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MS-1 AT36 TATATTAATGAATCTAGACGC ACTAATACTTCCTCCGTTC
MS-2 AT34 CAACGAACAAACCATGCAC CGGTAAGTTCAGACAATAAGG
MS-3 AQG22 TCGACATCTTCAGAAGCATGG GGTCTCAAGCAATATTCTAGAGGAC
MS-4 AG25 GAGCGCGCCTTCTCGTGTC ACGCCGCGGTCTTTAGTAATG
MS-5 GTG11 GATGATTGTTCGGATAATTGC TGCGACTTCCTTCACTACCCT
MS-6 CT11+AT13 TGTTCGGGGAGAAAAGAATAGTC AATTTTGGGCGAATGTAGC
MS-7 AT33 CAGGTGTGTATCTCGGTATCCAG AATTGTCACCGTAGCGTTAGC
MS-8 TA27 CCCCTGCTAACAAATTTGACTTCAC AGCACTTGTACAGGCAATGACT
MS-9 AG24 CACAACACGAATTAGCTAGTACC TTGATGCAGTGTACGAGACAAAG
MS-10 AT36 GGCACCATGGAGCACCAAAC GAGCCATCAGTGATGAGACCGTG
MS-11 CT18 CCGCTCCAAACTCTCCTAAAC AGCTCGCTGCCCATTGTTAC
MS-12 AT17 CCTGGTTACTGAAATAACTAACG ACTTGAACTGTTGATTTATGCC
MS-13 AT37 TGGTGTCTAAAGATCGAG ATTATGCATGTATATGTTTG
MS-14 AT29 ATCTATATACATATGCATTTG GGACTAAAGATAGAGCTGACC
MS-15 AG13 TTCCCCGCGGCCAGTTG GAGGCCCAGCATTAAAACGAGC
MS-16 CT20 GCGTTGATCAATGGCGTACTTTC ACAACTCTCAAAACGGCACGTC
MS-17 AT40 TCATACCTTAACAGTACTAGGC ATACTCAATTTCAACAATGGTG
MS-18 AT48 TGTGCATTAGATACCATGTTG ACGGACAAATTTATAGTGAC
MS-19 AT36 GCCAAAAAGAGAACTTTAGAC TGTTGTGTACCCATTAAATTGAC
MS-20 AT28 GAATGAACGTGAACGAGCTAGGG CTCCGACAACACGTCTTTTCTGC
MS-21 AT13 CGGGTCAAATACGTTAGAATG ACAAGGGGGTAGGTAGAG
MS-22 ATI19 ATTAATACTCCCTTCATTTCAG AAGACTTTCTAGTATTACCCAC
MS-23 AT24 GTCTTACATTATGAAACGGATG TGGCTTCCAGAACAACAATACTG
MS-24 CT13 CCCTCCTTTAATTTGCACCCTC GGAGAGAGCCTGCAGGGACTGAG
MS-25 CT12 GAGGTCGATGGGCCGAATCTC GAGCTCGCGCGAGAGGAG
MS-26 AG19 AAGACGACGCTACGCTACAGTACAG CTGCTCTGCTTGCTATGGACACC
MS-27 CGG15 GGAGAGCACGAGAAGAGACCCACTC GGGAAGAGAGAAGAGACGAAACAGG
MS-28 CG8 CCAGATCCGCGAAGCTCATC AGGACCACCACCACCTTCGCTACCC
MS-29 ACI10 ACCAGGGAGAGAAGGAAAGCGACTC TCTTGGTGAAATTTGCGTTCTGC
MS-30 CT9+CTT8 TCCGTATTAGAGTAGACTAGCTG CTTTAAGTAGCTGTTTGTCATGAAC
MS-31 CG8 GCTAAATCTCCTCAAACAACAACGC ATTTCCCACACCTCCCAGTACGC
MS-32 CT12 CCCACAGCTCCCTCCCTCTATC GCTGCTCATCATCTCCGTTCTGC
MS-33 CT14 CTCGAAATCGTATGACTAGGC AGTTACGTGAATACTGATGATATGC
MS-34 AGI11 GGGACCTTTACCATTGCTCG CGCCTCTCCCCAGTCTATTGTAG
MS-35 AG+CG4 CAGTGAGCTGCAAGGAAGTAGATAC GCCGATCCTGACACGACCAAC
MS-36 CT12 TAATTTGCCTCCCCGGGTTC GAGGGAGGAGGGCTCGACTC
MS-37 CT8 CGATGATGTGGAGGAGACGTG AGAAAAGCAGCACACTGAATCCTAC
MS-38 AGl4 TACAGTTGAGATCGGGATCTAAC TTGCTATATTTTCGGACGGAG
MS-39 ACS8 TAACCGATGTCAGCAGCAGCTAGCG ATGTGACGGTTGGCTCCATTATAGG
MS-40 CT13 TCGTATCTCGCCGTCGTCTC GGCGCGGCGGAGTCAT
MS-41 TA9+AC7 GTACATGAAATATAATATCCCACAC GACGTCGGGGGTGCTTTGACTGACC
MS-42 AGS8 GAGGGGGTATTGAATAGTCTTACTC CCTATGCAAGCGTAATCTATAATTC
MS-43 TCGS CGGAGGTGGCACGTCTGTCGGGAAG GGCGGTAGCGGCAACACGAG
MS-44 GT5+TG5 TTTTATTGGAGTTGGCGAAGTTCAC CCTTTAGAAAGTTGCCCCTAAC
MS-45 CT7+TA7+A CAGAGGCTTGCTTGCTTTCGTTTAC ACCTTCATACTATTGCGTTGACTTG
MS-46 AT17+GC7 ACTTCCTCCACTTTCTAGCATATTG TGCTAGAGAAGTTATAAACAACAAG
MS-47 CA13 AGTATTTTCGTAGTACAACCACAAC TTTTCAGTGAAATGAGTGATGC
MS-48 CCA6+CG6 CGAGGGCTGCAGCTATTACG ACACGAGAATTGAATGCACGAC
MS-49 TG10 CCCGGGTTCGTTGGCTTCTTCGCTC ATTCCAGCAATCACCTGTCTTCGTG
MS-50 CT8+TC6  ATCCATTCGTGCATATAACCTAACC GTGCTCTGATGAACCGATGGG
MS-51 GA20 ATAACAACTCTCAAAACGGCACGTC CTGCGTTGATCAATGGCGTACTTTC
MS-52 AGl4 CGAAATAGATATGCAAACTCGAATC AACTCGAAATCGTATGACTAGGC
MS-53 CT23 GCTTTTTACTCTACTACCGTTGCTC CTTCTTTATTCCCTCGCACTGAC
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BHEoLEZONAL. Lo L, Z® O. officinalis \Z
B LTl OKMENTE R wizo, B0 #EE
MXBLOHGT2E8ETFREHONCTLI LI
TEGholz. 72, bXMET YA LTED
EVEHLTCw 2005 HTHAH2Y, 2HEE
TIERABENTI0%EFA L TWE I NS, Z0
P, Wit 222 lET 5 L) R R 1E
HISEKNT 2D 0TIV EHESESN S,

