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YR K A R OB T el 718 E 2 Bl 35
BnF DR E LHERE D fEA

HWEKHTREOEELRDIEY FICRIET 518
DO BE 5 (Bronzing) | ICBAD L BEIn T D~y 7L
REIZ DWW CHENTL 72, DNA ~—%—% /- B s
% (Quantitative Trait Loci; QTL) fi#tT O R, £ 3 B
FOE 11 B fk LG FF 2 TS Bronzing D3EAIT
B 592815 1 (gLb-3 BEW gLb-11) DIFIENRHHE
Nz, IHITH 3 BLOE 11 EaECZhETH
Kasalath O %} 3718 {5 1-& Nipponbare O %} S AR 137
1E9%& Bronzing ORAEMEMES DT EN RSN,
Y EKHCAF ST, Nipponbare ZiE{miy s &L T
gLb-3 fEIKIZ Kasalath DY EKRNDNEHIILTWDHYLE
1R 45 1& #4 5% BT (Substitution Line; SL) % H W\ T,
Bronzing DFEJE~D gLb-3 FBX gLb-11 (2L DFEH]
TS 2 R L7 (Fig.) , Bronzing OFAENFROHIR
otz SLAT EFRAED RO BT SL61 DR %R F, 4
94 SR A T i OFE 5 Bronzing DR
gLb-3 |Z Kasalath DARED, gLb-11 | Nipponbare 75E
PIEIET DG A IR ES N D ENH BN/ > T, LA
| OEHTRE R DG | HE K THEE L2 Nipponbare &
Kasalath D ZRZELZRIZFRDHHILD Bronzing DRI,
%3 YR gLb-3 L5 11 Yeta ko qLb-11 (ZHIfHIX
AWTWDZENRENTZ, EDIT, gLb-3  Kasalath Xf 37
s ¥ & qLb-11 @ Nipponbare xf 37 i {5 ¥ 1% .
Bronzing OFAEIZEAL THAIIBR THLZ LN B XD
i,

e e CGRAERZRFBE A MR A ER:)
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Fig. (A) Graphical genotypes of chromosomal segment
substitution lines (SLs), SL2, SL47 and SL61.
White and black bars on each chromosome indicate respectively
the Nipponbare and Kasalath segments. Ellipses indicate
approximate positions of the QTLs identified in the
backcross-inbred lines, that promote leaf bronzing.
(B) Leaves of Nipponbare (N), SL2, SL47, SL61 and
Kasalath (K) grown in the saline paddy field.
These leaves were photographed 2 months after transplantation
into the saline paddy field. The numbers indicate the assessed of
leaf bronzing score for each line.
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HE K PR A R A AR ORI T o M F M 2 SR %
B DFFE AR RE DR

1. AXEH

EWIL, BEEROEBBIOMAHRZ 2B
ZEICEY . BBEEARL A~DEZ RS L | A 4 7B 5E
T CORKEEN AR b LB E TR RSN
TEIZ, ARPEBLOBEREOBRICIB W TERLT
ETEEEROEMBLIOMHAEZZHONITHIE
V., KR & ZRBRET AR A DI 0 Az A AR 2 i B
TEH—ODFETHD,

HEWE R D2 AN L0 HL R U S HE R ST B E I

THNCEVIER S TR U O BHE Tl I
e Na™ DEEFEL , 1EW ORI A 7253 THE ) 23k
Do TND, ZIVET, EEKBEIZE T, IR R
TELAXOMEHE BRRL, EEKBIZBTHEE D
HEFF T e D OIPEIC DB E RO, EnF D
F& HE O i B A3 1 6D 5, T & 7= (Flowers et al. 2000,
Prasad et al. 2000, Koyama et al. 2001, Lin et al. 2004)
Ll ZRHDOFZEICB VTR SN B AR RB X
DHBf SN 2B B 728, WEKBIZBIT A ROEF
OE F PRI MEIC B 5- L TWH DO E LM ST
RN, ZOFMELTIL, R Na© 275 STk |
TOARXDAEFTITIL, B ETIZT TN 7K H
WZMATHZ LD HEOE b BE KIFL, HUS
VIR EDFEIRZ, S i~ el
WCERTHEHMENDEFTREDESHIICRDOOND
ZEBRBHIT NS, LTei> T, EEAKBIZBWT—ED
IR AHEIR CEDA X RIMAANEH T D7D ITIE, HK A
ALK AERE R ICALNDE G IR BRIEAN AT
IZBWTC HEEMEE R CE DA ROBIE TR OEM
BLOHAGOE LT 52 LB NETHD,

