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The Morphological, Cytological and Molecular Identifications of Allopolyploids
of Chinese Cabbage - Cauliflower

GUO Xiao-qin, YI Ze-hui, HUI Mai-xia', ZHANG Lu-gang, ZHANG Ming-ke, and LU You-fei

(College of Horticulture, Northwest Agriculture and Forestry University, Key Laboratory of Horticultural Plant Biology
and Germplasm Innovation in Northwest China, Ministry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract: The chromosome identifications of allotriploid and allotetraploid of Chinese cabbage -
cauliflower were carried out by morphological, anatomical and cytological observation and molecular
marker technique. The results showed that, compared with diploids, the polyploid plants possessed
gigantism in the leaves, stomata, flowering organs and reduction in the density of stomata and fecundity,
allotetraploid was more obvious than allotriploid generally. According to SRAP molecular marker
analysis, the polyploids contained all genetic information of both parents, which showed that polyploids
were real hybrids. Cytological identification revealed that chromosome number of allotetraploid was 2n =
4x = 38 and chromosome number of allotriploid was 2n = 3x = 29. The obtaining and identification of
allopolyploids provide materials for creating new Chinese cabbage germplasm.

Key words: Chinese cabbage; cauliflower; allopolyploid; chromosome identification
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QAR IR Gl 55, 2008) 0] LA 0 IRz Sr s A Riihis, ki A FH 2 A5 AR 1E M 326k
SIS INAR. R, AR RSE, LIPS R EZRS. A Inomata (1977) it
TEREFRNESAR T R 5 HiER R 24 ik, CRR 2ol 1 i35 5 AR T A
YA ) J bl B SRR AR . I A% (2006) I TR IR HAEIRAG T KA S SRk E
Tt ) =5 A4 b, JFEEAT T SSR %€ 5 GISH 70 #fr. HIBESEAE (20110 FIRK Fre—H 57 Moin &
TR T — RV ATWHE . Poi 8 oA RS R K B g B s Al ) T AR 124
KR IA K B35BSR5 05 2 A5 R AR G HGE

K 3% [Brassica campestris L. ssp. pekinensis (Lour.) Olsson] 4 (4 4A%h 2n = 2x = 20, 4uff
PRI x =10, Yefoik4lh A. feMFZ (Brassica oleracea var. botrytis L.) Hefa A% 2n=2x =18,
PRI x =9, JtiRd4h C.

ARG S ERAT IR 1 S A0 2 2 U5 DU A5 AR RN S 98 = AR B T T2 R4, 0 124 LA
MANEAA L2 I %, DME TR 44458, R T2 H A5 2R, S0 &
1RV B PR i e I L = D WG B U L e B S A P T

QY L SRS DARE

11 ##

R EL N “EHSEAKANRATA AR ‘Bre” 2n=AA=20), WAL A ‘Hoold’
(2n=CC=18), MHFHPUIMEA ‘10-BH-1" (2n=AACC =38). FIH =151k ‘10-BH-2" (2n=
AAC =29).

‘Bre’ K5 T KA 35 57, ‘Hoold  FUETIERFSEML FL 8RBl < HL9E 607,
SR DA A P A A AR AR A G AT IR R, FEFHROKAL 2 b HR G AR N5 J5 3845, i
At R YR DU AE R S K A SR RIS S R

RS B PG AL AR BRI R 7 el 2557 Bt 1 5 R A 20 ORAT

12 A&
12,1 HAEFIEK

R KT 2010 427 HE 1, 8 HEHE T ALAMEBH K7l 225 Bk g 1, 12 H BB Ak3) %
B R A, 2011 4 3 AREAR 2R 2D WM, o R 4 B

TV, REPISEA R R VYRS U = AR, 3, BRIE S AR e S R T WL 8¢
RO, Forrn R R B ORI FBE T I . EERAE ], WM R AR e AR KNSR . &
S, G RN e L BRI &R RIAS [RIRERAR (R A7 B 10 /S8 B EAT I & givt, SR
FEIE.
122 AJLILE

PRSI R R, MUKEF, 7R iiEs HBE Sxo W88 40 N TSR Gt . AR R
S ANMEARI I F, BN I 3 AN AT AL ARSI ST, BRSPS
1.2.3 & A

TERAEH], BCURIF AL AT BN, T 1 %BE R LT 40, B+ Sx HEE. 10x YR
B T TSI, TR ). TERTE T (%) = BB/ EMBLEE < 100, ANFEF
BEEHC 3 AR ERAER, SEAMERRTER LSS 10 MLEF, B354,
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124 HX&EEZFRPE

