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Obtaining and Character of the Interspecfic Hybrids between B. juncea and B.

oleracea var. aceaphala
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Abstract: There are abundant genetic types available for making interspecific hybrids in Brassica. New sextuploid species
(2n = AABBCC = 54) can be obtained through interspecific hybridization between Brassica juncea (2n = AABB = 36) and
Brassica oleracea (2n = CC = 18). 10 crosses between B. juncea and B. oleracea var. aceaphala (2n = CC = 18) were
selected, and 559 flowers were pollinated artificially and 35 seeds were obtained, and 9 clones were gained through tissue
culture (Table 1) . These clones were treated for ch doubling and distinguished by the methods in morphology
(Plate ] -1, Plate I -2, Plate I -3), cytology (Plate I -4), biochemistry (Fig.1) and sterility. The results showed that
two clones are true hybrids with red seedcoat, which derived from the same interspesific cross between B. oleracea var.
aceaphala and B. juncea (03K169 x 03KO5), however, they failed to be doubled in chromosome number. The hybrid
plants were similar to B. napus in morphology in every growing period (Plate 1-1, Plate 1 -2, Plate 1-3). Some
chromosomes lost in different degrees in meiosis anaphase I and meiosis anaphase I (Plate I-4). The hybrids had

complementary esterase isozyme bands compared with its parents in the zymograms (Fig.1). The hybrids had stronger
growth vigor and higher heterosis than their parents (Table 2). Most of them are self-incompatibility highly.
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TR BB W o SE AR, ANTRHIR PO A A gt
AT EHme Ff RESEFERTR, hEA
HOSAFABCET BEMERM, R, #T7K0R
BRI 2 30 IR 8] 38, 3 T R R I 6 R, B3
KEMBETHIFHN, I TREFTHOHR.
FHE RAEETRT HER MK T HEERE B
FRMEHR, URERE BT HERRMNE
HX R ARG RN MIET R, Nagahara,
Olsson., 3CE A% & ¢ B, 5 [ 1K JB 9 0 %5 R A H K
HAXRR, #HTT AL AR KR35
FCRIET HERMERH EMAERRRELR
HAFh. Chen 2R FH 5 B 5 B F S B B RRL
Poulsen ZF IR ERULEIFME K", ZLBEH
PSR 2 4R, L T Y RE AT Dk 30 R
R RAER T ABIH TR e b, €10 T KRl f5
B A B

FRHW(B. oleracea var. aceaphala) e+ F1
BERATEROER, KB IRKHEY G5k
TR R AT A, 1994 48, PR AL K
FHEMKBFRLEPOELRRBEHRAT 3
ANBORF MR, AT £ 4F N Dk B, B 77 LA B
B R R BB O PR H B ROF R R, MRS
BB C Yt R A b BORF 35 B R0 I B R 26 B 9 2 Bt
BR, FIAKHFIRTEQn=CC=18) M HR
WK (2n = AABB =36) 2438, TAAN L E AL TR
A AB.C B WA, WG TRHFAERR, F
BEHE C Y R 41 BT RE B B O H IR U o e R4l
R R, AR B AR .

1 MR5HE

1.1 ##

3¢ 3% & i 3 03K26 (3 ¥ ). 03K36 (# #F) .
03K169 ( 3¢ #F ). 03K183 (B ¥ ). 03K174 (B #7).
O03K198(SB¥F) ; B4 P4 H i 03K05,03K11.03K13,
03K14,03K22,03K24; H 15 I 1 3K 96V44., il 821;
EISE R T3 03K32 % £ 4F 1 A3 4R B 85 L, 3
B 7 R R ok k% BB I Y LR R0 R 4
KHO2.KHO3 2 03K169 Fl 03K05 i 738 H 7k F
1.2 H&
1.2.1 #EAREX 20024 10 A, 4H
ACH BN SRR SR 0 T 4B A R4 11 A4
BRFEER K FERERIBRTG, 2003 4F 3 A%

B K 4o /9 3F 3E AU M 3% 03K26., 03K36., 03K169.,
03K174 Fl 03K198 ) Mk B4, B BR E FF L A9 78
WAL/, 3T 2~ 3 d A I LML
HATRIE LA 10% NaCl ¥ BORHH: K, AP K
HEMFEER, B2 XELEN . SRERTR
JESLENEESR, B 30 ~ 40 d R RIEF T, M M4
HE,
1.2.2 HFAERG BAREREEAME )::3
AR IR 75% MR RN E 30 ~60 s J5,
A 0.1% HgCl, 1% 15 ~ 20 min, EX A H T H
FHK MY 3 ~ 4305 R T MS AR b,
P RIEFHEAMS + 3.0 mg/L BA + 0.2 mg/L
NAA +3% BEWE + 0.75% BRAGERE K L1k
%, BREHR.

