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SUMMARY

I. Title

The identification of standard karyotypes and chromosomal
markers of Korean native livestock by high-resolution banding

technique

II. Objectives and Significances of the Research
and Development

To improve international competitiveness of animal industry,
genetic resources of animal are secured and then adequate
breeding and raising are achieved. In Korean cattle and dairy
cattle, we have insufficient genetic informations which include
breeding value and selection scheme. In pig and chick industry,
we have not our pure line or strains even though the mating
system has been established. To produce commercial pig and
chick, imported parent stock is used in Korea. In addition, the
genetic informations of Korean cattle, Korean native pig and
Korean native chick were very short. Therefore we couldn’t plan
the breeding scheme for Korean native livestock. Above all, we
have to understand the genetic characteristics of Korean native
livestock and then make plan the selection and mating system.

To obtain the genetic information of Korean native livestock.



the karyotyping of Korean cattle, Korean native pig and Korean
native chick were performed by high-resolution banding technique.
Chromosomal band markers were also analyzed by this technique.
On the other hand, the patterns of appearance was investigated

and cconomic traits were analyzed on Korean native livestock.

III. Contents and Scope of the Research and
Development

This study was to obtain the genetic informations of Korean
cattle, Korean native pig and Korean native chick. Therefore we
propose the standard karyotypes and phenotypical characteristics
of Korecan cattle, Korean native pig and Korean native chick.
Using the high-resolution banding technique, morphological
patterns and G, C-banding patterns of prophase, prometaphase and
metaphase  chromosomes  were analyzed. The patterns of
appcarance and productivity on Korean native livestock were also

analyzed.

1. Methodology of chromosome preparation

1) High resolved chromosome preparation from lymphocyte culture
This study was carried out to seek the best method of high

resolved chromosome preparation from blood culture on Korean

cattle, Korean native pig and Korean native chick.

._13_.



2) High resolved chromosome preparation from chick embryos
This study was carried out to develop the method of

chromosome preparation from chick embryos. To obtain high

resolved chromosomeé from chick embryos, the inhibitors of

chromosome condensation were injected into chick embryo culture.

2. Standard karyotyping of Korean native livestock
The standard karyotypes were presented by analysis of
centromeric index and relative length in Korean cattle, Korean

native pig and Korean native chick.

3. G-band markers of Korean native livestock by high-resolution
banding technique

Using high-resolution banding technique, the G-band
markers of Korean cattle, Korean native pig and Korean native

chick were analyzed.

4. C-banding patterns and heterochromatin polymorphism of
Korean native livestock

C-banding patterns of Korean cattle, Korean native pig and
Korean native chick were analyzed by high-resolution banding
technique. Heterochromatin polymorphism were also analyzed by

C-banding.
5. The appearance and economic traits in Korean native livestock

...14—



The patterns of appearance were investigated and economic
traits were analyzed in Korean cattle, Korean native pig and

Korean native chick

IV. Results and Their Utilization Plans

1. The standard karyotype and chromosomal marker of Korean
cattle by high-resolution banding technique

Using the high-resolution banding technique, karyotyping for
Korean Cattle was performed from peripheral blood cells. Blood
samples were collected from 119 male cattle that had been
stationed at the National Livestock Research Institute for progeny
test. For a comparative study, bloods were also obtained from
Holstein bulls. Chromosomal morphology and G-, C-banding
patterns of the chromosome at prophase, prometaphase and
metaphase were analyzed. The results were as follows;
1) To obtain high-resolved chromosomes, an optimum condition
for mitotic arrest was established during blood cultures in the
presence of colcemid, ethidium bromide(EtBr) or methotrexate
(MTX) alone or in combination for variable durations. Both EtBr
and MTX effectively arrested the cell cycle at the prophase and
prometaphase to a similar extent, colcemid being the least
effective. By contrast, treatment with EtBr for 2.5 hours followed

by colcemid for 30 minutes rendered the best chromosomal
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morphology for high-resolution banding.

2) All the 58 autosomes of Korean cattle had almost a zero value
of centromeric index, indicating that they acrocentric; sex
chromosomes X and Y were submetacentric and metacentric,
respectively. Chromosomal number and the morphology of
individual chromosomes of Korean cattle were not different from
those of other breeds that had been reported.

3) Prophase and metaphase chromosomes rendered 540 and 300
G-bands per haploid, respectively, with variable band intensity. In
particular, the yield of G-bands of prophase is much greater than
can be obtained by a conventional method. Accordingly, prophase
chromosomes were used for the identification of chromosomal
landmarks and regions and also for the establishment of a
standard karyotyping for Korean cattle.

4) Autosomes exhibited the C-band on or near the centromere,
whereas sex chromosomes had variable numbers of them on
variable sites. The proportion of constitutive heterochromatin,
ranging 13-27%, increased with decreasing chromosomal length
and also with increasing chromatin condensation. Moreover, the
heterochromatin ratio of Korean cattle was significantly less than
that of Holstein in all chromosomes.

5) Korean cattle had a few G-bands on chromosome 10 and 12
that were not present in Holstein or ISCNDA standard, but more
study is needed to determine whether these could be used as

Korean cattle-specific chromosomal markers.
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6) Korean cattle had a yellowish color hair. The shape of body is
changed as meat type cattle. In the investigation of economic
traits, the birth weight, weight on 22 month, average daily gain
and carcass rate were 23kg, 542kg, 0.9kg and 599, respectively.
The estimation of heritabilities of this economic traits were 0.14,

0.35, 0.19 and 0.50 respectively.

2. The standard karyotype and chromosomal marker of Korean
native pig by high-resolution banding technique

Standard karyotype of Korean native pig was presented by
high-resolution banding technique. Blood samples were collected
from 50 male pig that have been raised at National Livestock
Research Institute. The patterns of appearance and economic traits
were also analyzed. The results were as follows;
1) To investigate the optimum condition of high resolved pig
chromosome  preparation,  colcemid, ethidium  bromide and
methotrexate were used in blood culture. EtBr followed by
colcemid for 50 minutes to 1.5 hours was effective in arresting
cell cycle at prophase and prometaphase.
2) The karyotype of Korean native pig was 38, XX or 38, XY.
The morphological patterns of Korean native pig - chromosomes
were metacentric(Group 111, X and Y chromosome),
submetacentric(Group I) and acrocentric(Group II & IV). There
were no significant difference between Korean native pig and

Landrace in the number of chromosomes and chromosomal

..17_



morphological pattern.

3) In G-banding patterns of Korean native pig, all of autosomes
had central positive bands on p, g-arms and a negative band on
centromere. But X chromosome had central negative bands on p,
g-arms and Y had a central positive band on p-arm. These
landmarks were very similar to the International Karyotype of
Domestic pig(1988) and Landrace. The vyield of G-bands on
prophase was 370 bands by high resolution banding technique. But
G-bands on metaphase was 230 bands by conventional banding
method.

4) The chromosomes of Korean native pig exhibited the C-band
on or near the centromere. The proportion of constitutive
heterochromatin was wvariable among Group. In the proportion of
heterochromatin, Group IV had above 10%, but below 4% in
Group I. In the contents of heterochromatin on sex chromosomes,
X chromosome had 3~5% and Y had about 100%. Whereas Y
chromosome had variable proportion of them on variable sites.
The heterochromatin ratio of Korean native pig was significantly
different from Landrace on chromosome 8, 9, 18 and Y.

5) The appearance of Korean native pig was classified as coat
color, nose color and patterns of ear lobe. In all of investigated
Korean native pig, the ratio of black coat color, black nose and
straight ear lobe was 66.3%6, 77.4%, and 59.196, respectively. In the
investigation of economic traits, litter size, average daily gain,

back fat thickness and feed efficiency were 7.1 pigs, 449g, 1.69cm
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and 3.95, respectively in male and were 7.1 pigs, 416g, 1.91cm and
4.18, respectively in female. The carcass rate of Korean native pig
was 70.72% in male and 76.5% in female. The meat quality of

female was much better than that of male.

3. Thc standard karyotype and chromosomal marker of Korean
native chick by high-resolution banding technique

To establish the standard karyotype and chromosomal
marker of Korcan native chick, the high resolution banding
techniques were applied to chromosomes. The chromosomes were
prepared from  lymphocyte culture and early embryos with 300
Korean native chick which have been raised at National Livestock
Rescarch Institute. The G-, C-banding patterns and
heterochromatin  polymorphism were also analyzed. The results
were as follows;
1) This study was carried out to develop the method of high
resolved chromosome preparation from chick blood culture. To
obtain high resolved chick chromosome preparation in blood
culture, the methotrexate and thymidine were added during
culture, and then a short time of colcemid exposure was required.
In chick embryo culture, injection of ethidium bromide into air sac
followed by colcemid for 60 minutes was effective in arresting cell
cycle at prophase and prometaphase.
2) The Korean native chick chromosomes consisted of 8 pairs of

macrochromosomes and 31 pairs of microchromosomes. In
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macrochromosomes, chromosome 1, 8, Z and W were metacentric
chromosomes. Chromosome 2 and 6 were submetacentric
chromosomes. Chromosome 3, 4, 5 and 7 were acrocentric
chromosomes. There were no significant difference between
Korean native chick and Leghorn in the number of chromosomes
and chromosomal morphological pattern.

3) Prophase and metaphase macrochromosomes rendered 150 and
70 G-bands per haploid, respectively. Using high resolution
banding technique, the yield of G-bands of prophase is much
greater than can be obtained by International Standardized Avian
Karyotypes(1999). Accordingly, prophase chromosomes were used
for the identification of chromosomal landmarks and regions and
also for the establishment of a standard karyotyping for Korean
native chick. The G-band landmarks of Korean native chick were
very similar to the International Standardized Avian
Karyotypes(1999) and Leghorn.

4) Macrochromosomes exhibited the C-band on or near the
centromere and distal part. But existence of heterochromatin on
macrochromosomes was very variable in quantity and sites among
individual and cells. Especially chromosome Z and 3 had C-band
variants with heteromorphic patterns on distal and centromeric
site. The proportion of constitutive heterochromatin, the
heterochromatin ratio of Korean native chick was significantly
more than that of Leghorn in all chromosomes.

5) The appearance of Korean native chick was mainly classified
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as feather color, Male had vellowish or reddish feather on the
head and neck and had dark reddish or black feather on the
shoulder and back. In contrast with male, female had a light
brown feather over their body. In the productivity of male on
growing period, viability, body weight on 8 weeks and body
weight on 20 weeks were 95.2~97.8%, 630g, and 2040g,
respectively. In the productivity of egg production, age of sexual
maturity, hen day egg production, egg weight and feed efficiency

were 104 days, 56%, 47gcm and 3.4, respectively.

4. Utilization plans

1) We suggest that the genetic informations such as phenotypic
appearance and productivity in Korean cattle, Korean native pig
and Korcan native chick are very useful tool for identification of
Korean native livestock.

2) Using high resolution banding technique, we propose the
standard karyotypcs and G-band markers of Korean cattle, Korean
native pig and Korean native chick.

3) The high resolved standard karyotypes of Korean native
livestock are necessary in chromosome mapping.

4) G, C-band markers are helpful for the study of molecular
genetics on Korcan cattle, Korean native pig and Korean native
chick.

5) We suggest that the heterchromatin polymorphism is the

indicator for the identifying breeds and individuals.
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6) According to these techniques are transferred to the some
animal breeding institute, these techniques are used as the tools of

selection and testing for the Korean native livestock.
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A 4 ZA=EAHN o AH el REYY AAI A

H O] I AT e e e 125
A 1 Al A s 125
A2 A AR E HFY e s 127
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MA1E M2

4

Zaptopol slol AAAY AnE A% NNEd FelE

MAom 72} HEel O $5¢ FAAAe Furh dPsojoput
st ol% mulm ¥ F%9 §F% AFo] YAl At olF
F @9k F5o AolAE mFstn Qe fAAde ZgE AA

olul A AA R AW EHEe HF AA dwHe viFw A

Qolsl, ofwEilolo] glolal FEL e EH5H =dTAE AH

2 FAE wheA 2g AAolth tlge] %eE WEI A=A,
A B o age) AAriEel dedE AR FAPRE o
A ggbel we) olmel AW REI TSk Rim oldute TE

maje) mFa WHolth oleldt o YBES Ak @ M A
o)

o
S
L
g

7y el FAlE Bd mpepo] AdAE Yok AL, olE
ANAZ K% AFo] AlF3] olFolH ok & AAR s
z}F Ego) gk f-A3 FE XA (genetic marker)?] TH-E
ZF g Aol Yk Ad Sdoma] Bk ofvel sAle] 1A &}
tpolrt AAE A dAyd T FRWRHZAE &4 Jted A
o® Almyo] Hit oy WA H2E B A ol F A

x4 Aol FdEde 49 AAsm msta A} e AE
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A8 (cytogenetics) el BE#} {HEHAES DNAFTEAAA AfHow
zAdatE AR (molecular genetics)e] WEo] F4:3] X8 o]
ol ® ZEES °l8T sIFe) FAH AR FHel A #§
i 2 sk Al=rF &wE) AT v e AR o
AA L] ATE 197080 ol F FEHEER o] F oA vA DNATFl o
g YElgE g9 FEe] & dr]e(banding)o] WASHA He o
ER2A AEAAAY AA, gAY T2A o) #Fo A *H &
AR = AAAE 9% land marker?] A% Fo HAFHor H By
3 ok ey obH A fahvhelel A AEFREEE T4e] =9
oBAl HFEA Mo He&g=e w¢ vFIL AdEel

AT BAHEE e S5 Ol o] AxEH AL
A B XL §1A FHoly A# Axg EH GAA Ak
23 S 98 71 QA 8wy uos 988 da A
A AEFHEE ZIES 278t vk VIS A Ao el u
£ band¥d& F71 e dAAE FEste) gkl ubel o A
A gHor ety AgFoer ] Wi 28 ®WXA %2 band
7 @k wEgbA 2 9AaAE A or FEZ £ vk W1
W& band® TS Z1UY 5 i, Bk AL A &4 &
FE § A& AHeolth High-Resolution bandingo]l s ol& 13 Al

A A7l 5 A7l (prophase) &2 Z7]%7](prometaphase)’ el 2

L4

FHA & FE8te] bandE BMslE Aom dAHow A @
2 bands=¢F WIAIE GAAe] FxA AAN Be BAA JHeEt
A ok H AR dAaA Aol doiXE oleh ZE ol
o £ B MERE FAnEee] =E&EHIT Ao, 19959l e Abee

QAR thek A T WY o2 High-Resolution banding©l]l <]



3} band®l land marker® &% o2 AY3YHISCN, 1995). ®FHH
R EZ7pR] 7FEo] ola ol#ld BEAyel Biue F(Kaftanovskaya
and Serov, 1992)3 =] =] (Yerle et al, 1991)o] w3k Al=wko] Ql&

wowa gromel §A" el Aoy Hux AEe FAYE

2. AA -0 A 59

URENE 3 M2 FAFIAAA WTO AAe &% ol =
AN Zstel NI SRS g5l E € Joy 7=
o] A} ol9elE @ o Fr)FH wyte] ATHA X AAelth
B3 Zabitokol] ot FdlEel olml AzFkE M dFEH
NE AAY $Fe a9 JG@Felsr & F A A FuelA

AR bt @9, B, GAE PAsied = uee 43
ool Wa) slEHL 1520, Bek Rae] B o 4~597) =
on, e A% of 150 FErl wol A PR wE = FA
de AAY WelH & =g wu Uk A v F AT A

s wEel 309 SutalE Fagel XN FF AHHY

s

abeje] ek Ae BrEy fMHE T ARS B AAE I
A aEAe) FAH xpd shwo] Wi oz Hgsirt shAch

agng gone] F&H AYLS €AY T AAY FHA

NgEEE x7]d 71558 5 Qe AFozn, 7159 A 84

e B3 48 EXAxe AL AARDoly AW Fol #HEL f

AL, 27 wmE AEZ fHF AU el @FHHCh

olglak y]4 AMUre AgHoT Igte] aTe] TE IED FAE
o=

o] YA el Asta wEk I ZhE Y AEF A
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S

kel wold AAH olg & 4 g Holvh Wik oflue 4F
Hom MU F 39 F44 EAE A AW Fug £
AAH 5L A F A;, U FANL HED AUSES

ANA el T drade] Z4Y £@ AnY ¢ Ao} o

o

3. A3 - &35k d 54

Z1Ee] AR A AP TEOA SAEe AdHAd APdEHs 9
T 7lE gl e w=¥o] FgoX A ggten, o5l Ayt
A% FHFMNEF Jled AMFVIE T& oFgle] WolEel:, dHoR
=7kl A Aol vIF Jtd S FAF el =2 Aot
Holx &= AFR}E st 18y A3 ol#d o ss TEE

A AR B BB RAY ol AFH; YE v my 2H

}..

ol HF2A e AAHIL 3, FHer A FeA
#dE A7 BF= vy &L Fea Udrk F, 7S] s

ET

L

o AuA A RAHNA HeErEo] HEHE HAAPOR A4
2 A sE AeRA B FANE @S] 0@ wdEo ue
ZANE B3 e Aotk old@ AMAAN FFAY, £ FHALe
Aol olel o S FHHTAE AgHom AAH R
AUAE A&H {2 o] BrssAAD. ol HAeFs ¥y

He ERTRAE AT B BAS AFHT Jt Ax 2 »

N
A
Jo

A% HY JEES FUEEHA] AR PZele Ame

N
s
off
o,

e FPom st e A sz 98 PR
F8% AR Ao HEt HES stelof ¥ Aol
thoolebd @Ale] ole e melstel FEAFOl Fad AT
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st Aojrt. o)gk BEUlE =A% HsiMeE A A H

Zl¥kale] FEHAT7 M ojol & I Mo

Faem Fa A4A AESe fRd BAY Agel F

om ololn F fRANLe AREFEA FAL A=A

Grlol] BAN F8FAR ] wFo] AlAE Ik s
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A2AdAFAL) BE L g

1. A58 e] HFEE

O Zt 5 A 29 4719 AE

@ Fdl HEA AH7EEA 9, AA=HA R A A BE

Yy 4

@ T, AGAA R AHH2 G-banding¥d #2432 G-band FEA]

AA

@ AW 7+E2] C-banding FAH#2] 7 heterochromatin T8 @4 &4

® High-resolution banding®l €% A} 7154 FTo& EA HA
FE 8 A Wo] &4

@ AeN%e) G By R YAl B
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2. A8 AN Hxet g

T2 o F I W H E AL 3 He
- et dixE FBELE FAERRIEE Y
o= FAE gH
® AE HE(HE) - i 7HAY AMs3 AL M8 /X
@ SAlEe AN 58 =AHHE) g, THE AE SHY A55E
@ E7o A 2aoiy g - D oo oafierol oF dMA 22|17
® &R FE s 24 &g
@ 32| G-bandetAtnl G-band - QMo EAH Xl ¥ AU Zol 2
1R HEE FAlol MH Mol o|$t FFd H(standard idiogram) A&
(1997) | @ ¢+ 2 C-banding2tatat - GTG-bandingol 2|8t G-bandEXl M%
Heterochromatin chadd 24 - C-bandingoll 218} heterochromatin 4} &
@ High-Resolution bandingoll 28t st Mot clgsia 24
 HMAe BE FX MY ~ High-Resolution bandingoll 2|8t &t 4l
@ M Holel EX #@Xel oA | BAEIIEL bandingFatel 2Am QA
TH(H5) of BEEX MY
- gheet ZAERISZI AN Y BEEF
EXe) vlme} HAM Ho| £4
-~ Ml xiet HE=HE2 R Landraces FAIE
o=z Y
® ZAE HE(YHE) - & A AN S8 =AR ARG, A
@ ZMNES BN s¥ =ANESB) EAd 2, SXYFEMN, AREE
@ =X Al Hejz|w el - EHX] o dfigkHol| o|sh PAMH 227
@ M=o FE Sy 24 HoEE
@ el = X2l G-banding2Fatat - PMH e SHA X o ACiE Zo|
QX L G-band EX|2| MH Aol elst ¥ &3 g (standard idiogram) &M
(19984) | @ A2l =) X|2] C-banding 2F&+al - GTG-bandingoll 2%t G-bandEX| A&
Heterochromatin Ch& 31 &2 4] - C-bandingoll 2|8t heterochromatin 2F4t &
@ High-Resolution bandingdl 2|8+ A [ Mz} clssiat &4
efell x| AMzel F&F TR MY ~ High-Resolution bandingofiojst E= =
@ AN Holet XA M| X2 bandingZatel £Mnt HWMH e EEE
THHE) A AHY
- E57 s 2 TFEEX dHlunet
A Hol BN
- iAo =EBFSZ LeghornZ & SAl
H e
- KA FHXY AMEY AR AMREE, HF,
@ 2AMA HEFE) Za 4, HFE, AMREE
® BAAS M 58 =ANHS) - e =% Y MEER RE dM a7
® =o) dMA Beiviyw &y #OgR: 20| WiXLE ol B3 dMH a2 7
@ MziAe EE Yy 24 WO ey odjelHol o3t PN &2 7|
@ AaiAH el G-banding2katnt B oonet
3k HE G-band X2 MH - Mo A X U A zZlol 2
(19994) | @ el A2l C-banding2tant Mofl o|st T FE¥ ¥ (standard idiogram) & H
Heterochromatin®| clei A &4 - GTG-bandingoll 2|3t G-bandEX| M&
@ High-Resolution bandingoll 2/t & | - C-bandingoll 2|3t heterochromatin 24+ &
Bl HMxe TF BX MY Mo clalsa 2y
@ A& HHolet SFERel fa |- High-Resolution bandingoll 2l8F Ste| £3
TH(EE) Y banding2tatel EAER dMH e EEIX|
=g
- MaNAH 2 LeghomB2te] sfgdckal o &
EX|o dlmef FM Hol B4
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3.4 g 9 349
7y A Al Ee #4 riEe] g
D AET gge o188 289 A9 e

