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SUMMARY

1. Title

Identification of wuseful genes of chicken by molecular

-cytogenetic techniques

II. Objectives and Significances of the Research

and Development

There has been increasing application of quantitative genetic
theory in poultry breeding programs. Estimation of phenotypic and
genetic parameters and estimation of breeding values were mainly
field of quantitative genetics. Given the relatively short time-span,
the contributions of quantitative genetics to improvement in
poultry production have been substantial. However it is apparent
that the accuracy of genetic improvement by statistical method is
limited. The new techniques of molecular and cytogenetics could
be overcome the demerit of conventional animal breeding
procedures. This techniques make possible to detect and isolate
genes in the genome of an animal. Recently, some of marker
genes for economic traits and simple disease were identified. In
addition to the study of marker genes, animal genome mapping
has been vigorously studied. In chicken, the work of gene

mapping are to construct an integrated genetic and physical map

N2REX  ENMERSESE J|HE2 0|88 H2 RSRIAN HE /SR



of the chicken genome and to provide a public genome database.
The ultimate goal is to develop the tools and resources to map
and identify genes that control traits of agricultural and biological
interest.

The aims of this research are to develop molecular and
cytogenetic techniques for identification of useful genes and to

construct physical and linkage map of marker genes.

III. Contents and Scope of the Research and

Development

This study was to identify the useful gene of chicken by
molecular-cytogenetic techniques. To construct genetic and
physical mapping, chromosome preparation and chromosomal
studies were achieved and DNA purification and molecular studies

were also performed.

1. Identification of genetic marker by cytogenetic analysis.
1) Present animals

- Korean Native chick, Rhode Island Red, Leghorn and Cornish
2) Develop the new technigues of chromosomal preparation from
chick blood cells and early embryonic cells
3) Identification of chromosomal banding patterns

~ G-banding, C-banding, Q-banding and HR-banding
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4) Investigation of chromosomal variants in chick

- Identification of standard karyotype in chick

- Investige the frequencies and types of chromosomal
aberration in chick

- Investigation of the relationship of chromosomal aberration
and early embryonic death

- Investigation of embryonic sex ratio in chick
5) Establishment of FISH(Fluorescenc in situ hybridization)
techniques

6) Assignment of chick specific gene by FISH

2. Development of marker genes and construction of genetic map
of chick genome
1) Animals

- Korean Native chick, Rhode Island Red, Leghorn and Cornish
2) Establishment of experimental population by back cross with
Korean Native chic and Leghorn

- Analyze DNA fingerprint

- Analysis of transmission of genotype
3) Identification of DNA polymorphic band

- Analysis of DNA polymorphism by AP-PCR method

- Analyze microsatellite typing for identification of DNA
polymorphism
4) Detection of the specific markers of Korean Native chick by

AP-PCR technique
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5) Construct genetic mapping in chick genome

- Analysis of genotype by microsatellite typing and RAPD
techniques.

- Construct linkage map of specific genes by calculating

recombination rate

IV. Results and Their Utilization Plans

1. Developed new molecular and cytogentic techniques for
identification of genetic markers of chicken

1) Introduced the method of chromosomal preparation from early
embryonic cells

2) Developed the new leukocyte culture technique for the study of
chromosomes in the chick

3) Identified G-, C-, and Q-banding patterns in chick
chromosomes

4) Developed the techniques of high resolution banding and
identify the band patterns of chick prophase chromosomes

5) Presented standard karyotype of chick

6) Established the techniques of AP-PCR and identify DNA
polymorphism

7) Identified DNA polymorphism by microsatellite typing in chick

8) Established FISH techniques in chick
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2. Studied chromosomal variants in chick

1) Investigated frequencies and types of chromosomal aberrations
in chick

2) Studied the relationship of chromosomal aberration and early
embryonic death

3) Studied sex ratio in embryonic stage

3. Identified genetic marker in Korean Native chick
1) Identified genetic marker of Korean Native chick by AP-PCR
and microsatellite typing techniques

2) Evaluated genetic confidence to the specific marker

4, Constructed the linkage and physical map of identified genes

1) Developed and established the techniques of FISH for physical
mapping of chicken

2) Assigned chick W-specific gene to chromosomes by FISH
technique

3) Constructed the linkage map of the marker gene of Korean

Native chick

5. Utilization plans

We suggest that the marker gene of Korean Native chick
are very useful tool for identification of breed differentiation. In
addition, established FISH techniques in chick also should be

widely used in detection of useful gene. The successful result of
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FISH of chick W-specific gene should be facilitated sex
determination. The main utilization plan of this research is to
develop the tools and resources to map and identify genes that

control traits of animal and biological interest

-12 -

NEEH: ENAERASE J|IHE 0|88 €2 RERIN L/ sBF



CONTENTS

CH 1. Indroduction —=====—=-—-- == 15
1. Objectives and significances --—-~-=---=-—~—=—=———— - 15
2. Contents and scope —-====-=—~—=— === —m———— 22

CH 2. Identification of genetic marker by cytogenetic analysis -26
1. Introduction -=----===-cc—m 26

2. Development of new techniques of chromosomal preparation

————————————————————————————————————————————————— 27

3. Identification of chromosomal banding patterns —--------—- 34
4. Investigation of chromosomal variants in chick ———-----—--—- 55
5. Construction of physical map by FISH techniques ------- 61
CH 3. Construction of genetic map of chick genome ---—----—- 71
1. Introduction ——===-———===— e 71

. Experimental chicks and their genotypes —--~---—==—--———- 72

2
3. Establishment of experimental population by back cross --74

4. Development of AP-PCR techniques -—-—--—=————————=— 76
5. Detection of the specific markers of Korean Native chick -79
6. Microsatellite typing of experimental population —---—----- 97
7. Construction of genetic map —--—--—~——————"—"——-~~———~—~ 107
CH 4. Results and suggestion =——-==-=-—~—-—ooo—o 117
1. Results ~—~--=—~——mmm e 117
2. Publications —=-=--==--—-m-m e 119
References --------------oroommmm e 121
-13 -

N2EX SNANERESHE JIGS 0|88 H2 RERIN Y /s



Al I B K T e b i 15
Al 4 AF7AEe] 4 % FaY —omrmemsmemmssnes 15
A 23 AFAYT WG B B ceermeeme e 22

A2 NN B4 @ #H KFAEA FY - -- 26
Al 8 AN Al e e e 26
A2d ¢ dd44 29 Py AL - o
A3d & YA BIEY ----mmmmmm oo 34
Al 48 AT JAA Wo] A R FAFY FF --—----- 55
A58 FAAe] EH A= FAPL AT =3 &Y} FISHY|

Mol SRt EEH KE PP som—remomoomme i 61

A3 F9 A FHA A= YL AR AT - 71
Al LAl A A e e e s 71
Az APEs 44 R FHEY c-——momcmmrmmmemamess 72
A3 A AT} xEE FX 2L T Haw IS =4 ---74
A 4" AP-PCR 71¥ &% ——-=mmmm=mmmmmmmmmmm oo 76
A5 A AN Jo] RFRAAAL AL - 79
Al 62 Hmel Yol ¥ microsatellite typing —-------- 97
A 7R ALE FHAAY dBEY - 107

A4 AFAL A} R G8ol HF A - 117
Mi1d AT AW ZBI e 117
AM2d QF Y - e 119

T B F Y e emeee e R 121

- 14 -

NEEXN  ENNERISH J|HE 0128 H2 RERIN N /s8R



M1Z3 M2

Al1d AFALe 24 R T2y
1. 47 e] wigd R 23

HIZe ZE AFEIFH Jd7Y 7L KA LA o e
DNA &9 <3 d7¢d o3 FEEHI 47 & stley o
HEYH £ BFAMAL Aot A3 oFd, A FAHLL, K& A
FAE S A4, WFAG ST AN AME F de FIHEY
N T 2 TAEEE dF37] olglg Aot olaj g st
A AMEE Y, F 7IE9 AdAY F AUl FoY FHY
o2 AAA fd HF} vlBrAZ vy /FAARE o8& B
of 4o 7l AMu2H FAANAL 2 o84 Wi ol& A%
Z1Z2HA 71 AL vEe ol e FHAdd AAH #
A-RA AR B BHE MR e AEH3A =¥ Fo]
gFojth ol2|F e YPoz g 1993dolE BE 7)o A
g 9 ZASA JHUATES)el AA AL, 94deles WE s
3 BE FAYGo] B AAZNeR AR YBE F OFH B
ol B =¥ 7j€oln Utk oA T ojYdFd x=HEL /KA
LS vl YEAY FII2A 2831 ste FHAT =Y
YRz AYHDL A& Rolrh wd] Zuje) slEz SEo W
BE x¥Y2 opF MAstso UR Fon FIAH HUAVEIATFA
ol 23] Al ZhFel Wi BE o) AR /g Wolrl

el AEAAF dHF dFe K& KA A An

-~ 15 -

o
=
i
o
vl
22
10
oo
10
rx
Pa
~
i
o
o
10

ABEXN: SMNMERESH J|Y



NEEH

ENMEREEH JHE 0|28 &2 REFEX HE/

B4 2 fAR A=Al o8 st4s 8 4 A, 98 JUkE
o 9s] FAHIZ YEe BHoly TR BlFAE o3 PN F&
o]7] wj&e)] A IJolagte /AL ZFAR AEHAHL =¥& Iodd &
o290 FHUAE & AEIANA HAAA F& RolH.