ot T2 A TP R 20 ~ 30 B EFIZE MS +
3.0 mg/L BA + 0.2 mg/L NAA + 100 mg/L Bk Al %
+3% MR + 0.75% BERMBE R E AT R Gk
TR AL E 3SR 5 ~ 6 d JEEE4EAE MS + 3.0 mg/L BA
+ 0.2 mg/L NAA +3% BN + 0.75% 3 J§ 3% 5% &
o
1.2.3 ARHHAREAEKRSH 200348 10 A
BRI IR0 M R MS AR |
RIS, 15 d AT 1~2 d4FHE, T 10 Al
WRMER BT HKR. 11 A 576 BHEENEH
RBRAH . TR E R FIK H & A8 B T
RHATE KA R M AR 8
1.2.4 R IBLESH 2003 4F 12 A, EBR
JB 40 d 2o BTG R N A B 87 6F Sh o K,
MK G TTE 0.1 mol/L Tris-HCl 2 ¥ (& 10%
il pH 8.0) FeA% & 3RO = 1:2 vk R4 FBF
B ,10 000 x g B> 20 min, B AL RIS .

SHHT I K BB B vk . LUK A B
VRIES 7.5% , i pH 8.9 I Tris-HC 28 Wl BC X ; %
YEIERHE SR 4% , H pH 6.7 Tris-HCl 2 HhIRACAR . W
ARG pH 8.8 B Tris-Gly B, HIkH, K
FE 60 L, VR4 B FE 100 V, 53 BB 150 V., BERER
ERSEAEBEYERELRE S KR
i, 224 e YK 7 ) S5 o )k e A R R, BT G
R, AR A S L, 20°CHR I 30 ~ 60 min, FFREHF EAF
LI, TR T
1.2.5 mFHELR 2004 45 2 ARAAEE
Tt R A WAEH PR IR E B E 24 b, HEATIE
YERBRR A o 167 S5 LABRIBK B BN, TR
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1~2 80762, 15 1 7% 45% 9 HAc W, 5 7E 85 40
BB R ER  USR R RBLR G,
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1.2.6 FRAK  MERFEHEEREE, &
B3~ 5 BRBAT BREAMMAE, RS, AR
LB KHO2 2438, MEEH AL LR,

2 HBRESH

2.1 EEHRFHHKS

DASF SR RIS 3 0 B A%, AR H B 9 50 AR AT 4
M, 30~ 40 d FBREIER, B F, RAKE
B R T L B R, JOR A RB TR 710
NI (R 1), FEEM 559 5965 R4 6 41
BREBMT AAASHERENNE, RBHT
BISB, PHIGHR (EHBEREEIO N
6.26% ,H P44 03K169 x 03K05 B ¥F % £, ik
30.43% o HF 35 BLRPFBERNAE MS A I |, 3t
R OB, BT OMEWR, HakH FR—4%
4 & 03K169 x 03K05 #y 2 4 F # & (KHO2.
KHO3) Jb )55 38 X 255 5y AR, B2 Fh R AR AR, A
ISR B 2 AR 5 S MG, — A B T
L 2 17 B 9B S B R R A, 3 K
PRI T S R it DT G 9 R ol 2 B o 1,
TERBFIE BT R BIM AR FSHEHE
HIMHK R, M 1935 4F Nagahara U H KA T AR H
WML, AT 2 E R AR R T BT T
REHTR LR BTN TEERHEGERBERER
ER RS TCL, B R % AT B RS SR M R 0
R, SAFRLERMAC, HTHRBEZHH
ARH BRI SO iy S AR 1B 25 R, AT I 24 00 4 IR
BHETEREAEREENE L,

®1 FARIHRx DRHENHEORE
Table 1 Hybridization between
B. juncea and B. oleracea var. aceaphala

BRERR HRK LEZ SEF-¥2T"3
s iff% No. of florets No. of seeds ~ No. of  No. of true
pollinated obtained bourgeon hybrid
03Ko26 X 0KIT 95 o 0 0
03K183 x 03K22 58 0
0KI6xOKIL 40 2
03K169 x 03K24 57

03K174 x 03K11 62
03K198 x 03K14 51
03K036 x 03K22 43
03K169 x 03K05 46
03K174 x 03K13 54
03K198 x 03K13 53
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2.2 BEFMEMPESHERESERSH