HAAEE o] 83 Ay BHL B ATE 9% 13 7| EFHQ
g eley. Tx o (peripheral blood)e AEelE MAzZYE 713
SHI BolsHAl A& F Y& Wk oyt HAEY AERIEA
(mitogen)®] & stellA] Wmx G wlFPPos F& Az 4
UKL T FE AE £ A WEI(ET A4, 1994), P&

[}

—_—

& g &2 ubde Al 9lo] leukocyte®HE E-alsle] )

ol

o2

=

&g AL AR Nowell(1960)°] lymphocyte?] &< &= )
24 PHA® AFAHA AL tlEo] Moorhead E(1960)0) =433

ZW Y (air-drying method)& 7@ o gz o]F F33 Wl 7|&

o

mts T B, Wy e wasts ARE g A
d9l(whole blood)& Zvhz widsle) G Rl Hygeza
R Ao 2ME JAAe EAe] sleEtedXa, I wy gk
o £HE AL WUARE AL AHT = AA HUT. o9k gL
e A7e AF A Alge Vo mRE QA BNL @
o RAgEHT 4A o859 d § Qe JEoly & 5 ypert
HEel A A F3d "ole MEFH S U@ olsle uFsh
EI AEH 21 AR EoR Q) wEHE wEk Fr)ge o)
MR E GAAe YHE Ade ouo]l Wk wuy B o
AME o8 EFEE L 7hFe YYME WIORTE nry
A 2 BHS AR HHe e Austn, =% 2 APus
°F71d o+ e o EAFESN st B4 AAs2 2} sl
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2) 2/IAE 0|8 BEY G ¥

A WL BE HF ToAY FARA FYT =3
ozXE HY AMBE MFse AAY, A =2 A4 W
ANA ek AH AzAH s 2HE2HE dolxz, dd

7k 48 o8 5 Rt Sz, FAad d FHAxAE E F
ATt ZHERA UM E Fd A T B ATt AY widel
ot H-& #gde] gl uet wizte] HFo] ERFFo EY &4
A G g da, ADAL] QA f7] WEC 2 =8 AEe
Aol mr} golstel webd sbEFe dMA ReyE FABL o
Gl A AuE Aol wo AHez AAHoz fedich
& AN wEA B AFeME el &7 uAE o)8d nE
d QAAe] B dels, dHoz A wWF 5& o8

Wi AlEEel ddA 22 dEs vln 24sta A @

v S5 Ay xE 9y dA

AMA L] Ful ® Fx=FEE FHIE Y WHeRA F
A A < (centromeric index)9} Fu]A A ol(relative length)e] 4
o] de] AME¥ I AT FAA At §2 A ANAS] RS
et i3 AxEA ZF A dA Hol F ¥ (short
arm)°] AA|stE WMEE&S YVERE Ao R o]o dlgo] 37.5~50%Y
W&  metacentric chromosome, 25~375%% submetacentric
chromosome, 0~—25% % acrocentric chromosome®. 2 W3l Yt}
(Levan et al., 1964). ¥t A3 doja} L2 2z} Fo HA A4
ZAol(genome; n) = A DA A st Dole ul=Al zF A
Aol m71E vedlsE Ao xxelvh
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Ml B ATAE 7 T N§ GAA FAA Ao
o Zolg BASEEA 2z £ AAAe] EE AL A

3, =Y AArEA @9, AR A, AR A4 53E U FF
el BYA A FE dolg wlm BAslEEA F 3he] Ao

& F9Ela x ). $3 High-Resolution el o] 3k < 2] A <}
#ga wjgdezReE RHaIldg gHA e THUA X5 A

ZHole] nlu BAX F=3sta x} I}

t}. 39 C-banding ¥ 43 heterochromatin ©tE A &
A

A M AW heterochromatin site?r Y ERd 4 3lE C-banding &
ol gt EA 2z} HFo 3 AMA WL gene function siteE A

Hog & 4 At Comings, 1978, Comings et al., 1973).

AN

constitutive heterochromatin %= 9¥r& o2 highly repetitive
DNAZ FAHo glgd wte) iAoz o] {99 Hrxes ¢
A &E E4ES XAYEe Rolvlh, I B R heterochromatin 9] <]
AAE FHAAE FAgo Aolx "zl Fekolr. ek & o
TFAAMeE ZF FE FF3Z A 71€ C-bandingwiol 23
heterochromatin site®] #4]3 & ] High-Resolution cultureo] 2]
3t C-banding S-S A|A|sla o]E& M= ¥ A8t A o},

TR o2 o FE 3o C-band® ©& #d(polymorphism)e] #+

FZF EE AT vEldel RaElx e ¥H(Sohn et al, 1995;
Christensen and Smedegard, 1979; £ %, 1990) &4 ol gt
FHE Bt} WEgstA AAsTZ A o
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#&£3H GTG-banding ¥ High-Resolution banding <FA4te] 4]

2,
I 3

wx o] AA

AN

AEA ALelA B Babe] 9A FHoly A Ameh 2
2 AMA A Kol W AHAAAE fEiME Kok FES A =
+ o] AAHojorrt Frl 2822 High-Resolution banding ¥
A g olgsle nY 1 AAAE UehiE FARED W)
(prophase) - Z7]%7](prometaphase)dele] JAANE FE3ha
olo] g bande] WAl AFE FHA< Rezm AzbEch whebA
HodgreE AHsrE) @9, AEA, Ay R G F5E gz

'y
<3
o] i3l High-Resolution banding SAH-& ®A13l3, 2z} &3 o

@

3 oJAlz)e] ¥EFE A (standard idiogram)& A Adtx = kot

&

Heowr zt H3Fd dMAY A G-bandingddE 43}

HIZL'

G-band ¥ A 2] A4 ©]Eo] High-Resolution band<}¢] ®]i it

E aEls A skl

_35_



M 2% D=2l o8 geol E
Zalg MMD AMH| Ho| A

A1d A A

A P X BESFEE AT o, RHE &9 FF &
G-banding %48 Hirgtnl wiEo] ojeldt B4 Wyg o8& ek
g @A e ol FAES Had ¥k AvRLin et al, 1977; King,
1990). =99 W3 IATEFEYFPe HAHL 1980l Reading
Conference(1980)°l1 41 A vlrl glov)t 49 mE 5o V)
& GTG-bandE 7|E2& AAE Fdeolmzm Auxorn 54 9
AA o] g band¥Felrt. ez 2z AR LHE bandg 7t
X 951, tlgo] w Al bande] AWelEe B ojEFol JemzE
FAaAte] A9 A T R A E4o 8ol viFdol B
Aoz vebgtcl 1989 Al 3 F 3 F(ISCNDA, 1990)0 A= o]
23 vu e RIS fsle] AF 7] (prometaphase)’d o] @M A E
NFez %99 BF G-bandFdS A AA3e] AAst Jeut
o] HIEA o]le] AR e B o|HES AT A= 4
A ol tH(Gallagher et al., 1993; lannuzzi, 1996; lannuzzi et al., 1996).
W 9 FAA] o AP (1984 1987)7F A Ho® ole &

X

o
o
K
e

olgl ¥ H(1991), & H(1991)°] %9 G-, C-banding
S B g vl i, &4 Holstein®o] 3 BEAx 7 5(1994)
L=}

o] Bmmg wh vk Y ol T Hirel

s
-4
o
=
o
N2}
)
%
o

A A 2 idiograme AAZ} wFsla, T AFAIY] AE

in
-Yi
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Hlar 8l srgo] RAghel whel §9-0] BE MY AHAo: i o
ool vk wWeEtA B QAFeME AFrA AqEole §-9-o
Y FHES Bl A2 89524 (high-resolution banding)®
H

1S H 83ty 71#9 F 7] (metaphase chromosome) ¥k o} a}

A

45 7] (prometaphase chromosome) 2 3 714 (prophase chromose)dl|

dE dAAe Feld Pabel wamEMs G, C-banding ¥l

=

o2 af A ol digk BF ¥ (standard karyotype)L AR
AAsEa il k9o FHA B4 2wk SEE B A A

Ak
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A 24 Axs L 9y

il

B oARe FAEATRAM FA HAFY B FuF

w«

-

2A 8

:DL

-(RAs Rl FRELAR) 11958 diao=m ZF JAAd Az
q 24e A3k

-9-9) dAujgozRe JAA Hae &3 F199°] A
AN THEE] @A dgst Ikeuchi(1984) o] EFwFH & vl
NP A FHsPek A S99 wAgUURIR) Es g (e
) S 2 2¥ heparinized vacuum containerg& ©]-83ke] A3k i
kel 10mé(RPMI 1640, fetal bovine serum and pokeweed mitogen;
Gibco)® 0.5me¢] A& 9 (whole blood)& @iL 37T, 5% CO22] &
A5kl Al 722172 wiekstH el o] 3 ethidium  bromide(0.1ug/mé,
Sigma)E #H7FsFed 2A1ZF30% A wiFAIZ] ¥, colcemid(0.02u8/ml,
Gibco)E 3087t X3tk wlige] EBY AEEL AAAYAE
distilled water & 1 calf serum)ol 20¥#-3F A e]shar, 51443
methanol & 1 acetic acid)2 &4 33 14 A8 F F& #2353
t}. G-banding® Wang3 Federoff(1974) %8 U4 S ste] A
A AxE BEES 0.1%trypsin(1:250, Gibco)&E 10% ~ 1523t A
gatdct. B Y slidesE2 FulE A7k D-PBS&ez M
5%Giemsa &Y BDH)L = 553t 3 & @A 3k}l C-banding
£ Sumner(1972)¢] WS tih FASS A 1EE slidesE 02N
HCll 1A1ZF A g & 42C9] 5%Ba(OH)ol 1~2%-3t 3 A8kiL

0.05N HCIZ FA5tgc). Aa]d slidesy® 2XSSCE Ao 2 60°C ol A

U

1A 2 AX 8Ll A8 F 29% Giemsa2 HolA 3087 213 o)

_38-.



Al 3d A3 R aF
1. QA4 ®ae) o 9o ¥F EAEA
7. 9o A el AW g
Ao RARASE Jee F5 wgd ¥Ae ATH 244

ol By BAbe] 94X Telt Aw Axwek Beld g AE

N
=

A

ox

= A g8l Z1E GAA 2 P wohs 2539

ek AEFASHE s4e gsta Yok 1S dNAY By =

o

& bandFd2 Fr] AHe] ANAE FEdte] EAF wEk Ay
Aol ¢Fow glale] Auizoez ] WFEel 8] A &2 band
7F 9@l e 1 GAAE Ao r FEE ¢ Jdvkd 2o
W bande] WAES VI S A3, ot AET A4 E4&
F8 % 4 -8 Aol High-Resolution bandingel& o] & 23] Al
X¥A A7) & A7 (prophase) &2 Z7]%7](prometaphase)’d Bl <
QA A FE FEsle bandE BAEE Aoz dAldow Y W
2 band¢ wAME dARle] FxAH AMdI} ZF2 EA7LA 7Hes
oAM= olet e BN

ol = Al e

32

Al Bkl #H o Abghe] dAlA] Ao
% 4 W ARy digel =FH 1o, 1995
A o3k S EFE WH Y o= High-Resolution banding®l <]

%} band®] land markerE F2 oz A H(ISCN, 1995). 12

o
o

U AEAA AhEel glelA oleld AW Awe AT w
Ao grome] fdH EAS Mol HHAA Awe HPe
A8l ey AFeis olFolxol © WA= AZBch upetd B AT
AN 9] 3H AUAAE @50 BE AF AANE Aste] A4

ZsolAe] nRAFNEe 5T 5 ds B8 Agsin
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33T 928 nEd U4 FEES 9% HAF B2y We
Asts] 9lste] tge o4 AAEAN M AR 2T o

AA e AEE vk ek b A2 WS Table 13 Ao

Table 1. The duration and treatment of culture for high resolution
chromosome preparation

Treatments Methotrexate Thymidine Ethidium bromide Colcemid
MTX 17 hours 6 hours - 10 minutes

EtBr - - 2.5 hours
EtBr & Colcemid - - 2.5 hours 30 minutes
Colcemid 30min. - - - 30 minutes
Colcemid 60min. - - - 60 minutes

AEED A7l B 27157 2 A& e F
Esleax ro @e band¥dd AUt AFY Aol Thed Aol
& ZFA kel Yunis(1976)7F elel i WHE AHoR AR
High-Resolution  banding®°l&  &7138k vt High-Resolution
banding®-& AXE wgA] BE AMEES synchronizeAl #A mitotic
index] &&& F7MA1713, E3 dAFe] A AdfFez By 2
A F7IXNE RegZA BE AXe &4 HHE 7] F S phase
2 JAAZ F thymidine-rich mediumE FH7}sle] o] AHE &
F ¥ colcemid 5 WHEAF AAEHE @ A Foste] A E ]
%9 3}A) prophase #-& prometaphase’l H%E FE3tE Ao|rth
olg1gt AHE o83l B A3l A = methotrexate(MTX) 2 A A
XE5¢ %E7)3 A7), thymidine®} colcemidX 8|2 A ¥ EES A 7HA|

2 g T84S fFEstE P dHes AXEde GuAEd
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A A o] 4238 2ASE  ethidium bromide(EtBr)E wiF E35A

ssld F714e FEsts gwe v
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=
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=EL
EEL L
Table 201413= 2 %2l el meb o Aol slidedl N AL

T

’d

i index)& AAIE Aol

\_.a

-Ad

X
e
.
o
iz
s
b9
I
2

2
o]

jan
O

Table 3143z XA 58 FAHEE 25 $ 24 2924 M9
W &8 AAIGE Aol

Table 2, 30lAi2} zlo] B Algo ol g3k MTX % EtBrel A
gl3ro] F3 aaEl A e] fee vigR e dadEs JERA T
FaP A Al e 7| oeR o] & ¥ colcemide] ©E A 2] 9}
o] WA Al MTXY EtBr& o)g€32 =24 A7) (prophase) % 37]
(prometaphase)’ el 2] 313)d A2 FE&] 2~4v] A= F7}
¥ Qar, whd F7)(metaphase)’d 3 A A HEJANAE dUHoRZ
2E A g MTXe] x 29l EtBraleizte] wlndlA A ejzk 513

A QaAle] Ffoltt FEg B BAAF delHdE 2 Holst

e

22
Aoz vekgkon), A¢A g A HAHRES A & u
MTX2] #H# 12vi= EitBrel Aa)7r 8% £o]3la 834 A=

Helv) EtBr W g2} o]F colcemidE F7FE A2 gA] 1s)

uitA

A QAAe] R Eaxse Aot gl Rem vhEhu,
AA) o] Weld Farel A TtBr A2 F colcemids] M@ 7t WA F
& PAe nAd. ool AUEL FY T uW H9o P wYa
EtBrolt} MTXA 27k #als Aele] vls) F714e) 35§ o

RN A REdel Qi FEEM mAYd GaA fEo



2 b

Table 2. The effect of treatments on the number of cells progressed
into prophase and metaphase in lymphocyte culture

Treatment n  Prophase Prometaphase Metaphase Total Mitotic index
-------------------- Cells --memmvememmmmemanan - Y% -
MTX 60 245+1.31° 382+1.34% 47.8+151° 110.3+2.79" 0.40+0.01°

EtBr 104 43.0+1.99° 29.0+1.90° 33.5+1.63° 106.34:5.01° 0.39+0.02°

EtBr & a ) . ) )
. 432+222" 316+1.83%" 53.6+5.16° 1285+7.22° 0.43+0.02
Colcemid
Colcemid . s b . R
30min 68 4.0+0.61 14.7+1.00° 130.4+19.68° 149.0+20.36" 0.52+0.05
Colcemid b a . a
60min 74 124+1.83° 225+251° 2854+32.82% 320.41+35.04° 0.92+0.14

There are significant difference among the means with the different superscripts in a
column(p<0.001). The values are mean * standard error

Table 3. The induction rate of cells progressed into prophase and
metaphase to total number of yield.

Treatment Prophase Prometaphase Metaphase
%

MTX 22.0+1.04° 33.9+0.95° 43.0%1.11°
EtBr 41,2+0.83 26.7+0.65° 31.8+0.85
EtBr & b b s
Colcemid 36.5+1.31 25.0:+0.61 38.5+1.47
Colcemid 30min 3.8+0.60" 17.24+1.52° 79.4+1.77°
Colcemid 60min 4.0+0.56" 7.0+0.56° 88.9+1.02°

There are significant difference among the means with the different superscripts in a
column(p<0.001). The values are mean + standard error
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Table 4. The relative length and centromeric index of prophase,
prometaphase and metephase chromosomes in Korean cattle

Chromosome

No. Prophase Prometaphase Metaphase
n 60 60 60
1 6.0 + 0.06° 5.9 + 0.06 55 + 0.05°
2 52 + 0.03° 51 + 0.04° 4.8 + 0.03°
3 48 + 0.02° 48 + 0.03° 46 + 0.02°
4 46 -+ 0.03° 46 *+ 0.03 44 + 0.03°
5 45 + 0.02° 44 + 0.02° 4.3 + 0.02°
6 43 + 0.02° 43 *+ 0.02° 42 + 0.02°
7 41 + 0.06 40 + 0.03 41 + 0.02
8 40 * 0.02° 3.9 + 0.02° 40 + 0.02°
9 3.8 + 0.03 38 + 0.02 3.8 + 0.02
10 3.7 £ 0.02 3.7 + 0.02 3.7 + 0.02
1 35 + 0.02 35 + 0.03 35 + 0.02
12 3.3 + 0.01 34 + 0.02 34 + 0.02
13 32 + 0.01° 3.3 + 0.02® 3.3 + 0.02°
14 30 + 0.01° 3.1 + 0.02° 32 + 0.02°
15 3.0 = 0.02° 3.0 + 0.01° 3.0 + 0.02°
16 28 + 0.02° 2.9 + 0.02° 2.9 + 0.02°
17 2.7 + 0.01° 2.8 + 0.01° 29 + 0.02°
18 26 + 0.01° 2.7 + 0.01° 2.7 + 0.01°
19 25 + 0.02° 26 + 0.01° 26 + 0.01°
20 2.4 + 0.02° 25 + 0.01° 26 + 0.01°
21 24 + 0.01° 25 + 0.01° 25 + 0.01°
22 23 + 0.01° 24 + 0.01° 24 + 0.01°
23 2.2 + 0.01° 23 + 0.01° 2.3 + 0.01°
24 2.1 =+ 0.02° 2.2 + 0.01° 2.2 + 0.01°
25 20 + 0.01° 21 *+ 0.01° 22 + 0.01°
26 1.9 + 0.02° 20 + 0.04° 21 + 0.03°
27 1.8 + 0.02° 1.9 + 0.01° 2.0 + 0.02°
28 1.7 + 0.02° 1.9 + 0.03° 1.9 + 0.02°
29 1.6 + 0.02° 1.7 = 0.03° 1.8 = 0.03°
X 55 + 0.14 5.2 + 0.06 5.3 + 0.06
Y 1.8 = 0.06° 1.7 + 0.03° 1.9 * 0.02°

C. I of X 309 + 0.59° 334 + 056° 31.9 + 050°

C.l.ofY 455 + 052 452 + 0.86 455 + 1.05

There are significant difference among the means with the different superscripts in a
row(p<0.001). C. I is cetromeric index. The values are mean=* standard error.
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Table 5. Comparison of chromosomes length at metaphase,
prometaphase and prophase
Chromosome

No. Prophase Prometaphase Metaphase
n 60 60 60
1 169.4 127.8 100
2 167.2 127.0 100
3 164.0 126.1 100
4 164.8 1241 100
5 163.7 123.0 100
6 162.3 122.8 100
7 161.9 1214 100
8 160.7 120.5 100
9 156.8 119.8 100
10 158.0 119.5 100
11 155.8 121.0 100
12 1565.5 121.8 100
13 154.3 119.6 100
14 154.6 119.5 100
15 152.7 120.0 100
16 1563.2 118.9 100
17 151.3 118.8 100
18 150.3 119.4 100
19 149.8 119.2 100
20 145.8 117.5 100
21 150.2 119.5 100
22 149.5 118.7 100
23 150.7 118.7 100
24 149.4 118.1 100
25 147.9 117.8 100
26 146.7 117.2 100
27 144.7 118.3 100
28 144.3 117.5 100
29 139.6 114.7 100
X 169.3 120.2 100
Y 154.5 111.8 100

Mean 157.0 120.9 100
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Figure 2. G-banded prophase(a), prometaphase(b) and metaphase(c)
spread of Korean cattle
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Table 6. A number of G-bands on each chromosomes at prophase
prometaphase and metaphase in Korean cattle

Chromosome
No. Prophase Prometaphase Metaphase
n 60 60 60
1 33.0 4 1.09 22.8 + 0.70 18.3 £ 0.52
2 27.7 + 0.92 18.5 + 0.64 153 + 0.49
3 26.4 + 0.81 174 £ 0.56 142 + 0.40
4 234 + 0.78 17.2 = 0.52 135 = 0.37
5 23.6 - 0.86 16.0 = 0.66 124 + 043
6 23.1 4 0.93 16.4 + 0.59 131 + 0.41
7 21.6 4+ 0.71 15.3 £ 047 12.7 = 0.39
8 21.5 + 0.80 146 + 0.56 11.7 + 0.38
9 220 + 0.76 14.6 = 0.51 12.0 = 0.34
10 19.4 + 0.76 13.8 £ 0.47 114 + 0.32
11 19.4 + 0.66 13.3 = 0.52 106 * 0.36
12 17.4 & 0.55 125 + 0.49 106 + 0.33
13 16.9 + 0.61 11.6 £ 0.51 91 + 0.30
14 17.1 + 0.60 12.2 + 0.48 9.3 = 0.30
15 16.1 4 0.62 11.7 = 0.45 98 + 0.34
16 15.1 + 0.62 111 + 0.36 91 + 0.27
17 149 + 0.54 11.1 = 0.50 8.8 *+ 0.29
18 16.3 + 1.36 10.0 = 0.44 7.7 + 0.33
19 14.5 1 0.58 9.4 + 042 7.5 + 0.31
20 13.8 + 0.49 9.4 = 0.36 7.4 + 0.29
21 127 + 0.44 9.2 + 3.74 7.2 + 0.28
22 13.4 + 0.50 8.8 + 0.37 6.9 + 0.28
23 126 + 045 85 + 0.38 6.6 + 0.20
24 13.0 + 0.42 88 + 0.38 6.4 + 0.27
25 12.3 + 0.43 7.7 + 0.36 6.0 + 0.24
26 119 + 043 7.6 + 0.38 6.3 + 0.23
27 109 + 042 6.4 = 0.25 59 + 024
28 9.9 + 0.38 6.1 + 0.30 54 + 0.23
29 95 + 0.4 56 = 0.38 48 + 022
X 295 + 0.91 221 + 0.60 17.7 + 0.38
Y 7.3 + 047 58 + 0.14 5.2 £ 017
Total 544.1 + 13,69 376.7 + 10.80° 3028 + 7.77°

There are significant difference among the means with the different superscripts in a
row(p<0.001). The values are means *standard error.
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Figure 5. The idiogram of G-banded Korean cattle chromosomes
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Figure 6. C-banded metaphase(a), prometaphase(b) and prophase(c)
spread of Korean cattle
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Table 7. The quantity of heterochromatin on each chromosomes at
prophase, prometaphase and metaphase in Korean cattle.