ol2igt AastolM ZhFe FU AEAA, F, AP NAA
o dge AAY AFAAozn A& fon vlHdeE FHIAX
olg-rl& A&t oz ZIF oY FEel € AHeld 2
By 71€ ZhEAdsde T8 71 AAdE EFsta M T8
& FEe 3 FWrigd 2 F&H sde] 4BHA Rk
g8l oAFE FoAMNE /I 8 REL /ST 285 &2
A HAER 7l gel o d A, FE 778 %Y
w7134 98 %‘%01 ke ol Al FPM Gl Mt 45
o] 2382 AL FY A¥gH U3 JtFAAHEE £2FE S F
A& ole] o] v EHAHAE AHiolnt. o2y ol FHst
M REF EgdFaA HIY EAFAYLH 1Y F FIATHH
719& ol &3 Z|&e FHo v Aoz JYW Hold MEL
TEE AEEHIA e x=FHe] AEHI Utk E& oY x=¥HES
B2 MALFAAME IYPHT AR 7€ 544 opFe 4835
of o3 AdLdHel AAFA YL VA= DA} ok 7] wHEA =
e F&AJe] 828 7] AT FrIHoln uiFA T FAYFL
2N ExARATH Z1YEg )8 AT s erd B8 gdel FU
H3 dch &, §8 U2t FF APdA Y JNE Eoke EAE S5
3t mlef AEAN]YY FE=FE AV AT WRe=A EAFHLH
71 9] o]go] A3tk Rolrt

olgid WEe AFENE FTHF I FHH BEH4EHE T

- 16 -

O
o
it



3 M. ZulAl Yoo ML Yol FAMAol UE BABAH
BHEY BAQAY Aw, uHg FARY o] gAY o zH

& 9% fAAY FRYont AV KIA T& £ Y

o
4

e Zol TEE 4 glen, By IEHoZ o FHAY °l
gdFe €77 8 4 A FAAANELY FAdel 4HL AT

.;L
olg}3 HAIstel v §Y olxT;}dW FoAME olvl B IT7}

e

o'

Ay Fo] Qov FAHY FTEATZ FY FAIAE 4 9
# @77 AWHD A K[ A=A QoM e we F
de 7HAn Yeon AR 4A ALY RANANE T @
Rawae golds AAHA Fadd YU FAANEL A
ol 7t& g m gt

2. AFALe T84
7v. 71ed &9

Z1&9 2tFNT AAE T AAPAE =ABIE & ¥
ARoz Hasteg BMstn A4 83 $F8Qe= EI3H
&4 82e) 2% AT ARE FAHY Mo c)gsUR. ¥
U olald AEAHA zige] I T B AF AHXE 1A &
T BETsm g A vge] 27D A i WA Fol
Fx8t8l7] o2l & WA daMEe F2wdoe) o¥: {FHA AA
7} obd @76l o8] dgL BE FHARY TH AEE EHUY2
2 47 wEe 2 Rgse dF A=Ert 224 dnte el
th. ey oleld olge AT EARFAYNH 71€E o835t
HT} folslA FEF 4 Utk F, UYL 7IEEHEH DNA

-17 -

o
=4
0

I
a0
10
10
0r0
10
>
_>'-_1
=
e
O
oM
iC

N2EX: ENMZREEH JIY



Zh 2" olF J1Fe AN AN BEE F¥A RYE BASA
2 71 o83ty Foldeozy u F&Ho2 S4B A
ol o1& 4 UA e Aotk e o} iFel YA 3
H FF AT ol85o AEsHm Qe e 2 2on JHge
AFsd FAE FHAAE FAUze} Tibial Dyschondroplasia(d 3
dEZolPAd) digh WA BEE RAPDEXQUAE Foge AF
7} A Y= R ov(Plotsky F, 1993; Dunnington 5, 1993; Zhang$,
1995), vt ol digh FFAde BEE MHC FdA¥o] Rndm
(Hepkema¥, 1993) &A] f-3x, TEH 7Y =84 5 7189 A
ol A3 FHAA) dYREE FHIE AEAGEHER
(cytokine)oll i@k BHILAH QAF =3 AgFolt}, o9 tjEo] 7}
T TH4F BA3E FAAAQ c-ski FAAE FAANE A4
ot sixlo] kel JFHo2 olgEo] & AAlo] FE3A ol&H
T AEe FAAD ALY Q2N AANHJUD. £3 HIode sF9
T2 A= 4L A4 A7 883 IPHT Q29 (Bumstead
¢} Palyga, 1992; Levin %, 1993, 1994; Khatib %, 1993; Crooijman
%, 1993; Bumstead 5, 1994; Croijmans 5, 1995) 19951 5% @)
4609709l FEAAAE o] 7139 FARAAEA 2 AAHG. 2
Hu FUelM e ZtFel g EAFASLH HIo g% AFdgs
7 Holr «(1985), & (1987) Tol o] A@3A L L ZA, Al
WA el A v Fd did GaA B0 2% A7 B
HA 1, 0]5(1995)2 2 EZAY FAEAE 98] DNA fingerprinting
7IME HEIAL o F(1994)L AAHS AHASAHL  DNA
fingerprinting 7] ol o3l #Fsdct 3 F(1994, 1995)L o

_(rbr
Az A AHe A% AY 22A, 9y H2E How YL =

- 18 -

fllo
=)
m
o
0
1o
10
0o
10
rx
Pal
<
e
o
o
i

NEEX: EMNMEIREEH J|IY



NEEX:

EAAE R

qated Awe fFARHL BARRen, 4 AY BIEHE A
oleizte] 7% Sol e ATV IHH w ATHE T, 1994).

olele AT N £EZ Mol WE Al el FFFHol HE
ge BEAAAY FEFAXTF ALY Rolw FERAAR ALE
A% ALY FHAANE 2A4o] sAssted JFTFHeZ F8F
Axre] o] o]Feld Roez Alm®Th WA ol T sIEH A
Bel gA&dN FU FEAUY ST LA B AsHE
me AY Wol $8482 AL Jlen AAYA BR BAAAS
Aol Westy B ZlEAelR FHY FANM NREFE o
29 7t2e RAANE AYAT Alzte] Wag Aol

1

U AA-AE &R
dA UM BAHE 3T @8, Bx, AAE YUstE
W = vge MA o Fo] us) AT 15~2u, @9} "o
2 o 4~5ul7} Eom, Sxe) B$ o 154 FEst wob UR &
A% WTO AA &¥el fe ARptez IFu F4de F3
Wold 2 =g ¥: Utk gSA U F AL T AAsE v
Fol 3090l SursbE A AN FF ALHHA e ¢
H4g Busty] AsMNE 329 MFE T AN4 ¥ R 1E
A RN AR Aol dUHoE FAYIE ol FE AT
M Exzh A ulnlg AAolm H4Y Aad F 4z 6¥IY
3 20%ol4e AAsm e WALl UelME FA BRE
©9%e1 e ATo 2R 4o EEHT AR A oY
AFTA WP AVHA YnE FF FANDL % AAL o
9 4 Aos Weld dAAdel oINS FF APl BAY

- 19 -

e
o
o
I

Hety Y

o
=]
0i0
o
50
10
10
il
10

PN |



A olty. F3] AYivlo diRFEE AA = A8ALRE Fdd 9
Este & AHddAME ZIFAFE T AUY A /KEFFE A
Adell g WY Fol /4T dMAYAez AAHI A, dE E
o] I8 & EAZ AR e APz Fuge HS
O BAAH E£4L AP Ho|y ol I H3IZ SAste Fuid AF
Aol Zd ATES AHFAY Fyed A AP L 5317 4
A WAE AL e AFV RS FALR FAHT QY
O AREES B e ATE 243 YL dFY A=W F
T st G 300 ¥ BAH ol5E I8 F AA ¥4 Ag
7t #el f88 RAAE st ARG AAN AHEE KA
deog olg#UA vl FHHUALALAA HiAHA AdFRHEES
25% 5 A& Aol

T2t e Ade de2 AU §F AAe FH3H MNF

£58 2700 HE58Y & UAE WFoEA, #o A 2L T

8 BEAAJAALL] AL FAFHAoY AW Fol ddE KA
U F e AN f33 BEXAAY AL nEFAY FAMLE
g Aoz ol mEIIIERAY AFEE AT FrbA =A@

AAH olde & + gom, 4FHoz AV KU A=E u
Yoz A%E FEFAAE M ALY GUE TE FAH oS
T YL & AR, T FHUAY BEH LSS FANA AT
d 9 TR PBAYY FBY =¥ Ang + Aok A