ERELB P I EHERGRER (B
FRUEFMFBOMBERAT T B HERER, 94
Tt R I P R B0 B K, FL AR (KHO2 , KHO3)
HWRERBAF 4.2~53 20, BEMBAT 1.5~
3.0 [, B b, F AR 59 B, ot F o I 4
WG TB AR gk, HE SR, TR
BERR EREMERY G EBREFET GEE
AR, AHERERPTRER BHRE EH
Tr AT, X SR I T 4 A (R B T A
MR HRBRAUNN, EFRRAET RERRK.
SMERIE A RFAE DR FT LU R 25 2 2 R B SEHE B9
BRI,

IR ARG, SR EBALE 7~ 10 d, kAT
LIEHih B B B AR E 6 MER, B
BIE 20 d HFRFMHR X RHFTEBRAES
BEMHARHFEZ—, MER -1 iR, Lium
(KHO2,KHO3) bt ¥R ¢ R T 6 3 00 K 6 L B B
o BAFHH EMAER, HEKE, HELEH,
ERFE BN IE S TR A H K ms
ZH L EEETFHERME,

TEA KSR T, B4R (KHO2,KHO3) A K R ,
ERT RN R, B H I W3 A SN AR AT, T
BAFS MBS RANIF R MR NGE, EAB
oA, BAE20034E 10 H 4 BE O M RHRAENY
FENARHEBRBIKE, B F BB, ol fe
& ARBHIR NG , 55 0 R T -2 BTR B AR A
IFRBRAZHA A BMK , A 55,0
EIZPEA, T B 2% F B AR RO , 15 3 BURK 7 00 Tt 9
R R B K, A A
ARG T B B 2 B RO SRR A R B R AR
SR FFAESE A bR FE T 5 2L 44 F (KHO2 . KHO3) FF 16 4%
.2 A BRI, AR BT . FMBRo
PRHEMEH BRFEER, £ KRB, X
I BLZRD AT 5L (T ) 03 3 90 40 B 0, L0 44 T 8
REFTHREE. EMEAEET D RERRE
ERMREZ—, BAHERRWBIE TR, EHH
RS RBERENEEFR, BRAEREMN
TRERR AR BN EERE, APRFREBM 2
AT HE AT 0 BRI R UK B R EE R RS
Ro

2004 45 4 A DX bk R A FE AT E
WRE ERER,9PERERDH 7 EE KD,
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HESk A A 7 8 B 0 A I SR W A I, 53 47 2
A~ (KHO2 . KHO3) ) ZE 7 K/ HE 3k K S A F I 3 A
AP A 2 ], 76 €6 8 IR SRR R L e
ACH WAL 0, 7T 25 A0 H 5 R0 o A AL
FEWC R I 8], XF BT E O 2 B (KHO2,
KHO3) ) JE 1 2 1% A< b4 45 B 10 4 80 Bk 3 77 M

B HE R — WA AR L TR
KEEFARZ R 9 2, 8 25 45 RIBOILF %, W
R 2T -3 iR, JA R KHO2, KHO3 i) 25 3 3§
JAA A 81 BE K/ FBE A 03K169 A 24, — WK 4 B 3K
B TGP B o AR RO B K, A A 3 EE AR, LA
R B IR AR RS
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Table 2

Agronomic traits of the hybrid between B. juncea and B. oleracea var. aceaphala

R E3 ]

pre MARE ERBMK —ROHE SFHBE
Height Girth of  No.of branches Position of Space between Leaf length  Leaf width  Length of

WEE  RAMHK RKMHAR  ERFK

s Tope Seed ot (o) comduxom) (1)  beamch(cm) medes(em)  (cm) (cm)  anthotaxy(cm)
KHO2 7 Hybrid 1 Red 218.7 10.3 5.8 115.9 7.3 2.4 20.5 60.7
KHO3  %¢# Hybrid £ Red 200.8 8.8 9.1 59.4 1.7 2.7 21.7 35.1
03K169 R B. juncea W Yellow 168.8 10.6 10.8 35.0 9.9 33.6 18.5 27.0

PARHE
03K0S  B. oleracea W Yellow 9.0 1.5 13.8 25.4 3.9 19.1

var.

