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Abstract: A brittle culm mutant was obtained from the F, population of three-way cross [l -32B//Xieqingzao B/Dular
and named as Brittle culm 18 ( Bcl8 ) according to its phenotypes. Each part of plant showed brittleness during the
whole growth period. In order to identify the mutant, near isogenic line populations of Zhongcui B and Zhong 9B were
created with Bcl8 mutant as the donor of brittle gene and Zhong 9B, a normal culm-strength variety, as the receptor
and recurrent parent. Compared with wild type, Bcl8 significantly declined by 70.70% and 47.16% in mechanical
strength of culm and leaves, respectively. No significant differences were found in terms of growth duration, plant
height, panicle number per plant, spikelet number per panicle, seed setting rate and 1000-grain weight. Cell wall
components analyses showed that cellulose content and lignin content in Bcl8 had no significant difference as compared
with those of wild type, while hemicellulose content in culm and leaf dramatically increased by 31.84% and 17.35% ,
respectively. Genetic analyses of six F, and twelve BC, F, backcross populations revealed that the phenotype of Bcl8
was controlled by a single dominant gene. Bc18/02428 and Bcl18/9311 F, populations were developed for Bcl8 gene
mapping. By means of map-based cloning technology, with some SSR markers published online and new designed InDel
markers, Bcl8 was localized between InDel marker PBC22 and PBC33 at a physical distance of about 154 kb on the
long arm of chromosome 1. This work laid the foundation for cloning Bcl8 gene in the future.
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Table 1. Major agronomic traits of BcI8 and its wild type in Hangzhou, 2008.

K 1k D1 7= ZEFP ML 2L RE R K nt 5 s
Material DSH/d PH/cm ODS/mm TS/mm LL/cm LW/cm TL/mm
Bcl8 64 92.83+£1.75 a 5.2440.52 a 1.69£0.46 a 47.20£4.13 a 1.14£0.11 a 0.2840.05 a

wT 64 92.66+2.28 a 5.47+0.79 a

1.4940.48 a

43.2047.25 a 1.264+0.11 a 0.23+£0.04 a

B3 46 D 3160 2495 10 A0 HOHE B0 7 2 18 B S AR IF) 5 RER R 22 S AN L 3

The values are means of 10 measurements except days from sowing to heading(DSH) ; Figures followed by the same letter are not siginif-

cantly different at 0.05 level. PH, Plant height; ODS, Outer diameter of stem; TS, Thickness of stem; LL, Leaf length; LW, Leaf width;

TL, Thickness of leaf; WT, Wild type.

#2 REMEBIS SREB MRS B (2008—2009 £, HiM)
Table 2. Yields and yield components of BcI8 and its wild type in Hangzhou, 2008 —2009.

AR RO N e i .
(EY PSP 84 BTk R o K TR E o
No. of ZE SR FE
1 kL AEAy Spikelet Filled grain Panicle 1000-grain )
effective Seed-setting Yield
Material Year number number per length weight .
panicles rate/ % /(kg + 666.7m *)
per panicle panicle /cm /g
per plant
Bcl8 2008 11.93+0.50 149.16+3.33 116.30+6.33 77.96+3.47 22.3940.73 24.1740.30 431.06+10.25
2009 13.55+0.07 151.634+10.95 116.474+14.05 76.68+3.73 24.06+1.39 24.0340.32  425.76+24.30
S Average 12.74+0.29 a 150.40+7.14 a 116.39+10.19 a 77.324+3.60 a 23.22+1.06 a 24.10£0.31 a 428.41+17.28 a
WT 2008 12.434+0.78 156.0748.40  118.4247.94 75.8541.99 23.2341.03 24.3840.18  441.6749.46
2009 13.10+0.42 153.4445.08 110.3641.62 71.9541.33 23.8342.44 24.2540.21 440.15+27.40

) Average 12.77£0.60 a 154.7546.74 a 114.39+4.78 a 73.90+1.66 a 23.53+1.73 a 24.3240.19 a 440.91+18.43 a

