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ABSTRACT Karyotype analysis and chromosomal localization of 5S and 45S rDNAs using FISH (fluorescence in
situ hybridization) technique were carried out in Nicotiana plumbaginifolia. Somatic chromosome number of N.
plumbaginifolia was 2n=20 and kyarotype was composed of three pairs of metacentric chromosomes (1, 2 and 7)
and seven pairs of submetacentric chromosomes (3, 4, 5, 6, 8, 9 and 10). Length of chromosomes was ranged

from 2.29 to 4.50 pm. Chromosome 1 and 2 were identified as satellite chromosomes. In FISH experiment, one pair

of 5S rDNA signals was detected on the centromeric region of chromosome 2 and one pair of 45S rDNA signals

was detected on the terminal region of chromosome 1.
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Sel& (Nicotiana) 2122 7}A|3} (Solanaceae)d] &8h=
AR ohd Al A Eout 2 AelA Aulstr 3le 2
B2 ddzolt. gl oplE}dl tiFe] YAAZ AA o
2] Ul A of 600 Fo] AuiE 3lom, 2l 4ulH] o]
of o]4Al (aneuploid)S AW ZELX ¢l 2iAIZE N
sylvestris, N. tomentosa<™ (N. tomentosiformis, N. otophora), N.
paniculata, N. undulata7} 9] 2.™, el AX (N. tabacum)
o} B (N. rustica)= 49A] 40|tk

Nicotiana%; 28 £59 7|12 94 & x=9, 10, 122
ATA YO W, N. plumbaginifolia’= 20=202.2 28)3] 2]Eo)
2, N. tabacum+ 2n=487§2] o]A4v|AE 2ujA] AE
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(2n=24)%]1 N. sylvestris$} N. tomentosaZ 38 |49 A &
Zolt} (Jamet et al. 1987). A% Y2E FHL0E o]y
21 90, N. tomentosart, 2@ (N. sanderae), N. glauca 5
2 BFEO2 N glauca= TFAEZA o|&Hth 3] N
plumbaginifolia= ZZMF 2 2l F5 |40 @ol o]&
= L™, N. africana, N. repanda, N. gossei 5 F22-4
o2 o]&HI Ytk

gy AL ditxoz PN FUAE FACE, G
(short arm, )3} ¢+ (long arm, L)} Zo}] u] (L/S)ell oj3)
o]FojA=H), Levan 5 (1964)2 arm ratiod] wz} 1.00~1.70
£ 23 JAx) (M; metacentric), 1.71 ~3.00-& 225 g4
(SM; submetacentric), 3.01 ~7.00& x5 G4 (ST,
subtelocentric), 2123 7.01 o]A& w2 GAx (T;
telocentric) 2 F&-3k= ¥ A WS AT v ek =
g o4 BNAL BolHoE YME ofd TR ¥
& AMgsle] HBRAL B8 HTA e A E7o)
A E 5219 (El-Gadi and Elkington 1975), #2ol= FISH
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(fluorescence in situ hybridization) 7]} ¢} A&© 2 DNA9)
7IMEs 2AZ k= A 4ol 7HeA =AUk (iang
and Gill 1994).

