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ABSTRACT: This study was carried out to determine the karyotype and chromosomal localizations of 45S
and 5S rDNAs using FISH in Astragalus koraiensis. The somatic metaphase chromosome number of this
species was 2n = 16 with basic chromosome number of x = 8. The karyotype of A. koraiensis was con-
sisted of six pairs of median region chromosomes(chromosome 1, 3, 4, 5, 6, 8) and two pairs of sub-
median chromosomes(chromosome 2, 7). Based on the FISH, one pair of 45S rDNA site was detected on
the centromeric region of chromosome 5. Whereas, two pair of 5S sites were detected on the short arm of
chromosome 4 and centromeric region of chromosome 7, respectively. These are quite different patterns
from A. membranaceus, A. membranaceus var. alpinus, and A. mongholicus. Although A. koraiensis is
considered as Korean endemic species, therefore, it should be conducted out comparative FISH study
with A. sikokianus and A. bhotanensis which are very similar to 4. koraiensis morphologically.
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Q: ol A= 7S Ustragalus L) 21 &2 HAXE71(4. koraiensis)®] &3

5S 2 458 DNA A& o€ FISH A3 7|Z3td AEZRHTH A+E Tt
A A, AAZ7) 0] AAE GAAGTE 2n=1622, 7|2 GAAFTE x =832 RI&YT]
248 23 FHEAMA(FGMA 1, 3, 4, 5, 6, 8)S} 224 AFHAAMA(FAA 2, )E
A7) o] GAaA Ao A o] FISH 23, 1242 45S tDNA signalo] 5% GAA 2] FLA] F-9] oA
ZrE 3, 2289] 5S tDNA signale] 49 G| o] ©hek Dk glel 7H GAA 9] FAA F-9 oA
ZHE AT ol 7189 7] 9 AF7, FFL71(A4. mongholicus) ¢F= 3 thE FISH sHH<

132 9lo] A7 Ifsds dAHAY, FEt oz fARE ARVN(A. sikokianus) B
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bhotanensis 2+2] V| ATE F3)5te] A&l EF7F3H4 g7} o] Fojx{of & Zl o[t}
FQ01: 3714, JA87], 8y 4, FISH, rDNA

)28} 7] (Astragalus  koraiensis Y. N. Lee)i= 3}
(Fabaceae)ol] &3l thadA] 2Eo02 T2 Zd% 4
A, B SH 0] 7 Aol A AR SHTH(Lee, 1981).
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AR-He)= 874, sikokianus Nakai)®} -5~ A}
I (Kim, 2004), AF=271(4. membranaceus var. alpinus
Nakai)9t= ARSIt AlF37]= shebil Ho7] =2
oA B]AES] A= b (Lee, 2003), F4137]= 7}
A7y e EEA o R ApekE A Zpolrt Sl
st A= SElvete] SAbaE 9 okgAlEo|
), JUCN 7P|+ EEA7F 2 AE7A484 54

=
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AEE Veuwlo® ERy o] FAANERZA o] &

7HA17} ek g 2hek, 2013). SHAI T #H 2 &4

Aol Wl FekAlF To= la AA 9 MAFTt =
a1 9lo] BE7) AlFslth.

F-Evhetell AHYeh= 8715 (Ustragalus L) 21, A
251 XTI N(A. koraiensis), AT-371(A. membranaceus
var. alpinusys E3s1o] A 65 3AFOE AeiA] 9l
31(Toh, 1971; Kim et al., 2006), o155l t$t MEf7d8h4]
T2 Toh(1971)9] 7|9} AlF=31712] shggof st A
9}, Kim 5-(2006)] 271, AF371, 5=371(4. mongholi-
cus Bunge)®] 33 3} FISH 7|HS o] 838 A|Z-5-487]
AT el Luo 5(1999)2] AF7N71(4. adsurgens Pall.)
sl A AMAE st At Qi olgte] ¢
et 37)&e] digh 25784 AT 3719 el gl
-2} Ui ele]l ¥t A (Lee and Chung, 2004)7}
o, FAAYESe] W} tjEe] DNA A4 1R
5 &85 EH7E AR ITS vHAE ol &3k 374
o] ®-F9KKim, 2004), SCAR "= o|&3alo] 78}
BZ371(A. mongholicus)s w3 A7 A¥7F By
o} ATHLim et al., 2007). 3H8, G = 34 E
24 Frekd akdelA w2 7EA7F gl Etet
A, AlERASE A WS Aotk AAE)
= 19810l AFE7|2 S Lee(1981)°] 2l AlFo
=2 e HQla1, 2004 St 714 A0 ITS -9
o] dA7IMAE Aet A, JAsT)er A4
sikokianus)2] S1F-FE] 2 ITS A7|AL2] fAFde] v
T =2 F0RE HaEo] AT FF ol shrh=
ool A vk QlTH(Kim, 2004).

