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N Q. =t Yol (Chenopodium album var. album), Y8 OV5-(var. centrorubrum), 7V="8 OV (var. stenophyllum)
HAO 2 aceto-orcein®l] &3+ GAA| 429} RAS ZAFSIA L, 458 rDNA A AE o] 83 FISH (fluorescence
in situ hybridization) <& Faste] MEFHTH FARAE 223U AANE FAA 5= SAHolF9 |
OfFE BT 2n=6x=5470% W] 7ol 2n=4x=3622 F3lo] FHENoH, 7| EAMA T x=9
AT Holgdre] AMA A 458 IDNAL] $IXE ¢oli7] 913 FISH Aate dgolse] 79 8719 signal©l,
7Fergolgel A= 2709 signale] #EE o] F7F 2lolE Bom, BT G D QloA] HaE gl A 9
9} FEl, 45S 1DNAE ©|8-3F FISH A= Bot7t Aol SHuAw, 7hegolsobe F3lo] 7+

2 AA8 FSich.
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FQO0: 3o, HAA], 45S tDNA, FISH

ABSTRACT: The purpose of this study was to analyze the interspecific relationships of Chenopodium album
and its related taxa collected in Korea. The 18S-26S ribosomal DNA (45S rDNA) loci were detected directly on
mitotic chromosomes by fluorescence in situ hybridization (FISH) and the chromosome numbers were examined
using aceto-orcein methods. The chromosomal numbers of Chenopodium album var. album and C. album var.
centrorubrum were 2n = 6x = 54, whereas for C. album var. stenophyllum, this number was 2n = 4x = 36. The basic
chromosome number was x =9. The biotin labeled 18S-26S rDNA probe exhibited eight yellow fluorescent signals
on the metaphase chromosome of C. album var. album and var. centrorubrum respectively, while two yellow signals
of C. album var. stenophyllum were noted. All of the signals on the chromosomes were located at the terminal
regions. The chromosome number and FISH findings suggest that C. album var. centrorubrum is merged into var. album
and that it is clearly distinguished from C. album var. stenophyllum.
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RS 2ol & AR Holgx(C. album L. var. centrorubrum
Makino)E S oF=(C. album var. album)°l &3A1714L,
7H=401=(C. album L. var. stenophyllum Makinoy= 2|
A7 7E Adaigion, 3 B FAg ] et o]
A= ol Ao}, FRemolre] ol ol gtk A
S AA3E ¥} tH(Chung and Lee, 1996). ©|& A3} 2%
Fejers 54& Fato] Chung (2001)2 FH=At ol
5320 (Chenopodium album L. complex)E 217 o} (var.
album)®} 7F=rdol (var. stenophyllum)= 73 2|$F v} ST},
R C. albumA D] GAA] A= 2n=18, 36, 54 5 AAA
o] 4 WHol & Hagk nul glo, o] F C album s. stt.2] 94
A S22 2n =547} 2l A 2ATKCole, 1962; Uotila, 1978). 71
2ub S-EuEtel A AR sk Aol stk A = A=
ob#] Qi

AZo] sl g AT 54 DNA TS 4 A
EHoR Fuld A BA WA P 3

AP A E EAE RNA 5 DNA §30o] o] 85
SIth(Pardue and Gall, 1969). “1&1} biotin®]L} digoxigenin
ox FAE 1S AHE " (Langer-Safer et al.,
1982)2 B 9] AZol] PQ3t A7t W sAtwe] =
7kel sl o7 Qb EAs ©E ThsshAl SRt
daAnio] Al FejA S vk Algsh=tl Hlst
of gofst HHE Y-S @ 0% 3= FISH (fluorescence in
situ hybridization) 7S QM doll 54 FHAF2] 9]
A2 2e

= 22 4 QO T (Flavell et al., 1986; Mukai et al., 1991,
1992; Leitch and Heslop-Harrison, 1992), 21&2] Al £4
(Schwarzacher et al., 1989; Heslop-Harrison, 1991), 32121
o5 DNA 971A4e] Al =AE Bsl=dl 9 At
4531 th(Leitch et al, 1994). 3+ GAA|9] =17]9} &
oFol fFAFEALY 22 G = #ES 7Skl 8l
FUHGalasso et al., 1995). tDNA A= A4 Aol 1t
ExRog 9xsta, A9 BE 1FAEANA wlg- g F
02 HEEF0] )% (Maluszynska and Heslop-Harrisson,
1993), tDNA2] <=oi] U} signal®] W3}= 21520 Fof uje}

