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e M A 9 B R T,  f40 H V f B FRKR % TR, b 100081

WE /K#(Oryza sativa)i& b & 56 3R L= BB MKW EER 2R, BRI E 2 KRB R, NMUasasidt—
IR KRG AR 2 T B HLEI AR, T B BE /KRG HT S s & SR AT I Fh PR . 7E /KRR T-DNAJR N 5838 44 i v i
BEFNMANERAL . T8 NRL R AR (wid 1) B T B WLD 15 (K e AL 5555 Ytk KB, AT 4 ThricInDel375InDel48
2 I8, HF %5 NLOC_0s05932270, J&TAP2E:FF T k. 1%L K E65MND TR RRMERE Bk, W IR A& k. A
W) s g TR, ZEEREE 27T (MR A A H 30, Ak dn gt H R AR . RT-PCRELINZE LKW, LOC_0s05932270
TERABEWIATHARIE, ERIIREEE . ZEF S SRER/KFEOsSMOST (SMALL ORGAN SIZET) %A HF . /KFES
AR wid 1 EEFT 8% 08 T BB N T B AR o 1% AL S Rl — D I T AR R wid 10 R B E 5 8L B, T S

H5HESBERESE.

XBIF KTE, WHERAE, @, B

EXXR, B, REE, KIEE, BEN (2017). KFEBRKEEWLD T EAL W%, Y% 52, 54-60.

K ETE/KFE(Oryza sativa) & M5 A 3K EH E 1)
A, P R O 8RR AE MR SRR AT 2 ] sd T
(Monna et al., 2002; Spielmeyer et al., 2002; Sasaki
etal., 2002)f 24t L, R R, AR 7RI E
WEMEAS 7R, WEm a7 —&F. BEaMit
TR, R AT B U5 AR JoL R T4 Lt P e i, R o]
TARBEERNE DR 5Nk, CA%E T60
ZAEATMEL, T HORZ BORFT S Clsa . ok
T v f LB R IR /N R R AT R AR AR dT (dwarfT)
(Ashikari et al., 1999; Fujisawa et al., 1999; Uegu-
chi-Tanaka et al., 2000; Wang et al., 2006). d73&[A
IILGAME S SR R = RIAGEH(GTPE &
HH) allE . RGATEK KA G G HE HalL FEAREAT
flEDRe . FEHIKFEENZ 7y BERAARAT10. d14. d3.
d27. d62. d53. d4. d5. d17F1d33% 3[R 24k
. % (Murray and Thompson, 1980; Maekawa et al.,
2005; Zou et al., 2005; Yasuno et al., 2007; Lin et
al., 2009; Gao et al., 2009; Zhang et al., 2010; Li et
al., 2010; Zhou et al., 2013; Yoshikawa et al.,
2013), RARFEm 7 NI S SR R0 A R
W HE EIR R RS R EMIRE Z, MR
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TEATESERRAE =R IR B AT KAS & R nT R A
MREFF SR+ B = . BT AEFF SR R — DL
AR SR, R R S BusE LSS E. ik,
KA S AR R BT R AT SRR, B0 ARAT BT
22 REVE, B G RRAT P AR B — 1, 2 H K
W8 ) — T s N 2

ARSI S HTIAEE AL T AN KRG R 2R & 1 T-DNAY
NRAAAE (Wan et al., 2009). FoAl T Z8 A8 4 P2 7 1%k
HREBUA R TR, R CBIURAE K, HhR
T ARwid1 B AT 535 0 s Z2FPRDIE, RZ R
K, BEBKERME L. SR wERE 7k
REMPER, ZEH Y5 HLOC_0s05932270,
J& TANTREE R . AW iE S A R R TS
HREE, A — DT RS 5 E S ®RETE T I8
[ A

1 MRS

1.1 SEBEMR

JKF&(Oryza sativa L.)%& 540 T hwid 15K H AL LG
EREE H A KR ET-DNAKG AR R . 4
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HERARE, RAEKwId RIS E, FARTEER T & .