[

o Ab8. B3 &9
JEe A8E HPTFRAA AITUUL HMZY FVPe 42

A AAEHE AT Ve B x=Ho] JSHAA Yo

- 20 -

NEEXM  EMNEREEH IHE 0|88t &2 FSFIAN ML /s8R



metd 2o N&HA ATFAL A% FF AT sleR g A
9 AtrlE B, AR Y Sol A FAMUA FHE dole
Asg NAKoH Aol Be REE 99 sleH AA I&
st Aol AsUG. 2aAY HZ dYSHYAE ARAME F
A Aol B TEA D AZHY MEFAE AL Yo
da ATAS GEE Be A3 A FAoln. &, /1@ )
s93e) AL Bajold Yorleo] FHE www I
dozM AAYT Be AAPL A¥ar] A =ATo] oL st
N3 g1 Qe Roloh olaw A FF A, F ALY
Aurakgiol ool ojsh 2ME FHHRME Moz BIH A
Y WAE AEH §2 Mol EiESHAHT 53 oY AL
2R gg Be x¥Eol ad APl sHF TEHeln T2
e Rpols AFE £ A T FAI FF ALe e
2AgEey Furieo] AP Y2Ho MZE M5 AL AL
2 AelzA 2 Zoln vele] AEAGAM F8E FHxY g
o =elzt € 4 & Roloh WA WAl od «1ug 1t
AEade 2 AFo] Wow EARUGA slEe] we AU
o Fusiolol a8l ol ML e ATARY FPUel VA
3§71 @A oAl @ Rolth o€ EhE =AY 9
AHNE ¢4 A FEATFS Ayl sn Y $HHe=
AAWAoY Aol DAY KAARY ALe] FTHYLZ o] Fo]
A F AN JNEEFEHN FAR AEREE AE x|
Nzsjojol &5, mae] ‘KA AA'Y FYY Tr=A g9 F
HAAl7h whe Y ol Agsoier & Aol
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A 2 A

AT e 2 P

1. 9xbd A7 AL FE R W
> £ EEEEE 7 Y Y8 % 89
- E3Y U4 Az &
@ HZ &z - FMH HEEHS Ss 4N 2alwy
@ Siol HaH 2oy &Y (gy
@ MM B Wy gy - MM 2y F4¥ : G-, C-, Q-
3 QN2 43 HR-banding
(copu) |@ MBL EE FL Hnul- AT 4
“lue g - ASY £= 5 DG S8 =Dy
@ DNA CHY argy &7 |e &
® Fst ol Ex|QIX JY |- DNACHY AW & (AP-PCRY)
- M stolM Bolo2 Lelts gl
xte| 74
@ A=Zo FAx Hol ZAl .
- A2 FMHMY B4 ¥ Hol ¥ KA
8 <rarere) B m;ﬁ@&l1 YAE B T
S o s BHEEEL i wolsh 2 wane w4
o & a
- 7
® wExs 82 xZsay :i'r:)slaillizit]yping%ﬂ DNA cHYl g
ok g |B HE =Y wd ) oy
(19074) |® ONA et BAYE R | ol o solse sueixiel Bymey
@ M2 H Sol EXIQAX| R s
4 mpor - Microsatelite typingS H& & =71 &
= . o | E
ol B48 HEL zum ama yoo oy suny 3
® =8= =30l gy gux|
g me}
® 78 RORA BN WA 29 yuu nemys An wuu 2
ol e ox|2Y HE
o|st EX £X
@ FiSHoleol e 23 R3] FISHZ|'Hol |8} chick w-specific gene®
Xte| ztgl mhe} 5 i
T e B T TR LR
(1998) ; & 20| EH%H JHQ; <2l £lmuyj Zctoll i & microsatellite typing
sxixel SMxy ga | NLE FHUXl dapy
® sxioixiol oiat sro| sx|T HEH el s ALY d@xsye
P mEE S FT TRl ey BEXQX MED ole) HA4H A
X xS A :
Six 2
@ 25 x|sole £
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2. A4 R ¥y
7h AN og g FHED T
DAY AR g
Al LFA, B2 E, 2EF, IUAF 4459 2L ¢

H3ln ofe)l tig Al FA
2) §el gMA Eay R 2 By Ay

7h gl 271 w2 A Q4N 2al wyel &9,

1) Z2Fe PSP s oz R 44X ¥ Wi
&4y

™) G-banding Wdel %9

2 C-banding #¥ o 2

©}) HR-banding 3y <] 22
3) A2 GYH Wol =A}

7hH 4 3Y4HF(White Cornish), 2= old A= @) =2 (Rhode
Island Red), A2 R S ZAle) iy 54 G4 Wo) FAaz
Y 53 g wm 24

) ZH FFC e dEGAAS) g Ao Pol U S A
5] vz 2N
4) MA WMot FAYARe) AP 7

7H) EFF 8 GMA ol M By

W) FFX x7) wjzake] A Y E vlm B

h EF £ Agule 84
5 fraztel 223 A=FYL ¢ =0 ¥Y

Y FAR A= YL AT YA Beyr1Y R FISHY =

a 89y
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6) & FAA JMA AXNAA
FISH”| ¥ & ©]& 3% chick W-specific genee] ¢ 3te} %

22y AxE AL A% 7= &H

U g®el d# fAa AR AE4E A 47
1) 29 4 T 9og A 483 71€ A

7h) LF2A, AN E, 2=2F, IVAFTE ETHEE 445 F
Fol e FAAANE B4E AdAstn ol& wgez {3Y =4
BAE F3

) B oz AYF o ZA) WY AaEF e
T ASxA
2) DNA o8 EX QA 7 Wy &4

7h ZAlIe WY aEFAM AP-PCR7I¥HS Yoz #FAdA
9 234

W) microsatellite?] @3 WH& FYstnz HAls FALLE
ol& ¢ VYL ANESHD 5F Mo oidl PCR FF 174 A7)
Id5 =dE& FH
3 AVAE A4S AT slay JAd =4

7h) LEZAIS YA 2EF A Z 24E o83ty olEXY F
Zau|g HdAIEte Haw Jx JDY 24

W) 24 Y Hau Jdede EXAAY FAHAY HolFd I
°}(AP-PCR)

i

4) DNA EXQa 7 Sl o @ AAe So) ExAA A
’h) AP-PCR7I€ #H &8s AAANMLE vehts FFAY
o) EXAX A4
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W) HE 9 AE AU & o183t A Solx<
FHAe] ALY HAXE ot
5 7/iYgdE #8& FdAe FAAY €4 € F¥x A= 3}y

7H AR AE HAdo b /F8F EAAUAR] microsatellite
43 RAPDEAIAE o] &3l =4 Hadl Ido] g &
AzY et

) St EXJAIY FHAY FAHAYPE o] 8- EHamu] 3
gulle] AzYe&L votsln HEE mapping ZFLE AAsA
MAPMAKER, LINKAGE, GENE-LINKE9 Z23Y& o]&3to
A Z2FE AR E sty duIAHY A A=E FA
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SHAad 240 2t 52 v

2 3
2 =4

[l

Al 14d X A

£ FoMe BAAEZRFAGH 71HE o8& F&FAA A
ol @ dF F A BN % Hel /fIEF Fyo=
A FZA, YMHIE, BEF, ZYUAF F 44859 FFS 4F
¥Rz ojo] dighk MEFASTA FHRBH)ES A=3HAS

E dFoA g Hgoz 4 Fo gaA 2wy 2
9 BAYUY Jig2A el 27 wiR2EE GAA 28 Wy
G EFuIgEe Mg 2 ol2Ry J44 B 3y #Y&
Al=3t1, &+ F banding®e /WY EA G-banding, C-banding
R HR-bandinge] ¥&4& 243t &8 AT FA4A W] =
Ab2 A W4 344 F(White Cornish), 2E old A= 8 =F(Rhode
Island Red), AefA] R LEAld digh FFE GHA ¥bo] F4#
Fed 53 FYE v F43tn, A Wolgk AAFANe A
¥ T dEeR FF ¥ FGAA ol M= &Y, 7] vz
APRE HlI 84 R FFL A A EHE s T
SHoz ¥ARFAGH 7P AERAYY 7Py JFES A
AAe] B3 A=AAPE AT =1 e FYstn A Ak gk
A FHdA Az ZAPAL A% d4A 2287y B Fell A 78
A A HH(ocus) Z2AHE HAE¥ FISH(Fluorescence In
Situ Hybridization)71 ¢} =1 & Y3 vE o|&F o]&& chick
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N2EA

SHHMEZSESH JIYS 0I8E H2 & AN/

W-specific gene®] #HE Hdggezy o EAH A= FAAPES
A% 71x2g &Y AASx A

A2Ad 2% 44 2= F3 AL

1. 7429 HETF uddd @ 944 £

NERE ERFS 29 Yo HYTY "o EAlsEa X
FRAN S8 FU FHHY YN FPo2AE GAANY 2
o e olalgo] Ut wA & @FolAE FicollE ©&% =
Wy Feo Bayg 7Lsta ol ol&3 MM EE FHFS
24 AFHQY ARE =&sAUTH ¥ AFoA MEd g HETF
22g olgd MM £ THL oy Fo
7t e &9

Zt fAel YA YAFIE)SE HE heparin¥ g @ FAVIE
o] g5ty < 5meel YA MHsm ol VAH viFA(RPMI
1640)& 1:19] B &2 7MPA Hdeo
}. Ficoll 8] ¥ lymphocyte] &l

QAR Bell 3mee] Ficolle ¢ ¥ E¥€E Y 4mes 7Hd
A ficollx ol H7stzm A ficolle]l 40lA FE=F 4
1550rpme. 2 3583 AAEAE & F pasteur pipet& ©] &3t

plasma®& A A3s 3 lymphocyte $U%E& ZH2HA AHEH. o
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% tiAl RPMI 16408 ©]&3td ¥ ¢ lymphocyteE 43 A A
A 8835t ficoll® rinsingdla TY WS ¢ A ¢ FYIog. F
fFade AAsD & & HPYFe HNEEL RPMI 16407 pen.
& streptomycin, pokeweed R FBSE 713 &4 wjgddq) EIF
T UG EvlE g8
1=

je¥e 37.0C wiF71elA 5% CO, ZWez 7241 wigd
c}.
g 7149 f =

g £8 1A A 02m9] colcemid(10ug/me)E & ¥lF &71
of Hrtste F713E FET.
ul. A g e

g 289 AEES 0.075M KCI& o] &3t <of 203 37C
& Fz3tolA AFA Yo
vl A A 2]

