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M FE AL Stel &L 2 (Pimpinella hallaisanensis)2l S8 & &A1 0}

Bicolor FISH

of . ZIxtT . ExY 5 . o] =T
Ay T T, P ad e duEata

AFE S4B @ebhtEe] GAAFE AzAdes] 918 @8R4 bicolor FISHE
Fstdnt e EvEe] AME AAAGE 2n=2x=2=2 FHFHJZ, A Aole
Aol T 2 W), 449 AFH G

o] FH AAA(ENA 17 2
g 549 AR GAAN(FAA 5 7, 9, 10, 11¥)Z gl= AT
3l 3% 5Sek 444 455 rDNA 91AE =<lskaien, 55 rDNAS 4%
AAA 4He etk duk FoolA 283 AMA 6919 ek FAT FUA AleldA 149
signals”} #2E St} 455 rDNA signalsts 944 4, 6, 10 18]t
AT B T A7 AFEA 2 FISHE F3

1
g3l o
BAHo A FehbEel GAAFe Aat Basttn AR,

Foo - AR F, SR UE, AP A, bicolor FISH, rDNAs

A= S (Pimpinella 1.)2 Y3 #H(Apiaceae) ] ;& o} (Apioideae) AmmineaeZrol| &3l
AER AR 1500]F0] HEd= Aoz & JAtHOhwi, 1965, Abebe, 1992). Fit
E4S 2054 30009FS xdshe AFH UdA A e 32 EHES ZAY =EA
9GS VA, Babg st 0-2719 FEHS 2, AL Uy e e RE9E
Zte EXow vy £33 FERECHKitagawa, 1949; Kitagawa, 1982). =UolE A|FEAQ]
ste} s [P hallaisanensis (W. T. Lee & G. J. Jang) G. J. Jang, W. K. Paik & W. T.

Lee] , 3t==E4kel a53UE [P brachycarpa (Kom.) Nakai var. uchiyvamana (Y. Yabe ex
Nakai) W. T. Lee & G. J. Jang] , =% F5FA FIVE[P. brachycarpa (Kom.) Nakail,
Alulgolel FEF =FHUE [P komarovii (Kitag.) R. H. Shan & F. T. Ful¢] 3% 1
WHFo] A2 STHLee, 2007).
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I e} s UEe AS- Jang et al (1995)0] AlF= ekt EF-SA (S 650 m)ol A
AFE FE(KWNU no. 39516, July 17, 1991, G. J. Jang sn)& B3 Ay A dgo =z

B EAEQ P opikoensis®t FAFSIH O 9 A4S, A E €] mirRio] A=
stal shr)ol el Hol dueE e 5o FUEY AWE[P. brachycarpa (Kom.) Nakai
var. hallaisanensis W. Lee & G. Jang] &2 A3 v} v} 7 & & AAE(Jang et al,
1999)0] AW E A7 DAt Ao ARG R F A F A AMAF(2n=24)7}F thE T3
tgd2ts= A4S 5o AF[P. hallaisanensis (W. T. Lee & G. J. Jang) G. J. Jang, W. K.
Paik & W. T. Lee] &2 A% v Qi o]¢} o] &S 252 FFeHd o & &
ol B2 FAAES =8l Ao AA FAg FaAol EmopA L Q.

AUEEo ek AMA AT P, oanisum® P. peregrina®l Al 2n=2x=182 AMA 7} A

So2 HIH(Schulz-Gaebel, 1930) °]F A F7FA] oF 509FAA QA7 v Ho) &
LB A Zo] zt= 7R JMAEE x=9, 10, 112 RuEon, 71 3 2n=18% Huy %

& P. Jithophila, P. candolleana, P. diversitolia 71811 P. leschenaultia 5 °]™ (Rostovtseva,
1982; Subramanian, 1986; Hamal et a/, 1986; Krishnappa, 198%), 2n=20°2.2 R 1% F& P
acuminate, P. anisoides, P. lutea 183l P. anthriscoides 5 °]tHCauwet marc et al,
1980; Romana et al, 1987; Verlaque, 1992; Daushkevich et al, 1995). 3t 2n=22% H 1%
& P monoica, P. heyneana, P. buchananii®t P. trifircate 5°] 1tH(Sinha, 1978; Hore,
1980; Abebe, 1992).