280 AFEFAEA ARE= fAAA0 BE U o]
gl 7]12A57} Ih(Kim and Lee, 2007). 53] &S
7 F0 A g, A7), FE 52 S-S Hojg,
AEE Fobth ] AFS A Q7] Wil F
< skl -85 (Wang et al., 2011), 329409] 2
olo} FHUA|S A|® FEate] 71 Ao wNE FHE A
$£o07 THNITE Fojste] Wy rk(Battalia, 1955;
Levan et al., 1964; Naranjo et al., 1983). 3132 S3444)|9] &
B2 5ol whet FEat] witel o FEFoE 7
o] ofEe A EFolA, AERFUEE FFollM £
T 7hsstAl & Rk opdel, Rkt Als il
Al A7l % 8¢ =771 = 5 ITHKim et al., 2006).

FISH(Fluorescence in situ hybridizationy= $344]] 4
oAl 54 A7IMLE] AAE AR Rlste] E8F
T2 A% 2237 genomed] A W AS-RAEA A
Toll A8 7 Q= 7P 88 ol th(Seo, 1997).
1970, SHAF ARG Al 383kl 54 <17
M AH-9E A17Fslet A (Pardue and Gall, 19705 A
2o 7 1980t Fykof|li= FISH 7]'He] 98o] K%
2107 (Bauman et al., 1989), 2]5=li= Rayburn¥} Gill(1985)
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of &l HxZ A-g¥ Utk 1989 ell= 5O = blue
(amino methyl coumarin acetic acid = AMCA)®} red(tetrameth-
ylthod-amine isothiocynate = TRITC), “12] 3! green(fluoresce-
in isothio-cynate = FITC)© 2 3|3t multi-color FISHE- ©]
S3to] AAA Bl 5SS th(Ned-erlof et al., 1989).
FISH= Z7]9] WA Foldar]el nls) |3lel =
of "Had A7to] A HNE7} FOH(Kim et al,
1998), A e] #3824 HH e} DNA 714D 7%
of theh Rt AerEe] 7] wiEel Fd el thst
o] st JRE A|FSHH(Cho et al., 2003). =3, FISH
= A% G 9 #(Seo, 1997), FAA FxZ
(Moore et al., 1993), GAA] Aol Aol FAke] 9% &
Ql(Mukai et al., 1991) 5ol g2 o] &=L gt} ol
+= multi-color FISH 7|H{ 9] AREO 2 ZV7| vf2 -4
9o B =4e ARgste] sk ol 7 A o] M=
UE 7 IMGs sl HEE 5 2lol(Seo, 1997), ¢
AAP el A et AR T Ao ThsshAl H il
(Kim et al., 2004). 53] 4582} 5S rDNA= o= 2]559]
v 3Eo= 7 AL Q71 wliEell(Seo, 1997; Koo et al,
2003), TF AL e zpolE g 5 Qe
&8 A R ARG, o5 o] &% EEA =
(physical mapping)®] 2> AA 2= 9 dF 74
oy Al %2 vl AT-ell f+-&3stKFlavell et al,
1986; Rogers et al., 1987; Ricroch et al., 1992; Cho et al.,
2003). B3, o]5o] ME T AN YERtr] wiE
of A AR Y FAo] e Aol
L3 ARg2 4= Ith(Kim and Kim, 2009).

2 AvE gaRrIe) 37 GaA a3 2
a1, 4589} 58 rDNAS B3O % o]-83t FISH 7[W=
) G BAE W ALFASY )x A0 A
st FAd7]e] SatForAe] BReH IAE
23] shalak AAJskGit) of&el f71S AT Al
FREHE Aol 71z AkE = FEstaat skt

Ll oF, of of ok

T2 2

CKTable 1). v=of] Q188 H-Fre] sty 7R E
EE @S, SalEtTels], 200774 wsich

2.4
1) &20|= Iz} 3 e 24

FISHE &efo] =5 Al#tel] f1ste] °F 2 em 4= 2+
& S AFE] 0.2 mM 8-hydroxyquinoline 2]
7k SAIZE A2 g th, ethanol @} glacial acetic
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Table 1. Collection data of Astragalus koraiensis used in this
study.

