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KBFE—HkHEHERE=E/AX (ACC) EF
25S rDNARIFISHS 4

ik, RERE, TE4, HWHES Zgig!, wmHy
CHTAb AR K 2l 22 B, TGS B PR B8 5 A 5 92860 5, FABME 0710015 2 b4 RAKEL £ B &5 AR
Wt iT, A 050061)

# E: N 25S rDNA-FISH XK F3E—4E Bk H i U0 =45k (ACC) TG 0 A2 e AN 3 23 54
QA ARAT AT T o087, FRUMAT TAEM R RN 5 S ORI . 45 SRR, R se—45 Bk H i I8 = A 1k
P AR B 28, & A7 9 A 25S tDNA {751, b 4 Ak AZERH I 4 S5 7 S 0k sASKARAR
1~5 59 tafh: A C LA AN R B (R RIRFE BEAN IR, Y8l oy B AR T AR e . AN p Rl = A0
WEEATI RS J7 20 T3] TRl T AEAEUe s S s o300 T RS 00 T e B AN T, JRAFAE G
RIS JF T R AR I A RWUL T o S8 = A Ak 3 55 B R A8 D IR T s foR AR, Ay
SEAH (CC) [BIZL I EHF R EAL, A 0.01%.

KR KA g9EREW: U =A% f4: FISH

hESHES: S634.1; S6353 XHERPRERD: A EHS: 0513-353X (2014) 12-2402-09

FISH Analysis Based on 25S rDNA in Chinese Cabbage - Head Cabbage
Allotriploid (ACC)

XUAN Shu-xin', ZHAO Yu-jing', WANG Yan-hua', QIE Li-juan’, LI Xiao-feng', and SHEN Shu-xing""

('Key Laboratory for Vegetable Germplasm Enhancement and Utilization of Hebei, College of Horticulture, Agricultural
University of Hebei, Baoding, Hebei 071001, China; Institute of Cash Crops, Hebei Academy of Agriculture and Forestry
Sciences, Shijiazhuang 050061, China)

Abstract: 25S rDNA-FISH was applied to analyze metaphase chromosome components and meiotic
chromosome behavior of Chinese cabbage - head cabbage allotriploid( ACC), and pollen character and the
fecundity of the allotriploid was studied. In the 25S rDNA-FISH analysis for metaphase chromosomes,
Chinese cabbage - head cabbage allotriploid was verified to have 28 chromosomes and contains 9 locis of
25S rDNA, among them 4 locis mapping on chromosome 4 and 7 of head cabbage, and the other 5 locis
mapping on chromosome 1 - 5 of Chinese cabbage. There was different degree of homology between A
chromosomes and C chromosomes. At meiotic diakinesis, the chromosomes often form different
association patterns, such as univalent, bivalent, and trivalent, etc. There were dissociated chromosomes

at metaphase I and II , chromosome unequally segregating, lagging and losing at anaphase I and anaphase
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I, and micronuclei forming at telophase II . These results led to that pollen regularity and pollen viability
of allotriploid was much lower than that of its diploid parents. Whether this allotriploid was selfing or
backcross with head cabbage, the seed setting rate was very low, only 0.01%.

Key words: Chinese cabbage; head cabbage; allotriploid; fluorescence in situ hybridization (FISH)

SN R EATANEA 2 B R A RS . SRR R e A )RR AL G A )R 4y TR
RAZEMRE LA EL (Okagaki et al., 2001; Akaba et al., 2009; Geleta etal., 2012; Heneen et al.,
2012; #HE 5F, 2013)0 BN AR — MR i AN R ) ) SR AR L AR AR RIS A,
LAY s, AN ThOc S kS ek . Rk, SR & e iR
BT . fEZEEEIEY b, RIS A AR QA T 22038 (A ERYD
AL T SIS (C HERAD ANFEZEART IR, WERE—F MR (Hasterok et al.,
2005; Heneen et al., 2012). KFE—ZEKHERMMAE Gk 55, 2008; itk 55, 2009;
K A, 2011). SEE—IFHE IR (Wang et al.,, 2008; [F5FZF %%, 2010) %%, HLIHWE (C
FERAL) IR SN A (A FERIZD JL AR n R aE > . S (2009) @ P
PIFIE S AR BN AT A B T T I SR B U AR (CCA), IFLUZ TR =54k (CCA) AFf
IAPRL, AR T AT A S IS B e AR I R (fFHEE8 5%, 20105 Lietal, 2013).