KA WIN TR0 O VAT AR S = A5, AR S DU A AR R AL, BAAA A
VMR AT, X &R A A WA R gkt T givt, HA AR R AR R (HMp 11 D
B/ mACE RO, k3 A R SR 8 B 0 B S R B
1.2.5 SRAP %%

KH CTAB VAL DNA. BRI AR SRAP 594 G0 K E SEFI AL AR SR A ]
M2 18] 1) 2 A TEREAT %508 , ARG R H 2 a8 PE 5 1 el 2 A5 A8 64T SRAP 7341 . PCR J W44 % 20 pL,
450 ng - uL” B DNA 1 pL, 10 x PCR buffer 2 uL, 10 mmol - L™ dNTPs 0.32 pL, 10 pmol - L™ iF.
5114 0.8 uL, 5U Taq i 0.2 pL. ¥ 38FE/ 7% 94 °C 4 min; 94 °C 30s, 35 °C 30s, 72 C 1 min,
5AMEHR; 94 °C 30s, 50 °C 30s, 72 °C 1 min, 35 ™MEH; 72 C 10 min; 4 CHRA7. ¥ 7= YILE 6%
RS PE SR IR RN Bt i WL Uk 23 B9, SR ARGyl I IAH
12,6 FEARKLET

F9: 00—10: 00 KIHIE 1 ~5mm MLE, ETRR KGR EHE CEKOEE: NR =3:1,
0.5%5ALER) ) B G A RITT A, 76 BB [ 2 24 h, RIGEHN 10%LFEF, 4 CHAF.

T2 o5 P AT S gl iR 2 (BRZOME 25, 2009) , DRIEASIREG PR 7 b
Bl HHERRRES 1%BS L 5, Olympus WAREE 100 x Biks, HH.

2 HiR50H

21 FAERESERORSFR

FE USRI, K A SRR S R DU R A — A A KA, B SRCRAERKZESR, H
RERIBBZEIS, DAL= AR KSR (K1, 1~4, KD

R 1 FMERIRERSE HLE

Table1 Morphological comparison between the hybrids and their parents /cm
PEAR Characters Bre (2x) 10-BH-1 (4x) 10-BH-2 (3x) Hool4 (2x)
FRlE (K x 38) 38.00 b x 34.60 ab 63.80a % 61.00 a 55.00 a x 53.20 ab 23.20b % 20.80 b
Plant expansion (Length x Width)
¥R Plant height 18.00 be 28.00 a 22.20 ab 15.40 ¢
M4 Leaf color VREE(N Light green WK ZE(T Few grey green £k (4 Green K%k Grey green
5K Leaf wax powder J: No A Yes H Yes 1 Yes
M%7 Leaf number 16.6 17.8 20.2 13.2
HH K Leaf length 16.48 be 23.50 a 22.12 ab 10.94 ¢
HH % Leaf width 16.14b 22.60 a 20.64 a 8.76 b
455 Leaf midrib width 229a 2.03b 2.16b 1.09b
HH# (%) Leaf wing (Pair) ¥4 Continuous 42 3.8 0
1£4% Flower color {4, Yellow T, Yellow {0 Yellow YT (M Light yellow
1€ EHA: Anadem diameter 1.86 ¢ 2.58a 222b 1.92¢
16 (I x 9%) Petal (Length x Width)  1.05d x 0.58 d 1.71ax1.06a 1.42¢x0.84b 1.58bx0.78 ¢
MEEEK Pistil length 0.79 ¢ 1.15a 0.93b 0.97b
K Sepal length 0.61d 0.80b 0.68 ¢ 0.87 a
167 (K x %) Bud(Length x Width) ~ 0.62 ¢ x 0.28 d 0.94ax043a 0.83bx0.35¢ 0.79b x 0.38 b
K Silique length 3.60 ¢ 8.10a 420¢ 5.60b
5 Silique width 0.61b 0.75a 0.62b 042 ¢
FHJE Silique thickness 037¢ 0.57a 0.45b 0.30d
A Silique beak length 1.02 ¢ 2.12a 1.57b 0.39d

e INEFERRRERIEREKTE (P<0.05),

Note: Small letters mean significant difference at 0.05 level.



1368 P S "3 39 ¥

SRR DU AR = A AR E AR I . R L ML MEBEL dER AR KL AR
FARGASER MR TXOR, RGBSR, JF HDUE AR T =050 DUAS AR = A5 Ak bk
i AR CLTF AT TR, R R SCA PR o DU AR = AR RRAE (0 o B 6, S REA R A SiRn,
RO B o 22 AR AN TE A T 0OR 2 (8], B [ BEACK I3, = A5 AR A 9 15 L DU A5 ¢
IR FEAEMEG . MESSIC, FEAR T8 MALKAEMIR B, DU RR LEXOR R, i =15 T 00R 2
e KSR, ZEERNTICRLZI, KRR DU = A A i 24 %)
BORFNRSE ESRORZERARAK, WORMHESE, JEWIR R, DU = R Rz W] e, R
W HUEZ, AN X2 RISCR R SR iddibr (B 1, 5~11; R D .