T, WEKBIZBW TS ROKRE BT HER
PEDRERIZEADLBIE T EROERBET MERB LD
BEBEROT —FRXR—ADOHBE L HELL, HEK
HIZBWTEZ M4 7T Kasalath (A FRLA %) & Tt
PEZ R HARNE (B AR A X)) ORL MR E BARS
+7- Back Cross Inbred Line (BIL) 98 & #t -5 fliD Yuth,
IR EHCR A A VY, \FI7Z Na™ (/5 g i E
KHEEVERRL ., A RO EMMEIZRE D LBE T DR EL

ek S GRAERZERZF B A MR 2 IER)
Pron ez RAERFRZEBE A f B JE R

BEBEDMENZ 33 C&7, Z1b BILs Z#HHE/KHET
EBESHIRER, TOF I, 25 H B EiEE, £y
DGZEL (Bronzing) (213, 1Hf5E i 72 55 B & 68 1k 5 Bl 73
BOLN., BE OB T ENERL TN ENRIES
niz,

FREOMIIEAE REE F X AR TIEE 3 YelkRE
Wil AFAE 3 HEE L O Bronzing (b5 mFD~vE
V7 EBARBIHIEBER O 2 B L LT,

2. MHEBLUAE
2.1 HBRICAW A/ RRBERLURMETORIES
&

Nipponbare & Kasalath @ &L AZBLDAER S AV R L
A3 HE F B 1% (Backeross Inbred Lines;BILs) , Y& A {4
H1 45 & R (Substitution line; SL) . 38108 SL R0
ODAERC L7 2R B % AR 94F, £ H A M 7=, SL 1%,
Nipponbare & Kasalath @Y tafk EIZfF/ET 5 214 @D
RFLP v —H—IZ XV ik S =it A B Cab .,
MSEATEOE N A E IR RTG53 58 L Tz iZ iz,
i FAL72 SL %#51%. Bronzing (Zf% 2 i fnf D —
ST 5 qLb-3 fEIKIC Kasalath Y @A EHLL TWV5,
SL2, SL47 BXUN SL61 Th D, 94F, I, SLAT ZAE
F#ElEL SL6L EDOABUC LV HIL T AT B ES — AR
(F) D AIEB RIS T MORK LT-H D Th D, 94F,
LML, 2004 0 BIZH AL KPR B m A A5
BOMHEENTIEH LT, 98BILs O ZHMITABRX &
(2 3fEART D, £ SLs(SL2, SLA47 & SL6L) (kR X &
(2 IS {EIR T O RA LT, 94F, S T H /K AHNK B iZo
HIEAELTZ,

2. 2 BAKAMKABIZHITDHERKDEBREDHREAE

HEARAI I DK D Na* 2 % 80~100 mM [ ZHfEFF
T 57212, Nat B2 120 mM Ol Fk (5 %K S
5) & 10 mM LU OB KE -V CREE L7, M
KD BFEARASE T HERRX LT, BAi% 2 HH
IF R XICBEM KO A ZHAK LT, B D 2
%, & MR B KSR & B3 KA TR A LK D3
REZPEILT=,
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2. 3 98BILs MEX ., EMH LU LEBFEBE DA
& Bronzing M EL{h

KA K H ExRIX CENEILVE B SH 72 98BILS
@ Bronzing OF AL BAEH ORI 1 7 H %D 7 A
AR L7z, Bronzing OXEAEFE X M Leaf bronzing
score | \ZHEV BT L 7= (Takehisa et al. in press), 4532 #
D FHHIE 3 X 08 leaf Bronzing score 13, [ 8 A D
EPSRE L,
2. 4 98BILs ZFL /= QTL 47