Taxa Collection site Collection data ~ Collector
Gangwon-do,
Gangneung-si, Oct. 2,2012  Heo & Han
Simgok-ri,
A. koraiensis
Gangwon-do,
Jeongsun-gun, Oct. 2,2012  Heo & Han

Hochon-ri

acid(3:1, viv) Eghg-oo]] 24A)17F A4S 5 70% ethanol
of W HystuA AIANERE o] gt Y
TS G4 EFE-N2% cellulase, 1.5% macerozyme,
1% pectolyase, 150 mM citrate buffer, pH 4.5)°ll ©7} 37°C
o Al 603t A §, ZEo] BdxAS A&t
60% acetic acidE Hojry] sty AxAIZ H,
DAPI(4',6-diamidino-2-phenylindole) & AF&-3}0] &3-S
15T A E4-2 Levan et al., (1964)2] =<
et A ] FAAE TR Tek(short arm, S)
Z¢klong arm, L)¢] Zo]E ©]&3}] arm-ratio (L/S)E
T8k 71 8|7} 1.0~1.701H S5 (median region,
m), 1.7~3.00]% X} A 4| (submedian, sm), 3.0~7.0
ol Zek-93 A A (subterminal, st), 7.0~000]H TSI
AW Al (terminal region, t)% 5k EAISISITE A
© 3 ACEHH FHE A £o=E wdste] af HE
£ Folaigla, Al AR 2 AES flal 34
oS St FISHE 33| Mol ZegeE
9] cover glassg A|ASH F, =22l 70%, 95%, 100%
ethanolol] ZH2} 354 22| & 12417 HasISic

T %

=

2) EElo| |

FISHE 93 ©3 O 2+ biotin-16-dUTPE A%
45S rDNAS} digoxigenin-11-dUTPZ ¥A]% 5S rDNAS
o] &3ttt 4589) 5S DNAS] ¥32 AFslr] $4,
J7431719] genome DNA(20 ng) 3 pL, 45S rDNA(Son et al.,
2010), 5S rDNA(Son et al., 2012; Table 2) primers ZHZ} 1
pL, 10X buffer 2.5 pL, dNTP 2 pL, Taq polymerase 0.2 pL,
it 257 163 uLE E383itt. PCR(polymerase chain
reaction) 2712 %7] 95°C o4 583t denaturation A|%!
T, 95°ColA 30z, 56°CoNA 30z, 72°C A 12T 32
cycles, TFA]EF S 2 72°Co| 4] 5%} elongation A] 7T

Table 2. A list of the primers for this study.

PCRZ S3A17] 4582} 5S tDNA F-7AME 1% agarose
geloll Al 7194 58ke] ER18}FaL, T-Vector(Promega, USA)
2 PCR 53515 ligationdt 9, competent cell= E.colis
AHE31o transformation$t $-¢1] plasmid DNAS =391
t}. o]o}A] template DNA®I 45S rDNAT= biotin-16-dUTP
(Roche, Germany)i®, 5S rDNA+ digoxigenin-11-dUTP(
Roche, Germany)= nick translation ol w2} %323}
15°CollA] 9037+ HH&-A1Z1 Th, 0.5 M EDTA(pH 8.0y
A7Fslo] 65°C oA 10027 2] $- 20°Cel] Basi3iT).

3) Fluorescence in situ hybridization

FISHi= Waminal and Kim(2012)2] W&-& H 35}
ARESEIT AxE dAA Seko]=o RNase &
(100 pg/mL, 2X SSCy& F=3E310] 37°CelA] 601t 2]
T 2X SSC oA SE3F 33 sk, EEfol= A
o] A WMAAS 98 4% paraformaldehydeol Al 104
ZF A -, 70%, 90%, 100% ethanolA] ZH} 3w7t &
T 5 Aol HEAIZH.