Iule] Fxste FuES AEe digk Aot AF A dig Rie FUE(P.
brachycarpa var. brachycarpa), L5 W& (P. brachycarpa var. uchiyamana), 7}=3UE(P.
koreana) 1811 =FFYUE(P. komaroviDEX EF 2n=2x=222 H 1% °om(Jang, 1992;
Jang et al, 1995; Sun et al, 1996), AF S A EQ S UELS 2n=2x=24Z 9| t}&
Ry A7 g2A RaE v (Jang, 1992, Jang et al, 1995).

Aol APRAL ok Fos oy, TeAE 442 A% BAAERASTE P

o
il

3w eERdoA 54 DNAMEL 9XE AF Zopd &2
AR} EXDE ol&dte] sdF & oA = FbellA Fsle = A
Aol e EA4E ZE F s ¥ ool & FHAE o] &% EYAE s A%
719kS m} 9 tH(Jiang and Gill, 1994; Fransz et al, 2000; Koo et al, 2002; Lee et
al, 2005, Kim et al, 2006a, b). 53] 5S¢} 4558 rDNAE o= A EqAMy FEFoz &4}
, BAlFTE ol Al Buk ofyel AEe] st BAoA ] Al vlal AT
{3t tHFukui er al, 1994; Flavell, 1986; Rogers and Bendish, 1987). & = A} &

Jo 2 FISH 71E5 AH&dte] DNA 97IMdSs 2712 sk EAAERA8HE] A7t
W3] HaE gl om(Koo ef al, 2003; Kim ef al, 2004, Kim et al, 2005, Kim et al,
2006a, b, c), oF& A7t HA 2> AEE g AMA ARV FEH AMAAzGo] W
A HLee and Kim, 2007).
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AREe FUl S4B G ATE AR Fol o] wrE GAASe) Aol %
Jom SPRA FISH /WS Sa, 94458 AzAsta FISH
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Y RAAEY ATk rhasA @ BESY B4R Ayt B

PN =TT ="

- < o -

AMSER: B Afo] AFESE el s [P, hallaisanensis (W. T. Lee & G. J. Jang) G.
J. Jang, W. K Paik & W. T. Lee] & AFE AAZA P95 EFolg] S
436m)oll Al A st A FTeEATd Lo A AL T FdS AFHs] HFEN 2
FISH A& Abgstach =3 S5F 2 Nov. 23, 2007, Kim ef al sn.)S =@AE 339
Gfa - AT A(WTFRC) A& F 2] B3]

HM=Z x| 2HE 3 SHEEM S F7) GAAEGE 47 Hstd R
(4C)ol Yol 24A7F Fob A 3 tg, Farmer's solution (glacial acetic acid:
ethanol=1:3, v/v)ol @7} 4Col B3sAH A52 o] &adrt I AZS s nA3
& 1IN HCI (60C)oll A 3 T2 F A8t Feulgen &4l o M3}

e
o
r
B
ro
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i
ol
:lm

%, 1% aceto carmines ©]§3%te] FAHoR Y IAGEE TrEY AAAE BESATH
Gt BN st Al ARSI
HHEXC [evan S(1964) =S FAHoR sto], W (short

32
ok
i)
2
L=
i)
uith
1
ﬁ
o,

arm, S)¥ F¢(long arm, L))o AolE |83 arm-ratio (L/S)E Wusle], 1 H|7}
1.0-179 A% =% gAAM, metacentric), 17-3.0¥¢ A$ =R QA (SM
submetacentric), 3.0-7.09 7 Adty JAA (ST, subtelocentric), 7.001%4<Y 45 o3
AAA(T, telocentric)® HAEstGom, GAAES 71 AC2HEH #2 ¢o=z mdsty, 1
TANE G HEE Fofstdth