K E 5T o8B FEORBHIZIE QTL MMt H
VI NThHALEa—F—7mZ 2 QTL Cartographer
version 2.0 (Basten et al. 2002)¢> Composite Interval
Mapping (CIM) f#HT LA B L=, QTL f#HTIC 227
98BIL HI DB RUT, A 3D 12 KOG AR FITLE

SIFHITND 245 D RFLP ~— 4 — Xk ESn T
WA (Lin et al. 1998), F7- 98BILs D& RHITHITHiE
I RL | BB (F T EOFHE) 2 AV 7z QTL f#tT
Tli&. model 6 (five background markers and window size
of 10cM)Z M e, Fiz, iESh=FABIn O F
H#E R® HCmRLE, Fo, F8 a1 EICR K EE T
DEEFE+ 5 A REMES Log-likelihood (LOD) fEEC/RL7=,
LOD fE 7% 2.0 Lh EZ&/RUT-6EI AR R B s 1T
TE DS A BEICH1T 5 LOD EDS b i mfia
RUTANL i 2 R R B AR T DA HE BN L LT,
2. 5 94F, KM%= QTL 4T

AV F VBB AR THD 94F, EH DB T
BARTET D20, TNHDOBLARHE THSH SLAT & SL61
O Kasalath YLK EHLER S, 5 3, 4, 6, 7- 12 Je A fk |

DFF 21 @D DNA v —H—Z Mz, Zhbd DNA =
— A1 —1%, SLAT L SL61 D 3, 4,6, 7- 12 Yt fk LIZiE
ST D Kasalath Yeta (A o 1 AR — & FrfE 3
HEINTFFILT- (Fig. 13-B), 7t 21 f#> DNA ~—H—
. 6 @ Sequence tagged sites (STS)~—A—& 3 {i
@ Cleaved amplified polymorphic sequence (CAPS)—~
— J — (& . Rice Genome Research Program
( http://rgp.dna.affrc.go.jp/publicdata/caps/index.html ) 7>
551 ALTz, 11 18 Simple sequence repeats (SSR)~—
#—1%. McCouch et al (2002)(Z&25~—h—IFEWHNS5]
FU7=, % 10 Yt fk Lo STS ~— A —Tdh5 10-01 ~
— =X, AT/ L)Y —F 717 4 (Rice Genome
Research Program) ®— & T&% Nipponbare D7/ A
- 7 = v A R Hw T — F N — X
(http://rgp.dna.affrc.go.jp/publicdata/geneticmap2000/ind
ex.html): ZFAWTIER LT, 20 DNA ~—5—1F
UL Table 5 |1Z/RL7z, ZhbD~—H—% W, i 5 il

HiE T L 94 (8{AD F £ D4 72 DNA &7
7L —h&L, PCR tal ’J:ofimrhﬁé-&f:%ﬁﬁ%\ TH

=27 V& W TCERKENC I rES T,

B0 DNA ~——7% v \t@{ﬁ%tm@f’ﬁﬁj‘u:
<. MAPMAKER/EXP v.3.0 % f\»7= (Lincoln et al.
1993) , 94F, # M4 v /= QTL fi##TiciE, vt a—X
—>7'm/"Z . QTL Cartographer v.2.5. (Wang et al. 2002)
@ single marker analysis Z H\ 7z, $72. fEHT OfS St
HEN 2B s 7T, 1% KETHEICHEEZ2H-
TWHIEERLTWD, £, FBn IR KR T
INEEFE S5 A HEME % Log-likelihood (LOD) fE T/L
7o

3. ARHER

3. 1 Bronzing DRIEICEAHHELTFEDEL
HRAHINZK BIZ 98BILs A4 B SH7-#E H . 98BILs

Hh 15 SRAOKEL |Z Bronzing D ¥ A | :E}S&b%ﬂ Z D

Bl FEToH D Nipponbare & Kasalath (ZIFF8D 727>

72, 98BILs DIEE FIZFIET D Bronzmg DEFRMEIX

BHOBLE DR TLHIEREE NI, CIM fi#ET D

AE AL HEKAHINK BIZE17 5 Bronzing (2R 5E 5 1
JEREIIE, 2 TR S 7e, — D13 EE 3 Yefalk EliR

