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5 ERZEEGIFIR S FAEGEET BRI ERE « &0 ROEE S > 1 1992 4 Jena ef ol "OLLTE
FEIHESZ Y BC,Fy AT R K E AN - SITEER 4 R (ol 1 = ARzt sl hT R Fn Bt KA - 45 12 Rt
A — (EFEEE L HTIE B BR - Ishii er al. (1994)V7RFI ] RELP fZEE7E MBI A HBIE 12 G mas
FEGUESERAEEE 3.68cM 1Y RG457 » LUK 10 {5 b BLHi M 5K FHEE 9.96¢M # CDO9S 411t 3 i
SHE R MAS MR VIMEERE L CER SR » SCEHM BB R 2 A0S 5 FY o

1997 4 Huang et al. "OFI| IS HEAZ 1 4 B 288 (double haploid » DH)Y& B MK » JRE IR
12 R R E IR64 WUHIIEEER Bph-1 » WLTTREEASFAEFR O. australiensis "EH) Bph-10(1)5 R — 1%
A o Alam K Cohen'” [l {5 FH RIS 3219 DH ?ﬁﬁiﬁﬁﬁ%ﬁﬂ"}?ﬁ%’lﬁﬂﬁ%@(Quantitative trait
loci, QTL) 73 #T » #5 R FIITE 6 R fE b - 3 7 { QTL E2HTMEAHRE » WifF{E QTL FraLhirm ot 5
RSB 5.1~16.6%.ZH © 1999 7 Jeon er al "VFI| ] RAPD 2% H B B 5 14 5 K M8 4509 OPD-7 2
700bp » HGHE DG B SSR G METT B AL - HEFRIL 700 bp EEEEEE Bph-1 BRI S FEIMIES
12 1R B8 b > B2 Bph-1 SR )58 58 © Huang er al. "R FIRERE S B, 15 (0EITHHIRE » 65 BB TAESS 3 ~
4 RGBS bR SRR IR S e 72 L R (55 [T B S AT 2200 10 (R HTA8 FRERIL R Fh iy 9 (B A [l -2002
F Xueral" DRl HZHEME B REME 5 REET 7 8 QTLs BT AHRI Tkt 7 {8 QTLs
IRIGIRAE 1~3~5~8 K 11 48 F > ol fEn 8 E8RES 3.3-16.9% °
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TFHEGE » DI sE B LU - Al fE R A SR Bh L B B T B MR B RR » W B4
aME TIF > RmE RN -
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BHBER O.rufipogon XK > AITHIHEMRE 1~ 2~ 3 AV IE RS RE - LABBY  (2H H A5
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e MR E P REABMERD A HEYRERGIETRE - B8 NEGRE @R
RS > BIEIETE 72 SMEGR) A PISBMSTE Mudgo ~ H105 KRS E B SEE hIER 1 98 > ffhpg 5
BEIEN BERREREHE  RABFQEALKEBMS REE B0 —3 BHEMRAIE » BEE
KB 2—3 S8 RSN IRAEEEMER > PR ENEBN DR ZHREI5 LIRS
FAK I FEFT (International Rice Research Institute, IRRDZ] EHIIZHE Sk 15 o i L= FEEFESERET R
F (A HEEERE - & = FE R 2 ER R ES R - 5 102 MRS ENSERIES IS
507 5 BB 7T ER - BRAYUEFAEEEL T :

0 % : MEHL(HR) » HEH = HIK
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58 : FBHIMR) > TEFRBAREEE (L R B LB 10~25% 2 Akl 25

78 RES) 0 172 DLEHERRIGZE SO T o HERNEIR R IR AL s BN IR 1
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8357 B & T R IR % B L BRI PE SO BB LR 40 (AT MR » BELE 78 EAT4: b LR
RS » AR 2SS RBEFLH - HLUE— = AERIIBHMHE > FL£ - LERIS
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FAEF-FE 1 -F_FE 3| F=FF 37 HLRHASEEREE 69 ¥ » ZIBEH
(trangressive segregation) ° [MM#& HHAF &5 58 77 3 M7 A7 ik B P 18 2838 828 (h2) 5 73.9% (3% 1) » TRCHsm]
RE B E R R PEH LSt & HES -
DFEGEEEHEBIL BT

