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Fig. 1. Number of BC,F,y introgression lines from
TNG67 x O. officinalis (IRGC acc. 100896) in each of
the nine scores of resistance to brown planthopper.
Note Mudgo and H105 are rice varieties for resistant
control and TNG67 is the recurrent parent for
susceptible control.
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Fig. 2. Distribution of BPH resistant and susceptible introgression lines from advanced backcross inbred lines of
TNG67 x O. officinalis (IRGC acc. 100896). R: Resistance (introgression lines with score of 5 or less); S:
Susceptible (introgression lines with score higher than 5).
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3. HIBR 67 3% < O. officinalis A B KAE ARG TIERLX Bph2 Jt53HE KPM2 51317 PCR [
JEt%: 2 CAPS Eyks3HTlEl - M : 537 EAFEE (bp) s BRELIRAS : A Relillfi5 52 67 5% - C RBFAER O. officinalis »
HEREs O. officinalis FEREE A KM » B AR DA REDTIEZ IR - 77 HIBLALE 56 bp S 105 bp IF Ry RR 5
161 bp BBy rr (Sharma et al. 2004) -

Fig. 3. PCR reaction of the resistance introgression lines of rice from TNG67 x O. officinalis (IRGC acc. 100896)
showing bandings of Bph2 (BPH resistance gene)-linked co-dominant marker KPM2 Lane M is marker of map
positions (bp), lane A is recurrent parent rice variety TNG67, lane C is wild rice O. officinalis IRGC acc. 100896)

and other lanes are introgression lines. Number represents BPH resistance score for individual introgression lines.
Bandings of 56 bp and 105 bp represent RR and banding of 161 bp represents rr (Sharma et al. 2004).
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Table 1. Testing introgression lines of rice for resistance to brown planthopper (BPH) using resistance linkage

markers

Number of lines Mean of resistance score ¥ t-test
Marker Gene Chr”  Position (Mb) ¥ /1 2/2" 1/1 2/2 for score
RM1002 Bphl3(t) 3 7.12 87 47 52 53 ns
RM218 Bphl3(t) 3 8.38 91 40 5.3 5.2 ns
RM489 Bphl3(t) 3 431 99 35 53 5.2 ns
RM5480 Bphl13(t) 3 5.31 101 33 5.3 5.0 ns
RM1317 Bphl3(t) 3 15.75 90 44 52 5.3 ns
RM3199 Bphi4 3 30.31 82 42 5.4 5.0 ns
RM1038 Bphi4 3 33.59 64 70 5.4 5.2 ns
RM514 Bphi4 3 35.23 96 38 5.3 5.1 ns
RM6987 Bphli4 3 3471 92 42 53 5.1 ns
RM1354 bphi2 4 26.07 108 26 52 5.5 ns
RMS8213 Bphl2(t) 4 4.43 87 47 52 4.5 Hoxx
RM16563 Bphi2(t) 4 9.53 82 52 52 4.7 **
RM3658 Bphls 4 6.31 83 51 5.3 4.5 *xx
RM5953 Bphls 4 9.36 82 52 52 4.7 **
RM16578 Bphl5 4 10.53 110 23 49 5.2 ns
RM5633 Bphl5 4 13.05 84 50 5.1 4.7 o

* Chromosome number.

¥ The estimation of physical distance was based on the Nipponbare sequence.

* Homozygosis of recurrent parent TNG67.

* Homozygosis of O. officinalis (IRGC acc. 100896) or non parents.

¥ Resistance < 5, Susceptible > 5.

** x* significantly at 1%, 0.1% respectively by t- test for means of resistance score.
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Fig. 4. Distribution of 172 SSR on chromosomes of introgression lines of rice fromTNG67 x O. officinalis (IRGC
acc. 100896) with the highest (Top) and the lowest (Bottom) score of BPH resistance. Light blue, black, and gray
colors represent the homozygous allele of recurrent parents TNG67, donor parents O. officinalis, and non parents
respectively. Pink represents the heterozygous allele of parents and white represents the allele of non parents’ type.
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Table 2. Testing introgression lines of rice for resistance to brown planthopper using different markers (BPH) from
the best resistant and the least resistant introgression lines

