#3/F3E (Korean J. Medicinal Crop Sci.) 11(5) :

WA= (Bupleurum longeradiatum)®2|

402 - 407(2003)

Physical Mapping

s 240t rDNAs2
T B

Karyotype Analysis and Physical Mapping of rDNAs in
Bupleurum longeradiatum

Dal Hoe Koo*, Nak Sul Seong™, Jong Suk Seong™, Kyong Hwan Bang**

, and Jae Wook Bang*!

*Department of Biology, Chungnam Natl. Univ., Daejeon 305-764, Korea.
**National Crop Experimental Station, RDA, Suwon 441-100, Korea.

ABSTRACT

: Karyotype analysis and chromosomal localization of 5S and 45S rDNAs using multi-color

fluorescence in situ hybridization (McFISH) technique were carried out in Bupleurum longeradiatum, Somatic
metaphase chromosome number was 2n=12. Karyotype was composed of three pairs of metacentrics (No, 3,
4 and 6) and three pairs of submetacentrics (No. 1, 2 and 5). The length of somatic prometaphase
chromosomes ranges from 2.55 to 5.05 im with total length of 18.15 im. In FISH experiment, one pair of 5S
rDNA signals was detected on the pericentromeric region of chromosome 4 and one pair of 45S rDNA signals
was detected on the telomeric region of chromosome 2.
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Busgt} (Lee, 1967; Lee, 1969; Chung et al.,

1995). Chung et al. (1995)<& 35 AulF AN E (B
falcatum L.) ol tgt &8 45 F33te] AZHFH84]
7149 vk gt v} QT

MAIZE (B. longeradiatum) &) S83) & 2n=162%

23 (Bell & Constanc, 1957) Q%\’i‘ﬂ, Kim & You
(1990) = B. longeradiatum G4 5 2n=12% A%
& 28 F 7 4 G 5 Ad 0% B8
1‘4— Ty @A 90 2= B Jongeradiatum® %
A (genome) ol tigt ol3|7} F 84| K8, 2 FE
o) A ERAEH v w7t o Hot

259 §-AA of st o]sE RARESE 7)Y ] HA
3 & A FAHE . FEo|Y AES R
RFLP (Tanksley et al, 1989), RAPD (Williams et al.,
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1990) 2 AFLP (Vos et al., 1995) 71¥] 5-& o| &3t & oot ZyuetEE Gty o AFela, g5 &
AfASA Ao A g Fu) T F0e K9 G4 A2 Bsko] 9 B4 o] gatsirk. Ay 2

A FH A
1993). 21} &

o}t &+ th (Ahn & Tanksley,
PO A g3t A= o7 27 &

Aol d, ol B A, B5) 229 44 o
o) A7} S Frked sal g,

DNA AAA A4AE o ah Axfasd
AFE AEY Avhg FAA I BHo] HEA 27

1 Stk G Pl A5 R g vus} 7
& EFEH EA o7 o449 9oy (Thomas et al,
1996), A=9 Agad A4z 9 Fody
(Ramachadran & Shasadri, 1986).

74 DNA r/}_ﬂg AEstA o7 FHE g4 04
hybridizationA17] & & Z& ) Al 785 Ho =2 o)
3= FISH (fluorescence in situ hybridization) 7)% ¢
Ejoz Ad A& A vA xe) 7]‘54 glo]
fols|l %t (Jiang et al,, 1994). = FISH 7] -2 A}
o] A 2] YA18A (Laptian et al., 1997) E’-l A
‘FollX DNA 7] A9 3tha 54 274 (Jackson et

al., 1998) 52 A7) o] &= 3o, 559 455
rDNAE ©] &% FISH 4 @A) 7284 9 93

4 (Brown & Carlon, 1997; Nakamura et al, 2001;
Koo et al, 2002, 2003) °ll o§$- -8-814) o] &5 11 it}
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X8 Levan et al. {1964) 8] ¥bH o) Wit}

