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Morphological characteristics and gene mapping of a novel bent
pedicel branch (bpbl) mutant in rice

YANG Yun-Long, WU Jian-Guo, ZHOU Yuan-Fei, SHI Chun-Hai

Agronomy Department, College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310058, China

Abstract: Rice pedicels are tightly associated with the yield of grain. In the present study, a novel and stable pedicel
mutant bpbl (bent pedicel branch 1) was obtained from the wild type “Zhenong 7" after °Co y-ray treatment. The mutant
had the typical phenotype of bent pedicel branches with multiple abnormal phenotypes, such as longer pedicels, short pani-
cles, and dwarfism. Detail examination using scanning electron microscopy revealed that the pedicel epidermal hairs and
stomas in the mutant were smaller than those in the wild type. The epidermal and sclerenchymatous cells were arranged
irregularly, and the cells in the bend region of pedicels became smaller and arranged closely. The transverse observation of
the mutant pedicel branches showed that the small vascular bundles arranged differently from those of the wild type. Ge-

netic analysis indicated that the abnormal phenotypes were controlled by a single recessive gene. Using the F, mapping
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population from the bpb! mutant crossed with the japonica rice variety “Zhenongda 104”, the bpb! gene was mapped in a
343 kb region between two SSR markers, RM21537 and RM21552, at the long arm of chromosome 7. Because no ho-
mologous gene was found in this region until now, bpbI might be a novel gene related to the pedicel development and

growth. This study could be beneficial to future cloning and functional analysis of the bpb! gene.

Keywords: rice; bent pedicel branchs; mutant; morphological characteristics; gene mapping

(Oryza sativa L.) , ,

50% o ,
[2.3]
( , “Co y “ 7
) 9 ”’
e =» [45] 161
151
CaM
’ 1
8 CLV 1.1
9~11
’ [12.13] “ 7 77 2007
Tkeda “Coy  ( 350Gy)
apol(aberrant panicle organizationl) s
bpbl(bent pedicel branch 1,
Chu M4 fond(floral organ number4) )
' 1.2
Komatsu 13! lax 1.2.1 & A 5#
, LAX 2012 bpbl
bHLH s 6 .3 24 , 4 9 >
Li [el spl(short 17 cmx17 cm, 6
panicle 1) , bpbl “e
SP1 7 7 20 (cm) (cm)

PTR (Peptide transporter family) () (2) ()



210 iﬁ_ ¥ HEREDITAS (Beijing) 2013 35
() (%) bpbl
20
(cm) Microtek scanmaker i800 2~4 mm FAA 24 h,
SC-E 3 OCT 6 h,
bpbl 500 —20°CThermo scientific 30
(mm?) (mm) min >
122 A A AL B LEICA DM IRB
2011 8 bpbl “ 7 '
»> 2011 12 124 RELEA bpbl 095F &A%
Fy, F, , 2012 4 Michelmore M7 BSA(Bulk segrega-
F, > tion analysis) , , F
F, s
2011 8 10 CTAB DNA
bpbl “ 1047~ , Lg] DNA
2011 12 Fi, DNA DNA 300 ng/puL
F, , 2012 4 12 300
F2 F2 SSR , Shen U 50  InDel |
’ bpbl <« 104> PCR
DNA, PCR Panaud 2% ,
1.2.3 AR BE B A G R R 8% ,
bpbl DNA DNA
R 2~4 mm, 4 >
2.5% , 0.1 mol/L 40
3 1% 1 h, ) )
(50% 70% 80% 90% 95% 100%) (http://www.gramene.org/) SSR
, / ( D,
2h , MAPMAKER/EXP3.0
Hitachi HCP-2
, R Hitachi TM-1000
F 1 bpbl S FEMTAE S SMHERRIE
(5'=3" (5'=3" BAC
R7M20 InDel GTTTTGTGCATTCCTTTAC TTTATGACATTTTGACCG AP004346
R7M30 InDel ATGTCGCCTACGAGTTTTC TTCATGTG ACCATTTGTGC AP005185
RM7273 SSR CTCGGGTCTACATGTCCAGTGC GGCGGTTTGAGAGTGTTTGTAGG AP003745
RM7184 SSR GGGTGGAGTTAGAGCCGAACC GTGGCTTGAGAGCGTTTGTAGG AP005200
RM21564 SSR CGACGGAAACACAATTCATAGG ACCAACCGGGACTAAAGATCG AP005181
RM21624 SSR AGGAAACAAGTGCTTTGTGC CGAAGAGTCATTACCTCATGC AP004266
RM21537 SSR GACTACTACTACGTCGAAATCGTACC ~ CAATCCGGGACTAAAGATCG AP005188



