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X BR BURk, R aE R AR Dy 27 1 X B, LLZEAR(R Dy/Dular /) F, BEAAE Sy 3L 7 5E 47
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Genetic analysis and plant height reduction of a dominant dwarf mutant
of rice

LIU Kai, WANG Ai-min, YAN Guo-hong, TANG Hong-sheng, SUN Ming-fa

(Institute of Agricultural Sciences in the Coastal District of Jiangsu Province, Yancheng224002,China)

Abstract: A dominant dwarfmutant Dy of rice with stable inheritance was mutagenized by ethylmethylsulfone muta-
tion. Compared with wild-type Yanhui 269, the Dy plant was significantly lower, and main agronomic traits ( panicle
length, grain length, grain width, number of panicles per plant, 1 000-grain weight, seed setting rate, heading date)
changed. The gibberellin (GA3) content in Dy was significantly higher than that in wild type. The second stem node length
of GA3-treated Dy showed in significant difference with that of GA3-treated wild type, indicative of the insensitivity of Dy.
The elongation of second stem node of Dy was inhibited by brassinosteroid ( BR) application, suggesting that Dy is a BR
defective mutant. Genetic analysis revealed that Dy was controlled by one pair of dominant nuclear genes. With Dy/Dular F,
population as gene mapping population, the mutative gene was initially mapped within the long arm of chromosome 3
between SSR markers YC327 and YC329,with the genetic distance of 0. 93 ¢M.The height survey of F, hybrids of seven in-
dica restorer and eight japonica suggests that Dy is strong in reducing plant height, with the reduction rate of 41.23%.

Key words: rice; dwarf; mutant; plant height reduc-
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R, 23 mK R = A oy B B L
FIRE A E

H aiAE 7= BRI B EFF A LF- 2% 5 ok IR T
TR SRR 5 K AT RGE R Bt B AT 3L A
sd-1 /K5 HEZ N, 2858 AR 2R B%
AL, AR AR BR T INRLAE R TR Pk
P RR AR A SR S R FR S I, T RE S il
KR Rl 5 e R A5 21 0 A Rk A0 R R R 46 JE R
] A KRG R AR A M B i A, N AT T
KEMrgE ™, FEKRE T, H AT E A v R A A
R AR 2 BFF AR IR Dy JE H AR R B —
AN AR, T R A e B
(757 B ARAT 1Y) Dy BRI E SRy 2l B 4 N R 15 5 i 4%
I 2 5T R (B8 R EE, NKFE
PRI R P T B B A A Rl A S s s
R A2 (36 7 ) % 32 DRR A ), i3 A8 R
RAPD FRicXf /K fG 28 AL 1R YO8149 Hh 1)t MR 4% 1 3
RHEAT T80T, RIS SA1530 (AL Rk
15.3 cM, 5 SB930 Witk #E B R 9.3 M, E &
ST FH T-DNA 4 A F AR B4 1A B FF 52 28
1$,3$4%12%%{j?7k*é% 4 ZRGeafk Zhang
AN R AL TR A BT 1A AR
AR Epi-df , FLA B0 I KAk = BE 1, A B AE KRS
HIDKE 5 = P 3R FH Hh i ke 1 ARk e i e [ A

ARS8 F EMS 548 3545 W Mk R A 58 A8 1A
Dy, FIFH Dy M5B A M RO RAR AR 85640 T
FRichl Bhi BB, S F O A AR R FT L R 1 K R
SRR R QT E AR, DU RN i R BT

SOKRR OB D R A SRR LI fE
1 MRSk

1.1 KEEEBEFRTIHE Dy

AHIEFE R T S BT 58 AR AR MR P A R
MK 269 45 EMS 548, & 248 A 525 k15, HAEFT
PEIRAEVL IR ERIRTH AR R 48 — 017 P Hb AR RE R
Ik WA 44 4 Dy, 1% 58 728 (R F BT AR 78 £ 4k
269 Tk T V1 55 U 165 3L IX A b Bk 24 B 5% iR 96 AR
Y, WA MBS 3 47 24 BR, BRATHE 30.0 emx13.3
em , A A B a7 R S RRAGRE & R
SYBERL TORLBT SR 45 SR ORI ORTE S E A L
AR BOHF 21

