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Identification of Intergeneric Hybrids between Broccoli
( Brassica oleracea L. var italica Plenck. ) and Radish
( Raphanus sativus L. ) by Morphological Traits and SSR Marker
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Abstract: The intergeneric hybrids of broccoli and radish were obtained by embryo rescue and identified by
morphological characterization, cytological observation,and molecular marker techniques. The results showed that the
hybrids showed stronger growth vigor compared with their parents. Most phenotypic characters of the hybrids were
beyond two parents. Cytological observation revealed that the hybrid plants possessed male sterility characteristic as
female parent broccoli. According to SSR molecular marker analysis, the hybrids contained genetic information of
both parents,which proved that hybrids were real hybrids. The creation and identification of the hybrids could pro-
vide basic materials for producing new radish germplasm and useful bridge for gene communication between Brassica
and Raphanus.
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TEIX 2 M@ Z Bl AT TR 2 4589, 3Rk A8 7 %
BRI NS b i
[B] FAE 2% 24 FF . 1. H. Mcnaughton AR O L L0k
N AR S AR (LA B 0 BEAS ) HEAT B Fh M 5E
25 R HER o3 R ) R i T A M M e T T
Xt R R, H. Peterka 55 & S8 b H ¥ 7E 5T
B BUEEM AR 2, R L
HIEBIh R 5% by s ) Ze Mo, 155 H Y
M MIAT, 2 MR RS T 25% 2o B R ik
HIEH BC,FMR

G. Olesson %5 AT 9T LA H N 5 P sH i
ML AR A7 H 1 e TR o S R A AR R R A AR AR
P, i HH P BRI R & R R e T 2 AR
AHERR , P A b i 25 SRR B 0T & i
SNSRI N RE RN REAR, T ELEE KRS
38T R XA G 458, FieJi AR AT Iy Mtk gt
TERE (W BRI R B G A T
AMERIN T P 85 b b R R R 3 25
ZIEMEY T RS ER AR S R B E AR,
ZINR

HRTE NS ARG TEM T H ARG b
LGRS TG ARGE . AWF I B &5 F oy 1
BRICJ7 R0 17 3 VR 5 RO AT 1 T AE S M T 4
Bl ( Brassica oleracea 1. var italica Plenck. 2n = CC =
18) 5% N (Raphanus sativus 1. 2n = RR = 18) 1Y F,
FeFPRERIEAT T4, Wik — DT S A R 8
I AR Y 35 % i R ol BRI AR RS P 3 A A 5T
FEAEIER

1 HREH®

1.1 ##

BEAHEFRMEEARET R YX24 , XA NE A
L7 1X63-6 Fll 1X58-6, i i A f i R RS 19
W5 E IS4 28 Fl 45 H63-6 Fl H58-6,
FIFA PR R e AL B B 5 SR AR S TR G IR 5T
DRI A ) A AL

1.2 A&
1.2.1 FESFRE  EE B, XM EAR L H 42

FF I R R IE B R S IR AT O,
ot PR IR R B AT, AR AR Y], W
A RAE t AE AR B OR/NEMEAR . S50, T

SRR, A PR A I X5 7 45 R R AS [ A
PR R 38 07 L 10 AN FEAS SEAT I B S8t , SR I
FHIA

1.2.2 EMiEAME AW, BUY K TF L 5
(BT EE AL By, 1% BE R VELT Y 6, B 0 % ( O-
lympus BH-2) F#AT WELIFFAIE . AN R A4 L4 HX
3 BRIAENT , BERRAE M WLER 10 A ILEF | B SE 2y
B, B8 IE J1 (%) = 35 046 K B0/ A6 By b 2 5
x100%

1.2.3 SSR¥E ZM V.M. Williamson %" ()7
i, R CTAB AR S A BB 41 DNA, B %%
AR 545 2 Y 27 XEARIRIRG SSR B (£ 1)
ARG N XGRS R YL 0] 1 2 ST %2,
SRIG R Z T 1% R AR IR E4 T SSR 43407 .
PCR WA 2 15 uL, & 15 ng/ul B4 DNA 3 ul,
10 x Buffer 1.5 uL, dNTPs 0.2 uL, 10 umol/ul. 5|4
0.5 pL,Taq B 0.2 pL, ¥ HFEF K 94 °C 28 i
5 min;94 CZ5PE 30 s ,55 “CiE K 30 5,72 C ZEfH
1 min,35 MER ; JJ5 72 CLEMH 7 min;d C {R1E,
PCR 7= 25 8% W4 75 1 20 TR M ok Mg 6 M v Tk 4
ER YA