LY DAV APN i 1 P IO JiR NN YN i
— A EZ B ORI A N DB O K&
EHPBMEE L H W20, ROV EY) ¥V —
Y EOBRPIIEHICIHETH L. 2020, O.
officinalis 3> X b ¥ ¥ AP AIR50D K
otk & FERICAE )1 0/ S WHE B OB R ST 12
FoTHDToTwAEETIE, A MEY VA
PiEZEA L 72RO BKIIAWNREETH S L Hbh
5. KEBRIZBWTY 0. officinalis DHARK %
A LZZ139R A S v 2 ¥y v i &2 R
TRMO IR % AT, RALIITIRPUE 2 R %
Mo N oz, TIEBIKITH W72/ EAD
Dlalpolzlzb bEZ6N52Y, LLALAME
v v AP AR T O/ S WO #E AT IR
ENTVWEDOTHLWREENENEEZ LDONR
BTHAHH. TNFETICHE SN TV DR ERHI
Pk, A ¥ RS AH R & HARBERGH RO > £ v
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DHEZEFOWRD72DIZIZe X M ¥V A6 T
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) R YRS T & 7 A4 OV AP G T R AL
bbb EIZEoT, 74NV BT 5 1E
PRtk 2R T E D &) L FEEHAB TS 2 L EE
ThhbrEzbM5.

5 ) &
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e i AR RPN R T 2 R L CT 247 - 72,
F72, MERNKROBABRTHLL A MEY VAITH
T AP E R T OBER LT 7.

O. rufipogon (IRGC Acc. 104814) 2 [aT v
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FRAT 2 4T > 72458, 108 X O 11MEk EICL OD
fE200L o Q T LAt &7z (B522X). #5104
BARIZIZ N E TR IKPUE D R L Tn b &
VI IR L, B iyt E T 2 B L
ReErH s EEZ LN, LAL, ZORFIINE
WHDTHo72720, SO 21T T
R 2 T R&ETH B L bh7z. 11
Yt RERICIZ S S R~ — &7 —RM22930 5 12 i
HAHEFSQT LS/, QT L AKSh
7oHEE, AR OB E{E T CTh B Stvb-iht R
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X Stvb-iz B L 72 BEEARIR S Nz, 2D 729,
FUREBAOQTLICHL Tid, %S 51Xt
Mg 70 R R T S E E 2 b,

