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Abstract: [Objective] The aim of this experiment is to localize 5S rDNA on the chromosomes of Brassica oleracea var.
acephala by FISH (fluorescence in situ hybridization) and estimate the copy number of 5S rDNA, further provide a basis for the
location of genes and the construction of cytogenetic map of chromosome 2 by FISH. [ Method] B. oleracea var. acephala was used
as the experimental material, 5S rDNA probe was labeled by PCR-DIG(PCR-digoxigenin). By FISH, 5S rDNA probe was located on
the metaphase chromosomes of tapetal cell, pachytene chromosomes and extended DNA fibers (EDF). [Result] In the metaphase
chromosomes of tapetal cell and pachytene chromosomes, it was observed that three closely adjacent 5S rDNA hybridization signal
sites (a, b, c) located near the centromere in the long arm of the submetacentric chromosome 2, the intensity of signals is b>a>c. In
the extended DNA fibers, it was estimated that the physical size of three different stretches of beads-on-string (a, b, ¢) is of the order
of 257 kb, 359 kb, and 134 kb, respectively. [Conclusion] It was proved that B.oleracea var. acephala contains three tandem repeat
sites, and estimated that the copies number of three 5S rDNA locus are about 510, 712, and 266, respectively.
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(R G o ARAE T RIS (R 58 A BT 5T . IX BP9 R W], 5S
rDNA  ZEAN R Fh 2 TS 2580 Ao A 18 Dot A X
e EARBEFEUIA Y ARG, 5S tDNA [15E
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& DNA H CTAB ¥EMIErhdilide, 5S rDNA 2
[A J¢ NTS idiid PCR 4193k 74 51944k Sinapis alba
fJ 5STRNA F#%l] (No: X56866) Biit, _Lilfs|#:
5-GGATGGGTGACCTCCCGGGAAGTCC-3'; N5l

Y): 5'- TAGTACTACTCTCGCCCAAGCACGC-3', ffi
R Y A T A K. PCR §7 14514 94 °C 4 min,
94 °C 1 min, 60 °C 1 min, 72 °C 50, 3t 35 MEH.
PCR P14 1% (wiv) TRIZEIRBE R FEL kA . D)L
PCR 774 H 1445 IF H I DO 71 & (WATSON
BIOTECHNOLOGIES) #fifk, WH pMDI8-T Vector
HERIF AR R G IR595 . PRI 24 AN Bt e, 1F
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TR BRI &
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%M. WM—MeZiR M RERaGasl, KIGmM
#5345, A Nikon Y627 WARBIMEE, MG 9H: )2
0 1 S G AR B Ry BEH O 2 SR e a4 )5, IjAE
HAH 5 AN EZRON 1.5 ml BB, R4 50 2%

(Wiv) IIAF 4 2RI 5 50 wl, 7F 37°C K%
AP fE 30~60 min. MR, FHAETR/KIE 2 K.
AR 1) 1 AR 2, e CREAG I3 R 1, in 45%

(vv) TEERE 1. BT HT ey, JFbr L edibk
W, oo Eaidr, 7K EoRBIEUE LR, &R
HG, HIERRBESH A L, A ER S, N —85 C
AR VKA P45 24 h DL B ARG 70%+90%- 100%

(VO ZTE# K 5 min, N 50 °C FBEAS Ak 1~
2 h.
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ABRWR: (1) B2 g PIKH B4, A EE
MR ZR AR, B AR AN— 50 ml (Bedr, & TIK
o (2) I 20 ml VKA A B AZ S E SR PR (10
mmol-L" Tris-HCI pH 9.5, 10 mmol-L"' EDTA-2Na, 100
mmol-L™! KCL, 0.5 mol-L™" 4, 4.0 mmol- L™ Wk,
1.0 mmol-L™" ki, 0.1% (viv) FikZms) , Bt
P 5min, RIEHHI1E. 22, 3 2D mkE, &
JEFFLEA 30 pm IR gE. (3D g N
0.5ml 10% (v/v) TritonX-100 H4H fuAZELEL 22 vk
DU B e 2R R bk . 4°C R0y (4200 t/min)
10 min. B B35, HUTEYIRTT T 100 pl 40 %
PRIMEMBF (50% (viv) D, —20CHRAF.
(4) B 2 pl 4N aA% v, 14l Yang Uy vkt
1T DNA 4% . (5) ¥l & & fE A H DAPI
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Jett, TE9O6RAMEE PRI DNA R4 iz .
1.5 5S rDNA #R§T#RIE