1.2 REMEMREMERET
R AR wId TR R TR D5 T SE iR it SR, £5
IKFERAE GErt AR, bk A R0 Bes
Sl AN G e TR o [R]IN H RAZ (A wid 155 B A2
ITIERZE, GiitF AR AL M .

1.3 AIHFWE

TE R, IR A wid1 5 B AR 295 a8,
Carnoy il & i (Jo /K £ B S VKBS R =6:3:1, BLAH I
BC ) AT [ 58, SR 5 P AN R FE A 2 1) £ B (20%
50%-+ 70%. 83%. 95%A1100%)f& KMk, FHH—
RYNKRFERLFER Z R MR AT BB, 2 J5iR IS
M, HRM21558 T i LU fr, B, 2K, 3
. BKEE . B RS B EREFEAR/K(2009)
()77 FEZESISELR] %6 BAs: T M I .

1.4 BEIFEREaE

W RAARwid1 5HIFE) 5% A1 5E A Dularid 47 1E AL,
WCIRF FIF F -, K5 Fo Rl T H, BRI SRR 47 38t
fe e R EE R e b . eI EER . H ARG X Dular (i
J7 DNA# L 2 I8 o i3k (9 CTAB % (Liu and Chen,
2007). WAL 2R, BRI 4 ek Rk
YRR, (AR 3R 7450 Ba v 3 78 s Ak DNA ] T K 41 2
(e

1.5 SFHRCEITRPCRER

FET ARG SRR A R R AR N S Bk 22 7, B
FHC A0 B RS H A 5 RFE9311 4 5 K 4H 7 41 1)
Eb Xt &5 R (Gramene: http://www.gramene.org), 54k
BEZERWERNHA R BRE 5. H A DNA-
MAN VERSION 6.0%1t514. H H A fDular 4]
41 DNAZEATPCRY™ 1, a8 it B JIE Wil 550 5 1A s Tk e
Ji2 ARSI 51 P ml o B T R AL S A
293%F, SERRAI AT 511735, 1226 YLt fk i ~F-1)
3 Mbi it 1%f 514

PCRY 114 £ (10 uL): 1 uL 10xbuffer, 0.5 uL
25 mmol-L™' MgCl, 0.5 pL 2.5 mmol-L™" dNTPs, 1
uL 20 pmol-L™'51#(IE f+ ), 1 uLBIHDNA (20
ng), 1 L 5U Tag DNAEK &, HddH,O%ME %10

FICRSE: KRB WLDT (- 55

uL. PCRIJFEFF: 94°CHiAE 55 4h; 94°CA 1430
b, 58°CHE 430>, 72°CLEM30F>, 30MEIF; 72°C
SAERS 5. iRAEPCRI W) B 22 7 K/ Nk #£4%
T W 5 i FEL K (e N BB BE 16 bp LA 1) 5K10%
R TR 05 T e gk Fse P 9K (4 N\ BB 2R S bp A ) &G
W, 45 5 R BB SR 5

1.6 #FEMFEMEN

N FH B4 e (Liu and Chen, 2007)#A, FIH#I &
LL519% 24~ DNAJE M. H Al & Dularif 47 PCRY™ 1
g vk, B et R, #RLE51W)E, 17
DX [R) P B T RSB A 51 4, 3 K E LRI, SR 4 /N
TENLIX[A]

FRAE 8 R B KA I 45 2, o S5 R S AR Ay B — 2
ko1 8, 5 B SE A T — B bR 28, [
if EL A WU A R R N SR o GEit S B S
o AR

1.7 REERSH

XA A 5E (L X BEPY (e AT AT U P, 4R 3 R AR I
B, JFxt ik A RARN s BEAT ARG B i, it
— D R WY T 5 B IR (X R R

1.8 RNARIEERE ¥ EERM

1 F RNASE B & (A6 m B AR R A R A D)
P H ARG e wid 1H AR B R RNA, R S 3R 43
cDNA, Jf DL BR324 5] Actin F1 LOC_
0s05932270 (QAP)R:H . FrHGIYIFFIUITR: Actin
F, 5-GACCTTGCTGGGCGTGATCTC-3', Actin R, 5'-
GATGGGCCAGACTCGTCGTAC-3"; QAP F, 5'-TC-
CTTGATCAAATCGGGAAA-3', QAP R, 5-GGAG-
AATCCCACGCAGTAGA-3'.