C7 /) L HHEMTH D O. officinalis (IRGC Acc.
100947) DGtk v 2 8 A L 72 KRR 5, 6
TER PR B AR 1 & FE O Rt O R & A A 7o &b
X, 2 Oo0EPuERME (WL158RE X 'WL162) 2%
BRI N, IS OE|BUERKIIOVWTE [T
)| LU -FEMEEL, QT Lz
o 7R, W oMbk -Rkt b 11 3R R i
DS SR~—H—RM209E B AEH I O-QT L
ERHOZENWHL N RS2, ZOQT LIXEEFD
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T LIZDWTH 4% S O EERE 2 &R 70 %
WA\, Stvb-ik OREZH ST 2 LU1H
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DYARW T 2 BA L 72K R H, B XA REY
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O YA R P38 AR, — IR B o Geta ik
WD AT NDBHH OKRE SHECMBEE & 7z
O, YEH OEEIE T DAL O #IKIEIEF IC KT
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A v PRI [Modan | 12 H3R$ 2 S 3EAh s kht
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Stvb-iNOEPEZ BEA L 722 FR T RET
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/2. ZOEHIT, FE2BIUENEAKRD 2 OD
QTLIMEHINE LS00, ZNENHIMTH
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TRMEEN L, ZNENOREIE T 2 3 2 0%
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T, WEHEEIC X B MER RIS RE 2 1T - 72
FAR, 2200QTLIIRZAEHEZRSZ LWL
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Acc. 100947) DGRl 2 8 A L 72 {2 o wn
T, MM IRYIE OB ZAT - 72/, 2 DDk
Ptk (WL158RB X O'WL162) 234 57z,
WL158RB L UO'WL162% [2T AV | LML T
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W7z, THSDRMIZONWT S W VMERE 21T
VBN LD, 77 ZFEORL LB EFREIZB W T
U SIS AR SEA P B R A S - 2 L
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&, ETOIEMITHEIEMF IR Z R L. £
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Genetic analysis for the rice stripe resistance
of Japanese upland rice varieties and wild rice species.

Hideo MAEDA *

Summary

Rice stripe disease is one of the most important viral diseases affecting the rice (Oryza sativa L.) produc-
tion in the temperate regions of East Asia, especially in China, Korea and Japan. The small brown planthop-
per, Laodelphax striatellus Fallen, transmits the rice stripe virus (RSV), a causal agent of the disease. This
disease spreaded in the 1960s in Japan, and an estimated over 600,000 hectares of paddy field was damaged.
Screening of RSV-resistant rice varieties was initiated in the early 1960's, and some Indica type rice varieties
and Japanese upland rice varieties showed high resistance. An incompletely dominant gene, Stvb-i, controls
RSV resistance in Indica type varieties. Resistance in Japanese upland rice varieties was controlled by two
complementary genes, Stva and Stvb.

Breeding program of RSV-resistant rice was started using Stvb-I gene in Pakistan variety, Modan. Many
resistant varieties have been cultivated widely in Japan and these resistant varieties have shown a stable
resistance against RSV during the last 40 years. Consequently, almost all the resistant paddy rice varieties
cultivated in Japan were expected to harbor this gene. Varieties with a single resistance gene may lose their
resistance once the strain of virus changes virulence. For that reason, the other resistant genes should be
introduced to the breeding programs of RSV-resistant rice. Some resistant paddy lines were introduced the
resistance genes, Stva and Stvb, from Japanese upland rice varieties. However, these lines were also intro-
duced inferior characteristics of grains and eating qualities from the donor parents.

In this study, the QTL analysis for rice stripe resistance in the Japanese upland rice Kanto72 (URK72) was
performed. Detected QTLs were evaluated and characterized their resistance to RSV using near-isogenic
lines (NILs). DNA marker-assisted selection system for rice stripe resistance was examined. Furthermore,

novel resistant genes of wild species Oryza rufipogon and O. officinalis were studied.

1. QTL analysis for rice stripe resistance in the Japanese upland rice, Kanto72

To identify the chromosomal segments introduced from upland rice Kanto72 (URK72) into resistant proge-
ny lines, RFLP and SSR marker analysis was performed. Two resistant lines, Chugoku40 and Chugoku4l,
were investigated their graphical genotypes using 328 RFLP markers and 221 SSR markers distributed on 12
rice chromosomes. In these two resistant lines, chromosomal segments of URK72 were introgressed into
chromosomes 2, 6 and 11. RSV resistance genes were thought to be located on these chromosomal regions.

