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Cytogenetic Analyses of Angelica Plants Using Feulgen Staining and
Multicolor Fluorescence in Situ Hybridization
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ABSTRACT Karyotype analysis and chromosomal localization of 55 and 455 1DNAs using multi-color

fluorescence in situ hybridization (McFISH) technique were carried out in two Angelica species. The numbers of

diploid chromosomes were the same in two species as 2n=22, however the lengths of chramosomes were varied
from 4.25 to 6.50 um in A. gigas and 4.95 to 8.50 wm in A acutiloba. The chromosomes of A. gigas were
composed of five metacentric and six submetacentric pairs, while those of A. acutiloba were six metacentric, one

submetacentric and four subtelocentric pairs. In FISH experiments, the numbers and size of 455 IDNA signals were

varied between two species, however each signal of the bS IDNA was observed in two species.
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A e Sehs S (Angelica) 252 A 2R
BE HYE FRo=E AEehe thile 8 A= Ey
A= 2t} (Lee 1985). @A+ DA (Angelica gigas
NAKAT), =239 (Angelica sinensis DILES), 9237 (Angel-
ica acutiloba KITAGAWA)EZ EFFH=d, 242 & 21504
ok Hale] GfEe] e FAAE] 29 85, FF 2
Bl A bz} hEA ol 8HY itk IHY A sinensis &} A
acutiloba®) =& AE#H DNA $FIA4Y FHA A
(Watanabe et al. 1998)= v+ fAlslti= BYE it} £
el T2 A= e T2 A gigasH A acutilobaZ
A gigas—= = b A FZE AVEII A acutilohas TE
o] Bof $E5 BFO0Z A=Y Sith dngelicat HE
Zof et FA4H G Ogawa (1929)4] 28hd AHx Az}
=80, 35 A pubescens?] 9444 £33 2n=222 B3}
Wtk 1 & A glabra, A. pachycarpa, A, wrsine B A, sylvestris
DA rrl ZF =222 T 55| A sybesgise
n=6x=66EZ F2E ] AfA A evlA HEE TATe] B
A=A (Ogawa 1929), & EE $89 A gigass} A
acutitobad]] e G434 A= 2S04 B glth

B d7e FEHEE g0l AWMEHE e A gigass) A
acurilobaS THO 2 Feulgen WS S0 443 BLL
E3 #%2 #Fys)y, McFISH 71£2 o143 584} 458
IDNA 2] 43 AeAe] HAF Felstiz T=%
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AHE FHE F7] FAALS Bl 7] Hef 1mLe F
B2 0T 20~22 A7 =< A2 d F, ethanol :
glacial acetic acid (3:1, v/v) &<4¢ F7Fshd 4°Ce] Baps
A AEE o) &sE A4 #2S 95 ¥FE 29 IN
HCL60C)IA 2-38 @3 A2 F, 3752 48,
Feulgen @A|4e] @7} 30%7F F4AstETh g4d 2o
1% aceto carmine SH-2 x}&45le] Ao = T nelES
S=oit) T R e FeEn Ao E AP, ke
€99 402 Bdsed 99 $4o| olEagc AYEAL
Levan 5 (1964)2] Hhge] e} H4H| 8 ZHAF T42 =
afed, @ (short arm, §)7 4% (long arm, L)2] Jo|F °]&
& arm-ratio (LSS ©] &8}, 100 ~1.70-2 S5 944 (M,

metacentric), 1.71~3.00-8 z=H 9434 (SM; submeta-
centric), 3.01~7.00-2 =P 944 (8T; subtelocentric), 1
I 701 o] -5 - FA4H (T, telocentric) = -8} T}

FISHE Z2/0|= RiAf

FAR 2ore]A acetic acideZ A A3} €3] washing
buffer (10 mM sodium citrate, pH 45)Z 10E2F 4] &, &4
Z3 &9 (2% cellulase, 1.5% macerozyme, 1% pectolyase,
0.5 mM EDTA, pH 42)¢] W7, 37Ce|A 30& Azl %,
ethanol : glacial acetic acid (3:1 viv) £9-2 0] &5} &ejo|=
=ekn Hell g4AF A F AZAFED HdA 9nE
(ZEISS Axiob)Ho) 4 A28 SAHIES By 2E
7do] FEe seo|=F Hidehed FISHY| o]&&% o)

