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Abstract: The genetic components responsible for quantitative resistance of rice plants to three Philippines races (P2, P6
and P9) of Xanthomonas oryzae pv. oryzae ( Xoo) were dissected using a set of 178 near-isogenic introgression lines ( ILs)
of Lemont genome introgressed in Teqing background and a complete linkage map with 160 well distributed SSR markers.
The japonica cultivar Lemont was susceptible to the three races while the indica cultivar Teqing susceptible to P6 and
moderate susceptible to P2 and P9. Transgressive segregations of lesion length for the three races were observed in the IL
population, and their distributions were approximately normal. There were significantly positive correlation of resistance
among the three races, ranging of correlation coefficients from 0.35 between P2 and P6 to 0.79 between P2 and P9. A total
of 10 main-effect QRLs (M-QRL) and 12 pairs of epistatic QRLs (E-QRL) affecting the lesion length of the three races was
detected. These QRLs were divided into three groups based on their expressions of resistance to the three races, namely,
group 1 QRL which was resistant to one race, group 2 QRL resistant to two races, and group 3 QRL resistant to all the three
races. The Lemont alleles at all M-QRLs except QBr6c on chromosome 6 were associated with increased lesion length, and
decreased resistance. The M-QRL ( (0Brl1) detected in the region of RM144~RM123 on chromosome 11, could be allelic
to Xo4 gene, which showed a major additive-effect QRL to moderate virulent races P2 and P9 whereas it was completely
defeated by high virulent race P6 and had no any residual effect of resistance. Among 12 E-QRLs, the epistatic effects of
the parental type of the three epistatic QRLs ( between RM496 and RM120, between RM282 and RM119, and between
RM119 and gl-1) were all associated with increased lesion length while the epistatic effects of the recombinant type tended
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to result in decreased lesion length, and the opposite was true for the other nine epistatic QRLs. Both M-QRL aud E-QRL

had obvious race specificity, there were differences in magnitude of interaction effects for some QRLs although thev shared

same directions of interaction. The QRls detected in this study were compared with those idemtified iu other populations

including the recombinant inbred lines derived from the same parents, indicating there are some stable QRIs which

expressed across different genetic backgrounds. This study indicated that interaction and cumulative effects of multiple

QRLs identified from susceptible parents were favorable to stabilization selection between host and pathogen. which

simultaneously provided strong and durable resistance for the host by pyramiding of different stable QRILs.

Key words: Rice; Bacterial leaf blight; Quantitative resistance loci (QRL); Race specificity

M % BB ( Xanthomonas oryzae pv. oryzae,
Xoo)F|I BT HTHRRIEM N ZEH AR RTX
HEBMEREZ —. 20 4 60 41 LISk, K S
%t E R RS R R A R R M- TR K
BHRARERFRNRE", FTHYNRTER
AABHERX, DaELEAREFNTERAK(EER
HOMBEMAEHESTHORETH OKERH).
RAE“ B EE B R m RS
S5RFYMNEBEETERE., BT B, B8
BRBEEEEMKBAATHBEREE 30 4
=AY, T REHS T ERES R EENR
E.FANAASBTUGRERHNREN L, AR
AMREREER -HEREEHRN -4
e, Al aEMD B ERERRAZEI B
HWEHR,

KR4 BB G X R AR MBI ¥ A R
NEEMEBFEOBEBES . XA 4R 0 R
BHRUEREHEAANTESHRERZANEE, £
FRUEBMERXMBERNXR, EEXHEES T
EHERMAELE, AT HBRRERENBER
HE5RFEREMNEEART HOUNR, ¥ 5 01H AR
FEAMNBEMAALTEMDH A EHELEHESER
ﬁiﬁﬁfﬁéﬁz(quwtimﬁve resistance loci, QRL),f##&F
TABARELEMNE R, Aot £ 3% E % QRL
5% #EMFOEEFRBREMEEXRY,