FISH &£2l0|E HMZ: FISH 23S 9 &Egtol=& Astr] 98 24" oS
SHTRE FAT T 34 EF8A(2% cellulase Onozuka R-10, 1.5% macerozyme R-10,
1% pectolyase Y-23, 05 mM EDTA, pH 4.2)o w7} 5087 A2](37C) %, Farmer's
solutions ©o]-&3te] 7h= AAMORE Eetol=gets oA AAAE A & FH A=A
2-3947 A=A dArEn A stdA BEYS #EEa, O F 4nd Egol=E
Adubste] FISHA @l AF8-3S T

Et&lo| ZF=H|2} bicolor-FISH: FISHE $1% ©3 o2& digoxigenin-11-dUTPZ %A &
5S-tDNA$} biotin-16-dUTPZ XA H 455 rDNAE 9|83 2™ bicolor FISH+= Kim
5(2006a)9] WS WEste] AMEEFAT
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Azxd EFol=Ae AAA WS Hsted 70%  formamide/2xSSC - & 183+
A slar, 70% NS (20T)oA FW F, 5% 99% ol et A Zhz; 5EA EaEslo]
oA 308 AE AEXRAFHT ©9H =Y (biotin-166dUTPS} digoxigenin-11-dUTP= 2}+7;

A ® 100 ng9 probe DNA, 50% formamide, 2X SSC, 10% dextran sulfate, 10 ng
ssDNA)2 90TCA 1023 |AAIZ & FIAA F#=olekath Az Eato| =240l 20 wel
B &gt S 713t AW AS Yl paper bond® E3te], 37Tl 16417 o]
& A 3} (hybridization) 3} 31 T}

T3 A7 Egel== 42T 9] 2xSSC, 50% formamide/2xSSC, 2xSSC, 4xSSC -8 <ol A
zkzh 5 FASA T g3l v o)Al AjkE 2] S A ko]l =e) blocking
reagent’} ¥3E  TNBEHo|  1%9 avidin-FITC  (fluorescein  isothiocyanate)<}
anti-digoxigenin rhodamine®] &% 100 ¢ EFNES 7}3F v} 37ColA 508 SO
HE-3-A)7 biotin®} digoxigenin®® XA ® DNA ®©3HS FAl A&EsAY. 4xSSC/0.2%
Tween20 $EANo =z 37CoA 58R 3H FA F 1 pg/ml DAPI (4,6-diamidine-
2-phenylindole dihydrochloride) &8 X33t Vectashield (Vector Lab.) 15 mlE EX 3}
AME €& % cooled CCD 7 2HCool SNAP, Photometrics)9t #3&En] 48 o] &3}o]

A

Z

Az &4 &3t A5 BEs AS Fe k. #ld signalE2 Meta Imaging
Serries TM 4.6 (Universal Imaging Corporation) AZE o] & AL-&3te] 4319

243 2 3z

I}

MY EM: A FE 52 EQ R AAE AT E 2n=2x=22F 7]E AN
= x=11°]9 o]ujA(diploid) 4] Ee]th(Fig. 1). |94Ae] A7]& 358-582 um FOH, arm-
ratio™= 1.03-3.95 vt Arm-ratioo] whel 2239 F5 A (ANA 19137 29) 9} 4289 A
T AMA(AMNA 3, 4, 6, 8H) 1L 5] Aeki AMA(AMA 5, 7, 9, 10, 11M)= ZH
Z} FE3Y tHTable 1). <18 A E‘%(NOR, nucleolus organizer region)Z& AYil g A
A g ons #Ed = gloy FISHE &3 & + AUTh

FUES A5 FAATs 9T 2n=2x=18, 20, 222 ©43sH
A3 FAUES AE] s, teERvE, asdvUE g 98
nikoensr®] AAE FAAFE 2n=2x=2F 7]&E GMAA T} x=11Z H
1992; Jang et al, 1995; Sun et al, 1996). 7|9 B A4 AysE FI FyE
AAMAFE A o] x=9, 10, 11¥<S ¢ F AJT 1YY AFE
‘%%Oﬂ/‘it 71E0] AFAFe} B A4 7t tha 2polE BT 2
ﬂur%fq i“‘é&iiﬂ—’?i gl e 7]E A A A =<} 50‘5}74] 3}
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Table 1. Analysis of somatic metaphase chromosomes of FPimpinella hallaisanensis.