1.2 EYEFRTE Dy £ESH
1.2.1 FEF(GA) F AN I U A A%
A RFR T 3% NaClO 32 Ff 30 min, JCHE /K IE L 3
W KR PR FR LA B T 3548 28 °C I
FAE 3 d, YRR B RS & 1% AR 1
FEH L 16 h OGHE 8 h BAmE &M PR, X456 2 0t
HISFE BT A 1wl GA,(10 mg/ml) ,7 d J& &
552 R RSN GA, 3 IRER
1.2.2 H¥EZF £ E B (BR) AN BUE AR
MZRASEFI T 3% HY NaClO 32 F 30 min, LH K
THUE 3 R, B R T IR SR b B T 55 35 40
28 CHEIGFE 3 do FRNEFhF 578 RURE 4350 0
mg/L 5. 000 mg/L.0. 500 mg/L.0.050 mg/L.0.005
mg/L Y BR ‘EFRWH 16 h IR 8 h BG4 F 4
K,7 dJEIESE 2 229K XFRCRES I BR,3 1K
G-
1.3 EMEFETE Dy EFYIEMAMEENE

B BEZEFF 27 FAA [ E W (100% £ B 50
ml, PKEEIZ 5 ml,37% H 1 10 ml, JTCEE7K 35 ml) 1
5E 24 h,50% 70% 80% 90% . 100% . A FE i K
B 20 min, Ho1 100% LBEEBEK 2 R, ARG KRR
W A HCP-2 BUIG S TG T T4, TR S
5 H 8 [ 2 7R 4R 5 1, 76 H 37 E-1010ion Sputter
g4, FH A7 S-2460 T4 1 5 BUBE X RE
TGS
1.4 BHEBEFRTME Dy HEESHT

DIRRUE 2l & BB FF 22 28 4K Dy 5 RIFe e FF 1
Dular Fl Kasalath Bt & 2432404, F X B 223K FL#f
M FRRE T VLA I b X AROD Bl 24 10F 5% BT R 1 06
K., Gt R R AR S E A B
LB, %52 Dy () BBk,
1.5 Dy BEFEEM

DL B MEREFT 9 284K Dy/Dular Bl F, BEARAE Hy
WIRE L AEAR AR 4l 2R 750 [ AL 326 TR R0 v P 11 SRR
2 15 8RB BRI S A I R, 45 H R DNA 44
JEFF AR FF DNA th, 2R 320 XF 3515040 F 12
FYL A 1Y SSR Aric, F TSR AS W IR AT o8 AR A
Dy 1 Dular (24801 1% , 4% H 0l G855 0 B AT 5L
BLESPR L, S8 5 AL & Bidn id N F AR 4
Y 8 WA T A A e e AR B Y BRURR T T H 3 R Y
WIEAL,
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1.6 Dy EFERE#kSENAE

PLRHIEFT ISR Dy SACAS, 350145 7 Al
PRZ Z N 8 A FIEAR SRR A T 2438, KA BT
M HLEA LS F bR S B SRAS F £ 4 5 Bk,
WOPSME . BEMRR 3 = [ (R RARR & -F, MR )/
AR R ] x100%

2 HR50Hr

2.1 BHBEHRTE Dy HEERZHR

TEARSME T, AR Dy 58748 Bl AE £k
SR R EES (K 1, £ 1), %28k Dy B
AL, YRk R 49.95 em, ATy B A A bR
(107.45 cm) [ 46. 5%, AT EF AR RAFR Dy
TN BERON 2, TR R AR AR AR v, 2R
AR Dy EZEIA S AR A] Bl S e S i
Y A RS N ) () B LA 2 e BE A [
LB, 8 T dn BEFFRAR M A s AR i
Dy R KA R0 46 56, T HERSA TR, il
AR A HIGEIR 7 d

WT Dy
E1 BMEFRITE(Dy) EFER (WT) EHTE R A B 5%

=B
Fig.1 Plant morphology of WT and the Dy mutant at heading

2.2 BHEFRTE Dy BEHBM

R B it FHAF S 198 305 P 38 2R i e 5 W A e A AR
W RDEHIB I AR IR oy R P R B BB AL A R AN
R R AL G AR I R 25 R R I AR R Dy
HGA, SRR E S TEHAR (K 2), 454 GA, 4B
J5 B A R E 2 25 HX IR R R K EE R Gk
) 2. 72, M %A R Dy Ff oK Hoxd BB AP i e

FAUA 1,03, P 245K Dy X GA, IFASHUK (£
2) , IR A HE AL 26 R0 AT BE SR ARAA N GAL TS 5
G SRR B IG A 5%

F1 BHEBFRTE Dy MBFARREMERIEE
Table 1 The agronomic traits of Dy and wild type

. . . SEAEPIUBL
KEAER wam  gempepy  OTERER
B (em) 107.45+1.28  49.95+0.59* -53.52
SEESL 12.67+0.47  21.67+0.58" 71.05
K (em) 0.93 +0.01 0.74 +0.01 * -20.36
HLPE (em) 0.28 + 0.01 0.37+0.01* 34.94
MBI (d) 14333+ 1.25 151.67 £0.58* 5.81
FEK (em) 17.14+0.18  14.56£0.12* -15.05
TR (g) 24.53+£0.54  33.18+0.31" 35.26
ZESR (%) 86.04+0.27  79.26+1.01* -7.88
* FORS B A RIM 22 IR 0.05 B EKT,
50 - 47.31
T
40
&0
5 30
Sl
3
& 23164
42 20
=
10 |
0 ! -
AR Dy A A
HER R