ARG B FH IR E] 135 AR DNA 7 7125 » HEdhfa 57 78 {Hl RAPD ~ 12 {[ SSLP - 4 {i
ISSLP ~ 2 {i&l STS & 3 {f SSLP+STS 7 F1%aE » # 7 —{HE & 13(A~M)EHEREEITFE BFE9 F 3L
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1. OKIEER 69 58 XHOL.Z 160 Fo T4 b R IE T AR Z BRI M &8 75 i &
Table 1. The combined ANOVA of resistance to brown planthopper for 160 F,-derived lines of rice TNG69xKHK

population
Source of variation df MS EMS F Pr>F
Years (Y) 2 288.654 14.44 0.0289
Replication (R)/Y 3 19.988
Lines (L) 159 25.288 Ml=06%+R 6 %+RY ¢ % 6.98 0.0001
LxY 318 6.593 M2=0c’+Ro % 1.82 0.0001
Error 477 3.621 M3=0c2

0 %=M3=3.62; 0 %,=M2-M3 +R=1.49; 0, =M1-M2 + R.Y=3.12; 0 %,=M1+R.Y=4.21; h% = 0 %, + 0 2,;,=0.739

R 2. KIAGE 69 9 X BOLZ Fo (T4 R 2 Ik B B b B AR - 77 38 4 3 A7 0 72
Table 2. The chi-square test for goodness of fit to the ratios of susceptible to resistant lines in 160 Fa., lines from rice
TNG69 x KHK

Observed values
Susceptible lines Resistant lines Total Expected ratio X’ (value) P value
118 42 160 3:1 0.13 0.80-0.70
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NiBRBERN D FEEENM

#&H Mapmarker-QTL B4 RIIPBE 3> AR AFIFE— —  ZEHHGE EHE
B EBERTEMAEL Fy . AT RR P - SHERBOTIM RS 1~2 A£G TR EE » 15 7
SAE FRAIEANE 2 Fiw o FESMHREEEE CCE~ G Kk H;% 3 1 BEEEEM e
R ZE 8 R (R - BR T8 =41 OPK16~R736 Ki7 & FEH) R309-2~R309-3 MIZEEE S 36.8%
B 37.6%4% > Bk 10 (EIEGEImFTERREAERE 46.5% L LAEESRE - BIEFE—FEF= {EHTWEFEJ ’
R217-1~R672 J OPD17~R170 —{Eif* C ;@R L EAIERIBEESE RS HI5E 68.9 & 74.7%
Bk H IR AR - FrLL F, (ARE7E B A It DNA 16550 > BIEREE AA, RS RIS 7.61
K 8.47 > MG F, (EHERFE R R A A, B P15 8.05 K 7.28 » WAl A& s & B4Ry R A 5
BE MR E - ARG AERAA)EERRENTEN - AA, 215 3.50 k 3.58 » 2B E
EIRR - SO0 G#EEARE LAY OPK16~R736 [&[H » TE5H— ~ =~ ZFERIFAEEYHI » B HEH
MRS R 69 57 A G Fy., i R FLE MBS GRS A A 11N B ISR 0 5 R G
R A,A)NPTTE IR o BREBE—F AJA 55329 AYA, 55 824 55 M AA, B 3.02 7 ALA, S 8.12
B AA B 2210 ApA, BB 7.96  TERFAFEEER AJA B 3.11 0 AA S 579 MEGHAMEAIE
B S BSE(CEFERN A A, 7S 6.68 ~ 7.71 K 8.10) » ILIRAERASTME LK FE S FE 14,5 H LoD @1
ZEERRAFE IR BIRE 7.19°11.32~9.15 & 14.64> IR S AFIRKEBIE T Z DNA FEE
TELMABERZKEERE > H—ERSSENE EEEE - 5 F2A RTINS (e R
o (A EEEEE C B G _EBY R217-1~R672 ~ OPD17~R170 B OPK16~R736 = {E1Z 2% [& [ 4 6l 55 — 3]
EFAE > BA {8 7RI ESEEE E & H _EAY R217-2~R134 K R309-3~R769-1 HEZEE [ » 8ERE 66.5
K 41.1%R 5 F RS R & - (HRAEE —F IR MU RIE R B #BOLH) DNA A ECEH B TR BT K E
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Scores of resistance to brown planthopper

