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Identification of Nucleolus Organizer Regions of Korean

Cattle Chromosomes by AgNOR Staining

W. Jung and S. H. Sohn
Department of Animal Science and Biotechnology & RAIRC, Jinju National University

ABSTRACT

Nucleolus Organizer Regions (NORs) are the specific chromosome sites where ribosomal genes are located
and highly expressed. We have applied the AgNOR staining to identify the distribution of NORs in the
chromosomes of Korean Cattle. We have also studied the NORs pattern on the cells originated from different
breeds, tissues and sex. Peripheral blood from forty-four Korean Cattle and Holstein was cultured for
chromosme preparation. The fibroblast culture from biopsied ear skins was also conducted for chromosome
analysis. The distribution of NORs was analyzed by sequential Ag staining and G-banding on metaphases of
the cells. In Korean Cattle, the NORs are localized on the telomeres of the five chromosome pairs number 2,
3, 4, 11 and 28. The number of NORs per metaphase ranged from 2 to 10 giving a mean value of 5.6. The
number of NORs per cell varied among individuals and cells within same individual. The size of NORs also
differed in NO-chromosomes. The number of NORs was significantly different between Korean Cattle and
Holstein, fibroblasts and lymphocytes, and male and female. However, the distribution and frequency of NORs
were similar among the cells regardless of breeds, tissues, and sex.
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Nucleolus Organizer Regions(NORs)= &<l-S
dgske AAAIY 54 5914 rRNA @4
of #Aste RE FHAE Tt o
T3 o]o] syt dojik= 3ot (Gall and
Pardue, 1969). NORs2| &<l WHOo 2= in situ
hybridization® (Henderson &, 1972; Evans

=

S, 1974)°]1} silver staining (Goodpasture and

Korean Cattle, AgNOR, NORs, G-banding, Chromosomes)

Bloom, 1975; Howell and Black, 1980; Hubbel,
1985) 0. 24 7hsghd] o] 5 silver(AgNOs)
Aol ©]gk NORsE rRNA Ao #olsh=
DNA 915 Yehl7|Et= 238 NOR &
o] whulz Hojof o]Fe] FYEE YEhdth
(Howell, 1977).

Aol 2loid A4} AgNORs: 13, 14,
15, 21 B 2% Ao FgA|ol] EAJStaL,
A ZAE Zhel] Thekgl Wo] o] gtk
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(Zakharov 5, 1982). Z|<loli= AgNOR w3
I TG AR el FAE BeEo] glgol AA
o] A4 WEA ApdelA] ol gk A7t
g Folrh. F FUAEY
AgNOR &1 gheko] AAba o] nls] §A]
3 S FgS YERHoRZ AgNORs wHad o]
= o] &3 TUF A oFH 1
A S Al%=3Fa @lY) (Derenzini and Ploton
1991; Pich 5, 2000; Trere, 2000). 7}l 2
A= NORsol| gt @2 AFEo] X BEQJ_ A
ov] 53] olEe EARSel atelE ol
SZFol s BEa¥l vk dv} (Toga-Piquet -5,
1984; Schwarzacher -, 1984; Stefanova, 1984,
Bloom %, 1987; Di Meo &, 1991, 1993
Mellink %, 1992, 1994). %92 2% 3 719
AW NORse] = 107] el odelA gle
™, NORsE XFstal sle A= d+#
of we} thao] ool glont oF 5% 4
SAMA ] EAkaL, NORs2 M4 H-¢
v g fAEhE Aow deA 9l
(Henderson and Bruere, 1979; Di Berardino %,
1979, 1981; Mayr =, 1987; lannuzzi -, 1996).
A7 ofe] F-9 Foll gk NORse| -l
A o] AfolE FF T NA P 2 AEE
Zroll NORs®| %4 tfd ol EAFS B
Skl ot ofe] el tistod A= AFARE
of @& Zolr} 9tk (Di Berardino 5, 1981;
Mayr and Czaker, 1981; Mayr 5, 1987, 1989).
JEBEE 4°] NORs 7, WdE 9 Fx
of M= obx7kA] WEks] g Eojop &
A &= Folalom, tiEo] b= A 54 g
o] thst NORse] I+ HF3gk A7go|tt,
uwpepa] 2ol A dh$-9] NORse ¥4
AABE7] YEke] AGNOR AAH-S o]&-3}
517-4 NORs TQ} NORs IAA] 9 ©]9
hvA
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RPMI 1640S 7] njFdi oz 3o 10% fetal
bovine serum, 1% penicillin-streptomycin, 1%
pokeweed mitogen (©]”d Gibco, Invitrogen Corp.
Grand Island, NY, USA)S H7}slsla 375C
5% CO, vl 7]l A 72413 v el 57
e fr=E flete]l wigEE 504l
colcemid 0.1ug/mé (Sigma Chem, St Louis, MO,
USA)S Azlatdint Alx 2 5 AdAEs=
0.06M KCI (Sigma Chem, St Louis, MO, USA)
24 1587 A, A E]E methanol
7} acetic acidE 3:1%2 &3t Carnoy's? o= 3
3] Wk AAEE & 3233 AlAelth
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°‘-‘?— z221& gojyo] o5& wAMEA A4
st & PBS gHoz Fxtd AT a3 Me-
dium 199 wj%FoHol 15% fetal bovine serum 2
1% penicillin-streptomycin  (©]%F  Gibco, Inv-
itrogen Corp. Grand Island, NY, USA)S % 7}3F
Eghujeklo] 37.5C 5% CO, =7 3dloll wjk
sholth AlEEo] wiYkEetaae] vierda HA)
o monolayers 3JAd3tAl =™ 0.25% trypsin-
EDTA (Gibco, Invitrogen Corp. Grand Island,
NY, USA)E o|&3slo] AIXES EEsla dA
g wote] A widetit) 33 Alt) £ A
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5h9-o] F714F 57070 tie B4 Az AE
Z i NORse 4+ 5637[0|00H, o]5L
29, 39, 49, 119 Bl 28 A A st