Yo 2 1:3 acetic acid 2 methanol EFJe2 THPA
sl of 2-33] A= WES M2 FRHES AT
A}, Eetol= A3}

HEF A F & AZEUE F 4L F pippetd ©] 83
Egols Ao =T AR AldY.
ol. &4

QAL 4% Giemsa staining solution2.2 ¢ 6% FA3tx

s Az F PAsA

o]4te] B Sohn F(1990)°] AAGF YA wF2& ol &
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P FYujFozHEle A FUYPER 4T idd WHEe
2AM ficolle] HalzA Bot & lymphocyted: o022 F7149]

So] yrijxez /A=At Fig. 1S 2 AHA 7igd &9
YPYF FAYPE o] & AXEY X G224 #F3 AMAY
g wye Ae Adiryoz o$ @ HIATe A AH
(over-dominated) 2.2 F 7|49 HEEo] ez Yo, A
ficoll& ol-g3% WYTNe =AM wiFe A} Ao HIPF MX
BN AEslEz HYT HAES 4% HErt A e Rez v
Elwtth. Table lolA & ficoll el B33 wlgy e F714

FEEE AAF R2Z ficoll M Ff BYH v FfH

hu

S F=2&S Bolxn U

Table 1. Comparison of ficoll treatment and routine culture
in mitotic index

Treatment Ficoll treatment Routine cutture
Samples 59 20
Mitotic index(%) 0.52+0.06 0.09+0.01°

There is significant difference between means with the different superscripts in
a row (p<0.001). Values are mean=tstandard error
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Fig. 1. Cell distributions from chick blood culture with ficoll

treatment(low) and buffy coat treatment(upper) (objective
x10)
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NEeEX:

EXNHER

2. &9 7] WA 4T A9 £

7] WAE ol &% FMHe g N3 FPTE oF 18M
g F O e WS olfFeEM FMA EI) 4FTH
A HA}E L€ F UM

7t. 7149 =

Ao 7]1FW colcemid(10xg colcemid/me) 0.2me¥ & F
F 1A3F 208 A wgFct
IS L) P R

2zt & wR}¢E scalpel€ ©]83] wlo] Wi °]& RPMI
mediume] f ¥ YA EIB2=2 &7] 1000rpme 2 10830 ¥4
2elstq AERE e
. A

AZ AP 3:1( 0.3% sodium citrate®} Fetal bovine serum)
AgRoz o 2083 37C ¥ FRolA AF AP,
2. A A

mAHo =z 1:3 acetic acid & methanol EFJo2 nHH
3t 23] wrEdle Ao 3 EFAE AATH.
vt €gtol= A F

HE 1A F G viA AXEUE T 42 F pippetE &
o] Eeol= A =T Adx A
vl G

Y& 4% Giemsa staining solution® 2 o 8¥3IF FA3tn

FA Ax F PZATH.
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olge] WHozA oI & FMAME F 8 A=
macrochromosomes® 31% A X9 microchromosomes22 T4 5
o] & 78719 dMMNZ FAHR, A I F3Hol ZZ, dAH
ZWHH 24 <R heterod & YeEI R Ach(Fig. 2). EF °l¥ @
MAEo] Hefd SHo2A Table 201 AAR wheh o] 1 HHY
A7t 7} 71 metacentric chromosomeo]li, 2L o & A7|<
submetacentric, 38, 581 R 7HL& A9 p-arme|l {1l acrocentric
oln, 4¥1 R 6¥ML A p-arme] A= acrocentric chromosome®]
o BE A FAA Z, Wet 8 dAAlE Ao Fad dee 2

o] 7} H]£=3%t metacentric chromosome®] %1 t}.

Table 2. The centromeric index and relative length of
macrochromosomes of chick and their nomenclature

Chromosome Relative length' Centromeric index’ Chromosome
number nomenclature®
n=50
i 2351129 39.06+2.19 metacentric
2 17.82+1.09 35711237 submetacentric
3 12.85+0.72 0 acrocentric
4 10.92+0.86 24.54+3.27 acrocentric
5 7.02£0.65 0 acrocentric
6 472+0.62 22.10+4.06 acrocentric
7 437+045 0 acrocentric
8 4.07x0.70 40.96%4.11 metacentric
Z 10.50%0.69 46.801+4.86 metacentric
w 4.491+0.76 46.42+3.12 metacentric

'Relative length: (the length of each chromosome / total length of
macrochromosomes) x 100

2Centromeric index: (the length of p-arm / the length of p+q arm) x 100
3chromosome nomenclature: C.l. 50.0-37.5%: metacentric chromosome,
37.5-25.0%: submetacentric chromosome, 25.0-0%: acrocentric chromosome
(Levan et al., 1964)

- 32 -

o
=
00
re
0
lo
30
010
30
P
>
=
e
o
oy
1

N2EXN: 2RNERAEE JY



(Q)9[ewWwa) pue (e)afeur JYIOYd Jo speolds aseydejlow pue sodfjoArey [enued gz “814

VL=
[ 4 \4
B = [ ] ow
e - .
]
f\m
M F4 L ] I3
J“ vy eow
s [ [ 4 Zz
oo n U |

(D

(®)

- 33 -



A3d 7 gAY 2GR

1. G-banding ¥4

&A% EXAAY LFE A& G-bandinge °l&T A
o] EXAAE TR 2} WA old T 71E YA HHE F
I ged 2o HHe ML NS v Fig. 3% #2 2 94
A E QBAHol UE WHEHL EFH bandYFE HFTHE 42
AR}

O ZE&EY]

Bo PHEe G-band¥FE L7l HAMAE HITF WS E=
x27] wijolz REe JAM =Y FERE A 1243 FE &4 A
Z AA ol & &
®@ Trypsin &

Tatg &glo]= & 0.1% trypsin solutionel 30~50% A 23}

4

PBS solution®l 2% A X rinsing ¥ tt.
@ 49y R #A

Mg F ARAZ &eto]l=& 10% Giemsa staining solution®ll
387+ QA3 distilled waterZ rinsing ¥ 73 #rt.

FMqAe EAUAAE YeEgle o banding®d F
G-bandinge 228 M Ael trypsinoltt uread 2 @A ENE
A28 MAYP F Giemsad YL 22 A YAHE bandFFL2A
ol zZ} IMAE TFAsT Ye EAHA DNASH histone R
non-histone protein®] Ao wzt B3 Yol g2 wEHAE AH

o]t} (Comings, 1978; Harrison %, 1981; Burkholder$} Duczek,
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1980). WetA ZF FHAE 7] R/ band¥AE YA Ha o
g ol&% AT dMA AAHES EE AN A4(deletion),
A} (translocation), 9 ¥ (inversion)s} Z& F23 ol Y4& =}
obeted FL 7IYoE YEHD EF A4 FF EE ANALY /KA
M BAeo] v thEd me o]g ol&¥ #FHFH HEA(genetic
marker)9] BAolx @& 3&& 3txn Ao

2 dFoME e8RS Q4T wIFHez FE FE 94
Aol sty GTG-banding® € A== 24 Fig. 33 2L 2 ¢
AAE daAe]l e BHIT 5HH bandddE& ATFHo= @
g & AN # AL G-band¥d2 8719 WY AMAMAM 4
A QA=A 2zt FFIMAT F33n AW bandFdS
vetzz i gAaxe] AEg B &oldA o =
p-arm3 g-arm® FEE FH3A AR & Axe ¥ 2 A9
25 s¥iAle A=A F(q-arm)F D (p-arm)e] Aol A
FAFSEAI®E p-arme] TEEHAE WA ¥AHE FRT light-bandst
Ae ¥ g-arme LEE o= #FL AL dark-bandZt ¥4 €.

Fig. 3ol AHAI¢ AP FYA S G-band¥F& &3 2(1987)
7t AAR Z FF3E d¥E9MAY G-band EFERAE=Y
Fechheimer(1990)7} A Al ¢ #e] G-band¥d 3 A2 YA HE land
marker& WElHZ Ut 2y Z BnEY MG Fx=
¥ bandsE ©hie el Relm e HE ole &
GTG-banding2 Z2M & K EHE F7149 249713 ol w&
O SE5 S AT dER] mEelt wEka 2 AT
A= GTG-bandingel 2% zZ, W& X33 842 dlydMa)oja

Z¥d€ bandFE BN A7 H 61/MA Ho 124707Hx] ol §-
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Fig. 3. Partial G-banded karyotype and metaphase spread of
chick

- 36 -

NEEX: SENHNERESE J|Y

o
=)
0K
o
40
10
30
0f0
10

P -y

O
o
it



2 Wol® JEich 2 EE Bo PUR FAH Ex FHE
A FAAe Bewge AMAE B AASE © B band¥
& FE8n, £ 458 JHAEL SEAEI AL TR 57|
57} Holof ¥ Roz Almdd