BEAEIG N 3 /N DI RE AR B9 P 2 {8 BodE AR 1] 5 BEAUERAE 0.05 KPR 2R AR R

The average values are means of three repeated plots every year; Values followed by the same letter are not siginifcantly different at 0.05

level; WT, Wild type.
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AB.C Hl D 4351 0 58 454K Bel8 Sy 4T Wi i Z54F (ko S R AR AR 9 Sk 2R RABMK Bel8 AN S Wi 2 4t
A, B, C and D show broken culm, leaf, leaf sheath and panicle of Bc18, respectively; Arrows indicate easily broken position of Bel8; WT,

Wild type.
1 SIS Bel8 MEF AR FRE
Fig. 1. Phenotypes of Bcl8 and its wild type.
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The average values are means of 10 measurements; ** significant at

0.01 level; Bars are standard errors; WT, Wild type.
2 R Bels ME AR MYLHEE
Fig. 2. Mechanical strength of Bcl8 and its wild type.
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A and B, Cellulose, hemicellulose and lignin contents of total cell wall residues of the culm ( A ) and leaf ( B) segments from Bcl8 and its wild

type plants; The average values are means of 3 measurements; *~

B3 REMEBIS MFEBAMEHSEE

Fig. 3. Measurement of cell wall components of BcI8 and its wild type.
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il .
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5K 45 R R, 256 X SSR B A
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M9 AN B A= A COR ) BRL Bk A9 R DR AL, 235 51 R 5
1 4 R K i 19 4> FhRid RM7419 7R 9 9 /S8

&3 REM Bcl8 F, 5 BEE
Table 3. Genetic analyses of Bcl18 F, populations.

significant at 0.01 level; The bars refer standard errors.

Az TR BARR Y PR B 5 25 AR 02428 SE4ARIA] . BT R
ARF) 21 AEPAE AL ARR, 25 R B Bels R RS
RM7419 fRic Z FAXAFAE 1 sS4 (| 4) . @it L
BRI Bel8 E AR 1 G R i
FRit RM7419 Bk,
2.7 Bcl8 IEFERERBHEE ML

TER] 5 A 1) il L FRATTAR $% Gramene Cht-
tp://www.gramene. org) W i b #2450 5 4E, 78
RM7419 bric K #kik 7 10 ¥ SSR 54, PCR ¥
e R W oR HA SSR Frid RM315 7 Bel8 5
02428 Z W HA Z &M, FIH RM7419 Fl RM315
PRI 21 A~ B Az 8 Rk 1 5L R, & B RMI7419
M RM315 5 Bel8 ¥4 1 A8, {H 5258 i B kR
[, A Be 18 3k PR 8% 5 7 £ SSRAR I RM 7419 F1

F, Btk F, population

U . , P A
~ . . F, H’E%?gi*}}\ W A= A Js¥i'e X5
Combination P value
Brittle culm  Wild type Total
H1 9B/ Bc18 Zhong 9B/Bcl8 W& FF Brittle culm 1278 419 1697 0.04 0.769
[1-32B/Bc18 Mg #F Brittle culm 1754 573 2327 0.09 0.675
Bel8 /W& 5 B Bel8/Xieqingzao B Wi #F Brittle culm 1455 477 1932 0.05 0.753
Be18 /W% 63 Bel8/Minghui 63 W& FF Brittle culm 1817 595 2412 0.07 0.707
%5 H 46/Bc18 Milyang 46/Bcl8 Me#F Brittle culm 1045 358 1403 0.10 0.655
Bel8 /%K 218 Bel8/Zhonghui 218 g #F Brittle culm 2089 703 2792 0.02 0.827
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1—Bcl8; 2—02428; 3—F, (02428 X Bc18) ; 4~24—F, R HLik,

Lane 1, Bel8; Lane 2, 02428; Lane 3, F, (02428/Bc18); Lanes 4 to 24, Non-brittle culm individuals in F, population.
4 5 Bc18 EFZEHA SSR HR12 RM7419 M 45 R

Fig. 4. Electrophoresis of the SSR marker RM7419 linked with the Bc18 locus.