APREEMNAREE ZHAEMNKBHZSA
FREBEGRA SSR ARin Bk MR H SRR R QRL #
TREkEN, -5 ERREHE QRL 5KRE
MHHEERR,HFCHA RS QRLIBFAEH
AR KR,

1 MRE5FE

1.1 ERCEEK
LU ERIMRESER Lemont B AE S5REH

FRESME T AR ERZLF, SIEFATHRE
BC,F .\ BCF, T EBAR TFHEM N E 5% FME
3K BCF, M HBERE THHE M KSR
AMELUR #5813 F BC,F, # BC,F, . [F 8 £
FBEREZFERPEERETHEO N E R 5
B a4y, &% 5 %8 254 4~ (133 4 BG,F, .96 4~
BC,F, M2 M BCR)BEMHFERTRMNESZHR
F A F (near isogenic-introgression lines, ILs) " , A
BEHLE R 178 MR AR FAMR.

REHHE T 2005 F 5 A 10 HEMETER L
B4Rk TEVYREMERK.6 A 8 ABH, LK
A, 8 4AH. &3 EE . BEEMNS 7.8
6 ¥k ATHREE 20 cmx 17 em, BB 20 M IL A F &
Lemont HI$¥%&, 4 FHHEMAMFENETE, ABR. A
BB o
1.2 ANHFEERHSES

ATEANATRFEREIBEREN 3 MG
BB/ P2.P6 1 P9, HHiIREHKE L FHR
WEP KIEFE, BR S 100/mL MBS T, T
BER IR A Kaffman 39 M 3B R B R & 1T
I BHREEI~-S KELRBIFHER, &
MERE—-BHEEKREEE., HHE204d 7E5H
BKE,

1.3 #EEEHERARE

HHAEEA TS B HI8 157 4 SSR R H
3AFEFICERE -1 GEM)  COEFL)M Ph
(MEM)ATFHEEHA™ ., ZEHEES 124
KRS Gk, BEEN 1677 M, HBPHRICE #FH
BEB 5 10.5 oM,

1.4 HESHM QRL EfL

KA1 SAS PROC GIM BF A FRABKE A
F/NF R RS /N FRE TR/ 5 £, $ A SAS PROC
CORR BF" st bk R MR R /DR BE K B AT AR %
AHT. LARRTER BE ot A B3E , R A SAS PROC GLM
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BIFMTRRCO.UEEKE P<0.005FR
AL QRL AU HE. M1 A QRL 5 248 2
DU EA e s, L3 F oA &S RS,
RJB QTLMapper 1.0 K1 45 3 05 {1 & 69 1 4E 5%
87 P<0.005 H1 LOD =3 N E R EHMI
BAE BT B E M 5 4E XA SAS PROC GLM B ¥
HATRIE, X TEXEENEE, RARAMAEF
A2 Mfid4MAREEEEANERBEGED
YESRE " 342 4K M BARRUN I B EHT
R, EBEE-TEEREKEHRET 4
XFEAD/NFFEIE A QRL KLBEER — /A F
gk, B edh FaITFELEDLRERIIE
IR /N e QRL A RIBI A B0, (T 7E 1 ~/NFE
FRMBIHERMEE QRL, EFEHKR/NFFFR
M P<0.05s WEFKTFHITHERIE, REXIE
REEKE, % QRL R LTS HISA T,

2 ZERE5LH

2.1 ¥(FESARBHHMAMERR
WFEMGFARBEEI P2.P6 Rl PO BISRBLK
51 F & 1o Lemont X 31 /D M i A5 FE I B 18

P2

Teqing M Lemont

Individuals
N
=3

- Z 22 AN a .