FISHE £210|1= Mt
BAH A acetic acidE AAB] Y3l A& &

Z 9% (10 mM sodium citrate, pH 4.5) o &7} 1083F 4
Al & 84 ZFENY (2% cellulase, 1.5% macerozyme,
1% pectolyase, 0.5 mM EDTA, pH 4.2) | &7} 37Cel
A 307k #l7] &, ethanol : glacial acetic acid (3:1
v/v) §AE o] §3to] SEto|E S ol AMAE A
N F Az=AHT. 732 dald (ZEISS Axiolab) 3tell
AN AxE ZHGREE #Fs L 40 ¥ &
ol =& Adtsle] FISH A& of o] &35t

Multi—color Fluorescence in situ hybridization (McFISH)
FISHEZ 93 &3 (probe) 22+ digoxigenin—
11dUTPE #A¥ 29| (Cucumis sativus L) & 5S
rDNA$} biotin—16dUTP (Boehringer Mannheim) 2 %
A9 458 rDNAZ} o] &5 3 (Koo et al., 2003).
McFISH= Koo et al. (2002)9] W& H& 3t A
%29 Az &gol=of 600 2] RNasef€ (1 mg/ml
RNase A, 2 X SSCO)& 60% (37C) 5 A¥ &, &&
o|& Aol Al WA Y3t} 70% formamide/2 X SSC
Lo 287 A thg, —20TC Y 70% g2l A 343
2 A F 90% 100% Aee=E 247 384 AlH 5
Aol AZAF T g E39 (biotin/digoxigenin©. 2
123 7+ e] 100 ng?) probe DNA, 50% formamide, 2
X SSC, 10% dextran sulfate, 10 ng ssDNA)< 979
A 1083 Hd A7) & 58 B FYAIA ]8T
Zj_}_‘ﬂ_ JE\E}‘O]C )\Poﬂ 25 Mg] El—i(] i‘&]—oﬂ 0 7]-%]— kel
ZztAE AvE a1 37CollA 1247 oA hybrldlzatlon
A7}, HybridizationA 71 £dko] =+ 40T 2 2 X SSC,
50% formamide/2 X SSC, 2 X SSC, 4 X SSC &4
7172 1084 AH it 8318 1] So| Al AgHE 17|
o AAA £2o]|=ZF blocking £ (5% BSA/4 X
SSC/0.2% tween—20) 02 37°ColA 583t Aeld 3,
1%29) avidin—FITC (fluorescein isothiocyanate) &}
anti—digoxigenin rhodamine (Sigma)©] ¥£%5 100
9] 5% BSA/4 X SSC/0.2% tween—20 EF Y& £elo)
“o] "ojrd thd AME "H1, 37TAA 1A3 5
HES-A1A biotind dlgoxxgenm,o_i E2 % DNA 3o
Al AEHEE sk £Eol=F 4 X SSC/0.2%
tween—20 Q‘f%ﬁii 37CoA 584 3 MHS T 1
wg/ml DAPI (Sigma) -2 NS F3H8 Vectashield (Vector
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Lab.) 15 & E¥3t] AHE G th3, cooled CCD 20.0~36.8%% Wbttt (Table 1). A5 Ad G4
carmera (CoolSNAP, Photometrics) 7} A28 & & )4 A= Adam og TR off Yt MAZ MY T

3t A FITC—-DAPI—Rhodamine filter (Nicon, Japan)
T AREste] #J33ih &4 signals e AT ES 0]
Meta imaging series™ 4.6 (Universal Imaging
Corporation) & ©|-&3}e] g4g3l ).
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SHS 2M

NAZ (B. longeradiatum) AAE 7] A=
2n=122 #&HY 1 (Kim & You, 1990), @4A Zo]
= 1.5~250 mE 379 Forlo 2= 640 Axda
Aol o] 44 gkt (Fig. 1a). A1 3% (Bulpleurum)
AEFY 8 718 F& x=7, 82 4#HA 3on
(Darlington & Wylie, 1955; Bell & Constanc, 1957),
AA AAA F Aok AALE 70 47)9] 2 FMA =
o 9lu, A e A= 15-297/0 % eht}
= A0 Z Byl 9t (Koha, 1990). 28} ¥ A4
A= 4719 71 @A BEEA g ubd, 649
AA7E A7) BeFo] Hld Ao FFE