(ﬁ\ro:l\gsome Prophase Prometaphase Metaphase Means

n 70 48 82 200
......... -

1 96 - 035° 116 + 051° 167 + 054° 13.0 + 0.36
2 106 1+ 0.63° 128 + 059° 190 + 0.64° 146 + 0.46
3 11.2 &+ 037° 136 + 062° 194 + 054° 151 £ 0.39
4 10.7 + 0.37° 1383 + 053° 186 = 052° 145 + 0.37
5 123 + 0.31° 138 + 053° 201 + 150° 159 + 0.68
6 11.6 + 0.33° 145 + 064° 189 *+ 067° 153 + 0.40
7 122 + 037° 147 + 072° 200 + 054*° 16.0 + 0.39
8 125 + 0.44° 151 + 0.72° 198 + 056*° 161 + 0.40
9 127 + 0.38° 145 + 062° 201 + 053* 162 * 0.38
10 132 4 050° 164 + 0.75° 215 + 056° 17.4 + 0.43
1 13.7 1 045° 170 + 0.69° 215 + 0.62° 17.7 & 0.42
12 16.0 : 0.56° 17.3 + 0.81° 221 = 055° 188 + 0.4
13 155 + 0.48° 172 + 0.71° 224 + 064* 187 + 042
14 152 + 053° 187 + 0.81° 235 + 060° 19.4 + 0.44
15 16.2 + 0.44° 190 + 0.74° 237 *+ 062° 20.0 = 042
16 16.2 + 0.51° 189 + 074° 245 + 067° 202 + 045
17 16.5 - 0.56° 204 + 0.82° 232 + 0.66° 202 + 0.44
18 171 + 0.65° 199 + 081° 249 + 065° 21.0 + 0.47
19 178 + 056° 210 + 087° 258 + 0.77° 21.9 + 0.49
20 18.8 = 0.54° 229 + 1.10° 249 + 0.70° 223 * 047
21 195 + 0.61° 216 + 091° 279 + 080° 234 + 052
22 19.8 + 0.59° 214 + 0.89° 277 + 0.84° 234 + 052
23 199 + 0.61° 235 + 1.02° 277 = 0.75° 240 £ 0.51
24 199 + 068° 241 + 0.94° 279 + 0.71* 242 + 0.50
25 231 + 092° 248 *+ 1.01° 294 + 083 26.1 * 056
26 227 + 071° 231 + 113° 296 + 083 256 *+ 0.55
27 234 + 075° 259 + 1.08° 288 + 0.74° 26.2 + 0.51
28 234 + 092° 257 + 1.00° 294 + 0.76° 264 + 054
29 238 + 1.04° 250 + 1.82° 30.7 + 1.03* 269 * 0.74
X variable
Y ] variable

There are significant difference among the means with the different superscripts in a
row(p<0.001). The values are means tstandard error.
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Table 8. Comparison of relative length and centromeric index in Korean
cattle and Holstein

Chromosome No. Korean cattle Holstein
n 100 152
.......... %  cecmmmmmee

1 56 = 0.06 55 + 0.03
2 51 * 0.04 50 = 0.03
3 48 + 0.04 47 + 0.02
4 46 *+ 0.03 45 + 0.02°
5 44 + 0.04 4.3 =+ 0.01
6 43 *+ 0.02 42 + 0.01
7 41 + 002 41 * 0.01
8 40 = 0.02 3.9 + 0.01
9 38 = 0.02 38 + 0.01
10 3.7 + 0.02 3.7 = 0.01
11 35 + 0.02 35 * 0.01
12 3.3 + 0.01 3.4 + 0.01
13 3.2 = 0.01 3.2 + 0.01
14 3.1 * 0.01 3.1 & 0.01
15 3.0 + 0.01 3.0 + 0.01
16 2.9 =+ 0.01 29 + 0.01
17 2.8 + 0.01 28 + 0.01
18 2.7 + 0.01 27 + 0.01
19 26 + 0.01 26 *+ 0.01
20 25 + 0.02 25 = 0.01
21 25 + 0.01 25 + 0.01
22 24 + 0.02 2.4 1 0.01
23 23 + 0.02 2.3 % 0.01
24 22 + 0.02 22 + 0.01
25 21 = 0.02 21 £ 0.01
26 2.0 * 0.02 2.0 * 0.01
27 19 + 0.02 1.9 * 0.01
28 1.8 + 0.02 1.8 = 0.01
29 1.6 & 0.02 16 * 0.02
X 54 = 0.07° 56 *+ 0.05°
Y 1.8 + 0.03 19 + 0.03

C.l. of X 334 *+ 0.50° 355 + 0.35°

ClofY 39.7 + 0.54 403 *+ 0.37

There are significant difference among the means with the different superscripts in a
row(p<0.001). The values are meanst:standard error.
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Table 9. Comparison of the number of G-band on metaphase
chromosomes in Korean cattle and Holstein

Chromosome .
No. Korean cattle Holstein
n 60 27
1 18.3 £ 0.52 16.5 + 1.08
2 15.3 + 0.49 13.4 *+ 0.91
3 14.2 + 0.40° 11.9 + 0.74°
4 135 + 0.37° 11.4 + 063°
5 12.4 + 0.43 111 + 0.56
6 131 + 0412 111 + 0.64°
7 12.7 + 0.39° 10.7 + 0.57°
8 11.7 + 0.38 10.6 + 0.56
9 12.0 + 0.34° 10.4 + 0.55°
10 11.4 + 0.32° 9.5 + 0.52°
11 10.6 + 0.36° 89 + 0.46°
12 10.6 + 0.33° 8.3 + 0.44°
13 9.1 + 0.30 8.1 + 045
14 9.3 + 0.30° 7.6 + 0.46°
15 9.8 + 0.34° 7.8 + 0.50°
16 9.1 + 0.27° 68 + 0.36°
17 8.8 + 0.29° 6.6 + 0.44°
18 7.7 + 0.33° 6.4 + 0.42°
19 7.5 + 0.31° 6.1 + 0.35°
20 7.4 + 029 6.5 +0.37
21 7.2 + 0.28° 58 + 0.30°
22 6.9 *+ 0.28° 57 + 0.36°
23 6.6 = 0.20° 54 + 0.31°
24 6.4 + 0.27° 52 + 0.27°
25 6.0 = 0.24° 47 + 024°
26 6.3 &= 0.23° 43 + 0.24°
27 59 + 0.24° 43 + 0.23°
28 54 + 0.23° 41 + 0.24°
29 4.8 + 0.22° 37 + 0.17°
X 17.7 + 0.38 18.1 + 0.87
Y 52 + 017 49 + 0.14
Total 3028 +7.77° 256.0 + 12.28°

There are significant difference among the means with the different superscripts in a
row(p<0.001). The values are means*standard error.
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Table 10. Separated G-banding patterns at different mitotic stages in
Korean Cattle

Chro. No. Metaphase Prometaphase and Prophase
1 gl1.4 and q4.1 g1.4.1~143 and g4.1.1~4.1.3
2 q1.3, g4.4 and q4.5 a1.3.1~1.3.3, g4.4.1~44.3 and g4.5.1~453
3 g1.4, g2.1 and 3.3 ql.4.1~1.4.3, g2.1.1~2.1.3 and ¢3.3.1~3.3.3
4 qt.2,, q1.3 and g2.1 ql.2.1~1.2.3, q1.3.1~1.3.83 and g2.1.1~2.1.3
5 q3.2 q3.2.1~3.23
6 3.1, 3.3 and g3.5 q3.1.1~3.1.3, ¢3.3.1~3.3.3 and ¢3.5.1~3.5.3
7 1.2, g2.2 and g2.5 gl.2.1~1.2.3, g2.21~2.2.3 and g2.5.1~2.5.3
8 ql.2, g2.2, and q2.5 q1.2.1-1.2.3, g2.2.1~2.2.3 and g2.5.1~25.3
9 q1.2 and g2.1 g1.2.1~1.23 and g2.1.1~2.1.3
10 1.2, g3.1 and g3.3 ql.21~1.2.3, ¢3.1.1~3.1.3 and ¢3.3.1~3.3.3
11 q1.3 and q2.1 91.3.1~1.3.3 and g2.1.1~2.1.3
12 q21.:, a1.4, 921 and q1.21~1.23, q1.4.1~1.4.3, g2.1.1~2.1.3, q2.3.1~2.3.3
9= and new separated dark band 2.6
13 q1.2 and q1.5 q1.2.1~1.23 and q1.6.1~1.6.3
14 q2.4 g2.4.1~2.4.3, new separated band g2.5 and 2.6
15 gl.2, g2.1 and g2.2 q1.21~1.23, q2.1.1~2.1.3, q2.3.1~233 and new
separated terminal dark band ¢2.10
16 g1.2 and g2.1 q1.21~1.2.3, g2.1.1~2.1.3 and
17 gl.2 and g2.4 ql.2.1~1.23 and 9g2.4.1~24.3
18 ql.2, q2.1, 2.3, q24 q1.2.1~1.2.3, g2.1.1~2.1.3, q2.3.1~2.3.3, g24.1~243
and g2.5 and g2.5.1~2.5.3
19 q1.2, 1.6 and g2.1, ql.21~1.22, g1.71~1.72 and g2.1.1~2.1.3,
20 gl.2, g1.6 and g2.1, gql.2.1~1.22, q1.61~16.2 and g2.1.1~2.1.3,
o1 q1.2, g2.1, g2.3 and gql.2.1~1.2.2, q2.1.1~2.1.3, g2.3.1~2.3.3 and
q2.4 02.4.1~2.4.3
22 1.3 and g2.1 q1.3.1~1.3.3 and q2.1.1~2.1.3
23 ql.2, g2.1 and g2.2, g1.2.1~1.22, ¢2.1.1~21.3 and q2.21~223
24 gql.2 and q1.3 gt.21~1.22 and q1.3.1~1.33
o5 q1.3, q1.4, g2.3 and gq1.3.1~1.3.3, q1.41~143, 92.3.1~2.3.3 and
g2.4 q2.4.1~243
26 q1.3, g2.1, g2.2, q2.3 gq1.3.1~1.3.3, g2.1.1~2.1.3, q2.2.1~2.2.3, q2.3.1~2.33
and g2.4 and new separated distal band 2.4
27 1.2 and q1.3 g1.21~1.24 and q1.3.1~1.33
28 q1.2 and q1.4 gl.2.1~1.24, q1.4.1~1.4.3 and new separated distal
band q1.8, q1.9
29 g1.5 and q1.8 gq1.5.1~1.5.3, q1.8.1~1.8.3 and new separated distal
band q1.8, q1.9
Xp p2.1 and g2.3 02.1.1~2.1.3, g2.3.1~2.3.3 and new separated terminal
light band g2.4
Xq q2.2, 2.5, g2.6, 3.1 gq2.2.1~2.23, q2.5.1~253, q2.6.1~26.3, g3.1.1~3.1.3
and ¢3.4. and q3.4.1~3.4.3, q25.1~25.3
Yp p1.1 band pl.ii~1.1.2
Yq q1.2,, and q1.2.3 gq1.21~1.25 and q1.23.1~q1.2.3.3
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Figure 9. ldiogrammatic representation of the G-banded Korean Cattle
karyotypes at different mitotic stages: metaphase(leff), prometaphase
(middle) and prophase(right)
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Table 11.

Comparison of the quantity of heterochromatin
chromosomes in Korean cattle and Holstein

at each

Chromosome .
No. Korean cattle Holstein
n 200 304

%

1 13.0 + 0.36° 142 + 0.25°
2 14.6 + 0.46" 15.6 + 0.28°
3 151 + 0.39° 16.4 + 0.27°
4 145 + 0.37° 16.8 + 0.29°
5 159 + 0.68 17.3 + 0.29
6 15.3 += 0.40° 17.4 + 0.27°
7 16.0 + 0.39° 17.8 + 0.31°
8 16.1 + 0.40° 18.0 + 0.30°
9 16.2 + 0.38° 18.4 + 0.29°
10 17.4 + 0.43 18.2 + 0.31
11 17.7 + 0.42° 19.1 + 0.31°
12 18.8 + 0.41° 20.5 + 0.37°
13 18.7 + 0.42° 21.4 + 0.34°
14 194 + 0.44° 21.9 + 0.34°
15 20.0 + 0.42° 222 + 0.34°
16 20.2 + 0.45° 227 + 0.34°
17 20.2 + 0.44° 23.7 + 0.36°
18 21.0 + 0.47° 24.7 + 0.41°
19 21.9 + 0.49° 248 + 0.38°
20 223 + 0.47° 24.7 + 0.40°
21 23.4 + 0.52° 253 + 0.39°
22 234 + 0.52° 26.2 & 0.45°
23 24,0 + 051" 27.2 + 0.40°
24 242 + 0.50° 271 + 0.39°
25 26.1 + 0.56 27.3 + 0.42
26 256 + 0.55° 28.4 + 0.46°
27 26.2 + 0.51° 28.2 + 0.42°
28 26.4 + 0.54° 29.4 + 0.49°
29 26.9 + 0.74° 30.8 + 0.50°
X variable variable
Y variable variable

There are significant difference among the means with the
row(p<0.001). The values are meansztstandard error.

- 70 ~

different superscripts in a



8.09% | 1B4%| 18.2% 19.1%

I TEL T

16.2% 17.4% 17.7%

j o] e

T T T

13.0% 14.6% 15.1% 14.5% 15.9% 15.3

@
E=
C g
( e
3
C

. 9 10 11
7 8
5 6
3 4
U 2
KNC HOL
1
,zﬂ 214% zﬂaﬂzzﬂm nzmnamﬂ nwwnﬂ%ﬂsmn
18.8% la'm 2un 202 zoz'
22
- 15 ]6 17

p7s MR
“CVarinble “Warisble

‘ 2725‘ z7m| 27.3% zam‘ zsz%‘ 294%‘ 130.8%
1 l il Il ItJ %g
240 242

v“ﬂ?mﬂ arigble .-
b 4

Figure 10. Comparison of heterochromatin site of Korean cattle(KNC)
and Holstein(HOL)

_71_



Ul F AT A4S GavEer 97dw 1IN

olm F AlS FoE & 200%Folwl Zo] 2000d A F ALS R
F7F 180 R R A% Q] A FAle Ut olEFE U AP #
(F7led T4, F8, EFFHNA 59718 2@ dE5S BEsin

A= AAES AFAX(57HE Edsle] o 187HF 2 =€)
A =7k o] FeAFE A% G ow 87T EH 2
loew olEREE FHTYHHAANE, AR E o vy 9@
FRIFIRZF] AdEw o9 fHvgd g &
WA E AA AFe] F/AEF G2E HAAIE AYyag ue
FTESE Adsta Qo) Figure 113 22 348 3 Wz 4095

o FRIFHE-E AL o] & AE400F10F/F3) T S350k

o TUE F¢HAAGE FERos MU HU 97d Abuky)
Al FE 1379 FRFES] AE(F HA F501A) 1775
€ WA oE d3ASE HIFe "Wy AP LHFMNA, A
o AAAR, WAAYAA FAMNATS Aden v
HEAL(FARAA dE7del AFadE F 12055 BMON T
NEoR dgskAd.

- 72 -



N
e
=
i
)
{
e
‘O
™
iz
1
o
0- [
off
g
i)
Y
ox
o

@ Azl o BoHAE AA A FHa 20U AACIASTA, AW
A, AWAAe A8 Aoy
@ x4 A% 270-300A H ol sHAISe] 36047 AT

v el AU

~

O FRFRS 15T A FFelx7) 107 o4 2

@ ol 9L 120-1602 %

@ s ol 30Uvkd FAHCKNAAIG FaAle dE5 3dxd FAE

@ AL A 180U H, 360U H, 540U HA] A
B QRAAF  F @ FRFHF AAIEd A HAHASTEA HAA

@ wAEA D ol FegAae] Ae BAEA D Hrhr]Fol

@ ARAA KG9 ¢ HANA A7 s kA S AA 157 1004
Forms ARkl FAIRE 3k EE RAMEE RIS
gt SFRE T3 TSk

@ AR AZiaomd®E - 16789%8) © FFAE

il
!
ol
Y
N,
>
i
il

ATgA RS el R £ARE FBAFRE FSAT

@ AR FAATRLE - 22M48)  FFAEE JAABFVIANEE

7-9kg % telsblil, EALRE G@dFus WA FAHAD

_73_



Figure 11. | FAYMZ HEZTHmR MU U HAY A<

o | B4 o7y HIE HE < sEsepYs
oy | 2% e | JHEERX oH
z ZEMA
x | B7HH7|
(474%) !
sesoeMs el | T lswlseTa
(Al 1672) «
!
ZEZRL
au 24 CHER| SE29)
el 1072l !
= | 84 10708 ADE M
of | 2 124 ]
4| =4 Wk S0 AEMA Jxarizoina
| (A 387ig) ]
2=z 2y
!
YT

ArsH P EI G A7E fAas e ashel ma gz 82
W FREHE BASRon FAZo xad mERFwe A A

A AL SASEA package(1985)8 %3] /1A 7| &) 7 A 34

- 74 -



ARG Fmew APYHS 2R

. #9o) gmEy
o) E g4 1900 ] o] W7

=

L

REES

g Aure ge Bdg AEsF o) FolxA %

AR FHA el AAe e BN FARML 7]
Uzkos sie) oA(S8)E stz oA

ol BAdg o] 4
ANAAHAIG oz FXEHA ¥ 5S40 nAFHUAM K& F
dow MFEolrtes 4E8E Vel Atk
Table 12. ZXQGAIA} 7|=Q2(s2E TA| ‘97. 3)
o A
L = H TR
1. METy | - LR0| ASsind A= 5T, 2T, Wi HEo] 18 | 18
=5t 2
- 02, 5 #S AR T8 H, F 2| ZE0)
ZFond, HAMD} MM MR SHoZ SBHSS
TH[E A
- oojo| ZEEE Ak=elo| Falslo] ZiFe| oEo] B2
2,
2. XA Ze| | - XRo| F1 20| MHsin ZePt USH 2 2 16 | 17
Malo| SEdein] HEo| 223 A
- = Moz WEo| /D 7isT Fenie] 2
5l0f Y= A
- TR= ofRYt U = BELE Refsin El2o]
=58t 24

- 75 -




ol =

2 2 = & o [ =
3. HE2LS | . ople Aol e 2m melo| 1 AE 74 5 | 6
- 00ks, EHsi Hond =2 &Pt Niﬂ =255t 24
- W2 B0l B2 W5 EEsn 242 2ot Jg
oft 22 & 7.
- 22 A} gelo| 1 29| F=2 A
- He P ESEoin SEaPt iR A
- B2 F2 X sl ofzloiM JEe| OI%HOI =2
- 2o J2 FH7 7t FClofsin He-ro v} ’Sﬁ'_-r/\—
=0| J1 A0} S=oinv| M| Welst 2.
4.8 7 |-Holdnsdelnzds A 10 | 10
- 71562 Hln dor JiauiEle mWyslin Wisnl H=
2lo|7t S48t 24
- ofUliel 7|22 SR ERJ0] $o0 HAP| gk
SE5K e ol =t 4t A
5 &5 7 |-Z0| 1, A1, &4t A 14 | 14
- %, siElE 1, 41, EESD 2o &7
29| olgjo| F2 Zi.
- U= §H1 A E Yo =0 Zu|Alo|=
H1 Fa0| Foo{ HEsH A.
- e E0tets] MXX| e SIES7E 54
[IRAR
6. gzio| | - 22 & =HEES Zo| Y1, 40 HAX|K| 13 | 13
oo 2eko| 1 SAE A
- QU EFSHR| g HAXIRE HYsin MF
2 =X ¥2 A
- 2l= 7Eo| %204 =7 s0{MU1 o|gto|
oredA wetst A
7. 3| - 9, ofzl, §ACl2lE Wo, FET £43 7. 10 | 10
8. 7 7l - R D2 B YWesin foisio EtEo| 8 4
A7) U0 F5F= HiYGo] 1 31 F=@D
2EYS F1 2 A
- AYlE FAEoR wekst 3
9. clz|, g - Cl2[el Zol= oo st XM7} Hi=H 6 | 8
=, d830| D3 2ol wWEst A
- d2Hol= selstu YCiglo| oryEl A

