rice blast

resistance genes Pi2, Pita, Pib, Pi9, Pi54, Pikm, Pit, and bacterial blight resistance gene Xa21. It was approved by

the Crop Variety Certification Committee of Shanghai in 2020. The breeding process, variety characteristics and

key points of high yield mechanized seed production technology of 'Shenyou28' are introduced in this study.

Keywords Japonica hybrid rice; 'Shenyou28'; Molecular marker; Good quality; Disease resistance

IKFE(Oryza sativa L) AFREEE — KA EAED,
FEE R T A ERE SRR 40% A4, W OR R
EfR e TEETTR. BEE ATER KT
P, BRI SR A M R AR T R Ak, FH IR ANz 1514
FINZ 15 0 3 A0, A K TR 101 JB SR 3 4 A R A7 ¥ 9%
R R, AH H AT AR EROCE L B AR E D UL
ANE A RE AN COREK, [ YRR P & OIS R
AR RARTE T TR, IRBERORAE R 202 R E 4 AR
TRAME Al KR AAS R A2 1 o B A = B AN
JERERAEN () BIR AR, Z4aCRIRS AR ELA S T
L&A E (0 R, SR % S AERE 1) R BV BN RN
I A7 8 4 28 6 R oA T ARUAS o 6 R e A D AL
5%/ A, A MR I R R 2 Al (AR A %248, 2019a).

L4 E Fh B E AL MR R RN R 4k
ITHERE, R A% B 5 2R 5, R 2 F A
LA DNA ZKF F EE e FE R R B, AT 2 3%
P IR ACRANER T, B AT, DL T bRic i Bhik
PR PRI AP B PR ARTE KR A s & R
TR 2L AR F (B AR, 2017; #8555, 2019).
SSR &AL G 1 T A icAF TEAR I B /> . BRI 27
5 FEARIRG I 2 12 2% ))& 6k [, B DNA U7 B
(RS R J , W A KK B, A Rt 7 K FE &
N 0 f67 Ak 2 PR 2EL 000 5 1) FF &, SNP AR 12 7E /K A& 40
THEMPELZRH . R AR SNP [ E
BFB, TSRS T8 KRG & RS
(R RSB T S%of 7K e 2 PR T il AT 1) R v
R, A AR DU R DR 1 2 A T B
PE SNP A8 A i1, FEBIE B DU B 5 A L R
B[R, BT AR PR R, BERR T J AL
RS, 2016; BRM 45, 2018). EFxf H A _Lifg
X AP EFRM A RAGE B mIE. &
ANFRTE P OB AL R 22 55 1) j, AT LA 5t
FAZFAR N TR, 45 7R v B B i IR S B ARl
BB T RGBT AR T 5 T
(A AR R 4L R A 28, T 2020 4EilL T L
T it ot 8 2 (B G 52 3P B RS 2020002), 7E K VL
UL X BB R . AN AT R

28" 1 B IR RFAERE M 2 e P U AL il A AR o
14ERESH
L1'BRL 28 E B &t

ZUTE,ANH R H2IA RIAE MR T, B
K R T 2, bR, 7 BE 0, R 4R, G
H-HE, J5 B BARE 75, SRS R R 130 K 424, Tk
H 24 o, PLEESER, KL R, A&WRE S Thridks
W, #E747 badh2-p-5'UTR TR, FHAE ) LT, 1
mR H AR, FFEERS (A EZEAEHTE 10: 30~12: 30,
AR, P T, FAC s S . A A HERE T
WAL R WK 26-28' RILFK &, 4 BE J) 5, Ak 7Y
B, KR 2, BERE, FFEH, TR 26 g, At
G710, FE AR AR (AT 24, 2019b), KR, 4
FH, AR, L2, feky 8K (K 1), B AL
FRELIT A, FERTER R, IR — T AR (8] 7E 10:
30~13: 00, H I B A REIRFFECR B IE M =, 2 T
HUBR AL 1) o