FISH 719¥& 7] 9484 % #or 5% DNA ME9 ¢
A AF VY 5 U= PHoZ, WA BAE o]43)
DNAZ EA3k= 7129 Wi g2, g4 (probe) DNAY]
24 & HFAA biotin == digoxigenin® & A24% JUTPR
A, o]8 53 Q4E 4 sl A APAR 3
Mg olg3te] FAA oM S43E wHS 4F 4E
sk WHolth FISH 712 X7 dAAldA 202 A
TH%oH, 4F A Aol Schwarzacher £ (1989)3}
Yamamoto$} Mukai (1989)o] 98] &0 =2 T¢Y=I9ch
FISH 71382 See] AR F894yd s} <tdslz 2+
Ak, A st A 2sH3 FHe} DNA MP72e o
& B2 JEE HY ABAA F7) g FRE g o)
3 Boh Y3 FARE AFTE £ 4 ¢t} (Flavell 1986).
FISH 7|2 A& AlE9 $A4 (Schwarzacher et al. 1990), ¥
A FZ (Moore et al. 1993), S-12}¢] FAx] Ate] 9)x] &
A (Mukai et al. 1990), 22}37 9484 Aol A DNA €7] A g
o] A &A1 (Leitch et al. 1994) 5ol 'da] o] &= §
th 5S¢t 458 rtDNAE 8322 oj&g EE 4
(Flavell 1986: Fukui et al. 1994)& X202 t}eke] 2238
DNA ¥ ¢} mappingo] 7FssHA S, ol 1AW, 1
T N EGASE 57t 2AAE T ¢} (Fransz et al. 2000).
589} 45S IDNAE o] A B 2807 Zxsly, 24
T7F ol gAA el 4o} HE 73 FFM Y A
FZ U7 AP §-23lc} (Flavell 1986; Fukui et al. 1994).

N. plumbigiuifolia &3 33 FA2 Villa (1984)0)] 2]3j
AEo g BIFHC = el o3t Ao Bk
27), #rAY & 55 §5AES ¥ IDNAE | &3¢ FISH

Az B9 b Qick

£ dAFe gl FF 840 FAAYLR ol &HIY Q=
N. plumbaginifolia® 322 Z7] FAA <} 3 FHst
3,588} 45S IDNAE ©3 02 FISH 73§ o] &3l FA

A AdelMel AAE &starat =it
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Q) N. plumbaginifoliz A ZZ o1-L3}Jth

AN E F4H #FE A IS AFASH 1-bromonaph-

thalene X3} Fgdo] 2417+ AX 23+ F, ethanol : glacial
acetic acid (3 1 1, v/v) &) TAES WYAT @C)o) 23
A AEE ARSI

IHE ZE& 1 NHCI(60C0)2 2~3% o3}t Aes &,
Z542 A8, Feulgen QAN Bt 3087 A8
o @A 2EE 1% oMEFY §4E AMgEte gEbEe
2 zHIgEE WESL 2y gEE FednFoE #

A5, F5E BN ADS BYale] Y Ao ol
ATk A B4 Levan 5 (1964)9) o) ) 4

o]

o] FLAE FHLE 3o, T (short arm, $)3 A<k (long
arm, 1)¢] Zol& &4 vl (LIS)E o143}, 1.00~1.70&
ZB o4 (M; metacentric), 1.71~3.003 23 1A
{SM; submetacentric), 3.01 ~7.00& X}9¥ IR (ST:
subtelocentric), 18] 7.01 o]AFS ©x GAA (T,
telocentric) 2 #3515 ch

FISHE Z2jo|= H[Zt

FISHE #lsiMe 24" 29 34 &9 &4 (2% cel-
lulase, 1.5% macerozyme, 1% pectolyase, 0.5 mM EDTA, pH
4.2y @7t 2A17F g (37C) &, ethanol : glacial acetic acid
(31 1w §9E ol43e} SeolE Fna Ao FAAS
AN F A2 9743 @R (Zeiss Axiorab) dtol| A 7
29 ZeWtES FFT $IYol FEH STIZE A

wto] FISHO) ol &39Ik

5SDNA9] & duie] A5 DNA 10 ngS #3fe] 58
1DNA®] §7] MG 27 4 A& 3 9] 5 pM primer
(5"-GATCCCATCAGAACTCC-3"#5"-GGTGCTT-
TAGTGCTGGTAT-3)E zZtz}t 5 ul, 21813 2.5 unit Taq
polymerase ¥ biotin-16dUTPE ¥ 1, PCR (polymerase chain
reaction)& ©)-&3t] EA 3Tk