RM315 Z i), 46248 RM7419 Ml RM315 3 id 2 R Chr.1 ATFHE  EAMAK
) 48 B4 BT A SSR 314 .38 134 5 fir 26 b Pistance [kb - Marker e
8 Bel8 JEH it — 25 5 76 SSR #ric RM1231 il 32805 — g

RM265 Z[a] K%} 5.7 Mb X 8] 4,
AT X Bel8 F: [ it — 26 W) & i, W

RM1231 Al RM265 Z [A] K 85 5 Bl 9311 1 H A< B . e 3
L 4L 91 % 5t 51 98 H B P Primer Premier o o 2
5.0 BT 5 % InDel 3140, 244 507 iR . FUA 1 148 :IESPBcss 1
XESIYIAE 02428 1 Bel§ Z B LA, A 4 33266 PBC25 2
Xt HIAE 9311 Fl Bel8 2 Il 6 8 22 45 1k, HL 7 1

WO L DR 40 £ AR 9311/ Bel8 Fa Ak o o 5
PP AEME B KR, T 1011 D EA SRR, D Bels % N

BEHLFE InDel #5id PBCA 5 PBC25 ZIELYIHE g5 prssxmas nebroas
EE%] 460kb E’(J IZh’jZ lj‘] o ?j@)ﬁ Riﬂz PBC4 ‘—:j PBC25 Fig. 5. Location of the BcI8 gene on the chromosome 1 of rice.
ZIHGHRIE T 4 A 280 InDel f3id (£ 4, H
X 4 X} InDel 5|4t — 2% Bel8 3 M %E i 7E InDel B A AR AT A 8 B T R 2 A R 2 B PR SR AR IR
Fric PBC22 5 PBC33 Z 8] K #y 154 kb {4y ¥ & 5 R G WA R B AL 0 A B A B A
WE 5, RHEAR N GRS Z R RN . AN, be3 .
. bcl0O. bcll, bcl2. bcl4. NEI031, ND8759 .
3 e At 2x 7R A
ND2359 . be88 4§ 5% A8 1R #H Mk A8 %%, bell | fp2 .
3.1 I BelS HEBEE B bc88 \NE1031 \ND8759 \ND2359 \dwf1 7 1k
BRI W W FT AR A B L [ T 25 LG BB R, R ARK fel EFFRBEE AL L bc3 |

x4 AT B8 EERAEMM S FIRIE
Table 4. Markers used for fine mapping of the Bcl8 gene.

Fric S1¥ 5 (5'-3") TR N
Marker Primer sequence (5'-3") Product size in Nipponbare/bp

PBC4 F.:GAACGTTTACAAGACTCT 124
R:ACACAACTACTTCACTGC

PBC21 F. TCCCACCACCTCAATCTC 116
R:CCCTACGACTCCAGCTAAT

PBC22 F.: TCGCATATTCAGATAAGCATC 108
R: TAATCGGAAAGAAGGCAAT

PBC33 F:GCTTGTTGCTGTTGCCTCTT 151
R: TCACGGCAGAATCGCACA

PBC31 F.CTACAAAGGCACGATGATGA 185
R:AACGCAACCTAAAAGACACTAA

PBC25 F.CTTGAGCCATTATGTGCA 166

R:GACTCACGGACGCTATCA
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bel0 \bell \bel2 . gddl \beld \NE1031 S5 R AR K F
B BED MR B SR TN R M R EE SR, &
WFIEARAF IS AE IR Bel8 BRMPIE S R R 2 =&
PER A F 5 B A AR T,

20 Jf W 2 3 0 S 45 2R R Y e T 58 A8 A 1 4T 4
ROREAMEN TREMBESE AR RZT AT
Al ARRRE B G REBIERE L, kRN
RAFNK Be6 ZEFFEAFYER & it WP A TR T 3824,
LR TR T 3400, KT R & 5IA W] A
FE5 snbe () 58 A5 R ZE AT £F 4k R & hb Lo 35 AR R
T1UT% KRR SRR T 5% . Pk FHT
696" . HiXHERASRAM L, Bel8 25 M £F 4 R
TR KR SRR K MR 4E R
S E R T 31.84 %0 N 17,35 % . 2R AT ML M5 S
FLBF AR R B T 29 705, M AILMR R B U R R T
47% ., RAVA4ER &5 D E RS2 Bels Mtz
PSR AE 240 PR BE 2H 3 1 A AT 5 A8 1A i B g AN TR
Zht,