R A2 B = A 1 X KR g R 3, R FH /K R
o B B RS 0 9 ANFRIRAR P R AT
RERVHTREL, ANE R 21A #5717 F SRR i
PRI Pita F Pi2, PKE R ' HIPK 26-28' 4577 32 80 F
SRR PUIEEE P19, it — PRI H o FArid X 4 AR
J93 DU FE (K] Pib Pi54- Pit~ Pikm BEAT R 8L, HA
21A &5 Pir M1 Pib," Yk 26-28' 18 A Pikm F
Pi54, KL ' H1 21A 5 ' Bk 26-28' 28 AC L 4H W] LA SR
A Pita~PibPi2Pi9-Pi54Pikm F Pit % 7 M FEIE IR
FRUAPUERE, 5 T3 YU RGIE o 2 SRR B AL
I P 7K e v 2 L RS 6 5 A (1 A R 1 3 T
HEAT B RL A0 HT, KB H 21A" ALY HiK 26-28' $44%
HAMASRPUIERER Xa2l o

W K 26-28' 55 ' B 21A MRS EC AL, 2 S A
RIMFHEA LA DL = B, T 2020 F
7 Al T BT R E
1.2' B 28 FERM

2018~2019 4F ' HRAR 28 #E 2 W FEAT (FEAT) 52
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Table 1 Comparison of pollen number of single anther, spikelets per panicle and effective panicle number between restorer lines 'Shen-

hui26-28' and 'Fan 14'

ZFR HH% 26-28 % 14/CK AN 43 (%)

Name Shenhui 26-28 Fan14/CK Percentage increase (%)
FRAEZ IR AL 2306.0 1820.0 26.7

Pollen number of single anther

TREBE R 176.2 165.3 6.6

Spikelets per panicle

HRFE(10Yhm?) 267.0 253.5 53

Effective panicle number (10%hm?)

G IO (OB ) 22 1 1 2 (R 22 I AR B (B )
SEH T SR A (B S WA M (R ) A IR (A
JIE) &t AT 2 i S E R TE A, 2018 4T 3577 & 10
880.4 kg/hm?, HOGTHE ' TEAR 14" 37 12.6%, 2019 4
S 72 & 10 705.7 kg/hm?, B0 IR AL 140 3 7
8.1% (3 2).2019 ' HI{ 28" 7E _Lifg VL . 2T
P VT 750 S MR YE R, R R 47, HAh 7R W 5% 2%
T 78 3 KR /A 2 10 731.0 kg/hm?,

"HIAR 28' T 2018~2019 £S5 N i T 44 A8 AF F
XIARL, V477 &8 10 588.5 kg/hm?, X} HE 4% 7=
11.6%, I/=H 0352019 ES N g 42 fg A=
FARE, P EIAF] 10 473.0 kg /hm?, B0t R 77 4.8%
(£ 3). " Wl 28 R I = AR, FEK YL R X
BRI T T2 W IE R
1.3' BB 28 REMEIR

VAR 28' FE R AR R R A A A E A
155 d, B0 R B 14 B30 6 d, RV R, H
T G [F) G AEAE DT & o % PR BLE 1, 43 B
J158, M Sk, BTG B 17.1 em, BERRL 2, i
RIp &g, EHRIE, FPREREENR, 4550k mik
92.0%, t 1 115.0 cm, PLfEI1E5E, BF 667 m? 4 2L
17.4x10%, R R %L 193.6 1, TRLE 26.8 go

1.4 ' B 28 TERmMRERE

2 1T R BRI RO R ARG K K
1) i SR A B W O R B 1 R 28 B TR
KB EEEEN T EZ I, AR AR T
FEl FR AR J57 oK — 2 b #E (KB N'Y/T593-2013 (& FH 7
AR AR, HAR AR 3%, BAHERN
0.4%, BEHE AN 1 H(GE 4), SP R R BIE H R
HIAR 28" KA R, B A bk B0 7 25 6 R e i
ol JO R K

1.5' 1k 28 IfmtELERE

FATKEREE A AR 28 ZE bty PRt
5, XTI 975 R A 9 250 B LA pi ik . 2019 4 1
ETT A F ARHET R 5% O RT3 8 A Bl 2 B
HHATEEAN Y2, AR 28" FHLE P EL(HR), PUEUE
(R), FPUHE(MR), FEIEIR 25 A PUHEPE A PLR); X
F A 7 42 P s 5 o, HRAIG 28" X A AR R AR R
FUF AR PX079 1 JS49-6 ELA 5 i btk
1.6' B{E 28 BV FI T AR E 5
() BB REA G 22 1