2 BHEFRTE Dy ELR GA,SE
Fig.2 The contents of GA; in mutant and wild-type plant

*®2 EMBTRTE Dy MEFARE GARERSE 2 MHEHKMH
Table 2 The elongation rate of the second leaf sheaths in mutant

and wild-type plants with and without GA;

A (KL GAALEL)  GAL4bHR

Ak B2 KR HoZEYWRKE  MRIE
(em) (em)
RAFR Dy 2.90 + 0.04 2.99 + 0.05 1.03
W A A 3.80 + 0.05 10.33 + 0.04 ** 2.72

IR SR IRAR H 22 53K 0.01 BFEKF

BR 7EREI AN & A B A 3z i A
HIUIRE, i EE R (A 2SR, K3
R W AAEEFT 2k Dy Z5dt BR ALBR S, 5 0] BEAH
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E3 BRAEBGFEUHEFRLEE Dy WE 2 ZTHKKENES
Fig.3 The second stem node length and the height of Dy plant after BR treatment

2.3 BHEFRETN Dy EFUIE A ERUE
SBUERE ik bii Wy I L ga RV E- N S i )
SENEL, R SRR Dy ZEAF 5 i) %55 g 355 43 A0 T &4
ML A R L %) K B S 4 i ELHE S AN B
AT DRI AR 722 8 ) D PR A Sk 25 rh 4 2 B
AR/ | T 02 i T Tl XA AN BB T
AR, [R5 AR AR AU DT TR A R4S R A 2
ANGE4E X ] REERAT R B TR AR G (& 4)

‘ 1‘.4 1» .L!‘ J ‘
| gt 8

4

vz
%

KT

B4 BHEFRETE Dy FAFER(WT) EFVIEAMEAESR
RE

Fig.4 The electronic microscope of culm cells of Dy and its wild

type plants

24 EHEBRFREWE Dy BEME
PARAZAK Dy MHEAS, Dular 1 Kasalath 4 58 A

S T A8 4K Dy/Dular FIZEAE K Dy/Kasalath
PIANER, 25 R AN G 1 F bR AR R 3
RIERT UL SR A Dy 1R FT P AR 52 P R R 4
il P B R A v 24 L B e o3 HE b ok U
T AR Dy/dular B F,#FARIEL 1510k, BEFT 843
B, EFF 308 Bk EAF S FE SRR 2 B LU AT G 3
1(X* = 3.08<X s =3.84), KT RAMK Dy/
Kasalath ] F,BE/RIE 854 ¥k BEFT 621 Bk, 5 FF 233
PR EFF S ARG 2 B B A 31 (X
2.25 X os= 3.84), DI R EHEAK Dy %
AR 1 X BRI R EER (£ 3)

¥

£3 F,BEERSERSE
Table 3 Segregation of plant height in F, population of Dy/dular

Hé& SBREL BRFPAREL mFPRREL KT X2(3:1)
2K Dy/Dular 1151 843 308 3.08
ZRAEAK Dy/Kasalath 854 621 233 2.25

25 BMEEFRETE Dy EEEM
RIS A TR A R4 12 44 ta bRy
320 Xf SSR ARic R BN SEAR HE AT 2 AR 1E , 45
7R 83 XF SSR PRICTE IR A Z A1 R I 2 A8k,
FIFZEAS R Dy/dular (1 F, T R B T FIE 4 bk
=19 DNA #4514, B X 83 XFARic X ¥4~ DNA
AT 2T, BB 3 Ak KA E—4
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SSR FRic TG502 5 1 MR REFF HE N B % & i, i — 20
SIMTEE SR (£ 4) RIIZILH AL F SSR #5ic YC327
1 YC329 Z[8] AL ES R 0. 93 M, A SRS 4l 17
W AR T Z

®4 Dy BEREHHSFIREER

Table 4 Information of molecular markers associated with Dy gene

B 5195551 P B 519 BAC

PRic (5'=3") KAN(bp)  fLE

YC327  F:CAATATGGTGCTAGGCGGAT 139 AC123974
R:AATAACCTGAGCAGGCTAGG

76502 F:CGTTCCGCTTGGCTTTCC 118 AC093017
R:CATCCTCGCAGATCACAAGT

YC329  F:AACCTTCTAGCATTGCACAT 136 AC090882

R:GGAAGAAAGCTACTACCAC

2.6 BHBRFTRETME Dy EKkEEE

Y5287k Dy 5 7 A HIFEKE 20 8 A4 BURE
FE RN 2R3, PR A S AR AR 09 8 B, R A A~ 2
A F A R B A, BEAR = R AT 19, 02%
2 41.23% |8 (£ 5) , KPR Dy BA BRI