2.3 ARZEMERMEBRFHERR

o 6 AR O A 2 R e IR R M A
B WA EAIER, W IR MR 14 FiR, 7
JE WA T B fh y BURE A 6 U5 L&, FE NI 1T Btk
BOHBATF 17 ~27 26 650 10328 07 LU 2138
G B PR I BRAR o A D2 R 0 B T S AT % 2 R
BEREAT BRI O o
S F AR B D, AR F 84 g 6 1kt
B, E AR K . A B 9RO AR 0 4 e
AT O 5 o B, OB O, R 5
17 RGBT % 5 45 R — 30, 36w
I RETATH
2.4 AEZEMEFREMNE ML

) T 2 5 2 S B 2 B A M Ak
M, AR IR SR 5 05k A 09 R IR T N 4 AT,
P 1 BTR 24 F (KHO2 . KHO3 ) M #F K & 300 WU
M ANEEHE, 3Ch R L0 0.44.0.52 S RXA R
RHEHIF, R, LK 0.74.0.78 M#F 58 A IF %A
WA . FH KHO2 ,KHO3 H 7F 3 5 3 5 9 &
H eI AR
2.5 REBEMBERR

W OB Fh 0 T R BB 4 56 A& 100 mg/L Bk
IKANBR A PR BT IR IR S ~ 6 d JE HE e R KN
IR bR R BOKALBRA W1 A0 M AR, B
RGN, W TN RAEWBAE T, WA MR
FETOBY K ; B 52 U 0% R S A B B K 1L B 1)
WA ERAMK, v A%, M 2-3 K
Ja RSB IT f A IE W o SRS B AR K A9 T #

R=044 —
R=052 —

R=0.74 —
R=078 —

M1 AR RN NNE TNk ER
Fig.1  Zymograms of esterase isozyme in hybrid and its parents
1: % KHO2;2: 4B KHO3;
3. 3% % i 3 (03K169) ;4 &K 1 8 (03K05)
1: Hybrid(KHO2) ;2: Hybrid (KHO3) :3: B. juncea (03K169) ;
4:B. oleracea var acephala (03K0S).

FUS A (1245 KHO2 Fl KHO3) , 41> T 7 4 bk 3
10~ 20 DA W& MR T LR/, MBAH
B REEMATARbR . 7B A HATA B Kt R
B PR R B A RN o S o U i % %
R RAE AR R A R R, AP R
3 36k 7K Al ALk 2 3 SR A % 6 XU A A R
A il Ak B R v TR BT 0 £ A A i
A I R B R K i A % 40 D e B0 3R 19 A K
T, LA I R 0 e €0 8% A o B B A A —
2
2.6 ARAMHMBLRMMER ST R
REFME

XU THE RIS E 38, BA R [ 28455, 1
ZRH B 2 ARG 3, BO R AE R AL T LG54
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HURAE, LA FREBTRESE, K%,

FARBERAFZHRRMREER, R
AWK, BT AR R R AR R, RN
KHO2 2 8 A, 5 5] Fil H 15 % i 3% 9644, th iy 821,
FF3RE W3 03K169, F1 3 A W 3¢ 03K32, WA H Ik
O3KI11 KA HATE M. EB MG 20 d L) 03K11,
K2 ARAMBRLAE T HEBBE  Hade
FHARBBAEI~SAZE, WK TURS, 2/
FULAME GRS R MMEAR 2. B FRIEAHHE
B R0 ZFRED AR ENMRER 3
— S HRMBEPE K

®3 RMGEHMPHRERAE
Table 3 Hybridizable compatibility between
hybrid and its close relative species

A AR He AR BT
Cross Male No. of flowers _ No. of seeds
KHO2x6vas IR 32 1
Brassica napus
L
KHO2x i 821 o o 34 2
[2E:3: 0B
KHO2x 0332 % PR 2 0
KHoz x 03K169 JF LM 41 5
B. juncea
PKH K
KHO2 x 03K11  Brassica oleracea 50 0
var.
3 itig

FEREHERYFHTN— T EELR,EH
REH AR R P B AN# AT 4%
R, AT HEF B, T LUE R W S5 R G R
A AR ) 3 B R R R U 0 T A, R B
REFTHEPH—NEEFB, BABSIPETH
FRHBEN G KRBT WY R 238, ATA R
FH Py R, 40 1927 4E Karpechenko i 3 3 b Al H I
H R B 2638, /A8 T — SR WA F D FH Y b
T 1L B AT BRAG BUN A 28 F 22 5 L3RRI 19 ) 7
S 000 3 25 8052300 3 30 /N 2 0 R 32 A 38 R 3 B B 4
FUNRAE  BEORFE T /N3 09 3 7= vk FORD T RO 4R B S
B, SUARFE T S8 (B30 Ve OB 9 R S A4 R, IR
—SEH TS SRt R b T A O R 2
— U R SR A TR B B R TR K,
SR R B AR AR FA LA RH AW
SR — R BRSO A 3 T AR
DRF RN G ZATRT R, B AB.C Rtk