455 IDNA &2 E33d ¢332 SERE Fgdd
soybean®] 45S rtDNA (3.4 kb)Z AME-3}H T} (Kim et al. 1998).
XX+ biotin-16dUTPE o] €31 Nick translation labeling 2.
2 ®Astgch X &3 (1 yg DNA, DNase 1/DNA
polymerase (GIBCOBRL), biotin-16dUTP, dNTP)E 15°CollA]
90E-7F WHEAIZL F, 65CAlA 1027 WHSAIZ] the, A2
Al 1587 AE &, olekE 2dS AA formamided] A ]

2|3k
Fluorescence in situ hybridization

FISHE Kim 5 (1998)9] ¥g¢ #8aigick 428 94
A Eeto]|=of 600 uL2) RNase €9 (1 mg/mL RNase A, 2x
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SSC)& 60% 3¢t (37C) A& % EolTide] A wA
< 438t 70% formamide/2x SSC 2o Hr} 287 A5t
e, 20T 9] 70% oller&olr g9 2 A & 95%9F 9%
NerS A 77} 58 FABt AF2olx AZAA . B3
EFY (biotin®ZE EXF 100 nge| probe DNA, 50%
formamide, 2x SSC, 10% dextran sulfate, 10 ng ssDNA)-& 90°C
oAA 1087F AT &, F¥AIA F=HlEEth dxE &
ojL Al 25 uLo] BF TS RS o, AWGEAE
Y3 paper bond® %3}, 37Coll A 12A17F o)A hybridiza-
tion 34tk HybridizationAl7] &gle|=+ 40°C9 2x SSC,
50% formamide/2x SSC, 2x SSC, 4x SSC & oA z}z} 108
A FAs A B39 H5elH A%s w7 3 FAA
&dhol =& 5% BSA/BT (1 M NaHCO; + 0.5% Tween-20, pH
8.3) ¢z o7 37ColA 587 blocking?d &, FITC
(fluorescein isothiocyanate)-avidin conjugate (0.1 mg/mL)3}
1% BSA/4x SSC&] &8t &gloltof] Hejrrad] th&, 37C
o4 1A]7F F<F ¥EEA1A biotin® E #X]E DNA &3& &
Z3l9tk BT 9208 40ColA 1084 3 FAF 3.
600 uL.2] 5% goat serum/BTZ 37°CollA 5E <t blocking
3}, 1% 2] biotinylated anti-avidin/BT =8 0 2 37CoA 1
AIZE FQF HEEAIZ] & BT 5] 0 2 40ToA 1084 39
FH8IATE BSA/BT (5%)2 37CAllA 5%#7F blockingdt &,
o] ¥-9] avidin-FITC +BT ¢&eio 2 37CoA [A]7F Eet
A7), 37°Co| A 10848 BT g0z 23 2x SSCE
11 FAEE o2, £8to) o) 1 ug/mL PI (propidium iodide)
29 ISULE RESl ANE Yol B o T
S} Eold signalE-2 Pl (red fluorescence)2} FITC (green
F A FF2A "uAd (Confocal
299 oS B AL T

fluorescence)& #23t 9=
microscope, Zeiss)& ©]-&3}e]

o 298 EAs
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Nicotiana% 2| E5¢] GAA 712 $E x=9, 10, 122 &2
A =t (Kovtun et al. 1993), 2 AFolA N. plumbagini-
foliax= 2n=2002 x=1022 A2} (Figure 1). G214 €]
Z1o]& 2.29~4.50 um$} ©.™, arm-ratiod]] Wt 349 ZH
AR oF 749 AR GAAZ FEHJT TF A E 1,
29 7H FAMAZ arm-ratio7} 1.06~1.4590H, 742 2=
B AAAE UeRd 3,4,5,6,8,9 2 108 A= arm-ratio
7F 173~2502 Jebdth o) 5 13 23 A s A
A (satellite chromosome)E &% T} (Table 1). Villa
(1984)= N. plumbaginifolia®] ANE Z7] GAA 9] Zo|&
1.73~4.34 yum3 R 79T, BeAE 71 QARS8 %

!
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Figure 1. Somatic metaphase chomosome complement (2n=20) and
karyotype of N. plumbaginifolia. Bar; Sum.