_76_




o #h9o FAWA FAF

o}

it
e
>
ﬂﬁ
i)

=) o) FulAg Abglol 1983URH AlztEel 4 EE |3t
gt A el My} vha AU AR Amdch wer] 4B
T PrrE AN AN myge] @FMse] e 89 ¥

&
A A ol WA stelof & Ao m Held

Table 13. Z} YA gy U ZF:Hx
= = AT o+ 23R
MAHIZBW), ke 10,989 229 + 273
O|FAIMIS(WW), ke 10,989 105.0 £ 17.72
BIHHHXIS(WE), ke 10,989 134.3 = 19.84
1D HRZIB(WI2), kg 6,075 296.6 + 60.71
187HEIX|E(WI8), ke 6,075 4349 + 87.49
2H2BAIS(FW), ke 6,075 541.9 * 7359
AUTHERZHADG), ks 6,075 0.899 + 0.269
EHS(CW), ke 3,132 306.4 + 48.61
TH|S(DP),% 3132 586 * 2.16
HIARZC I (EMA), o 3132 80.4 + 9.99
EX|EEH|(BF), om 3,132 678 + 379
TR (MS), 3132 199 + 023

Table 1491 ol 47 FAEe e 4 R fAdS B
k. AAAE, o1RA AF R ALAFT WY hE FAR

of whgh fHE Zkz} 015, 026 Z 02824 AREAHQ] FHE B
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g e P uE 43

@
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Table 14. 0|R& HMo| i3t BM X SH FHx
8 & O A X
BW 0.87 -0.20 0.70 4.49 5.86 0.15 -0.25 0.12 0.14

D
b
NN
N
I
s
=
3™

WW 6865 4247 81.90 15406 262140 026 057 0.31 0.29
WW6 9172 -69.03 10303 19856 32428 (.28 -0.71 0.32 0.30

W o MAIHIE, WW @ O[RA| #15, WWE : 6718 =B, A : g

Table 159 o] % DS g wIY 2 FAR
B fAYe BASHT. 2ALRAE, 18ALGAE 2 249

2
of
1o,
o
)
)

& 27 035 024 2 03524 F wi 3o A

1o

Pt

vebdloh wbdel g FA P fAHE 01954 AFol g &
Aol v va we ARE ngnh AY FADe] fAH0] tha
S AR Fo Py FEAF WA 18AAHIA Ho] W

2MdsEos AXRHR ToR AlmEr). o

F gAEL oF
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il
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wekol B¥ s A ASE FA9 oA dAd AAAME 7
8 AL Aakeiz SES AAME viPH I o] ol FAE HE
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Table 15. 0|95 ZhedZol st 24 U RH £

3 4 Z Z Z ha
W12 459.31 863,50 1,312.81 0.3
W18 479.74 1,504.94 1,984.68 024
ADG 0.0039 0.0166 0.0206 0.19
W22 1,020.82 1,869.63 289045 0.3

W12 ;12708 #E, W18 @ 187(HE HIF, ADG : S, W22 : 22743 |

=, b REy

Table 16. =A@ Aof| cist B& & 7H= FHA

o 4 7 J o R
CW 279.34 754.13 1,033.47 0.27
bpP 1.99 1.97 3.96 0.50
BF 0.0229 0.0751 0.0981 0.23

EMA 27.34 5042 77.76 0.35
MS 0.29 0.52 0.81 0.36

CW : =ZAXZ, DP : HLE, BF : EX|2 £, EMA : S4thHE, MSX|E uy

2.
s, W e
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Table 1791 FRFIRS-E AA o AT 2 AF FAZ
g Bd 2 BEAINE FAEAC WA, 6/1€H, 127019, 18
A H 21MEE AFe HAx) B 7z 23.82, 133.00, 271.17,

430.23 2 497.9%g o 2 YEFGTE o)l Er|e WKL Fa oxy H

rl

o] Frbshs WAyl WE]l HAew Atadm webA, 9%

1
3

F1 LFHFAANE A Frivso] e Aem Az
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Table 189} 199 & 3609 ¥ 540U #H o A Tl A4S
g9 Aslel WEH wE VAR wASAL
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Table 17. EHZR 2 HHY

2o chst g

g

=3
M

2o
¥ A}
] U712 &
A & QS #2HADG)
on Eiéj 7| 7|
SEFITT moa | oy | 1205 | teone 2008 | (1Y | (@60 | ®7IZH
~3602)| ~630%)
MA | 119 | 23.82 | 133.00 | 271.17 | 430.23 | 497.99 | 0.687 0.840 0.753
o 4025 | £262 | £3.36 | =426 | £454 | £0.009 | 0.009 | =£0.007
kp358 9 | 23.87 | 109.85 | 242.35 | 404.65 | 454.28 | 0.607 0.785 0.683
+1.06 | == 9.01 | £13.87 | £17.67 | =18.42| £0.038 | £0.034 | £0.029
kp408 8| 2462 | 113.25 | 256.26 | 395.43 | 449.34 | 0.644 0.715 0.674
11.06 | = 9.03| £13.90| £17.71 | =18.46] +=0.039 | £0.034 | =0.029
kp410 10 | 21.99 | 120.69 | 255.98 | 410.80 | 481.03 | 0.650 0.833 0.729
41.00 | £ 851 +13.10| =16.69 | £17.40| =0.036 | £0.032 | £0.027
kp411 10 | 21.93 | 117.39 | 259.34 | 407.73 | 458.04 | 0.659 0.736 0.692
+095| + 805 1240 | +15.79 | £16.46| £0.034 | =0.030 | -0.026
kpd412 9| 2474 | 138.43 | 279.84 | 434.38 | 504.56 | 0.709 0.832 0.761
+1.01 | & 859 £13.23 | +16.85 | +17.57] +0.037 | £0.032 | 0.028
kp419 6 | 24.04 | 169.27 | 293.79 | 445.04 | 497.24| 0.749 | 0.753 0.751
E110 | & 9.35| £14.40 | =18.34 | =19.12| £0.040 | +0.035 | =0.030
kp421 7| 2422 | 15494 | 285.11 | 44219 | 508.97 | 0.725 0.829 0.770
+113 | =+ 9.61| +1480| +=18.85 | +19.65| +0.041 | +0.036 | +0.031
kp422 71 2450 | 179.76 | 323.11 | 490.28 | 564.33 | 0.829 0.893 0.857
116 | = 990 | +15.25| +19.43 | :20.25]| +£0.042 | +£0.037 | =0.032
kp426 11 | 24.47 | 146.88 | 273.38 | 450.27 [ 47859 | 0.691 0.760 0.721
+089 | + 754 | 1161 | 1479 | =15.42| £0.032 | +0.028 | =0.024
kp431 11 | 22.46 | 116.31 | 255.81 | 397.20 | 463.27 | 0.648 0.768 0.700
+089 | 4+ 761 | 11.71| 1492 | +15.56| £0.032 | +0.029 | £0.025
kp433 11 | 23.70 | 125.00 | 273.62 | 433.05 | 493.84 | 0.694 0.816 0.746
+1.02 | £ 867 | +13.35| +17.01 | =17.73| +0.037 | =0.033 | £0.028
kp434 5| 2195 | 121.56 | 273.46 | 417.97 | 485.12 | 0.699 0.784 0.735
+1.25 | £10.65| +£16.39 | +20.88 | £21.77] +0.045] +0.040| +0.034
kpn145| 15 |23.10+| 134.71 | 280.72 | 458.26 | 51247 | 0.716 0.858 | 0.777
0.84 + 716 | £11.02| £14.04 | =14.64| £0.030 | =0.027 | £0.023
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Table 18. EHZEDH AXPo| 30524 X|o| cisl HF 2
FEEX}
7 3/ ( 360221)
52 |2y
E2TITa 2l By wle als =leuz|z =|sas|n slz a|zes
21

M [119(104.16{108.00{112.43| 53.70 | 27.11 | 29.52 | 31.71 | 12.21 | 40.82 |130.30| 14.86
o +1.03| +0.81| +£0.88| +£0.40( :0.55{ +0.41| £0.45| ::0.20| +0.49| £1.02| £0.15
kp358 9| 99.99(103.08(109.80| 46.84 | 22.75 | 30.40 | 33.32 | 11.37 | 36.91 |120.80| 12.73
+4,16( £3.00| -4.06| =1.68(+222| +1.66|+1.78| +0.96| +£2.15| +4.43| +:0.65

kp408 8[104.06(106.82(107.83| 50.65 | 19.49 | 25,79 | 30.56 | 13.59 | 43.11 |129.57| 14.03
+4.16| +3.00| £4.07| £1.69| +£2.22| +1.66|+=1.78{ +0.96| +2.16| +4.44| +0.65

kp410 | 101102.04(107.74(112.38( 53.11 | 29.55 | 31.02 | 32.96 | 11.28 | 45.78 {129.81] 15.17
+3.92(+2.83| £3.83| £1.59| £2.10| £1.56| +1.68]| +0.90| +2.03| =4.18| +-0.61

kp4tt | 10| 98.13{106.27|111.79] 53.03 | 32.72 | 33.55 | 40.30 | 13.77 | 39.47 |128.53| 14.26
+3.71|+2.68| £3.63| £1.50| =1.98| £1.48| =1.69| +£0.85| +1.92| +3.96| +0.58

kp412 9108.22{113.63/117.68| 53.14 | 26.47 | 31.21 | 33.60 | 12.17 | 37.85 |130.97} 15.12
+3.96| +2.86| £3.87| £1.61|+2.12| £1.58|:1.69| £0.91|£2.05|+4.22| £0.62

kp419 61108.67(112.28/118.82| 57.67 | 29.13 | 34.00 | 35.08 | 12.24 | 44.90 |140.16| 14.63
+431(+3.11| £4.21| £1.75] +£2.30| £1.72| +1.85| +0.99| +2.23| +4.60{ +0.67

kp421 7(108.07|116.80{117.08| 55.41 | 22.78 | 27.74 | 30.45 | 12.04 | 37.85 |139.37| 15.07
+4.43|+3.20| £4.33| £1.80| +2.37| +£1.77| £1.90| +1.02| x2.30{ +4.72| +0.69

kpd22 71114.251116.021119.66 54.51 | 30.01 | 30.30 | 33.02 | 14.22 | 39.82 |142.16] 17.05
+4.57|+3.30| +4.46| +1.85(+2.44|+1.82| +1.95(+1.05| £2.37| +4.87| £0.71

kp426 | 11 (108.27|113.82|109.48| 53.66 | 25.74 | 28.08 | 30.27 | 13.16 | 40.15 [137.39| 14.87
+3.48|+251|+340| £1.41|+1.86|+1.39| £1.49(+0.80|+1.80| =3.71|+0.54

kpd431 | 11| 99.71|103.13|110.50| 52,09 | 21.31 | 26.98 | 28.78 | 13.38 | 38.21 |135.73| 15.08
+3.51| +2.53| £3.43| +1.42| +1.87| =1.40| £1.50( +0.81| +£1.82| £3.74| +£0.55

kp433 | 11 {103.50{111.27|116.96| 49.96 | 24.62 | 28.77 | 32.56 | 12.61 | 39.29 {134.77| 15.37
+4.00| +2.89| £3.91| £1.62| £2.14| £1,659| £1,71| +0.92| £2.07| £4.26| +0.62

kp434 5 79.05| 90.98(110.10| 50.28 | 21.22 | 20.94 | 25.33 | 12.73 38.26 |122.24| 14.93
+491|+354|+4.80(:1.99|+2.62|+1.96|+232|+1.13|+2.54 +623(+0.76

kpn145| 15(104.37/109.81|107.18| 53.77 | 25.05 | 28,79 | 33.91 | 12.38 | 39.92 |132.44| 14.51
+3.30] £2.38| £3.23| +1.34| =1.76| +£1.32| +1.41}+0.76| £1.71| +3.52| +0.51
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Table 19. £HZ XY Z{X 0| 5402H Aol cist W7 ¥ EFHX
| 2| ( 54020%)
e
EEEITT o 8 e mls als sleus|z s|nazln slz d|zes
721
HMA |119(109.52(|113.94|108.66| 55.18 | 20.63 | 27.79 | 32.92 | 16.84 | 39.12 | 151.81 | 16.88
o +0.89|::0.80| +£1.62]| +0.84| +0.66| +0.51| =057 £0.31|+0.65] +1.98 | £0.26
kp358 91102.61/109.96|108.49( 51.29 | 18.70 | 24.34 | 28.93 | 15.04 | 39.04 | 136.84 | 17.18
+3.86| 1412|753 +3.99| +3.05| £2.25|+263| +1.40| £2.84|+ 8.63| +1.18
kp408 8 (111.62|115.80(114.22| 53.54 | 17.13 | 28.46 | 32.76 | 15.75 | 39.43 | 145.92 | 16.70
+3.88| 4,12 £755]+-4.00| £3.05| +2.26| +2.63} +1.40| £2.85|t 8.65|+1.18
kp410 | 10 (110.68({113.69(117.84| 50.41 | 22.36 | 30.27 | 33.75 | 16.04 { 38.70 | 149.22 | 14.96
1:3.65| 4389|711 | £3.77| £2.87| +£2.13| £248| +1.32| £2.68|* 8.15] =1.11
kp41t | 10]107.16]/112.79(104.00| 47.94 | 19.59 | 25.60 | 28.70 | 16.24 | 34.91 | 135.86 | 15.79
+3.46| +:3.68| £6.73| +3.56| +£2.72{+2.01| £235| +£1.256| £254(+ 7.71| £1.05
kp4i2 91108.95/114.56]/110.09| 52.36 | 16.16 | 28.90 | 35.26 | 18.89 | 37.23 | 138.72| 18.52
+3.69| 392 +7.18}+3.80| 290215 £2.51|+1.33| +2.71 |+ 8.23] +1.12
kp419 6112.331117.65|120.70( 59.563 | 24.64 | 28.74 | 31.24 | 16,52 | 41.50 | 155.44 | 16.87
4.01] £427|+7.82|£4.14| £3.16| £2.34| £2.73| +1.45| £2.95|+ 8.96| £1.22
kp421 7 1110.56|117.44|107.87| 54.45 | 22.46 | 29.70 | 33.48 | 15.60 | 39.59 | 136.66 | 16.48
1413 | +4.39| +8.03|+-425| +3.25| +2.40({ +2.80|+1.49| £3.03|t 9.21| +1.26
kp422 7 (120.69|126.84/126.39( 56.94 | 18.67 | 28.84 | 36.14 | 18.30 | 45.86 | 154.20 | 16.25
+4.25(::452| +828(+4.38(£3.35| +247 | +2.89| +1.54 +3.13|+ 9.49) +1.29
kp426 | 11(109.20/115.80{110.02( 58.59 | 19.77 | 27.97 | 33.76 | 17.07 | 40.34 | 158.92 | 16.35
+3.24|£:3.45|+631]|+:3.34| +255|+1.88|%£2.20|+1.17|£2.38|*+ 7.23| £0.99
kp431 | 111107.92|114.88{106,15| 53.05 | 18.99 | 28.18 | 33.06 | 13.83 | 32.56 | 152.40 | 16.80
+3.27|43.48| £6.36| £3.37| +2.63| +1.90| 222 £1.18{ £2.40|* 7.29; +0.99
kp433 | 111]105.81]115.76[121.30] 53.96 | 21.01 | 28.91 | 36.32 | 14.01 | 34.96 | 147.59 | 14.40
£372)+396) 725 +3.84) +293| 217 £253] £1.35|+2.74}+ 8.31| +1.13
kp434 5(110.731115.82(105.67( 60.42 | 22,57 | 31.38 | 36.86 | 13.28 | 32.04 | 161.86 | 14.93
+457| +£4.86] +8.90] +4,71] £3.60] +2.66| £3.11| =1.65| +3.36|+10.20] +1.39
kpn145( 15(109.43(114.06| 98.93| 51.07 | 17.48 | 23.05 | 28.74 | 16.39 | 37.62 [ 130.82 | 17.12
+3.071 £3.27|+599| £3.17| £2.42| £1.79| £2.09| £1.11| +2.26 |+ 6.86( £0.94
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Al14d A4

g xef] gl FAA ] WM=okd2 Berger(1972), Gustavsson

5(1972)3 Hansen (1972)0] HEx=

B

Mgk ol# 92 Reading
Conference(1980)ol A = X1& E3& 7I5E e A9 A4
HEE A3 AR AFE s vk Aok FuldAM = 7 5 (1994b) 1
A 3 £(1995)°] Yorkshire, Landrace, Durocol] w3+ G2 Aje] Ao
A Holet FHA AFE ¥ BAF vk A3 o1& G-banding ¥
Ae T vk vk W Ao HEAA] EEIAYLS 1988 d E o
MEAY FAETNY L3I (Committee for the Standardized
Karyotype of the Domestic Pig, 1988)clA] A|AlE A FHa, T
olrtt ¢&  FAFHelm  AHEIZ  #@YPe AFE Hd
High-Resolution banding®] W& ¢]&3 sixle] HFEHE 270
g ukzb Atk (Yerle 5, 1991). zejvt oleld RS o] 83 s
Y Fdol FAAA BFEHPomA ofr FAHA i gor, v
o] -y If FFA A A W {1 Ex ol A
Aol AF By ¥yt

ir

gl AAolry. W H $vEty u
# AYAR ) tste] o]E9] DNAE °| 8 AAAXNES EAsE
24 ol %4 BAL W uz e AES FYFYL YK
5, 1997). olE 7 ANERELS B AT giEe FEFoz AuHA
o] #Fx1H Aoy ZHAEA, major gene®l #<1(Tsuji, 1995) %

A A e] )3 XX AA(Takashi 5, 1992; Robic %, 1995)e] ¥
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2 Abgrels) shvh wWebd B Aol AL HAY BY EHNELS &

2 A2 S84 (high-resolution banding)®¥'H & 283t 7]

e L

9] Z= 7] (metaphase chromosome) %  o}lyg} A
o

(prometaphase chromosome) % 2 7] (prophase chromose)®ll
A A el el e w3 G, C-banding@de] wAo®
T Al A e ®FE ¥ (standard karyotype)S AHA st

olgl g AHAL] WEH 54 % AW FHE BY A s
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e YT, BY AFAGWER FEAEIT F47] & AT 20

A A%% <] Landrace 50F& tiEzF o=z X 39r)

2. G Fo e JAAe] B 4
WP PP o) 8T FAA ek & 7 A9 A
NG ZFEES) FANIULS S ta WPNA e o] FAw

FAANH - AANEEBIR 2 FE 5mle] " A
Bl %F : whole blood& ©]-&3}o 7242k wj| ¥
7173 E 0 A A2 1A colcemide] FY

A 8] (harvest) : YA Z A 2o

© & ® 8 2 L

A% 2] (hypotonic) @ A%< (distilled water & calf serum)oll
2083 AF A €

® A A B (fixation) : VAR F 1A Y(Carnoy’s solution)el]l Iz
%!

@ FEAZ 2 AXEYE sliderdol 5~69S 23}

Air drying 2 94 : AZ%F Giemsad A

3. ¥¥EH
O HA3 H AIEG: B Av A skl A3} FU4E AE A
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@ Qs @ Fu : As(D-TDE AVFHF FYEAH o] §T Y&

@ A Wl g AsgaAdE A e

® A #Fd : BALEP(copy film)S o183t A widge] &D

4. High—-Resolution banding

@ Bloode] H)%k: 5% CO, 37°Coll 7241 ZF ¥l %

® Cell synchronize: MTX 2], 17217t 2} v <

@ Rinsing @ medium2.&2 3% o]4) rinsing

@ A W °F : thymidine =+ EtBr& &% nlddoz 6417 A
ulf &F

® =714 Al harvest 3}7] 10~15% A colcemid 7}

@ FEAA 0 517G AENE slidedoll 5~64& A3t
Air drying

©@ G-banding

5. GTG-banding #2
T4y HEB-E 55-60C slide warmer’d ol overnight
@D Trypsin * 2] : 0.05% trypsin(D-PBS solu.)2 2 30&~1# A ]
® Saline A : 4~5 3]
® Giemsa 94 : 5% Giemsa solu.2.Z 3~4 3 9

@ A7 2 FY
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6. C-banding ¥4}
A 1FYN AAdEzE FEE
@ HC1 A& : 0.2 N HClel 1Az H A
@ Ba(OH); A& : 5% Ba(OH); ol 20~30&3 3% 005 N HCI
off A
@ 2XSSC A7 : 60Tl 1A%k A=
@ A R 94Y : DWE $£HF 2% Giemsad o] 1413k g4
® #2733 2 &9

7. A ¥A
© 4dH ol B FUA Afel g FF el t-test
@ #% 3 bandFdel 914 27

@ AdAAY AASH B4 R KA 25 F4
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A 34 Az U uz

1. A A 4o 2% A xle] x5 XA

b sl el e ol &3 sEd A Hel sy A
ool i $u) g AbEd AAAA] BE AY A

N glstel $4 Ao nEdFIEe (5T S Ax B
2

o>
Jo
k1
i
X
e
B
Y
Lo
Hr

A%e et 2 sk med F7
AW Aets] glskel de) MO =R chromatin §% oA,

e

we
o,
(d{ |
lo
}_’1‘4
At
>,
-~
filo
B
e
)
g
=
i"?