Multi-color Fluorescence in sfu hybridization

FISHE 48 €3 (probe) 2 =& digoxigenin-114UTPE
FEA"E 29] (Cucumis sarivus 1.)2] 58 rDNA 2} biotin-
164dUTP (Boehringer Mannheim)Z FA]¥ 458 1DNAS ©]&
51900 (Koo et al. 2003), MCFISHE= Koo = (2002)9] 4
S wEsgnh ZAzd g4 Seo] = 600 ul.2) RNased
ol (1 mg/ml. RNase A,2xSSC)2 605 (37°C) Eob g =,
Zelo|= o] QA WA2 ¢shad 70% formamide/2 X SSC
Edo] 287 MEF th, 20TH 70% o F2lA 9 2
HAH F, 0% 100% 05 22t 354 AlHske e
M AzAFY 9l 89 (biotindigoxigenin© 2 FAH
z}zbs] 100 ng2] probe DNA, 50% formantde, 2 x88C, 10%
dextran sulfate, 10 ng ssDNAY-Z 974 1057 ¥WAA7]
=58 B F9AA skt dzd seels el 25
ule] & E3s she by, ZekiE AME €3 37C
dlx 122 7F )4 hybridization ~) 7 ok Hybridization 471 &=
gho) == 40°C 2] 2 X88C, 50% formamide/2 X88C, 2 X88C, 4
XSSC & ol 2k 1054 A Hstyich Gy v Fol3
el 28= 9] Hsf H4H Eeho]=F blocking £ (5%
BSA/M4 XSSCH 2% tween-200 2 2 37°Cel| A 5EZF A 2e &,
1%:2] avidin-FITC (fluorescein isothiocvanate)2} anti-
digoxigenin rhodamine (Sigma)®] ZTdE 100 ul2 5%
BSA/M X S8CI02% tween-20 E3Hl-2 Zelo|To Hojmg
i AME €3, 37CelA 1413 <t ¥A1A biotind
digoxigenin® Z F2H DNA €30] Zald HEHTE 35
At} Eelo)=F 4x88C02% tween-20 B5] 0 Z 37C 4
A SEH 3H AAHE F 1 pg/ml DAPI (Sigma)&lS £%
g Vectashield (Vector Lab.) 15 uLS =23} 7AW S 9=
T}, cooled CCD carmera (CoolSNAFP, Photometrics)7} #F2}
H #F3Hu]A s)e] 4 FITC-DAPI-Rhodamine filter (Nikon,
Japan)E AME-3bed Gdsgth &Qld signals& ST E o
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Angelicass 21552 F44 71 7= x=11E 4HH 3
o} (Ogawa 1929). 2 o 7oA Al gigas?} A, aufiloba?] 548
A #2458 EF =22 7| E77) x=11E 7|EY 97E
Het x5kt (Figure 1a, b). A. gigas®] H4H| Dol
425~650 um= F Zol= 5755 umE Jelty, 5] =
5o s} oge A A4AE TEH AT T 344
£1,2,3,4% 98 GH8AE armratior} 1.07~1.360]91.20,
642 ZEE GAAZ Jeld 5,6,7,8,10 2 114 g44
= armratio?} 1.77~2.4091} (Table 1a). 5342 A4 49
A A= Feulgen H4 WP 2= #5177} ofHfith A
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Figure 1. Somatic metaphase chromosome complements {Zn=22)
and the karyotype of Angelica species. A: A.gigas, B: A. acufiloba

Table 1. Analyses of somatic metaphase chromosomes of dngelica
species. a: A. gigas, b: A, acutiloba

Chrom Chromosome size (g} Arm ratio Centromeric
-osome Long amm  Short arm Total length  (L4S) Index
No. a b a b a b a b
650 850 1.36 1.13

a b
M M
625 745 131128 M M
M M
M M

3.75 430 275 400
335420 270 323
300 420 2.80 300
325375 250325 575700 130 115
375445 175240 550 685 214 178
3.15 350 175325 490 675 1.80 108
3.10 355 175300 485 655 1.77 1.18
315485 150 155 465 650 2.10 3.19
245 500 2.15 140 4.60 640 1.13 3.57
245430 160 130 450 560 1.81 331
300 355 125 100 425455 240 355

380 720 1.07 140
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autiloba®] FAA dol= 73 22 JAA 7} 495 umE Y
B, 7 & 247} 850 wmE HA FAA ] dole
7375 um=E el A gigas?}t AolE BHETE HEHE 642
FH AAA 2 ¢ Ay AFFEAH 2 4] g F4
AZ FEHYT 5 F44= 174 G444 = arm-ratio”}
LOR~1.365 01, A G435 §~119 AYHZE arm
ratio= 3.19~3.95% 0k 5 HH4H = amratior} 1782 2}

ZH G442 859t} (Table 1b). Angelicass 252 /4
L2 AFEAS T 23 A2y G4H T2 =22E
Tusi #EEGOY, FAH Y F7] 2 FHAY H A
uhE A9 @3] v (amratio)= & ApolE BT

Multicolor Fluorescence in situ hybridization

A. gigass} A. autilobad] X 583} 458 1DNAS] G4 A}
A2 A5 25l Ys) McFISHE 88 23 A gigas
o4 58 IDNA 2] signal-= 100 A4 2] F-@A T &
ST, 458 IDNA 2] signal> 33 G432 g do &
Yoj|A 2ol 9ith (Figure 2a). A. auriloba) FISHo| M= 58
IDNAS] signal& 43 FAA 2] FHA el A F2 =St
458 IDNA—= 8H B484 Ao sipgnalgo] HE o2 F7|=E
#E=gIom, o FAA ML A FAA £ sl F4

