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Karyotype Analysis and Physical Mapping of rDNAs Using
MCcFISH in Jeffersonia dubia Benth.
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ABSTRACT : Karyotype analysis and chromosomal locailization of 458 and 5S rDNAs using McFISH (multi-color fluores-
cence in situ hybridization) were carried out in Jeffersonia dubia Benth., which is one of medicinal plants belonging to Ber-
beridaceae. The somatic metaphase chromosome number was 2n=2x=12 and the size of chromosomes ranged 1.95~3.50 ym.
The chromosome complement consisted of two pairs of metacentrics (chromosomes 1 and 3), two pairs of submetacentrics
(chromosomes 2 and 4) and two pairs of subtelocentrics (chromosomes 5 and 6). In McFISH, one pair of 45S rDNA site was
detected on the centromeric region of chromosome 2 and three pairs of 5S rDNA sites were detected on the short arm of

chromosomes 4, 5 and 6, respectively.
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737401 & (Jeffersonia dubia Benth.y m|APAE2 (Berberi-
daceae)l] &3l HSAER thdd Zioln, vzl MY
o] Ze Aol A, e A 02 4590 1~ #
o 2o i sed, R EE R Bk deje A}
2 gdoiy Fo] FXy 4, Tx= B 73
2 oMol o] A& Azxe MdHolely s, AL, 3
=, 71919 &%l U ¥ ol b, A8E, 94,
A, old, BaAx, A9, ARMES XE3= AREE
o] gt} (Lee, 1985; Bae, 2000).

259 AEFAE AREe FAAgle] HE W oo 7)
257t "}, 53] A2 o T AAEZ F7) dAH &
< o] Fu, FAA9] Zojg} FAe] AAR FEt
31T} (Battalia, 1955; Levan et al., 1964; Naranjo ef al., 1983).

FISH (fluorescence in sifu hybridizaton) 7|52 A
oz o] &t He BA dAAY ER1E ssekA o)
of PRI} Al 7= ool Fgsht. w3t W BA
5 7= 4589 5S DNA 435 HIES$ of2] DNA 4
HES ©3o7 3§ McFISH (multi-color FISH) 71&% &

b

of o

o

LRe] ] Aol F 7 o] At Ekle] ThssiAl H
S+ (Mukai & Nakahara, 1993; Ohmido & Fukui, 1995).
458 2 58 DNA 42 gE4ge] 74 AESE 458
DNAE Q34 95 X3t e T4 daA AT
FAHAY, F FA BE QA P olido] EAYsiaL
(Maluszynska & Heslop-Harrison, 1991), 72| BE 3 A
&9 Galx AolA multigene familyZ EA|SH} (Murata er
al, 1997). (DNAE 4% S w} tekshA vepdr] die
of 54 AEe] A A= AolA thE f-& FHxe] =
27 s gasy] % 7lx ABE o]8E F vt
(Leitch & Heslop-Harrison, 1993).

o el AgsiAY AEE kg itk Al
ERAR b @EetA olFoA L AT (Kim et al,
2002; Koo et al., 2003a, b; Kim et al., 2004a, b, Kim et
al., 2004; Lee et al., 2004). ZLefut k21891 73780] &0
oisire e F2E0 AFadl W A7 e
(Park et al., 1997), AEXFHA A3e wg Aol
(Langlet, 1928; Kurita, 1956; Lee, 1971), SAMAIER-8H
e BaE vl gluh 2 s G o] ste] 747
o]Z9] gL Y35, McFISH 71" =Yste] 458 <F
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HEAN Epre AL ST
WA 20 AFse] QAR B2 A Al
2. QNN BT U SHBIRA

BT Hmolld 222 AF
g s AeA 3 vhe,
1:3 39 (glacial acetic acid : ethanol, v/v)oll B7} 4°Co)
RHAsPAM ASZ ol&3ldint. A #2L s AT =
T IN HCL (60°CKIA 287 Asst ths, S/RFE A
S}al Feulgen -§9ollA] AM3F 3, 1% aceto-carmineS ©]&
sto] shEPoR ZyaletES ThEo] JAAE A2,
FEF B B3l qF B0 AMgsie)