T
ac)
%
i
tio

HlZ=A) o A &7

A %%k ul Table 203 2o,

Table 20. The duration and treatment of culture for high resolution

chromosome preparation

Treatment Methotrexate Thymidine Ethidium bromide Colcemid
- - - 30 minutes
- - - 50 minutes
Colcemid ,
- - - 80 minutes
- - - 120 minutes
- 2.5 hours -
Ethidium - - 2.5 hours 30 minutes
bromide - - 2.5 hours 50 minutes
- - 2.5 hours 90 minutes
17 hours 5 hours - 10 minutes
MTX & eu ,
L 17 hours 6 hours - 10 minutes
thymidine )
17 hours 7 hours - 10 minutes

AMERD 7] = 27]S7] A dAAE JA9H R #

3R R Rul W& bandWddd AHEIS ¥y 4] st Ao

& ZFdslel Yunis(1976)7F o]d] tigk WY& AHFoz shdstd
A

High-Resolution  bandingd°lg  &713}
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banding®}d-& A X YA EE AN EES synchronizeAl # mitotic
index®] &-&& F7/HA7)3, £ dA4H9 A& ANHew By A
A F7IN7E RAoZA BE ME EdE ZElE 7] 5 S phase
}el o] FHE Eol

ZF & colcemid 5 WA GAIEAL ¢ A7 FAste] A F o)

2 AAAZl ¥ thymidine-rich mediumS % 7}

0{1
il
fH

%235} 4 prophase &2 prometaphase’} ¥ %% Fx3FE Aolvh
ol#] 8k Yale o]f3dle] B Ao A= methotrexate(MTX)EA A

xE

o
off
N
L
>

i1, thymidine™} colcemidx &l 24 E2-& A 7Al
21 g F714E FESE ST fdHer MELEIe GuAEet

A F£&E=& IA3E ethidium bromide(EtBr)E Wl F: %

r
o
®

g Wit

AHR AEd A=t g F1dE st

AES AT

1) Colcemid &5 A glo] w& NEEd 44

Table 210lA = Wi ¥ colcemid®] A& Algtel W& I
AW AXE £ BIAX S (mitotic index)E A AIFH Aoz Aod 2}
5099 9] slideZFE A WAXIE0]th Colcemid A& WAL
HAL gAlgdl wEl XAzt wE AXE BE FUd T84
fEgo] FolxA Brh weEtA B vl AJgolA veld A3E2

olgj %t o83 TAE FE3 HUFIE AR Ay Aol Hof

f

A5 G we AXEE A5 e FYIAEC fEHAR A

= NAFEF $HEV} wobd M7 HE
AF7] FHel dol HAAm muy e Aeiel FAAE] WA
of @aalel Py BNl tha o sHXAEL
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Table 21. The effect of duration of colcemid on the number of cells
progressed into prophase and metaphase in lymphocyte culture

Treatment sample Prophase P:;rzse;a Metaphase Total Mitotic index

Colcemid ~ eeeeeeeemeeneees Cells------+=----~---- “=-%---
30min 50 545+94° 46.3+6.0 846.31+67.0° 947.1+71.8° 1.73+0.089°
50min 56  43.81+7.3" 46.2+55 1116.8+83.7%° 1207.4+89.5° 2.48+0.136°

1hr 30min 50  50.41+7.3° 445+54 1692.1+125.5" 1787.0+131.1° 3.68+0.243"

2hr 48 113.0:11.8% 38.8+4.7 3055.5+371.1% 3207.3+383.3% 8.19+0.347°

?n\gzrr?g 204 64.3%49 44.0+27 1647.7%:112.6 1756.2+116.4 3.9310.204

There are significant difference among the means with the different superscripts in a
column(p<0.01). Mean = Standard error

Table 22. The effect of EtBr treatments on the number of cells
progressed into prophase and metaphase in lymphocyte culture

Prometa N
Treatment sample Prophase h Metaphase Total Mitotic index
-phase

EtBr 25h e Cells e

Non b b b . .
colcemid 20 577486 144+18 592185 131.5+13.5° 0.24+0.019

ngr?\mld 52 46.3+55° 17.8+24® 1003+26.4° 172.9+28.3° 0.36+0.066°

Cg'gm'd 50 67.419.0° 261428 848+104° 178.3+153° 0.32+0.023°

Colcemid
43 98.8+13.7° 27.2+35%° 4942+73.8° 620.2+84.3° 1.65+0.111°

90min

%‘gﬁ;‘ 152 66.2+48 211+1.4 1751+21.7 262.3+24.7 0.60+0.051

There are significant difference among the means with the different superscripts in a
column(p<0.01). Mean =+ Standard error

2) Ethidium bromide & 2ol & A EXE G kAte] wlm B4
AERLAL] GeaAlEer FAAe] A A 8t+=  ethidium

filo

==
T

$e Astm ol F

B v dEst

-

bromide (EtBr)& WY FaEHD HHEI A

)5}

g

&
i

colcemidg A )3l 3|t F714E

!
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o ol9] A3E Table 221 AAsATh. AEAH EBrol 9Fos
7148 =7 A% EoE5E JEda, dd ez HArHe
FEE oha Woldg mATh Azt Ayl R ATVIR F
EtBr A8 % colcemid®] A& Alzte] do]AFFH thh WolAl= 7

e Hola An

3) MTX¢ Thymidine X &l W& MEEA G4 nla &4
Methotrexate(MTX) 24 REE AMXe] BE HHE 7] 5 S
phase® AAZ]l % thymidine-rich medium& 713t 4L A
AR 12, °o]F HL colcemidx g 24 BHv} @& prophasest
prometaphase®] QAANE FE5+3 A st ASE Table 239 A+
ol
el ARolvh AlFAFH MTXS dFgFoz AXE 4 AR F e

P WY % thymidine®] A8 Alzre] W& ¥Hla #4 AAEL

F

A3 A e, thymidineo] 23] Edo] tih A= & A
oS AAH AXEE A FAEJASS & F AT 28t A

7] 2 AF714e FE7F colcemide] ©@EAEle} nE] AU o=

H
flo
sl

&S el gle™ thymidine A& A= S714-&
ALstiie FoHd Zo)7t fle Aoem Koz,

o)del AielA MEEYE A= colcemid EHH 7L 714
= UEben o]9 fiREo] dASA %L FT7IEY FE 7
AE RoE EMHJG. @ EtBri} MTXE Ao weg &9
7189 352 HHEFE AX 71387 fF="l W2l colcemid &
Ex g v FHoer w2 WAy # AFVAY FIHE GvE
Wi . Table 24014 = 2z ¥ A7), AF7] R 71489 %

A 2L ¥ A3 Aoz EtBr @ MTXE xaF7F AA



A Fr)de] e Yo Y] R HFT] A fFE Fdel
AN A GVERscE ey MTX Heate] A daAe] e 3
WFodol EtBra o atel wis] jAlAon B dUE 2ol wet
ol 5] SV e e RME AMEES AHES] FrisA
71530 GA A o) &FE HASE 5 A EtBro] Ayt o,

oF 504 —~14]

]

=]
4

e
w
S

FER GAA] FEE Fols] 9ste] of

‘?5‘_
k9] colcemide] X &7} &34 )& YERHAT

Table 23. The effect of MTX and thymidine treatments on the number of
cells progressed into prophase and metaphase in lymphocyte culture

Prometa oo
Treatment sample Prophase h Metaphase Total Mitotic index
-phase

MTX 17hr Cellg-------m---ommnne --%---

Thymidine 59 534496 811451 221.8+296° 306.31356° 0.70+0.065

Thymidine 55 5474107 182429 10554164 1784+21.9° 051+0.045

T“y_,’T;jf””e 50 5854100 219438 130.2+169° 210.8+259% 0.62+0.058

Overall 461 554458 241424 15584137 23534174 061+0033

There are significant difference among the means with the different superscripts in a
column(p<0.01). Mean =+ Standard error

Table 24. The induction rate of cells progressed into prophase and
metaphase for the total number of yield.

Treatment Prophase Prometaphase Metaphase Total
----- %

Colcemid 3.7 25 93.8 100

EtBr 25.2 8.0 66.8 100

MTX 23.5 10.2 66.2 100
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. Aesi o] FEARES FEIF ¥y S v 24
1) AR FqA ) AP Gy

A e 2 FERFFE THIE YUY PHoRAM F
YA A (centromeric index)¢} )3 #o](relative length)e] &4
o] &8 A&Hz Urr. FAA Ak T N G BFE
YEl = diER AxEA ZF daAe] HdA Hel F dr(short
arm)°] X}A|E YEEE VUEIA RAoR o] H|&o] 37.5~50% A
)&  metacentric, 25~375%%  submetacentric, 0~25%%
acrocentric chromosome® 2 ™ W3lil UH(Levan et al, 1964). %
H ZdA dojet &2 ZF Fo AA AANA Aol(genome; n) F 7
N AR ZAABHE Hele] nEA ZF Aol AVlE YEUE
A F R xelrt. mEka B AgidAs A=A dAAe] FHeH
FFE B3 At nEIEAHA A 24 BE A7E AAA
o "3 FAAAF, FhA HAol& EAsle] o]&EZF Aol&E Hla A
Estal, ol& FHT AAHAA gAaAe Held BFE FHE AAE
3 A skt

Table 2591 = AAPAA L] 7], AF7] R F7)4e A3t
B AolE AA K, Table 26014 2+ YA FAA A5
A o] W& nomenclatureE A A} g Fo|t}h. Table 259 2609 A
A g wpel o] BEAIIE GAAe] iz Hole] AL 21 A

W42 ATEA Pagol we A ¥HEI AL B

A

e oz glen, U 249 A B9 #Agle]l AR
Ao He)E AU ASE & 4 Aok Table 278 F7]429] o
M dolE 100282 39 W AF7] € A7 g4A Holg

Ao BlEE AAT Hew HIE AFIEE T3 135%, 7]



A8 180% i 713l HlEl oF 18w AL ¥ 71 dEE YEergio
o] ol A AAlA el Fejz ns FFF A A Y FLS

2n=38%. 4] 542l submetacentric chromosomes(Group D, &2 o<

o%
L

7}& 2%e] acrocentric chromosomes(Group 1D, 5

tlo

X0
i
@

metacentric chromosomes(Group III) % F{ A7} 2dR-o

2

2] acrocentric chromosomes (Group IV)E A" 36719 4
Al (autosomes)®} metacentric 98 X, Y A AR FAAFHO] A&

& 4 siek.

Table 25. The relative length of prophase, prometaphase and metephase
chromosomes in Korean native pig.

Chromosome

No Metaphase Prometaphase Prophase
samples 80 76 62
1 9.7+0.140 10.7::0.094 10.7+0.130
2 5.94:0.072 6.2+0.060 6.3+0.100
3 5.6::0.057 5.6+0.069 5.7+0.091
4 5.3:-0.055 5.040.052 5.2+0.052
5 5.210.057 4.1+0.050 4.2+0.056
6 6.2+0.066 6.8+:0.720 6.7+0.130
7 5.3+0.065 5.1+0.049 5.1+0.076
8 5.340.058 5.3+0.053 5.3+0.067
9 4.6:-0.058 5.1+0.056 5.3+0.071
10 4.7:+0.079 4.2+0.062 4.4+0.086
11 3.7+0.072° 3.0+0.038° 3.0+0.053"
12 3.4+0.065° 2.7+0.044° 2.7+0.055°
13 7.0+0.091 8.3+0.083 8.1-0.088
14 5.4:0.079 6.3+0.070 6.5+0.089
15 5.2:+0.061 5.7+0.070 5.4+0.093
16 3.7+0.057° 3.5+0.057° 3.4+0.039°
17 2.8+0.034 2.9+0.037 2.8+0.041
18 25:0.044 2.5+0.037 2.4+0.044
X 5.8+0.100 5.0:+0.065 5.1+0.093
Y 2.610.075° 1.9+0.052° 1.7+0.036°

There are significant difference among the means with the different superscripts in a
row(p<0.01). Mean =+ Standard error
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Table 26. The centromeric index of prophase, prometaphase and
metephase chromosomes in Korean native pig

Chro.
No Metaphase Prometaphase Prophase Total Nomenclature
samples 80 76 62 218

33.8+£0.36 32.8+£0.33 33.710.47 3341022 submetacentric

—_

34.4+0.59 35.1+0.57 35.0:0.69 34.8+:0.35 submetacentric
37.56+£0.60 36.3+0.67 37.7x060 37.1+0.36 metacetric
36.7+0.65 33.9+0.59 36.1+0.71 35.5+0.38 submetacentric
39.1+£0.58 37.9+0.60 40.5+0.61 39.1+0.35 metacetric
25.7+0.53 25.1+0.53 25.6+0.58 255+0.31 submetacentric
28.1+0.74 26.01+-0.52 27.9+0.65 27.3+0.38 submetacentric
40.9+0.52 40.9+0.63 39.2+0.49 40.4+0.33 metacetric
43.5+0.55 42.9+0.63 422+065 42.9+0.35 metacetric
45.3+0.47 44.6+0.65 458+055 45.2+0.33 metacetric
44.9+0.53 45.3+0.63 457+0.57 45.3+0.33 metacetric
45,1 +0.58 44,0+0.72 43.7+0.67 44.31:0.38 metacetric

0 0 0 0 acrocentric
0 0 0 0 acrocentric
0 0 0 0 acrocentric
0 0] 0 0 acrocentric
0 0 0] 0 acrocentric
0 0 0] 0 acrocentric

41.4+0.63 40.1+0.63 3854073 40.1+0.36 metacetric
41.8+0.76 42.6+0.09 43.4+0.94 42.5+0.49 metacetric

<xz3izaronidooNoanren

There are non-significant difference among the means in a row(p<0.01).

2) FFL AP FE v

2 d7oMe A AY 3y £4& EXRE Landrace ¥ i
4] & E (cross-bred;LYYD)ell thgk dAaxe] ZA] <59} Ao
ZHolg vl EAFozA FFH FAA FHH XFE FEE A
Asta, FFI HPY Aol E wiu HEsS A vk s A e
g o] &3 FF dAAe] A HolE Table 289 =4
stRer, z+ FAAe] FUA A9 BALE Table 2991 ERHRI]
o B4 A Gz delst AR AeelA 4 50 B2 9
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Table 27. Comparison of chromosomes length of metaphase
prometaphase and prophase in Korean native pig

Chromosome Metaphase Prometaphase Prophase
No.
samples 80 76 62

1 100 138.6 185.1

2 100 141.8 191.9

3 100 134.8 184.6

4 100 130.2 179.7

5 100 127.1 170.9

6 100 139.2 185.9

7 100 133.5 179.9

8 100 137.9 185.2

9 100 138.7 190.5

10 100 132.5 184.4

11 100 127.2 165.8

12 100 121.4 163.9

13 100 140.0 180.8

14 100 139.8 191.4

15 100 141.9 178.2

16 100 126.1 163.3

17 100 131.7 168.6

18 100 134.8 172.0

X 100 131.5 175.7

Y 100 125.9 143.3

Total 100 135.2 180.0

The length of each metaphase chromosome was expressed as 100%

fd

A Feld o7l vEhon, B3 4 GAA X, Yo A%

£ EENO YA Aozt Agow BAHAD. olY¥ P 2

FED AAA Hel R TAdA AFe oF Ha B

Ak Tigure 1201 AAISHATE o] deld dAAe] FEx nds
T AUAAe 9y FHe B FEH SHA ZAelr) e Ao
Abgget,
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Table 28. Comparison of relative length of chromosomes in Korean

Native Pig, Landrace and Cross-bred(LYYD)

Chromosome

No Korean Native Pig Landrace Cross-bred
samples 50 70 60

1 9.7+0.140° 10.3+0.110° 10.3+0.120°
2 5.9+0.072 6.0+0.082 6.0+0.059
3 5.61+0.057" 5.5+0.060° 5.9-+0.061°
4 5.3+0.055° 5.2+0.060° 5.6+0.056°
5 5.2+0.057° 4.4+0.061° 5.3+0.062°
6 6.24:0.066 6.5+0.075 6.6+0.098
7 5.3+0.065 5.140.075 5.21+0.066
8 5.3+0.058 5.2+0.055 5.1+0.050
9 4.6+0.058" 5.0+0.065° 4.4+0.057°
10 4.7+0.079 4.3+0.059 43+0.074
11 3.7+0.072° 3.2+0.049° 3.6+:0.049°
12 3.4+0.065% 3.0+0.053" 3.4+0.062°
13 7.0+0.091° 8.1+£0.079° 7.5+0.090°
14 5.4+0.079° 6.1+0.068% 5.6+0.072°
15 5.2+0.061° 5.5+0.053° 4.9+0.050°
16 3.7+0.057 3.8+0.065 3.5+0.052
17 2.8+0.034" 3.0+0.043° 2.7+0.046°
18 2.5+0.044 2.5+0.039 2.3+0.053
X 5.8+0.100° 5.2+0.069° 5.5+0.058"
Y 2.6+0.075° 2.110.048° 2.3+0.053"

There are significant difference among the means with the different superscripts in a
row(p<0.01). Mean =+ Standard error

Chrioamosoms Mo
"

Relativg
length
-3

» — | k4

Figure 12. Idiogram of the relative length of chromosomes in Korean
Native Pig, Landrace and Cross-bred
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Table 29. Comparison of centromeric index of chromosomes in Korean
Native Pig, Landrace and Cross-bred(LYYD)

Chromosome

No Korean Native Pig Landrace Cross-bred
samples 50 70 60

1 34.6::0.41 33.5+0.37 33.910.42
2 37.1+0.67 33.9+0.63 36.2+0.56
3 39.3+0.66 37.2+0.66 39.6+0.66
4 40.4+0.65° 36.4+0.70° 38.3+0.53"
5 39.6::0.50 38.5+0.60 40.0+0.70
6 30.9::0.65% 253+0.57" 30.1+0.70°
7 31.9+0.62° 27.7+0.77° 29.8+0.77%°
8 41.80.67 40.2+0.55 39.5+0.70
9 42.41:0.66 43.1+0.57 41.2+0.72
10 47.0+:0.49 45.1+0.48 44.7+0.54
1 46.5+0.52° 44.6+0.57% 43.2+0.61°
12 46.0::0.59 44.710.63 44.6+0.67
13 0 0 0

14 0 0 0

15 0 0 0

16 0 0 0

17 0 0 0

18 0 0 0

X 42 9+0.59° 40.9+0.56° 43.6+0.42°
Y 47.2+0.71° 41.0+0.82° 44.9+0.79°

There are significant difference among the means with the different superscripts in a

row(p<0.01). Mean + Standard error

ol A= A2 G-band¥/d ¥} High-resolution bandingell 23 ¥

2] 47

MN

AMA Ul DNATAIY ol59 2etd =43¢ wah Jegs
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U F1H Ja2ssE AFsii ok 9449 G-banding &

MEHEA o] & o] 83k

A A A trypsinel v} urea &=

Jn
ok

FAH B4 ol
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SRl

hot saline-citrateol] slides& ] &}t
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A3 ] E-o] High-resolution ol 23 A7149 G-band¥d &
nFZstozA b A=A GMA e G-band EF TXE HA A

At A gt

1) AeAsh A 9] G-banding F4

Figure 13& Z& £4A1718 G412 G-banding Fd-< e
Aol i, Figure 142 HEHQ A=A GAA 2 HPFEeld o
E & metacentric, submetacentric ® acrocentric e 2] 36702 & d
A A ¢} metacentric FEAS] X, Y AGMA R FAHHA e, 4 A
T daAs 2
ok A eis) A 2] G-banding ¥ A BE @A FAdA FL7t
dMEA @E SAF viEY A4 dA4Ae HFEELS central

& 533 G-band ¥4& AEHEHoz YeEla 3
G

negative band%Ar-& Holil Wk X QM A = central positive band

il

Rolw Y3+ p-central dark band’} Weldt}l o] g landmarks
E #H A9 A E=9 3 (Committee for the Standardized Karyotype
of the Domestic Pig, 1983)3% & x}o)7} glv ddo=z nEdEY
(high-resolution banding)el] €3 7] && X %F7]4 22 sub-band

o) WA o] Hojokt ¥,

2) High-resolution banding® el €)% A=} =%]2] G-band EFTH A
Figure 15% High-resolution banding'¥ o] 913 Aol B A
718 B &= uwgt vEhvbe AR GH A G-banding FY
& 7 APFer vddd Aolth. 4 JMA™E bande] THFEE
71¥ 2 Table 30914 &= £4E A71d dMAY bandTE wla &4%

Ro g F71AdME oF 23049712 band’t #AE wbA 7] Aol A
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Table 30. A number of G-bands on each chromosome at prophase,
prometaphase and metaphase in Korean native pig

Chromosome Metaphase Prometaphase Prophase
No.
samples 56 68 62

1 27.3+0.71 33.5+0.53 40.5+0.82
2 14.01:0.63 18.5+0.55 24.6+0.68
3 13.3+0.51 16.6£0.41 21.6+0.51
4 11.9+0.40 15.2+0.38 19.6+0.51
5 9.6+0.35 12.0£0.32 16.2+0.45
6 16.0+0.57 22.0+0.52 27.2+0.88
7 12.8+0.34 15.4+0.29 20.0+0.54
8 12.5+0.40 15.7+0.46 20.3+0.53
9 12.4+0.51 15.83:0.38 19.9+0.60
10 9.7+0.38 11.3+£0.33 14.9+0.50
11 8.0:0.31 9.2+0.20 10.8+0.25
12 7.2+0.27 8.1+0.21 10.0+0.23
13 17.3+0.68 245+0.68 30.5+0.84
14 13.6+0.42 17.8+0.50 245+0.85
15 12.6+0.31 15.4+0.33 19.9+0.56
16 8.2+0.25 8.9+0.23 12.1+£0.36
17 6.2+0.25 7.5+0.20 10.3+0.27
18 46+017 55+0.17 7.7+0.29
X 12.6+:0.46 15.6+0.42 20.3+0.64
Y 3.7:£0.11 3.7+0.09 45+0.19

Total 233.5+6.95 292.2+5.83 375.4+8.18

= 3709702 oF 14099709 bandg7F ## F71EE& & + U
olxe] A ANE EUYE A=A ZF g4A™ G-band
landmarksE Table 319 AASF[ I 0|8 7|Fo=x AEXe 5

G-band idiogram-& Figure 16l =|A]&} %t}
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Table 31. G-banding serving as landmarks in the Korean native pig
standard karyotype

Chromosome Arm No: of Landmarks
no. regions
1 P 2 Central negative band(21)
q 3 Central negative band(21)
2 q 2 Broad proximal negative band(21)
3 q 2 Central negative band(21)
4 q 2 Negative band(21)in the distal half
5 q P Centrgl negative band(21), Proximal broad
negative band(21)
6 q 2 Negative band in the distal half(31)
7 q 2 Central strong positive band(21)
8 o] 2 Central negative band(21)
q 2 Broad negative band in proximal half(21)
9 p 2 Positive band in distal half(21)
q 2 Central positive band(21)
Proximal negative (21) and central negative
13 q 4 band (31), negative band in the distal
half(41)
14 q 2 Negative band in the proximal half(21)
15 q 3 Central positive band(21)
16 q 2 Broad negative band in the distal half(21)
17 q 2 Broad distal negative band(21)
18 q 2 Positive central band(21)
X p 2 Positive central band(21)
q 2 Proximal positive band{(21)

3) F3A ANA EA L] v A

AAA Aol ¥E dFeE FHoR HAY FARXENY
(Committee for the Standardized Karyotype of the Domestic Pig,
1988)#2] G-band marke] AelH-E 4t olg FAIDN FAY
Zbe] ZizAlmz AAlet Az GAE band marke] Aol H &

sz BAS u ges 2o
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@ 1M A TAXEHYL p-armel 11~14, 21~259} g-armol
18~21322 FE#H)x dark band 1471¢} light band& 1670 ¢] o
25 30702} band”t Auk. A Al AE grarmol A 1894 18.1~
1832.2 23, 24914 23.1~233, 241~2432.2 F UL R dark
band 167 ¢} light band 187]& X5 3470¢] band”} $lth.