K5 BUBRFREG Dy SFAREARZHNF K
Table 5 Plant height of F, individuals and their parents

Wek Pk i FIE 0, A B AR AR S /KRR 9 R v AT i 47
Ik AR AT

3 97 8

ST i R W HL 5 5 A o 5 B U, SR AT S L Y
RAIGHFFI P E ]y e i dm” . 72 F A T AR SRR
i, IR B RSO A B  , —Se HA R R
PRI BHEE SR B R E® ™, KA
o, BRI R AR RE R AN 2 AT &
R AE RERK 269 #E1T EMS 548 f5 3845 1 4~
PEREFFRASAK Dy, 12098 728 1R il 20 Pk v ALk Wi A
RIMR R Y 46. 5% , H A HAR B PR, 5 87 4R A
IERAE F AR R BUIEFF AR, 55 Dular 2438 F, B
RHIERFF R R AT B LUAF & 301, R RABK Dy %
RIS 1 % RS sl i L e R 1 Jr =X
BZ WAEFE NI B AL T KRS 3 gL o fk -, i
B SKAEEE 11 ek o) — BB R D, It
RENL, — B0 HA BAETER A O R TR A
BT B KRR SR L 2R 3 SR
B FRCEESEA T EEAER,

4 & FEAFR 5 (em) AR (em) F ¥R (em) FFSE(E (em) R R (%)
Kasalath/ 2845 {4 Dy 149.02 = 1.50 49.95+0.59 87.58 + 1.20 99.49 41.23
Dular/ 875 14 Dy 150.03 + 2.15 49.95 + 0.59 88.89 + 1.56 99.99 40.75
EK 527/ ALK Dy 111.22+1.19 49.95 + 0.59 83.75 + 2.61 80.58 24.70
Bk 86/ 2878 14 Dy 114.89 + 1.18 49.95 + 0.59 82.17 + 1.41 82.42 28.48
ARk 838/ 248 14 Dy 112.05 + 1.54 49.95 + 0.59 84.22 + 0.95 81.00 24.83
9311/%875 (& Dy 111.51 +0.93 49.95 + 0.59 84.90 + 1.73 80.73 23.87
Rk 559/ 2745 14 Dy 112.15+ 1.44 49.95 + 0.59 84.71 + 3.47 81.05 24.47
ZFE/ AR Dy 140.03 + 1.68 49.95 + 0.59 88.23 + 2.57 94.99 36.99
KN/ 2251k Dy 152.46 + 1.72 49.95 + 0.59 91.26 £ 2.19 101.20 40.14
02428/ 5845 4 Dy 96.72  0.91 49.95 +0.59 77.46 +2.78 73.33 19.91
I 23 5/ 48 1K Dy 98.65 + 0.83 49.95 + 0.59 79.12 + 1.54 74.30 19.79
RIZHE 24 5/ 248 1K Dy 102.34 + 0.83 49.95 + 0.59 80.88 + 2.42 76.14 20.96
WURG 785/ 248 14 Dy 106.94 + 1.12 49.95 + 0.59 82.44 + 2.62 78.45 22.91
M 12 5/ RARK Dy 104.53 + 0.91 49.95 + 0.59 84.65 + 1.55 77.24 19.02
R 45/ %251k Dy 106.36 + 0.92 49.95 +0.59 83.05 = 3.59 78.15 21.91

bR T D BULRARRIL S A K E (1AM A
KA, Ko KRG IRFT RASARIR 5 IR FEFE (GA) M

TSR ZE 2L [ 5 ( Brassinosteroid , BR) B8 AT B E
S S ERN IR A KT

GA REIRIYHEY A=
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GA, 1 BR SR UM 0 b7, R I AZ 1R Dy X GA,
B EJE T BRGUEK, DRI TR AT 4 000 s Bl 2 725
Dy HE R Ak i i R AT REBR A= M0 IR 19 GA 5 ik 1%
KA BEF IR BR A BGRR B A

RAMK Dy 5 7 HIFE = R PKE R A8 R
FERE TR 2228 T 203 B M 50 50 110 A A v 55, A
FR IR A 41.23% , A BAE MRS YK R 3% F AU
FEAZZR AL A A2, B e HiE % 70
ZAEFF SR ZHCh RS R R ) (D B0
AR ek B R P Dy e R R RE Y 1
ANEB I AR KRR AR AR R B LR 2, T
TR TR AR E R 2 Je a8 KRR BT R
FHBEES KRGS ik e i, (A9 25 SR R I
RIS 2% S8 K R B 7= 15 O A T — 25 i e R AR K,
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