3.2  Bcl8 REERMIRIT

TE O I 1 e FF 28 A8 1A v, RO 40 2 B Pk o
HEEH RA be6 vnbe (O Ky B EFEE =6, o be6
A WML T 9 e tadk R AR A
OsCesA9 FEH KA T 5781 5 nbe (O M 7] i S i W
L A T AR 9 Ye R AT 9T &5
RKFE ,Bels B I RS A5 1 ek
A R i

HAT. 2 1 ik FiRiE T 3 M MeffF R4 ik
be7 \bell A NEI031, BT 2G4 R 5 i OsCe-
sA4L SEREET RGP . FE P 58 B4y B & B,
be7 1E OsCesAd FEH B 10 4R8I 10 W& T
B FEREAL B T 7 A0, B R AR S 8O RE AR
IERWINEER OsCesAd BH . FHESERIK T Y
0% EARERER T 30U . KRR G EEAN L
A, 20 L RE AR LA R T L (RSN A B
AN sbel 1 JEAE OsCesAd FERAGEE 13 #h 8+ &
B — BB R A T B R AR, AR S T AR R
SFREE 5 A5 L5 R 81 oK Ui GBS 8R v ' L iR
5 2 RS N AE A R AR AR AL it 228 RRAE N
BRI I 4 T A AR RE AR, F 4 K T i LB AR A
REAR T 249 60 26, BT H A A WE W 3 19, R % & &
AR DT NET031 JEFE OsCesAd FEHF B 6 4
BTG AT Tos17 # )&+, F8OILH = E %4,
FEARER /N, 0 258 A AP A 25 90R (I P e R

R E K FERL % (Chin J Rice Sci) 55 30 %45 2 W (2016 4E 3 )

A RN BE T 80 %0 A2 A, AN M E AR T SR
T Ay e B AS R B L Bels BT AEW 154 kb X
A 23 4 ORF, A& T OsCesA4 £ (LoC
~0s01g54620), T K Bel8 A be7 . bell
NE1031 —#f, A OsCesA4 FEHE AR y= 1 T Mok,
WA TE T HE— 25058 AH A 55 (0K 20 22 160 25 S %
HE— L TikE Bel8 FEPH295E T HLA .

S E Mk -

(1] R, M, semm, 5. &% mols s iR o 2 D8 s =5 /K e i i

AR TR AT 41 B2 o 2 RO WF ST WYL AR 2 4, 2008, 20
(4): 225-230.
Wu C, Fu Y P, Zhu L, et al. Studies on harvest index and
culm lysine content in the transgenic brittle culm rice inserted
lysine-rich protein gene. Acta Agric Zhejiang ,» 2008, 20(4) .
225-230. (in Chinese with English abstract)

(2] VEMEWE, SRZEHD, XAHT. . R KBy A RKIEs

R AR RE | SR 43 T AL R IR R BT R B R . A A R R
2005, 36(11): 1139-1144.
Wang H F, ZhuJ L, LiuJ X, et al. Growth performance, nu-
trient digestibility and carcass quality of growing-finishing pigs
fed different levels of whole crop rice brittle culm-1. Acta Ve-
ter Zootech Sin, 2005, 36(11): 1139-1144. (in Chinese with
English abstract)

[3] #gwg, Tk, LM, & KRS v RS FF & B 4F 4k 2 B Y
5T AT AR R TR, 2014, 32(2): 211-215.

Huang F, Wang Y Z, Zhou S D, et al. Study on cellulosic eth-
anol fermentation of brittle rice straw. Rene Energy Res,
2014, 32(2): 211-215. (in Chinese with English abstract)

[4] VB AR4EAE, A, S5, Rp 5 oK R ME 25 2 A8 1R A W) 2

P KA Wy B R AR R B B ST, T A B £ 4R, 2013, 15
(3): 77-83.
Feng Y Q, Zou W H, Li F C, et al. Studies on biological char-
acterization of rice brittle culm mutants and their biomass deg-
radation efficiency. J Agric Sci and Technol, 2013, 15(3):
77-83. (in Chinese with English abstract)

[5] Nagao S. Takahashi M. Genetieal studies on rice plant., XX-
VII. Trial construction of twelve linkage groups in Japanese
rice. Fac Agr Hokkaido Univ, 1963, 53(1): 72-130.