1. KFEHE R 69 58 XBOEZ 160 {8 Fy. o BT 4 SR BIFLELF MR 0 il -
Fig.1. Frequency distribution of F, .4 —derived lines of rice TNG69 X KHK resistant to brown planthopper in different

years.
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Fig.2. Locations of QTL controlling brown planthopper resistance for the TNG69 x KHK population. The straight lines
and arrows beside the linkage groups show the confidence intervals and locations of the detected QTL,

respectively.

;| 3. BLAGRER U 2 R B 2 AR B ]

Table 3. Intervals significantly associated with variations of brown planthopper resistance

fifi SE S K AR L H e S IR e 3

EE
3
Tl
S

= OPK16

l— R736
= R577

= OPF14-1

= OPBI12

~ 2000 year

2001 year
2002 year
Combined

emememememememememe M

23

=~ R309-2

= R309-3

= OPD2

- R769-1 .
R309-1

Linkage R? LOD
Interval group (%) value
1" year
R217-1~R672 C 68.9 4.88
OPD17~R170 C 74.7 6.92
OPK16~R736 G 46.5 7.19
2™ year
R217-1~R672 C 79.0 11.96
OPD17~R170 C 80.2 9.33
R217-2~R134 E 66.5 7.14
OPK16~R736 G 70.6 11.32
R309-3~R769-1 H 47.1 3.08
3" year
OPK16~R736 G 36.8 9.15
Combined
R217-1~R672 C 79.9 11.03
OPK16~R736 G 75.8 14.64
R309-2~R309-3 H 37.6 2.20

AA

8.05
7.28
3.29

8.00
7.79
5.67
3.02
6.37

2.21

8.36
3.11

Mean of QTL genotypic classes Parental
A A, ALA, contrib.
3.50 7.61 KHK
3.58 8.47 KHK
6.68 8.24 TNG69
2.74 8.06 KHK
2.93 7.34 KHK
8.07 2.81 KHK
7.71 8.12 TNG69
7.78 2.66 KHK
6.60 7.96 TNG69
3.23 8.23 KHK
8.10 5.79 TNG69
8.06 3.23 KHK

7.10
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HRHEADZIIRRRNEZTE » EEIL DNA F BRI F, ISR 5 ZRHRENEEAA, SERK
JEER T BIE 5.67 K 6.37) ﬁ'ﬁTEJﬁt DNA J Bk F, THIRERBETI &R (AL A, 8355 R EEH 2 IS 2.81
K 2.66) o TAERR & =T &R 70 8 FRAE = {8 B 51 & 14 AH B EE [ S TE 1 » BRA1EAY OPK16-R736 1F
2000 ~ 2001 k& 2002 F =4EAHIE S HEES » H i OPD17~R170 S R217-1~R672 &[S0 Fr B3R IR (E 48
— BRI BUERR A IR = AR RS B S R &P RIS E 2 DNA FES -