45k H W (Brassica oleracea var. capitata, 2n = 18, CC) FI'K[43% (Brassica campestris ssp.
pekinensis, 2n = 20, AA) 4@ TFAERIEEE Co A ZATAIEAR, BLIHECY & HE T, £
BRI A = v A A o DR QIS R SRR, JE ST LGS Bk H I R s B oK 3
LRI B IN R B TAE, 1E# IBFIC I BATE R T 45 BR H 0 [RI9R DU £5 4k 5 K 128 AR I %38 T A%,
AT R AR SR A E—45 BRI =5k (ACC) Bkl (Eiztk 2%, 2008), ¢
RN 2428 A (fluorescence in situ hybridization, FISH) J& 20 140 80 fEAXK KB KA —Fh
BTz fL s T H, DUZREK RNA LR (\DNA) SHHREFI YL a4 FISH &) Y taiAds /s H.
JESAHIE R EAT J R BT AT Bt (IRET 5%, 2007; Kwon & Kim, 2009) , #% % Hh
U253 @ e (0460 H1 (Fukui etal., 1998; Hasterok etal., 2001, 2005; Kulak etal., 2002; Tl
ik %, 2007, 2013) o AHFSEH R 25S rDNA-FISH %k [38—45 Bk H W 20 =544 (ACC) #t
AT T I O AR 2 RN B o) 24 B ARAT A AT, RN SLAERREAE LA R & S MEEAT T %%, BTN
SEERH W — K 38 5 BN AR Ik B SRSl 6 e R A s

1 MRS A

1.1 R

PEAM LR ESE (AA, 2n=2x=20), ZiEKH#E (CC, 2n=2x=18) KKFER—4EKH
P=A5E (ACC) i db Aol R F Bt fh § AR A 3t . b K [ Se— 25 3R H W e — 544
(ACC) SEAVBAAH A5 A 2RV 5 PR g3k B 6 N T A58 320 45 & sh I B vk Bs 923k A (it
Tk 25, 2008). HEEREN Kk HIIFTTF 25S DNA Zifis X i —A 2.3 kb BV sefE, Hik %/ Dr.
Robert Hasterok 324t

KRR B BEAT B AR 9%, DIIASE MARARAE 0.002 mol - L' 8 - FRJEmsipk th HiAb 2L 2 h,
RIGE T RIERDER QIR FRE = 3: D e, AT esgs s 55— Emdisge T
KRR BIRHE, RAE 3 A e he, WIACIIICAN [ & I 3 A 35 = v 1 e v ol e, FH T o 24
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Bt pRd o
12 ZEiREHE

RGO e 5 [ 08 5 AR IRAE ZE TR it 2 ~ 3 Ik, UTHUIRAAE K RUBON 2% 1 41 4 32
fiff (“Onozuka” R-10, HA) Fl 2% K (pectinase, Serva) VRS, 7F 25 C NHH# 1.5~2.0
h, ZWKHPEIGE 30 min, EEBT Bkl ARG MG T, i amkrm BaE RGNS A
F FISH.

WA BB AR P e R 1 () S = A AR g A AR 2K TPl 2 ~ 30k B 1 AMEZ K H I5
ARG A Olympus D627 WA BT EE, i Prab i, o 5 MEZTRN 1.5 mL B0,
TN 2% W 2T 4E 2RI 2% 1K) RSB 59 100 L, 71 25 “C R EGHE 2 ~ 2.5 h LB, HIZ8 1K G
2~3 %, AR W, RS AN R AR AT, AT 2 AR A T 58 A O, RO A
LB Fr, KIA TS - 20 CIRIE&H

13 FRuUHRRESKEN

K F R AR L SEHL 25S rDNA W53 % DNA, K H DIG-Nick Translation kit A7) £ (Roche, f[H )
HWATARIL . IS IR CARRR A, 75 60 CHUEMNIE A 1h, 70 'CFHH 2x SSC BLHIH) 70% 2: &+
B AE E 2.5 min, SEEIEE - 20 'C R THA T 70% 95%- 100%3F K RIVZVEMK % S min, F& T,
LE G (0 A 1) (R LR 2428 ¥, 75 °C AR PE 5 min,  JVHCE UK 1%/ 5 min.