2 211
RM21552 SSR ATGGCCCTGTTTGCTGCATGG TCGGTCCTTCCTCTTCTGACATAACG AP003808
2 2.3 bpbl
2.1 bpbl bpbl s
. bpbl bpbl
( 1A), ( 1 B,
0), ( 1D ’
’ . bpbl
’ ( 2 E
TR , , bpbl
, bpbl ’ ’
s 1 4~6
ce 7 s , , bpbl
( 2, 1) bpbl : 2
ce 7 = H.I) , bpbl
b 2 A’\’D
2.4 bpbl
R 2 bpbl RITRFOE 4 B AY IR LA
300 SSR 50 InDel bpbl
WT bpbl
(cm) 93.20 68.10 -25.10" 104
(mm) 33.50 82.10 48.60" R 136
() 210.42 119.40 -91.02" F, DNA DNA
) 500 619 190 , 7 InDel  R7M7
() 26.70 13.60 ~13.10
(cm) 25.49 19.20 -6.29" R7M20 R7M30  R7M37
(%) 86.40 77.80 —-8.60" R 4 7
(mm’) 9.90 10.12 0.22 R7M7-R7M20-R7M30-R7M37 4
(mm) 14.98 15.37 0.39 40 F, ’
(2) 23.24 23.78 0.54
(P<0.01), " (P<0.05) bpbl ; R7M20 R7M30
2.2 bpbl , R7M20
R7M7 s R7M30
bpbl < 7 F,
R7M37 s R7M20 R7M30
’ , bpbl INDEL R7M20
456 F, , 342
R7M30 ( 3A)
, 114
, s ,  R7M20
V4 3:1 O =
5 R7M30 GRAMENE SSR
0.57 < x5 = 3.84), bpbl 30 | bpbl cc 1047~
4 RM7273 RM7184
RM21564  RM21624, , bpbl



212 £ f# HEREDITAS (Beijing) 2013 35

SSR RM7184 RM21564 , B) RM7184  RM21564 SSR
37 ¢M 0.7 cM( 3 , 386 bpbl

L =1.0k 100 pm L =50k 20 pm L =500 200 pum

L =10k 100 um L %50k 20 pum 200 pm

Bl 2 bpbl REI(RSE A E/NEEH B HNE

(A) (B) ; © (D) ; (E) (F) ; (H)
@
RM21537 RM21552 , 0.5
cM  04cM , 3
343 kb( 3 O) Rice ,

Genome Annotation(http://rice.plantbiology. msu.edu/) ,

, 49 ;

, bpbl ’

[7.8]



2 213
erecta(er) brevipedicellus(bp), (
, ) ,
[16-12.21] Scott 2 KNATI KNATI
22]
A R7M7 R7M20 R7M30 R7M37
Chr.7 ! a ! ! !
R7M20 RM7273 RM7184 bpbl RM21564 RM21624 R7M30
B 1 1 l 1 ] l 1
L] ] | |
2.6 cM 1.6 cM I 3.7cM 0.7 cM 23cM 1.9 cM
RM7184 RM21537 bpbl  RM21552 RM21564
. : | |
C l = L] T
32cM 05¢cM  04cM| 03cM
e 343 kb -
AP005188.5 I AP005180.4
BACs !
AP005448.5 AP006808.3
3 bpbl 7
A bpbl , : B bpbl ,
;C bpbl BACs,
343 kb
bpb[ >
, bpbl 7 RM21537
2 rtll(rumpled and twist leaf 1) RM21552 343 kb
. Sedbrook 2% skud ,
bpbl
, , bpbl
, rtll  skud ) >
, , bpbl
bpbl
12~16, 25
0Co vy bpbl , bpbl ,



