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Karyotype Analysis of Chinese Cabbage and Cabbage by Genome in Situ
Hybridization
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Abstract; In order to study the relationship and identify different chromosomes between the A and C ge-
nome of Brassica, the labeled genomic DNAs of Chinese cabbage and cabbage were respectively hybridized to
their metaphase chromosomes. Nonuniform distribution of the fluorescent labeled probe DNAs were observed
on all the chromosomes of two species tested. The signal patterns varied between species and were related to
the genome DNA probes. When Chinese cabbage genomic DNA was used as probe, the signals were almost
only in the pericentromeric regions and the nucleolus organizer regions (NORs) of Chinese cabbage and cab-
bage, but the signal regions were larger in former than latter. While cabbage genomic DNA was used as
probe, the signals dispersed along the chromosome lengths of cabbage and enhanced signal bands were shown
in all pericentromeres and the NORs; Only were observed in the pericentromeres and the NORs of Chinese
cabbage chromosomes, and that all the signal intensity was weaker than with genomic DNA probes of Chinese
cabbage. Karyotypes of Chinese cabbage and cabbage were analyzed based on GISH signals. The results pro-
vided a molecular cytological basis for identification of interspecific hybrids, their chromosomic components
and homologous between A and C genomes.
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KHE 3 (Brassica campestris L. ssp. pekinensis, AA, 2n =20) FIZ5ERH W ( Brassica oleracea var.
capitata L. , CC, 2n=18) {ENZERBHEAR, HEEEAL . EEAHRBEL X R R ARG ES
HIRFE +4rEE , Robbelen (1960), Armstrong Fl keller (1982) #i1Song % (1988) BHFiAN, KK
SEANH I 2 1 E IR IR B R AT R, ENTESH LS B P EA T KENREEER, WEREREE
BRI, A, CHMERARABESEMRIEYE, REERKMNF LIRS, REOKRTERER
& o3 B, AMSBEOEEEEL, RetdEmE KR B ek S5 MBI (Lagercra-
ntz & Lydiate, 1996) , HEI, EXZEBIEY L, PEKLEEMZR ST RARREEHRHIE, 3
SCHRIVHZERIEYNBE LR, SREMME LS RBEI AR R AT ALY A (Fukui
et al. , 1998; Hasterok & Maluszynska, 2000; Kulak et al. , 2002; H X % 2006; W& %,
2006) , WAHDERIITIWE I RPKF ALK (Mackowiak & Heneen, 1999), BEIHTHIJT L EIEH
LY Gimesa Juf8, | C -7, G- WHEMESRKBIFERITS] ({1455 rDNA, 58 rDNA %) {E#4ETH)
WHIFAIHAE (FISH) , BEAFAIZ3E (GISH) fEH FISH B ARMB#HEAR, Bo4oth BRSMHE.
RMEYAMENHERERMER., ERAARIEFRNESFN—-NMEHLIE, E=ZZRBEYW L, F
RERARARSEARSH A, B M C EFARMPRGRXRNAREHME (Snowdon et al., 1997,
2002; ZEFEE %, 2002, 2003), {BZS5EBA A THREAEGRBIMZEE S,

ARFIT AR SRR H 4 DNA FIZ5 k5 B FZH DNA 454, 4 9ITE K SE MES Bk H i 0 T g i
ik EHTEFARMESE, FHET CISHES M KEEMER T BHITHR T, BEITR A,
C B[R4 (8] ) 3R 5 56 3 PR B 48 30! P A ik DR 20 B L2 b e AT e B (4R HHE AR
1 MESH%

1.1 #RRHEPEESR

PHAM B AR K AR 85-IM” MM ARGERHE 1107, ks A S8 Song
Gustafson (1995) MYJrdk, WEIEBH. HWAKZE 1 om 40, YRAREENRARL 0.2 mm T
0.002 mol/L 8 — ¥k msukrh BiAL 7 2 h, B KT/ VLSS M RIEEEM 4CTEE 24 h, Kk
BET 2% MEAW (F4RE: RKM=1:1) &, 25CTHMLY 2.5 h, KEEHFEEERAXET
BEH A, -20CHRFEH
1.2 X E4H DNA g9 R4RIE