Table 1. Analyses of somatic metaphase chromosomes of N. plumbaginifolia.

Chromosome size (tm)

Chromosome No. Long arm Short arm Satellite sogment Towl Armratio (L/S)  Centromeric index
1* 1.80 1.70 1.00 4.50 1.06 M
2% 2.25 1.60 0.50 4.35 1.41 M
3 3.00 1.30 - 4.30 2.31 SM
4 2.90 1.30 - 4.20 2.23 SM
5 2.75 1.20 - 3.95 2.29 SM
6 2.60 1.33 - 393 1.95 SM
7 2.10 1.45 - 3.55 1.45 M
8 2.25 0.90 - 3.15 2.50 SM
9 1.90 1.10 - 3.00 1.73 SM

10 1.60 0.70 2.30 2.29 SM

M: metacentric, SM: submetacentric
Asterisks indicate satellite chromosomes.
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o2 gy Hlgte] B AdlXe GAA HolE 2.29~4.50
pm, BEAE 7 E QAR 2402 #EFo| Aol B
ok =g Armratioo] wE 3439 FRGMA S} 74 A5
H GAAE Villa (1984)7F 382 FRARA, 2249 AR
HAA|, 24e] AR GAA T2l 34 dF JUAE T

23 A7 Aolg HAYrh ols} o] F EE FFA wat
A Y RS Bole A= wiFy Lo T HE 4

EoAE B379 v g} (Kim et al. 1998; Koo et al. 2002).
Fluorescence in situ hybridization

AE Fo FAA| 9 Txo} A dAFd 83 3
FAEH WHOZ FISH 7)o} AAE2 gl=w (Heslop-
Harrisson and Schwarzacher 1993), o} Alg Aol A4 2]
Hej & EAhE Al Fshs o vk, FISH 71 3% 28 #4
AEFATA L ookt HEMES YRR g 33
GAL ol &3 AMA 9 A7|7t A HeFo] FARgH HAA
9] AL LolatA s17] wFEolth 558} 455 IDNAE EA|
7t B3, 471X Q0] ] 7] Wi 28 74 &
A FAG AEL 59 A 2 AsY 71 FY AEsA
82 Ao glo] wj$ F-&3t) (Fukui et al. 1994).

N. plumbaginifolia M| *Jol| A 55 9} 458 IDNAS] 93]
E sy, s gAAE &S] 93l FISHE 3¢
A3 biotin® 2 ZTAH 5S ¢} 458 rDNAE FITCZ &8 7,
JAAE PIZ diu] gAste] #&AE 4 Ak DNAse]
FISHOlA 5S IDNA 3z 29 GAA oA 1= %leH,
olE signalE FAA 9 FHUA FHAA ARAEHJUT (Figure
2A). 45S IDNAY] signale 13 G F43 F9] (NOR,
nucleolus organizer region)oll A 1= O} 2 FAH) <)
NORoM &= #2HA] = 54& Bt (Figure 2B).

5SIRNAE ZEAE 74 A€ 39 Uz o F =3}
E A A9 ZE AYAYEA multigene family2 F
QA Aol 9)x)8le (Murata et al. 1997), il = o7 4%
(Schneeberger et al. 1989), HElolA+= 42 (Leitch and
Heslop-Harrison 1993) 5 A1& Zo me} the HdE Hol
£, N. pulmbaginifoliad)| A< 3§ 247t FZEHUATE 458
RNA #42 94 dBAE A4 ARoZ 1 9A= 9F
A e XY AT FA AR FAEH, 178 ]
Aol GAF] Aol wHEHO R A3, A EE AT e
oA ]S SHAEA BEHY Stk £ A A} 455 (DNA
signalo] N. pulmbaginifoliadl M= 19 JHEAEHJ O viF
& (Brassica) 21 & 62 A 2~6%, o) 71ANE: (Arabidopsis)
A8 3Fo|A 2~8% (Maluszynska and Heslop-Harrison
1993a, 1993b) & 21 B2 w&} x}o|F Holt)