Aol et ofslA BEE= FHS BUY, 7] (interphase) ]
A 4719 signale] == WolE B 5 it (Figue
2b). A E EE APl A F7] & 7] A 2] FISH signal
2 +5 GAshe B0 Aol B dTolAE TE 3]
%’Qﬂﬂc’ﬂ)ﬂ 458 1DNA signale] 3742 FH2=HYY, t)FEY
7N M = 471 signale] FEE ZAE W Fe] B 0 FF
H4H 7kl 458 IDNA BA7} AZ f2A-Y E= 7
A FH ArdA zelr) e AoE Azddd
(Arrow in Figure 2b). 458 rRNA SA7= 2B Ag 74 AE
0% 7 9A7h A%4 #9013 B4 29T TR 3
= F=rA g4 A F2=™ (Leitch and Heslop-Harrison
1992), G445 Aol §8H o2 35 144 o)} S48t}
{(Maluszynska and Heslop-Harrison 1991). B {76 = At
Aol AFAg o ZE FrAE Y e A4S 32T
= 9197k 458 IDNAE FISHZ =405 23 A. gigaso] A
= 17, 32|3 A. auilobadl| A= 17} o) HEAE 72
FEATE SRS AMES BlstE T 55 A autilobad]
A= 458 1DNA signal®] F7)2F 2 4R)7} 22 o5 BY
=, o128 = Zzbe] A EA A7 458 IDNA EA|
27} N2 AEE A% SeRAR, Y A0l B4
o] SR x| vpe} HolF BY 4 qirh 458 tDNA 4 =7}
Z7] FAA delH HdEALE A2 At HE A

ol S8 =& Wo|t} (Koo et al. unpublished results). 7 &1}
Ng5) AN 455 DNA 9770 SRHOE dehe
AL = B yEdl 9t} (Nakayama et al. 2001). 328 o0z T
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F712] 458 IDNA 97} kS Hol= vhH 58 1DNA L
29 signalE2 BEAYS @ ¢ Stk o8} e BHe=
Capsicum< 552 2154 142] 38 IDNA 3|7} BEA o
2 vebd A#s} Fa)shed (Park et al. 2000). 28t}
Arabidopsis tatianadl| A= ecotyped] e} 2~-344] 58 rDNA
Az} R 2E T doAx S Bele 24k
21t} (Frensz et al. 1998). A. gigas2} A. auiilobadl| sl FISHS
3l Hele 589} 458 IDNA signal?] A& 7|2 ATl 2
Asped ZA8 ideogramS Figure 3a, bol| 4 5} 7}

A2 379 T BE2 ¢ DNA $Re A d7r) S
3] Z3= 29t} (Lee et al. 2000; Bang et al. 2002). Bang =
(2002)-& RAPD "2 Z OPC 02 primerZHE A, gigasS-©)
9] DNA T} 2 B 75097, Lee S (2000) E3h 22 uhy

52 A agutilobadl] S0)Z¢] 37)2] DNA 982 3759t
o] @ RAPD Fl7|5& FISHE o1&8)d 79| f2iA £

Fipure 2. Multicolor FISH patterns of the metaphases chromosomes
of Angelica species using both 35 and 455 tDNA probes. Digoxi-
genin-labeled 55 rDNA probe was detected with antidigoxigenin
rhodamine conjugate (red). Biotin-labeled 458 rDNA probe was
detected with avidin-FITC conjugate {green). Arrow indicates the
interphase nucleus. At A. gigas, B: A. acutiloba

455 10MNA w55 1DNA

Figure 3. Ideogram of karyotype showing the physical location of
the 55 and 4558 rDNAs. A A. gigas, B: A. acufiloba

41 (Benabdelmouna et al. 199937} S HEA (Koo et al. 2003)
= 48 2494 AR GEEA AEE s FLE A}
S8t B 97 p3d #% E4A 2 rDNAsY] physical
mapping-= FHY Aw Tz olsfe] A eln, 3212
4 HAF g 7| 2ATEA FAY AEZHTA
GUA AEs 5L 49 298 ARZ 142 5 92
Aot

927D Y @
¥ (BL A)e) 23] FAHgEY

AAF - B 3= =24 Biogreen 21 &
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Angelica £ 255 t)42 2 Feulgen 944 H 3 Multicolor
FISHE ©]&% 585} 458 IDNA S| HA4A 4] ¢=| ¢} 5 E
AL Fsl s 2L FAE AYUh A gigass} A
acutiloba®) G4 = 2n=222 FIE T, S Do)
= A, gigas?} 425650 um, A. acutilobadl| A= 395850
um= Jebdt) 8-S A gigasel 4 6442] submetacentrics 2}
54 2] metacentrics?} A== o H|Fh A acutiloha= 6%
2] metacentrics, 4%42] subtelocentrics = 1442] submetacen-
ric 34437} A2=e] 2o)FZ B HTE McFISH 2 8¢ 4 458
tDNAs signal=8 g} F7|= F F Al A deksiA &
2= 3.2 ™, 58 IDNA signal & F F Aol 4] 4= A=
g FEH0 2 3 7o) BAHYT
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