2. C-banding ¥4

M A4 heterochromatin site2] <UXEF 3 C-banding
acid, alkali, hot salt®] X Z2M GNHE FA 3= euchromating
Agoz xoln 4t S Z heterochromatin site® I3t 7]
2°ltt. |l AolAM C-bandingel e 2 F(1990)°] °l H¥
Y& Bug v d3, Sohn(1990)0] A &AL wFg o] AdAME o]
o e FEE AAMNE v Aok gEtM £ APAME AF FFD
@ Ade EAZA o] &3] HF HZFHe C-banding'EE =23}
71 1%t oS3 e AYE WHE A=IEE v Fig 4ell4¢
22 B2t AHdE AH%E 28 F AR
@ HCI A&

0.2N HCI2A 30& 5083 &8 g
@ Ba(OH)8l # 2]

5% barium hydroxideZ 4-8telA 108 ~2083F Az F
deionized distilled water2 A 38| A
@ 2XSSCe A

2XSSCE o2 60CTHNA of 14T M F A
@ 494

2% Giemsa solution2 2 20%3F ¥4
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g}o]l o] constitutive heterochromatin®] ¥/4& Stefost
Arrighi(1971)7} A&2=2 A A|§ vl C-banding® BMozxy WY
Aol At B 2FFMA TN Kol EASA, WRE
9 TRHEEFE g2 dY¥IMAdE e A2 eI (Stock
=, 1974; Wang3} Shoffner, 1974). WA o] HISE g4e
Wooster $(1977)€ WP QA= C-band ¥ 7} YEtIdT 3
3, Pollock® Fechheimer(1981)% W8 dM A& EX#3le 2 4
A o] AAAM FAAS TeF o heterochromatinel St st
AR ClBo] o &@WEC FFE o7t Avtn BasAo. TE
z} QAW heterochromatin®] ¥& A YL =Hn AAT F
o] ma} ole] Y AL ol AT AN

2 dFA YeEld C-band9] F4e tif-&e] B IAA
U 29st dERoA LIS, FFP T AL, Yot
7} wRRR M E b, AR AT AYALANE obF THE banding¥
Ae Jelyls 038 d4e Rolm ot ol heterochromating
W4 e 2 DNAS denaturation® F&HE %ol &7l o

RNozZ gz=E G Z GaA TR W IMA A

il

i

—

7l &
Zxzo) A 100%2] C-bandE e, 1, 2, 3, 48 R 5
JaAe] FAAREAL YERAME S@N= Xol= Aot
Ry FEAHQA bandIFe BATH FE HPIHAA U
heterochromatin®] Aca F& z+ FAA9] 12~19%F = X33
3, olgtre AI}E e genome’t highly repetitive DNA #3F3%

Aol 22 AHE YEhAG

fdr

z
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Fig. 4. Partial C-banded karyotype and metaphase spread of
chick
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NEEH: 2EUNE

3. Q-banding ¥4

Caspersson$(1968)¢] #2222 quinacrine mustard& ©]&3%
Q-banding®¥®¥ & £70% vl ol ¥F 9P dolA fluorescence
brightness®] intensity®] x}eolol] 28] ABA == bandgatelr). o g
® 29X e AN UHEY Fo2 gA o8 F U: F
dE& Aoy FFIS8(quinacrin)EL FFH FAo] olymz UdH
NZE Fole 3ol gleiAdale Ealdel Utk Q-bandinge]
71zt 9A €989 A= @oy yeld ZAe] 0o bright band® ¢}
AT-rich site o]3, ¥ dark® ¥+ GC-rich sited €& E13lm
oo JelvE A= A9 G-banding¥43 5 st

ol Z27/vial f EYuiFoaRE dojW F4A HEA
Q-bandinge WA 50m<) 0.5% quinacrine dihydrochloride
solution® 2 Aol 5~108F FMA7|1, salinee.2 FAH A
¥ coverslip®2 mountingAl k. FFAGF3lMY HAHL
400-440nm T 9] filter& ©l§-3tx JElG 4L Z vz AW &
BT = B3I B AN Ao & g2 Q-banding P
4 Fig. 5¢¢ Zt. Fig 59149 2ol & 49 Q-band ¥FL
7ol iREe AYIYAANA Y- brighte} dark band7t YeEbY
o Adew YIMqAe] A9 HAJ} bright A4S el dc) ol
band ¥&< 7I€ GTG-band ¥4 A UdX=Hz: ez A%
A AXY zZ+ G4 F2A oY FFE HAosted 4A
HEY 5 e 7i1dez AZEo 28y Q-bandingd] Z ¢ 9%
249 Lol YA HYA wet JF BE0] Eibedn & AU
BEE viA k3l o] Ut
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Fig. 5. Q-banded metaphase spreads of chick
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4. High Resolution Banding ¥4

7}. High Resolution Banding
AEEE A7 £ 27157 dH dMAE LdAHeR F
EgezA B BE bandd ¥ FLF WY 4o 7t R
ol& 713t Yunis(1976)7F olo i@ W& Moz Lty
894 Y (high-resolution banding)elgl A3l nEIEA
WY ME uiGA] ZE AMXE-L synchronizeAl 7 mitotic index 2]
EEE F7MA 713, =3 dMAIe 42 A3 ez g AA {7
Al7le AezA RE AXe EF 4JHE 7] F S phaseZ A
AlZl ¥ thymidine-rich medium-& #H7}ste o] HAE|&E ZEF9E ¥
colcemid & WFAF JAEZ S @ AY FA3td YA EC] 5
3}l Al prophase ¥ 2 prometaphase’} HEE FE3t= Zolt} o]y
g WY ol83te2 A 7I& GTG-banding® e v 2E $ g1 A
E2 FAETE Y EYo] stestdzied 53] AMEe dMAH A7

A

o golME oi¢ BEAsL HIHoz gEHT UE slEold
H & A g AFEZA L in situ hybridizationg ©] & &
AAA Fo] FHAe] AN FIE AY ATFEC] Vol A=EHT Sl
ul(Shaw et al, 1990), 7|1& A F2 YY2LZAE o]
ek B AR A olzlgol Wk wetA ZtFgFHol ddM=

Bo} F837 @ bandd Y€ 4 A+E high-resolution banding

rir

e sigo] FRAEF AA2A B ATFdAE ol i 7IEAH A

%g AW v Fig. 67 e 434 2AE 22¢ & AN
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Fig. 6. Partial HR-banded karyotype and metaphase spread
from chick blood culture
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U Y gAA FEARE YT HR-banding”Z1¥ 9] &¥

Hz BARAGH 2Ee I&£F Lo Yo HAEH Ad
A 5 29 94X FHEoY dF A=e EH M A=
z=d AL A8 7)1 9494 e dyece 459 Jidd 3™
3 AEFHEE 7€ g 8a7sn Utk 21E oA el @&
band¥dL F7] e dNANE F=dd ST o A
9] $Ho2 A3ty FuHoz Fr] WE 22 ¥A 2L band
7 28%9. g 2 gHAE AdfH2E K EE 5 AHE =2
t} ¥& bande BEE JIWE 5 U3, Bk AU F4AY 24
€ FP8 F & Holo,

18R d4As ERFYS 28y gL ¥ I4A
(microchromosome)E2 TA Sl 3, Aoz F7|de I
AEo] @7 WE HYF 4o o] Bu. F3) & A} 2
e 283 dMAREe Y AAY F& AddAME 7€ 944 &
g ez Azd F/ Bode v 21 YT d4A9 BE
o] 2FHoiZ, Hel Aol A EEdyoeze AL HHE
FAEY HHolAE £ AT oA & Wiy FTINEE
AAT F M9 EEE 93 Ut GEA [AEFZE FHA7
9] fES HAF FU4Y JAZt MM HHE DA R
2 2 AFdME AXZELES AA g9 &FE& HASE
etidium bromideE ©]&3te He WYEFT WY R 7|2 5H
Mz AL B i MLstd o9 A#RE AAsi z 7
c}.
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1) YPHXE o] &3 HR-banding 714

T €2 A= FAAGES At AU 2o A&/ FUE
o] 5o] Myslojor Fitd. ol AA FHozRE FYANEE
= EAFS g2 ddo HAEFH o] SAstes FHHAL Y
g WHezME B oeigo] At WA & ATFeAE ficoll
< ol&d o YWIATY BYWUE ML olg ol & FMM &
HE FPTeEA H4F3HY A48 =& 3 vl Aok W AXH
A 5 B A2 FHoIY ¥ A= E8H G4 A
o 29 AHE #8 71E dM4A &2 YRHEGE 953 Al
AP AXFATEY 7]€E 878 UEe B & dFodAMe B
2 FMAES UdN¥e= H=¥ 4 AE  High-Resolution
banding®¥-& A&l H4FTH dAE &3P @el FQud
€ ©]& % HR-banding®] &3 AMal¥y& &3 2o},
@ Bloodel ¥ 5% COz, 37T 72A13t W]
@ Cell synchronize: MTX A&, 17A13F A wj <k
@ Rinsing : medium2.2 33 o|% rinsing
@ A v} & : thymidine®df wWiFHd o2 6A1F Au)<F
® %714 Al harvest 3t7] 10~15% A colcemid 7}
® AFAE, A
@ B2AZ : 1A MEHYE slidedol] 5~64& A3}
Air drying
®@ G-banding