AW T Gk b, o B B TR &AL 37 CHAT 16 ~21 he

FAZJE F 2% SSC 7E 37 “CHIE 3 K, BFIK S min, FHEPUHE S F 9L ZPUARRPE FITC B
IR A5 S, IRVAH G 1x PBS 7R3 FRUE 3 IR, BHX 5 min, &G HRTE.

Yett A 2 ng - mL DAPL 4. 7 Zeiss 986 W5 (Axioskop 40) N M ELHE N R AT 2448
{55, H CCD MAIE: EH#3KEMG, H Axiovision Imaging System F1 Photoshop # A4 Xf FIMGL AT & 1%
FAb 2, ’

14 EME. EMEFHNEMRAZELRPE

Pk K F BRSO v Rk v 48 Fek 2B e K TTC Btk GikF2# fIghiE, 2002) .

K W LR B BT A5 R H W 5 VR = A5 R AR IEAS R R AT, Gt Ho g e
RGP, 859ER (%) = MIEUFMIETEEL x 1005 4565 (%) = REPpICPI R 2R Fh 51
BIREREL % 100,

2 HiR 50

2.1 25S rDNAZEXAZXR—HEIKE ERBE=EAHRRAP R BIK ERFISHA

25S tDNA 75K F5E—45 8k H i Ui = AR I A A ie A g i de otk i) FISH JEf &
WY, KESE—EEBRH W TR = AR g 080k 2n =28 4%, Hidh 9 & 4e a4k B H T 25S rDNA-FISH
S5 (K1, A, G,

SRS R R AR K ISR 5 3R Wi T 258 rDNA-FISH (4% (Limetal., 2005; FA&E 4,
2006 FHBUK 4, 2007) BEATIHT, LSRR A5 RET 25S rDNA-FISH {55 AL, K%
WG 2 B EH ERIFEM QAR 1 2R ARGk, I 4 ME S0 Tafak g
(1) 4 5 F0 7 Sk 5 SAME ST RARM 1 ~5 S3aEAk (H1, B,
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A8 A9 Al0D
B

1 25S rDNA REIEXBR—HEHRBERF=EFFL /TN aF L HRATRZR
A: 25S rDNA 7ER¥ = 5K (ACC) WIStk L5 B: FUE =5 (ACC) kT 25S rDNA-FISH {5 52 8 K.
Cl~CO MEERR TGOS Al ~A10 B K RGO
Fig. 1 25S rDNA FISH mapping on metaphase chromosomes of Chinese cabbage - head cabbage allotriploid (ACC) and karyotype
A: Distribution of 25S rDNA on Chinese cabbage - head cabbage allotriploid; B: Karyotype image of Chinese cabbage - head cabbage
allotriploid based on 25S rDNA-FISH. C1 - C9 was number of head cabbage chromosomes, respectively;

Al - A10 was number of Chinese cabbage chromosomes, respectively.
22 RKBX—HHKHERFBE=EERESHEEMEKITHEY 255 rDNA-FISHS #

A R L], A5 BRI AR B SR U B e (AR B GeAE il , TR LA RN — R B
@Ak, 2 ~3 4> 25S IDNA-FISH {5 5 LM AR LG ik 1 (&1 2, Ado W], Rethfk
B AR (& 2, B)o ZARM, QiR RUR BT 2 e, A BN . AR =ik (&
2, C~E), HRIEAT 3 A=A 4 A AR 4P v Lb B B2 2 . 25S rDNA-FISH 45 K703k
By, KEZE 5 AN 258 tDNA 7 sl gt faerhy, JLrp A~ 5 g5k H i gy (4R 1) R R BERRAIG,

