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Innovation of New Determinate Inflorescence Germplasm via
Hybridization between Brassica napus and Brassica carinata

TU Yu-gin*, TANG Jie', ZHANG Yang', XIN Jia-jia", TU Wei-feng®, JI Hong-li*, DAI Xing-lin*
('The Crops Institute of Jiangxi Academy of Agricultural Sciences/Jiangxi Research Station of Crop Gene Resource &
Germplasm Enhancement, Ministry of Agriculture, P.R.China, Nanchang 330200 ; “Lushan Botanical Garden,

the Chinese Academy of Sciences, Jiangxi Lushan 332900 )

Abstract: Distant hybridization is an important approach in crop genetic breeding and germplasm creation.
In this study, the F, hybrids were produced by interspecific hybridization between Brassica napus L. ( 2n=38,
AACC )and B. carinata A. Braun( 2n=34, BBCC ) , and they showed determinate inflorescence characteristic
from B. carinata A. Braun and the intermediate morphology of both parents. F, hybrids showed the expected
chromosomal composition ( 2n=36, ABCC ) and eight B.carinata A. Braun ( referred B ) chromosomes from by
GISH analysis. Their pollen mother cell ( PMCs ) showed multiple chromosome pairing configuration at diakinesis
of meiosis, with main segregation rate of 17 : 19 at anaphase I (A I ). A number of lagging chromosomes
and chromosomal bridges appeared during A I and A 1T, which caused pollen abortion. By continuous backcross
using its parental line Zhongshuang 11 ( B.napus L. ), the BC.F, lines with determinate inflorescence were
obtained and they had similar morphology with Zhongshuang 11. Their somatic chromosomes ( 2n=38 ) showed
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normal programmed meiosis, and only minor B chromosome signals but whole chromosomes were detected by

GISH analysis. By marker assisted detection using 46 pairs of B genome specific SSR primers, B genome specific
bands are detectable in F, hybrid and a few of BC;F, This result indicated that the chromosomal segments of
B.carinata A. Braun were successfully introduced into B.napus L.Thus, a number lines with new determinate

inflorescence will become useful in rapeseed breeding for new varieties suitable for mechanized operation.
Key words: Brassica napus L.; determinate inflorescence ; new germplasm; GISH analysis; cytogenetics
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“H 5 7Y 9 3% ( Brassica napus L., 2n=38, AACC ) |
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T B3OS 8158 I o5 FIAE RS S o e 1
WREEWR T, T -20 CORFE. A 2257 SR o 24
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1.3 TEME W

TERG RIBCY RIFTHNAE e B2 Ty b, T
1% BERPELLWR h 8 I AE Ry i e e, B2 )5
o, DA U g8 (4831 300~500
AERTRL ), KT A o] & ALk, /NI AN E
e, ALK T YL (% ), BI ] & ALK 40
WEL SAER U A 53 L



76 N7/ i

21 4%

Traditional Food Plants of Kenya ( National Museum
of Kenya, 1999, 288p.)

a: 1 e AR 2 R RIS ] L 5 Sk s AL T A= 4 LR AEEUA AR b: BT IRAE A
b-1: Afk, b-2, 3: BT Tl /3 AL A A OR 1#] (BB E K B )
a: The morphological map of B. carinata A. Braun drawn by Kenya Museum, arrows are flower buds, flowers or pod at the tip of inflorescence,
b: Determinate inflorescence morphology of B.carinata A. Braun, b-1: plant, b-2, 3: Inflorescence tip differentiated into flower ( black arrow shows )
B1 BREHEETFEREFHOES

Fig.1 Morphology of determinate inflorescence of B. carinata A. Braun
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3[4 41 DNA 19 42 i, 2 I8 Doyle %> 1y J5
%, R H CTAB /ML B B, ASHF 58 HT B 2 R 2
HEET 4 HEAT SSR FRICKIN, ISR 94 C
5min, 94 °C 30 s ,60 °C 30 s, 72 °C 45 s, 10 MEFR
(B MIEFRB JOREERE 0.7 °C ); 94 °C 305,55 °C 30's,
72 °C 455, 30 MEFF ; B2 J5 72 CIEAH 10 min'?/,
15 HittricSiafeEs