FRCA 5S rDNA (W[l =4, KA PCR %X}
BREF B TARIC . 1574 PCR DIG Probe Synthesis Kit
(Roche, Cat No 1636090) , F4 Ui EIEAT
Frics I KA FLAR 0 SUR o
1.6 JRAIZ3 K EHRAIIRE
1.6.1 SRRl LeRkyRarss &
I Wang® o 0 RIVERGE . RSB (A AT
FIFRALER (I 30 ul/fT 100 pg'ml™” RNase A T35 T
I, 37°C, 30min, 2XSSC H¥E 3 ¥, FHX 5 min; 1
pgml™! HE#, 37 °C, 60 min, 2XSSC HE 3 K,
X Smin) 3 (B) PEARMTEM (70%2 51 H
Bk, 2XSSC, 72 °C, 2min, ¥ 70%. 90%. 100%
(v M CTEEK S min, KT 5 (C) BREFAR
PE (AR AW 60% (viv) 2581 HIbIE, 2XSSC,
10% (wiv) BRERHIZEME, 0.2% (w/v) SDS, 5ngpl’
BEF, 0.5 pgrpl™ 40K DNA; 85 °C, 10 min, H#
TEVK ERHD 5 (D) JWARPERIZRAT (GEEREHE] 2
ZAVEM 7 L, 85°C, 10 min, A, A
37 ‘CAEEA T, 2458 16~24 h, (AR &ETHET) |
(E) 2858 Javkfii (2xSSC, 37 °C, 5min; 4XSSCT,
37°C, 5min; 2XSSC, =ili, 2, B®K5min) ;
(F) JnA g S e fii ( Anti-Digoxigenin-Fluorescein,
Fab fragments, Roche, Cat No 11207741910; 20 nul/
J DIG #:W, 37 °C, 30 min; 2XSSC, 37 C, 5 min;
4XSSCT, 37 °C, 5min; 2XSSC, =i, 2 &, FiX
5min) ; (G) DAPI &%t (10 pgml" DAPI, 30 pl/
A, 37 °C 30 min; 2XSSC, 3 %, HEHK 2 min; 70%-
90%. 100% (v/v) ZEX2min) ; (H) IHEE KR
CHh - 1XPBS=1: 1) o PEBAAFIHEAREE—E
DL DR S5 56 &5 SR 107 A
1.6.2 f#K DNA &F %o JR A 22 28 B R AR IR 1l 4%
(1) DNA £F4ERE R, ANEIE R & AL BRI AR 1
B2 RNase A AR, BIa] FH SR EEAT 58 6 A 2448,
TR 1.6.1 1057533047« FH Nikon MBI 829k J5l
F I8R5 "5, ] CCD HEAH, ] NIS-Elements Br2.20
K| F AL FRAR A (Photoshop) X B F BEAT AL H LRI &,

2 FHRESMH

2.1 JIHIE 5S rDNA BY7= P& & PCR-Hb 5 EHRIE
SEFE) 5S rDNA 34035 i AR 57 (R e sk IXOR
A AR I ARFE S RIBE X, I H. 5S tDNA A& LR BT

XYtk 1B R, ARSI B 1 LS |
YIRS | IR T e B AR sy (R sk X, Ttk PCR
FEMIR/INA 500 bp ZiA7, SEBRF PCR P=H48 7
SEH 504 bp (B 1) o Bk 504 bp [1EZEH 414,
W IR/ A 1008 bp IR ES&AT, HK/NR 504 bp
(1) 2 fi5, LM UE IR 21 0 PIAS 56 2211 5S tDNA #
Dl. 1008 bp 7Lt 504 bp FHF TG, JE[F]— PCR 5[4
P B R IX B SR 5 R . vkl LI K S
5S rDNA 3874 iX N—"N 5 AL UE T 5S tDNA [
it LU R TR N HE AU A G e p I

5S rDNA [1J PCR F=#)ill J745 R 25 VectorNTI10.3
G, LFEpmE 2. B 504 bp, 1—119 24
FeRIX, 120—504 R ARk AIRE X o s X A
3 AMESL X Box A. IE. Box C; 5S rDNA %
DA 37K 57 Poly[TIR 2, Hesifddfi s L3 23 bp
A5 TATAT ke a4z ol

5S rDNA 41 R M PCR b T L m 2 bRid, Hed
BEREHR A 5S rtDNA 1) PCR JiZ[FIF=4) (504 bp) , L
Fric g RuEl 3. X RO/ N SR 5S rDNA 1K/
—&, ¥4 504 bp, IMiTA DIG dric 14k KT 504
bp, B KA 2 DIG bric ERET b AR AR D ERET K,
HLVKIR AR . I 2 T DLEH,  ERE AR I )
Al ARG IR A 244
2.2 AESHFEPERLEIRARY 5S rDNA-FISH 5347