[6] Kotake T, Aohara T, Hirano K, et al. Rice Brittle culm 6 en-
codes a dominant-negative form of CesA protein that perturbs
cellulose synthesis in secondary cell walls. J Exper Bot, 2011,
62(6): 2053-2062.

[7] EJIWE. E45R, 2R KRR AR nbe (0 B FZ R

N P SE PR B ) 20 e . A rh Rl R4, 2012, 31(2) .
159-164.
Wang C L, Wang L. Q,Mou T M. Characterization and gene
mapping of a brittle culm mutant nbc (¢) in rice. J Huazhong
Agric Univ, 2012, 31(2): 159-164. (in Chinese with English
abstract)

[8] Tanaka K, Murata K, Yamazaki M, et al. Three distinct rice
cellulose synthase catalytic subunit genes required for cellulose

synthesis in the secondary wall. Plant Physiol, 2003, 133



SN KRR Ak MERT 28K Be18 B M8 I IR €

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(1): 73-83.

Yan C J, Yan S, Zeng X H, et al. Fine mapping and isolation
of be7(t) ., allelic to OsCesA4. ] Genet and Genom , 2007, 34
(11): 1019-1027.

Zhang B C, Deng L. W, Qian Q. et al. A missense mutation in
the transmembrane domain of CESA4 affects protein abun-
dance in the plasma membrane and results in abnormal cell
wall biosynthesis in rice. Plant Mol Biol, 2009, 71 (4-5):
509-524.

XuJ D, Zhang Q F, Zhang T, et al. Phenotypic characteriza-
tion, genetic analysis and gene-mapping for a brittle mutant in
rice. J Integr Plant Biol , 2008, 50(3) . 319-328.

Rao Y C, Yang Y L., Xin D D, et al. Characterization and clo-
ning of a brittle culm mutant (bc88) in rice (Oryza sativa 1.).
Chin Sci Bull, 2013, 58(24): 3000-3006.

EERS, R L, AW, 5. KR 4 F A W 10T 21 4
EEH BC8S IR BT, P EUKFEREE . 2015, 29(2): 126-
134.

LiXJ, Xu DD, XuY M, et al. Expression of OsBC88 ,a rice
cellulose synthase catalytic subunit gene. Chin J rice Sci,
2015, 29(2): 126-134. (in Chinese with English abstract)
REE, ZUE, BIF, % OKEERESE dofl TS
e IR A7 A 3 A BE IR 24 4T, 2014, 15(4) ¢ 795-801.

Wu G C, Sang X C, Ma J, et al. Genetic analysis and fine-
mapping of a dwar{ and fragile mutant dwf1 in rice. J Plant
Genet Resou, 2014, 15(4); 795-801. (in Chinese with English
abstract)

Wang D F, Yuan S J. Yin L, et al. A missense mutation in
the transmembrane domain of CESA9 affects cell wall biosyn-
thesis and plant growth in rice. Plant Sci, 2012, 196 (11):
117-124.

Song X Q, Liu L F, Jiang Y J, et al. Disruption of secondary
wall cellulose biosynthesis alters cadmium translocation and
tolerance in rice plants. Molecular Plant, 2013, 3(6): 768-
780.

Li Y H, Qian Q, Zhou Y H, et al. Brittle Culm 1 ,which en-
codes a cobra-like protein, affects the mechanical properties of
rice plants. Plant Cell, 2003, 15(9): 2020-2031.

Liu L F, Shang-Guan K K, Zhang B C,et al. Brittle culm 1, a
cobra-like protein, functions in cellulose assembly through
binding cellulose microfibrils. Plos Genet, 2013, 9(8): 1159-
1169.

Xiong G Y, Li R, Qian Q, et al. The rice dynamin-related
protein DRP2B mediates membrane trafficking, and thereby
plays a critical role in secondary cell wall cellulose biosynthe-
sis. Plant J, 2010, 64(1): 56-70.