Number of lines Mean of resistance score t-test
Marker Chr.” Position (Mb) * 1/1* 2/2% 1/1 2/2 for score
RM145 2 7.71 99 35 5.1 4.7 *
RM324 2 11.39 95 32 5.0 4.6 *
RM6379 2 23.57 92 42 5.1 4.7 *
RM406 2 35.24 103 28 5.1 4.5 *K
RM5480 3 5.32 101 31 5.0 4.8 ns
RM3646 3 21.95 98 35 5.1 4.7 *
RM3839 4 23.87 81 49 5.1 4.6 HxE
RM6089 4 29.37 103 26 5.0 4.7 *
RM349 4 32.47 103 27 5.0 4.8 *
RM5329 5 20.01 96 31 5.1 4.7 *
RM6954 5 22.00 115 19 5.1 4.4 Hxx
RM480 5 27.29 89 45 5.1 4.7 *
RM161 5 - 95 39 5.2 4.5 HxE
RM19236 6 0.27 92 37 5.1 4.6 *k
RM508 6 0.44 96 37 5.1 4.6 *
RMS8072 6 1.41 93 35 5.1 4.6 *
RM1161 6 13.75 94 40 5.0 4.9 ns
RM3864 7 6.30 107 24 5.1 4.7 *
RM234 7 25.40 108 26 5.0 4.7 *k
RM1328 9 9.00 83 51 5.2 4.6 HrE
RM7545 10 3.79 96 38 5.2 4.4 R
RM25246 10 10.31 95 36 5.1 4.6 *K
RM5689 10 13.22 92 37 5.2 4.5 Hxx
RM496 10 22.17 93 41 5.1 4.8 *
RM224 11 21.80 94 36 5.1 4.6 *
RM8215 12 1.59 99 35 5.1 4.5 HEE

“ Chromosome number.

¥ The estimation of physical distance was based on the Nipponbare sequence.

* Homozygosis of recurrent parent Tainung 67.

¥ Homozygosis of Oryza officinalis (IRGC acc. 100896) or non parents.

¥ Resistance < 5, Susceptible > 5.

! The Nipponbare sequence is not decided yet.

* kxR significantly at 5%, 1%, 0.1% respectively by t- test for means of resistance score.

- A Oryza sativa ~ O. glaberrima D) ET i35 A4 Fe
S RS » S 2 R AR e AL A R
FEEREA AA BeCuGHH B RS e il 15 LRy AR A L B W BRTR I S (g



30

N
o

Number of lines
N
o

| (TN e

4
Number of chromosomes

5. Bf= 67 3% x BARE O. officinalis (2 1EIRERDT
PR ARG BRI S RO G R e -

Fig. 5. Number of rice chromosomes harboring the
resistance marker from the BPH resistance lines in
BC,F )y introgression lines of TNG67 x O. officinalis
(IRGC acc. 100896).

FE - TR R AV E A5 (Brar
& Ishii 1997) - H AW A-FEE O. officinalis
(CC Rtmfgil) THBEIAHIZIETRE
H 8 TR B I ZEAG R F A FIBE K] (Brar et al.
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 BAAEE 3 By tals LnY bphll ~ Bphl3
F: Bphl4 » J8A4E5E 4 Bt 8% 09 Bphl2 »
Bphl2(t) ~ Bphi5 DAK S 11 Bgetafs F/Y Bpho
(Huang et al. 2001; Jena et al. 2002; Renganayak et
al. 2002; Hirabayashi et al. 2003) °
fEfRRER TR RIAIR A F - e R H.
e ERI PR ES R R R AESE 12 B mie By
Bphl }; bph2 (Hirabayashi & Ogawa 1995;
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JARIZ I Gl ASD7 e R P RER] » AR
Bt NERMEERERRE - (HEAFHREE R
T - IR EEME (Bph2) BYEKIE (Murata er al.
1997) - Murai et al. (2001) Ll AFLP 547 bph2
HIRLE » Ry B RS SRR SR
Sharma et al. (2004) JE—4% Bphl & Bph2 Z
AFLP 73 FAEEEEHEY, PCR HETTHY CAPS fLa1
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PEREEE Em24G ~ KPM2 GBS RIS BT A4
1 O. officinalis Jx HE ARG ARG 12 ¥
guta il FREEE KPM2 » B O. officinalis HA]
HETTH Bph2 WYEEIK] - Sun ef al. (2006) thgf¥
ASD7 FiEf SR - FEAIHE
EERTERAHIERY SSR AEE » AT HARCH R
R AR RIS RM7102~RM463 ¥ bph2
Rt TP TIERE 153 R 89.9% ~ 91.2% - 2234
MEIRRTRERFE Bph2 WIRERINVEARAE - 7]
HE—F 2% Sun et al. (2006) FALIHTIHREAL
0 RM7102-RM463 1@ REIFHT 2 B MRS
& » LIMESE O. officinalis 24575H bph2 Bl
KRGS SR S AT S R -

SHON AR 12 g tans FER TR
HEIEIR - 387 Hirabayashi ef al. (2003) 5 O.
officinalis T 2K Z §i 15 e & BH A R #
IR54742-1-11-17 B A H 57 1 09 A1 e i 7l
Hinohikari 77, 94 {li i H 2% - ESHIHIE
feaht QTLs » H A E R Ty fE R T ALK
bphll Jz bphl2 » fifiRe5 3 Ko 4 B4t b -
WA 12 Hgtads RBEGEER
QTL + {H LOD fH{R{EK - HERTES 12 B4 EiE
RytE RS E RNV - a2 B AR
O. australiensis B Bph10 (Ishii et al. 1994; Lang
& Buu 2003) + Bphl8 (Jena et al. 2006) LI
E flFEHY Bph9 (Murata et al. 2000) 2 bph2 ( Sun
et al. 2006) - FREEHRTESS 12 HLEE AR
ta e T HSE SR GEER Bph2 4 32H RM8215
(1.59 Mbp) - B 3% 7 B HI| R #EEL S 26 LIRS R
TEAFERFE L -