FIFH B K257 514 2247 DNA ( pBNBH35 4
SEE T ), # 18 Schelfhout 252 1 77 1: 34T PCR
P8, BRGSO B R 2 G (AR ROAR R, R
FUIE R ARS8 B Bor R 24 500 bp, i
1A% : 10 x buffer 5 L .dNTP 5 uL,DNase I (0.005U )
2 pL.DNAploy T 1.2 pL.Bio-11-dUTP 1.2 uL . DNA
(100 ng/uL ) 5 pL.ddH,0 30.6 pl; I H Wk AL
ZH DNA, 7T 7K Fh 3 15 min 2645 FAsast BRI Bk
4 300~500 bp., YLt Al 218 Zhong 45 % vk .
16 JRAIZER

JEUAE 2 52 F) R 45 B B8 B 1% I Wang 2577
T T o BRIEA IR 2438 I e A | 7E 37 C

HEAS 12 h DL b, FH S ng/ul B9 B & (B AL
(37 °C, 20 min ), 100 ng/uL /i RNase i fi# ( 37 °C,
1h), 4 %% F W EE L # 10 min, 5 4> i 72 7
2 x SSC W REYE 3K, AF UK 5 min, SR 5 IR 15 i
IK (75% <, B 3 min, 100% £ BE3 min), T4 1h
PLbo BEBC AT Y 2 28 W (B 50 pl: 50% % 25+
FA Pt 25 ul . 20 x SSC 5 pL . fiE:ffks DNA 0.5 uL .
10 x SDS 2.5 pL ., 50% fi i #5 5 0 10 pL ., B JE R4
FERER 3 ul MSES P DNA 4 pL ), T 85 G728
10 min, 7K ¥ 415 min. SR 54 4238 W ST 7
Iy F ] SE I TR PCR Y 80 “CALA8H: 5 min,
37 CRERT IR K HWKA3 )5 8 AT 20%
FH Tk iz rh e 6 (42 °C, 10 min ), 2 x SSC (42 C, 2 x
5min ), 2 x SSC( &k, 5 min ), 2R J5 45 A /il 5%BSA
100 pL/ F, SEAEEIECE S min, 3B /il 5%BSA Fii
FE Cy3 100 1, e B Cy3 #ili% 1Y%k - F1Z , 50 pl/ fr,
&M, 37 CIRE 1 h, 1 x PBS H1#% 5 min, & i
4 pg/mL DAPI 100 pL, 55 A%, = i 30 min, 1 x PBS
T I, BRI AOCHEIGR] 1, BT 5 s
Uf, 4 CHRECIRAF , RO A0 N gL,
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PUH RS A p X 11 S R, DIBRIT AL
ARHEATRIEIARAE , Zead KA I N TR e, A%
—ERART, TR PR RIS R T
TR A, 2 5 MR ARA K PR F AR
Fy REARTE R P 3 U HE S, AR R (AT 25 T
AEAZIE] (B 2b ), Rk sr @, S M 208 45
SRR HX 1L ) ARMREERT SR, SIRIT R,
BB I TIRIT, PR IE P )R T
A BRIERY , AEF RN T EA Z 8], 2504
A A6 T e 8 8 — 7 e 2 e 3 A — 24, LT

a: HE A EA; al: TTRRAEFIES ; b 24F Fy, bl.

=

AT By AT IRAEFIERS s ¢ BF, ol BT AT IRIEFFIB A

AEAEAEAR RIS AL 2GR AL, T Bl R, M2 1k Jo R
FERP 372 AT BRAE R (18] 2b1), HAEIFIE IR R Z A
SRURUIBLT , D RREEI U 2R, — M U F R BT
TR, FACRBIT R ZAE Ky 7 PEAGI A B
A 2 PR AL 25 22 40 T8, R UG B IR I
AT A AR, AL 25 Bk, K BLiX LE Fy 2 fifid)
CE R A B AR R TGS I ke, A
X115 5 IAE T B KR A Bh R A4 e ak
% BC,F, Fh 7, I BE R WG IR UK 25 FRR A
PSR, BC.F, MM RSB, HAER IR A
Ao B TR N TGBRAE Y, R 23 AT BRAEFY ,
AT BRAE PP BRI A5y 23 o B i i) BEAS T4l
TUh s, (HZ2FF A A SRR 5 0 (8 2d1), 4B )7
Tt 5 8 I — B LA TA AR, HAE ARG , FE 2576