Ko H, Toshihisa K, Kumiko K, et al. Rice Brittle Culm 3 (
BC3 ) encodes a classical dynamin OsDRP2B essential for
proper secondary cell wall synthesis. Planta, 2010, 232(1):
95-108.

Zhou'Y H, Li SB, Qian Q. et al. BC10, a DUF266-containing
and Golgi-located type |l membrane protein, is required for
cell-wall biosynthesis in rice (Oryza sativa 1.). plant ],
2009, 57(3): 446-462.

Zhang M, Zhang B C, Qian Q, et al. Brittle Culm 12, a dual-

targeting kinesin-4 protein, controls cell-cycle progression and

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

135

wall properties in rice. Plant J, 2010, 63(2) . 312-328.
Zhang B C, Liu X L, Qian Q, et al. Golgi nucleotide sugar
transporter modulates cell wall biosynthesis and plant growth
in rice. PNAS, 2011, 108(12): 5110-5115.

Song X Q, Zhang B C, Zhou Y H. Golgi-localized UDP-glu-
cose transporter is required for cell wall integrity in rice. Plant
Signal Behav, 2011, 6(8): 1097-1100.

Wu B, Zhang B C, Dai Y. et al. Brittle culm 15 encodes a
membrane-associated chitinase-like protein required for cellu-
lose biosynthesis in rice. Plant Physiol , 2012, 159(4): 1440~
1452.

Li X J, Yang Y, Yao J L, et al. Flexible Culm 1 encoding a
cinnamyl-alcohol
strength in rice. Plant Mol Biol, 2009, 69(6) . 685-697.
N, XUNESE . VR, AF. KRS IE R AR A 5 AR 1A s e IR
NI, AR 2. 2012, 26(1) ¢ 1-5.

Ye Y F, Liu BM, Xu X,et al. Identification and genetic map-

dehydrogenase controls culm mechanical

ping of a fragile and dwarf rice mutant. J Nucl Agric Sci,
2012, 26(1): 1-5. (in Chinese with English abstract)

FWA, M, BB, . KRB PR AR dbcl 4%
HEERE N AR, 2013, 39(4): 626-631.

Sang X C, Du C, Wang X W, et al. Identification and gene
mapping of dwarf and brittle culm mutant dbcl in Oryza sati-
va. Acta Agron Sin, 2013, 39(4): 626-631. (in Chinese with
English abstract)

Takahashi M, Kinoshita T, Takeda K. Genetical studies on
rice plant, XXXIII : Character expression and causal genes of
some mutants in rice plant. J Fac Agric Hokkaido Univ,
1968, 55(4): 496-512.

Sanchez A C, Khush G S. Chromosomal location of some
marker genes in rice using the primary trisomics. | Hered ,
1994, 85(4) . 297-300.

Librojo A L, Khush G S. Chromosomal Location of Some Mu-
tant Genes Through the Use of Primary Trisomics in Rice.
Rice Genetics. Manila(Philippines) : IRRI, 1986 249-255.

ik AR RBAL, B RE, S, — AN KR MR A A Y 3 4%
Br. st AO R4, 2010, 38(2): 5-6.

Zhang S D, Yu X Q, Zhao F S, et al. Genetic analysis of a rice
recombination with brittle stem. Guizhou Agric Sci, 2010, 38
(2): 5-6. (in Chinese with English abstract)

WEEEAR, fTli e, BEAL A, AF. KRR NE P B 2 b A 5% A Ik
Sldl W SRR A M2, 2014, 49(6) . 663-671.
Jiang Y D, He P L, Liao H X, et al. Identification and gene
mapping of a fragile and leaf-tip dead mutant fId1 in Oryza
sativa. Chin Bull Bot 12014, 49(6): 663-671. (in Chinese with
English abstract)

Van Soest P J, Robertson J B, Lewis A. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides
in relation to animal nutrition. J Dairy Sci, 1991, 74(10):
3583-3598.

FEAIT. AR SR, B EBUK RS DNA B —Fh i 5 7 k. b B KRS
B, 1992, 6(1): 47-48.

LuY J, Zheng K L. A simple method for isolation of rice
DNA. Chin ] Rice Sci, 1992, 6(1): 47-48. (in Chinese with
English abstract )