V&1 Bphl B bph2 §ilk S K TR HE
[& » WEIREERA RSN - BTl 3%
BT FE Y ME - E153I5E Bphl R bph2
Pk ELfE - Kl BEE AR L
A& o Lakashminarayana & Khush (1977) fi2
T o0 Al A L Rathu Heenati 23§ B il
Bphl $E7 53 BERIERIERLR] Bph3 o Jairin et al.
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(2007) fE— 45454 Bph3 iy PTB33 K Rathu
Heenati 5E {7 /E2E 6 ¥4 tafd /Y RM589 (1.38
Mbp)-RM190 (1.76 Mbp) 2 » WHEEAR[EH
o 1 TR i R VRS TR AN A B 338 - 388 Bph3
BRI EA BRI RGRTE ) - A5 AIR
56 HEmEgE LA RS R e
0.27-1.41 Mbp 2] » B2 Bph3 2 Efi&@IRA S
P EBIIRGL - BE/R O. officinalis WL AT
AEER Bph3 HE -

HEIAE O. officinalis ZEHIHUIEHLKIA E
FEARE 3 HRER 4 HYtage b 5 3 HR
s EEAPTIEEX] (Bphi3 ~ Bphl4) HAHAS
SSR JHFHTEETHTHE R » FRIB B T
T EREE AR © (DU TR T T B
S3HT 0 5B 3 S mgE Ly nT R B R AT
GRAMIEEE (MR3646) ; MAEE 4 Bgetage | -
FRIFCHRY Bphl2(t) ke BphlS EEHRIEEGESN » th
A EE AT E AR AR - R0
AR TRER A G 2 FURAEES 3 B RER 4 ¥
Zetnfs LREBIRIPTIE A o

et E R RER L - BREE 158
HEapasl - fe e tas LR BIE MRS
TEFHRARIEEIA] (Brar ef al. 2009) - GAEg-HA A 43
eGSR » tHERES 1 8 BLtufe [0 1%
BRI RRT RS - (B8 5 HWimig
LRG3 EHiMsEERAREES - HAmg e 2
6~7~9~10~ 11~ 12) -t n] BT EFHR]
HJ SSR ° fEE LMEWFSE » 1R REGTIER R
gettifig LAY - SHEEE 3 WYL RE R &
FE 5 4 SO iany g B AR 12 B tmieny
B LEHARERRTIEREREESE (clusters) I
% (Jena & Kim 2010) » AGAEEHHHAEE 4 gL
e LRYPIMEREEE (4.43-13.05 Mbp) Hil
ZUFNHELE (4.40-9.60 Mbp) ; 55— JTTHIFES 3
S g ta 88 [ 1S 59 1 TR o UM AE B AR GE
RM3646 (21.95Mb) HYA7 B A& LERT A THIA
HI5ERE (5.18-8.40 Mbp) BERY (35.43-35.70
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Mbp) #EE L jRAN 26 12 EYLtads EHITERE
a6 (RM8215; 1.59 Mbp) R fE#%E L
(19.08-24.37 Mbp)

FHEF A=A SR AR AR » BRELETREDT
PR FEREERIER SN - [Fl—%#E LRFEA 2
fEPTEEEER 40 O. officinalis W IR54742-1-11-17
B BS 43745 Bphl1~Bphl2(t)K Bphl4~Bphl5;
EHMEFATETE O. australiensis (Bphl0 ~
Bphl8) » O. minuta (Bph20 ~ Bph21) WJ3E AR
Mt ARELIIEER S (Jena et al. 2006; Rahman et
al.2009) - {5 O. officinalis TZRAY BS » HPLHTE
Freahie AL IR th B4 AR 1 BE K] Bphi14~ Bphls
HIRZEAHIAE] (Tan et al. 2004a) - WJREZHEINZ
BOERIZRER © 5390 » PUIEESRITE A TR P i i
il b — PRy H 25 BE IR IR Hl s e L D
BRI Tt A A TR B ~ BERFARY
ik - A bph2 1 Bph3 BERIRGP s iE
Ptb33 (Jairin ef al. 2007) » B & FEIRFFEH 05
RIEE e EL R fi s iE TR64 25 (Sidhu &
Kush 1978; Alam & Cohen 1998) o ZXE&rHfH]
HESRRAETTERE L » % 2 Mudgo F1H105 43
BIFH Bphl e bph2 FERZ HUIEFRAHE
s BB L WD R AR R
FeRdi RS R - BRI R a Pk
BERESEEGEN2E - Bl E {2 fR%
WA TE 9 B e FHIMEE RS - B
PUERHE (96 i) HdEE—3LLE (55 E) 7Y
ST E 3 ELL AR - R DU R
T LGRS IR GRS « ST - AR 1/4 (25 {1#)
AT A R TS R RGP U
BRI ENECHT REEE « HF RIRTREZ AT FH DA
RS EEE - KA B EE R
S PUIEARRARIREEE 1A RS Bl A
B3 2 K% » FHRETREDTIE S IR AT 42
2 ERIESHETIGE - [RIFATA KE 5 il
ARRYEERIEY » f5 55 98.3% (O. officinalis J¢IE
BT LEBIE Ry 1.7%) » G AR HUEARSE