B2} ulAE 0] 43 FISH 71HS E3lo] Zbzte] JAAE
=A% £ QEdH, N. tabacum AEAA AL GRD (gemin-
ivirus-related DNA)2] wHEAMdo] viziz @838 ub glon

B)

Figure 2. 5S (A) and 45S (B) rDNA signals on chromosomes of N.
plumbaginifolia. Chromosome preparation was counterstained with
PI and bioinylated 5S and 45S rDNA probes were detected with
FITC.
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Flgure 3. Ideogram of 5S and 45S rDNA loci on the chromosomes
of N. plumbaginifolia. Dark circle; 5S rRNA gene loci, Dark bar;
458 rRNA gene loci.

(Kenton et al. 1995), N. plumbaginifoliaol A £+ Zot wHs
A (repeated telromere sequences)= FAA A vlAZEA o]
£ v} gl=tl (Chenet al. 1997), B¥iS A& 7% 7)&
F7} o2 GAAE A 22 29 FEo W) dEd &
A 9] 71l B Aol o FISH7F f-83HA o8-8 &
Us Aolrh

FAAYE o] 48 N. plumbaginifolia®) FMA £43%
FISHEZ Z&] #91% 559 455 DNA signalol] ZA &k A
3 8 9] ideogram figure 304 H= npe} 2k

y e

2wl @l Nicotiana plumbaginifoliaS tHAYO 2 AFEAY
W3} FISH 71HS 53 G444 24& 343t ohaat 22
AFNE AU} N. plumbaginifolia®) AAE GHA =
2n=200], arm ratio H| W& E3 & FAoX F7] A
FAL 3% TH GAA (FAA 1,2 2 e 789 AFH
AR (FAA 3,4,5,6,7,9 2 10)2 FAEHATE FHA <]
ZolE 229~4.50 ymZ. RGO ™, A 1HF 2M L F
S A2 BFHUT) 589} 45S IDNAES €32 & FISH
£ 9% 23 2 JaAe] FUA F9lelA g 49 5S
signalo] ISR T, ' JAA L] BpAolA & 49| 458
signale] #ZH AT



283 Sl Nicotiana plumbaginifolia2| 3{& 24{1} rDNAs2| Physical Mapping + 11

AL - B QTE 2147) Z2EoATALARI) A4S
ol&71&7 I Te] AH] Y (FANE PROOI2
01-03 : PI WA)2)0] ojaf 43 H&ich

[= =
EE

re

Chen CM, Chen CC, Wang CT, Ho CH, Keo YY (1997) Two
tandemly repeated telomere-associated sequences in Nicotiana
plumbaginifolia. Chromosome Res 5: 561-568

El-Gadi A, Elkington TT (1975) Comparision of the Giemsa C-band
karyotype and the relationshops of Allium cepa, A. fistulosum
and A. glantum. Chromosoma 51: 19-23

Flavell RB, O'Dell M, Thompson WF, Vincentz M, Sardana R, Barker
RF (1986) The differential expression of ribosomal RNA genes.
Philops Trans R Soc London, Ser B 314: 379-385

Fransz PF, Amstrong S, de Jong JH, Pamell LD, van Drunen C,
Zabel P, Bissing T, Jones GH (2000) Integrated cytogentic map
of chromosome arm 48 of A. thaliana: structural organization of
heterochromatic knob and centromere region. Cell 100: 367-376

Fukui K, Ohmido N, Khush GS (1994) Variability in rDNA loci in the
genus Oryza detected through fluorescence in situ hybridization.
Theor Appl Genet 87: 893-899