FsIAl YEFU=d](Mukai et al., 1991; Fukui et al., 1994),
Z&AAE A multi-gene family= EA5FH 9 FAd F-H&
gkl Qlo] Al A= Aol de] 22031 Jlvk(Leitch
and Heslop-Harrison, 1992; Adachi et al., 1997). 322}l
ME 3 SR ER] Fiei dAksk(Lee and Kim, 2000), 1.
?(Goo and Kim, 2003) ‘& rDNA2] GAA] 91%] A7) st
W2 A7k o] FolA AL qlnk. FHZell= 589 458 rDNA

5=
Ol_.

B8 0143t bicolor FISH 71 22 A2 53} okg-2]
=9 MEFATA A7 W8I ITHKIm and Kim,
2009; Lee et al., 2010).
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(1) ] A3 2} aceto-orcein® A&

AR AR g 2 AF 12 Ao
55| sto] A ZE o] Yo s
e 24 10~1241°0 5~10mm Zo)= gt
QUA Bo] HF FE 57 BARE 7] Sl 1.
bromonaphthalene 3} <=8 9(1-bromonaphthalene 2 ml/
DW 250 miyell <28 @7F 6A1F B3t A Asileh oA
A WS f8l gdt eke 60°CS] IN HCH- o]l 2~3%
Tt A AY. FHRFE FAISHL aceto-orcein® E A
AEE T 45% acetic acidE A Hojry] ko g x
i ES AEteto] dAMAlE WLt

(2) FISHE Zejo]= A2t g 2]
FISH A3 Sl8to] LA 25k AEE e AR

98] AT N (Fukui et al, 1994)0l] ©7} 37°C2] vk~
oA 30~501 &3k AP sI3lTh Ao R S| =5 Al
25k & SldAt Au)ow aste] ke Setolunks
dEiate] FISHN ©]-8-38l3ith. FISHE 91§ ©32 biotin-
14-dATP nick translation "5 (Gibco BRL BioNick Labelling
System)© = 3EA|AIZ] 458 rDNAE ©]83131°H, Lee and
Kim(2000)] ¥ o] 8313 ct.
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Table 1. Collection data of Chenopodium album and its related species in Korea.

Taxa

Localities

C. album L. var. album 5o}
C. album L. var. centrorubrum Makino o5

oz

C. album L. var. stenophyllum Makino 7F="3

Gwangju. Jul. 9, 2003. MKS8021
Maryang, Seocheon, Chungnam. Aug. 23, 2003. MKS6001

Maryang, Seocheon, Chungnam. Aug. 23, 2003. MKS7051
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200 pl®] DNase-free RNase(100 pm/ml) 2915 Hojreg]
37°ColA 1AIRE B AE]sh $ A2 2xSSCeoll 574 33]
FABIALE Th 70%, 90% 2 99% oflgk&ol|A] 247} 534
WS A7 5 g el 308 WA T AAA WA S
28ked 70% formamide/2xSSC &Ml 70°Col| A 287+ A
23 T 4°C2] 70% olErE:, 95%9} 99% ollgheo] zHzt 554
gato] Aol A A F T

DNA-DNA &4 3}5 93] biotin® = %A% 100 ng2]
probe DNA, 50% formamide, 2xSSC ¥ 10% dextran sulfate,
10ng ssDNAE Z/J% B3] &3t 90°CellA] 1087 W
A - FEAETE AR SEfo| sl B £ S
20 p s AW SRS 9 F 37°ColA 16417F
ol REGAIZITE &3} REgo] v &Efo]| = 40°Ce)
2xSSC, 50% formamide/2xSSC, 2xSSC, 4xSSC g-Woll] Z}z}
10024 FAISE 9, §31e] nj5o]4] Ads 2] 98l 5%
BSA €502 37°ColA 5%-7F blocking SF3AT}. biotin-14-
dATP= A B3-S 187 9138l FITC-avidin conjugate
(Vector Lab.) 89 100 uts 7Fek 5 37°CollA] 1AIZF WEE-A]
7131, ThA] 40°C2] 4xSSC/Tweenoll 33] 105 F<9F =AI8ISITH
(Lee and Kim, 2000). &% signalS SEA1717] 28l 5%(v/v)
goat serum© 2 5:+-7F blocking$ biotinylated anti-avidin-
D(Vector Lab.)S mld 25 pgs 9al 37°CollA 1A17F E<t
HES-AIZITE. 40°CS] 4xSSC/Tweenol] 1054 33] A3t &
FITC-avidin& 2|3} t}. A2 PBSe propidium
iodide(PDE mlg 1~2 pg B AeA 155 FoF st
% PBSE 5+ 23] FAI8HSITE DAPI(4,6-diamidino-2-
phenylindole) 1 ug/ml®} Vectashield(Vector Lab.) 1 miE =&k
F bAoA 10%7F H-e-A171 3 color CCD Camera(XC-750C,
Vilber Lourmat)7} F-2H 3 3¢ v| 7 (Axioskop, Zeiss)-2-
2 signats TEk ARLS 23318l