VEHAR 28" SXREATE [F] I HE A RS ARG I T, XA
BRI B REACIR 4 d, Sy A A BEAS il s 2% 7€ HA AR
1, A B 26-28' F 5 H 15 HAI 5 H 22 Hr i
HIHEFh, BEAS B 21A" T 6 F 7 HEERRA . REAR:
BLREM, R 90 g T45 ; QAR I B B, Ak HH 5
8 225 kg/hm?, FRAR 55 VIS B LG540, (R 7K .
(=) & B E SCREARAT LA 3R

HERLATL G Bh 2K B A BREARAT LB N 2:7~2:8, 4T
PREE BN 25%13 cm, PRIE BEARSEA T 75%10* £k /hm?
Ao XA IR 26-28" BREARTRFT 10 d A2 4 #dd
(6/20 HAAD), FER T JEHUIAEEAS " 1 21A", BRIVt -
(=) LB i 7K B B, ) S 4 sl e A

VERAIC 28" il A RE A R Img it R R AR
A2, B R, (it 5B, DMRIEREARTERE 3R S5 25~30
d B HIAF) 300~330x10% 1 /hm?, 54 90~105%10*
T /hm?e 7K 3R H UG I 4 BE AR K, di H ISR U
Tl 3 R A ) SR o
(V9 K Bf 1R 47 A6 300 F50 0 0 i 2

7 AJEEEA T 21A" A5 IS, BEAS i SR 2%
225 kg/hm?, AN FE A6 FF 46 S il b HH RS2 E TR K . TR
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1£22018~2019 FEASHEREHL S HL 28' 2 e P BRI
Table 2 Yield performance of multi-point identification of the
new Japonica hybrid rice combination 'Shenyou28' in 2018 and

2019, respectively

Hhy o BN 7= & (kg/hm?) H7(%)
Year Test place Yield (kg/hm?) Yield
FAL 28 e 14 increase (%)
Shenyou 28  Huayou 14
2018  JEAT 11 524.5 9 126.0 26.3
Zhuanghang
pyill] 10 920.2 9567.3 14.1
Guangming
phiEn] 10 479.0 9793.5 7.0
Pandian
i 11355.0 10417.5 9.0
Zhuqgiao
sr 11 130.0 9228.0 20.6
Shangshi
T 9337.5 8962.5 4.2
Quzhou
A 11416.5 10 645.5 7.2
Hefei
1 10 880.4 9677.2 12.6
Average
2019  JEAT 10 276.5 9975.0 3.0
Zhuanghang
il 10 899.0 9706.5 12.3
Guangming
i 93525 9295.5 0.6
Pandian
i 11 607.0 10 867.5 6.8
Zhuqgiao
sr 10375.5 9082.5 14.2
Shangshi
1 10192.5 9 186.0 11.0
Quzhou
A 12 237.0 11 260.5 8.7
Hefei
1 10 705.7 9910.5 8.1
Average

i, B 7 AT iR%ERE 3 d HEUHK N 5 IZ H T R 4)
MR EIFRAT KB, ARG AR
A TR S 177, ) 4k S 0F B3 A it U0 5 e A I
RIKHE, it BEA 18] 5 4T, R AESCAIR Tk .
A TIRCR A— I A B 12 d 6 i f
() eiit 73 55 3R SAUBAL i LA

BEA T HE21A (81 - e, T 7E WL ARE 5% [l

MABEN L LSS AT HUAEI v, F0 25 81 K R 1Y
1/3~2/3. R TETHOB, SCAR T F) £ 810 2/3 (R4
&, 2017). WLAEHAEIH 5 XA BT AR BF R 90 g/hm?,
B R A BRG] 78 & 90 g/hm?, EIH 555 2 d A
MUBEEE ¥ 1 R EE ¥ B 18] — A 7E 10:50~12:30, DABE
ATFAE I 8] g, B AN SR B, BER% 20~30 min HE AR
1 UK, B I R AR IE 5 A o
()WL B R ik