@ 29 A FAFEZHYL p-armol 11~173% g-armel] 11~14,
21~292 T8 = oA dark band 97), light band& 117§0]™ =% 20
7hel band7} Utk AYPH A= FLE band¥dE& WFEFAAT

@ 3 dAA: FAEENYEL p-armol 11~17% g-armol] 11~14,
21~278 F¥ ¥ o1z dark band 87§¢} light band¥ 107Helw =%
1871 2] band”} At} A AR N A= g-armoll A 127} 12.1~1238. 2
B UAs 1o dark band 9709} light band 11712 =S 2074 9
band”} At}

@ 49 A FAEXEH YL p-armoll 11~159 g-armel] 11-~16,
21~258 FEHoIZ dark band 771, light band: 97l X% 16
42} band”F vt AP A = FLE bandFF-S el AT

® 5 HAA: FARZEHNYL p-armol 11~159 g-armel 11~12,
21~25Z FEH X dark band 571, light band:s 771018 =% 12
Mol band”t Urt. A XM= p-armolA 127} 12.1~1232 =
e FEE B dark band 6709} light band 82 X5 147] 9
band”} )t}

® 6 dAA: ZTAEEZHHEL p-armol llf1591r g-armel] 11~12,
21~28, 31~358 FEHolA dark band 97Y, light band 117109
25 20709 band”t Ut AEEi XA e prarmoll A 1477 141~

14322 g-armell A4 347} 34.1~34322 ¥ ¥4S 1A dark band
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1170 ¢} light band 13712 25 247019 band7F U

@ 7H GAA: FAFTEZNH L p-armol] 11~137 g-armel] 1115,
21~2602 TR ¥ o)A dark band 67, light band® 87i°l™ X5F
1478 2] band”}F gtk A Ao A= p-armol A 127} 121 ~1232%
Balokars o] dark band 770, light band 9702 =% 16709 band
7F At

® 8 QA FAHEFENH L p-armol] 11~12, 21~237% g-armol
11~12, 21~27% F 85 o]A dark band 671, light band< 87H°]™
% 14709 bandZt vk A @i XN A = prarmelAl 2271 221~
22302  g-armolAl 247 24.1~243°02 EEFTE Ho dark
band 879} light band 10782 =5 18702] band”} Ut

@ 91 AMA: FAFEFHPYL p-armol] 11~13, 21~249 g-arm?l
11~15, 21~260.8 R %o} x dark band 871, light band& 107§ ]
o] 5 1871¢] bandZF Utk AHHAAE LT bandFEE LER
At

@ 10 A FAEFNT L p-armol 11~167 g-armel 11~17
2 FRxo)x dark band 678 light bandi= 77¢]® EF 13709
bandZ} v}t A AE FLE bandFdE HERAUTH

@ 119 QA A FENE LS prarmoll 11~157 g-armell 11~17
2 FR5o)A dark band 578, light band¥ 770¢]lm E5F 12749
band7} th. AEAE FLET band¥ & HEFHIJAT

@ 129 A FAEEHEL prarmol 11~15% g-armell 11~15
2 FE5o]x dark band 470 light band: 670¢]8 =25 10789
band7} Atk A A= FLE band ¥4 VERUIITh

@ 1394 R FAZENT L g-armell 11~14, 21~24, 3136, 4
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1~492 F¥HojA dark band 1171, light band& 12700]¥ =% 23
N9 band”7t ATk A AR A E g-armol] 110] 11.1~1128 ¥4
kA2 W o] dark band 1271, light band 12702 X% 24719 bandZ}
AT

@ 149 GA: FAETSTIHL g-armell 11~16, 21~292 F &5
o}z dark band 771, light band¥® 87/lelv EF 15702 band”t 3
o AAHA A AN E gearmell 22.10] 22.11~22.1328 ELAIYE B
o] dark band 87H, light band 97d & =% 1771¢] band”} At}

® 15911 QA FAEFEZHY LS g-armol 11~15, 21~268 F &5
o}z dark band 571, light bandE 678¢]® =5 117§¢ band”l
o AHHA A AME g-armoll 11°] 11.1~11.2, 12+ 12.1~12.3, 25
251~25302 BEAYANS B dark band 87Y, light band 8712 X
5 1670 2] band”} st}

® 16 FMA: FAFEEHPL g-armol] 11~14, 21~232 Fi
o]z dark band 370, light band¥ 47joj™ X% 77§¢] band7} $lth
A Rl M E g-armoll 11°] 11.1~11.2, 147} 14.1~14.3, 227} 22.
1~22322 BEPAE B dark band 67§, light band 6782 =5
1270 €] band”} <)t}

@ 173 JAAqA: FAEEHYL g-armell 11~14, 21~232 T
o}# dark band 37W, light band¥ 470ol® 2% 7701¢] band”} )t}
A AR AN = gq-armoll 227) 22.1~2230.2 EQAYLS 1o dark
band 47), light band 5/1& =5 97§2] band”} <1t}

181 A FAEENYL gq-armol] 11~13, 21~242 F &5
o} X dark band 371, light band¥® 47¢jW X% 771¢] band”t AT

A A N A= g-armol 11¢] 11.1~1128 FHAYAHE Ho dark
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band 471, light band 478% 2% 871¢] band”’} SUTh
@ X A FAxETZAPS p-armell 11~13, 21~24%F g-armell
11—13, 21~262.2 SR ¥ o]Ad dark band 770, light band& 97 9]
1 R 16709 band”t vk Al@S A A = grarmell 21°] 211~
21303 JralokAS 1o dark band 87H, light band 10702 25
1071 2] band”} Ut
@ Y GAA: AT EHNNL prarmol 11~159F g-armel] 18 &
¥]o) %] dark band 17, light band® 371°l™ =5 4719 band”F U
o A A F UG bandgdE VHERH AT

o) e Al Al AL ABg- FAEFAPA 19, 31, 58, 64,
73, 84, 1331, 149, 159, 16W, 17¥, 181 R X A AIA
G-band2e]  AolE  molx, ifie Aeole ZF AMAE

sub-band ##)o W& Roe 2 Vel

g}, A el ® 2] C-band¥A 3 Heterochromatin thaAd &4

Figure 172 A= a9 A7147 F7]42e] C-banding

G3-& AN F Zel, Figure 1894 ol&2o] HFFd& et

k1

= A A= 719 T AEAAe A -9l
heterochromatin®] W& F4& detdlar o™ Groupitel 3R e
B go] 3ol 1io|il Y ¥l acrocentriceE FAHAEH IV groupd
79 10%9°]AF2e] heterochromatin A4S ®H < Wit 714 21 meta’d

chromosome .2 A% I group®] A9 4%clste] EX&E Ve

Ak WA A AL Xe] AgE TdA F9 3~-5% BES

o

heterochromatin #* ¥ 88 Yeda o, ¥ @Al FUAE X

it
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st p, q-arme] FHA Aol AIX heterochromatin®] W3

Bolw WA &2 FXF A U F¥E vEldz A e A
o 24 A group IV(13:H ~18%) <] o] -2 o] A A A | A =
heterochromatin® w3342 Ve g 8 AEZ, AAZE =
Fr 9¥EAHE el ng e, Table 32014 ¢} 2ol x|l sh =]}t
Landracezloll & 8%, 9, 18H @ Y 4 A oA heterochromatin &

& FolAel Aol ® mATh

Table 32. The ratio of heterochromatin length on each chromosome in
Korean native pig and Landrace

Breed Korean native pig Landrace
%
obs 138 156
1 2.80 + 0.37 357 + 0.34
2 3.19 + 052 3.48 + 0.50
3 440 + 1.10 295 + 0.46
4 463 * 1.17 2.96 4 0.58
5 416 * 0.67 2.93 + 0.52
6 251 + 043 292 + 0.45
7 3.33 + 056 2.80 + 0.48
8 3.65 = 0.57° 205 + 0.34°
9 3.41 + 0.57° 1.94 + 0.39°
10 3.98 + 0.71 311 4+ 0.79
11 445 + 0.87 3.54 - 0.66
12 549 + 1.02 501 * 0.80
13 10.00 + 0.42 9.61 = 0.43
14 11.14 * 0.65 11.35 + 0.47
15 12.30 + 0.67 14.29 + 0.57
16 18.47 + 0.97 19.96 + 0.83
17 20.67 * 1.12 21.37 * 0.86
18 19.79 + 1.40° 2401 + 1.19°
X 3.99 + 0.63 501 + 0.69
Y 62.98 + 4.06" 72.69 + 202°

There are significant difference among the means with the different superscripts in a
row(p<0.01). Mean + Standard error
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Figure 17. C-banding patterns of metaphase(a) and prophase(b)
chromosomes of Korean native pig
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Figure 18. The karyotypes of C-banded chromosomes in Korean native
pig
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2. A=A ] GulA 545 AATH B4
7F. BAE= MAA W R

To] AgAA = WFEAGAA Mt dig, T, 2FF
F olge] A& AFFol of 20008 LT AdRE FEe]

A A2d Aem A glew, TEUTA AAAR ] FEE

'ﬁ
>
B
i
o
L
rf
i
b

FAshe] exvlA A WA wep
BEA S RARR S AFete] vaMFH 2aAMF T =9
om syl AAEgen dA FAlel A 5o e A
A MG gete] MAFY F wwE gl W Ao
Fao Ae Aol o) olHY AW 59 AAHR dFTL Ao
awHo] W ¢7]e) BaiA mglon Ao A i)

r°*'

S A 1R QA ARt ostel mael | FHz Fx
of gat AL =5 AdHA FEE FHte] FAch 1980

TRzl FE FAE A Jarate] AeiFe o AT A9
mEg AHEFel dgd A £ EFol | SolA AlFREHY
RZre A B SHjA] e AYsx] Fo wAor B 9
| oA FEHE R FEES A Al e FAAEH
ol A4 1988\ FRE=FHH(EHE FLEA LA )T AFHAR
FUAFE A7tlA FR)ezRE 9F (85 49 AdlAE +
Aste] FA3PAA A A= R\ =5 RLdAdTE FAEA
= Aot

ardl A A AASFeE JFs] zARE vbeE flevr 19961
of A= 8%l AZFTAE Fsted HAS uboll o3ty 9,138F 2 &
A oL A, GAEA A &3 %%iz}%l_lal, FTEXEAH, 1997, p9)

HAA APAAE AFSeE FUBozE FAVSAT L, AFESA
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A, B9 2254 FolA A%HT Jon unddE AT
5 Adgo] BEHe got F2 U FA, WY AgH A
B Gl d vmy & FRZ AL vk 2ES AUl
gmH Fue wAe nEAY sHo A AWrEE
gRste] gou, sAFPolF 70~80dzre] AR L A AN
olmAle] FHENES Wi 53 A A e 1ol nEEEA
R7bA ARE AR, FEEY WFE o Fold EUIISAe A
A Beel 9w ERe nE MM =83 T Baae] A
Aabel EME fuE AT oo WA s FarEAT 20NN
AWAA o mAA 71 &S 98de] At AlF ALE vk Aok
B Qg s898 ot o]gE BAEL 198890 UM A
AN A qmPeel e AL FPAN REH o9 A
A E AxHos s YUY T
(Figure 19), 959 9=iAlel Hh7AHe] olgd F5E g

Table 33, 34¢} Zr}.

Table 33. QRAIAL HE &

A = ‘95L4 ‘96LA ‘974 ‘081
EASFEE 55% 965 1025 215
o A 1565 =R o A
= H|EHAY @ 1035 H|GHA =z
2| o o] = [ |
EAPYE 3Zo| : 1365 3ol EEIN
2 965 Az Ao
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Figure 19. Xj2i=ix|o| 2|D& Sy
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Table 34. Xajsix|o] SHAN #H

0 = ‘9514 ‘961 ‘974 ‘9814
TAES 505 1565 74= -
8w o131 25 85 29

4324 25 71 45
z R |YEEH, SXEHUEEH, SxigEsH, SxE
TAESE [T, AIREE | AIREE [T MESE

. A s A o] 9 2 E

D A=A B #d 2FE 71

@ 1920 wie] FEMFAAA AHF] T R Aw BFYH,
FAFdEH,

“AEsl X = w2 Qo s AFLe YPiadti AFTL 225325

kgel™, MelE Zx mFay, s A3 s Az, wdsold
Hekgol gloy MAL ZAsta, WMAHE Fxsiy, 53] Sule
ZA AARES dutel HFFE A Aoy
@ "ZAEFER AGEHAF o, 1927,

‘Aol AYEL AFo] Austia WA o] Pty AAHL =73
dadte] 6~7H(225~2625kg)ol AA @Erh =3I o] =31

ubgel AWt AAAAEF AQTetel ol AP Mol F
8] 2188t}
® =Y FAAEH, 1946,

1946 = @A @ gNA TR AAFoR Hol A Al
F& 8~10kg AER SN2dH, MFAHIn FoE Fgol U
Mae A8 ohgle FRAND JASW st BAY Bl FI
AYE FAsn, AFYE Feie], mrlE A HAKPA FAEo]

=y
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Table 35. Xlzl|=| x| A@PAAIZ|ETE

29 ] = eS|
- HHe A%oR wSo| £ Moz ojdo] F2 A
- SN2 o7l 2o HOIM HEMS BEHE 2
1. Yyl | 2t Ro| Pao| 1 AYAETF Hotst 2 20
-=He Hn 7|7 Lh= A
- R Elzio] 91 FEAM0| Us A
- of2l= Jigm ojojof Amekel oIiEZ0| i1 P22 UX
sl RE 2D 2o AT ME FEo| A1 FE0| B4
ol 7
-2 oM ALO[7F WT 2EEIHAT AT} U= A
2. 02, B |- 7= Azt 501 ZA Mo Yoz sste| Y7 Alolvh 10
e A
- B2 "l21 27 won SAslm e B JICHEoX Us
2
- 22 Zo|9} Zo| Metstn oj2|e} of7fZ oldo| F2 A
- o7l SEto| £1 9tcialet EFo| olso| F2 A
- Jlae Zn EMsin §e A
- E1t slele| Zoj= E50|1 £372 oj#o| 1 52 Ho
s 2o ?T@.ﬂom Zsin] Zo| e A
— - U= & NEEof YT FEH0| = A 40
< -dFEls ZT ENE A
- oHol= YW 2T nelE A SaE 2
- gRClels S0 FED HIEIR 2AstT ® JICHSAN o
=2
- dickzle) Zol= =S0|1 Hl2H MO Cl2lAlojs WD v
e =s35t 2
4. X M |- BB FX| YD CICEIN W2 XD ERRO| Y= A 15
- gEe Mol x|Ystn A2t 22 A
- A2HOo|= T folst 2
- HAEQl RF7) 6M0|A I HiYE0] RU0{o} Bl0Y, BRFI}
5. o |HE R 5
- SEiRl= HojE zu YROZ S5} 30T 927 9=
A
Al 100
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@ e AFo] AF BER Zow mE e MRFFe] g A
@ A EAEEA 1 HYA R

@ B35 o] AU Wl HAw GFee] FEo] Y A
® % Yo7t Fadty NFd A

3) A2 ol mAAbe] glo] AAz

O s§o] MAw, WErl g A, uGs 0] Fao] of
a2

@ A7t A8 soin A

@ A2 FFEIF 127) W EE fFe) Pl R A

@ SR 4277 FFHe] obd R

D AE A=A = P

© = A A, fRkr wxpe

@ w0 Fa w

@ Z:do] + A vk A, A5 wigk WA i ongk A g
A SR ES

@

o},

D
@©
@
®
@

ARG g, A

AR AA B 2A

FTHHEAY WY

HA7I1ZF 0 25~T70kg
EWT F5 o 2~5F(FFER FH B
Fol WA 1 Af AN

HISAH, AABLTE AL AN R FEA AF &H, EXD
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A2 g =AYb

® 70kg gl @

ke =EA A5 Al YF 0ke7td 208 A5E A&
sar, 2evk BAW 27 olgste] FFMomRE ZWoz 5

{55 FAso] 34 74

AR FRF AW FEA Add ANE BRI EATE K
7FE ol M &S kA " SdS ARSI
Table 36. MRCIHM AlZNEE
7 2 |zexE| ogxE [ ANE | s8E [ oNE | mRE
NEER iRl [ Aol | HEE | 4E HE HE
50172 &) 14-35 35-90 90-210 | 210-240 240- 354
| Z(kg) 0.9-55 5.5-25 25-70 70-80 80- 80-
Zof 2ke) | PxE | fHE | RHE | 20 2023 | 23
CP(%) 24.0 231 15.88 14.0 14.0 14.0
DE(Kcalfke) 3,745 3,500 3,450 3,300 3,300 3,300
Ca(5) 0.8 0.7 0.7 0.7 0.7 0.7
P(%) 0.6 0.6 0.6 0.5 0.5 0.5
Sysine 1.8 14 0.9 0.7 0.7 0.7
Vit A(1001U) 24 23 16 14 14 14
2) A=A 2] Ak
Table 37. xj2f=f x| HA S (&9l 2 F)
d = s & BARS ZRNES | SHTHEFEH)
‘95 21 7.0 6.4 6.1
‘06 39 7.2 6.2 6.0
‘97 46 75 5.7 4.7
‘08 42 6.6 5.7 55
g = : 7.1 6.0 56
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Table 38. Mai=ix|o| 22 ey &5 (Bt = %
H | ZMES | BMEM) H| Al (Z Al R )
‘95 55 80.0 65.5 -
‘96 96 2.2 72.8 59.8
‘97 102 72.6 82.4 79.4
‘98 221 50.2 82.3 38.0
ElER - 66.3 75.8 59.1
Table 39. mjjzf=|x|e] MK
o o ZE|%] EEE
= ZAES | ADG BF FE | ZASs| ADG | BF FE
= g om = g om
‘95 25 507 1.28 3.58 25 454 | 128 | 425
‘96 71 445 1.78 3.76 85 404 | 199 | 388
‘97 45 396 2.02 452 29 391 | 245 | 440
o - 449 1.69 3.95 - 416 | 191 | 4.18
Table 40. xj2f=ix|o| A 2 At
e IR = Mg g
8 |95 et |an (A5 [Z2 ] 8 (22| 8 |22 [ =
= 2 kg kg % kg % kg %
‘95 | 10 | 256 | 801 | 57.0 | 70.7 | 486 | 60.6 | 332 | 415
27| ‘96 | 18 | 238 | 776 | 549 | 705 | 467 | 59.8 | 32.8 | 424
‘97 - 228 | 747 | 532 | 71.0 | 447 | 59.6 | 325 | 434
W | - 241 | 775 | 550 | 70.7 | 46.7 | 60.0 | 32.8 | 424
‘95 4 257 | 676 | 51.7 | 76.3 | 444 | 653 | 29.7 | 439
o7 | '96 6 245 | 69.3 | 533 | 76.7 | 458 | 65.9 | 30.3 | 43.7
H3 | - 251 | 685 | 525 | 76,5 | 451 | 65.6 | 30.0 | 438
Table 41. =x||ZXX|
N | U= [EX S (en) [SATHEEn)]  pH [ E&E(en) | EH[Z(em)
‘95 1.87 16.9 5.81 90.8 32.6
sy | ‘96 1.72 17.0 5.78 89.5 325
T=1 97 1.81 21.6 5.55 - -
T 1.80 18.5 5.71 90.2 32.6
‘95 222 17.6 5.80 86.8 31.9
ot7i | ‘96 2.32 17.5 5.68 86.6 32.1
H 2.27 17.6 574 86.7 32.0
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Table 42. xfjelisyx|o| S