2 FHRE5HMH

2.1 ZEMEKREERNESFILR

LSS &I, B S E Mimsx et 140
A KA AL FEA TR FE S I S R 2 R 3 A
BT T A A TN S8 22 501 Wl 3 Ak, A R
SRR 1 ACREA B I B A T A BEAC Z 1], FR43
PR A 18] F A AR, 43 MR AR 1 R (3 2
FE 1),

MR 2 FE 1 AT DL BEAREF LS YX24 £
SRR B, v R DR T R, R, T
M MRS, AL X ARG, XA b
LX63-6 fHETCH] 2545, B it ik o, it A
I, TR, M IREESR fE T TR 2L IR W 25 (0 AL
AHE N LX58-6 AF KK TG I B 1 ], A, i R g,
U - L NI I 2 SE v /N 05 S L
FIE MRKMMEE KA, HHEXE5E PAXR
L.X63-6 HZ2Fh (H63-6) #R 7Y I b 98 FE k3 A T4
BEAR Z ] 5 -0 T 0l (] XA LX63-6, M AL it
AN S ARG A SR /N 7 NI i N A T S 2 - i
T AR AR AR SR K AREKY R
FETRCE AL A T AAARMBEA, BrT %R
KM RS, FARSHE b AR LX58-6 1Y7%Fh
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Table 1 SSR primer sequences

SIS B R R A o, Bk | Bl BRSSO L, Bk
FAI(5'3") \ Fl(5'3 ) \
Primer Nucleotide R Primer Nucleotide b=8is
Sequence(5'-3") Sequence(5'-3")
number repecit type (°C) Tm|| number repecit type (C)Tm
PRO15 (AGA)9 TCAATGTGTTTCTCACACCCA 55 PR100 (CTT)7 CTTTTTAGCGCTTTTGGGTG
GATTCGGGTAGCTTCAGCAG GCAAATTGAAGCTCCAGAGG
PRO17 (CTC)7 TCTTTAACAGCCCCAGCAGT 58 PR103 (AG)9 TCTTCTTTCACTGCGCACAC 55
CGAGAACCAGCATCAACAGA CTCGCTTTCCTTCCTTCCTT
PR032 (ATC)10 TGAGAACTTGATTGCTTGCG 55 PR104 (TCA)6 GGGTCCCAATGCTAGTTGTG 55
TCACTGCTTGCTTTTCCAGA CAATGCCAGAAGGACAAGGT
PRO33 (TTGTG)4 TTGGTCTCTTGTTGCCTGTG 55 PR107 (T)20 TTCCTTCCAATCTCCTCCCT 55
GCAATCATAAACTGTCGCTTTT CTCATCAATCATCATCGGCT
PRO39 (TCTTCA)3 CCACCCAGTTTGTGGAGAAT 55 PR109 (GCTCCA)3  AACAAGTGGCGAGAAGGAGA 55
ACTGCCCTGCTGAGACTGTT GTCGTCTCAGCTGGTACCGT
PRO52 (AG)1 AACACAAACCACGAGAAGGG 57 PR123 (GAG)6 GAACTGAACCGAAAACCCAA 55
GAACAAGAAGCAGGGATTGC TTCGGACTTCAGCTTGGTCT
PRO53 (CTC)6 TCGTTCATAGGCTCAATCCC 55 PR124 (CTT)6 CTTCCCTTCTCCGTCATCAG 55
TGTTACCAACTCCACGTCCA TCTGAATCGAGAGAGGCCAT
PRO54 (GGA)6 ATGTGAACGATCCAGCATCA 55 RS009 (AGA)6 AGAACTCGGCAGATAAAG 56
AGTCCACAGCTGGAGATTGC AAGAGGAATACGCAAACC
PRO70 (T)18 GTTACTGGGATGGGGGATCT 55 RS027 (TTGTG )4 TTCCTCGGTCTTGTGAGA 54
TCCTCAAAAGGGAAATGATGA GCAATCATAAACTGTCGC
PRO71 (AG)12 TTCCAGCGTCAAACAGACAG 55 RS030 (ATG)7 AACTCCGTCCTGATGTCT 54
TTGGAGTTCCCATCTTTGCT TTTCTCATATTACCCGATG
PRO74 (GAA)6attgga  TCTGTCATTAGTGGCGCATC 55 RS032 (CTG)6 AAACACCATTTCGCTCAG 56
(GAT)7 GTGCCCTGGTTTTTCAATGT TTCAGGGACGGCTTCTAC
PRO77 (AGC)8 ATTAACGTGGGTGATGGGAA 55 RS040 (AGA)13 GAGGGACGATAGGAAGGG 57
AATTTAGGCCCGAGAAAACG ATTCTGCTCCGCCAACTC
PRO85 (TCT)8 TCAAGGGATCTCTTAGCCGA 55 RS046 (CTC)6 GAGGCGGAAAGCCCAATA 57
CGATTTTGAGGCCATTAGGA CTTGGAACCTCGCCGTGT
PRO88 (AGC)6 TTCTGTGCTTCCACGATCAG 55