B 1 RAERIRANESSE. SRFHIE
1: KFZE ‘Bre’ (2x); 2: 10-BH-1 (4x); 3: 10-BH-2 (3x); 4: f6MF3E ‘Hoold” (2x); 5: JKMIMAM F;
6: £ 7: 625 8. 10: 10-BH-1 (4x) A4, 9. 11: 10-BH-2 (3x) fiIH;
12: 10-BH-1 (4x) Yefafk; 13: 10-BH-2 (3x) #fafk; 14: ‘Bre’ (2x) fe4f);
15: ‘Hool4” (2x) &k 16: 10-BH-1 (4x) {6ks
17: 10-BH-2 (3x) {t¥}
Fig. 1 Characteristics of morphology and cytology between the hybrids and their parents
1: ‘Bre’ (2x); 2: 10-BH-1 (4x); 3: 10-BH-2 (3x); 4: ‘Hool4’ (2x); 5: Leaves; 6: Buds; 7: Flowers;
8, 10: 10-BH-1 (4x) silique; 9, 11: 10-BH-2 (3x) silique; 12: 10-BH-1 (4x) chromosomes;
13: 10-BH-2 (3x) chromosomes; 14: ‘Bre’ (2x) pollens; 15: ‘Hool4’ (2x) pollens;
16: 10-BH-1 (4x) pollens; 17: 10-BH-2 (3x) pollens.
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22 ZMIERRSFRASILFTEIIE S L

SR DY AR S8 — R AR i R R R ALK/ RALE R T Rtk R
2 WL, ZAEAREIRRI AL B ORI B, DU AR SR, AR RS LR/ M ) T A4,
AR /N RELRR IH- T T P £ 240 /N2 IR RV FL R/ INARBL R R 3, DU A5 A % 15400 it B XGHE K
AEAREE AN T VU, A TRERZI], i) T4

FHACKRY 1% ) LU G5 R VT, SR A R e DU A5 AR IR Ak AR 3 1388y, 43 ok 95.22%. 87.98% 1
92.46% (E 1, 14 ~ 165 £ 2); M5 A5 R4 A 05 JJ ARG, 4 78.34% (K 2), 155U
SRR e b T B TR R RGN ek (1, 17D,

£ 2 FMEMRIRESILFERE D

Table 2 Comparisons of stoma and pollen viability between the hybrids and their parents

kL AL K> B jum SALE S RO %/ um  TEREL AR BWEAER AR 1/%
Ma;erials Stomata 4 - mm™) Guard cell Pollen Pollens with Pollens without ~ Pollen
(Length x Width) Stomata density width number viability viability viability
Bre (2x) 51.00 x 31.87 16.58 a 11.52 920 876 44 95.22
10-BH-1(4x)  66.03 x 38.33 8.96 b 15.58 690 638 52 92.46
10-BH-2(3x)  61.53 x 36.07 10.01b 13.27 614 481 133 78.34
Hool4 (2x) 63.50 x 39.50 13.16 ab 15.00 1339 1178 161 87.98

e NEFRERIRZEFIEBE KT (P<0.05).

Note: Small letters mean significant difference at 0.05 level.

2.3 RAEMRRYLGE KM

LSRA KA ‘Bre” FI{EABSE ‘Hoold” HACHHLL, SRUtlufsoAFn —f5 R 17 A8 B A B b 744
HRAAG, T S DU A A4 B = A8 iy (3R 3D S DU A A4 R = A 44 111 A2 4 1553 0 oh 3.89..0.25,
THEATFEIR R ARG SR T

AFIEEM RS K E R IE . RAEAFAE—E 225, LA MR ZF oy BEA, KSR ‘Bre” A
A G Sk LU AR, Wi R U A S K ESE ‘Bre” IEACTREMAR AR 7.62 Kidh1, Hk
ANHRAT 1.15 Rkl 7, S =S KA ‘Bre” AR R AR 2.37 bkl 1, HIRAZHA
R 1.04 KT

& 3 FMERSRABRZNEZHEITFER
Table 3 The seed setting of interspecific hybridization and selfing between parent and hybrids

LT H A SRR AR AR /% : y HiXT 1%
414 iy ORI SRR pgimssc SR
L. Pollinated buds Silique setting Silique setting .. i Seed setting
Combination Ovules/silique Seeds/silique
number number rate rate

