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G Fo B 132 DK RAE B AR & A% e
PEILA

R CTAB 3550 #2 Bt DNA Jf i LA g ik .
PCR W & & : DNA 2 pL, 51 (F+R)0. 6 plL,
dNTP 1.4 pL,Mg"" 1.4 pL,buffer 2 pl. Taq
0.2 pL,ddH, O 12. 4 pL; MK 20 pL, 857
F£:95 °C 4 min; 95 °C 30 5,58 °C 45 5,72 °C 45 s,
35 MEH,72 °C 10 min, PCR § =¥ 2 6% 1Y
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Table 1 The sequences of the primers

5 ¥ 24 FR 514 751 Sequences
Name of = ip i 5197.(5'-3") 1519 (53"
primers Forward primer Reverse primer
CCTTTGCCGCCT- ACGAGTTCCCGGTTA-
RM3700
TCTCTTGG ACCTTACG
RM24371 AAATGGGCAAGT- GAGGAGGAG-
’ GTACTCACACG GAAGAGAGGATTCG
CLO62 TGAAACTGCTA- ACCCTGAGCACCGA-
o AGGCGGC CACC
CLO45 ATGCTGAGTTGCT- AGCAAGGGCCGGAA-
o GCCTCTGCAGTG CATGTCG
2 #HREHSW
21 feMREERFRE

IK B ZE RSN nbe () JE7E 93112 /IRBB21 Y
JE AR R B M e 2R A AR, 2 224 ) oA 3E
B zMerE R AT DR e st . MEZE KR nbe (D5
PP A SRR 9311 FEAK R A5 B A RRAE 1 T8 BH 8 X 51 L A
TENLBSR B b A X, nbe (o) (RS, 25 Fl % Fil
THRARME , 5y I 7, H R4 F Wk .
22 RZHEREEAMER

2008—2010 4F3ELE 3 a HATIAE: , B A MER
AR nbe (1) 5 BF AR 9311 FEF R SR AT B D
T, BROER 2D EW. BRI e R
PRAT SRR T R 45 SR T T AE R R
PR AR — S0, FJR 0T T R A RO ORI B 7 e e 2R
RARNK nbe () o BF AR R 9311 43 W) 2> 8. 75 % ALK
7.58% oA 1 25 50 HT 5 A B Fb X 3 R iy TR
Y REAC R B2 BE 1 T Bt i, HLAE P 33K
TR SR 50 A b i SRR ZR B, 2009 AR LK 2010
AT R R R B L K AT RE R AT A SR SR R

JT W HEZE AR nbe () 5 9311 TS 5
B A A, 2009 EE AT X 2 MBS
63-4SETHCZH G 1Y 32 2 A 2R A 7= o 1 R B, 45 2R
(R DR 2 DA W& TR 2R 8T 2%
5. HAT. Wik 6 S 2KILH TR SFHPREMN
FAA WA ZE R AR nbe (O 9311 W H T



%2 W EJNTE 55 KRR R PE G AR AR nbe (o) 1) 32 B2 45 1 0 G P i PR 09 490 26 8 Az 161

R2 MERTE nbe(t) SHER (FERRZE)KTE 9311 HREHERY

Table 2 The agronomic traits between the brittle culm mutant nbc(¢) and the normal type 9311

b 4 B . HwI/a HbH T BEE EREE N T R/
g Befi/em POt = ] < TR - fons -
Material Days of O HK/em K cm . W= ht /g bRAIE /g (kg/667 m?)
Year ‘ PH ; ’ SF TGWT " )
name FHS NP SL TNSP GDPP YPP GYD Yield
2008 96. 3 126.5 5.8 23.77 182.71 83.61 7.72 30. 11 3984.87 19.92 478.16
nbe (1) 2009 97.7 115.7 5.5 21.68 147.67 85.00 7.19 31.01 3 714. 30 18. 98 455. 55
2010 101.0 122.2 5.9 24.80 175.03 83.00 7.03 28.41 4 693.93  24.53 490. 56
) Mean  98. 3 121. 4 5.7 23.42 168.47 83.87 7.31 29.84 4 131.03 21.14 474,76
2008 96. 3 118.6 5.5 22.59 178.02 83.92 7.87 29.63 3979.32 19.90 477.52
9311 2009 97.0 118.4 4.9 23.33 166.33 84.33 7.54 31.22  4479.47 22.81 547.59
2010 101. 0 124.0 5.9 25.68 209.50 86.00 8.13 28.57 5095.67 25.92 518. 28
SE Mean  98.1 120. 3 5.4 23.87 184.62 84.75 7.85 29.81 4 518.15 22.88 514. 46

1)FHS: Full heading stage; PH: Plant height; NP:Number of panicle; SL:Spike length; TNSP: Total number of spikelets/panicle;
SF . Spikelet ferility; GDPP: Grain density per panicle; TGWT:1 000-grain weight; YPP: Yield per planting; GYD: Grain yield.
F Al The same as follows.