Ui R1925 ~— 1 —iTFHIZ, &9 — 2135 11 Jefafko
Hifiod C1350 ~— A1 —& C477 ~— 1 — DI S
7= (Table 1) , MR HHSIIZIBAR T FEA Z 4L gLb-3 3
FOqLb-11 L4 L7z, qLb-3 |2 Kasalath 05 37385 1+
gLb-11 (Z Nipponbare @ %} 2i&15 1 BIEE T D&
Bronzing D3 A ITMEHESNDZ IV RENTZ, ZNHDE
Rnn, 98BILs &2 NHOBLELFE Nipponbare, 35X
Kasalalath (235317 % Bronzing ®F 41X, 2 DO#E A5 1
JE, qLb-3 & gLbll 23BEIFRL TWDZENVRIBE LT,

Table 1 Location and effect of QTLs for the leaf bronzing
score of backcross inbred lines grown in the saline paddy field.

Chromosome ~ Marker ¥ Lob? R2®  Add¥
3 R1925 31.7 0.83 -3.12
11 C1350/C477 3.5 0.08 0.76

Y Marker nearest to QTL is underlined

2 LOD score (threshold >2.5)

% proportion of the phenotypic variability explained

* Estimated effect of replacing Kasalath alleles by Nipponbare
alleles

3. 2 glb-3& glb-1712&k% Bronzing DEEFIEH DR
B
Bronzing OFEAE~D qLb-3 L qLb-11 (2LDF4
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CEDLL2EERHEEZAONICT S0 IT,
Nipponbare %i&{57 &L T qlb-3 fHIkIZ Kasalath @
Yt RN E HASICUND SL2, SLAT, SL61 Z KK A4k
ACAEBSE, SL2 & SL6l o qLb-11 fEIkICIE
Nipponbare ¥ ta{R/N7F/EL ., SLAT @ qLb-11 FEIKIZIX
Kasalath D YL &3 EHLS TS (Fig. 1),

gLb-11
SL2
gLb-3
Hg qLb-11
SL47
gLb-3
g qLb-11
g sL61
gLb-3

Fig. 1 Graphical genotypes of chromosomal segment
substitution lines (SLs), SL2, SL47 and SL61.

White and black bars on each chromosome indicate respectively
the Nipponbare and Kasalath segments. Ellipses indicate
approximate positions of the QTLs identified in the
backcross-inbred lines, that promote leaf bronzing.

KRR XAZ BN TIE, 2B R#EIZ Bronzing D413
RO BT (Fig. 2A) . BRI MXIZBW T,
SL2 & SL61 ?DIEL|C Bronzing O¥E/EITFROOLNT-
(score 4)7%, Wil MALL SLAT IZIXROLNRD -T2
(score 0) (Fig. 2B) , ZHBHDfE B2, SL2 LT SL61
DEHIZ qLb-3 |2 Kasalath D %S E L T-2FAEL, Ho
gLb-11 |Z Nipponbare O xf 78 {x 7 MBFEAET DR
(gLb-3: K. gLb-11: N) %, ZDOfDER AR~ T
SL47 (gLb-3: K. gLb-11: K) . Nipponbare (qLb-3: N,
gLb-11: N) . 33X U Kasalath (qLb-3: K, gLb-11: K) 2kt
5L C, Bronzing OFAEDMBEHES D LN RIBS AT,

A Control paddy field B

98BILs D, qLb-3 | Kasalath D% 3735 F 2N TFAEL .
H > gLb-11 (Z Nipponbare O %} i fs 1 F(ET 5%
% 15 ZHTHY, Bronzing MNFEAELIZRIE L
77

Saline paddy field

N SL2 SL47SL61 K N SL2 SL47 SL61 K

Fig. 2 Leaves of substitution lines (SLs) SL2, SL47, SL61 and
their parents, Nipponbare (N) and Kasalath (K) grown in the
control (A) and saline paddy field (B).