Heslop-Harrison JS, Schwarzacher T (1993) Molecular cytogenetics-
biology and applications in plant breeding. Chromosomes Today
11: 191-198

Jamet E, Durr A, Fleck J (1987) Absence of some truncated genes
in the amphidiploid Nicotiana tabacum. Gene 59: 213-21

Jiang J, Gill BS (1994) New 18. 26S ribosomal RNA gene loci:
chromosomal landmarks for the evolution of polyploid wheats.
Chromosoma 103: 179-185

Kenton A, Khashoggi A, Parokonny A, Bennett MD ichtenstein C
(1995) Chromosomal location endogenous geminivires-related
DNA sequences in Nicotiana tabacum L. Chromosome Res 3:
346-350

Kim SY, Lim YP, Bang JW (1998) Cytogenetic analysis of Brassica
campesiris var. pekinensis using C-Banding and FISH. Korean J
Genetics 20: 285-294

Koo DH, Hur YK, Jin DH, Bang JW (2002) Karyotype analysis of a
Korean cucumber cultivar (Cucumis sativus L. cv. Winter Long)
using C-banding and Bicolor Fluorescence in situ Hybridization.
Mol Cells 13: 413-418

Kovtun YV, Komarnitsky IK, Gleba YY (1993) A new middle
repetitive sequence of Nicotiana plumbaginifolia genome. Plant
Mol Biol 23: 435-438

Leitch 1J, Heslop-Harrison JS (1993) Physical mapping of four sites
of rDNA sequences and one site of the a-amylase-2 gene in
barley (Hordeum vulgare). Genome 36: 517-523

Leitch IJ, Leitch AR, Heslop-Harrison JS (1994) Physical mapping of
plant DNA sequences by simultaneous in situ hybridization of two
differently labelled fluorescent probes. Genome 34: 329-333

Levan A, Fredga K, Sandberg AA (1964) Nomenclature for
centromeric position on chromosomes. Hireditas 52: 201-220

Maluszynska J, Heslop-Harrison JS (1993a) Molecular cytogenetics
of the genus Arabidopsis: In situ hybridization of rDNA sites,
chromosome numbers and diversity in centrometric heterochro-
momatin. Ann Bota 71: 479-484

Maluszynska J, Heslop-Harrison JS (1993b) Physical mapping of
tDNA loci in Brassica species. Genome 36: 774-781

Moore G, Cheung W, Foote T, Gales M, Koebner R, Leitch AR, Leitch
IJ, Money T, Stacombe P, Yano M, Flavell R (1993) Key features
of cereal genome organization as revealed by the use of cytosine
methylation-sensitive restriction endonuleases. Genomics 15:
472-482

Mukai Y, Endo T, Gill BS (1990) Physical mapping of the 5S rRNA
multigene family in common wheat. J Hered 81: 290-295

Murata M, Heslop-Harrison JS, Motoyoshi F (1997) Physical
mapping of the 5S ribosomal RNA genes in Arabidopsis thaliana
by multi-color fluorescence in situ hybridization with cosmid
clones. Plant J 12: 31-37

Schneeberger RG, Creissen GP, Cullis CA (1989) Chromosomal and
molecular analysis of 5S gene organization in flax, Linum
usitatissimum. Gene 83: 75-84

Schwarzacher T, Leitch AR, Bennett MD, Heslop-Harrison JS (1989)
In situ localization of parental genomes in a wide hybrid. Ann Bot
64: 315-324

Schwarzacher T, Leitch AR, Heslop-Harrison JS (1990) In situ
hybridization and the architecture of the nucleus. Trans R
Microscop Soc 1: 669-674

Villa A (1984) The chromosome idiogram of Nicotiana plumbagini-
folia. Genetica (The hague) 64: 145-148

Yamamoto M, Mukai Y (1989) Application of fluorescence in situ
hybridization to molecular cytogenetics of wheat. Wheat Inf Serv
69: 30-33

(F4-€A 20023 12€ 249, 8197 2002 124 3199)



