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Detection of Quantitative Trait Loci for Heading Date and Seed
Dormancy in the Brown Planthopper Resistance Cultivar
Swarnalata ( Oryza sativa L. )

WANG Qian, WU Tao,REN Ya-kun,MOU Chang-ling, DING Bao-xu,
WEI Zi-yao,LIU Xi, LIU Yu-qiang,JIANG Ling
(State Key Loboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University/ Key Laboratory of Biology,
Genetics and Breeding of Japonica Rice in Mid-lower Yangtse River ,Minisiry of Agriculture ,Nanjing 210095 )

Abstract : In the present study,one F, population derived from brown planthopper resistance cultivar Swarnala-
ta/02428 was planted in 2013 at Nanjing Agricultural University Rice Station( Tuqiao, Nanjing, China ). Phenotype
values of heading date and seed dormancy in the F, population were investigated. Using 172 markers, a molecular
genetic map of the F, population was constructed , which total length was 3311. 4¢M and an average marker interval
distance was 19. 22¢M. QTL controlling heading date and seed dormancy was detected in this F, population by using
QTL Cartographer version 2. 5 software. A total of 7 QTL related to heading date were identified. They were located
on chromosomes 2,3 ,6 and 11 ,respectively. Among them,a QTL named ¢HD 11-1 was flanked by markers RM286
and Indel 11-2 on chromosome 11, which explained 28. 85% of total phenotypic variation with a LOD score of
2. 89. Meanwhile ,3 QTL for seed dormancy were found. They were located on chromosomes 3,6 and 9, respectively.
Among them,a QTL named ¢Sd-9 was located between marker RM219 and RM1328 on chromosome 9 with relative
high LOD values of 3. 11 and explained phenotypic variations of 22. 11% . Results in this study suggest that seed

dormancy and heading date are controlled by different genetic factors. These results provide an opportunity for map-
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based cloning major QTLs for seed dormancy and heading date or materials for pyramiding program in the brown pl-

anthopper resistance rice breeding.

Key words :rice ; heading date ;seed dormancy ; QTL

AR K R E AR 2R —  BERE T
IR it el b DX A1 B 271 33 W o 22 i R 4
AYA2 e Bam otk . AR HE Gramene W3k (http ;. //www.
gramene. org/qtl/ ) B BT A A BB A 5% F A
AR C 228 2 3 618 Sk R Al QTL, iz 77K
FERTA 12 e afhk b H 2 &h 50 2 a5k
PRI pa e, o) B b S BB B 1 E 4R A

PRUR 28 EA WG 1 0975 — & B I a] A Bl
TEIRSE SR 58 A2l 0] 0 75 S 1) R 1R T AN i & 1Y)
MG, SR YU B O R IR T
SRR KRR R B b b 8 AR 4
SKEATBUE A . — D7 T, R ARG Fh - 2
ST CHTR, T — 7T A B B —E AR
PE, 57 1757 SR R ) 38 ) 15 Ui 22 W R AU 7 A
R, M FIRIRH R AIRZ 250 WNTE
R FIIMEREE R NTE R R F 2 A R G
BAEFT M Bz B LA SAR IR 45 | ik 22 R R S [R]
FERFIRIR . SMERR FEARE B DL =
S, BEE I FIRICHOR I A R K e 5 BEAR T A4
BR324 1k, K 5K REARIR P AH SC 1Y QTL
CHUENL, ZREA BT E I [F B L BRI
MIEESE A IRIR QTL 3 A FEK I T A 12 J G
R b AL 5 T Bl R 22 0 S A 3]

Swarnalata JE#EHPURE CEE Bphe 1Y INHL
Lt R B WS A PR VR B
FERWOE ML T4 4 ki 1 Swarnalata
AR AR OR IRV 76 5 e A AR SO 1 b1 28
1150 CT#EE 7 d UL EIFESER N BERAE
A BEFTHEARIR . Swarnalata 7558 PR A BEFh AR , &
FOZah AT R T R PE LR AR
sRARIRPERIAR A Swarnalata 5 JCORIR T 25 AU Fe
02428 ZACH ¥, 73 BIREAAR  XT Swarnalata $ il i 72
AR RBR Y QTL AT E AL, JFTE FRE A rp 45
PRURAESS FAE LAY F, BRARAVE S 7 b i v ) 61 R
BB KRBT o T hRic A B &R m A