214

£ f# HEREDITAS (Beijing) 2013 35

s bpbl

, bpbl

bpbl
, bpbl

% 3 Tk (References):

(1]

(2]

(3]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Wang YH, Li JY. Branching in rice. Curr Opin Plant Biol,
2010, 14(1): 94-99. DOI

Li XY, Qian Q, Fu ZM, Wang YH, Xiong GS, Zeng DL,
Wang XQ, Liu XF, Teng S, Hiroshi F, Yuan M, Luo D,
Han B, Li JY. Control of tillering in rice. Nature, 2003,
422(6932): 618-621. DOIL

s s s s b s 5

s b s b s

T-DNA . ,

2009, 36(5): 267-276. DOI
, 1996, 13(4): 34-37. DOIL
CaM
, 2009, 35(12): 2280-2287. DOIL
( ), 2006,

42(4): 410-414. DOIL
Ikeda K, Sunohara H, Nagato Y. Developmental course of
inflorescence and spikelet in rice. Breeding Sci, 2004,
54(2): 147-156. DOI
Furutani L, Sukegawa S, Kyozuka J. Genome-wide analy-
sis of spatial and temporal gene expression in rice panicle
development. Plant J, 2006, 46(3): 503-511. DOI
Ulrike B, Fletcher JC, Martin H, Meyerowitz EM, Riidiger
S. Dependence of stem cell fate in Arabidopsis on a feed-
back loop regulated by CLV3 activity. Science, 2000,
289(5479): 617-619. DOIL
Suzaki T, Yoshida A, Hirano HY. Functional diversification
of CLAVATA3-related CLE proteins in meristem mainte-
nance in rice. Plant Cell, 2008, 20(8): 2049-2058. DOI
Kellogg EA. Floral displays: genetic control of grass inflo-
rescences. Curr Opin Plant Biol, 2007, 10(1): 26-31. DOI
Ikeda K, Nagasawa N, Nagato Y. Aberrant Panicle Or-

ganization I temporally regulates meristem identity in rice.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Dev Biol, 2005, 282(2): 349-360. DOI

Ikeda K, Momoyo I, Nagasawa N, Kyozuka J, Nagato Y. Rice
Aberrant Panicle Organization 1, encoding an F-box protein,
regulates meristem fate. Plant J, 2007, 51(6): 1030-1040. DOL
Chu H, Qian Q, Liang W, Yin C, Tan H, Yao X, Yuan Z,
Yang J, Huang H, Luo D, Ma H, Zhang D. The FLORAL
ORGAN NUMBER4 gene encoding a putative ortholog of
Arabidopsis CLAVATAS3 regulates apical meristem size in
rice. Plant Physiol, 2006, 142(3): 1039-1052. DOI
Komatsu M, Maekawa M, Shimamoto K, Kyozuka J. The
LAXI and FRIZZY PANICLE 2 genes determine the inflores-
cence architecture of rice by controlling rachis-branch and
spikelet development. Dev Biol, 2001, 231(12): 364-373. DOI
Li SB, Qian Q, Fu ZM, Zeng D, Meng XB, Kyozuka J,
Maekawa M, Zhu XD, Zhang J, Li JY, Wang YH. Short pani-
clel encodes a putative PTR family transporter and determines
rice panicle size. Plant J, 2009, 58(4): 592-605. DOI
Michelmore RW, Paran I, Kesseli RV. Identification of
markers linked to disease-resistance genes by bulked seg-
regant analysis: A rapid method to detect makers in spe-
cific genomic regions by using segregating populations.
Proc Natl Acad Sci USA4, 1991, 88(21): 9828-9832. DOI
Rogers SO, Bendich AJ. Extraction of DNA from milli-
gram amounts of fresh, herbarium and mummified plant
tissues. Plant Mol Biol, 1985, 5(2): 69-76. DOI