T — 25 fife 32 B4 s M AEEAS B 40 43RS » BRI SAS-GLM Y B — [ 78 7 ) b g R 193k
LR E R > 78 135 A BUERERES » #0816 (F 8T8 2 M B AYAEEE & 1 E(R577)8EZ 41
BARY 7 FHEaE(F 4) » H R OPK16 ~ R736 ~ R577 ~ OPF14-2 K OPB12 Tl FHEEE 4 I A FE ] s
FEL 18— = ZRIFEFEEA I AR - FIFH Mapmaker-QTL I K » LOD fl#Y &l F31
fEE2 OPK16 HHEE 4~6cM FE (& 2) 5 ATAILATEAF/E— QTL » BBt 2 EE K - Bk C HIEEHY
R170 538 » BEERETHIERS » 1£258 — ~ ZRAF S FEAMRI » BT A RIS —5 » BF—HEE
R EEEEEENR A MR B B  E B ERY R775 ~ R217-2 X OPD7 » 1 8% | Rm253-2  J £ I
f9 R596 K M Bf L#) R826 » #BBEIE—E _FAAE K HIE » HAF Mapmaker-QTL 7 Ml #9942 A H
B BT HE Sy FAREEEE DA B R PR B R » BB HOH R~ SR 5 STIRIT & - T OPLY 1ZZERER M
HEVEAEEIARE LA (B EAE =F a9 T E B & 2 EEE A MHRR - S TR AR e hE
FREEEEW - -

¥y

aup

HZ FEERLZ 0 TSR PR I 4 3R BRI By T4 5 R BT s A BR A B (R
NI G#EERE I B OPKI6 7 TAEEE R B A - nJeeS—EEREAM QTL » MEEAIR G #
$EFERY R736 ~ R577 ~ OPF14-1 K OPBI12 W94 F1Z3E » JFHHEIH%M: QTL HiH; Efﬁ AR EEERN
SAS-GLM ST R EYIEY 2MEEEHEMRGE 2 3 K8 2) 0 BUtAES TR BEMAS T

R EI PR TE 2B T - BIEE 2 BTOESARE C 2 R217-1~R672 K R170~R205 MItZEEREM] » th

& 4. (EFFF RS BB REYUEEH Z DNA S

Table 4. DNA markers associated with QTL controlling resistant to brown planthopper in different years

1% year 2™ year 3" year Combined Linkage
Marker Pr<p Pr<p Pr<p Pr<p Group
R170 0.0041 e e e C
R775 e e 0.0041 - E
RrR217-2 e e 0.0001 - E
OPD7 e e 0.0020 - E
OPK16 0.0005 0.0062 0.0001 0.0076 G
R736 0.0009 0.0001 0.0001 0.0008 G
R577 0.0106 0.0188 0.0077 0.0080 G
OPF14-2 0.0003 0.0003 0.0001 0.0001 G
OPB12 0.0014 0.0028 0.0001 0.0023 G
Rm253-2 e 0.0030 - 0.0318 I
R596¢ e e 0.0001 - J
R826 e e 0.0064 0.0030 M
OPL9 0.0083 0.0011 0.0037 0.0004 Unlinked
R51 0.0088 - e e Unlinked
rR9-7 e 0.0024 - e Unlinked
R541 e e 0.0052 - Unlinked

OPF17 e e 0.0001 e Unlinked




it 28 SRR U AR AR B B TR B 2 7 FAEE 25

EE 12 EREESFEESTTEBENTH - I DNA FEERE Ban Sl At EE 3) » HIEETE
7 4 1Y SAS-GLM /M1 A R170 1255 —FAHIE M » % ¢ B L(EE 2 2R R217 £ R672
153 4 WP MREEREMM R - Bl C # EPY R217-1~R672 Sz OPD17~R170 TIHE S # QTL(false
QTL) > C #¥ LAY VO RS G AN A i B 2 8 Bt A e Bass R S » G #F LAY OPK16~R736 ~R577
OPF14-1 Jz OPB12 Je R H1i7 & {H 2 HHE #AS 1) OPLY » 475l RAPD 73 FARES Al Ml RS /KA HLAE TR
Fa B EEIEN b o 2R R RIS RS E SRR SR 2y TAREE T o WIS LR B RN o TAREEE
i1t & SCAR (Sequence characterized amplified region) ZILRRMEIN 5 R -