TTCTCTTCACACGCCATTTG

(H58-6) i, R OB TACREAS Z [ 5 i 2 it
L ANAEE T A 1) BEAS T 4K 3 5 A6 I i 1] A0 AR
LX58-6, S EIGR[E]  ToZEnt Sk Uik dk s R
oK R R K EE EAR R
SCBEAR RIS B W 3 A8 6 1 6, R TR A0 BE
AR, PHZSFIME R Y B W AR A KRR, 2 Fh
P 25 FEIHK TS SAERIME S 540K S M
1oL, HESE AU B AR T IR R MR T IRt

2.2 FEMEFEANEBEAN

X AS [RGB 16 1 E g T i B A
ESEMEVEART , AEME F10 0,2 D SCARBAER G 11
539 94. 7% F1 92. 8% (& 1,14-15;3 3) ;2 4%
Fh AL S 153904 0. 45% F1 0. 64% (1K 1,16-17;
F3) X — 7 H A RESE B R BEAS A BT AS B R
MLBURE TR, 5 — A B R AT R 2 TR R SR 4 ¢ R AL

WL3E LAY
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Table 2 Comparison of Morphological Traits among the hybrids and their parents
AR FHAEZE Broceoli Z&F F Hybrids F, % N Radish PR FHAEE Broccoli Z&Fl F, Hybrids F, # N Radish
Characters YX24 H58-6  H63-6 1X58-6 1.X63-6 |Characters YX24 H58-6  H63-6 1X58-6 1X63-6
A HOT S TN S VAN 32 FFIRE |5 EAR (em) 1. 60b 2.07a  2.06a  1.76b  1.68b
Plantarchitecture Corplla diameter
¥R (em) 14. 06¢ 24.35a 24.08a 18.15b  19.21b |[{EMK (cm) 1.47¢ 1. 74a 1.76a 1.62ab  1.50bc
Plant height Petal length
-, IR, et ket Egi) ek | M (em)
Leaf color Pistl lengh 0.016a 0.012a 0.010a 0.011a 0.011a
I} [ A el hE Do % x| HA K (em) 1.25b 1.48a  1.53a  0.75¢  0.7lc
Leaf wax Sepal length
R 6.5b 11.5a  14.0a  7.0b 8.0b |fEEE K (cm) 1. 80b 2.18a 2.20a 1.76b  1.80b
Leaf blade number Flower bud length
B4 (em) 16.86b  23.96a 22.71a 18.53b  18.63b |[fE75 %% (cm) 0.363bc  0.403ab 0.433a  0.300d 0.317cd
Leaf blade length Flower bud width
5 (em) 12. 44a 12.38a 11.20ab  7.27¢  10.22b |[fi4 (cm) 1.31a 1.40a  1.38a 1.32a 1.33a
Leaf blade width Silique length
-2 Hnt Hnt 1Ent Bt || ARG (em) 0.28¢ 0.86a  0.86a  0.51b  0.55b
Leaftype Silique beak length
e, B M M REE RERE