HEGPUERRR - KEBEAR SRR A
FERIFUSERS » {H RI358 (91.3%) ~ RI389 (93.6%)
IR IET Ry 3.7 AR ELG T G RARY 73
TGS » Horp RI358 C R E BRI G 71
TRIETHEASHA G DMEE— ST O. officinalis
TR R -

S AR E O AR IR L - BRPiies
HURIFRS N - AR R AR SRR S FE s iR
HFER - RHAEERWER L - GH2Eik
PREEEES - S E MR ETTE AT
R BRETDUE A S 4= RS Y A R 8RR AR S
(Cheema et al. 2008) » th 2 B H A 15 FEHVEE A R A
AR A A FERRINEA B (Rangel e al.
2008) o FZAAGAERHIRE R - KRR E T R
Hh R S AR TR TR R - R TR
EIRERINEN S rAINE E =L S iDL Ay e 97 e YNYS4
JEFATIR P - IS EEF AR O. officinalis
T ARAYELRITE B H A P R R -

T RS R o FATREIEA - 151
TP A S RE R - AR
SRR R AN R - IR R - A
{HAH Bphl ~ bph2 HEEESAEE AR E TR
SRR EAYUES - FA R EIETIERY
Bph3 S EAEZ R fEFIGCEE » bph4-Bph9 Hi
TR [ A [ R IR TR R el o el 2
SEEANEHYIMERERI (Jairin ef al. 2007) » BH
R EPPRIRRE R R B M e DU
B P UMEFLA] (single major gene) HY
Afe®E - 540 FIRE— I\ AR RATE K
AR R [E— B R A=Y M
EEERITLERI AT RE S A AT E - HIE %
e R Rl A fa AR Y ME R A A
[RIRIHUIERE § an[E— {8 AR s v 2R3 H
Yok - (BAEENRE S I TR R A A B
P (Santhanalakshmi & Kadirvel 2007) » [t
Fe P S st BA [F)— AR RSP S 0 PU M R Mt
TREEA R EIPUERR - mE—PiE Rt
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B K E Ty A= 7/ N R i HE AN [
P - BUREaREEE L - bR 7 fatE
JFISEEA BB RSN - 1R TR B ME R
A RBAURI T SCELREN - AR B BRI
AL ELE A -

B R R SR AR E W e TR 2 A IR ZE I 2L
TNG67 ¢ TN1 BEIYREE - HIbE RS
F AR - BRI ¥ B e s A e F 48
e A SRR R HilE - R Mudgo ATH105
iR — A/ NEE B - E
Mudgo ¥§55 "R MERIA RS M - Mudgo
TELMER FE R G — AU A Y Ml b i < Plas:
FRZ Ry 1-3 1 - B ED TR - H105 RIlZ%
By 3-5 BBy PR - ABE Mudgo (ZHilE Ry 5
W BRER RTS8 ARk 4 nTHEE H Aika
SE R LU — B Ay ME R - HEH
FHE LBl 55 AR M - S EREETNE I
IR R EHa R EReE — A AR Y ME R
i HA 18 BRSPS A W e A
W ATRERE A T MRt TR sl < FEA] © RS
LEAE O. officinalis FIRTZBIAITIIEAA] » 1
L EERE Y/ NMERRE (Brar e al.
2009) - aEEATE H R RS AR SE— AU A/ N
HEAPUE - (ERS R AR R T E BT
SCIIERIZ AT (BRERS 1~ 8 B tufg sMNg BB
taTRETEERIEEE) - BUR O. officinalis BH
S ERERGRD T E S - (HISHERER AR
R EHAAEY) MR UM - FELAXIES MR T
R fEE -