LA R IE AP AE (B2, Dy Bds 1AM 54 _
F1 KEAX—SHRHESBZEHLEH

BR T 1o TR 6 A A R o 1 R 5 B A AR
T%L' LJE%MZI: E@ ﬁﬁiﬁﬁﬁz ( @ 2, E); ﬁﬁ 2 /|\ Table 1 Chromosome configuration number of Chinese
Eﬁ%’ﬁi ;71:7_: E@ %@’ﬁﬁf@i*ﬂ éj:{*ﬁﬂ—,g E@ 1 Cabbage - head cabbage allotriploid at diakinesis
>~ 2N =] P BN ~
I — A b % e et TR A YLt A 1Y Hrt RS
3 1” MS E = EX /% ?% E - @ ﬂ:? ﬁ‘z ?U\ g 1” /TZI: Chromosome configuration Number Average
(Cockerham & Galletta, 19765 FEAL A4 MO Univalent 192 447
NS § ) A& Bivalent 188 437
ML, 20000 (&2, D), UiHIXLEGLOAREIAE <41tk Trivalent 116 270
. SN , N 2 1A Pseudo-multivalent 43 1.00
P B R L R R o PS8BS 4t i v ) By i e e

e WSS E 43 4.

Note: The total number of observed cell at diakinesis stage is 43.

e AR I RFIRLZ AN RS> Lk 4.47
4.37. 2.70 F11.00 4 (£ 1).

T, KAk 2 R O AR RN R, ARSI AR b, B AR E T
FRIBHAE (B2, F), BE1~75%A4%, Ll4~64E2, A 5MBREN 69.4% (£2), BH
DB AR AR AR A AR TR ESUE IS (B2, GD.

JEIR T, ZARIER 7 B m B AR, FRAN AL BIA — AR BN VR S Sk (B 2, H.
D, BEANE WA P4 Gt A A TS % (B 2, HD. Jad 1 Wit R B2 e, A Wit
RB 2 R 28 261 (it 13/15, 12/16+4 14/14. 11/17), AT PG EARR 2 FIARZET 28 4510 (i
13/14. 10/17. 16/13) (B2, T~L), Ho Ll 13/15 XN B HpT S bR m, A0 30.77% (£ 3).
RKZHAMP R Rt O MR ET, BT 4/5. 6/3 45

FPA L, P ZH G AR 2 I HE AR S F I ZRE AR b, 2504l i b5 05 25 TR E AR AR Yt (]
2, MD; JEIATL, BRI EamEE 10 ~ 19 A% (B2, N, 0), [FINWBAHEE R OKKfFE, B
DY oA 3 7.5% 40 i R B T oz (2, PO,
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2 KB SHRBERE=E (ACC) T 255 rDNA B FISH 44
A: FHZM], #iko8 25S DNA {545 B: X&) C: Z/RMIRM: D. 208, AW ontl 2 Mk, Tofis ks E 5 mm i,
E: Z7RM), AW SoR =R, TWER ORI E S0k Fo T, RIS EEMA G IIT, SRR M,
H: JEIW T, ToW5 ko )m p ik, AMESoni s M kg @k, XU Son g AR o 2y,
L JE 1, SikoniEfadetaths Jo G T, /8 13/15 908 K G [, % 13/16 43
L: JEWI T, 2R 15/15 4585 M: P Ne FHIIL, 7R 13/13/14/15 43255
O: JEWIIL, 7% 10/12/17/17 4855
P: RMATL, Hikomiii%.
Fig. 2 FISH analysis based on 25S rDNA probe of Chinese cabbage - head cabbage allotriploid (ACC)
A: Pachytene, the arrow showing 25S rDNA signals; B: Diplotene; C: Earlier diakinesis; D: Diakinesis, the arrow with handle showing
pseudo multivalents, the arrows without handle showing univalents with signals; E: Diakinesis, the arrow with handle showing
tritivalents, the arrows without handle showing univalents with signals; F: Metaphase [ , showing containing dissociated
univalents; G: Metaphase | , the arrow showing dissociated bivalent; H: Anaphase [ , the arrow
without handle showing lagged univalent, the arrow with handle showing lagged bivalent,
the double arrow showing separated chromatids; 1: Anaphase I , the arrow showing lagged univalent;
J: Anaphase [ , showing 13/15 separation; K: Anaphase [ , showing 13/16 separation;
L: Anaphase [ , showing 15/15 separation; M: Metaphase [l ; N: Anaphasell,
showing 13/13/14/15 separation; O: Anaphasell, showing 10/12/17/17 separations;