2t

Skt g olS=(Chenopodium album var. album), Y81~
(var. centrorubrum), 7 ="8 O} (var. stenophyllum)2] M| &4
FABAE 21357 $3l aceto-orcein P o] &3lo] A
A Frof Beks et

AAEZ ANUA = Aot HolFe BT 2n=
6x=547l0] ™, 7H="gol s 2n=4x =362 FRIE Tt
(Fig. 1A-C). wbA] Hol<:e] 712 Al x=9%<=
gRelgk = QST o9} & A= C. album®] BMA7}
69 AIQl 2n =540 H 113t Cole (1962), Keener (1970),
Uotila (1978), Tanaka and Tanaka (1980), Arohonka (1982),
Buttler (1989), Hill (1989)2] 1+ A¥}elt UX|5I%t) &
Aol AREE Holrse] Al A71= 2-35 umE e
wtoh AAE FD2AR] 2] F7] AAAE Levan et al.
(1964)2] 7ol whet 578al B @] $h 7] P &
H-(metacentric, M) G| A-E Ho]FQt}. o]9} o] 1
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Fig. 1. Somatic metaphase chromosomes. A. C. album var. centrorubrum
(2n = 6x = 54); B. C. album var. album (2n = 6x = 54); C. C. album
var. stenophyllum (2n=4x=36). Scale bar =4 pm.

ofFEre] GAA A7]9F FejA 5L Beko] 2l dAgst
o] & AolE KolA| ¢ro} P AT AI7}F o,
ideograme 28717} ol ek 22k AAE A A
T8 Aol Wobrrt Aol AAAT7E 2 7t
ol FElo] e ARE HojFo] Holgg 3
Wolgrol| 37|10l Thegola s MRS BRI ORE
e R84 A5-(Chung and Lee, 1995)9} 2]%-&
B 2] A#}H(Chung, 2001, 2007)2 #|A|&}3t}.

250 Als 729 vla ATE ] YR oR AR
Skal Sl 45S IDNAE 93 % ¢ FISHE 3 A7
o= 2n=6x="54712 A EJ3}F signal =
B5 $NE 73t signal 4719} 23t signal 47071 BEEATH
(Fig. 2A). HFol| 7h=rgolaE 2n=4x=36712] F2A <l
/93 signal g B M2 AA|NE s #HEE Q]
Th(Fig. 2B). ©1- 9 2gols=el 7R=gol5ellA] 458 rDNAZ]
signal®] =2} F7)olX= F7F ZfolE Bl OL, 458 rDNA

ol

Fig. 2. Fluorescence in situ hybridization of C. album var. album and
C. album var. stenophyllum with 45S rDNA probe (yellow-green). A.
Eight rDNA sites were determined in C. album var. album. (2n=
6x =54). Four strong fluorescence signals and four relatively small
signals were found at the termini of the chromosome; B. Two rDNA
sites of C. album var. stenophyllum (2n = 4x = 36). Scale bar = 6 um.
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o] Frof] wh signal®] a2 %4 Fol| e} veksiAl o
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=733k signal®] 8] Afol= AlEHARl T gk 540l
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1994; Lee and Kim, 2000; Goo and Kim, 2003; Lee et al.,
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ol 2AFEQ] 7R=golg Alolo] 458 DNAS] signal
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ATA s Aot 2AFTEY FAWAE eotet
o G S=9F Fel 12)aL 458 rDNAS] signal =2} =1
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