Shen Y, Jiang H, Jin J, Zhang Z, Xi B, He Y, Wang G,
Wang C, Qian L, Li X. Development of genome-wide
DNA polymorphism database for map-based cloning of
rice genes. Plant Physiol, 2004, 135(3): 1198-1205. DOI
Panaud O, Chen X, McCouch SR. Development of mi-
crosatellite markers and characterization of simple se-
quence length polymorphism(SSLPs) in rice. Mol Gen
Genet, 1996, 259(5): 597-607. DOL

> s s s > s

, 2012, 34(8): 1064-1072. DOI
George SJ, Chuck G, Dengler RE, Pelecandaa L, Riggs D.
KNATI and ERECTA regulate inflorescence architecture in
Arabidopsis. Plant Cell, 2002, 14(3): 547-558. DOI
Fang YX, Song XJ, Peng YL, Dong GJ, Guo LB, Zeng DL,
Zhang GH, Yan HL, Qian Q. Characterization and genetic
analysis of rumpled and twisted leaf mutant (##/7) in rice.
Rice Sci, 2011, 18(4): 243-249. DOI
Sedbrook JC, Carroll K L, Hung KF, Masson PH, Somer-
ville CR. The Arabidopsis SKUS5 gene encodes an ex-
tracellular glycosyl phosphatidylinositol-anchored glyco-

protein involved in directional root growth. Plant Cell,


http://www.sciencedirect.com/science/article/pii/S1369526610001731
http://dx.doi.org/10.1038/nature01518
http://www.chinagene.cn/Jweb_jgg/CN/abstract/abstract20391.shtml
http://www.cnki.com.cn/Article/CJFDTotal-ZWXT604.005.htm
http://d.wanfangdata.com.cn/Periodical_zuowxb200912019.aspx
http://d.wanfangdata.com.cn/periodical_bjsfdxxb200604020.aspx
http://dx.doi.org/10.1270/jsbbs.54.147
http://dx.doi.org/10.1111/j.1365-313X.2006.02703.x
http://dx.doi.org/10.1126/science.289.5479.617
http://dx.doi.org/10.1105/tpc.107.057257
http://dx.doi.org/10.1016/j.pbi.2006.11.009
http://dx.doi.org/10.1016/j.ydbio.2005.03.016
http://dx.doi.org/10.1111/j.1365-313X.2007.03200.x
http://dx.doi.org/10.1104/pp.106.086736
http://www.sciencedirect.com/science/article/pii/S0012160600999883
http://dx.doi.org/10.1111/j.1365-313X.2009.03799.x
http://dx.doi.org/10.1073/pnas.88.21.9828
http://dx.doi.org/10.1007/BF00020088
http://dx.doi.org/10.1104/pp.103.038463
http://www.ncbi.nlm.nih.gov/pubmed/8914521
http://d.wanfangdata.com.cn/periodical_yc201208015.aspx
http://dx.doi.org/10.1105/tpc.010391
http://dx.doi.org/10.1016/S1672-6308(12)60001-8

2 : 215

2002, 14(7): 1635-1648. DOI FZP(t)
[25] , , , , , , (Cc : ), 2003, 33(1): 27-32. DOI


http://dx.doi.org/10.1105/tpc.002360
http://d.wanfangdata.com.cn/periodical_zgkx-cc200301004.aspx

	一个新的水稻小穗梗弯曲突变体的形态特征 及基因定位 
	杨韵龙, 吴建国, 周元飞, 石春海  
	关键词:  水稻; 小穗梗弯曲; 突变体; 形态特征; 基因定位 
	Morphological characteristics and gene mapping of a novel bent pedicel branch (bpb1) mutant in rice 
	YANG Yun-Long, WU Jian-Guo, ZHOU Yuan-Fei, SHI Chun-Hai 
	Keywords: rice; bent pedicel branchs; mutant; morphological characteristics; gene mapping 
	 
	1  材料和方法 
	1.1  实验材料 
	1.2  方法 

	2  结果与分析 
	2.1  bpb1突变体的表型特征 
	2.2  bpb1突变体的遗传分析 
	2.3  bpb1突变体小穗梗的细胞学观察 
	2.4  bpb1基因的分子标记定位 
	 

	3  讨 论 
	参考文献(References):  