12.9~19.6 em, HEBIEH HFEFH 8.5-14.9 em.
it P6 G, X P2 f P9 R APE, TESITE
B AR R TR R R BN S bR R (8 R AR B
HREEKT.HHUNBRBBEKT LS 38.9%.
25.7% M 20.3% . FARBRER 3 /N FHREE
KELESES HMH BUEB Ry, AN
BANBBHRBEE D, FARSR P2.P6
POFRHKEE FUEMNRRETINE 18.3%.
17.7% 1 30.19% , 3 # %t P2.P9 #1 P6 3 /N BT
KE<S em WA A 139OI T, FAFR
N3N FAREEEML ER PR S
Po MAHEZ 8N 0.35, %/ P2 5 PO 5 0.79, #F
P6 5 P9 4 0.39,
®1 AFAIBABETREARN I ERRAMNH
HUEAIN R K

Lesion length of the two parents and 178 Teqing-ILs
to the three Philippines Xoo races

Table 1

N Lemont (em) ¥ Teging (em) PHEFAZE MQ-Is (em)

Race xts xzs Tts Range

Teging

P2 12,9 £ 1.33 8.8 x 1.33 9.9 £ 49 2.13-27.17
P6 19.6 £ 2.15 14.9 = 2.6l 17.2 + 5.84 3.23-32.48
P9 159 £ 0.77 8.5 £ 0.83 10.8 + 6.75 2.81-32.10
P6 PO

s0(

40 Teqing M Lemont

30 * *

20

10
o NN — ooogqu\‘\cvx-:rrqmw—
c2dEE = —TegSosagg®s

Lesion length (cm)

Bl H#EFRSARMIMHRRAHKREIHNGHKEORRASR
Fig.1  Frequency distribution of lesion length to three Philippines Xoo races in Teqing-ILs derived from the cross of Lemont/Teqing

2.2 EHMEE QRL M3 FHRIZEN
MEARGREND 107~ L mitn T
QRL, 44 T 45 2.3.6.7.10 f1 11 e afk(E 2, B
2)o HIEX L QRL MY /NFHL W H A 3 4.
%1 A9 QBr2a. QBr6a. QBr7. QBr3. QBr6b
QB , P EWM 1 AT S 2 408K
QBr2b . QBr2c M QBril , 5% P2 f1 P9 2 N/MFR A HL
58 3 A1 QBrio RIETZ0 P2.P6 F1 PO 3 I~/
KibitE. BRES 6 Wik 89 QBr6e S, R E LA L
£ Lemont S AKX TR K F, BIRET H

R (E 2) o B—4 QRL X A El/NF B9 5055 1 A Fl
¥, BmMESN K INEFE—EET. HE -8
HIRMFH 11 $ Gk RM144 ~ RM123 K @ H /N
P2 F PO R 1A ERQRL(QBrI), H F{HEFMMHESK
RHAAR K, RIBRTARE , W ZEE TR
Xa4 ,

AR RWMB B EEWMBLBEN 12 M NEH
BAE QRL(% 3,H 2), BEX L HE QRL M A /)
FECBREH SR 3 A, 81 4815 RM341-RM309,
RM239-RM123. RM401-RM417. RM118-RM228.



1614 € L2/} £ & E ok

RM496-RM120 Fi RM142-RM50 3% 6 % 5 4 L E206 | X H E (RM496-RM120 . RM282-RM119 #1 RM119-¢/-

SANFRHLMEL S 2 4140 4E 5 X, B OSR27-RM261 . DESEARFERB L2 f D) ZRRBERKEN
RM250-RM332 \RM282-RM119 . RM119- gi-7 1 RM307- I (R RR AR L) | Efﬂ%lﬁ@(mﬂ' AT
OSR7. 89 2 /M4t ;58 3 2 RM168-RM333 3X 1 SR B 48 5 (B IG s& otk ), Hom Ay 9 X I AERON
XA A E o 3 NI, XL E PR3 MABL (R 3),

£2 AIBIRSHRSAZILAAOFMIPAHMAFENRRHEKEN TN QRL
Table 2 Main-effect QRL affecting lesion length caused by three Xco races detected in 178 Teqing-ILs