2 [ Wang ™[ 7 VR T 96 IR 2448 gL
Mok A TOE 20, JLAc s RLE 4. 7K 4-A
o, ARG s, QRO R, K
FEHy 5.1 pm; 11 ] 4-B 1 H0 1 G C AR 4 R 1 AR
PR, SFKER 103 pm. Bk, EE T
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1. 2: 5SrDNA ff] PCR #3#74; 3: DL2000 DNA marker
1, 2: PCR products of 5S rDNA; 3: DL2000 DNA marker

1 FFHIE 5S rDNA BISEFE
Fig. 1 Cloning of 5S rDNA in B.oleracea var. acephala
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(1)GGGTGCGATCATACCAGCACTAATGCACCGGATCCCATCAGAACTCCGCAGTTAAGCGTGCTTGGGCG

Box A
AGAGTAGTACTAGGATGGGTGACCTCCCGGGAAGTCCTCGTGTTGCACCCC (119) TTTTTATTATTATTTTA
IE Box C Poly T

TTTTTCGGCCTAAAACGAGTCTAAACTTGGAAACCTAATAACTTTTGAACCGTGAGGAACTACGTCGCCC
ATAGCACCATTTCGGAAAGGCCCAGAAACTATAAAAGGCGGTGAATATGGGTGGCAATTTTTCGGGCCCA
AATTCAGCCGTTTCGACCCTCAAACGGGCTGCAGAAAGTTAAGGGACTTAAAAAAGGATCCCAAATCAG
ATTTTCAGGTTGTTTTTGATGCTTTCTTAACGCCACTAACCTCGATGCACTATTCCGCTGAAAAAAACAGT
AAGAAAATCATGTGGGCCCCACGGCCTTACACTTGGATTGGCCGAAACAAATGATATATGGAAACGCGAG
TGA TGTACTAAC (504) TATAT motif

2 PKEIE5S rDNA EFE K EH NTS
Fig. 2 Sequence of 5S rDNA gene and NTS in B. oleracea var. acephala

bp
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1: DL2000 DNA marker; 2: 5S rDNA 4] [l i 2453 ; 3: 5SS tDNA
PREF I AR B

1: DL2000 DNA marker; 2: DIG-labeled of 5S rDNA probe; 3: Unlabeled
control 5S rDNA probe

3 5S rDNA B9 PCR-ith /= FE iR 10 BY Bk AT
Fig. 3 Evaluation of PCR-DIG-labeled of 5S rDNA probe by

gel electrophoresis

FISH 73 #H 50 # 2 i o 761 4-A W, 5S tDNA ¥ 4%
AT GO TR R AR KR b, 4 ge ik b
I3 AMESAAE (as by o), (55 5552 A
B, {590 ARG X G, —4&B btk bR H
3 AME SR LN 7K 4-B i tH IR
Mg, MM E, 90 AHER R, FYS
PRI HE, — g g BRI 3 AME 57
M LERAEK .

i 4 Armstrong 25 VR Fukui 25256 H 4 4% 8 4y
M7k, FIFHE 4-B /I TP H W58 2 40 i rp It
PRI (B 4-C) o 5S rDNA A7 TP H 15
2 SYOARKE -, 7 Sk R IR, X5
Armstrong! ™22 il (i 1% 1 e I A — 5L
2.3 PRBIEHLILEMR 5S rDNA-FISH 5347

FIRAREG ik 1.6.1, K 5S tDNA @A TR A H

- ;
20 pm 20 pm

As PEEYSTE ) P ISt 4 5SS rDNA-FISH: B: fIRIR4HEE1A H 14e (4
& 5S tDNA-FISH(F#} a, b, ¢ RRESA): C PIRHIERT 5S
tDNA-FISH (B ME (1~9 FmRQetifhdi's) , 5S rDNA {7 ]2
SRR L, 7 SR O RATRER . SO AA 5 T, YR DAPI(10
pgml )RR

A: 5S rDNA-FISH to metaphase chromosomes of middling condensation; B:
5S rDNA-FISH to metaphase chromosomes of low condensation (a, b and ¢
represent signal sites); C: Karyotype based on 5S rDNA FISH, showing the
location of 5S rDNA (green) in chromosome 2 and a satellite in
chromosome 7.Geen shows hybridization signal; Chromosomes counterstain
with DAPI(10 ug-ml™)