d~f: Yot itz e 2n=38 ()5 1UHRE (1: ABbE, 2. P67 T 3R IR, 53R 250 )
a: B. napus L. plant, al: Indeterminate inflorescence of B. napus L., b: Hybrid F, plant, b1: Limited inflorescence of hybrid F,,
c: B. carinata A. Braun plant, c1: Limited inflorescence of B. carinata A. Braun, d~f: Morphology of progenies ( 2n=38 ) with determinate
inflorescence from B. napus L.xB. carinata A. Braun ( 1: plant, 2: top part of inflorescence ) the same to of B. carinata A. Braun
2 HEZHESIRFTRM F, REREFERIESE
Fig.2 Morphology of F, and progenies with determinate inflorescence from B. napus L. x B. carinata A. Braun cross
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WK & JE A BRI 25t B fi [l AR H 5 7R3 52
(L RER, MR K28, FLJS AR IR I A BRAE e () 2 78
WHETIER (F 2e.f), EFHEHEZ 1LY T2

PR AT FRAER? o 253 108 & PEAGN , BCoF, #H
PREVIERY B IEC A IE T . W 3 s, Wik
INHZA FRAEF SMIEIE A ZR BCSF,, WAL, 4552 1F
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F R RO — B, HZA IRAEF SNEE A
F IR o R, RARIE SR REA H B R e
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A H W R S A BRAE Y A et A2 2l SR 016 158 b1
B AN BRAEFIRIRES &, /G & 41T 5 0 H AR
AR A AR AL TR AR

! A\ i

a: H AN RAE P AL b A BRAEFF A SIS o0 THEANMSELAERIR (TTRRAER ); d: SMIE A RZAERBR (A BRAERT )

a: Indeterminate inflorescence pod of B. napus L., b: determinate inflorescence pod of near-isogenic line, ¢: Terminal flower plant of B. napus

(indeterminate inflorescence ), d: Terminal flower plant of foreign introgression line ( determinate inflorescence )

B3 AREFIIMNEENFZSHERMRARSERESILR
Fig.3 Morphology of pod and plant of foreign introgression lines with determinate inflorescence from B. napus L. x B. carinata A. Braun
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KA ZETL TEIEUT 2 Z A, R 2 A — ik

X, B A = AR Rt 2 A A7 (15 4b ),

WG T e ks 2L 17 - 190k
F (K 4c), DEAm b R 18 - 18 43 ES, FE R )

BN G ING 8GN IR | B RO H TEN § DAR al 72
J5 e A R (K 4d e fog ). RATHRL 114
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PR 152540 BCSF, #E47 A 2270 200, JLR 4
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Yo AR HPKE 2 2n=38 ( [&] 4h ), %00 M K
M, LA A YA RPN LA IE 7, 00 I
(K 4i), 58 1 20019 : 19 435 (& 41), # /b 3R
20: 18 7 4k, B T 0 T 5 T 4 (5,
AT AR IEH A B RV J5 e R
IS (45 ko Lom ), 35X R B A RGP AR 3
AR BCoF, L AT . R, A B JEH 4
H 22 ki X pBNBH35 F 5 5 &2 )7 51 MR T, 43501 )
BIv A WRAET 24 Fy AN A R BCoF, i1 75E