ORL REH [EECE B8 MR Race
_(,hrrrmnsom? Marker interval Parameter P2 Po P9
QBr2a 2 RM211-RM279 F 5.71
a 1.93
QBr6a 6 RM439- RM340 F 4.36
a 1.51
087 7 OSR4- RM505 F 4.26
a 1.26
QBr3 3 RM231-RM251 F 5.08
a 1.73
QBr6b 6 RM253 - RM50 F 9.3
a 1.8
QBrc 6 OSR19-RM204 F 3.95
e ~-1.76
QBr2b 2 RM29- RM341 F 7.13 10.69
a 1.69 2.38
QBr2c 2 RM250-RM48 F 7.32 10.05
a 1.78 2.39
QBril 11 RMI144-RMI23 F 23.45 19.73
a 5.39 4.67
QBri0 10 RM216-RM311 F 4.36 6.13 9.15
a 1.28 1.4 2.09

B VT RRRIER A BT QRL MAESIRIZ.
PO RRHTREEMREG N e 9 QRL B H0HE BRI, M ERR 77 18 th A Lemont 9 F45 HE BT
Notes: !' The underlined markers are closer to the true QTL pasitions.

Y F means statistical value of deduction for significant testing; a represents the additive effect of a QRL and the directions of additive effect are
associated with the Lemont allele.

F3 HAMBIHEERSAZTPRAAZMEITAMASRIANEREKENEE QRL
Table 3  Digenic epistatic QRL pairs affecting lesion length caused by three Xoo races detected in 178 Teqing-ILs

Rfaik tRig v Be o 4 fRig 20 /R 10D WU EE LR K Digenic
Chromosome Marker | Chromosome Marker 2 Race 1121, 1L/2T 1T/21. 1T/2T