4 FRERGEMPRBEFHLEIAKA 5S rDNA-FISH
KB E
Fig. 4 5S rDNA-FISH on metaphase chromosomes of
different condensation of B.oleracea var. acephala
and karyotype

WU SO otk . S5 RE, 55 a. b
e (5 25 gLtk a0 b e (8 4) A
IR, AE A7 R AN R B8 A e A il e 1K,
HAF S b>a>c. MLIREML BRI 3 MR
15500 AU LE 2R P gt R B B Ry, 79% 1 4 A
GrZH N FBREML S 2 3 AME 57 A
2.4 PRHHE{H< DNA £F4EH9 5S rDNA-FISH 434
K 6 s, 5S rDNA 7EPIAR H A< DNA £F
Yt EHIZAfE 5 RS HOIRKCEE . gevk ok, 58
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20 pm

5S rDNA JELL TR Mg 04k, a, b, c fERfE S hLA, Jettik
DAPI 5 4t

FISH with 5S rDNA on pachytene chromosome. a, b, ¢ represent signal sites,

Chromosomes counterstained with DAPI

B5 PRHIEMLEREK LRSS rDNA-FISH
Fig. 5 5S rDNA-FISH on pachytene chromosomes of

B.oleracea var. acephala

rDNA 7EfHK: DNA 474 -+ 2 293 MK ERE S K
B (av by o, PRSI (78.644.76) um.
(109.845.45) pum. (41.1£3.70) pm. %/ B-DNA
A R B (AR AR 3.27 kb pum™ ™) 52, a. b Rl c MK
ANY IR 257 359 1134 kb PIACH A 5S tDNA 7
HUI 4 TUK/NA 504 bp, HULHEST, a. b Al c 4%
TLEG 5k 5104 712 F1 266

3 it

e K23 EW T, 58 rDNA #LLH BEE B
KAE Tk b, B—AML B A H ASER 5SS
rDNA G B & 4, FF4™ 5S rDNA o5 120

bp /47 (¥ % XA 100~700 bp [ARFE X P2, i
FeB EEX BB, ARG v 8 (1P H i 5S rDNA [¥])7

50 pm

SHORHRGE SRR R IKE L) 5S DNA: i (A%7% DAPI 244 A. C #I B, D /iR EGEMATHE UG ab,c MR RKE &R b
Green near-linear stretches of beads-on-string fluorescence signals represent 5S rDNA of tandem arrays; Slides were counterstained with DAPI (blue); A, C and
B, D indicate unsynthesizing image and imerged image respectively; a, b, ¢ represent the different long beads-on-string

6 FIACHEE(HK DNA £74E A9 5S rDNA-FISH
Fig. 6 5S rDNA-FISH to extended DNA fibers of B.oleracea var. acephala

H 53 S 2B P 5 R A A — R S5 R R
fit, I HAERRIX @RSy, JLPRA AR AR, H
KREXI A 119 bpe RIMEAE 548 it R sl bR X, AR
PEEEL R 70%LL |, HAKREAE 368~385 bp. 1E
[ — Ak, AR A 95%LL b Htbr] I,
FER 4Rl 5S rDNA [AAR 56 T 2448 it FE AN A8
EREEEP NP

ARAREG I P H Wa 9B 2 40 i Hh 3 e € pA A
LEHIY R E4T 5S rDNA ) FISH 2458, 453 UK,
152 Sk BB 3 ME A, XA RY
Armstrong 21 Fukui 25V 45 A — 5. 7 AWFSY
HE ARG O S AR K L Dl 2.4~3.8 pm, P
WK BE Sy 2.97 um®Y; AR R H i SR 2
A1 2% TR PR AR I PR BE 20 0 10.30 pm, B

KJiA 14.66 pm (& 4-B) o fubnl WL, S0EZ 40
HH O G AR 1R 282 24 D AR R A 3 B AR T
3.5 i, JT LA & R4 L0 B W) R BRI, A 2R
€ FISH 7R, SR S pr it i s g
PRIIRAESE, WAFEBAR, R . ik, AT
FUBT IR GCR 2 A0 S e (R 1K) FISH 70 R B —
FEHR AR H G (AT BRI BE (K32 1, 10 FISH 2) 9
G, WA SR 5 X o3 AN B AR (K47 0
WFFCRWI, LR PR ISR 2 A0 U e (44 L
fighirthi 3 /> 5S tDNA 47 i, MAEPIA H B A G (0
PR OB AR B e IR T R A TR P KR
T 4 pm i, WULRENEEE] 2 A H2 1 AME S
s T ET AR AR R I e G fA0x 5S rDNA FE A7 AR
KZ LA 1AM A, B bR, FISH 403301
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AT GBI BRET A7 i I IX 20 ELEE IS, AT 2
FEANIA 73 B A # DNA 2k | 5S rDNA A7 s 502k
— LS.