These leaves were photographed one and a half months after
transplantation in the control (left) and saline paddy field (right).

SBITAHFZETIE, gLb-3 & qLb-11 (255 Bronzing ™
A 2 29572 Bronzing OFEAENRDOHN
7phaolz SLAT ERAENGROHIIZ SL61 DRAELZIN F,
M 94 R A HVRITEAT o 72, ORGSR BiiskiR s
[EA£IZ SLAT (Zi% Bronzing MIEAITFRH BT (score
0). SL61 (ZiXF8d b= (score 4), SL61 & SLAT DAL
HERLAR F 4R 94 RiFEDH D | Bronzing 23 E LT R
% 85 Rt Tholz, SHIT, £D 85 ZR#HMITHKITDH leaf
bronzing score (Bronzing M %& EFE ) IZIZ /0 BEAZRD
Tz, WIT, SLAT, SL6L, B LN 94F, £ IZH1T5
Bronzing DAL B FELIR T 5720, 21 {#
® DNA ~—75—"T 94F, oMK DB R TR ZREL
£ F B A H\ T Single marker analysis 247572, £ 0
R 11 Yefadk B oo gLb-11 ISR T Y S21074 ~—
J1—IZ bronzing O AEICEDLE L EIR ST
(LOD 1t 14.4) (Table 2), 94F, (M5 % S21074 ~—7
— Lo #E s 775 Nipponbare 7€ O i (KD leaf
bronzing scores i% 1 L L% R L. Kasalath 7€ O fifl {£1%
1 Rz R U= (Fig. 3). ZORSRIT, 94F £ MBS
Bronzing i, $21074 <~ — 7 — LiZ Nipponbare O %} 37 &
fRT-DMFETDHEMMES I, Kasalath D X785 - 23F
ETHEMHSNIZZEEZRLTND, ZOTEND,
98BILs ™ Bronzing M¥& A% +H5 qLb-3 |2 Kasalath D7k
ENEET HEE, qLb-11 12 Nipponbare IRENXIEIET D
A2, Bronzing O AEMEESNDZENHLIZAR

77,
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Table 2 Location of gqLb-11 for leaf bronzing score of F,
plants.

The F, plants were derived from crosses between SL47 and
SL61 and grown in the saline paddy field.

Chr Marker name Type Enzyme LOD
3 RM8277 SSR 0.0
4  E2762 STS 0.2

C61009 STS 0.0
RM5687 SSR 0.4
RM5688 SSR 0.1
6 RM7088 SSR 0.0
7 511633 Caps Xhol 0.9
8 RM8264 SSR 0.3
520234 STS 0.3
RM5485 SSR 0.6
9 Cl1232 Caps Hhal 0.1
10 10-01 STS 0.8
RM1374 SSR 0.8
11 E21117 STS 13.6
S21074 STS 144
S$2137 Caps HindlI1l 8.6
RM5926 SSR 0.1
12 RM8214 SSR 0.3
RM6296 SSR 0.1
RM3455 SSR 0.2
C60772 STS 0.2
#Number of Chromosome
®LOD=Log-likelihood
40
(%)
= 30 r
@©
o
m 20 t+
©
(ZD 10
0
O 1 2 3 4

Leaf bronzing score

Fig. 3 Frequency distributions of leaf bronzing scores of F,
plants of the three genotype classes for S21074 on chromosome
11: homozygous for Nipponbare, homozygous of Kasalath, and
heterozygous for Nipponbare and Kasalath.

The F, plants were derived from crosses between SL47 and
SL61 and grown in the saline paddy field. White and black bars
indicate respectively omozygosity for Nipponbare and Kasalath,
the gray bar indicates heterozygosity.