2 RM341 12 RM309 P9 3.67 -2.91°"" 2.49"" 1.83° -2.21""

10 RM239 1 RM123 ] 7.04 -1.55"° 0.77° 0.44 -2.73" "

4 RMA401 4 RM417 P9 4.68 -1.76" " 1.31° 1.29° -1.18

7 RM118 10 RM228 P6 4.19 -3.33""" 3.64°°" 1.95° -0.84

10 RM496 11 RM120 P6 3.98 2,777 -2.36"" -1.69" 1.82"

4 RM142 6 RM50 P6 6.06 -3.26" """ 1.66 293" _2.42""

1 OSR27 4 RM261 P2 3.80 -2.44" " 2.10" " 1.2 -2.18"
P 11.93 -2.98" """ 2.60°"" 1.62° -2.30""

2 RM250 1 RM332 | 2] 1.46 -2.59"""" 1.93°" 1.73° -1.98""
P9 4.20 ~2.45""" 204" 1.20 -2.51" "

3 RM282 4 RM119 PR 1.4 2.45° " -2.31°"" -1.98"" 0.49
P9 7.62 357" -3.3077 -2.80"" 0.93

4 RM119 5 g1 P2 2.36 2.89°"" -2.74"" -2.83""" 0.05
P9 6.70 3127 -3.07°"" -3.01°° -0.22

4 RN307 8 OSR7 P2 2.87 -1.75" " i.05 1.52° ~1.43°
P9 7.68 -2.377"" 1.35 2.10°° -1.90"

3 RM168 10 RM333 P2 1.07 ~0.99" 0.63 0.97° -0.80"
P6 3.58 -1.51"" 131" 1.22° -0.6
P 4.08 -1.27"" 0.69 1.34°° -1.07°

W VHERICHEMBAMER QTL. ) LT AFIFRAA | MR 2 EXAE Lemont B FHAASHURME, 1 M2 RFFIZ1M2,°,
TTLUTUTEC 4 stk « M%7E 0.05, 0.01, 0.001 i 0.0001 B EKF.
Notes ¢ ')Bold markers are the main-effect QRL du.ec'.ed in TLs. " L and T represent homozygous Lemont and Teqing alleles at the interacting markers, 1 and
2 represent markers L and 2. °, ", """ and * " " ° indicate the significance levels of P <0.05, 0.01, 0.001 and 0.0001 for the epistatic
effects based on ¢ tests.
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N 279 4 RM401-1 <ol c.lieeres
RM25 RM353 RMD‘);\]__ RM2353
] T eA
RM1297] RM32477 RM335+ RMI3 1) Rmsor‘ @
57473 P !
RM35-H RM 145+ QBr2b ; RM35 1 RMS74 4 RM2767
RMYT2 RM29 : ; E
. RM;M'”A A A RM289 R\a;lf‘
RM246 {1 i RM4171 M289y K
. RM249 ] RMI417
AA RM263-H RM 142 o b
OSR27 | i rMi1eTi A RMS0Y | RM30-H
RM212H RM221 1 RM163 ] | QBr6a
212 3941
SR3T] . RM252 A RMA439-+
OSR3 RMaso QBrac ; RMi6l ] !
25t B RM303H RM421 RM3400
RM104—H RM48 -+ AA ()SR}H‘—j RM255-H
RM208 H RMSST Pro
RM293-
RM482 H ;
RM138 RM 143+ RM280
RM854
RMI148
RM227°C
7 8 9 10 1] 12
RM48 1\ n RM286°q
M Is - RM31 RM2447] H RM415T]
RM430\{} OSR30 RM219 ] RM208] ‘
RM1254 | amss- Ll RM105~L RM2221 RM333~_AA RMi9 T
RM214 RM257 RM247-H
s QBr10 RM167 1
I RM25°1 Rn242 RMZISTOER) osr32H
RMIV g7 rM278° 1 A I rMi2oH A -
RM 107/ RMI126 ; 0A 0SR20
10 OSR28 RM239 RM202H
OSR4’Y OSR12 e RM277L
rmsosH A RM4837] N .| RM20971 RM260-]
RM1187]| RM215 paalil RM229 rama00] A
RM18 RMI37H RM20S RM2717] ; "A
rmazs rRM72-1 RM2587] RM21 1} RM463
RM23 RM339 RM22 ul
=) 2 H RM206 H
RM248" RM223 RM333] RM2707
RM2107T] RM496H RM254\| RM23571
Xa4 RMI7 9
osm»AA RM590']] RM144 a
RM591 rM123H QOA
RM230°7 RM224
RM4777T]
RM2647Y
2 3 AT/ N RIRTBER 6T 2 QRL
Main-effect QRL affecting lesion lengths caused by three Xoo races
AAA 1290 3 A EAEHRATHANFERTBE (RO B QRL
Epistatic loci affecting lesion lengths caused by three Xoo races
2 BYUINFREAMEGREAH RPN PIMNENREE QRL EXHE LS
Fig.2  Genomic locations of main-effect QRL{oval shaped) and epistatic QRL (triangle shaped) associated with partial resistance

to 3 Philippinges Xoo races P2, P6 and P9 detected in Teqing-ILs

2.3 EHREE QRL My/hfh &4

M2 &3 7/, ERFAEAE QRL S5/ 8
FAENFREE, KERERMELE QRL X AR /N
MO BREEAR, ME 1 A8 FME/E QRL
B8 1 AR 8 2 AR5 2 N, 8 3 W R e
I, REFWH QRL X AFRI/N M HL %
e 8, ERERNFEER. QBrll (Xa4)Xt
FHEBEGRAM P2 1 P IRI—E5miE QRL

YEF F R 29 B 3 A T H i QRL, B X 3REA /D
i Po, R BEFE % AL AR U BV AE MY B BTt R AR BRY o

3 iFig

FEEFENKFREREY RN EE
FRARRP, X EHYESHEHOEEXR
T F PRI X R R
e, 26 FXELRAGRERLRER,
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ACEHE R A EREE, SN A2
BHUR E S F P ROA R R AN TR . AR
FA 3 T EHARMAERDRMZ QRL 4RI, B
i B AR REE T AR £ 30 QRL, i B &% QRL ¥
AER/MFAFHREIFAME, #—F LT ER
QRLENFMEIFERABMEREXRE" . REAL
F % QRL R B B AN [B] /R, 4R i ELAE 9 05 1 — 2,
R EARO IS BEENKN KA, R
BHBEELHER., WRELH, BRI QRL 570
FEEEAES  EEPIR R T QRL R BE T &
EXRMANHEABE, T H R —3 T E QRL X A
[ ANFR ) B B 52 2 — BB A NE . &
TEBRFEAPENBNEZH EHMEE QRL, —
BAGFEMEE QRL —BEEMRE /N, Bk,
XEFYMEEQRLEMEKMEER ., AR FF
FERE/PHZEMOEELESE, T ERKIIHN R
MRS,