Chromosome Chromosome Size (ym) Arm ratio  Centromeric
No. Long Arm Short Arm Total (L/S) Index”
1 3.13 2.69 5.82 1.16 M
2 277 2.69 5.46 1.03 M
3 3.58 1.57 515 2.28 SM
4 3.53 1.57 5.10 2.25 SM
5 4.03 1.02 5.05 3.95 ST
6 313 1.57 4.70 1.99 SM
7 3.35 1.12 447 3.00 ST
8 2.68 1.57 4.25 171 SM
9 3.30 0.90 4.20 3.67 ST
10 3.12 0.90 4.02 3.47 ST
1 2.69 0.89 3.58 3.02 ST

*M: metacentric, SM: submetacentric, ST: subtelocentric

E FHoR AolE Hrh B ot PP AnAE ol T HALH, B AT
(@A 1A 28)9 45e) A5 GAANENA 3, 4,6 22l 8

> FE

°
T
2
t
i
(o
fr

ez
H) B G A 5, 7,9, 10 283 11H)E 3 A= e 4
Ao FREAANA, AFE AN g AdE ANAR Zh7 FESIE T e REsE
FUES ARG AdE d4A 184S o Wol zZka gle YT 54S agste] v
FUES AEY FESAT g5 AR EoIHA AT SEAAESQ eiuEe] dAAS
= 719 e JAUES AFe AT B ATFANE vEgeR Fe A 2n=2=
Tulo] Exdte U2 FUES AE9 AMASTY A s mEkA FUELe] V2 o
AAFQ k=110 F3ET, TU FYyESHdA setvuess dAATR Fo 5SS 7T
= ARt Yy 545 adsts Aol o viEdE Ao R Algdr
Bicolor FISH: gtebititEe] muh Agohgh s gddals) Adnke ) ¥ 2

A AAAE Zlstar, 559 455 rDNAS B ez 3 &A% 2A& 98 bicolor FISH
& Y8 Cooled CCD 7HHELE o] 83lo] &glol=rdol] AJNE 9 A4S monochrome

ojmA| & aste] AMAF(2n=22)8 AF3] FelstArhFig. 2A). Digoxigenin-11-dUTP}
biotin-16-dUTP® 7tzt ®4] 9 559 455 rDNAE %3 (probe) o2 ©]-§3 FISH A¥= v}
3 Zrh 55 rDNA locit 289 255 AAA(IAA 407} 6W)o A 3oz FarE et
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Fig. 1 Somatic metaphase chromosome complements (2n=2x=22) and karyotypes in

Fimpinella hallaisanensis. Bar, 5 pm.

(Fig. 2B). A4 4me] gk warpglol 249 loci Slsteda, 69 AAA ge F4
7 FLA Alolol A 149 lociE 17'<L3}°ﬂ‘3} 455 rDNA loc% 3] A A (A A
5 10 18] 119H)¢} 1 3

20). 458 DNAL kel Ay
Tovkeh waRglel A wAHA,

3 69 U@“iﬂoﬂﬁf 559} 45S rDNAFAAL7F eh¢ho
Tty geke] FAAX A 27 #EAF ] T FHAAI 22 A EAEgS & 5 9

S tHFig. 2D). FISHE &3 &% 559 458 rDNA locidl TAse] 23k dge
ideogram< Fig. 2Eo| A Hi= vle} 2o}