TR TR IR (G B2 /B, fE3, sl
BRI A A CSR J5 ) A L P A 22 Bk A bk, PRAE A7 4l
J&, A AW R H )56 & 4% 5 T ATLARUSC SR B A
il Fft B o7 B IE AR R, RAENCE S R B AL
T REATRE 1%, AT ORIE R 226

2 11ig

F T FEARTIT K I SNP bric CIFEE] 12 5
TKFESFEBMBEA, I ERIF R KRG &%
DRSS g ek x5 A X 3k D R B R e [X B — 2 2 7
PEFRIC IS 3 BT (RS LA BT, SEI T X /K R 22
PR T HEIE DR () DL A Afy % 58 (BB 7545, 2018).
AHIEFER FH 7R v 23 2 DR 6 X A A i el o
A — b E (I A R UM SR R AT T4
E, FE R AP ER A GIE T N T
RS ELA

FIm e At It e e KRR e —, B
AT IR 35%~50% (1451 2k (Singh et al., 2015),
T E B L A R TE N . R A R R PR B U
PEKFE B i AR B 2 B VR RE IR B A R A
R T CREREE, 2019). T RS S5 /KRB 1)
FAERF A R S R UG, R 99 B 1) S 1 AR 5
x4 W5y B — B/ BRG0P R R ) e VT 2k
RKpitk(Lietal, 2017; 48 P45, 2019). HET O wkE
FIRB IR DU SE IR 2 /0 35 AN(Ralk 3 4%, 2020), HH
ZHCO R PR, 2RSS T F—1
A, AT AR SE P, — @ FR B AT LA A
T R 58 2B B /NFR T 14 7K S (Sakowicz et al., 2004;
FMESE, 2020), BRI, JA REER 2 1 2 SOFRIE i i
P 35 DR 2 8 1 2 A8 R R e s B M KT 1 B RO
1, TEKFERAS B /T AT S AT R R R b tE 5
DAL ) TR, 38 A B A PR R TR AR 2 1)
TR PUESE R, T SEBILX 4% F— A 0 FSIs R It
PETRIN . AT BAR 28' ARG T RS T
PEIEIK Pita Pib~Pi54-Pikm~Pit, R E T SR
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Table 3 Regional trials and production trial yield of 'Shenyou28' in 2018 and 2019, respectively

2153 HE Ay 7= & (kg/hm?) (%)
Group Year Yield (kg/hm?) Yield increase (%)
L 28 e 14
Shenyou28 Huayoul4
X3 2018 10 126.5 9018.0 12.3
Municipal regional trial 2019 11 050.5 9 955.5 11.0
T 10 588.5 9486.8 11.6
Average
AR 2019 10473.0 9993.0 4.8

Municipal production trial

R A4 A AT FRREAK 2 1) i 53 2 M A B0 bt RS 28" it o I 2R
Table 4 Quality test results of 'Shenyou28' from rice and product quality inspection center of Ministry of Agriculture

WA — AR KR HE M5 45 2R
Project First class standard of high quality rice Test result
HEK (%) =83 81.9
Brown rice rate (%)

FEAE (%) - 240
Milled rice rate (%)

B K (%) =69 72.3
Head rice rate (%)

B R (%) - 3
Chalkiness rate (%)

I H (%) <1.0 0.4
Chalkiness degree (%)

Y <l 1
transparency

HHEER & E(%) 13~18 18.4
Amylose content (%)

U RIERIEN =7.0 7.0
Alkali dissipation value

JEE A 5 (mm) =70 79

Gel consistency (mm)

Pi2 Al Pi9, 2 7 FARE R PitE R 4F . Fom i o 1k
Pk R AN B Fh SR S A 28 A AR BUR B A B
IS FH A I8 R R AT AP B
FeAZ KA HE L 0 R P B B = L
R SRR E K DA B SCHE A, 2020). 2R, I
SoAE Je SRR MR T AR B T R R, st R A,
I = R RN AR e A B BRI, PR R T
SR A WIHE T . AT IKTER T A B A AL
PRAL T S A A K FE A R, R it A A8 KR i —
R R 2 B (R R B AN E, 2010).  ZA0 KRG
BreaA AR 28 BEA ' HI 21A" B FRIE S M T