2 HR5HE

2.1 FTHwIdIRBEISH

TERAS, S AR, RABRwIdTH U0 L
Mhm g, AEFAERET5% (BMA; #£1); o &
5 (1B, #1), NEFAER1.665. Mk, wid1RiK
WS AR A (BIM1C; 3£1), Bl LBy A B b 74K B AR /N T
i FER (D), TR E A BT (R ).
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B KFEE A B(WT) 5 KA R wid 1R R 3

LT

O

WT wid1

(A) B A5 5 R wid 1 P MR &5 L (Bar=20 cm); (B) #7411 59874 fkwid 10} 35 L (Bar=0.8 cm); (C) H74= #5587k
wid 1HEZY L (Bar=4 cm); (D) WFA:= B4 5 RAfAwid 17+ K/ L (Bar=0.5 mm)

Figure 1 Phenotype comparison between wild type (WT) and the mutant wid7 of rice at mature stage
(A) The morphology comparison between wild type and wid1 mutant at mature stage (Bar=20 cm); (B) The leaf blade comparison

between wild type and wid7 mutant (Bar=0.8 cm); (C) Panicle comparison between wild type and wid7 mutant (Bar=4 cm); (D)
Kernel comparison between wild type and wid1 mutant (Bar=0.5 mm)

TN KT wid 1557 4 R AR 2 MR b
Table 1 The agronomic traits comparison between the
mutant wid7 and wild type of rice

Agronomic trait Wild type Mutant wid1

Plant height (cm) 103.47+0.89 78+1.38**

Leaf blade (cm) 1.32+0.33 2.12+0.46**
Panicle length (cm) 18.79+0.68 14.87+0.33**
No. of effective tillers per plant 25.65+1.79 24.08+1.76
Seed setting percentage (%) 90.01+1.78 88.031+2.34
1000-grain weight (g) 24.86+0.16  22.89+0.27**

* RIRAE0.05/K P ER L, ™ RRfE0.01KFER B
* Significant at P<0.05; ** Significant at £<0.01.

2.2 REGwdISFERPABESEE

FE Y, U A TR AN RAR VR wid 110 55 225745 B A ]
TEAS IR, BEAT R AI G a2 . 45 SRR A,
5B A A B, TRAT AR wid 1 2575 [ [v) 3 B 2 g 25
H O Z 8 (KE2A, B), X ] LA#RRE R AR wid1254T
FAHE R IR PR o SR AR AR wid 125715 FO 2 m) S BE 20 i i H 3%
AR, T e T2 K N B3 AR N, A IR
NEFAERIE)1/2 (BI2C, D), XAl fig s RAEwid THk =
BB T5% ) - R A

2.3 REHwIdNEESHR

T WIS AR wid T s A L, AT AT S AR
5B AR IERAL, FoAMK SR B S 3 1 B A Y
K, RENZERA R 6] . [N S TF,
AR BT, SRR, FAUHEMRER B (R
AR 32 T B A R R A ) R 7 (D T X0.0s(1)=3.841,
K ERRE, FERER131 0 BIEEFR2), &
AH AR R 2 1Y Bl ) BRL R PR A B R o

2.4 SERIHwIdTHIRS 4E (i

2, RAGWIdTIEAT-DNAJEN, W] BEZ 1L B,
AL A A S (K R AR AR, DRl BAT T P R A5 e
W7V Je AT VI e L. P S 0 A T A B R A
173X ) € AL 51 Xk 24N . H A< Al Dular k47
PCRY™ 4 S Bl vk AL, A B2 R RIS 5 Gt
A B 5-45> FFRiciESE P 228K F AR poxs
5-45r TARCHEATEB T, FRBYIZ) TARILH
S5 RARNL REDL

ZJEAES T HRIE5-41) LR i i it B Indel by
0, FH22Fo ket SRACAL fUBUE FE 7 T F5105-45
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B2 KFREE A BRI SR P wid 1R BT 25T A 5 D) 4o b