K3 MUBBEERIM nbo(t)FNEFAER 9311 KBARXAKEFHASHRE MR

Table 3 The result of agronomic traits between the hybridized combination which the male parent isnbc(¢) and 9311

RS B/, T8 HHEE HREE/ , INKEE PR R/
.\I:r'ne of 5 éDaysﬁff PR/ em N Eﬁﬁﬁ f%f’:/cm Jrii’ﬁ( HS RV em ! ?*ﬁii/g szi%jg :F*ﬁiﬁ/g (kg/667 m?)
combination P FHS PR MBENP ) TNSP SE corp VT ypp GYD Yield
. 94,0 120.6 6.0 242 167.0  82.00 6.88 29.37  4903.40  24.52  588.41
el 94.0 17.1 5.6 24,1 164.0  88.00 6. 81 30.83  4722.80  23.61 566. 74
Guangzhan 11 95.0 121.9 6.6 20,0 1320 87.00 6. 30 30,70 4792.20  23.96  575.07
63-48/nbc(s) T Mean  94.3 119.9 6.1 2.1 154.3  85.67 6. 66 30.30  4806.13  24.03 57674
I 98.0 123.2 6.2 25.3 1810 76.00 7.17 30.74  4732.50  23.66  567.90
Wil 6 2 1 98.0 122.3 5.4 255  172.0  78.00 6.73 31,90 4670.30  23.35  560.43
Yangliangyou § 111 97.0 124. 4 6.4 23,6 1210 74.00 7.01 31,91 4874.40 2474 593.83
P-4 Mean  97.7 123.3 6.0 24. 8 158.0 76.00 6.97 31,52 4759.07  23.92 574,05

T4 RERTE nbe(t)FIBFER KBRS NBRARSTER"

Table 4 The result of grain quality between the brittle culm mutant nbc(t) and the normal type 9311

o R ORRE/K KR/ SRORR/Y KR B ’%;iﬁ: L {12 Eg‘gf’ HIE
ame Year BRR MRR HRR L/W ChS cv ASV AC GC
2008 79.22 65. 54 34. 88 3.09 12.0 3 3.50 16. 63 46. 50
nbe (D 2009 78.02 66. 74 34. 66 3. 00 18.0 4 5.30 18. 28 42.00
2010 78.56 68. 28 57.71 3. 00 4.5 3.00 12.50 43.00
SE Mean 78. 60 66. 85 42.42 3.03 11.5 3.5 3.93 15. 80 43. 83
2008 78.57 68.19 49. 83 3. 09 11.0 3 6. 00 15.47 39. 00
9311 2009 77.31 67.48 45. 69 3. 10 11.0 3 5.00 14. 97 43. 00
2010 77.88 67.89 63. 50 3. 10 3.3 3.00 15.03 42.00
V- Mean 77.92 67.85 53.01 3. 10 8.4 3 4.67 15.16 41. 33

I 63-4S/nbe (D)

Guangzhan 2009 79. 04 69. 16 40. 61 3.10 16.0 4 2.30 15.35 47.50
63-4S/nbc(t)
it 6 5
2009 78.93 68. 54 44,21 3. 00 14.0 3 3. 80 13.19 35.00

Yangliangyou 6

1) BRR:Brown rice rate; MRR:Milled rice rate; HRR: Head rice rate; L/W:Grain length/grain width; ChS:Chalkiness; CV:Clarity

value; ASV:Alkali spreading value; AC:Amylose content; GC:Gel consistency.
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Fie B G AR 0T R A B i (GB/T17891 —1999)
BRI 5 7 1 s X SRR nbe (o) FIEFAERY 9311 HEAT S
Kb BT G R FR W cnbe () 5 9311 AH LL , B ROKS
KB 0 R LA AL o oAt S MR T B B 25 S (P2
FAE A ARG S A — (R D
23 RTEEHFLERNETRE

PUHT 7 2 A5 1 HU R R T — 4R AR X e
ZEGARMR nbe (1) 5 BF A EAR 9311 ZRFF 28 1 Al Y
BUAT Iy R I A5 (R 5) K RAR KA X
FFE AR A R KT 9. 5% 3 AR nbe (o) 1T