1 #MRlEFE
1.1 ks

R B R DA RS 02428 MEEA HIAT Swarna-
lata AWACARRIZLAE F, H ACHRAFAHY O1 > BARR AL B

F, B A, H Swarnalata 5228 F d i (4 Al #5
an Al B A R R | (R AR K A AR
T 02428 JETT R A HOBURE RS SR AR B
B RHRAE

1.2 RBEFE

PAA SRAS S B, R A5 FRLBR I R H 000 ek
51 REREIER IS 2 ~ 3 em A9 H B0 A iZ B kkHh
FEH , MAEFD 2 A i A E R R

PR IRPERG I 2 B T, Wan 2501 5975 B 0047,
AR ST 35 d WOk, B RRE I 2 FE 50 A
WG R B THIA 2 SKIE4EA 9 em BEFRILAY, T
30 C 1 100% FHXTIE BE S50 5 & 28, K2 7 K
RHR EE 3K, VAR W ZE i R KA
R R ZERRUE TR F & ZE R R IR M (58 55 8
KRNI IE 725 [ aresin (x) "2 T, FIAE QTL
ORIUTOESIEA €N
1.3 HFEGEIEHE
1.3.1 DNA WREL 7eorBEHIBOCRA ) F, o s it
R FARRAOIT 1 ~2 5k, 2 B8 S, L. Dellaporta 2l7]
B B A RS R U DNA . HEHUY) DNA FE &
SERTET TE 22 MY BUBE , -l MBA2000UV/ VS
FerEAY ( Perkin Elmer AR A ) W Hvk BE L SR
J& , K A 28 18K % DNA RERFR B 2 20 ng/pl,
YER PCR 914 K7 A AR T AR
1.3.2 SSR 43#F PCR W5 R X. Chen %™ 1y
FEIFAES s, W 7E A200 Gradient Thermal
Cycler PCR 1 ( LongGene A #]) 4T, 918 7= H
8% WIAE A5 ¥ PAGE LUK 73 89, # % C. Sanguinetti
EOT AR B
1.3.3 fRiZEHSH H 172 MEEEFENAN
SSR 1 Indel FRicXF 91 4> F, BLERIEAT 8 4% 15 5t 40
Mr. #5 Swarnalata MR RIK(E N “A” | 5 02428
AR RURAE A “ B 24 A T A BB R < H
PRI BB B B R« -7, FI 1] MAPMAKER/
EXP3. 0" SR T B AT
1.4 QTL %

KT EZ A X EAEENE R84 Windows QTL
Cartographer V2. 5" &5 47 il A0 A FD PR B 1k
(9 QTL, # LOD {HAYM{EAE N 2.5, QTL K4
/& S. R. McCouch 2512 (g TR ]



4 34

F WL KREYE KEF B Swarnalata fEE AR IR AESE QTL A8

2 FER5HMH

2.1 Swarnalata 102428 X HE F, 2 p0EA R
FhF R BR %

Swarnalata 7F Fd 5% 1E 25 A fliFH, 02428 1) 4 7
4 93 d, Swarnalata/02428 F, #7411 F, BEAA Y
91 A BBk Y ~F 24 il BRI O 103 d, 2 AE 85 ~
120 d, SBELPEIES 040 (K 1), R0 R4
H AR P R, F, B AR BT R B A
30 CHRMTET RIWKRFFRLEO0 ~100% 5 % 4L
A3 (L 2) , B IR & 28 (BRI ) | 52 25
A, R BRI RE S A 1 ~3 D R
i il A R IR AE

30

2 n=91
g 25¢
=)
B 20f
S
02428
“ st
o |
® 10 Swarnalata
0 85 90 95 100 105 110 115 120 >180
JhEEH] (d)  Heading date

B 1 Swarnalata/02428 F,E kM=
Fig.1 Distribution of heading date rate of
Swarnalata/02428 F, population