High-Resolution bandingol@ MEEI A7l F 7

(prophase) &-& Z7]%7|(prometaphase)dEl2] EH4E AAH o
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2 Fx3l9 ol dAMERE vHEue bandFHE E43te A
o2 Ayt Fr7l4o] vlsl Y53 B bandFe AN A o
A Tz FA7A £ 7bsstA @k @A ficoll M F 9
g7 viPEPe o]4% HAel HR-bandingZHRE L7 A3y
Table 33 Zo] MTX ¥ EtBr& Mg A3} HMEEQ F71sts
EE 2748 449 =SS A3 Y F ANULH oJF F
MTXH 2 ¥ thymidine® colcemide] g wWgel 73 $¥3d 2
& Jdetldch Fig. 70X & B4y o) vebd 9y $4
7} Yyt GTG-bandingol] 98] et A F4E Hla A A
t}. =3 Table 49l & YWt GTG-banddllA EA43te F714 i
HR-banding $¥E%E FEE A7 & AF7I49 4dHd 2
olulE UEhd Ro2 54e FIMAE] A AYl £E AF7
Aol Ywr Fr|Ade] AHolol uls HF 25WAE AN FFE BAUTH

Table 5941+ High-Resolution bandingol] 9% 2] Z A 243A)

o)

g ¥Ee 5% dIIMNAEN Y band EFLFEE AN

ofi

olt}. High-Resolution banding®l] 2% A Ade] &Hbandst

4a

15097124 #3833 GTG -bandingol 2% 80702 bandX o}

2]

2 709971} 2 band F4E RIZ, £EF 2 FHAEA U

7] e AF 71440 ARt Fr1446 vlsh AdiF ZHolrt I A
42 ®r} & bandF9 X0l&E Boln, HF 28 P E bandF A
°]& YEAH.
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Table 3. Effect of high resolution culture treatments on the
number of chick lymphocyte cells progressed into prophase
and metaphase

Treatments  Samples Prophase Metaphase Total

MTX-Thymidine

. 58 5.43+0.59(22.0%)° 19.24+1.56(78.0%)° 24.67+1.72(100%)
-Colcemid

EtBR-Colcemid 48 250+047(19.6%)°  10.25+0.66(80.4%)° 1275+0.79(100%)

Colcemid 59 127+£023(1.5%)°  85.98+7.85(98.4%)" 87.41+7.80(100%)

There are significant differences among the means with the different
superscripts in a column(p<0.001). Values are mean =¥ standard error

Table 4. Comparison of the lcngth of macrochromosomes on
metaphase and prophase

Chromosome

number Metaphase Prophase
Samples 20 20
1 100 285.8
2 100 2727
3 100 2523
4 100 2433
5 100 260.4
Z 100 2208
Mean 100 2559

Values are expressed as 100% in each metaphase chromosomes
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Table 5. Comparison of the number of bands at metaphase
and prophase

Chromosome

e Metaphase Prophase

Samples 20 10
1 2140 £ 079 4390 + 282°
2 1670 + 0.90° 3340 + 268°
3 1340 * 0.68° 2240 + 1.34°
4 10.10 + 0.49° 1870 = 1.19°
5 7.40 * 032° 1350 + 1,04°
z 10.00 + 054 1700 £ 1.03°

Mean 79.00 + 457° 1489 + 10,10°

There is significant difference between means with the different superscripts in
a row (p<0.001). Values are meanz=tstandard error

2) #3 & o]&3 HR-banding 714

FARAT] 27)viAE o] & A FEWRS 38 T
€ 375°C9 BF7|A 44410 viGd F 71F 22 0.1me ethidium
bromide(10ug/me) S YA A1+ 23t ohA] 0.1mé colchicine(0.196)
e Mg AT £FL wFFE F uxRE JIE FHUY
RPMI medium©. £ rinsing3l newborn calf serum3} 0.3% sodium
citrate® 1:322 34 g Aol AFHe o

A48 MHEEL ice cold fixative solution(3:1=methanol:
acetic acid)22 TA A7 28 AEZ ¥rE AHYPJ}, nH X
MEAEZ slided Az T GTG-banding g #13tH 0.1%6 trypsin
| ol A3t 4% Giemsa EHJo2 FNI.
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Table 691 E ©l& o83 HH ¥ =g 27 HA3lH
ethidium bromide®} colchicine?] g A|Ztell wat 6 AHF2 vl
Ayt Aol & 2z slided A7 2 F7149 S48 A
Alstdch. ¥4 Z3}  ethidium bromide®] Arst DY U
colchicine?te] jgjel wls] WHF3 BL HA7EEe HEIAD
(P<0.001), ethidium bromide®] X2 WM X ethidium bromide%t
a3 AYPTFEHE ethidium bromide$} colchicined &4 &
Aol A7l B F714 dMA U= A% w43, FAAY
Pejol FEXFEHE Bt FI33A dERT dubd ez AEXZEE
AU AF:719 B3 7he A 2ENE7E ol d FAA 9
2gn BEIXFgol A, FAJL ol&F 2A% HFx9
ethidium bromidex 2] ¢} ©]F 1AIXFAHE9] colchicined A IFo=
N A A B 2ANEYS ¥ 3 FEHe dN4AE
Y5 £ At ola8Fd nsid AAE AXZEE T3 FAA
of ul3] FAAe Rol: Z FAMAlA 1.7uNA 20MA=E o ZH
e, AA PNPFINAS] bandsE Table 7oA} o] 2¥iAHE
o ®Wol BAHAUTH MEELY GEANM FNA F5& o A
A71¥ ethidium bromide& el Z7]ulAle] o] &Fo2A 7|& F
ABE o]l &% FMA EEr|gol it Hoh e mde] I4
A4e Y5 & AN, 483 o= glez FY A
EES % NMa rigez Algdd.

FH A7 R F7) A 24 dPAARY FdH HolE
Ul EA§ v} Table 83 o] 391 ¥ Z JYANA h3be A
o] Holm oy, THA AFAME olETY el Y= He
2 velgch ge dygdaAe oig Ayl R F71ES Ay A
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olg} FUA XFE A o] =43t Fig. 89 ¥l AlA|
st ot

olde] AAEL FEst HR-banding”|'del o3 F=€d &
o A7 R F7IYEHY HYFHAE HE EFE G-band RAHEE
Fig. 99} zt}.

Table 6. Effect of the treatments of ethidium bromide and
colchicine on the number of chick embryonic cells
progressed into prophase and metaphase in a slide

Duration of

exposure Prophase Metaphase Total
EtBr Colchicine

2 hours 30min 524 + 035%3.2) 15663 * 16.90°96.8) 161.87 * 17.04(100)

25 hours  30min 536 * 052%(2.1) 24460 * 29.37°97.9) 249.97 * 29.52°°(100)
2 hours 60min 533 * 0.64%(1.8) 297.72 * 3224%98.2) 303.05 = 32.24%(100)
25 hours 60min 692 * 0.86%4.3) 15557 + 13.93°95.7) 16249 * 14.03%100)
2 hours - 562 *+ 1.00°%36) 15254 = 1528%(96.4) 158.16 £ 15.52°(100)

- Shours 253 + 033%(1.8) 20479 * 20.70°(98.8) 207.32 * 20.85(100)

There are significant differences among the means with the different
superscripts in a column (P<0.001). Values are meanXstandard error.
Brackets are the induction rates of cells to total number(%). Treatments were
0.1m¢ of 0.1% colchicine injection after 0.1mf of ethidium bromide(10ug/m?)
adminstration.
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Table 7. Comparison of the number of GTG-bands on

prophase
harvested from chick embryonic culture

and metaphase

macrochromosomes which

Chromosome number Prophase Metaphase
n 2i 31
1 4276° £ 145 236" £ 0.72
2 31.48" £ 1.14 1823° + 0.59
3 23.14° + 087 1368° * 0.56
4 18.00" + 0.74 11.10° + 043
5 13.48° * 057 7.68° + 0.29
z 16.90* £ 061 10.42° £ 0.33
There are significant differences among the means with the different
superscripts in a row (P<0.002). Values are mean=standard error
Table 8. Comparison of prophase and metaphase chick

macrochromosomes on relative length and cetromeric index

Chromosome number

Relative length

Centromeric index

Prophase Metaphase Prophase Metaphase
n 34 30 34 30
1 287+02 282103 349+0.5 40106
2 21503 21.2+0.3 323106 35.6%0.5
3 169%0.2° 16.2+0.2° 0 0
4 13.5+0.2 132£03 234106 22807
5 85x0.2 9.0x0.2 0 0
P4 11.0£03 12.4+0.4° 462104 471205

There are significant

differences among

the means with the different

superscripts in a row (P<0.03). Values are mean *standard error
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NE2EEXN: EMNMER

A4A Az GMA Wol =A R FAY
A 79

1. ¥ 9449 93 ¢ viw 23

2 d3g 93l 1adzel #xrE WA 344 F(White
Cornish), 25 o} d= # =%(Rhode Island Red), MefA R 2F
Aol g FFE 944 Wo] A P 5 FEEES ¥
BA357] 98t olE I EFol i@ o3 G A A (macrochromo
-somes)Eol w3 A Hol(relative length)e} FAA Al
(centromeric index)E-& ¥4stgich A4dia Zeolgt & ol U
Z, W A4 948 I 770 dy gy A T A&l
AR stE A Hole ¥ E UdEHe Hez2 FFE AN 94
e el FAS BHHPes vin BEAHE £ Uk Table 9o )
Ag vig}p ol IUHF, 2=F, A R LITADC RFIAA
o] AlA Zole 1W dMAY A R=Fol v D BFE EA
o, 39 JAAe B 2=FH IV, AHAS LI ARl ol
FANS A etk &8 A AN F Z daAE AAAN
Eol¥oz AL YAE Holm, Wo F¢ REFo] FdH oz &
Exzo) vs) e AL BT a3 B ¥4 A FF33T I
el AA Aolo thatd FTAAH FJH Aol e Rez UE
T}