AEPE—RIBRAR R RREEENH B H—
AR EEAERH MG, PR R E R
WIRBTI TR A PO M 1990 48 FF 16 Al 3K & #
MR AR EE PR, 1994 FRATH
FERARH I . 5 H 05T S L, BOFF P H
HREUR SRR BLE, — KA B B £, 5K
B FOEMR 1R KB A K IR R R R, LR
H R HREHE B, WA B RN, R
AR TR SR e B R B E S . BRI A
JAIF SRR MR B PR H 2%, A BB A R
AATIRE R AR, NS RE R T
BA ABCEERGEKAMBYH, AHEAN=
ik, BA AT . AT BT R, K,
LSRG, MR R K, R False =, 8
S, IR Sy BEAT IR TG AR L A St otk
AR G EMMT? 196 R,
BORFH I 5 38 7 2 B 76 b 3K 0 B AR
Z— fERTE B R RARE R B IS R SO 3, B
BT BN B R A DA R A BEA BRI
BRI MR AR LR B RAAE. 2
S TR R 2% 38N TR 4 R H R R
[LENEN R JSUER $ 3 8 ¢ A= S F F N
ARG GE R SO PAC H 8 0T 30 0 34 47 o O 2
3, A K PIACH W BORF 2 B 9 A J R B8 B 2%
R R G, SHAFANROML, AR
TR A AR 0 RO G AR WA A IR R
B x FORF P IS M A FORPRL B 2 4 7 A
FRIBG O KA RE R ERE, MR TRE LR
FRESEHHEORERSEAR ARK LB
B O RA X SO MR S I R 2
BRI R MM B (PAL) . % B /LB (PPO) it 4
A (POD) i T B AL W 5 it b, XIUG A
FE MB35 B £ % R 4
LRERSVE S DR e T R P F S
O ZERAEY 3 R AR RO « =
62 x =5 ) — A>3 R4 56 Fh 1) e B b 48 0K 4 & A
S T 2 20 A6 1 0 4 T 7 4 ) LA
AT B € (R 0 R R S T L AT A 1 o
B RA MR R, H A 60 k4 g 2 9 1
REH AR P M AR — B R, B
M, BNy, A Y A e DR €5 1 2 R £ A
o T RS B 58 R R IE A R, B R e B
P FRID B T AT, T AB Y&
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PRELA ] 2 BB 9% 2 W] iR 5 BT SRR M SE R B0 B
AR R Y BT PIACH W 432, th T 2
BN TR T AL, B8 R B € 3 A SR T T B,
FEOFRNRL G o ARG A R R (2 33k
BWEE, HETHRC SRR C R aka
PR AT SEB L A B RO A G AT
I , 0 SRORE A [F) BOHF H U R o S A A A g
R RATEEH ACREKANEFERES, X
R e 2 L 0 R ) BT B RS
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ZHOU Qing-Yuan et al.: O and Ch: of the Hybrids between B. juncea
and B. oleracea var. aceaphala Plate |

BAE L I4RA: 1 Z S AN MR AIOEE & . A, C-b: R (KHO2) i B, C-a: JF SO0 (03K169) ; C-e: P 4C 1 #E (03K0S). [ 200
BAHEBDME NGO MBS, A B4R B JNAH KH2, [ 3. 0F R0 < BRHERMH S RAOMBES. ISEE 2 1 T
(03Y169) ; B: A Fh (KHO2) ; C: FRH B (03K0S), 8 4: A MAK MBS RUG WM. A,BJGW 1 iCORM I 0 3k b5 1 15 e bk
Explanation of Plate I : Fig.1:The seedlings and leaves of hybrid and parents. A, C-b: Hybrid (KH02): B, C-a: Brassica juncea (03K169); C-c: B.
oleracea var. acephala(03K0S) . Fig.2: False and true hybrid plants infected by virus. A:False hybrid; B: True hybrid(KHO2) . Fig.3: The hybrid plant and its
parents. A:B. juncea(03Y169) ; B: Hybrid(KHO2) ;C: B. oleracea var. oceaphala(03K0S). Fig.4:The cell of anaphase of hybrid. A, B: Anaphase 1 ;C:
Anaphase [I ; Lag chromosomes shown by arrows.