Y EHL Levan 5 (1964)°] Wiell wle} dax)9] &

HAE FAHe=R st Tk (short arm, S)7+ ¢+ (long
arm, L)9] ZolE o83t arm-ratio (L/S)E W|F&te], 1 H]

7F 1.0~179 A5 FF 48 (M, metacentric), 1.7~3.0
255 GAA (SM, submetacentric), 3.0~7.04 7% =}
AR (ST, subtelocentric), 7.0 ] 7249 @ g
telocentric)= ate] B4l 00, A9 wijd&
AOZRE HL £07 IH HIE Fosigrh

3. =2l0|&= M=}

FISHE EElo|=8 ARl 98 gd 2uvg SR
FA & mh EEA (2% cellulase, 1.5% macerozyme,
1% pectolyase, 0.5 mM EDTA, pH 4.2)0) @7} 4087+
2 37°0)eF the, 1:3 2 (glacial acetic acid : ethanol,
VvYE et sEfolmguis QoA Ths TR FAlA)
E N 3 H Aol 2~3U7F AxAAL. Yk @A
slollM ELde] FE3 Setol=F AMutsle] FISHE 38}

k.

4. 82| 4|12} McFISH

FISHE 9138 ®H 22+ biotin-16-dUTPE FAE 458
DNA®} digoxigenin-11-dUTPZ. FA|E Q0] (Cucumis sativus
L)°] 55 DNAZS ©]8319°m™ (Koo ef al, 2004), McFISH
© Kim & (1998)9] & w83le] AME-sth

Azxd sepol=ie] FAA MAS $138led 70% formamide/
2xSSC &l 287 Al kL, -20°C] 70% olgreolx F
W3, 95%9F 9% olghEollx] Zzt SEA geesiol AL
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A 30% A AxAZT & £ (digoxigenin-11-dUTP

"3} biotin-16-dUTPZ Z+ZF A1 E 100ng<] probe DNA,
- 50% formamide, 2X SSC,

10% dextran sulfate, 10 ng
ssDNAYE 90°CollA] 10%7F MAAIR] T, FYAIA F11813
ok Az sgel=Ad 1518 3R ERE R o
AMFeE QI paper bondZE F8t0], 37°CAlA 16A17F
ol &43} (hybridization) 3T},

A3t A7 EEtol=s= 40°C] 2xSSC, 50% formamide/
2xSSC, 2xSSC, 4xSSC &M zzt SE¥ A8ttt &
o] ] SolARl AFE 9] S8 GUA EEOl=E 5%
BSA/BT (1 M NaHCO; + 0.5% Tween-20, pH 83) =
doz 37°CoA 5E7ZF blockingdt ¥, 1%<] avidin-FITC
(fluorescein isothiocyanate)®}  anti-digoxigenin rhodamine©}
3 100 149) 1% BSAMXSSCY E3talg &fol=o 7}
3k TS 37°CelA 308 B9t HESAIA biotind digoxigenin
o2 ZAE DNA ¥32 FA|9 AZEsISH. 4x85C0.2%
tween-20 =N 0T 37°CAA 5ER 3H A T pg/d
DAPI (4,6-diamidine-2-phenylindole :dihydrochloride) £ <&
233} Vectashield (Vector Lab) 1548 EXsle] AME
& % cooled CCD 72} (Cool SNAP, Photometrics)}
FAANNE o838l signals WESIL ARLE FFst
Sl signalE2 Meta Imaging Serries TM 4.6 (Universal
Imaging Corporation) S E ]S AME-slo] AT}
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1. siigd FA
7A7go)Ee] AME GMA £ =2x=12 (Fig. 1A= &
9l Hlow, dMAY A= 1.95~3.50 mm, arm-ratio=