Table 1. Mean number of AgNORs per cell and per chromosome pair in Korean Cattle and

Holstein
No. of Analyzed — Mean ro. Mean no. of AgNORs per chromosome pair
Breed anifnals meta- of
phases  AgNORs 2 3 4 11 28
Korean o
Cattle 19 570 5.63+0.05** 1.42+0.03 1.58+0.02 0.75+0.03 0.55+0.03 1.25+0.02
Holstein 25 890 5.37+0.04 1.20+0.02 1.39+0.02 0.88+0.03 0.52+0.02 1.39+0.03

Values are meantstandard error
** Means in the same column significantly differ at

¢0.01.
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Fig. 1. Metaphase cell showing Korean Cattle chromosomes. (a) Metaphase stained with silver
nitrate; arrows indicate NORs chromosomes with silver staining. (b) Same metaphas
e by G-banding for chromosome identification.

At} Holstein®] 7-$- ¥+ NORs:= 5377124 o] S vjw #43F Aoz Wy fujeko
o FYH Afolg BHSlou (p €0.01),  FH D& S A 229 Ao RS
NORs =& {AAI= ¢h9-oF w4t 94 B 53 F717% 2lo] NORse| o]
A NORse| EdWlEy F #F& 1 vlsst th 24 A3 Alxe] FiFe & NORsY <«
S Yeplon &3] 4 gl 11 A A ellA] AfrelMlaEe] - 5.907 2 "
el w7k 2, 3 289 Al vls) st o 5507 Huh FefH o w@grou (1<
Al YRt 0.01) NORs7} £33t A4A= FdaslaL, o

Table 20|+ o] T2 %2 7ol NORs  AA] A NORse| WITE H&k 2f7he] xjolE H

Table 2. Mean number of AgNORs per cell and per chromosome pair on fibroblasts and lym-
phocytes in cattle

Cell Analyzed Meanf no. Mean no. of AgNORs per chromosome pair
ells

metaphases AgNORs 2 3 4 11 28
Fibroblast 180 5.90+0.09** 1.38+0.04 153+0.04 1.02+0.05 0.72+0.04 1.16+0.04

Lymphocyte 1460 5504005 1.31+0.03 149+0.02 0.82+0.03 0.54+0.03 1.32+0.03

Values are meansstandard error
** Means in the same column significantly differ at ¢ 0.01.

Table 3. Mean number of AQNORs per cell and per chromosome pair in male and female

cattle
s Analyzed Mean no. Mean no. of AgNORs per chromosome pair
ex metaphases AgNORSs 2 3 4 1 o8
Male 540 5.68+0.04** 1.10+0.02 145+0.02 100+003 0.65+003 1.33+0.03
Female 920 535+0.04 138%+0.02 147+002 078+002 041+001 1.27+0.02

Values are meantstandard error
** Means in the same column significantly differ at < 0.01.
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Uebstom, 4% HwlS(modal  number)=
4-7MA} o5 WA P2 21, 39 4u,
119 2 28 A Ao EA8F = 29, 3,
28H dAAe] A9 AL BE AEAA 17
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