TS K S 20 48 S AR AR R, SO R 26-28"
HATEm R FER R . BEAEII BRI A S5y
PE, BRI B 28" 5 T HUBAL SRR, B w7 il A
R o RIS ' L 28" SCBEA HE 72 1 ALk A il
Fift S BEAAT L AU b EH AT A8 B L AL
Wt 7 5 R UL AR S BOR B R G /e, 3]
HEAT T R ACAERG " AR 28" AU R R, A
F TSR ASHERG " HAR 28" P A 7= 2 FEA IR AL,
B et ) o e R, B AR AR A, AR 28" KT AR
HEST R T 1 I S

FEA SRR AR R 2%, Jedh— AR ARE
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R R e, (HHREA B4 =2 F2 A8, KRR & A4
T 53, BT DA A ARG K T o R T RURE R, T
SEAMT T, — MRS ARG VR G T PR R (X4 4,
2007). it b, ANE RMWKE 2K R, Hp#E
V) 8 THOK B 48 b5 22 S 00y, B T ) H RS I 2 2
Ao AR ZEN, RABEBRTAE R ' H 21A" F
MR Z ' HK 26-28' BEATRCAL, A T 0 2%
SCREREG T A AR AL 28", iZ SRR PR R AL R, G
AMULE RS T R R, EEARCR 3%, EEE
0.4%, ZHIFE 1,3 DR brIIE 3] T B br—g im0
KArdE o ' I 28" FRILAHI R R = far= 4t
TP, Sy THUBAG IR, LER VT T Ui DX 48R H i
5t R

REZEEES Dby
34t A

BER AR FE B 21A AL K 26-28', 1 HA
21A" A2 2015 SFHFEZEURIER R B 21 5EREAF
A OA! AT SR A B e R A E R,
2017 FEANE R EMRGE, RS 90.8 om, BOGIEEE;
FERUR A A K 26-28' /& 2016 S IEZEAE ' HIK 26"
ZRpE h RE AL RAR R, JEUG I 104 d 4, 8
FPK 26' 25 1~2 d.

32" 21A" FI Y HI K 26-28" HiH F A R &L R 145 F
Fric

I KRG e % P R RS o+ F 21 A R K
26-28" T I3 A A P R R AT T RS B )
BT o PO JEE DR SR 250 43 B i ok R IX 4k A R TR
R 100 kb DXIURE S ) —2H 2 A AR I, KRR S
SO AU AT A, A B S
£, 45 78 9% % P vE B Kl PilPi2<Pi5Pi9-Pia~Pid2+
Pid3- Pigm~Pita VA J R U EE N val3Xa2l
Xa23xa5 R Xa7, 53 BT KL 77 ¥ 2 DL SCHR (Chen et
al., 2014).

N T RS B 2 R TR PP R RITE RN SR AR A
G R SCHERFRIE (1 B BEME 2T FR i 6] R B
£ A Pib (Fjellstrom et al., 2004; X172, 2008) Pi54
(Pikh) (Sharma et al., 2010; Ramkumar et al., 2011). Pit
(Hayashi et al., 2010)-Pikm (Ashikawa et al., 2008)i
177 r FAmc R, R m v B D Pib \Pis4 A Pit
519045 B \PCR 19 DL K 7= Wkar Wl 7 12 2 MR SR (i
T 4R, 2018); Pikm £l 77 VA S ISR (R IE 5 4%,
2017); X P AN 1 AR A R TR 100 A ) 7 2 2 R SR

(Shi et al., 2014).
1E& ook

A L REAHTTCHIHAT NI 53 LI 2 R E 4l
SHTRARRSCE A RS 50 T ARk A £
s INES SEHRRSE. T G SCRIRR K12
o5 A AR TR 22 IS B SR VR RE ANk RE S 5 Bl R
50 H ;s BRI AR AR AT H 55T N, 455K
B IR SCEAEAME S . AR A & 0 b 132 9 7] o
A,

Brigt

AHI 5T T K RE AR R w0 E (7
BB 7202005 3 5). LRI S B AR L
AT H (18XD1424300) - ifg 7 A Mk k2 Bt w1 e 4] A
B (R B 2017(A-05)) A1 _E i TR BT AT 30T
R L AU H (19391900400) 4[] %5 Bl .
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