1.40~5.29%2 JEFSTH arm-ratiod] W} S5 GAA (484
1A= 39, A5 FAA (@A 2=} 49) T18)al APk
QA (@A s eH T 22 284 AT 2 A
NA A& AT FHAIES FuY 542 v 2ok W
FAAE Aozt 7 71 QAR Hy dolzf 3.50 mm HLe
o, armratios 14002 $5 GAAR ER1E, 24 EM
A He dol7t 316 myger, arm-ratio’} 1.800.8 ==
FogQaddeh 38 GAAE Het 4ozt 2.60 m e,
arm-ratio’} 1.502.2 5 QA2 AAFEUS, 44 FAR)
Y Zole 229 m RO, arm-ratior= 2.102.82 2505 4
AA G SH A= Ht Zol7) 2.20 S, arm-ratio
7F 5292 A GAMAR ERIFILL, 6 G Bt A
o7t 1.95m= s FAA 4 F P @A JElden,
arm-ratios 4.002.2 XPdE QA H ) (Table 1). Kurita
1956y drol] AAsh= 7A701&e] ARG 2289 A5
AAA (@A a 29), 18] AR AAA] (A )
a2)an ] W G (@AA 4, 5, 2PN RDE
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Fig. 1. A karyotype and McFISH of Jeffersonia dubia. A and A-1, somatic metaphase chromosome complement (2n=12) and karyotype;
B and B-1, McFISH of metaphase chromosomes using 45S and 55 rDNA probes; C, ideoEram showing the physical location of

the 455 (green) and 55 rDNA (red) loci. Biotin-labeled 455 rDNA probe was detected witl

avidin-FITC conjugate. Digoxigenin-

labeled 55 rDNA probe was detected with anti-digoxigenin rhodamine. Bar, 5 gm.

Table 1. Analysis of somatic metaphase chromosome of Jeffersonia

dubia.
Chromosome  Chromosome size (M) Arm ratio Centromeric
no. Long arm Short arm  Total (s Index
1 2.07 1.43 3.50 1.40 M
2 2.07 1.09 3.16 1.80 SM
3 1.56 1.04 2.60 1.50 M
4 1.56 0.73 2.29 2.10 SM
5 1.85 0.35 2.20 5.29 ST
6 1.56 0.39 1.95 4.00 ST
M : metacentric, SM : submetacentric, ST : subtelocentric.
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2. MCcFISH

737801 E] FAA AdolA 45591 58 DNAY] SX1E 89l
371 93l biotin2 2 XA 3 458 DNAE FITCE,
digoxigenin® = EA3F 55 DNAT rhodamine® . McFISH=
88k A3} 458 DNA signale 491, 58 183 6 g2
Aol b Wt FHoolA] Zhzh g B ERIEEH, 53] 4
W AR whel ok B9jolA] B1E signalo] 71 7l
FEHAATE. 5 signab 21 GRS} FLA) FlelA g
o] AAFAT} (Fig. 1B). 4<] A% G| FollA 17 3
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H JAAE A3 U] o] o] g5 FAAeA (DNA
loci7t EAES &&= Ut McFISHE &3 45589
58 1DNA signal®] $]x]] w2 AAE HABA 9] ideogram
Fig. 1CoX Hi= ule} it

B AgelMe 787801&e] FAAGelA 9] DNA 4l
MCcFISH 71$-S 23202 =9iste] GAA1 el DNAS] 9
A& FA3IA . McFISHS| e 737801&e] B EHH
4 71z 452 AME F UE Aot
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REANEo|n, o282 770l E (Jeffersonia dubiays Ul
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n=2x=129101, 22%o] FH FAA (A 1, 3), 242 A}
SH GAA) (GAA 2, 4) 28| 28] ATE FAR (@M
A 5, 6)F FEEIJL, AL Hat Aole 1.95~3.50 pme]
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83 61 G Tk Ou Bojol AAFA, ¢ &
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