Table 109 e zt E5E Iy A ] FdA AFE HEH
Roz z} M FUA X =& PAH FA S AAI}E R
olth, EEte] Yol S YA AFol oF FelFH Aol A= H
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2 Jelusn, 8 EAxd g 13 A 713 1 metacentric
chromosome©] i, 29 & 1 t& 37|90 submetacentric, 3¥ % 5%
€ A9 p-armel §1¥ acrocentric chromosome©]®], 4¥1& v
p-arm®] $lE acrocentric chromosomec|$ith. €8 4 FAAA Z,
wWe Aol A el Zolst ¥l ¥ metacentric chromosome2

2 veso
o) el AF}EL F sl Fig. 1001ME FFL B F4A

o hH =Zrle =5t Hl@ AASAT
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Table 91‘. The relative lengths of macrochromosomes in

several chick breeds
Chrg;n:}zzrres W. Cornish R I Red Koregr;li c;l(ative Kor. l\g::\é: Ogo!
1 26.69 + 2.87 2806 * 1.88 27177 £ 245 2642 + 122
2 2034 = 2.16 2075 £ 111 2110 £ 144 19.94 + 096
3 1461 * 113 1490 * 075 1528 + 154 15.23 £ 0.65
4 1200 £ .16 1264 £ 167 1236 + 0.78 12.11 * 062
5 846 = 0.87 7.77 = 064 7.76 £ 075 801 + 1,24
Z 13.10 £ 362 1200 * 0.92 1174 £ 119 1323 £ 126
w 516 * 107 476 * 097 507 £ 0.99 525 * 0.72

There are no significant differences

(p>0.05)

among breeds

in each chromosome

Table lq'. The centromeric index of macrochromosomes in

several chick breeds
Chromosomes Aorean Kor. Native  Nomencla
number W. Cornish A. I. Red Nal‘ive Ogol Chick  —ture
Chick

1 3868+1.66 3776185 38.62+192 39.491207 metacentric
2 34.51+231 3423+201 34441232 34121201 submetacetric
3 0 0 0 0 acrocentric
4 2310241 21521276 21.26%2.11 21491288 acrocentric
5 0 0 0 0 acrocentric
Z 46711222 4690+237 4777175 47451191 metacentric
W 47281231 4798+278 47.12+t292 47331277 metacentric

There are no significant differences among breeds in each chromosome

(p>0.05)

ANE2EXN SXNMERESH
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2. 3FT AAA oS AP AL AuTY

o AMAle W] FA4E nAFEI A Z FFE AARAH
A A ol WEE EMIAT A ol Fue ¥4
Z F3d FAYEY 27HIAE o83ty 58] WP AG A o
MAe] Fsa, B A3 AX dEUR] e 4 FHTL
2 EFsten, AEe AT Fride] e RS Z7)viate] A}
Yo2 FRIIUC ol dig FFE 4 AI}E Table 113 2
=3

2 B4 FAE £BTL F 539MEA o]F Z7ulzte] A}
Fol F FAIY T 109%& AAAsm, FF Lol A Cornish, =
A, 27, R. I. Red®] €22 Z7] uizte] AlgEo] skl AH)
= Y 7Hed F 480709 £3Y F 3l 24274, 4ol 23874
2 A9 1119 A€ velid oy AFel thie) xeo]lE xHolm
AT 2 FE 27AA A A oldNI=E MA BAZR F
56%< €8 WEE Holn o8 F K&A 71%2 M A
Elxtoen A@AZ 3.7% 2 71 @A GEsth

°olE Z+ F¥ FMAolde He 3 HlEx Table 129 2}
ol e E¥AMAFANNAM 4 FE=z MY B Ly HNEE Hole
heteroploidy 2] %< haploid(n)¢} haploid-diploid mosaic(n/2n)2.
A oy #F 480718 M T F 29%9 £d& JEum, 2779
YAl F 52%4 AAIBATE M aneuploid mosaice] 8719
2L olE X F7} monosomy-diploid mosaic (2n-1/2n)2 22y o]

o 28 NE A 7 EFER ole A JdeErwo
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Table 11. Chromosome analysis from early chick embryos

Kor. Native Kor. Native

B ish A Total
Analyze W. Cornis R. I. Red Chick Ogol Chick ola
el gomber 130 173 101 135 539
of eggs
Early death 18(13.8%) 12(6.9%) 13(12.9%) 16(11.9%) 59(10.9%)
Egos 12 161 88 19 480
analyzed
Sex ratio 1.24 1.15 0.73 0.92 1.02
Male 62 86 37 57 242
Female 50 75 51 62 238
Number of
chromosomal 8(7.1%) 6(3.7%) 6(6.8%) 7(5.9%) 27(5.6%)
aberration

Table 12. The frequencies and types of chromosomal

aberration in several chick breeds

Kor. Native  Kor. Native

K . i L T
aryotypes W. Cornish R. I. Red Chick Ogol Chick otal

Total number

112 161 88 119 480
of embryos
Haploid(n) 0 0 1 1 2
n/2n mosaic 6 3 1 2 12
3n 0 1(ZZW) 0 0 1
2nt1 0 1 1 1 3
+
2n I/?n , ’ 3 5 8
maosaic
3n+i 1 0 0 0 1
T
i 8 6 6 7 27
abnormals
- 60 -
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A5 A wAR) B2Add A= AP A
=7 Y3 FISH/ B & 294 s 2
2

1.. FISH(Fluorescence in situ hybridization) =331 &g

FISH7I¥ & °] 8% MM fdAte] 8a1d A= AL 3
I A ol Wi =1 YL human specific probe #13/21-8 o] &
3l AT YoM Fded WHoz FYPson, £F Hol U
A& 53 probefl®]l counter staining?t-g ©]-&3te] = H YL A
=3t

57 genedl FHAF THEE AT urEA T FISH 7]1+3
zRo2M A2 8UAE°] FEie Aoz vENT $M A &
AAre] labelingo] &9 3tA o] Foixoft & Aoln, FE o2 AlE
g A FANEGES Fdol ws FEItAer Foh sl
denaturation®] HA =z} FFHEr[F L ALY HE BL JFg ¢
T Aoz vend.

2 AYe 2AFHE A3 humang 1393 21 EA probe
g o]§3ld dojzxl HAE Figlizh 2l & Fig. 1194 YEehd
vhet o] 13 A IMqAed 211 FFIAAHY  satellite 9 ol
fluorescene®] 2d Y-S AANY + Ak U H A= 5H
probe?] A 2]8l°] counter stain® 2 PI$} DAPIE o]|& 3l Az
=&%¢ vl Fig. 123 & S 4& + AA
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2. FISHZI1¥9 e|& 2233 A= A

o] M 7} A 2] in situ hybridization technique2 F2&
radioisotopes & ©]-83} label¥ A]7]3, autoradiography® S 2
At 22ly HZ nonradioactive label -2 71¥3} in situ
hybridizationol] §-83%A Hol ol F FJFEAEL £H9 ol ¥d
€ AXSt= WY 22 FISH (Fluorescence in situ Hybridization)o]
g $yel A=z ek oldd Wy F =ZA 33 Y(direct
method)®t ZHH ¥ (indirect method)el A+=dWl PP detectable
molecule(reporter)-& nucleic acid probecll 2% Eo hybrid*l 7| B2
target nucleic acid®} hybridization3ls @n|7d oz & ulz A=A &
4 Ave HYer A7 stYt probe-reporter bond7F €A @
32 sbs4dsel @aol Atk WY WYL reporter moleculed
%t probe’} BEH o HE HAFHoR MX3EE A 9
3 WwHPIIE=E 3 WY o2 hybridization A F 4 Aol AL
¥t olyet hybride] 4AEE 7HAHE 5 e FH Aoy AL
A 2 7l€d WAL Aok °]E F hapten modificatione] ‘g
2=l =Y}l biotin-streptavidin system3} digoxigenin-system
o] 7} B ¥ H et

2 d7e gl Ae FEFAAY 2 A= FAHE Ao
FISH 71 & ©]83ld §F FAA FAAY Td A4S 43R
312+ #e] W-specific probeE FA13le] o]o] ¥gud G4 n
3t .

7}. &9 W-specific repetitive seqeunced] A3 FZ

2] W-specific repetitive seqeunce= Xho I family2] ¢33 &
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Fig. 11. Metaphase spreads of human by use of FISH techniques
with 13 & 21 specific probe
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53] DNAFEA e He 4 Zd& 7I53A &4 A sequence
o]t}(Tone %, 1982). Xho I family= e DNAE AFHEA Xho I
o2 HadIE W GRS F¢ EojH2Z 0.6kbet 1l.1kb =719
@@o] YeldE o] AR I JFrIMES AR AR 21719
F71M ol 43 REE-s o] JElE 717bpe] @¥OlUE=H ol W
QM) el 14,0008 wHEFHo EAdte Re2 YEFSHH(Kodama
T, 1987). @A B dFdAMe He W R grI4d & ol &3ty
FISH 71¥ 9] U= & #3371 ¥ 222 PCR primer& 2433}
o ®e Xho I family 0.7kb¥-H& FE3t] o1& FF HEsle
4E& M= H.