783
Swarnalata
60 n=91
£ 50
<
=
<= 40
S
Z 30
& 20
® 02428
:EJF 10_
[ I [ B B ! j
0 10 20 30 40 50 60 70 80 90 100

KHZE (%)  Germination rate

2 Swarnalata/02428 F,B{EE FR XS HE
Fig.2 Distribution of the germination rate of
Swarnalata/02428 F, population

2.2 HFEHEIEHNEE

PEPEAE 5 KR 4 3L 4L 1Y 260 X Indel A7 ic Al
463 X} SSR FRICATFEA Swarnalata F1 02428 #4751
PR APE 1, Hod, 231 XTARICE Swarnalata 5
02428 [H) 52 2280, 5 BT H BARIC 8 31.95% ., #EHL
172 XF7E 12 ZRGe R o3 A 45 W brRic B Tl i
BiRE, ZEREAK N 3311.4 cM(F 3), 50
ERICE R 8 ~24 A, bRic A2 HE 25 4 13.93 ~
23.77 M(F 1) FEATH R QTL BN IYEEK

3 Swarnalata/02428F, Bk i) 7 FiE 91 B i R 8 HA QTL kR QTL ZEEIE FHE

Fig.3 Molecular linkage map of the F, population derived from a cross between

Swarnalata and 02428 and the positions of mapped heading date and dormancy QTL
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%1 Swarnalata/02428 F, Bf (& §i B # Z BF A#ric 5 2.3 hFEHA QTL &M F|H Swarnalata/02428 F,

B&
Table 1 Linkage map information of Swarnalata/02428 F,

population
e ) .. Fric )P S BE
R Fric L i
Pt ik (eM)
No. of (cM)
Chromosome Average interval
markers Distance
distance

1 17 318.8 18.74
2 14 284.6 21.89
3 24 492. 8 20. 53
4 17 390.0 22.94
5 14 332.8 23.77
6 16 222.8 13.93
7 17 265. 8 15. 64
8 8 163.2 20. 40
9 12 266. 1 22.18
10 9 127.2 14. 13
11 15 296.7 19.78
12 9 150. 6 16.73
it 172 3311.4 19.22

TSI 2 7 A=A A9 QTL, 20 B F55 2
3.6 .11 Yotk KR4 N qHD-2  qHD-3  qHD-6-
1 .qHD-6-2 qHD-6-3 qHD-11-1 qHD-11-2 (& 3 3%
2), Hip ¢HD-2 qHD-6-2 qHD-6-3 qHD-11-1
TIASS0N, A TEAE, B AEIX B4 45 -3k Swarnalata
1 A5 6 P BB 10 A AR il B A% B 43 5 o 5. 58,
0.17,8.82,3.58, n] fif B 1y & AL A5 5% 0 5l A
16.78% 17.24% . 15.06% . 28.85% ; qHD-3 . gHD-
6-1 .qHD-11-2 WINPERUN A T fH, 32 BH 78 31X 26457 15
K B 02428 By AE B PR RE % 2E 3R AR, 2000 15 53 1)
M -4.05, - 1.36, —2.37, A fit B Y 2 BUAE 5550 1)
9 13.40% 27.74% 12.99% , Horpr 7 T45 11 Y
ik qHD-11-1 W oTRkF fe s , i85 28. 85%

2.4 TFIRERME QTL # M  F] A Swarnalata/
02428 F, Ff (A JL A4S 0 2] 3 A~ 45 il Fp 7 K BR 2 1Y
QTL, 43I0 T4 3.6 .9 Jetifhk MKk 54 K ¢Sd-3 .
qSd-6 .qSd-9(¥ 3 181 4 K 3), H, ¢Sd-3 ¢Sd-9
IR RAON Sk £ {8, 2% B FE X 2647 55 F ok 3 02428
A 547 2k PR BB 398 B ol 10 R MR A , 8007 1 9 331
-2.36, —4.04 B0 BIREAR T 2.36% 4. 04% Wy Kk
LR AR RN RIS T30 14.14% 22.11% 4
qSd-6 BYIMVERON Ry TEAH, 2 WIFE 207 23 b 3G 5 R
FORHIR P 1) % 47 FE ROk H Swarnalata, 28 N {5 4
10. 33, FRAK T 10. 33% 19 & 28 3%, ] fiff B 1) & AU AR
K 15.46%

2 Swarnalata/02428 F, B = Gl QTL M B E MR Gt 451
Table 2 Chromosomal location and properties of QTL for heading date indentified in the Swarnalata/02428 F, population