Prh¥(E R 29. 0 NLEFAAY 9311 @ HL 3T 1 ¥ E N
30. 3 N, A8 i 55 B A AU AE G AT 7 1 i R 3T B B
2200 ek Iyl e 25 R R WY, 5 AR AR nbe (o) 1 4T K
Ji ¥l A 37,3 NLEFAE R 9311 BT sk 1 B N
118.9 N, AR 5 87 A& RUAH bb, Hrok I BEAR T
69 % e A7 BVRLWT 28 A8 4K nbe (o) Z2FF BT 75 19 7 HE
BF A= R AR N
24 REGEEHFABUMNEFES
RAFMK nbe (1) 5B AR 9311 25 FF 5 4 I 58
GEIR (K 5) R, AR R L 4 &K o B B AR R R
MTH1T%, MAFRRGEEMA 5%,

R5 RTMEnbe(t)SEHER 031 ERVMEE FEENMARESE
Table 1 The mechanical strength of the mutant and the wild type
Rz Hf#/mm iy J1/N sk 1 /N H®R/% A/ %
Material name Diameter Bending strength Tension stress Cellulose Lignin
nbe (1) 4.54140. 491 29.0%6.9 37.3427.3 26.314+1.01 13.87+0.24
9311 4.14740. 441 30.3+7.0 118.9+44.8 31.83+1.17 13.26+0. 26

25 REEERNTEN

Ph nbe (1) /KBLB67 2438 41 & 1 F, ACHEIRAE Ry
SENERER P78 56 4 FE AL/ 354 % 5| 4 X 5 2% AR
HEAT Z M R R TE B SR AR R Z BB
176 %, X5 % DNA W47k, Jh 9 5
Je ik By SSR 514 RM553 78 Wi ith [8] F £ &1,
HEAE 9 5 YL @ 4K 138 51 ¥ %5 nbe (1) /KBLB67
FAZ AN Ty BEARTEAT A I, 412 3 B 058 5 A6 7
9 SYEAR 2 AN nbe (1) /TR 6 54258
HEW Fo.  BEARSE— DB B E AL AR 9 SRk |

1.3 eM—_I RM3700
3.1 (:Mf__,\ nbe()-1
N\ RM24371
1.6 cM—_[ 1bc(1)-2
N ¢
6.0 cM— | | C1062
— CL045

B 1 BEMEREM nbe(t)7E 9 SHBEELHESE
Fig.1 The linkage map of nbc(t) on chr.9
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3
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H HC & 30 K R e 1 B K 2 i 48 7 A
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be6 Ry R B R 10 S LI R R
L 12 T8 A 7K e e P 5 R 3 R R 2 O R BRI L 7R i
TR EERREGT B . M KRS nbe () BE
AR SC % AE 93117 /IRBB21 J5 A8 h R BLAY [ 4R
o NS W Rt el = T R 37 K 220 1 -
PG AER Ay R M R L [ o) A AR R AL IE R, 5
B A SEAS 9311 AHALL, Bk = JC AR, 7™ dk [ IR I 2 A
AN KM ZE KRG nbe (o) 1Y X 8 R 0] i T 4l
=,
32 BEZEKE nbc()IARMRUEFTHEERX
D Ja 22K F noe (0O BB BHIIL R HE BRI,
Jifi 22 K FF nbe (o) =L 9311 K35 5 A9 58 A8 44, 9311
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Characterization and gene mapping of a brittle

culm mutant nbc(t) in rice

WANG Chuan-li  WANG Ling-qiang MOU Tong-min

National Key Laboratory of Crop Im provement/
National Center of Plant Gene Research (Wuhan) ,
Huazhong Agricultural University sWuhan 430070,China

Abstract The mutant nbc(z) was a brittle culm mutant of rice found in the offspring of 9311%/
IRBB21. The all tissues of plant of mutant nbc(z) are brittle during the whole growth. The main agro-
nomic characters of the brittle mutant were investigated and gene mapping of brittle trait was initially
made. The results showed that the main agronomic traits of nbc(¢) were as similar as the parent 9311 ex-
cept that its yield was low. The rice quality of nbc(¢) was also similar to 9311 except of head rice rate.
The yield and rice quality of hybrid between Guangzhan 63-4S and nbc(¢) were as same as that of Yangli-
angyou 6. Comparing with 9311, the anti-booklet strength was similar, but stretching resistance was low-
er. The cellulose content in culm of nbc(¢) was lower than that of 9311 by 17%. The genetic analysis
showed that the brittle culm trait was controlled by two pairs of dominant genes,which were mapped on
two loci of chromosome 9,namely,one locus was between the SSR marker RM3700 and RM24371 with
the genetic distance of 1.3 ¢cM and 3.1 cM ; another locus was outside of the INDEL marker CLL062 and
CL045 with the genetic distance of 1.6 c¢cM and 6.0 cM.

Key words brittle culm rice mutant; nbc(¢); agronomic characters; rice quality; brittle gene; gene

mapping
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