3] &gkl (biotin-16-dUTPS} digoxigenin-11-dUTPZ
Z+zy A% 500 ng®] probe DNA, 50% formamide, 10%
dextran sulfate, 2X SSC, 5 ng salmon sperm DNA ) 70°C
oA 1083 WA §, a2 dgolA 10387F
WAA Fhlste] Az Sefo] =] 40 plA 2t
I cover glassE HO] rubber cement® 53 $, 37°CY]
humid chamberel| 4] 16A]3F ©]%; hybridization A] %t
Hybridization®] €5 % 2X SSC g0l 5%, 42°C
] 0.1X SSC g-olellx] 353, 2X SSC &-HefA] s¥7h A
2]5lo] hybridization WA ka1 H& of&-o] BG4
Atk B39 vlSolzel A u] 98] A
ZEfo|EE A2oA 55 59 blocking(Roche, Germany)
Sk & biotin® = ¥A]%F 458 rDNA 502 Cy™3-streptavi-
din conjugate(Zymed, USA)=, digoxigenin© & A% 58
DNA ©32  anti-digoxigenin-fluorescein  isothiocya-nate
(FITC) conjugate(Sigma, USA)Z ERIE7 =2, Cy™3-str-ept-
avidin?} anti-digoxigeninfluorescein isothiocyanates block-
ing &1k E3F F, Eefo] el :2aEsko] 37°C] humid
chamberoll ] 6033t RES-A17 biotin} digoxigenin©] &
RS S3ITh olojX &Rl EE 70%, 90%, 100%
ethanolol| A 242} 334 A 2jste] o o] ddadS Al
718k DAPI (4'6-diamidino-2-phenylindole)’} 3Fre]o] 9l

Primers Sequences

45S F 5'-GCGAGAATTCCACTGAACCT-3'

458 R 5'-ACGAATTCCCTCCGCTTATTGATATGCTTA-3'
5S F 5'-GATCCCATCAGAACTCC-3'

5S R 5'-GGTGCTTTAGTGCTGGTAT-3'
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+ vectashield 89 (Vector laboratories Inc., USAYS 2} &
gfo| & Qlof 25 uLA 75 ¥, cover glassE o] CCD
camera(CoolSNAP™)¢} 83317 (Olympus BX51)= ©]
&3to] signale #EsEIL APLE &YsGiTh g<ld
signal'5< Cytovision/Genus" (version 3.1) A~ X E ¢jo] &
ARgate] 2t on A3l Ady W AGgYE 9
alf A3 o e A8l

o=

E< =Nty
[SIRSN

AFolM = SelvEte] RSt Sl 371%
= % BXZIVNA. koraiensis)E DY OZE HF &
45S rDNA 4 5S tDNAE ©|-83}¢] FISH 7]'Hell 7]
A7 ATHE S8t

Ny A A, Ao AME QA TFE
2n=1601" 7] A= x =82, o]l Al(diploid)
Aol AR1E UATHFig. 1A). o151 ] dtellM A=
7H&71(Luo et al., 1999)¢} 7], AF37](Kim et al.,
2006) B=gF 7] G x =82 K HE v
ojHol f-gitetel] HLxeh= UIE A& 7 G
A= x=8% Aoz ghds]ojzin, T3t Yx57]9
AAA F713= 2.68~3.45 pum W, arm-ratio= 1.42~1.84
Ho 2 YeERth Armeratioof wel G 244 64

iy

Pu 1z
RO =

o FRQAASE 5] AFFAAAZ T AT
(Table 3).

ZF s e 54 v 2ok 1 ¢
A= A QA T AolZk 7S 21 AR At
o7} 3.45 um®] 93, arm-ratior= 1.512 FFG 2]
= AEEQa, 28 A8AE B Aol7t 3.19 pm ©]

Table 3. Karyotype analysis of the Astragalus koraiensis.

2O, arm-ratior 1.84% XA A |3} 30
A= Ht Zol7t 3.14 pm ©]13L, arm-ratio= 1.66°
ST AAAR SRIEIT, 40 A8AE Bt ol
7F 3.03 pm ©]%l3L, arm-ratiot= 1.500.% SIA] FH-IA0
Az FEE A s GAA= FHa do)7t 2.88 umo]
31, arm-ratios 1.420| P& ZHAA R 68 IMA|
= ¢t Zdol7) 2.83 um, arm-ratio’} 1.54% SH-F A
2 RN 7/ GAA= F Zol7t 2.74 umo] S
3, arm-ratiov 1.71%2 b5 GMA| 2 #AFEGlom,
8 A= it Holrt 2.68 um=E AFEAANA T 7}
A ZA el o™, arm-ratios 1.552 SH-JMA| =2
1= A TH(Table 4).