A= PASERTN X [i] S5 Slix U LOD f IR (% ) JInPERL N
QTL Chr. Interval NML! LOD score PVE A
qHD-2 2 OSR17 ~RM211 OSR17 3.20 16.78 5.58
qHD-3 3 Indel3-9 ~ Indel3-10 Indel3-9 2. 66 13. 40 -4.05
qHD-6-1 6 RM19623 ~ Indel6-4 RM19623 4.28 27.74 -1.36
qHD-6-2 6 RM5963 ~ Indel6-7 RM5963 3.41 17.24 0.17
qHD-6-3 6 RM20155 ~ Indel6-9 RM20155 3.42 15. 06 8.82
qHD-11-1 11 RM286 ~ Indell1-2 RM286 2.89 28. 85 3.58
qHD-11-2 11 RM202 ~ RM7120 RM202 2.60 12.99 -2.37

UNML. BB AR QTL 37 s it fbRic, R IR

'NML: Nearest marker locus of its corresponding QTL. PVE ; Explained phenotypic Variations, A ; Additive effect. The same as below
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Fig.4 The genetic linkage map and QTL regions of the ¢Sd-3,¢Sd-6 and ¢Sd-9

%3 Swarnalata/02428 F, BH{E I HIRER % QTL AU B EE AL R it 451
Table 3 Chromosomal location and properties of QTL for seed dormancy indentified in the Swarnalata/02428 F, population

i A8, Jeafk X ] IRIEFRIC LOD {& TR (% ) A
QTL Chr. Interval NML! LOD score PVE A
qSd-3 3 Indel3-14 ~ Indel3-16 Indel3-14 3. 60 14. 14 -2.36
¢Sd-6 6 Indel6-1 ~ RM3414 RM510 3.04 15. 46 10. 33
qSd-9 9 RM219 ~ RM1328 RM219 3.11 22. 11 -4.04

2.5 S5hEREEESNRCERBEREFNSH

FR AR BE 25 QTL fe il 4 Fn i iy FE R AL X F,
MR EFERBEST T A0 (F4),
qSd-6 i /5 b, bric RMS10 & Swarnalata 3 [ %I
(1/1) 5 02428 B (2/2) R - 3 & 28 2 1)
ERAGIFE (P <0.05) , #47 1/1 F KA
B LR ] B i B TR ER M L [ RE 78 ¢Sd-9 i
L #Rid RM219 & Swarnalata 3£ K & (1/1) 5

02428 FEF T (2/2) WAMRTE 3 & 28 1 22 5
W EA G4 L (P <0.05) #4722 B
R € o N Sl R VA=
b7 0K R M 9 B X A 52 20 Sl B H Swarnalata
102428,

AR REEK Bph6 FrAEfi 8 7E Swarn-
alata/02428 F, HEMA Fp e Bt T — S R BRI 555 | Fri1 A 40

FLE F, kA E R R AR (R S) .

x4 FRCEFEBRHEAESEBH AT Swarnalata/02428 F, BB L FEZW DG

Table 4 Distribution of germination percentage of seeds in Swarnalata/02428 F, population classified by marker genotype

and their combinations

T e PR R e LA A s " g S %
e e B S AR B TR .
. L o . BUIE
Marker genotype and their combinations Number of plants for the class of germination percentage B (%) i~ test
Indel3-14* RM510* RM219* Total Mean -
(Chr.3) (Chr.6) (Chr.9) 10 20 30 40 50 60 70 8 90 100 germination rate 0.05 0.01
1/1 21 1 1 2 25 6.92 a A
2/2 14 2 6 1 23 9.45 a A
1/1 11 2 1 1 15 8.57 a A
2/2 11 3 7 2 1 2 1 27 20. 58 b A
171 7 4 3 1 1 3 1 20 23.21 a A
2/2 26 4 6 1 2 39 10. 00 b A

"N 5N Y QTL AHE 5 if i 43 FARic , 1/1 L3R Swarnalata fYFEEIEY,2/2 {3 02428 Ay S [H 7Y

*Indicating the nearest marker to its corresponding QTL,1/1 stands for the genotype of Swarnalata,2/2 stands for genotype of 02428
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Table 5 Genotype and phenotype of selected plants with weak dormancy and early heading date

s 3 Bph6 FEBIBRICHEN R BIHFHR(%) MEBHWICA/H) Hr ()

M Genotype of Bph6 flanked by marker RM5979 and Indel4-10 Germination Heading date No. ofdays to
Plant name .
RM5979 Indel4-10 rate (d/m) heading