Hunter C.lLA
g4 | d= L a b L a b
‘95 41.3 8.67 4.22 48.3 10.94 5.51
234 ‘06 41.3 8.22 3.97 - - -
S Y4 39.6 8.06 3.62 - - -
o 40.7 8.32 3.94 48.3 10.94 5.51
‘95 411 9.28 4.40 48.0 11.4 5.95
otZ1 | ‘96 42.0 8.74 4.41 - - -
H 41.6 9.01 4.41 48.0 11.41 5.95

L8Pl a: Mz, b: #gax

Table 43. xjalisx|e] |2

Mg | dE | w00 | BB (winch) | TRl 2800 T T me T g5
‘95 41.9 3.56 432 4.26 4.35 3.90

nzy| 98 40.6 3.46 426 3.88 4.01 3.79

TR g7 39.9 3.65 34.9 424 4.01 4.10
ey 40.8 3.56 40.2 413 412 3.93
‘95 45.4 3.51 40.6 434 427 427

o7 | ‘96 47.2 3.29 43.3 4.67 4.62 4.38
oo 46.3 3.40 42.0 451 4.45 433

3) AR A AL T A

7h A WA FARS, ERNATFS 2 558 SASFSE 44

7.1, 6.0 ® 56513, TR A 55F% 54482 78.9%°1 At
W lmaeoA majel Ha wdg

Heol7b A5 FAQ1 Rl 758%, AXGo] AyYoln FFA Aol
59.196°) At}

™ AR FA AFSAY, SAYFEA, 2RSS

449g, 1.69cm R 3950193 ¢rEA = ZFZE 416g, 1.91em ¥ 4.18°19)

2

ot FEIXZE dE A HlE A FAIFel A, SAYWTFAC ke

o] Al a-go] 953
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i

) FARY EXFH =AE&L 55.0ks, 70.7%°1Ax HAHE 66.0%,

LS 424%°)1R o, dAHe =AF 2 =& 525ke, 76.5%,
& 66.0%, HH&S 438%°)Ath ZmAAYAF] QA FH o]

AR HlE Z=A &, FHE, HF & Wk

vl R SAWFEA, SAwEE % pHE 2+zb 1.80cm, 1.85em” @

5710112 ¢rR o= Zhzh 2.27cm, 17.6em” R 57401 vk =)

AGFAE FRel FAHL

ul) SAe] yty] @ A AEe] Hunterih-2 F3elA zHz; 407, 8.329]

AL dARANME= Z+2r 41.6, 9.01°1 o

AD FAAME R FAC ME ey, OEd, Ax R o)

S5k,

ol
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A1A A A

Arere]l AN M AlE Yunis(1976)7F Aoz ofe] &3 7

et

o

WMo A8k ol o] o]&3 WE& MY FEAMEo] Hiuxi i
(Francke, 1981; 1994), H & IAREZIA P A3ME nAHE G
Aol uigk w2l WaAAZ A= JATHAISCN, 1995). 23y we
QA A= dolyl AujHor i, e AFFYAER FAAHA U
own, A Mo fojd Aoy} MIEVF GiFHoE mFI

uba)l EAlo] We o] go] A= 2, 1987a; Sohn F, 1990). ¥

™

g oobulel dlslel AEGASH JWe XFEE, 5o Awel =

ft

oju} AlEFRIE A e FHoj wl o]y & rEg EFHol U
A8 o) AR B0 mE RAEe] i, F HolF Je
A w3 AR ] AAH X ] wpel wjg v FE gl
ZVERel MESAEAH AFERA 53] @ A A o
T= Wang¥ Shoffner(1974)7F A2 & G-banding g Al =3l 7}
A AAAel  band¥-E AAFGH FAlC Az @A EE b
FahA 89k, 3 G-band¥dol W& JhEH F0E)TY AsE %
Ao} gk Atn: #&wrs] S=3E vk Qlii(Carlenius &, 19815
Ryttman® Tegelstrom, 1981; Stock®} Bunch, 1982), & A1 @
ARAZ GAA el FRA AL ZAgo] B AFolM EXFA
A& o)gdlo] BAFHA HAE waled AFAA ARE =

3 ul  durl(Shoffner, 1981; Bitgood, 1985). =FWollAx &£
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(1987a)7F & dA A2l Felx 5AE ¥ o]#@l G-bandingol %
5 Al A AR B AF(EF 2, 1987b)9} C-banding®ll
913l heterochromatin®] ©ta A Ao A3 A RLESo] HuEEATHL

T, 1990). = @ A g AFEZAE in situ hybridization

I

& o8 FAA Fe FHA A FHE A% AF(Shaw T,
1990) & #AF AE/FAEEE JIHE o8 NMEE AEEo] wel
THHADL = v V1S dAAY BE PHoRANE oo gk ¥
g A A oJEFo]l B A FHY AAE A% HHAdo) A
A}, 28R JIEF YdAAAME Bl AEsti Wwe band®E A
< 4 3+ High-Resolution banding *'# 9] siwte] 23l )=
A olE o] 8% HE I AAIE AFI] o]FolHol F Rom
AZEo, 9 S F3d Ade] BE SHA AAe g 2

°] T old WF ATE L] JYHE FAolu MERHA

i)

&3 e EAFATE FddA AAY fAH 5o BAML
- M EFE Aok wEka B AFeAE f Al oid ¥
B 54 2 AATHES A BAste] APE = QA
3 MERATE BERNEL AANST 2 3 Aoz LA ol ol
R 27l A2RE 0 (= GAAE EYste A2 Iy
< /W'$3}3, High-Resolution banding %Are2 AefA g9 3
= ¥ A|(standard idiogram)& A3t = st Tl tlEo] AR
heterochromatin site?t WEld 4 9l¥ C-banding & ©]-& o 2 A
A gl N AMAAS gene function site® HHA A3
T3 FU heterochromatin® ©} & AH(polymorphism)2] &A FHF =

24 FHsm A4 sty
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A 248 Ax L Py

1. FAA)

ﬁl !’J
=
o
lo
tu
N
=
2
)
4
o
w
!
i)
£
2
A
hu
X
o

Leghorn% 100+ &
E:

SRR

2. ooz iteg JAA2 2 8
el oajekye ol &% AAAe B &3b A9l A

& rEse daueRe o APYAA ohgH o] SR

@ AAANH : AAMEFFIR L2 FE 3mle] o AH

@ o} : lymphocyteE ©]&38to] 72A12F vl &

@ F7144% 0 A Ae 1AL colcemid®] T

@ A2l (harvest) : YA T AX £

® =72 2 (hypotonic) : A& (distilled water & calf serum)el
2043 A g e

® 51742 ¥ (fixation) : YA EFE mA Y (Carnoy’s solution)el] 3L
g

@ FEAF 327 AERES slidedol 5~60E 23}

® Air drying 2 9  dx2F Giemsad Y
3. Z7AE o1 &3 A £

© #ATY +3 : 5YNAoE AFFA Y AT FAS

=
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@ AT Y : 375C9 F3171U 24~482 3k uj ok

@ T7IAFE VTS B A Ay 2A413A EtBrit colcemid )
9

@ WA AFH  GAF g )3

® AA&A 2 (hypotonic) : AW (0.3% sodium citrate & calf
serum)®ll 2083t A= 2

® A A T (fixation) @ YAEHAF mA A (Carnoy’s solution)ol] 3L
7

@® BEEZAZ 28 HNENE slidedol] 5~6%-& 2 &)

® Air drying @ 94 : AZ3%F Giemsad Y

4. PN

O A4 R AREQF: F3t AnAslal A A} T3S Ads 4
Hoew &9

@ & A D-1997 5~683 A

@ Az A & : QFA(D-72)2 AEF HFRA ] o)L AL
el

@ A W d o AEIANANER A

® A #9 : HAEH(copy film)< °l-&ste] Al widdel &g

5. High—Resolution banding

@ Lymphocytes] ®] < 5% COq, 37C ol 7241t i <k
@ Cell synchronize: MTX A&}, 17A1%F A wj<F

@ Rinsing : medium®. & 33] ©]4 rinsing

@ A W} < : thymidine =3 EtBr& 373 Wik oz A7 =)
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Hl <

® %714 9 Al: harvest 87] 10~15% Z colcemid 7}
® A7gAe], 504

@ FwRAZ - A MENEG slidedol 5~60-& A3t

® Air drying

@ G-banding

6. GTG-banding ¥4

Ty ¥ E-S 55-60C slide warmer?doll overnight
@D Trypsin & @ 0.05% trypsin(D-PBS solu.) 2.2 30& ~13# A&
@ Saline 4] : 4~5 3

@ Giemsa QA : 5% Giemsa solu.® 3~4 &3 A

@

i

v

o
g
B

p

reg

-

7. C—banding 4]
Ha 15U AAAEE FElE
@ HCI A& : 02 N HClel 1A% A X]
@ Ba(OIH); 2] : 5% Ba(OH); °] 20~30%3t 2% 0.05 N HCI
oA F=A
@ 2XSSC A& : 60°Col 1A A X
FA = AN DWE FAHF 2% Giemsag Aol 1A1ZF A4

® 217 % T

8. A ¥4

O Az el W FAA gl Rd FF ] t-test
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F band¥7de] #9748 34

G #7

9 BN R AW R

=
(<]

@ AAse ABA
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A 3d Ax R @

L AN 24l o) QAo 25 BA4UA
7bo st dAA e 7Y o

1) e goauets o83 Y AN e 7Y
A Bda YeElvtE 9 AHE chromatin® 5 9FAF o 2 A
AA A RS sl AXE ¥iY 5 colchicine™ #e EAYGA

A& H7rsle] F214E FEsiAEn. a8y AR Ay A4
(high-reolution karyotyping) 93l A = S713K1 o 431 &5
ek Ar)oesr Al Aol "R upgA ok ek B ATl
A owel "8 wgezyRe mAHE P A (high-resolution
chromosomes) 2] 8 98le] AR de Asta GAH e &5S
A A s hdgt R gAAE o]8sl GMA FAe A=

S AWt xR FF Rew HY w|Udko2RE chromatin 5% A
A, FFEAL AAEA B olEY Ay AFE 2T vla Eeid

A &S up E 449} 7ok,

synchronize*] 3 mitotic index®] &E& S Z7IA17) 2L, g < 23 9
e d9HMen uok AA fUNNE Aewd RE AEe B

el 217) %5 S phase®Z 9 AIAIZ) thymidine-rich medium-&

+

A71sre] o] FulE FEOE F colcemid T WFEAF AAERE
Az FoJdled A A Eo] FUEA prophase - prometaphase?t
HeH fRaE RAeolvh ol#d A E o)&3ste] B AgoAM=
methotrexate(MMTX)E2 A AMEESE F7|8 A7), thymidines}

colcemid#x & A A& AMAZ 1L oA 53 Sy
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FAHoFE HMEERIY GEAFES A $E22  AAsE=
ethidium bromide(EtBr)& ®l¢d T2 2dg AFd =g sty

I TS FEEe UES v HES A

Table 44. The duration and treatment of culture for high resolution
chromosome preparation

Treatment Methotrexate ~ Thymidin  Ethidium bromide Colcemid
Trt 1 - - - 15 minutes
Colcemid" Trt 2 - . - 60 minutes
Trt 3 - - - 90 minutes
Trt 4 - - - 120 minutes
Ethidium Trt 1 - - 2. hours -
L Tt 2 - - 2 hours 30 minutes
bromide Trt 3 - - 2.5 hours 30 minutes
Trt 4 - - 3 hours 30 minutes
MTX & Trt 1 17 hours 5 hours - 6 minutes
.. g Tt 2 17 hours 5.5 hours - 6 minutes
thymidine Trt 3 17 hours 6 hours - 6 minutes

'Colcemid A2|7: BHaixol d{o viY E2 XA 249 colcemidS X AIZE X2
°EtBr X2|7: tiY ZBH UMAIZHSOH 100452 EBre Xz| = Aejztol] w2l 0.248
9| colcemid® 3087+ =7} x|z
SMTX & Thymidin R2|7: BjY ZE2M 17A2HE0F 10°M2| MTX X2|= 5~6A|7}
10°Me] Thymidin® */2|5t1 0.2.69] colcemidZE 657t &7} X2

YA o2 colcemid M WHEA WA S Aol et A
YAIZE TF MAE B Fr)e T4 58] Tolx A Hrl.

W#tA Table 4500 AANT ATHEL olH@ o)BH TAE FRF

2
o

2 HoXa wrot g2 AEHe dAAEe] BARD MERAY G
GAEd dAAe] #=5E& Als= ethidium bromide (EtBr)& W)

F TR AAT ADES AYSEiL o)lF colcemidE X ldlo] m
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g F7)4E FEste WHE v HEF W EtBre] 99eE F
7148l frEr AAE FelES el e Arde] f=E R
Al WAx 4ol AstR upgAEA X FAE HEUATH
Methotrexate(MTX) ¢} thymidinee] =z Alzbol] wp& ¥l &4 4
dpowe Alxize] TYIEEE FHE Holda Fuides w& A
710l FEEe] 71 nigE A 2= AMAE FHTE T U= 7
Wog ekl wels] we o widoemFE HHe uAHE 9
A L] e zME MTX XMEF 5AA 5] thymidine A
Y7t AEES 714 AAS] Fr1sA171L ol F #2 colcemid9] A
Z7F A &S HAaE F e AR P AR Al

€t

Table 45. The effect of culture methods on the number of cells of
prophase and metaphase in chick lymphocyte culture

Treatment n Prophase Metaphase Total

Col. 15m 17 15+0.94°(5.2) 27.1+£4.277(94.8)  28.5+4.81°(100)
Col. 60m 27 39+1.26°5.4) 68.0+14.83°¥(94.6) 71.9+15.56°(100)
Col. 90m 25 28+087°(2.2) 125.8+15.84™(97.8) 128.6+16.1°°(100)

Col. 120m 17 5.3+1.51°(15) 346.2+86.29%98.5) 351.5+87.27°(100)

EtBr 2h Non Col. 39 27+0.84%227)  9.2+0.96%77.3) 11.9+1.16(100)
EtBr 2h Col. 30m 12 5.8+22°22.4)  20.0+268%77.6)  25.8:3.19%(100)
EtBr 2.5h Col. 30m 14 2.5+1.14°(9.6) 23.6+3.8(90.4) 26.1+4.2%(100)
EtBr 3h Col. 30m 43 4.0+0.84°(20.1) 15.941.4%(79.9) 19.9+1.61%(100)
MTX & Thy 5h 46 21.2+3.32%22.8) 71.7+8.21°%77.2) 92.9+10.89°(100)
MTX & Thy 5.5h 24 248+7.09°(14.1) 151.7+28.15°%85.9) 176.5+33.91°(100)
MTX & Thy 6h 24 65+1.61°(4.4) 142.9+20.8°95.6) 149.4:22.13°100)

Data are mean+SE per slide. ***’Means with different superscripts within a column
differ(P<0.001). Parentheses are the induction ratio of cells to total observed

number(%)
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2) H9 27IALE ol&% nAHE A g 71H

2 AFNAME AXEEE dAst gAY $HFS Y=
ethidium bromideE& ©}8 3t wel &7] WMixtzFE Hrl 21 A E
AAE B3t trypsing A2 F GTG-bandings 3t Al

2 71HE ARt sk

o

Ethidium Bromide(2,7-Diamino-10-ethyl-9-phenylphenanthridi
-nium bromide; EtBr)t AAl Jl DNA ¥4& Al 853 A
AzA DNA 3k olyzl RNAS %= Asizstes &S 7o
3 DNAS H7IMd Aleolo] A3t AFsle 8HE A Al
X wigAl EtBre] H7te AXELES SAAZIH 49 A9
5 S e 3 B2HE ¥ 5 dok(Cantor®t Schimmel,
1980). wetA E Ao g 7] miAZRE AR 9AA
o] e ye /et v FEA EtBr @ EtBr# colchicine]
B A& ANEdle] o9 AAE AWE YT A EtBre] At
MERLE F717F @A fFd X s 9FS 47 Aste] ol&9]
i
2ol A FHE v nA3IAT). EtBro] XE sEE Sug

FE R AGAe wmE g5 FU1E Fok dAride] =5 24

o}t
H

I 10uge 2 3oL, o]F9 AMHAIE 242 2412 B 25Xt 2 3}
Ho v, colchicine® =38 XAl EtBr %8 % colchicine 100yg2-
308 % 6080 =3 dETEAE @Y™ wHoew
colchicine®t-& 200ug =3t 2413 A4 w3 o).

Table 462 EtBre] g ¥ F7|9 A7I4e 285 °)

g Ao F EtBre Fxo EAME FEHE AVEH Fr139
gl F93q Folrt flv Ao E vENWa, FGAAe Held At
T W& Aolrl 1A}t Table 472 EtBridt colchicine?] &)
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W) K a] Alzrel] whE Fr)ds) dr]de] 588 vk AoR
EtBr& # )3 A o] colchicine?r A &]3F A2l vls] 7]/

SRt 8A8] e Aow vebyth wel EtBreo]l Z7] ulzb Al

Az

¥eo] &F 9 d AXlel &3rF de Rem ArEHT GAA

A 2AE QAAE FEF 5 e BEEAdAAEAY Vs e Tt

X Aoz B}k 3 EtBrx2]l ¥ colchicinex 8l EtBre @ %
e wE] Arjate] FHee & Aozt flev Frde A
€E3 we HH5EE vEdH. @3 A" AIZE EtBrd

colchicine?] W& a8 A3} F7149 F=& AAA= A Az
off W& A% ol EASFA =Y EtBrel g AlZtel S A&

colchicine®] A& A& tha ZA sta ¥bdE EtBrel =% A 7Fo)
21 7% colchicine®] A& A& A sk Reol B &2 FU|4

FE R Rem vehwth meEbd AE 0 " Ay Ak

vlal &4 A3 EtBr& WY T3 254 " AHE g

f

)

colchicined 603t = glsts Aol A7) F71 713 Eol =

e
£

Ao, A, Friel FEE& R AAAe FHH FEE -

gﬂ

EtBr& WM< &3 2213F Aol A2l slil colchicined 60% 37 A&

Table 46. Effect of the concentration of EtBr on the yield of prophase
and metaphase chick chromosomes

Con. of
EtBr
Sug 135 5.86:£0.41(3.6%) 202.70+15.72(96.4%) 208.64+15.80(100%)
10u8 117 5.49+0.44(4.0%) 214.06+-17.36(96.0%) 219.63+17.36(100%)

Embryos Prophase Metaphase Total

Data are mean+SE per slide. Parentheses are the induction rates of cells to total
number(%}.
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Table 47. Effects of treatments of EtBr and colchicine on the number
of prophase and metaphase chromosomes in chick embryonic culture

Duration of
éxposure embryos Prophase Metaphase Total
EtBr Colchicine
. 2 hours 35 283 & 0.33° 204.79 + 20.70% 207.32 + 20.85™
(Contral) (1.43+£0.79)  (98.57::0.79) (100)
562 + 1.00° 15254 + 15.28° 158.16 + 15.52°
2 hours 37 (388+065)  (96.12+0.65) (100)
. 524 + 0.35° 156.63 + 16.90° 162.29 + 17.04°
2 hours 30 min 49 9471028  (95.77+0.37) (100)
. 533 -+ 0.64° 297.72 + 32.24° 30305 + 32.24°
2 hours 60 min 57 "5 93+039)  (97.07+0.39) (100)
. 536 + 0.52° 24460 + 29.37%° 249.97 + 29.52%
25 hours 30 min 58 “na91045  (96.61+0.45) (100)
. 692 + 0.86° 15557 + 13.93° 162.49 *+ 14.03°
25 hours 60 min 51 g5 061 (95.20+0.61) (100)

Data are mean+SE per slide. *°Means with different superscripts within a column
differ(P<0.001). Parentheses are the induction ratio of cells to total observed
number(%)

. 7o ol gGAaAe gEE At
hFg vl gHE o83 Hel zZF £d AlZIE AMNA FEES
Figure 209 A A3} 31, Figure 21 A= w2 i@ A Ao =%k}

o F710e] A HolE 100e.8 e W W] R AT 3

~

AMA dole] At & AN Aow HT HIFLE TV
9] 189% = F71Akel mEl <oF 18wAE ¢ 2 delz yekudr) =
%+ Table 48914 &= 9 Al71d o g Ae bandsE ¥l

A Ao 2 "7l Frlel Hlsted oF 509719 bands7t F7F
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Figure 20. G-banded chick chromosome spreads of metaphase(a),
prometaphase(b), late prophase(c) and early prophase(d)
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Figure 21. Idiogrammatic representation of the relative length of
prophase and metaphase macrochromosomes in chick

Table 48. Comparison of the number of GTG-bands on chick prophase,
pro- metaphase and metaphase macrochromosomes

Chror;}:some Metaphase Prometaphase Prophase
n 120 136 104
1 18.8+0.38 26.3+0.45 30.5+0.72
2 16.0+£0.33 22.7+0.77 25.4+0.51
3 12.4+0.27 17.1+0.3 19.2+0.43
4 9.7+0.18 12.9+0.22 15.2+0.34
5 6.7+0.13 8.9+0.16 10.5+0.23
6 5.6+0.09 6.6+0.11 7.3+0.17
7 5.0+0.07 5.7+0.09 6.3+0.12
8 4.4+0.07 5.1+£0.07 5.3+0.10
Y4 9.5+0.16 12.6+0.21 14.1+0.37
w 5.1+£0.09 6.0t0.11 7.1+0.16
Total 93.14:1.34 124.3+1.86 141.2+2.87
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o} AlEl ¥ el G-banding A3t 3 & 2 A
A A Ul DNAG-deoly ol &9 3tz Z=Add wat Ydelys=

banding W&ol AWHANA o) & ol 7 Fo FHA HAgo

—

Yo vlEAE S AEE s vk A9 G-banding FEl ¥
A Ao trypsin©l Yl urea T hot saline-citrateol] slides& =] &) §+
F- Giemsa 99M-E& oA WA E = bandingFolv), B o o A
= @5k AE AAAIe] G-bandFA S nEFTFoRA A I
Aol G-banded Y FTEa AAISI oo dig FHdH FZAJAAR
SRS gt TR S R

Ay FAAE oFf 8% AXxo oy M A (macrochromo

Alel A

ﬂ‘w"

< A} 33

i
Ul

—somes) 2l 318 AL 2% Y A A (microchromosomes) 2 74 5 o)
T el AMA R pAEE A, 4 daAle F3lol Zz, dBlel ZwWH
Bz A 9FA hetero® & WERYsE Qlul, I o]lE FMAIES I
2 B owx Table 499 AAlE wpel o] 1H GMA7 7H8 20
metacentric chromosomes®| 3, 2HL =2 ©v}& =H7|¢ submetacen
—tric chromosomes, 3%, 58 % 7HL A9 p-arme] Y=
acrocentric chromosomes®] ™, 492 t}4 p-arme]) Y+ acrocentric
chromosomes®e|t}h, 3H A GAAAIQ Z W 8 daAxE A A
23 wheke] zlo]l7} v] %%k metacentric chromosomes©] 1t}

Figure 220 AAIgE Aels A9 G-band & IS 870
of gy GAAANA 5 zZF e Ae) FR]E 1 A bandF
A& veEbdlagltl. =3 prarmd g-arme] TRE P EEA QX
A ouk ZAMAY] A9 swMAe ANEAN FA(grarm)F T

(p-arm)2] Zol7} A FAFEFA W p-arme] TR WA A
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Table 49. The centromeric index and relative Ilength of
macrochromosomes of Korean Native Chick

Chvo. Relative length Centromeric index Chromosome
No.

