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Analysis of blast resistance genes in Longliangyou and Jingliangyou hybrid rice
varieties
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Abstract: Longke 638S and Jing 4155S, developed by Yuan Longping High-Tech Agriculture Co., Ltd. in 2014, were two
thermo-sensitive genic male sterile (TGMS) lines with disease resistance, high grain quality and combining ability for producing
mid-season indica hybrid rice. In this study, we analyzed the blast resistance evaluation data from the regional trials of the
Longliangyou and Jingliangyou hybrid rice varieties approved by the state from 2015 to 2019. Meanwhile, to provide theoretical
basis for distribution and further improvement of these hybrid rice varieties, a genotyping panel containing 16 rice blast resistance
(R) genes based on KASP (Kompetitive Allele-Specific PCR) technology was developed and used for molecular detection of these
hybrid rice varieties. The results showed that 43.92% of Longliangyou and Jingliangyou hybrid rice varieties conferred moderate
resistance to high resistance to blast disease. The mean value of integrated disease index (IDI) and highest scale of panicle blast
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severity (HSPBS) was 3.3 and 4.7, respectively. These hybrid rice varieties carried different number of R genes, ranging from 3 to
7. The average number of R genes in each variety was 5.1. The distribution frequency of the five genes including Pia, Pita, Pi2,
Pi5, and Piz were higher by more 50%, among which, it was 100% for Pia gene. In contrast, Pi9, Pi35, Pi36, and Ph] genes were
not detected in Longliangyou and Jingliangyou hybrid rice varieties. With the increase of the number of R genes in the varieties,
the mean values of IDI and HSPBS were generally decreased. In conclusion, we suggested that introduction of Pi9 into Longke
638S and Jing 4155s might lead to the further improvement of blast resistance of Longliangyou and Jingliangyou hybrid rice va-
rieties.

Keywords: rice blast; resistance gene; KASP; hybrid rice; breeding

(Magnaporthe oryzae) ,

E E

85 , ,
[1-2]
B 20 60 , KASP (Kompetitive Allele-Specific PCR) ,
, PCR, SNP
’ 100 KASP
35 [4] [15],
) QTL
[16-21]
SNP InDel KASP
[5] , [22-24]’
[6-71 KASP , 16
, KASP
5] 2018 1300 ; ;
550 (79 638S 41558
( (13 7?)
( 1 #5777
628S) (C815S
YSSS)[IO-IZ], « 1.1
, PCR 93 (148 )( 1) ,
(Amplification Refractory Mutation System PCR, 73 60 ’ 133
ARMS-PCR) , ( 1), KASP
, 30 ( 3),
(13-14] 638S 41558 1.2
Pia+Piz  PiatPita,
5 9 (http . //WWW
638S 41558 ricedata.cn/variety/index.htm, 1) ,

2

b



1073

1.3 KASP

Pit 16 ,

[25-26] NCBI (https://www.ncbi.

nlm.nih.gov/) ,
blast , SNP  InDel
RiceVarMap v2.0

>

(http://ricevarmap.ncpgr.cn/)?7

2~3 KASP
, Python
primer3-py KASP ,
KASP ()
1.4 DNA
, TPS DNA
FLU-ARMS 2xPCR Mix (
) KASP , Gene Matrix
( )
Matrix Arrayer
PCR , Matrix Cycler
PCR , PCR Touchdown
:95°C 15 min; 95°C 10s, 65~57°C
60 s, 10 ,
0.8°C;95C 10s 57C
60 s, 26 PCR
Matrix Scanner S
Matrix Master
1.5
Microsoft Excel 2019
Python statsmodels
2 HER5HH
2.1
2019
107 (205 ) , 93
(148 ) ( D

( =3 )
43.92%, 38.20%,
52.54%,
12.35% ( 1-A)
, 7
( 1-B), 1.8,
1.3; 32
s 65.63%,
3.5, 4.2;
) 8,
38.46%, 33,
5.1; 31
, 22.58%, 4
3.4, 5.0
2.2 KASP
KASP , 16
KASP KASP
, 30 (
)
, KASP s
KASP
( 3) Pi2  Pi9 , Pi2-KASP
Pi9-KASP Pi2 3
Pi9
75-1-127 2
(2
2.3
KASP ,
73
( 1) 638S 41558
Pia+Piz Pia+Pita R
Pia, Pia 73
100% ( 3-A) Pi2  Pita
, 71.2%  70.0% Pi9 Pi35 Pi36
Pbl
Pigm  Pil R