PETTT, R I G A 1) K B A A g e £
PRI 10~20 500, Ge g ph i e 5 AR, IR 43-39%
B . JF VRGOS T s— > ik, T
] — 7 BRI SE R AT 4 ANE DL, 00T BE B sl g ik
DRI B s 23 22 . Armstrong 25V JT £ 1F A& HH 25 101
LR E N Z4ACHE DNA, Rk, JLAERZR g otk I
SUMEE B A5 AN N A% 7 P i s B o
AAWIFERW], 5S tDNA LEA[RF Gtk 11 o A
TOLZE S AR H IS, RIS R — A A [ N Ao [ s A
Z9). H3E (Brassica campestris) # 6 1~ 5S tDNA 15
ST 25 43R4, T Hasterok YRl HY 10 M5 547 45
7EAR R RISE (Brassica napus) (@l 58 tDNA £i7 14
Kot A WSRO, RIMEAE [ — SRR AN R A 2
A 5 et A7 22 527 R e Rl 5S rDNA 47 14
HABAFAEARA 224 ARHIF I LRI H 86 Ry S 36 bR,
AT T2 AT RE, S 8 53 1) &
TARFEMEF, R, ATEEIE L B TR KA EHA
[FFE0T 5S rDNA A S 2 70 53 4, B 5S rDNA
P RECE S T RE R P AT HE . NSRS, SR
AR S SZ M R Gt fk 2 i —/> 5S tDNA
PRGN A, WIITEREAKTE 2 B —AME S
iz 52,

BT, 5S rDNA 7EPIAC H K DNA 214
AR AR KEE (B 6) o mT2E R
BERLET I BRABILL K 5S tDNA A7 2 (R Ik, &
HAEF— S PRI WS R 3 &S KEE. T
1% EDFs BT H (140 HutZ 2% FE BN B S DNA 214
I 2 ORAAAE, DRI A — A RSB AE 5 K
A I VA R TR R G NI P = S = 5 R 1 1]
PO Rk, B 6 I 3 A& A5 S KEE IR T
—4 Yk, JEIL TR, 5S rDNA 7E DNA £74E
b FEEAAAE 3 R E S KRR (av by o), HKRE
N b>a>c, 5S rDNA {5585 K5 DU R IEAH
Ko MG AR FAES0 T (as by o, fH55
FER b>a>c, HAF SR, #I0k2. ik, 3
R4 FIILAE S KB (as by o) SHILINGE
i IS S A7 Cas by o) FER— RN SE R
AR e (0 A 2T 4 1 T Bl R AL T 400 o ) 3w e £ A
Lyt S 2 TR (PG40t B2, S (0 T 4 R 4 L B R
- PEE 6 (ay by o) HIEAAT RN E 4 FIE S

HRAF R B — 2828 e 2D U0 TR H i e o ik
AEAE 3 > 5S 1DNA HREERE S A . IbAh, DNA £F
Y (P R R B AR AE 2.5~3.5 kb-um 21, 3% 5 Watson
H1 Crick [¥) DNA XU JiE 45K (BB 2.97 kb-pum™'
i, Widfr EDF _L#E4T 5S rDNA-FISH 23 #7, 345
F 3 MK AR EDF (B 6) , #IEBEHH 3 4~ 5S
rDNA {7 25145 DUEL, XA 45 R LERURG T 5S rDNA 1)
B TP, e rs DUECH R it — DT, 28
TN RERR KR, XS CHRE M S YRR A
DNA £F4 A8 25 FA AL, LR PR ) e AR il F
DNA 53 K2k, W REeaessid Bt #4841 55 DNA
BENLES G, # DNA HIXI AN S5, 5—2%IX
AR BB 4541,

4 i

AHIF G L 3B ] (L DN A B A4, #6 [] BHIE B
TARPIAH W25 Gtk EAFAE3AN5S (DNAHERE SR
Pr s I HOX3AML s T2 5 Y AR IR K S 22
Rikb; FFH5S iDNAES (EDNALT4E L, 3-8 T3FA
[ FIDNAZF 4, 30 A5 5 KAl S 3L DLy
BIN510. 71281266,
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