B FHE A3t 5 AL 23 AAE AF7)
(prometaphase) GAAE o] g3t A F7] AEJMR
o SAAL Aot i A3, AF FAATY G dE
o] EAE Ho] G4 “J% f§ stA FEE ¢ QI
(Fig. 1b, Fig. 3a). AF7] @4 33 4ol I
A& Aol& 2.55~5.05 ﬂmi Uetow, F Zol
18.15 m=, £7] GAA o) v)3)] ¢k 1.589 AT = Ay
Rk BY LS 340 FH A9} 342 AAFH A2
TEHYLH, FFEAA 4 T2Y HTU HE
centromeric indexT 5 GA4AA 31, 41 2 63 o)A
41.2~49.5%, AFF AL 19, 29 9 SHE

Table 1. Average lengths and centromeric index of in

o] AAEZ F7] GUA L A7|7F Aa, 1 FErt vjxd
A5 Ay o] golatA g2H, 1 olfr= 717t &
71 AAA A= FdA] AX7F FEaA]
Ao g Aok} dekd] ol g A get
o Zojt}, o]E e B Asr] I
H]%7] (pachytene) GMAE o] 83 A
o] ¥ (Cheng et al,, 2001), *§713d] (Fransz et al.,
1998) SolA R ol g ]3] e] 44
A Aozt AAE F7] AAA wrh 10~25W A1, 7%
A2 (euchromatin) # ©]F 444 (heterochromatin)
o] Frglo] 5 o] Zzhe] M| T4 o] §ol3st] “H—Ur
ojtt. lal’}ﬂ'ﬂ‘y_oeﬂ B &7 Q8= A AEE A

148 % o, T SEE A% BHPo] Baetd, /q]
Qkef| 4] E% FAANE HFY F gl do] gtk
(Dong et al, 2001). 719 v]3}e] AAXE AZ7] 24
T IEE SHE F7) AA e 1 Aot A, &
Zg o] BstA FREh olg g FHE o] &3t
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Fig. 1. Feulgen stained mitotic metaphase (a) and
prometaphase (b) chromosome spreads of B,
longeradiatum (2n=12). Bars, 5 um.

dividual chromosomes and positions of 5S rDNA and 45S

rDNA on chromosomes. Chromosomes were arranged in order of decreasing length.

Chromosome no.

Parameter 1 2 3 4 5 6 Total
Average length' 5.05 407 345 3.03 3.00 255 18.15
Centromere index' 20.7 36.8 478 495 20.0 412
FISH signals*

58 rDNA - - - L - -
45S rDNA - S - - - -

' Chromosome length in im
' Centromeric index is psercentage of short arm/total length i
¥ Positions of the rDNAs on short arm (S) or long arm ().

n chromosomes (Levan ot al., 1964)
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=

(Brassica campestris)o|X 1029 @845
wore) B1gk v) Qv B AT AT
BAZY F7) /Al v By B o a5

2 vehsith

Multicolar Fluorescence in sftu hybridization

WA Z 2] 5S9 455 rDNAY A A o)X 2] 95 &
A3t7) S8 McFISHE <383t A3} 5S rDNAY) signal
S 4 A Fee FYA T AZEQ T, 455
rDNA®] signal 291 G442 g gt B oA &l
AR} Fig. 2a).

A7INE F A-T7F AF2 08 BEah= H9of ] 743}
Al A= DAPL (4'-6—diamidino—2—phenylindole)
A4 (Plader et al, 1998)2 F3to] /A5 SMANE
TES 23 A7 QA AL T35 wieo] SR H gt
(arrow in Fig. 2b). o123 79) 0]8 924 (supernumerary
heterochromatin) AH-L /A ZAH GAA nfAZ F
ZHS) frd #A v me] 48 AR AR =, o]t
#AE Shibata et al. (2000)°l 93] ®.aLE ¥} Qv 1
52 Y& AASHE 9 (Rumex acetosa .)€ thA}
2 Ao WE AH2 thPA ZAkelA T el 99
+ Aol B e} 22 o)A g wEQ
AOR RushAs 7 ol st A7Le v 59
o) ZAE A #AE Ay