Bre ® 23 22 95.65 21.4 12.09 56.48
Hool4 ® 10 9 90.00 353 10.00 28.33
10-BH-1 ® 62 47 75.81 28.4 3.89 13.69
10-BH-2 ® 83 11 13.25 27.0 0.25 0.94
10-BH-1 x Bre 53 33 62.26 27.6 7.62 27.62

Bre x 10-BH-1 27 10 37.04 22.2 1.15 5.17
10-BH-2 x Bre 89 41 46.07 273 2.37 8.68

Bre x 10-BH-2 25 6 24.00 17.8 1.04 5.84
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2.4 ZIEMKSFERR SRAP 2 FHRICEE

FIF 34 X SRAP 5P AATY 1S, o 12 X5 [ 7E P AR 2480, X
12 K55 100 5 A Je ZAGARREAT S 5, Forn A 8 X5 1404 16 4%t g T FL g A1 et M Jse e S AR N e o 2z )
Rk R LIS E eml-bgd3. pm88-bg27. fcl-bg2 AHl (& 2), {EFIRZ A4k al [H
B BEARFIACA IR 45l (kBT XU 2 BEAL S T BEA IR E R, NES T A
st s B, +& ‘Bre” Fl ‘Hoold’ HIZACFI.

eml-bgd3 pm88-bg27 fel-bg2

B 2 FRAEFMAZH SRAP S
Fig. 2 SRAP analysis of gDNA from parents and hybrids
1: P]y ‘Bre’ (ZX) H 2: 10-BH-1 (4X) H 3: 10-BH-2 (3X) H 4: sz ‘H0014’ (2X) .

25 ZBEEREERBEE

SEPEPUMEAA 10-BH-17 RIFETREAKFSE ‘Bre” (2n=2x=20) 5K ‘Hoold” (2n=
2x = 18) W25 SN S =A5E “10-BH-2" SRIE T DU A S REA[R1AZ

PRI EEAE AL “10-BH-1" AR A0 G AR E0 2n = 4x =38 (J& 1, 12), 1 “10-BH-2’
FLRE A A0 M G AR % 2n=3x =29 (&1, 13), ¥ ‘10-BH-1" MPUfHA, <10-BH-2" h—f%
.

3 e

KAEEIMEE N T AR BRI ARIF, 08 A LR g4I C G iR dl, A Jetfhdl
YR IERCN x = 10, C YR gtk IEEh x =9, CHHERM, HEEEY AL CHA
FERA YR B BT SR R (FEoR 25 25, 2002), {H 38 iAe Lt ang . wE5TR],
TE I A RORA e AR A BAR ] RAT R 2 A5 44, I A A AR AT AR 2 S izt 21 = A8 B
Hurco&3k15 7 HE—H & (Inomata, 1977; P FIFRMELE, 1981). H—7T# (Chen & Heneen,
1988). FI3E—% b (Fhldk 55, 201D, EE—IFEE G 55, 2007) 58 5 DU AR B I8 = A
e, =PRI AE—HE CBEY 5, 2007; X4E %5, 2008). [13&—J+# (Chenetal., 1992;
1997) S5 5UR =A%k, AHLRGIE] T — R AW AR BOUR B I &R o AHEFC IS K A S S AR
Tl T) S0 22 A8 A4 F AS B HE 5 R ISR 228 383045 T A7, B B L e in i iy i 42 ml B Sl K
S S ACRE S (R () 22 A8 B, A4 S5 B R SRR TR 4 K S — e IR e B I R 28 T 5
filli

FIRZ AR F 2R E R, 2 HRILGEAEN N, JEFE4 DNA SRINE, 404k
TR R B3 BRI EORMEs [FII 2 A5 AR 45 52 3 AR T BER AR, I RAE T3 A0k A2 7% A
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WHAR,  EUFTA BRI 508 22 R AR AR a8 A A B L AR B A — 25, SUERR A Sk IR AN REIE
WK, TEMEARIEREAK, 22, WHET:, FEOKASCRACHE N AR AN T 2448
KX LASRAT A FlbiA PR ALY kR S L S g il 2 [RGB S Hhl — 80, gk szt m Gl
25, 2007

SR R R AR A2 05 ) L DU R R AR, 2 FH T = A AR MR LE Dk B o R4 P v e (B AR AN BB I
Wegs, Btfhn B, CABUE A EATE IR o A TE AR I 2 A5 A N BEAS L A4
VERBREARGAF R &, X SMIERESE (2003), TKEASE (2003) MIRFFTE A8 222 @ ppia
AT SRR (1) 5 55 4 5 e AR L TR AT DG, G Ea AR R A () BSOAE AL R) P [) e s S Rk i, AT 090
[5G AR I PR AN S A 2 A8 SR R . (BTG 45, 20060 J3 0k, IE . RACHE SEM 2 e 3R,
&8 S ] B 52 41 B RS DAL A 1 R
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