FISH 23}, 1742] 458 rDNA signal¥} 2289] 5S rDNA
signal®] #2=| =4/ (Fig. 1B), 45S rDNA signal> 51
A A #2E N1, 5S rDNA signal 4% 344
oF 7H Aol A T ITHFig. 2; Fig. 3). 45S rDNA
v 2REFY 7 RO, BE AEFY APl
A 1K o) do] EASkal(Leitch and Heslop-Harrison, 1993),
188, 5.88, 2682] B& AEEniet 78] HEAR] coding
Z]*1 32} ITS(internal transcribed spacer) A &jo] HHE-2 0 2
Hjldy 725 7Y, &3] ITSE 52 21" (Jobes and
Thien, 1997; Son et al., 2009y} A& &2 (Hsiao et al.,
1995; Liu et al., 2006; Son et al., 2010)°1| 23+ -4} v}
7lo|t}. 3HH, 45S rDNA signake F-5A171 §l= GAA)
AME YeR P = SHAIRE, FA AAAe] 73 458
tDNA signalo] GAA19] Q1 B4 F-2/(NOR; nucleolar
organizing region)llA] YEFH (Kim and Lee, 2007), 2]
= T U FA] GAAE S 4 ol 7 AL 8l
owug FAs7)o) = 458 tDNA signalo] 581 QA4

Species Chr. No. Chr. length (pm) Karyotype formula (2n)
A. koraiensis 2n=16 2.68 ~3.45 6 m+2sm
Table 4. Chromosome size and arm ratio of Astragalus koraiensis.
Species Chr. No. Sh?;nf)rm Lo(r:lg;)rm TOt?L:ir)]gth Arm ratio (L/S) Form*
1 1.37 2.08 3.45 1.51 m
2 1.12 2.07 3.19 1.84 sm
3 1.18 1.96 3.14 1.66
4 1.21 1.82 3.03 1.50 m
A. koraiensis
5 1.19 1.69 2.88 1.42
6 1.11 1.72 2.83 1.54 m
7 1.01 1.73 2.74 1.71 sm
8 1.05 1.63 2.68 1.55 m

‘m, median region; sm, submedian.
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Fig. 1. Diploid somatic chromosomes from metaphase
plate(A) and FISH patterns of the metaphase chromosomes
of A. koraiensis using 45S rDNA(red) and 5S rDNA(green)
(B). Scale bars are 5 um.

Fig. 2. FISH mapping of A. koraiensis. 45S rDNA and 5S
rDNA are shown as red and green signals, respectively.

1 2 3 4 5 6 7 8

Fig. 3. FISH idiogram of 45S rDNA and 5S rDNA loci
on the chromosomes of 4. koraiensis. 45S TDNA and 5S
rDNA are shown as red and green, respectively.

°] NOR -9 yeht Aoz gaksh 4= Qi) wehA
AT oA = s AL BeA At 2
& = ik o]t A¥= Kim et al. (2006)2] 2174
37), 5=371(4. mongholicus Bunge), AlT3712] 458
DNA signalo] 7H A A e A¥eh= v =
A AFEonz, 9o A F3 EFIHHoR 2o
7F Qe Zlow e oIt 5S DNAE AEEellA
120bp2] A9 BEAQ] 7ML 7 AL Sl= A<
7} NTS(non-transcribed spacer) Z|&jo] WS4 03wy
o = F2E 7, 3P locusell A rDNAS] =
Are] Wshrt Aste] 472 Wolel A FxTt A=
T FAwA W8} Aol 485k (Mukai et al.,
1991; Maluszynska and Heslop-Herrison, 1993), 34 <=2}
e 1AW s wet wjoFA oA o] TS
SIth(Leitch et al., 1993; Seo, 1997). 5S rDNA2] 73-%- Kim
et al. (2006)°] AT-olx 719} F=3171(4. mongholicus
Bunge)oll = 178, AlF37] oAM= 2802 32y 3]
=, o] Agelld= 28] 481 A e TH AAA]
o A IEE T o]gA £ & YA E ke A
0]Z HolE o= 55 IDNAS] BHEA|Y Fojo] it

-] non-coding sequence®]”] wjitell X3} 27 F<t
DNAS] EAl=2] ®ish7h Alsto] whE 714 de) 1
3lade A7) w02 AZFETtKSeo, 1997).

AAA A= To st T3 FAHAE F4
sh=tl] -85 MAEZA8H4] W O = (Park et al., 2006),
& AelMs 719 B9 24 9 FISH 71M<
o]-g-ato] 45S%} 5S rDNAS] &4 %= (physical mapping)
£ stk 53], A7 AEFAEE AE
A5 o2 ALskgl=dl, gt 7oA f1AE whl
7] QlEiA= o] AR nFo] Fagr)el A
7] B A. bhotanensis 2+2] rDNAS] 912] H]i A7}
FefElofof g A0 7 e ozt
& A7 Ayl A9 AlERAsHE JRE A
+o % RisH ¥ Ad B ok}, V)% A
o] AGEFEA ATl VxARE E8E F s

(
I

o

Al Ab

2 AT AR AT S A (@A &
S211013L020110y 2] Aol &Jsfe] o] Fo)xl AT,
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