KA CTAB ¥4 BUA (132 F1H 26 45 B 28 2 DNA, DIG-Nick Translation kit 7] &3 2 41 DNA
HATARE, EARARIC T 22 B Roche /A AR LAY Sl FIULITEAT . MENEERIIERIEBOR -

1.3 [REIFE3R

SBEUES (1999) HITEEMIBHS. B&FHRakiRg, £ 0CTHRMARE L h, 70CTH 2
RPN EALBIE IR (2 xSSC) BLHIAY 70% 3 F P BEREAEHE 2.5 min, SZRPTE -20C FHIAHY
70% . 95% . 100% s ZFI R VK 5 min, FER GRS FET BT Z%3CH, 75C TS min,
RENEFrk EEAS min, £/, TRERINIREBRKEBRHBRAESIPRES TR, ZEMALH
M A ERB&E D 37C T A3 16 ~21 h,

1.4 FZESHEEEN

JAE G A2 x SSC HRTEZ IR . 37°C&IZVE 10 min, EETEER T2 xSSC 1 1 fEBFIRELGE bl
(1 xPBS) &E¥ES min, FKUMETHBEFEIIERIUK, RILFE FITC BBRY, 3ICTHIMEFE
HFIRR 1 h, BRGEKRMEA 1 xPBS fEZER FARYE3 W, HKS5 min,

L5 EGENESH
IRACHEE Y P M 2 pg/mL DAPL 53, TEFEHEBIHE (Zeiss Axioskopd0) FHLZ, A
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2.2 HEEFRARDNA EXEEMHEFHELEE FHRMRTER

PAH SRR S DNA AR5 K AR HE PR RBIT RN, XERAES
BEXEWERR, 3. 4 BiR,

MBI AE S, DHEAEEYS S DNA higst, EHASGREK R, 20 E50RE
ke, BEAESEMAIIERBES 8 KL AKRWERES; REALELMXMFHELE
FEBMRRESRELEERBER, ENNEBAESH (BMR, 3A M3B), HERHFAS
DNA 7E K 53K 20 &P EARHIEE R X1 2 4~ NORs R th WA BRI LR E S, mELRE AR HA
BAES a5, JLERRAE] (ERR, 4A f14B),

2.3 ET GISH B&MB 54

WIS AR R/, B, FEIRMA LR CISH (55, STAEREMERH BMERHTT
ST,

HELMEMR, 5. 6 AT, KARMEBREHEARITHREZE, ZRAR N 2n=2x=10m +
10 sm (2SAT), HHFSITHMEE (1, 2,5, 6, 85) FBEERAL 01 51.70 25, BTFHEE
2SR (m), SXPEL (3.4.7.9.105) WEHKMAEELTL 53.0 25, FEPIHELSE
B (sm), HA%E3 SHWHEER AL (SAT) , HELEEXBMFEF SWARIKAF (Koo et al. ,
2004; HI$% %, 2006),

GERRH TS MRS R BA RS R Y, /830 2n =2x = 18 =8m + 10sm (2SAT), i 4
M| ELSREE (2,.4.6,.75) M5 MEPHELLAREEHEK (1,3.5.8,.95) 4, H
HEE 6 S REAR AL, STIAIRERMERE (FREMKBE, 1996; KRE %, 2006), It
4h, GISH ESHEREAXRHERHESX RRLEA EHRALABMERE (BR, 5.6), Nk
HAZR T A HERRPEIR AL T AT AR

*1 Xa¥EngHbdEdaphBLadnzREsN
Table 1 Major characters of karyotype of the Chinese cabbage and cabbage metaphase chromosomes