9.6%



48

DODLIDLOVVVOHOIOVLVOL wod-¢S1d
OVIDLOLVOLVOVLLOLOLLOLOVODLLLYODOVVILOVODILOOVVD XoH-C1d ageyurg
DOVIDLOLVOLVOVLILOLOLLOLOVODLODLVOLLOVVIOVOHLOOVVD we-¢1d IR D/O 0¥8°€99°6 6 Sid
JLLOOHVHODLLYVIDVOVOV wod-9¢ld
DVOLOLLOOVIVLOVVVOHLOOVLLYVODIVVILOVOOILOOVVD XOH-9¢!d oragenu]
VVOLOLLOOVOVILOVVVOLOIVIIOLVIOLLOVVIOOVOLODVVD wej-9¢1d sl i el 5 D/v LOL988°C 8 9€1d
LOVVIOVVLVOVVIIOVDILOVVIIDL won-z1d
DDDLVVODHVLVOVVVVODLLVLOIILLYODIVVILOVODILODVVD XOH-Z1d oFeyur]
DODLVVOHOVLVOVVVVODLLVLIDILIDLYILLOVVIIVOLOOVVD wei-z1d 1 /D creLeyol 9 z2d
ODDOLLVOVOVIDLVIOVOVVDIOVVD won-6!d
LODLVOVVOLLLOVVVIVLIDDDLLYVODIVVILOVOOILOOVVD XoH-6!d aFeyur
DDDLVIOVVHLLLOVVVIVILIODDLIDLVILLOVVIIVOLODOVVD we-6!d [IEERS LD 0LT68€°01 9 6!d
DOLOVVOOHLVIOIIOVVODLLLLVVL wo)-wsig
VLLOLVVOVOVLIOILOVIDLVIOVOLLYVODIOVVILOVODILOOVVD XoH-wd1d ogeyur]
DLLOLVVOVOVLIOILOVIOILVIOVDLODLVILLOVVIIOVOHLOOVVD we [-wsid [IERS V/D €T9'VLEOL 9 ws1d
LVODLVLIOLVODLVIILOLOVVIV wop-tid
VLIOOLVIODVIVIOVVVVLLLVLOLVLLOVLLVODIOVVILOVODILOOVVD XoH-Tld ageyur]
DLODLVIDVIVOVVVVLLLVIOLVLLOVIOOLVIOLLOVVIOOVOLODVVD we-71d IR V/5 SIT19€°01 9 cid
VOVVODLOIDLOVVILVIOL wod-qld
DDDLVIODLODLLYVIVVLOILLYVODIVVILOVODILOOVVD XoH-q!d ageyur]
LODLVOODILODLLYVVOVVLODLIDLVILLOVVIOOVOHLODVVD wej-qld IR OV/vV YT S60°S¢E [4 qid
O0DLOHOVIOLVIILOLLLODYV wo)-¢¢eld
LOLVLVIDLVLVLVODVIOLIIDLIODLLYDOOVVIOLOVOHDILODVVD XOH-C¢1d Jruddenu]
ODOLVLVLIOLVLVLVODVIILIIDIDLIILIODLVIOLLOVVIIVOHLODVVD we-c¢ld s I B 5 L/D 606 TF1°€E I ced
OLVVLLLODDIOLOLVIDLLYLOV wo)-1d
VVOLLOLVOLLOVODLOVOIOVVIOLLYDDIOVVILOVODILOOVVD XoH-Nd oruagenu|
OVOLLOLVOLLOVIDLOVOIOVVILIDLVILLOVVIIVOLODOVVD we-31d S I B 5 LD 159°789°C I nd
(,€—,) @ouanbas 1wl IoWLI] odA) 1oyIRIN SOOIV uonisod eorsAyq Qwosow oIy FIES)
i K Iy | & Ak il S RN BT il YAt Fd Fr

1074

SAUAS dueISISAI Ise[q L1 10j [Pued Fuid£)ouds jo uoneuwniojuy | IAqeL
ggpued FUREHYSEY 12