ARt B2 i Rl - el
BEFEEEY PR » 20 0. latifolia ~ O. minuta >
O. nivara ~ O. officinalis ~ O. punctata }z O.
rufipogon ¥ n] s BRI & UIEA R 490/ 1N
TEAGHLMERER (Heinrichs ef al. 1985) » HrfE AA
JLRSHHETARAET O. officinalis TARB AL
R RAR Y & ARCSAEX =l Mz i N
Geta RS LRYZEERME - 3B LSBT ARYSRR AT
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REHRAE B AFE AR R BIRY FA7 B A - {23 20
¥ O. officinalis TEIFAIFIRTA » ST
ge ERrAI BT RIRAE DT O. officinalis
2 W EEZEEY IRGC. 100896 » LUK
BIRE O. officinalis WI/VECRHAE - MAE BRI
KIFSEFTHY IR R EE R - HRRE R
D] 272 319 O. officinalis - FEFRBITEEER] ~ &
o~ BEPS R EA O. officinalis TREERY 53
16 > WA RS S By AR - R IR
Fegad e s LAY B R ST A ] -

JE AA gt s B AR A RIS R 2 B
ReEFR o HHATEREACERIME A - BE
A INEE - FEARIIRIIR » R AERAE
BB 22 M A A FIEE LRYZE (Sitch
et al. 1989) » JEH AL R EIZKIEERE
HANEIRIME: ~ Jetafails B R E
% (Liet al. 2009) $1¥ 2 R B3 % F5 H 2RI R
HRIEFTREAYELRIFIRIFZE - McCouch et al. (2007)
PR DR SRR ORI A - TP AE RS R R
B B REIAZ SRR ¢ SRS E AR
HEEE REENL - 25 QTL ENAVKSHE
& o AL RIBIRATESCRE - ]k
H BB SR HEEE R - $R7 S
AHBEIISCRI SRR » 1E O. officinalis )%
ARMEIEGHIERERG - thREBLE LR
R RERE A 2 D AIER AR TR R R - 5Lk
LA B TR UM H 8 7 PR S FLR
BRATHE— S RSB BOE FIRR » e PRET
B AERE MRS - Tk dy A HERE 2 F -

ENGIFIE AT S I A R S iR i e
B EBEA - BRSE A/ MEET TR TR
LOIMTELFIFEESE - RESURRHE -

S|SBk (Literature cited)

Alam, S. N. and M. B. Cohen. 1998. Durability of brown
planthopper, Nilaparvata lugens, resistance in rice

FHoe0E 4l

variety IR64 in greenhouse selection studies.
Entomol. Exp. Appl. 89:71-78.

Brar, D. S., P. S. Virk, K. K. Jena, and G. S. Khush. 2009.
Breeding for resistance to planthoppers in rice.
p.401-428. in: Planthoppers: New Threats to the
Sustainability of Intensive Rice Production
Systems in Asia (Heong, K. L. and B. Hardy, eds.)
Int. Rice Res. Inst., Los Baflos Philippines.

Brar, D. S. and G. S. Khush. 1997. Alien introgression in
rice. Plant Mol. Biol. 35:35-47.

Chang, N. T. 1980. The comparison of different biotypes
of brown planthopper and the reaction of several
rice varieties. Taichung Dist. Agric. Stat. Res. Rept.
3:57-67.

Cheng, C. H. and W. L. Chang. 1979. Studies on varietal
resistance to the brown planthopper in Taiwan.
p-251-271. in: Brown Planthopper: Threat to Rice
Production in Asia. Int. Rice Res. Inst.,, Los Bafios,
Philippines.

Cheng, C. H. and J. L. Lu. 1990. Detection of the
trans-oceanic immigration of rice planthoppers,
Nilaparvata lugens Stal and Sogatella furcifera
Harvath to the southwestern Taiwan and their
relative weather conditions. Chinese J. Entomol.
10:301-324. (in Chinese with English abstract)

Chelliah, S. and M. Bharathi. 1993. Biotypes of the brown
planthopper, Nilaparvata lugens (homoptera:
Delphacidae) - host inxuenced biology and behavior.
p.133-148. in: Chemical Ecology of Phytopa-
thogous Insects. (Ananthakrishnan, T. N. and A.
Raman. eds.) International Science Pub., New
York.

Cheema, K. K., N. J. Bains, G S. Mangat, A. Das, Y. Vikal,
D. S. Brar, G S. Kush, and K. Singh. 2008.
Development of high yielding IR64 x O.
rufipogon (Griff.) introgression lines and identi-
fication of introgressed aliens chromosome
segments using SSR  markers. Euphytica
160:401-409.

Fyjita, D., K. K. M. Myint, M. Matsumura, and H. Yasui.
2009. The genetics of host-plant resistance to rice
planthopper and leathopper. p.389-399. in: Plant-
hoppers: New Threats to the Sustainability of
Intensive Rice Production Systems in Asia (Heong,
K. L. and B. Hardy, eds.) Int. Rice Res. Inst., Los
Bafios, Philippines.

Heinrichs, E. A., F. G Medrano, and H. R. Rapusas. 1985.
Genetic Evaluation for Insect Resistance in Rice.