Z A PR KBS BB TR T o SR IR 2S8R 10 1971 £ » % 1994 FHFEH 5 MM (Bph 1 ~Bph 3 »
Bph 6 ~Bph 9 2 Bph10) %15 {HE2VE (bph2 ~bph4 ~bph S ~bph 7 K bph 8) > 3 10 fEHUVEI K #dn
(S10.1L1215) , e fif 7 /\E3E A (bph8 J bpho RENYOHENIE ) - (HE 412 HAE 10 B ki 48
3K (Oryzabase Network, 2002 £ 10 A), 7] RAE#EREN Pl a8 E FET AN 5 R 8 Rga A Y/ Vi
(biotype) L EHEN: » 52 69 SRR KR HIT AR 0. rufipogon > AIHUHEMR G 1 ~ 23 49
N o 11 B 2R P S ORI SR8 BT B R P& R R 2R O, rufipogon WIS ER — $TEEME -
A HEW AT RE RS Bph3 RS > (BEARERN B E AT R - BURPIIER Z BB £ R A s - dtt
AR O. rufipogon » HHUSRMSHI T REE S EHE - BB EEERIIAE - HIE R 69 SRRyt
JEEHAIAKE 0. rufipogon TE. » B W HEETRIBHE IR B T IR HBARO G R F B% -

EHEBIE BN 5 FEBVEHLBIEEN bph2 ~ bph4 > bph5 ~bph7 ~ bph8 1 > bphs Fl bph7 EWEEE 2
REEHIBIRGY 1~ 2~ 3 =ZFAY/NE » HERHUAEY/NE 4 9 1 bph2 B ECHUME 55 5 20 (K Bl {1
PO SE IR Ay H R B REHTAEY)/ NV 1~ 2 B S (HAHUES 3 BUA9 49/ NME® s BHELATH] bph2 ~ bphS
bph7 BL{5 2 69 5 HREH = FE AW NEAGH U BRI AN R » A DAAS R B 15 A9 5L 1K@ 45 B [RI AR REHT 1~ 2
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R ELOL 2 B2 OF TE T o AR TSR 50:12-24 ©
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Screening Molecular Markers Iinked with Genes
Resistant to Rice Brown Planthopper |

Huey-Jiuan Huang’, Chang-Pei Li’, Chyr-Guan Chern >,
Ching-Huan Cheng3, Jaw-Shu Hsieh® and Shun-Fu Lin*

Summary

To detect genes associated with resistance to rice brown planthopper (BPH), linkage map of japonica
rice constructed by 160 F,.4 lines of TNG 69 x Koshihikari population and 135 molecular markers were used.
According to the combined analysis of variance across years, the estimated broad sense heretability (h%g) of
resistance to BPH was 73.9%. From the phenotypic data investigated in three years, five major quantitative
trait loci (QTL) related to resistance to BPH were detected. Two detected QTL were located on linkage group
C, and the others were distributed on linkage groups E, G, and H respectively. The QTL located on linkage
group G contributing 36.8%~75.8% phenotypic variation was detected with 7.19~14.64 LOD values and was
closely linked with OPK 16 marker within 4-6 cM. This QTL contributed a recessive allele resistant to BPH
from male parent TNG69. The QTL on linkage group H was not detected from single point (General linear
model, GLM ) test implying a likely inaccurate detection. While the detected QTL on linkage groups C and E
had overdominance inheritance for the resistance to BPH. A chromosome region linked to marker OPL9 was
detected significantly related resistance to BPH in three years. As a result, the OPK16 and OPL9 markers are
useful tools to be applied in marker-assisted-selection (MAS) for varieties resistant to BPH.

Key words : Rice (Oryzae sative), Brown planthopper, Molecular marker.
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