5S¢} 455 rDNA+ E]Ei%—J T4 AdEeR 55 rDNAS 49 120 bpel conserved
coding sequenceE ¥3%3 200-500 bpel wHEAHQl wjde . dow e lociol A
rDNA E-A|5=9] W s}7}t *:10}04 o] Wolo} fJA I} AE T #AS} Kste] &3t
A AA&E 3 JekMukai et al, 1991; Maluszynska and Heslop Harrison, 1993; Castilhoand
Heslop-Harrison, 1995). 455 rDNAE Q134 H& x3stn e FA dANA
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Fig. 2. Bicolor FISH pattern of the metaphase chromosomes of P hallaisanensis using 5S
and 45S rDNA probes. A, monochrom image of chromosomes preparation; B, digoxigenin-
labeled 5S rDNA loci (red); C, biotinlabeled 45S rDNA loci (green); D, bicolor FISH
using both 5S and 45S rDNA genes and E, ideogram showing the physical location of the
5S (red circles) and 45S (green rectangles) loci.
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Zk5 = (Leitch and Heslop-Harrison, 1992), & 2 &% QA JolA 124 oo &
A3Far(Maluszynska and Heslop Harrison, 1991), 5S rDNA®} &Lk x4 yElYH
=Tk weba] ek GAap o AR o] ol ALY, TS SulolAe] F1e AolE
T UE & FHAAE AR webA HZodl= SlleA e o2 g rDNAsE ©]-&
sto] FFho] ApolE FEetal, AEC AledTet dMAAE A ga EAAEAES
ol & o# A& Eokdd] MwrHo® FISH7|%&eo a1 AtH(Lee et al, 2005; Kim et
al, 2006b, c). Aceto-carmines ©]-&3 G AR o] AMA L] P EATS BT
vl FISH7 W3 22 #AAZRd 8] e o9ded g

< o]&3t7] witol] RYH A st 4

g glel v 83 7]solet & & °“4(Fuku1 et al, 1994).

ol

PR

B ATA FaE RPEA % DNAE o]§% BIAEAYE ST dehhtE
o AxTag oldlstn, fadel Beld 92 YA 1z AT deREe A
EFAH A 2ARL FEA ol§d F A Aolth T ANAFE Ange] e} @
gantge] Atgselde Axetd FAHS 2 Jee HASUA, e Ies A
Bolt} AFe] UE AR YPOR @ Aol 489 5 e Ao ARHY §4 T
el fARAE AR 0@ % AL ol §d F A4S Aol

B oaTE 2147 SREAATNRAIL YRS JENBAne QT
A A S PE 06100-00090 )3 451 9171 o
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Karyotyping Analysis and Bicolor FISH of Pimpinella

hallaisanensis, an Endemic to Jeju Island

Soo-Young Kim, Chan-Soo Kiml, Jae-Hwa Tho' and Joongku Lee’
Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-806;
1Wau‘m*Temperate Forest Research Center, Korea Forest Research Institute, Jeju
697-050, Korea

Chromosome analysis using Kkaryotyping and bicolor FISH were carried out in
Pimpinella hallaisanensis which is one of the endemic plants in Jeju island of Korea. The
somatic methaphase chromosomes number of this plant was 2n=2x=22 and the size of this
chromosomes ranged from 358 to 582 pm. The chromosome complements consisted of
two pairs of metacentrics (chromosomes 1 and 2), four pairs of submetacentrics
(chromosomes 3, 4, 6 and 8) and five pairs of subtelocentrics (chromosomes 5, 7, 9, 10
and 11). Using bicolor FISH, three pairs of 5S and four pairs of 45S rDNA loci were
observed. Two pairs of 5S rDNA signals were detected on the end of the long arm of
chromosome 4 and one pair of them were observed between long arm end and
centromere. Another 45S rDNA signals were detected on the end of short arm of
chromosome 4, 6, 10 and 11, respectively. Hence, the chromosome number reexamined

using both conventional staining and FISH methods was different from previous report.
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