Int. Rice Res. Inst., Los Bafios, Philippines. 356
pp.

Hirabayashi, H., R. Kaji, M. Okamoto, T. Ogawa, D. S.
Brar, E. R. Angeles, and G. S. Khush. 2003.
Mapping QTLs for brown planthopper (BPH)
resistance introgressed from Oryza officinalis in
rice. p.268-270. in: Advances in Rice Genetics.
(Khush, G S., D. S. Brar, and B. Hardy, eds.) Int.
Rice Res. Inst., Los Bafios, Philippines.

Hirabayashi, H., R. Kaji, T. Ogawa, D. S. Brar, E. R.
Angeles, and G. S. Khush. 1997. Mapping of new
introgression gene for brown planthopper (BPH)
resistance from O. officinalis using RFLP markers
in rice. p.401-402. in the Proceedings of the 8"
SABRAO General Congress and the Annual
Meeting of the Korean Breeding Society. Seoul,
Korea.

Hirabayashi, H. and T. Ogawa. 1995. RFLP mapping of
Bph-1 (brown planthopper resistance gene) in rice.
Breed. Sci. 45:369-371.

Huang, C. S., R. H. Buu, C. H. Cheng, and C. Lu. 1982.
Breeding for resistance to brown planthopper in
Keng (Japonica) rice. p.89-97. in: Plant Breeding.
(Hsieh, S. C. and D. J. Liu, eds.) Agricultural
Association of China and Regional Society of
SAABRAO. Taipei. ROC.

Huang, Z., G He, L. Shu, X. Li, and Q. Zhang. 2001.
Identification and mapping of two brown plant-

hopper resistance genes in rice. Theor. Appl. Genet.

102:929-934.

Huang, S. H., C. H. Cheng, C. N. Chen, W. J. Wy, and A.
Otuka. 2010. Estimating the immigration source of
rice planthoppers, Nilaparvata lugens (Stal) and
Sogatella furcifera (Horvath) (Homoptera: Delpha-
cidae), in Taiwan. Appl. Entomol. Zool
45:521-531.

IRRI. 2002. Standard Evaluation System for Rice (SES).
Int. Rice Res. Inst., Los Bafios Philippines. 64 pp.

Ishii, T., D. S. Brar, D. S. Multani, and G. S. Khush. 1994.
Molecular tagging of genes for brown planthopper
resistance and earliness introgressed from Oryza
australiensis into  cultivated rice, O.sativa.
Genome 37:217-221.

Jairin, J., K. Phengrat, S. Teangdeerith, A. Vanavichit, and
T. Toojinda. 2007. Mapping of a broad-spectrum
brown planthopper resistance gene, Bph3, on rice
chromosome 6. Mol. Breed. 19:35-44.

Jena, K. K. and S. M. Kim. 2010. Current status of brown

0. officinalis BTBFNELZ TR 275

planthopper (BPH) resistance and genetics. Rice
3:161-171.

Jena, K. K., J. U. Jeung, J. H. Lee, H. C. Choi, and D. S.
Brar. 2006. High-resolution mapping of a new
brown planthopper (BPH) resistance gene,
Bphi8(t), and marker-assisted selection for BPH
resistance in rice (Oryza sativa L.). Theor. Appl.
Genet. 112:288-297.

Jena, K. K., I. C. Pasalu, Y. K. Rao, Y. Varalaxmi, K.
Krishnaiah, G. S. Khush, and G. Kochert. 2002.
Molecular tagging of a gene for resistance to
brown planthopper in rice (Oryza sativa L.).
Euphytica 129:81-88.

Khush, G. S. 1977. Disease and insect resistance in rice.
Adv. Agron. 29:265-341.

Lang, N. T. and C. B. Buu. 2003. Genetic and physical
maps of gene Bph-10 controlling brown
planthopper resistance in rice (Oryza sativa L.).
Omonrice 11:35-41.

Li, C. P, C. G Chern, M. H. Lai, C. S. Tseng, T. H. Tseng,
J. R. Chen, T. K. Hu, and H. M. Ku. 2009.
Construction of introgression lines from wild rice
(Oryza australiensis Domin) and assessment of
yield-related traits. J. Taiwan. Agric. Res.
58:219-233. (in Chinese with English abstract)

Li, R. B,, X. Y. Qin, S. M. Wei, M. P. Pandey, P. K. Pathak,
F. G Huang, Q. Li, and S. Y. Luo. 2001. Inheri-
tance of resistance to brown planthopper in an
Oryza rufipogon (Griff)) - derived line in rice.
Current. Sci. 80:1421-1423.

Liu, G Q., H. H. Yan, Q. Fu, Q. Qian, Z. T. Zhang, W. X.
Zhai, and L. H. Zhu. 2001. Mapping of a new gene
for brown planthopper resistance in cultivated rice
introgressed from Oryza eichingeri. Chin. Sci. Bull.
46:1459-1462.