(A) B AR 5527 ) A7 i R D (Bar=80 pm); (B) AL fAwld1
277 A A RS AR L (Bar=80 pm); (C) Bf AR 5275 [ A0 i 0
M1 (Bar=20 pm); (D) 7€ 4% &k wid1 55 2 4 [8] A it 9\ A 1
(Bar=20 pm)

Figure 2 The paraffin section comparison of stem between
the mutant wid7 and wild type in rice at mature stage

(A) Cross-section of second internode in wild type (Bar=80
pum); (B) Cross-section of second internode in wid1 mutant
(Bar=80 um); (C) Longitudinal section of second internode in
wild type (Bar=20 pm); (D) Longitudinal section of second
internode in wid1 mutant (Bar=20 ym)

®/2 P ARG AR
Table 2 The statistics of the phenotype of F, segregating
population

Cross combination Nipponbare x ~ Mutant x
Mutant Nipponbare
Number of plants 1691 1304
Number of normal plants 1264 986
Number of dwarf plants 427 318
Segregation of ratio 3:1 1:3
X0.05(1)=3.841 0.057 0.261

5-302 [A] . £ X 8] F- KB THHT ) 2§ FRic (3),
745/ Fo BBk B 280 R R AL iSBR 58 1E 4 T bR il
Indel375 Indel48 ] {191 Kb [X [f] P . 1% [X 8] 4 /K FE
FERA LB, KIER 7 CiiER31BAC (4
BN T34k ) 5 [, 43 il Jy OSINBa0073E05 .
0J1562H01Ff10J1057G07 (E3).

FEREE: KRERRACIER WLDT IR e 57

25 RiEEFRMEERFZEDH
AT 1% X R] 9 94 i 6 2 IR 1EAT 51 0 e i, PCRYT™
HEM R, &I OSINBa0073E05H (1) 14> AP2 % %
IR G B R A T A AN R T 1 65k 2k (ORF H 25 6 41
BT, F193 M HER B 7 RARBANRER), T
B R4, J5 8RR T 5 B8 H AR A 26 1k (i Rk
HIB1AN T IR AL 92324 AL 1R, w18 T 45
PRGN, ThakE . AEVE BF s RERY, #%
FEH i T AP2EE R KR H (IANTZE, HA LA AP2
SE R (EI4A).

NT B SRR R R IA TS B, AT
S A RN AR AR S IRNA, R % s i
SRAFICCDNAREAT 2= 52 A - 25 S (BI4B) &K B, N
ActinffiPCR& 5 5 N —8Us, TERABRwidTH,
LOC_0s05932270 3 K AR iE, & DhEe e 4 K iER

2.6 itig

AHIF FE o 75 10 K FET-DNARAS A e, 3145 1 1/
m AR R wid1, 5 EEARABAMLL, BF
R R BB ER SR A, R AR
PR TEIR . PATTE A B v B v e B B AR R, I
DA HT AP i S (R AR AR R wid T+, A%
Pr AL T BB 6/ BT, R AR Bl i i (T) R R 2K,
MRS AT 21k, 3 R TR R IE o S R AU 25 ik
FOE DA HEAT B, R I AR A wild 1R [ R 4
HHEMZ, EREEFTASR, KA, ) he
YR AR PR R . A T4 R
W T SRAR R wid 11 3 BUAFAE 5 15t 4% FE Al .

IKFEHE R 755 A 44 R B & 01 2 0 SR T 5 I
Gu—E %, B B A SRIBN . R KRR IR BT (B
SO)ER RN E 2 N RS R B BBk
Pi FERRR IR AT R LR 8 4 sd RSt R
P 2 5 I B TR, 0 Sl 1) 0-62F1sd-8, H
HER T BT (IR FT ) R AR R KBS AL I, tnd-61
d-34. d-10M1d-16. d-11F1d-8. d-12F1d-50. d-147
d-10)¢sd-1H1d-4753 5 HoAFEALEE D . H AT, ikt
— KB TRk H R K D RepAHf, Wigid1. gid2.
Sd1. D1. D2. D3. D4. D6. D10. D11. D14.
D17. D27. D53. D61HID62(A 54 4:1t). EAIN