Flower color

NG PRI BRI AR B Y 25 S 8 K (P < 0. 05)

Small letters mean significant difference at 0. 05 level

x3
Table 3

M ERANEME LR

brids and their parents

Comparison of pollen viability between the hy-

W 2R AR G AT R HREAS Y3215 B Aok A A
A IBALAF L R HON FLA R

R AT AR TET R

B o ! TR (%)
Pollen  Viabile pollens Unvital pollens

Materials Pollen viability
number number number

YX24 845 0 845 0

H63-6 670 3 667 0.45

H58-6 783 5 778 0.64

LX63-6 658 623 35 94.70

LX58-6 765 710 55 92. 80

2.3 RMEHRSHEAR SSR HTEE

FIFH 27 X} SSR 51X PISEAS DNA HE1797 3,
Horb 10 XI5 7E P SEA R R 280, FHiX 10
X515 MR SEAS YX24 | 1X58-6 A2 11 #
H58-6 Z4Ff 1 AU R K E AR YX24 | 1X63-6 FlY %
(113 ¥k H63-6 24P — AR I T4, Horpr 8 X5
Y (%% 5 4> % A PRO17 ., PRO39 . PRO70 , PROSS .
PR103 .PR124 .PRO30 PR32 ) 4" 4 H1 & Wi H.AE 4% 4
RN EA S Zefh Z st R B 400 . LA 4 s
PRO39 S (18 2) , FEREAC th 7 15 HY — 55 B 8. 24
150 bphY B, FEACA P 1 H 24 200 bp 2245 1 F
B, 2 AR AR [ B 47 3 B BEAS 55 AR R S 2T, U

3 i

(I B i b ] 2% 58 e HL A 2 s [ 2 e i e o
N e AR B A, B3 15 3R R RO W 5k
H A28 1 UGE 1 Dy B SR R4S T H S pigg
& H R Rl IR il s XA SR A IR B SRR
AT T AERR -5 K ISR R a] e Jo 2 pe 451
FHT P REFREOR A5 T DO R F 3RS A I
ZEERH M IR = A5, HL Y. Qiao 551 i LR
8 I R MRS KB AR AR AR TR 25 H A
IZeAh, R m H e Y 5% Maw, AR
ZGAAE M BN WGE , HIRA Y BRI B
N5 H S TR SR 1 TR 23R S A oo L AN SR A {HR
TP EE IR B R R AR I R SRR R L
HEEBAEMEEA T R R LU N [ SR A
FYBIEAAS T & H 5% N R 2Rt iRk
FRIE FLIBORA IR I 5 37 56 S AR Iy i Bkl | 3K
197 29 BRAFhFRR , EVKAENS LIS MOy REAS I
A B 5 FRAE BRI AR 51 F # bR, X L.
Li a8 N S5O 29219 8 T R IR 2 A A
{ER TETT AL N 2 6] AR A A B AT 41l
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FERRAI PR 1. REAR T AESE YX24 2. QAR b 1X58-6 3. XAE b LX63-6 4. Z&fh H58-6 5. 2% H63-6
MR 12 R 13 463 AERS B Mok .6, 4638 YX24 7.3 D 1X58-6 8. % b 1.X63-6 9. Z&fll H58-6
10. Z&Fh H63-6 ; /EKTE J7:14. B N 1X58-6  15. 8 b 1.X63-6 16. Z+Ff H58-6 17. Z=Fl H63-6
Plant and leaf characteristics:1. YX24 2.1X58-6 3.LX65-6 4.HS58-6 5.H63-6 11.Leaves 12. Silique

13. Flower bud, Flower organ characteristics:6. YX24 7. 1.X58-6 8.1LX63-6 9.H58-6 10.H63-6,

Pollen viability:14. LX58-6 15.1.X63-6 16.H58-6 17.H63-6

1 ZFMFROFESEYE
Fig.1 Morphology characteristics of the hybrids and their parents
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M:DI2000 Marker,a:P, YX24,b:P, LX58-6,¢:P, LX63-6,1-11 ;H58-6,12-24 . H63-6

2 5|4 PRO39 Xf3EAFMZHH DNA K3 B4R
Fig.2 SSR analysis on parents and hybrids by primer PR039
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