Lakashminarayana, A. and G. S. Khush. 1977. New genes
for resistance to the brown planthopper in rice.
Crop Sci. 17:96-100.

McCouch, S. R., L. Teytelman, Y. Xu, K. B. Lobos, K.
Clare, M. Walton, B. Fu, R. Maghirang, Z. Li, Y.
Xing, Q. Zhang, I. Kono, M. Yano, R. Fjellstrom,
G. DeClerck, D. Schneider, S. Cartinhour, D. Ware,
and L. Stein. 2002. Development and mapping of
2240 new SSR markers for rice Oryza sativa L.
DNA Res. 9:199-207.

McCouch, S. R, M. Sweeney, J. Li, H. Jiang, M.
Thomson, E. Septiningsih, J. Edwards, P. Moncada,
J. Xiao, A. Garris, T. Tai, C. Martinez, J. Tohme, M.



276 = E A

Sugiono, A. McClung, L. P. Yuan, and A. N. Ahn.
2007. Through the genetic bottleneck: O.
rufipogon as a source of trait-enhancing alleles for
O. sativa. Euphytica 154:317-339.

McCouch, S. R., X. Chen, O. Panaud, S. Temnykh, Y. Xu,
Y. G. Cho, N. Huang, T. Ishiii, and M. Blair. 1997.
Microsatellite marker development, mapping and
applications in rice genetics and breeding. Plant
Mol. Biol. 35:89-99.

Murai, H., Z. Hashimoto, P. N. Sharma, T. Shimizu, K.
Murata, S. Takumi, N. Mori, S. Kawasaki, and C.
Nakamura. 2001. Construction of a high-resolution
linkage map of a rice brown planthopper
(Nilaparvata lugens Stal) resistance gene bph2.
Theor. Appl. Genet. 103:526-532.

Murata, K., C. Nakamura, M. Fujiwara, N. Mori, and C.
Kaneda. 1997. Tagging and mapping of brown
planthopper resistance genes in rice. p. 217-231.
In the Proceedings of the 5™ International
Symposium on Rice Molecular Biology. Yi-Hsien
Pub, Taipei, Taiwan.

Murata, K., M. Fujiwara, H. Murai, S. Takumi, N. Mori,
and C. Nakamura. 2000. Bph9, a dominant brown
planthopper resistance gene, is located on long arm
of chromosome 12. Rice Genet. Newsl. 15:13.

Pathak, M. D., C. H. Cheng, and M. E. Furtono. 1969.
Resistance to  Nephotettix  cincticeps  and
Nilaparvata lugens in varieties of rice. Nature
223:502-504.

Pathak, P. K. and E. A. Heinrichs. 1982. Selection of
biotype population 2 and 3 of Nilaparvata lugens
by exposure to resistant rice varieties. Environ.
Entomol. 11:85-90.

Rahman, M. L., W. Jiang, S. H. Chu, Y. Qiao, T. H. Ham,
M. O. Woo, J. Lee, M. S. Khanam, J. H. Chin, J.
U. Jeung, D. S. Brar, K. K. Jena, and H. J. Koh.
2009. High-resolution mapping of two rice brown
planthopper resistant genes, Bph20(t) and Bph21(t)
from Oryza minuta. Theor. Appl. Genet. 119:1237—
1246.

Rangel, P. N., R. P. V. Brondani, P. H. N. Rangel, and C.
Brondani. 2008. Agronomic and molecular cha-
racterization of introgression lines from the
interspecific cross Oryza sativa (BG90-2) X Oryza
glumaepatula (RS-16). Genet. Mol. Res. 7:184—
195.

Renganayaki, K., A. K. Fritz, S. Sadasivam, S. Pammi, S.
E. Harington, S. R. McCouch, S. M. Kumar, and A.

FHoe0E 4l

S. Reddy. 2002. Mapping and progress toward
map - based cloning of brown planthopper
biotype - 4 resistance gene introgressed from Oryza
officinalis into cultivated rice. O. sativa. Crop Sci.
42:2112-2117.

Huang, C. H. 1987. Rice varieties in Taiwan 1930-1987.
Council of Agriculture, Executive Yuan. Depart-
ment of Agriculture & Forestry Taiwan Provincial
Government. Food & Fertilizer Technology Center
Asian and Pacific Council. Taipei, Republic of
China. 339 pp. (in Chinese)

Santhanalakshmi, S. and P. Kadirvel. 2007. Reaction of
introgression lines of rice to a BPH population
from India. IRRN 32:23-24.

Sharma, P. N., A. Torii, S. Takumi, N. Mori, and C.
Nakamura. 2004. Marker-assisted pyramiding of
brown planthopper (Nilaparvata Ilugens Stal)
resistance genes Bphl and Bph2 on rice chromo-
some 12. Hereditas 140:61-69.