1075

DVOHVVDHLVIDIILLYVIIDD wo)-0Ttd
DLOLVVOVVOOHDHILIOLODVLLLYODIVVILOVODILOOVVD XoH-0¢!ld ageyur|
DLOLVVOVVOHOOILOLODVLLIDLYILLOVVIIOVHLOOVVD weJ-0¢td RS D/O0 €06°C19°01 Cl 0cld
VOVVOIOVILODOVILLVDLD won-e)ld
LLOOVLLLOLVLIOLLIOOLODLLYODDIVVILOVOOILODVVYD XoH-eild oagdenu|
DLIDVLLLOLVLOLLIDOLODLIODLYOLLOVVIIVOLODOVVD we-eyd Sl I Bl oIV ¥SSLO9°01 Cl ppd
LOOHDLVVIVVOVOLLVOVVILVD won-c9ld
DOVIVVOHLLOLLOLOLOOVVVIVVLLVOOIVVILOVOHOILOHOVVD XoH-¢9d ageyur]
VOVOVVOLLOLLOLOLODVVVIVVLIDLVILLOVVIIOVDHLODVVD weJ-¢91d e J/L $8T°STT'8T 11 co1d
LODLODOVVIDLOVLVOLOLOL wod-11d
VOLVLVVLIVOLVVOVODLLVVODLLODLLYOOIVVILOVOHOILOOVVD XoH-[!d ageyur]
DILVIVVLVOLVVIOVODLLYVIDLLODLODLVILLOVVIOVOHLOOVVD weq-11d IS DIV 9T¥'966°LT I Id
VOVLLOVOVODIVIOVVVDHOVOVILYV wod-yid
DLLOVVIOLVIIOHVVOVIOLVOLOLLLYODDIVVILOVOOILOHOVVD XoH-4Id aFeyur]
JLLOVVIDLVIIDVVOVILVOLOLLIDLVILLOVVIIOVOLODVVYD we f-y1d LIRS D/ LSS'818°LT I yid
DOVOHODLLLOLVOOVILOVDOLVD wod-19d
LLOVVODOLLLVOOVVIIOVOVOHLLYVODIOVVILOVOHOILOOVVD XOH-14d ageyur]
DLOVVOHODLLLYODVVLIOVOVOHLIDLVILLOVVIIOVOHLOOVVD wef-1qd IEERS JIV ¥98°L16°CC Il 19d
JLOLIDHOVVOVLVIOOIDLLLVY wop-eld
DLOVODLLVVVOLLVOOLVOVOVVLLYVOOIVVILOVODILODOVVD XoH-eld afeyur
DLOVODLLVVVDLLVIDLVOVOVVIIDLVIOLLOVVIOVOLOOVVD wej-eld IS J/9 YSTIYS9 I pld
(,€—,6) 2ouanbas Jownig FEITIRR ERISRESTEI S99V uonisod [edrsAyd QWIOSOWO0IY)) Quan
fig < | 16 it ST EE2E 7 BT it We i [

(2%



1076 48

A 601 B 100
90 1

S 507 80 1
§ —~ 70 1 B Highly susceptible
B 401 S .
§ < 601 B Susceptible
g 30 = 50 B Moderately susceptible
a § O Moderately resistant
E 20 - &’:’ 401 O Resistant
?31) 30 1 B Highly resistant
<
£ 10 20
o] 10 -
=%

E 0 - ; -

Longliang Jingliang Other two- All the Upper Middle  South China ~ Wuling

you you line certified  reaches of  and lower Mountain
hybrid rice hybrid rice hybrid rice regions  Yangtze River reaches of
varieties ~ varieties  varieties Yangtze River

B1 ERLSEREARIIRZEARMBERTIES R
Fig. 1 Blast resistance of Longliangyou and Jingliangyou hybrid rice varieties
A: B:

A: percentage of resistant Longliangyou, Jingliangyou and other two-line system hybrid rice varieties. B: distribution frequency of resistant
levels of Longliangyou and Jingliangyou hybrid rice varieties in different ecological regions.
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Fig. 3 Distribution and number of resistance genes in Longliangyou and Jingliangyou hybrid rice varieties
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A: distribution of resistance genes in Longliangyou and Jingliangyou hybrid rice varieties. B: number of resistance genes in Longliangyou
and Jingliangyou hybrid rice varieties. C: number of resistance genes in Longliangyou and Jingliangyou hybrid rice varieties certified in
different ecological regions.
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