ZE REBFES R E B Lot %%
Material Chromosome number Relative length( % ) Arm ratio Classification
K E33E Chinese cabbage 1 9.96 +7.16 =17.12 1.39 m
2 7.56 +4.74 =12. 30 1.59 m
3 8.46 +2.94 =11.40 2. 87 sm( SAT)
4 6.77 +3.80=10.57 1.78 sm
5 5.39 +4.80 =10.19 1.12 m
6 5.39 +3.88=9.27 1.39 m
7 5.53+2.65=8.18 2.09 sm
8 4.62 +2.88 =7.40 1. 60 m
9 4.51+2.42=6.93 1. 86 sm
10 4.14 +2.38 =6.52 1.73 sm
ZE¥RH ¥ Cabbage 1 9.11 +4.65=13.76 1.96 sm
2 6.59 +5.96 =12.55 1.11 m
3 8.50 +3.59 =12.09 2.37 sm
4 6.59 +5.10=11.69 1.29 m
5 7.78 +3.58 =11. 36 2.18 sm
6 7.47 +2.66 =10.13 2.80 sm( SAT)
7 6.00 +3.61 =9. 61 1. 66 m
8 5.26 +4.19=9.45 1.26 m
9 6.70 +2. 66 =9. 36 2.51 sm
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3 1hie

E=ZREY L, Snowdon % (1997, 2002) FIZEZE4% (2002, 2003) FFILLERAERH A, C
HRHARG KRB, DNA F3 A EB AW FEEE, FIH CGISH RGEX 4 A, C HEH, FiRB
B, TIEAKBEERA DNA RS H IS ERA L AEEMN 3, BREAT R FEA DNA /EF4E
SREFERARGERFMRES, IARGAEK EHABGRNES B, H8 A 5 C BRARBLE
A RERRENE, ZMETARARGER -8, AREAKAR. THERMAE DNA HFEH 5=
FEROERRTLERRE, FEELEE LS RADEREX N, MKEFZEFEAEL DNA X
BREAEERSAKEEETE LA ATXEXIEE; HEEFEMA S DNA fERAFE LG ENE
ETinELkiL, MAETBERAK ERELEZNAEERFI, ERARKER L WRBERZE
5, XRRT A5 CEEHA DNA FIIFMER, B, REXOESHEEM— e RE
25 DNA ZEFA R e a4k b GISH Z2 2RI £ 5, Al LEF AR Bk X 5Tk, X R4
P P 738 K RIS fa AP A RIS R SR R BEE T 2 At

MELE Bk, BEFEZ DNA fE B S Ak ERREA AR, FIESMZR BN FRARAK
b, XEDE (MUNE 5, 2005) . fRIE (AR %, 2006) 1E4) ERAFRCBHES:, MIERFR
T, UKE3EEEA L DNA AHREEMI YR LR, 2EFESFEETTEELZREXE, ]
HEFA LS DNA EH IRk F BAR LK AN, R UERTEZNXBAERBNEST, EH
TRIBESHES, TERARNTIT P —REMAEHIAR (Snowdon et al. , 1997; Benabdlmouna et al. ,
2001), HEWATRERBM TEEFIIEPIMGEROATEZHXE, FHHRK, MPEEAREXEE
RSB ITFF, Ao SRR ik, XTA 5 C ERAMEGHEERVMBERE CE
HAE MG EEE FalfeamE—HaEEFS], mA BRAREEEE ENRD, XHE A, C &
HEBARREES, BEKPBNDR M ERPHRTERESR, EEAITIF

ZEREDRS KRN, HSREKES AR ML (Fukui et al., 1998), HEAFRBFRE
i ek m K ERE LERAER, Wi, BTREBRLGRSERAR, REKERZIR
AR AR AR B e R K BB AE , WERAKERRPRHFENA—, A
ST AR R R Y R B R AR R R B 4 RO 54K %2 (Olin-Fatih & Heneen, 1992
Maluszynska & Heslop-Harrison, 1993; Cheng et al. , 1995; Hasterok & Maluszynska, 2000; Koo et al. ,
2004), [RIE XA RERABR PR AR R BENRS SIARARNEE, REm, CISHES
EREARRERE BAXTFEE A RSN BREERE, IS EARPREEXHN M
RIS PR OR B G —BEE T A, AMEh ZERE MRS E iR T %, Bk, &
ZEREY L, GISH BRI R T B —F A T
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