A total of 120 Fs lines derived from a cross between a susceptible variety, Nipponbare, and URK72 was
used for QTL analysis for RSV resistance. As a result, two QTLs were detected on the chromosomes 2 and
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11. The QTL on chromosome 11 showed large effect for RSV and the LOD peak was detected near a RFLP
marker G257. On the other hand, the QTL on chromosome 2 showed small effect for RSV resistance and the
LOD peak was detected near a RFLP marker C601. Although the Stva gene was reported to be located on
chromosome 6, no QTL for RSV resistance was detected on this chromosome.

In order to verify the two QTLs, we selected two informative plants NR8 (heterozygous at the QTL on
chromosome 11) and NR23 (heterozygous at the QTL on chromosome 2) from F2 plants and I used the self-
pollinated progenies of NR23 (99 plants) and NR8 (96 plants) for further QTL analyses. In these secondary
analyses, one QTL was mapped near the RFLP marker G257 on chromosome 11 and the other QTL was
mapped near SSR marker MS-11 on chromosome 2. Since the Stvb gene is allelic with the other RSV resis-
tance gene Stvb-i, which is closely linked to G257, the QTL detected on chromosome 11 was thought to corre-
spond to the Stvb gene. However, the relationship between the QTL on chromosome 2 and the resistance

gene Stva was unknown.

2. Characterization of two QTLs controlling resistance to RSV detected in the Japanese upland rice, Kanto

72.

The effects of two QTLs were evaluated using near-isogenic lines (NILs). The target QTL regions were
introduced from the donor parent Chugoku 40 in the genetic background of Koshihikari. Two NILs possess-
ing a single QTL (QTL-NILs) on chromosomes 2 and 11, respectively, were selected from BC4F2 population of
the cross between Koshihikari and Chugoku 40 with marker-assisted selection (MAS). Another line, which
was a combined QTL-NIL, was developed from the cross between the two QTL-NILs to analyze the interac-
tion of the two QTLs.

Investigation of RSV resistance using three NILs revealed that the effects of the two QTLs were clearly
differed in the reaction to RSV. The QTL on chromosome 11 had a major effect on reducing the infection
rate of RSV. The QTL on chromosome 2 did not affect the infection rate, but made symptoms of diseased
plants milder. The combined QTL-NIL showed high resistance to RSV, the infection rate and the symptom
types of diseased plants were equivalent to those of URK 72 or Chugoku 40. From these results, RSV resis-
tance identified in URK 72 was thought to be consisted of complementary effect of the two QTLs located on
chromosomes 2 and 11.

It was reported that the resistance genes, Stva and Stvb, were complementary dominant genes and each
gene has no effect against RSV independently. Although the complementary effect of the two QTLs was cor-
responding to the Stva and Stvb genes, each QTL provided the effects on the suppression of RSV infection
and on the suppression of the symptom after infection of RSV. Major agricultural traits of the three QTL-
NILs were the same to those of Koshihikari, therefore, these QTL-NILs were thought to be useful in rice

breeding for RSV resistance as the gene sources.

3. Screening and QTL analysis of the RSV resistance using wild rice species, Oryza rufipogon and O. offic-
inalis.

In order to identify novel RSV resistant genes, resistance of wild species was investigated. Firstly, wild
species O. rufipogon (A genome) was studied. The QTL analysis was performed using 172 BC2F2 lines
derived from the crossing between Koshihikari and O. rufipogon (IRGC Acc.104814). A linkage map of 12
chromosomes covering a genetic distance of 1560 cM was constructed using 145 SSR markers. As a result,
two QTLs were detected on chromosomes 10 and 11. On chromosome 10, the QTL (LOD=2.6) was found
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near SSR marker RM333 and this QTL explained about 7.7% of the total phenotypic variation. This QTL
was thought to be detected new RSV resistance gene, but it showed small effect against RSV. The QTL on
chromosome 11 (LOD=6.1) was detected near SSR marker RM229 and explained about 16.1% of the variation.

Secondly, wild species O. officinalis (C genome) was studied. Two resistant lines, WL158R and WL162,
were selected from 139 BCiF3 lines introgressed chromosomal segment from O. officinalis into cultivated rice.
Using 96 F2 plants/F3 lines derived from the crossing between Koshihikari (susceptible) and the two resistant
lines, QTL analyzes were performed using SSR markers. As results, one major QTL was detected on the
long arm of the chromosome 11 in both populations of WL158R and WL162.

In this study, the QTLs for RSV resistance were detected on the long arm of chromosome 11 using wild
species O. rufipogon and O. officinalis. The detected QTL region of the chromosome 11 was known to be
located on the resistant genes Stvb-i and Stvb. The relationships between the QTLs on the chromosome 11
and the two resistant genes were still unknown. Therefore, the relationships should clear through the

allelism tests.