Puphase Promelaphase Melaphase Total  Pophess Prometaphase Melaphase Total ~ "omendeure

n_ 52 114 218 384 52 114 218 384
, 2445 2383 2276 2331 4231 3942 3799 39.00
+0.32 +016 +015 +011 +060 =031 +034 +0.24
19.09 1818 1750 17.91 3655 3500 35.06 35.24
+029 +015 +0.41 +0.09 +0.87 +045 +0.34 +0.26
12.99 1322 1258 12.83 .
3 4018 +013 +010 +008 ° 0 0 0 acrcentic
1074 1081 1056 10.66 20.47 2274 2591 24.23
+029 +012 +0.08 +007 +094 +074 +043 +0.37
664 695 737 7.5 .
5 1015 +007 +008 +008 ° 0 0 0 aoocentic
429 465 527 495 2607 3100 3278 31.34
+0.08 +0.07 +007 +0.05 +080 +0.89 +057 +0.45
378 426 465 441 ‘
7 1008 +006 +006 +004 O 0 0 0 avocentic

3.19 3.69 437 401 4320 4503 4583 4524

metacentric

submetacentric

acrocentric

submetacentric

8 1007 +007 +008 +005 +079 -+062 +032 +opg MeaHlic
, 1062 1017 10.38 1034 4712 47.22 46.89 4702
+0.30 +0.14 +009 +008 +046 +043 +0.27 +0.21
422 424 457 442 4724 4671 4745 47.20 .
L metacentric

£0.20 £01 £0.06 £0.05 *£043 1046 =*0.21 +£0.19
*p<0.05

g 533 light-band”’t & ¥ g-arme EaRde #zn AL
dark-band”} FAErh. ol Al G-band AY o BE
E A ® & Figure 239 A Alstg o B LSS &3 2(1987)7F A A
&z F5E ¥ INAY G-band EFE A X1} Fechheimer(1990)
7b AARE &9 G-band 4T A9 YX=HiE land markerE 2 <
=
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Figure 22. The G-banded karyotype of Korean Native Chick
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2l s @) Al 9] C-banding 3+ heterochromatin®] B X oAb
A
Figure 242 st ziAl A x19] LA 718 C-banding ¥4l

3l A o]}, C-banding# 4]

A

i1, Figure 25%= o] IS AA <!
I AHPAle] AL RE GRS FUA R o Ide Uo
wolol ole] wrde vehilch mEnh @ Fabel gle} Az
2 Fd A AEDAE TH@e] LGNS JERIE e b

Jiokr

i

3] ZAA A 2] weky 3 FAAe FAA A= AFEAYAAE
C-bande] v}&/3-& Yeruiicl.

Table. 502 3 A FAAL ZAA A EEH-2] C-band9]
wH g Mes el sos 39 g a4 3 A5
MA 25O C-bands?t EAstE B (+/+), FEGMAS 17w
M= AE-(+/-) R mFAA EA stA @E A(-/-)°) A 17%,
24%9°} 55%°] WM& HUT FA gl ZHMA doy o] wEyl
Ex Z 9MA ¥ C-bands’t &A3te A (+/+)9F shtel zZ

)(\)1—

Opp

AAAANRE FAstE FS-(+/-) B EFANA EASA R

=

(=/-)& XoldfAl F e Z dAx BT EAsls WEr =A
EA ek

Table 51 kiAol A] NP ANA e C-bandse] &3
NMEmE E48 Aoz WwaAx] AAe} 29442 daRo s A9
Y= A Al C-bandse]l EA7F HAHAG o8 A= 2 T
(1990)°] 12518 w8 W A A el hetrochromatin 2@ 43 T
gk Aol Z @A 2] heterochromatin Yt A4 3= BUZ AE

e ST
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Figure 24. C-banded chromosome spreads of metaphase(a-b),
prometaphase(c) and prophase(d) of Korean Native Chick
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Figure 25. C-banded karyotype of Korean Native
metaphase(left), prometaphase(middle) and prophase(right)
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Table 50. C-band heteromorphic pattern on chick chromosomes 3 and Z

Heteromorphic Observed
++ +- -f-
pattern for C-band No.
Chromosome 3 328 56(17.1%) 91(24.7) 181(55.2)
Chromosome Z 80 55(68.8) 19(23.8) 6(7.5)

"+" signifies chromosome bearing C-band
"-" signifies chromosome bearing non C-band

Table 51. C-band frequency on each macrochromosomes of Korean

Native Chick
-arm
No Proximalp Distal Centromere Proximal Distal
1 20.63 0.83 401 0.21 18.02
2 13.44 1.88 44.9 0.63 18.44
3 76.46 0.21 3.02
4 0.94 1.67 69.79 0.21 7.81
5 66.56 1.15
6 58.23 0.1
7 39.58
8 31.77 0.21
Z 6.68 0.41 14.99 0.54 95.78
w 99.56 99.56 99.56 99.56 99.56

T Z Aol 39, 49, 59, 6 FAAIS] FAA K9] ol A

%= BB.23~76.46% % Tha ¥ C-bands®] FAREIF 4 UAR 0]

wrel mREe] oPEMAe] SRR NE we wmolibu) o]

SUFES B
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b A Al QA RIEALE L 9

D FEXr AaAe] Fela v

g ALl GAA BH AAHE st A FFIF GAA
o] ez FgE v BAEAC A FEH g vl A
& $18te] A A A single comb White Leghorn®] 8%2] ojd g2
Al g AulF dojot FAA AFE FAJstaL oo AolHE A
3 B gkt

Table 520 AA@ wpe} zho] FFN RE dig Ao )

A i FEE TR, S, A ¥R FdA Hole}
TAA A 973= White Leghorne] g g} Aol giFE $ASH

A vbebgs i W AAle) gulEdoleh 4w, 69 A4 T
A AgA A Aol Bk Leyg old @ ol WIAMAE
<121 A o]

25 4ns) 6w o7t M os Haol wek F3A

Table 52. The centromeric index and relative length of
macrochromosomes of Korean Native Chick and White Leghorn
Chro. Relative length Centromeric index Chromosome
No. Korean White Korean Native White nomenclature
Native Chick Leghorn Chick Leghorn
n 382 256 384 272
1 23.314:0.11 23.19+0.14 39.00+0.24 38.27+0.29 metacentric
2 17.914+0.09 17.54+0.12 35.24+0.26 34.35+0.30 submetacentric
3 12.83+0.08 12.96+0.10 0 0 acrocentric
4 10.66 +:0.07 10.48+0.07 24.23+0.37" 21.90+0.29 acrocentric
5 7154006 7.09+0.05 0 0 acrocentric
6 4.95+0.05 5.0+0.07 31.34+045" 29.30+0.53 submetacentric
7 4.41+0.04 4.45+0.05 0 0 acrocentric
8 401005 4.26+0.14 45.24+0.28 45.44+0.28 metacentric
Z 10.34+0.08 10.42+0.09 47.02+0.21 46.51+0.20 metacentric
w 4.42+0.05 4.63+0.05" 47.20+0.19 47.21+0.27 metacentric
**0<0.01
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Hol @A BA4e) exz AlgdE ARH FEHI Aol ok

o g sidd,

2) ¥%3t GTG-banding%* H] i

A A el GTG-banding?] EAZ AAIE7] 814 White
Leghorn®] GTG-banding ¥ A #5938 (ISSAK, 1999)3} wlm &
e, BEME A85E& EWE A 9Ae White Leghorn®l
Idiogram-& Figure 260 vl A A|3}¢glow, o] =7t bande] Wl &
A HEe e 2o,
7H 1 A=)

%H]E%E’H%(Intemational System for Standardized Avian
Karyotypes; ISSAK) p-armel] 11~16, 21~299} g-armol 11~ 14,
21~24, 31~36, 41~458 FE ¥z dark band 1670 %} light band
w 1870°l™ X% 34719 band”t ¢t} White Leghorn< p-armeol
11~12.33, 21~25%} g~armell 11.1~12.3, 21~24, 31~32.33, 41 ~43°.
2 F#¥ oA dark band 1771, light band 19712 X% 36712 band
7F dth @A Aol A= prarmell A 22004 22.1~2239.% g-arm
ol 114 11.1~11.32.2 12.30] 12.31~12.352 2204 22.1~22.3
S8 32194 3211~3213°2 8 323014 32.31~32.330.2 42.30] 4]
42.31~42.332.8 E Y& 2o dark band 2371$} light band 25
ME 5 4871 2] band”t ).

) 29 A=)

FAEFZHPY L poll 11~14, 21~24, 31~333} ol 11~12, 21~

28, 31~372 FEH A dark band 137K, light band 157¢]™ ==

28707F 3l White Leghorn® pell 11~12, 21~223, 31~333}
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g-armel 11.1~11.3, 21~23, 31~352 FE5olx dark band 1371,
light band 1575 X% 2870 €] band”?} dt}h. =) @ Ao A &= 329
A 32.1~3232. 5, 321004 32.11~3213o.2 B gdS ¥ dark
band 1672} light band 187§ 2 25 3470¢] band”} 3Lt

o} 39 < A A

A EFHE 2 prarmel] 11~129F g-armel 11~12, 21~29, 3
1~375 “R¥]o] 4] dark band 1070 ¢} light band® 117jol wn %
2170 2] band”} ATl White Leghorne p-arm®] §13i, g-armeol 1
1~12, 22.11~26.3, 31 —-35% %% o]*] dark band 1170, light band
12713 M3 23709] bandZb vk @5 Al e Al A& p-armo] 11,
q-armell A} 127} 12.1~12.30.2 2204 22.1~22.30. 8 2404 241~
24308 2594 251~25322 ¥elddE& Hod dark band 127 <}
light band 13715 R 2570 9] band”} ¢lv}.
2h) 40§ A )

AEEINE 2 prarmoll 11~139 g-armoll 11~14, 21 ~25%
T ol x] dark band 571 light band® 770018 =% 12709 band
7} vl White Leghorn® p-armel 11.1~13% g-armell 11~14.3,
21~255% Hit¥ o)1 dark band 97M, light band 11712 =5 20719
band”} l¢}. skatA A= p-armoll dark bandZF 170%F WERURA]
dark band”} 87 ¢} light band”} 10712 2% 18709 band”} ¢t}
vl 5 ] A1)

ST AEFENY 2 p-armol 113 g-armel] 11~16, 21 ~288 T8
Ho]x] dark band 671, light band 67he]™ =% 12702 band?} ¢
t}. White Leghorn& p-arme] §13, Y™ X bande U3 FAH2

el ek Al @ Al A %R p-arme]l $l32 W™ 2] band:E Z A X
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TP} White Leghornd} T U7 F3E& veblidch
vh) 69 A A

TABZENH S satellite”t AL g-armeoll 11~172 FHEF o A
dark band 47§, light bandt 378el® 2% 7702 band”l Utk
White Leghorn® p-armel] 11~13, g-armol A& 11~1562 &5 o
A dark band 471¢} light band 6702 =5 10712 band”} U},
A e Alell A= White Leghorn®} % U3}A p-armolAl  11~13,
g-armol A= 119] dark band?} {113z, @b light band”} o]
dark band 471¢} light band 6702 =% 107§¢] band”} A4}
AR TR A A A

TAFEEHH L p-armol] 11~129 g-armd] 11~1620. 2 FR 5]
o]A dark band 471, light band& 470°)1% X% 8712 band”} it}
White Leghorn® 11.1~13¢2 121°] 12.11~12132.2 Y¥o|A
dark band 470, light band 47012 =% 87012] band”’} Yt} B =)
YA M= p-arme] §la grarmelAE FARFEHYTN FAZ
band¥/4& ¥4 dark band 371, light band 4712 =% 7719 band
7F At
oh) 8 A

FTAREFNH S prarmol] 11~137 g-armel 11~1322 FEH
o}# dark band 37, light band® 37olw X% 6712 band”} Ut}
White Leghorn® p-armell 11~133 g-armol 11~132.2 JF R
4] dark band 37}, light band 57§ 2 X% 871¢ band”} it} 3+
A AN E p-armol A dark band 170, light 2702 o] Q1
g-armell A 127} 121~12322 2 gdE 2ol dark band 3719}

light band 5712 =% 871¢] band”’} 20¢] White Leghorni} %<3k
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band Y& BT
) Z A

ZAXEZHNEH LS p-armell 11~13, 21~249F g-armell 11~16, 2
1~228 StEx¥]o]lA dark band 87l, light band: 771lw =% 1574
9] band”} %lt}. White Leghorne p-armol 11~23, g-armel] 11—
14.3, 21.1~21.30.82 FRHolx] dark band 770, light band 9712 X
% 16702l band’} Qdrh. sSFA @ AN A= p-armel 2271 22.1~225
B2 RAgkAS Bao dark band 978, light band 10712 X5 197§ <]
band”} {1t}
ZFH) W] A A

A E M prarmol 11~149F g-armel 11~142 T8 5
% dark band 471, light band¥® 470l =5 871¢] band”} 33Ut}
White Leghorni} bl g Al e Y 3 bandY& YEFH A

ol Aol Al Al )AL White Leghorn &3] £ -0 A
B8 G- AV ZARSAGAA AAT EIEA Lo A
LS U9 AR olE B oA A JiddE EFGEA Yo
banding®] ¥-4je) 1wt} F#A AL Ak Helok dHE A AL
glaEmzre] Ay G AoiAe zF dAAl wEk bands9t band

9] fA el kel AolE BIYrh 53] 1¥ grarmI ZHA A 9

p-armoll A} bande| <=3 x}Fo]E B uwl ol FFI KAA Aol
7108 A& AA SR R A Hold wE Xoldd

Aom Awurh webd wel 8719 A MA Y G-bandFAel S

ol A= AN Al Ll White LeghornZtel] x}olr) gl ALoE RAZITH
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Fig 26. Alignment of G-banded karyotypes macrochromosomes in the
ISSAK(1999) standard for Chick(left), Korean Native Chick(middle) and
White Leghorn(right).
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Fig 26. continued

3) 5% CBG-banding 2k 2! heterochromatin X <4
Table. 532 torAefAlel @M 2E F3he] 39 AAA
FAAL} ZAMA kit viElyE C-bande] @GS v F

Alste] AATE AHeolrk &4 A3 F EFe 3 g 2 Z o

S

A el gl SAE I 7 AR, T GFAH e EXE S
of frelsla AFel7l AEE& & 9 UATH 39 AMAe] He =

A= C-band?)} & AESHN A e AR = Aol 7
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Figure 272 %) ehA 2 White Leghornoll X dl&d A 4
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Aok, Ao iR A GaAe] Ag- dlaEo] AAAA vis
& C-bande] &8 & ¥&& & 4 UMY WIAAL] 49
A ALt o) BE FAA A C-band’} YEFS T

°]

Table 53. C-band heteromorphic pattern on chromosomes 3 and Z in
Korean Native chick(KNC) and White Leghorn(WL)

Heteromorphic ++ +- -
pattern for C-band KNC WL KNC WL KNC WL

chromosoem 3 56(17.1%) 293(60.8) 91(27.7) 150(31.1) 181(55.2) 39(8.1)
chromosome Z  55(68.8) 239(93.7) 19(23.8) 15(5.9)  6(7.5) 1(0.4)

"+" gignifies chromosome bearing C-band
""" signifies chromosome beating non C-band
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o 3l E s AlSE R 54

s A e Aol A% EEAL Figure 28% #3iL, o9 ¥
oa =38 9ok Table 549} Zth.
@ HgazE DA FANEL QEse] g Fas Ao g &
Mg wmE Ae HAAF, A% BAL FAAToE FEY
® SEe Wl 2 ode 3@ =E A2, o7 R §L 4D
E A 7kE gEE H7d Be 4, Bolee 534 o, 79
o= AL e ZH Foe EL Z@N EE 54, mIs F
A wlg AL L
® dse Ao e 7E 5, mE FA, 5 %@
A slgae] vl FHzrh BEOY wW2E &34 Wy ¥
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2t A e A |47 T2 (Table 55)
O gEAdHe] F48e A%l wak AL zeolrt glew, 2059
7}A 9] S &2 95.2~97.8%

Fud AT 14yl Hza, gz gl S o] zbz) 1,078g,
1059g 2 1,089go i Wi, 20584 22t 1515g, 1,481g
g 1506g 282 AlFre & o1yt RS
@ Fye 85 AFL 630gez el HlEte] 21%F o™, 165
A &S 1,730go s FEAFHT 39% 3, 2058 AFL 2,040g2

2 e 36% 35 (Table 56)
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Table 54. st=xf25 ASAH 9 HSH AREY
Fasge  elzsd =z Y ﬁl%ji o= " e
HE o a9 guy xd Bt % o R
B &% BN ME ME 2 uE N8
e 7] Nz Bz = 4 a2t &y
Sel gl xEEs g2 ¥z % ¥ gz
w ST EC ER Tlakasy EE Ea
e BN ERIE MB M MdE e AHd My dE 9
s = ME HE H 2H & NE
= = =g ¥z & o ClE
S T2 ZAt Hz a8z = o s, Mz
i Lh= Slol ZE MY & HA X % o 2 N
2| R AR =% =% & o =%
ol PEUZ 2% 5% 3% 5 % 2%
e S 7= 5% = B 3%
Table 55. 2t5lel Ed S48 R #AS
— SHE(%) HS(9)
01458 0—-20%3 1438 2058
x|zt Al 98.2 97.8 1,078 1,515
B ZAY 97.4 97.0 1,059 1,481
= A 97.0 95.2 1,089 1,505
Table 56. ~5o| F8Y MISo &) HIE
8 M8 e uiE) |£8 2 M S RIS BI12(%)
2 110 100 12 1,175 125
4 250 109 14 1,360 133
6 415 115 16 1,735 139
8 630 121 18 1,920 138
10 890 124 20 2,040 136
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b AU AFAY ey 5y
O 24dB2 FAN Age) g Wiy, A, ZAqAFT] o
A= (Table 57)

@ e FANAF] T, GFL 463~475g0.F H L33 Y

o)

@ 1¥ 19 BIAEAAFS A&EE0) ¥ F2 AFo] Wt
i, Abs 8782 W3kS(Table 58)
AT kg MES 7% 3 CPR7HE g AlEol AU
AFETY] dAWEE 293~337kg/cn o2 B Aol 1A Liglo

®

®

W, ¢zt FEE 3145~337.3mEA FAo] Wgk&(Table 59)

® FFIHE, FFFAANE Haugh Unit, 938 2 G&3ASFE= ¥ 338
A

ASHY EMAE)  dANZES()  HIMNS%)  HEHE()
ESEIYY 165.8 88.8 53.3 475
BHZHAY 159.0 92.3 60.7 46.3
= A 168.3 83.3 55.3 46.8

Table 58. ALZO0|8M U Hos 7

HE _A=0I8Y A8 kel HYa 7

ALE M F 2Hg) MERTE ME (kal/ke) CP(g)
= ZA 102.1 3.30 11,995 642.7
B2 104.1 3.05 10,300 564.4
E A 102.7 3.32 12,694 680.6

- 160 -



Table 59. 2ZHA] U x|

5772 A9 124X 8l I
ANE HULE UAFE sscT

LEEME  HU  dsde ces

(kgfor) __(um) (mm)
=zl 336 3373 4.97 6.84 70.6 77 46
B2 337 3349 4.95 7.24 70.3 75 46
E M 293 3145 4.94 7.18 70.6 74 48

AeiAel BAGAA e 8] X Table 607 2t

Table 60. xj2fAo| HAH FHH

A ESEAE i = A g A H T
Altted e 0.15 0.14 0.25 0.13 0.17
1502 AHF 0.37 0.39 0.38 0.23 0.34
2708 x|= 0.49 0.32 0.44 0.13 0.35
2702 Mekg 0.27 0.15 0.15 0.13 0.18
A NS 0.07 0.01 0.11 0.20 0.10
2702 L= 0.35 0.32 0.28 0.22 0.29

2) 7hie] AR o7 fHEA

@ A FE AANADE 7HAA B HOCAAD L 747

@ $RAe Sl FUAB)S Fs =B gAuGs] @A
(s)o] AWAA 549

@ EWE mopAAYolaL #5Me] ot ididwW-AAPoz &

A+
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