45S rRNA §AA& R4S 74
A 54 NORs) & T 1 AU:

0 jo o

2,

Al A

JEo® 7 97

553

Fig. 2. Multicolor FISH patterns of the mitotic metaphase
(& and prometaphase (b) chromosomes of B
longeradiatum using 5S and 45S rDNA probes.
Digoxigenin-iabeled 53 rDNA probe was
detected with antidigoxigenin rhodamine
conjugate (red). Biotin—labeled 45S rDNA probe
was detected with avidin—-FITC conjugate
(green). Arrow indicates the supernumerary
heterochomatic segment and arrowheads
indicate the nucleolar organizing regions
(NORs).
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o

AR, G ol BHE¥ o7 3] 148 o) E
) (Leitch & Heslop—Harrison, 1992). ¥ @-¢f
FAARC 2 E A AAAE TEE] o EA
, 455 rDNAE ©]-4-3 FISH 23} 1249 44 344
golgd 4= g1l e, ol g S W57 A A
2ol st A #8952t (arrow heads in Fig. 2b).
rDNA A 2ol 2]8F signal 9 ol £ §d #
At Xg AT F83 Aa=E o]8E F AUk HE o
E fdA 24& AYUE #HE 42 g 455 rDNA 4
Az} 4 wol 9 gl Ayt Y& FHAY japonica |
FoflA= 149 HH Uocus) 7t B&H W, indicast
javanica WFANAE 2708 #H oA #EAE AJolg B
olF ALE B % v Y (Fukui et af, 1994). A=
9] 7% 45S rDNAE 29 G4 4 @ (short arm) &
Do 14e] AAHJEH, ol thE AEE AFovt
AZo] & AES Aok 3 FISH Ao 444 &
o1& ZoJt} 58 rRNA FAAT HRAE 74 &S
FUR olF fEdte FAde A EE AHYEAA
multigene familyE @A Aol YAett Murata et
al, 1997). ¥ @-FollA 5S rDNAT 41 A9 ek
FAA FHAA 1] AEHUN =, ol dFde=
Angelicasy 21% 2% (Koo et al,, 2003) 3% Capsicum?;
212 (Park et al., 2000) 5FoA 224 1484 Azt
= 29 AR, Bl g we) 2~3
#o] BE k= Aol xpolE BRY (Fransz ef al,
1998). & AF)A FISHE 53 &A% 558 458
rDNA signal?] YAE 7|20 2 3to] A48 /A5 &Y
9] ideogram Fig. 3bollA et 2ot & AfelA &

=R

s

#Y7} rDNAsS M¥eHd A& A2 A4 A5 f
AA 29 A7 FAAY =Y AX BAE T 7
AP FES FA A BA0) V)R ARE o18E F 3=

Aol

1 2

‘¥§;“3§**§%*
BEEER
115

m AGS s DNA me S5 rDNA

4 S

LSl TRl

b

Flg. 3. Feulgen stained karyotype (a) and Ideogram of
karyotype (b) showing the physical localization
of the 5S and 45S rDNAs.
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WA & (Bupleurum longeradiatum) S t)A 0.2 AHd
{7} FISH 7% & 58 @44 2498 53t v 2
2 AHZ 4Ah MMM E e AAE FAA 4= 2n=129]
%2, centromeric indexE A%F7] @AAE o] &3
g A A A 2L 34 FHE A4 (39, 49
2 6H) 9} 342 At A (1H, 29 9 5 2 4
Heoh G2 dol= 255~5.05 m=, AA| dol=
18.15 m= elwth 5S 9 45S rDNAE @3 o=
FISHE +33% 23 49 G449 F44 Foo0A4 o4
9] 5S rDNA signale] SIE A1, 2H J &) 9] F4=4]
o)A $ 49) 455 rDNA signalo] B2 it}

Af Al

£ A7+ BioGreen 21 A7 /EAIGH] A4 (PL HA45)

o g3 +FFH AU
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