4. % B

98BILs. SLs. 94F, £ [H % FHW = fiEHT IR0 | HEAK AT
7K AIZF31F % Nipponbare & Kasalath D AZE#RIZER
BHHIVA Bronzing OFAEIL, 8 3 YetafRkd qLb-3 L5
11 YR gLb-11 ICHIS IV CNDZ LDV RSN, &
51T, gLb-3 @ Kasalath %} 37 & {x 7 & gLb-11 @
Nipponbare xf 73 {x1-1%, Bronzing OFAEIZBEIL CTHE
HEIBAR THAHZENE 2 BTz,

BT PER R BAE R OfRICIL, & BT RO
BB LT WEIT A B T 2 e AR 43 18 HA R HE
(substitution line; SL) <CYE[FE &= Kt (near isogenic
line; NIL) ZHWAZ ENMFFEL LV (Yano and Sasaki,
1997), ZNETHE SN T2, HOE DO LRI KT
LI AAEHZFF SEBOBE OB HIL, F, B0
BIL £ o7 AT AR & - W=/ 5 7
EICEHB DA% (Sripongpangkul et al. 2000, Wu et al.
2000, Nguyen et al. 2003, Zhang et al. 2005, Li et al.
2005) , AHFIETIL, BFAL D BREEAN AIZB 53 538
B MO EAEMZEFD SL RktE TR TR
L7,

5 SH&RDEE

AHFFEIZFUNT SLAT & SL6L DAREL%AN Fp M
Bronzing A ICIT D BENR RO BV, XHIT, S21074 ~—
77— kI Nipponbare & Kasalath O~7 a4 5 F,
@ leaf bronzing score 1%, 0 2°6 4 ETCOHZERLTZ
(Fig. 3), ZIVETOMFFERE RN D, qLb-3 BL T qLb-11
2, FNE Bronzing OFAEICEIL TESNS B E
WrE 523UV, 5% 1, gLb-11 (IZ~T a3 i /e
THEA, £201% qLb-3 ICA~T RN FETIHAD
Bronzing DFE 41T, S %O T HUENHD

AWFFE TRV = 98BILs DEEE o Bronzing 1. Hik%
FEAL 2 FREKAZ B W CIERB O HAL T, HE ANk
HICBWTIXZORAEREDLONT-, A REH D
Bronzing D% A= IFAR B Z B Fl 72 ARk A~ A
HOEBAA L DFHETDHIEICIVRES NS ENH
BT TS (Inada 1965, Tanaka et al. 1966, Wang
et al. 2002), SHIT, ZNHOUR /a4 B A AN LD T
4% Bronzing (2B 57 5 s X, BEICHR IS
TETCWD, MHEICBILTiE, Wu et al. (1997) 23 H
AALA 2 Azusena &1 R HLA 2 IR64 @ double haploid
(DH) #E[H 123 5&#t% V>, Bronzing D382 5iE
I FPEZ TR AR BT L TD, £7-, Wan et al.
(2003) 13, AWFFELRIER DI B2 Wi I R0 E 1
Peta BRI L CWh, i~ H 2B L TlE, Wang
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for breeding salt-tolerance rice in saline paddy field.
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Summary

We analyzed quantitative trait loci (QTLS) in rice (Oryza sativa L.) for leaf bronzing induced by
growing plants in a saline paddy field. The mapping population comprised 98 backcross-inbred lines
(BILs) derived from crosses between Nipponbare, the recurrent parent, and Kasalath varieties. Fifteen of
the BILs showed obvious leaf bronzing, but the parent varieties did not. We identified two QTLs for leaf
bronzing: one (gLb-3) on the long-arm of chromosome 3, the other (qLb-11) on the short-arm of
chromosome 11. The Kasalath allele of gLb-3 and the Nipponbare allele of qLb-11 were found to
promote leaf bronzing. Furthermore, we clarified the interaction between the two QTLs using F, Plants
derived from crosses between SL47 and SL61. In the F, plants, segregants harboring both the Kasalath
gLb-3 allele and the Nipponbare qLb-11 allele showed leaf bronzing. These results suggest that leaf
bronzing was induced by an epistatic interaction of the Kasalath qLb-3 allele on chromosome 3 and
Nipponbare gLb-11 allele on chromosome 11.
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