© 0 0O O O Chinese Bulletin of Botany



58 MMFEk 52(1) 2017

®/3  ALIIT KK Z S MEInDelbrid

Table 3 Polymorphic InDel markers developed in this study

Marker Forward primer (5'-3") Reverse primer (5'-3')
rm5-4 CAGAAGCCTTCTTACGAACTT TAATCTTTGAGCGAGCAATT
rm5-30 CCATGCATGATTGAAAGCAT TTCTCCCATCTCTTGTATGTGG
InDel48 TGCAGCAAATGTATGCAGTG TGGTGATGTCCTTTGGTTGA
InDel82 GCCGCAAAACCGAGTATAGA CGGTGTCACGTCAATCAAAA
InDel46 CGTGACAGTTTTGACCATGC TAACAAGGCCCAAGATCACC
InDel37 GAAGAAGGCGAGGGAAACC ACCTGGGCTAGTTGATCTGC
5.4 InDel17 InDel90 5-10
} } } } Chr.5
26 1Q & 30
H InDel28  InDeld44  InDel48 InDel64 InDel82 InDelg5 :
] 1 1 Il ] 1 1 1 ] Il 1 [l Il [
L] L] L] L) L] L] L) L] L] L] L] L] L] L]
InDel17 InDel21 InDel37  InDeld6  InDel52 InDel74 InDel84 InDel90
50 9 3 2 0 0 1 1 2 2 1 25 26
T -otkb
0SJNBa0073E05 0J1057G07 |
0J1562H01

B3 /KFEOsWLD 13 | [FI4] 58 FIKE 4H 5E 7
Figure 3 The rough and fine mapping of OsWLD1 gene in rice

A T nucleotide deletion at 2 910 bp, lle—Thr

428 1079 1150 1226 1274 2476 2544 2657 3226 3325

LOC_0s05¢32270

B Wi wid1

B4 KTE IR R 1 v SRk
(A) LOC_0s05932270%: 1 5Bk wid 1715 5150 #1; (B) LOC_Os0593227 0% [KI 1E M A= B FN SRAF A 4 8 =43 #r

Figure 4 Cloning and expression analysis of candidate gene in rice
(A) LOC_0s05g32270 sequence analysis of wid1; (B) The LOC_0s05932270 RT-PCR analysis in wid1 mutant and wild type
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Gene Mapping of a Dwarf Gene WLD1 in Rice

Wenle Wang, Dan Feng, Jinxia Wu, Zhiguo Zhang, Tiegang Lu’

Biotechnology Research Institute/National Key Facility for Genetic Resources and Gene Improvement, Chinese Academy of
Agricultural Sciences, Beijing 100081, China

Abstract Dwarf rice (Oryza sativa) is the most important agronomic trait closely related to photosynthetic efficiency and
yield. Exploring more dwarf resources can deepen our understanding of the genetic mechanisms of plant height and
provide new germplasm for cultivating new varieties. A wide-leaf, wide-stem, small-kernel and dwarf mutant, wid1, was
identified from the rice T-DNA insertion mutant library. We used map-based cloning to locate the gene on rice
chromosome 5 between the markers InDel37 and InDel48, with 91 kb physical distance. The mutant wid7 resulted from
deletion of the base T in LOC_0s05932270, which causes a reading error and early termination of the peptide chain
encoding. We used microscopy to observe the top-second internal structure of vegetative organs of the mutant and the
wild type in paraffin sections. In the wid1, cells were significantly increased in size in cross-sections but reduced in size in
longitudinal sections. The expression of LOC_0s05932270 was completely inactivated. The gene is an allele of the
reported rice gene OsSMOS1 (SMALL ORGAN SIZE1). The agronomic properties of wid71 are good (lodging) and it can
be directly applied to practice. In this study, we defined the inheritance and phenotype characteristics of this mutant, which
lays the foundation for further analysis of the signaling pathway.

Key words rice, wide-leaf and dwarf mutant, genetic analysis, map-based cloning

Wang WL, Feng D, Wu JX, Zhang ZG, Lu TG (2017). Gene mapping of a dwarf gene WLD1 in rice. Chin Bull Bot 52,
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