25-8 1 1 16 8/22 95

21-7 1 1 65 8/28 101

22-1 1 1 21 8/19 92
3 it TGN 2] 1 45 - — 3%, gHD-6-2 5 H. X. Lin 21"

3.1 FhFARERMEA AN

Swarnalata A MR RIRPE | (HASHEZE K600 3 >
E Swarnalata 19 385 5% R IR 4 2 K A7 S AVE — 1,
02428 PRI AR 55 , FIAG I 21 2 A4~ 384 55 A A 1 3%
PO, FEHR A, B 5, NG5 R AT, ¢Sd-6 &k
H F Swarnalata A9 25, (HEIR] DLFEAR 10. 33% ) %
R LA 5 PO B 5 TR T 02428 (9437
R qSd-3 F1 qSd-9 H1 H 43 BIFEAR 2. 36% Fl 4. 04% [y
KA, HIK, Swarnalata/02428 F, Ff 1A 4 5 30 I
85 d £ 120 d, BER K, FHF RS AR FHERK
GRS ] BT Ak ) P45 G LR R AR AR K 22 57
SECFP R AR M Az BIAR K B IR IR S A, PR,
Swarnalata/02428 F,FER{UA 91 A~ Hkk, HARHRPE
EIRASAT, Hrh R ZERh 0 A 24 bR, SR
1 26.37% , W R FER B IE 2= AT 1A, BT A 2
TEHE— Y KB, 2R 2 ST IR, BEAh, L
EPIRIH Kinmaze/DV85 2438 H AR EH H
2 F,, %X % (RlLs , recombinant inbred lines ) £ £ &
H T 5 RIR 5 Fh Kinmaze B0 AT DL 58 1 IR IR
P ASBIFFE QARG I 2 5k [ 02428 A7 A5 AT L3 55 K
HRME: , T RH X — B AR
3.2 HIFEHAHEX QTL 524Ri#E QTL Btk

AT ILRTIS] 7 A~ 5 HFEIFEOC QTL i 84,
Hordr 7555 3 YAk I Indel3-9 Fff 3T AG £ () gHD-
3 5 L. Albar 25" 1| 1] IR64/ Azucena DH FEEA G
P LE AT, 5 Y. Takeuchi 251 F] /1] Akihikari/
Koshihikari DH F 4 £ 31 i 45 R AL AR

FESR 6 Yt ik BRGNS 3 M A5 gHD-6-1 .qHD-
6-2 .qHD-6-3, T. Yamamoto £=l18) 1) ] Koshihikari/
Kasalath BIL FEA TR 2 (1) 057 5560 5 AR BFIE IR 3
AL 5., K. Ishimaru 257" ] F] Nipponbare/Kasalath
F, 1A R T 380 09 457 88 & A7 qHD-6-1 F qHD-6-2,,
qHD-6-1 5 H. W. Mei %" FI| | Lemont/Teqing RI

8 SE LS AR T gHD-6-3 5 Y. C. Cho %5 F|
IR64/ Azucena DH FEMAS I 2] 1) QTL HAHIVT, i
FEER 6 Jetafk b — e e I QTL,

FESE 11 Yk F AN B Y gHD-11-1 F gHD-
11-2 ZHiEA#E, HI&,qHD-11-1 i T Z. K.
Li S0P AR5 11 Ye @ pRR IS 1Y 2 AN S 22 08
FixX 3 A SRR, M T B & AR A Y QTL.
qHD-2 R B 18 9 5 il B 19 QTL, LOD
B0 3.2, Al BE R AL AR 1Y 16. 78% , TR i I
K H Swarnalata [1455v FE PR BE NS SE IR i
3.3 #FRERHEX QTL 5E2Ri& QTL Atk %

ARWFFEAEL 3 Y@k EARIC Indel3-14 BT A
MENRY gSd-3 5 J. Wan 2570 F, BEORK I 21 A9 45 S
FAML, 5 K. Xie 250 ) F [l 52 B4R 9 B 35/N22//
FRE 35 7E5 3 Je @ iAbRic OSR13 5 RM282 [H] 4l
L5 R AL,

AW FEAE R 6 Y A K FARIC Indelo-1 5
RM3414 [H]AGI 2] 1 Fp 1 IRIRM: QTL ¢Sd-6, 5113
AT 1 Asominori x IR247 RIL # F,, K R IEH 6
Yea R FAS I ] Y FRIC C688 5 XNph27 2 [A] il Fif
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