HXTH EHUR Xod BEEM S, BFRRHFED
RERE NS F VR EAEEREI L &R
BEOWNERN, I Xe4 AN TEHEEHSE CR4 HI
CX08 B A FHEHME, T HIER CR6 BHH 1
TEF I QRL . AT LR FH I Xot {7
SHEAEHEESW I AERETHR/F PL.P6 A
P, S5H5E I Xad R (QBrINMHEERtLGHE
R AR, X FEAEEN P2 I PR R
B Xo4 EFEWHERRBNL, Xad LA QRL 8977
KFH B SR, BXBOR 1380 P6 £ IXALA K
PR DI R AN, WA Rk . B KRR
AMERPISEF ERERESREETHEEEAME
EREMATRRE LHER, XS5EUHBERER
EYSREEMNEAERR, FENTHEEEER
RARERBRMNARE, ,

EHRFmERTRER, S H#F - ERET R
—AFHTR G RERES G, T8 mREE
A BB /N B T 40 3/ R B I O B
AR HBEERHERES “HEL7. kA
HAERMKPRERAERE, Bh TEMREE
MURSEHERROY M FHEE SN TREHE
EL A, XA ERKRERTAEEN
BEHEGTEHERED . STWRAAL THRICE
L, AFEREXNAGHNBRFEAGRECLE
A EWMBER ERMEE QRL, & B MR RFLP
SRIEMA XS ZBRS  WATRELNTHE

¥ bt FnH

QRL SR EANER AL RHG " ki
ftu BE - R B MO L QTL #E 4T L, BB/ F
P2 {9 QBr6a MHL/AF PO {9 QB3 351 S5HE M 8
/5% 17 DH BE kb Br W Bl 49 ¢BBR-69 ! BBR-3
EMEAR ST RaEME Y, R E AT
KRR A Hi 9612, HL P2 9 QBrlJ ML P6 (9 QB3
SHISE 1 Yk RZ536 ~ G2132b X WY QBrila
ME 3 Pk C515 - RG348 X 8189 QBr3a & LTE
HMEWA B, QBrila F QBr3a HUH [0 il
B % CR4.CR6 1 CXO08. L P2 1 QBr2c 5% 2 #
Bk RG520 ~ RZ476a K (A4 CR6 9 QBr2 & U 7 —
B, A A THESAZBREREFFHAL. K
Lemont MIFHEFMEMA AR ARG NAWA T E
ik, BIEE 7 Ak CDO3RS. FE o REEM
RZS516 FI4E 10 e 2k iy RZ400°) £ § A BB (K
Y AE D AH BB E KB QRL( QBr7. QBr6c M
QBriO) S W], keI W, LR QRL 7E it 1%
HESTHERUE, AARK AR (ER),
FLHR QBrll . QBr3 1 QBr10 Xt 5 1~/hFh (B ) #
AfHt, REES > FiRiCHEBIEERTH . B L
i® QRL #47 B, kg mbtE K ¥, ka9 s
EHE,BRA THRE RRERA WATHR SR,

4 Hig

Lemont % {i 2£ B 7E ST R W 2149 9 > QTL & {u £
WHMTHRBERKE, 5 Lemont R EH M HBEM S,
ERERAEFRAGIHRN Xod EH X FEH A
FP2F PRI A IR QRL, BHII T L PR
#/FP Pe TLIR , FE R AL A KRR BB A HER A
HBE . FHAEAE QRL X A |l AN A 14 81 B 1 /D
HEdtE MEEERNTFEEREER. @3
R PR B & E A EAE QRL #1T R, ¥
AR THBRF ENFIRERBEL,
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