P: Telophasell , the arrow showing micronucleus.
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F2 RER—EHRBERRZEESHFS #3 RER—EHREBERREGEERRINREE
BiNEER MM SEFHARMMLE
Table 2 Dissociated univalent number and cell percentage of Table 3 Chromosome distribution way and cell percentage of
Chinese cabbage - head cabbage allotriploid at metaphase I Chinese cabbage - head cabbage allotriploid at anaphase I
U 1 LA R B ks P LA /% Ptk E I RS JT i L2/ %
No. of dissociated univalents  No. of cells Percentage Chromosome distribution way No. of cells Percentage
1 4 6.78 9/19 2 1.40
2 5 8.48 10/18 2 1.40
3 5 8.48 11/17 13 9.09
4 13 22.03 12/16 25 17.48
5 19 32.20 13/15 44 30.77
6 9 15.25 14/14 14 9.79
7 4 6.78 ¥ Others 43 30.07
T WS % 59 4. i LA 143 4>
Note: The total number of observed cell at metaphase [ stage is 59. Note: The total number of observed cell at anaphase | stage is 143.

23 AKBAFR—HEIKEHERFRE=ERERTTT

KAk I AR B IEH TEH0n, BANMEZ A 1.07 x 100 AMEkL, 5K
Pl e 225w, (HRZ NI, 55N 42.6%, (BB 1N 15.9%, HE2FR
THARA GR 4D BRI = A5 M08 BRI K 22 BE 58 OB RMBE TR B i, 4
o L0 7 AR 2R 7T i S G (AR BOM AL AN 2 i BT 38

F4 REFERHERE=EEHEREYE

Table 4 Characters of pollen grains in Chinese cabbage - head cabbage allotriploid

M & TR (A - 46D TERHETEE /% AER LT 1/%
Plants Amount of pollen (No. - bud™) Pollen regularity Pollen viability
SR =A%44 Allotriploid 1.07 x 10° bB 42.6 cC 15.9 ¢cC
2x 45K H I 2x head cabbage 1.40 x 10* aA 89.2 bB 75.0 bB
2x K13 2x Chinese cabbage 1.14 x 10° bB 91.4 aA 88.4 aA

24 KBR—HIRHERFE=(FHELE

KRAR—EEH R A5 AR BCS AR H R AT, B0 a K2 7 5 af e g Kt
K, BRI IER, HER AR, 1e ARG 2R 7, 8 A A sm AT 4k %
B4 0.01% /4 (R 5) 5 IXANZAWE AR KIRE— D N IS 1 — 58 M.

®5 ABAX SHHBERR=GHEXESERE
Table5 The rate of pod and seed settings for Chinese cabbage - head cabbage allotriploid

PRI I e e 1Y g IR AR THREL SIIER /% SRR %
Pollination period and type No. of pollinated flowers ~ No. of pods No. of seeds ~ Pod setting rate ~ Seed setting rate
#0122 Backeross at bud stage 3986 3915 14 98 0.01
I A AL Selfing at bud stage 3582 3524 17 98 0.01
TEWFI2Z Backcross at flower stage 983 917 0 95 0
13 A 2Z Selfing at flower stage 536 442 0 82 0