5

[RI£H J5 40 432 ( GISH, genomic in situ hybridization )
GIHT G RN  TERIT I AR B 20 A 2 A 0 )
16 > B ZEK 4475055 (& 5A), A IRALIT 24 F F,
(I o3 4R R DN 5] 8 > B LRI 4 15
(151 5B ), HAESMEE A FR BCsF, IsA s 24A 1T s
K 224~ B JE K4 4 515 5 (18] 5C ), H kit —
AN A IS S MK R T L TR 20 T A B H i A
S, HaAzoAT BRAE 7 2R (R 445 A H i 28 3 = ot
BB AL S PR 1 2l RS2 43t TR R,

a: AR By RIS (A (2n=36 ); b: 2R Fy IR0 AL IR (AR ( LA S 32 )s ¢ BI85 1407 17 < 19 4345
d~g: LIS [0, rb 0I5 TUAIAS B (AR S s b ANRIS AR (BCGR, ) PRI YL (4 (2n=38 ); i : SN A RIS 4L 1]
e IRECRT (O HECR ); K, 125 T #1538 501L 20 £ 18, 19 19 4385 j~m: 1 T W15 13T R TG G RFT o IE R R L (AR f5
a: Somatic chromosome of hybrid F, ( 2n=36 ), b: Chromosome pairing in meiosis diakinesis ( bivalent pairing mainly ), c: 17 : 19 segregation in
meiosis anaphase 1 ( A1), d~g: Chromosome lag in metaphase I (M1I), Al , MII , AIl ; h: Somatic chromosome offoreign introgression line
(2n=38 ), i: Chromosome pairing in meiosis diakinesis of foreign introgression line ( bivalent pairing ), k, 1 : 20 : 18 and 19 : 19
segregation in A T , respectively, j~m: Normal chromosomes behaviors without chromosome lagin M I , A T and telophase Il ( TII )
B4 HERMKSEFTEREFEMF, SIMNEENREBFEE
Fig4 cytological identification of hybrid F, and foreign introgression line with determinate inflorescence
from B. napus L. x B. carinata A. Braun
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1: DAPI B h; 2 AREHRICIE S 5 DAPL (AL G 5 A RITIRAN, 16 7% B YL (alA; B: ZFh Fy 40K RN IR 23 2L 101
8 7% B AL YL (i fA s C: BCSF, IS 2K I RN E 5 B AL ZH YL (iR L0 (0[5 5 3R B AL YL ik
1: DAPI images, 2: merged images, A: somatic cell of B. carinata A. Braun with 16 B chromosomes, B: hybrid F, PMC at diakinesis with
8 chromosomes, C: BCsF, PMC at TII without whole B chromosomes, the red signals show B chromosomes
B 5 HERMKSKRFTARLFEM F, RIMNEENRREMLFEZ S

Fig5 GISH analysis of hybrid F, and foreign introgression line with determinate inflorescence from B. napus L. x B. carinata A. Braun cross

24 BRIEFMEE SSR FRIEHHT

Wit AL 2 A8 i A R AR P PR AR Y Ry Z% B RN A1
I8 A & BCSF, 45 11 Bk, Sk 1] CTAB /) # 12 2
HU DNA, F 46 X B 3 X 41 H5: 55 51 4 %5 4 2% AR iE
AT SSR ¥ 1, A7 4 S 1 077 3 , 45 2R & B 13 X Ay
S5 B 2B, % 13 X 51 8 4 5l sJ4933
$J84165,5J7079 . sB4817R . sJ7046.sB1990F .
SA0306.sB2141Al.sJ7104.sJ1505.sB1728.

$J34121 F1 sJ16681, 4% Yang 25 B 5% &8 7%, 1% 13
SRR S5 M43 A 7 B1. B2, B3, B4, B6 F1 B8 i#: 4l
BE Lo PR AEX 13 X 51 40 %0 r 4R A5 1) 22 F Fy A
BCsF, JE (R TR A I, 25 5 2 IRAE 2 Fh Fy M
5 BCSF, A FR AR AEAIN S B LR 414547 (&
6 ), BLBAARAT A BRAE 7 24 PRSI IB A R b4
A B IR R A B, Hok A 24 B R4 Y
fafk,

O 67 F B SENATHE AN o SN AR B JEHALRR A0
& B genome specific bands from hybrid F,,7: B genome specific bands from foreign introgression line
El6 #FhF REREFIMNEENR B EEHFFR54 sB1990F B SSR #5714
Fig.6 SSR Specific detection of hybrid F, and foreign introgression line with limited inflorescence from
B. napus L. x B. carinata A. Braun with B genome specific primer sB1990F
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