Sidhu, G S. and G. S. Khush. 1978. Genetic analysis of
brown planthopper resistance in twenty varieties of
rice, Oryza stativa L. Theor. Appl. Genet. 53:
199-203.

Sitch, L. A., R. D. Dalmacio, and G. O. Romero. 1989.
Crossability of wild Oryza species and their
potential use for improvement of cultivated rice.
Rice Genet. Newsl. 6:58-60.

Sun, L., C. Wang, C. Su, Y. Liu, H. Zhai, and J. Wan. 2006.
Mapping and marker-assisted selection of a brown
planthopper resistance gene bph2 in rice (Oryza
sativa L.). Acta. Genet. Sin. 33:717-723.

Tan, G X., Q. M. Weng, X. Ren, Z. Huang, L. L. Zhu, and
G C. He. 2004. Two whitebacked planthopper
resistance genes in rice share the same loci with
those for brown planthopper resistance. Heredity
92:212-217.

Tan, G. X., X. Ren, Q. M. Weng, Z. Y. Shi, L. L. Zhu, and
G. C. He. 2004. Mapping of a new resistance gene
to bacterial blight in rice line introgressed from O.
officinalis. Yi Chuan Xue Bao 31:724-729.

Temnykh, S., W. D. Park, N. S. Ayres Catinhour, N. Hauck,
L. Lipovich, Y. G Cho, T. Ishii, and S. R.
McCouch. 2000. Mapping and genome organi-
zation of microsatellite sequence in rice (Oryza
sativa L). Theor. Appl. Genet. 100:697-712.

Wu, M. T,, C. P. Li, J. R. Chen, S. H. Huang, and H. S. Ku.
2009. Mapping of brown planthopper resistance
gene introgressed from Oryza nivara into



0. officinalis BTGB TR 277

cultivated rice, O. sativa. p.56—65. in: International rice (Oryza sativa L.), using backcross inbred lines.

Symposium (2009) Rice Research in the Era of Hereditas 136:39—43.

Global Warming. (Wu, M. T. and J. R. Chen, eds.) Yang, H., A. You, Z. Yang, F. Zhang, R. He, L. Zu, and G.

Taiwar} Agn'cgltu.ral Research Institute (TARI), He. 2004. High resolution genetic mapping at the

Council of Agriculture. Taichung. Bphl5 locus for brown planthopper resistance in
Yang, H., X. Ren, Q. Weng, L. Zhu, and G He. 2002. rice (Oryza sativa L.). Theor. Appl. Genet.

Detection and analysis of QTL for resistance to 110:182-191.

brown planthopper, Nilaparvata lugens (Stél), in



278 BT 5 60%E 4

Molecular Characterization of Introgression Lines from a Wild Rice,

Oryza officinalis, with Resistance to Brown Planthopper '

Charng-Pei Li%, Shou-Horng Huang®, Jen-Ren Chen*, Tung-Hi Tseng?,
Ming-Hsing Lai*, and Hsin-Mei Ku>®

Abstract

Li, C. P, S. H. Huang, J. R. Chen, T. H. Tseng, M. H. Lai, and H. M. Ku. 2011. Molecular characterization of
introgression lines from a wild rice, Oryza officinalis, with resistance to brown planthopper. J. Taiwan Agric. Res.
60:263-278.

Brown planthopper (BPH), Nilaparvata lugens, is one of the most destructive insect pests in rice.
Species of wild rice are very important sources of germplasms for genetic improvement of cultivated rice
for resistance to BPH. From the interspecific crossing of the cultivated rice variety Tainung 67 as the
recurrent parent and the perennial wild rice Oryza officinalis (IRGC 100896) as the donor parent, 134
BC,F g introgression lines (ILs) were obtained and 96 of these ILs were resistant to BPH. Results of
screening of 134 ILs using 172 SSR primers showed that the average genetic ratios of resistant ILs
(Resistance Score, RS < 5) and susceptible ILs (RS > 5) were 20.4% and 13.0% for O. officinalis and
non-parental genotypes, respectively.  Markers linked to BPH resistance were detected on 10 out of the
12 rice chromosomes except for chromosomes 1 and chromosome 8 in which BPH resistant markers were
absent.  There was a single IL harboring BPH resistant markers on as high as 9 chromosomes, whereas
25 resistant ILs showed no markers linked to BPH resistance Furthermore, KPM2, a marker
co-segregating with Bph2 gene, was also detected in the donor parent O. officinalis and 4 other ILs. The
findings in this study suggest that all of the BPH resistant ILs and the information of their genetic
background would be useful in further investigations of BPH resistant genes in the wild rice O. officinalis
and in other rice breeding programs for improvement of resistance to BPH.

Key words: Wild rice, Oryza officinalis, Introgression lines, Nilaparvata lugens, Brown planthopper
resistance, Simple sequence repeat (SSR).
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