3 itk

SRR AR REAT S IR B AR R QR R SRR . K S — S5 BR H l57 E = A5 1A (ACC)
e pk, MELR EVFEADON SRR M s, i HOUAE | MABTIT A C ZERIHA RS
AT (1 R B AR AN IE R AR T SRl kL . KSR, 58 A C D4 gL A k) J
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AT (Attia & Robbelen, 1986; Schmidt etal., 2001; Kaneko etal., 2002; Zs5E3s 2%,
2002; ZRNEAH 45, 2007) o ASHIEGE ISR 1 SE— A5 5K H W U A R 2 M fE el Bl o) 20 )
ARIIAT R, T CUE X AR SR S OC R B : w1 A, gk HlRIEIPIE C Btk
AR AR 18 A P ORI —RIFEE IS 480, A AREAIFA
SEALVRM AT AP AE, oS C G ARTE = M R B 2 k. Iz 655 (2006) 76K
SERKH I SR AR (AAC) OMERE] 1 ~ 5 M=k, DB 3 ~4 A3 x5S (2008)
TEXRT AN B S5 B n 28 ot A G v — A B o 2R 78 2738 B RSt i SRR R e 0 = ik, 1 79—/ B
gL 2 DA AR T RAFAE . 1KV AL C PANSE DRI AN [) e e A 1) ) TR JRFE B AR [l AT
TG TE 45 R W], 2RI 2 A0 o Hh rT S22 3 A =04 4 SRR AR, X R A LR
3 &Gk CIRRAR O RAREM RN, 7 4 Z5 004k C BEDA s (R 1) [RIJEFE BE 1R
Ko “HUZMAE” 2L ZAE RGBT TERUPER G AR, JEAE 2 A RYIREC 1 ko 24rb it
IR IS, FEAT A 9k 07 240 Vaccinium 12 f5AAF rh A1 338 (Cockerham & Galletta, 1976;
FEARLLAAT AL, 200000 BAbh, 2558 Jm PR 2 N 3 %5 AN e (AR AR AF AR i R Rk, A o
ALK E “ BAARESS” (Armstrong & Keller, 1981, 1982; Choudhary & Joshi, 2001) o ASHF5THT
SR PR SRR 45 Ge o R 5 S Bk | RS 1~ 3 AN MR G TE RN “TUZNiR”, R T
XSGR AP AR — B R RYRYE, WREARZE T “ BRSNS M “WRBBLRT 7.

VEAERA) FH HE D20 J5A7 2448 (Genome in situ hybridization, GISH) A BT 28 % 5 (AR IE R
% (Weietal., 2006; Ge & Li, 2007; Frifi= 45, 2009) o #XiM, FH GISH HIREEATZ4MEE,
SRA R BE DR 20 53 A Bl — 8 I RE FE A RENG AP AN [FSR AR BRI IX 2 P . i T258 )8 AL C
SR I RS RR FEAR 5y, R B S M Bk H i G (A HIEASAHIE, GISH HIRAE=2)E A C 2R
WP AP E— e MR (025 5%, 20025 ZBWN4R 4%, 2007) o WA rDNA HEAT 4L th ik
FISH, T KEAREMEEERH U (DNA A7 S A], R AT DUE s Fib e etk . ARBF5TH, I 258
tDNA-FISH X} K [ 38— 5k H i iR = AR g R A AT T IX 5, n T A C ERAA R Gt
IRIAFLEAN FIRE I YR . SR1AT, 52 (DNA AL sSANAFAE 135070 G AR S s E50 oy Z4 G A A o
DAy TR, ANfE B A 48 7 B AR e o pAR o) 1 [RIJE G R

M TR 458K H W U AR B8 T ok B ANSRARTY 3 NN AR AL, fRimdin 24
PAOARANBEIE AT 20 B8, S 7 RIS & S0 AR BEACTB AL ) 5T (AP R 2, BT 1) 1 5
(AT A3 0 BRI R B BT o7 LI ARAIG o F b m DA DU K 77 BEAH R PR 988 23 AT A R SR AP B
R FE NG, HE R0 e RS AN R, MR IR B A2 8l b g5 BRH R [R] A2
AT BTGNS, AR AL, itk — R R 3Gt e B n 2 R AR K I X
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