PCR primers 499} 5-acc tgt ctc cca aaa att ctg c-3'° &
31919 5'-tgg ggt gaa atg ggg ttg-3' & P71 EE 7HA0 348bp
3719 GHE FEY 5 UA nAHAG. FTIFE YHL 2%
agarose gelA 7|9 TS T3 ¥ F, ¢S L3 E gel #HE
@3l GeneClean kit(Biol0l, Co., Ltd)& F3 ABA§ F Nick

translation % el 23 DIG-labellingg A A8}t

1}, DIG-labelling

labelling®}y 22X =A random primed labelling®} nick
translation®¥ o] ¢1+&=06l random labelling®] 73 % template DNAZ}
linearized & denatured = ©]¢F 3}iL, annealed primer®] 3'-OH 4t
oz 8El A F). Probeel size’l 100-800bp, input DNAZ}
10ng-3ug¥ W nonradioactively labelled DNA< 350-600nge]v}. wh
2}M nucleotide®] incorporation$-©] &1, labelled probee] %4o] ®

7] o &9l blot applicatione 93l A sttt WA nick translation
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9] 7% DNA template’} supercoiled £ linear 25 RET A
2 4 DNase 122 DNAE nicking® ¥ DNA polymerase I°] 5
‘30 2 extenddt] nicke Fl$w #olZ nucleotidel labelled¥
DNAZ tx]5}= ¥ o 2 reaction? kinetics® 30-60% Fo| 3
=93} 11, reaction¥ probe?] size’} 200-500bpe] 3L, input DNAZ}
100ng-3ug ™ nonradioactively labelled DNA+E ¢F 200ngeoltt.
Wy 2% labelled fragment®] Z ool wet w9 flexibled}t. Nick
translation®] 7 $- fragment length® A& DNase ¥x9 I =
A 7}53t3, labelling ¥8°] ol B9 ol9 ZAHL sonication E=
= DNase 824 7}%53tctt. £ DNAET nick translationell &%k
Wl © 2 abelling ¥ RO 2 14g(150ng/ul) template DNAE 1644
ZApol] 3 A3skxn, 448 DIG-Nick Translation Mix.(BM)¢} &%
% 15C& 90#zt wi¥d o2 1ut 0.5M EDTA(pH 8.0)€ #H7tstA

65°C2 10%3t 713t wg FAAAH.

t}. FISH(Fluorescence in situ Hybridization)
© B2 &4

o] 272 RE 7 Fride] A BEE €¥ol=E
506 RNase A(100mg/m¢)7} &-Fd 50m¢ 2XSSC-E ol A3
37Co A 3083 wigstm FAEHTE ©]F ethanol 80%, 90%,
100% % 2. 2 dehydration3} S ot
@ Hybridization

134 formamide(65% final conc.), 5u¢ 4Xhybridization
solution(4 X hybridization solu : 8XSSC; dextran sulphate

40%(W/V); DNA, MBB grade, 4mg/ml) ¥ probe 2x4& /¢
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hybridization solution(201£)& slidetoll 713 F coverslipe 2 ¥
I 72C2 10&3t denaturationA] Z1th. ©} ¥ slide® moist chamber
2 &7|1, 37C& 15A| %t hybridization4] 21},
® Post-hybridization washes

non-specifically hybridization sequence® AA37] 93t
slide® 50% formamide’l ¥ 1XSSCEgeolA 43C= 15&3F
FA3t ttA] 60ColA 0.1XSSCHEPoz SEIF 33 2 FAMAI
=3
@ Immunocytochemistry

Blocking€ 93l slideg 303+ 37ColA 1% blocking
reagent’t 8 50m¢ PBSel @Tt}h o|F detectionWH Lo R o)l E
2 30%7F 37Col A 5048 anti-digoxigenin-flurophore conjugate(200
we/m)E % 7] PBSE Ao F7n AL vk slides 0.2%
Tween 20 7§ 2xSSCE&Hoz2 1024 33 FAlgt.
® Count-staining

W AGAE 3t ¥ slidesE YAolA 548 propidium
iodide solution (Img/m¢)& X %3 PBSE Aoz 587 3], o
¥ 2-33) 2&A4,E FA33Z dadAM air dryAl o
® Mounting and observation

coverslip(24 X 24dmm)%3 20uf anti-fading solution (DABCO;
triethylenediamine), 2%(W/V) in 50% glycero/PBS)& Wojx gl
nail polish& WX 3ty PYFFAde] WAL 523nm for fluorescein

(WIB, Olympus AX-70) filter24 7733t
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ANE2EXM:  2XNHER

2}. Chick W-specific probe2] @& ¥4 =9 4
Fig. 13 Z7|wixt2%& &€ e F7]4e ¥ FISH
AxE AASEI, Fig. 145<L volAlxe] r|del W
W-specific probe®] FISHY¥4& uYeEtd ZHojth & FAAPeo=rH
chick W-specific probet W g A2 pl-ql sited] L& F&&
geluilzm, A9l ¢R A e 53 AExe R AddME &
probeg] 233 $F& Bt ol2F FAFEL  W-specific repetitive
sequence®] AL YFUn, £} £ probes] FEIF && 7t
A& AMALES A
& oA heterod A FMAE AL Hez FAY B
ZW, #RL zz2 FAHUT. ' B =AFA o HEe
Stoz Ao Erlssled AE ZEAbd o AHE7] EER Tl
9]% zhdo]l HHsEool Atk 2y A K wEH} ¢ E
VKA AL o] &% AdMolyt = - ke Fo AL o187
Aol slestn oo RE FAHT Joh ey A A9
PEgg Ao ZEe JdMAe EMozAd shedlH, &3] FAHY
Aol e Adzdoly Z2)ulAte] BAA Ao AL AETFAY
2 Wy olgdE HE&yyel EAEA Fud. wEtA £ FISHS
71% & o]-8% W-specific probed] 433 BIFEFL 53] 1714
oA THL He o =AM JMA Fe QUolxE F9 HE
2 7t53kA skE AHeolrh. M W-specific repetitive DNAS] W ¢

J\m

M o] REGAL centromereE FA 22 Wpl & p2 site2FE
Wal sited]l EA3te Rez W A 49 34 A= FHAHS

A% 71z A2 AFTHT A Bk
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A1d A4

2 FoAe EAMNEIRAGEH 7IHE ol RFE&EF
o] B AF F HY dEFIAAR A= FAHL AT d7EA $
A T A F2 goE AT 483U Ve MEEA 2LEA,
Yy ag, 225, AYAFAA dF FARANE &4& AAstxm,
°lg vlgoR {HFH 2 VAE FAY F FHE Fo=z AYF
LEZAS} WY HoEF N nwlE T H av] IAIE = n
Z+ stgch ER DNA oy &EXA2 7 e HHS 98
AP-PCR71®¥ 9 2 d3 microsatellite®] B3-S HYPsln A
FrAaz 29 FA3 B 249 FHaw] FddAA e ZEAAA
FAAE HAojFAA2 FHeH(AP-PCR) $tl. DNA EX|UAL 74g o
Aol o)3te] AjefAl A GEIYE FAAQA Hol EAUAE HA
3t EE 9 A= ALY T& o83 AAA FolFHY &
Axre] GAA G HAXE Tttt TIFHoZ JiLE 8 FA
28] fAAY 24 2 {4 A= AALAE A M /FE8E 2R
12+l microsatellite® 4] ' % RAPDEAJQALE o] &3ty =€ ¥
@l o] digh A FAAPE Fstn, derd EXAAY
FAZe] FHAYE ol &3 Huu) JGHe AxFEE AEE
o 27d% mapping Z¥E AAFEZA duFHA A KA H

S8 2481 A SFATH
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A2A AT AR 2 FALA
ZUy A FRAYeEA A4 LFAKKNOC)E ddez 9
My 1 E(WL), 2=F(RIR), ZYUAICN)E X #3e 34T A
EZo dF FAAANE B24E AAsRR olE HtFeE {FAH
ZAdBAE A nA At Fig. 1565 LI A ANEHIE, =2
EotdA=d =, YUY 4FF 9 FHoll qF FHA AEE YEd
t}. Z ZFo] dis] 27412 DNAE o435 dn o€y FFAUE=
FFEg olgdly FF U 13 RFAERE FAF3AC. £ FFL
o] FHA FAE FAHE $F o)8E RE FHA ANEL =¥ v
+F & Table 139 AAstR e A bandE 2
7l mat 23t vzt FFWH FHH FALES FA U
olME zZe=oldA=H=E Fo 7MY L e BA1(0763), ZY
A1(0.732), WA e 2E(0.631), L A5z RFA Ut o]
= 4 EF U =4 Aol REEE Aoz ZEolIdAE Y=
Z3 ZUANEL 109 43t L F2e Jadez ASEHe o 23
=7t F71d ZAe2 Holn WANHIEFLS TN UET A
velskch(Hillels, 1989; Kuhnlein$, 1989, 1990). £’ 2 ZAle] F
2 Y fA3F FAIZA UM E &R 52 g YEIHEd o
B LEAN 2W AY T¢ @Y AN SAAHY FFo=2 &H
5ol §t7] fEo2 FHdAch wetA ol (g vigez o3I
Ao 1A EAQL votsdn 2E2Ae 7 A fd BAE B
= 9 PaoES o)Lt LIZAYge FHawl 2AAAAE AlZEEA
o},
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Fig. 15. DNA fingerprints of four chicken breeds generated
by Hae III and Jeffreys’ 33.6 probe. 1-2: Cornish, 3-4: WL,
5-6: RIR, 7-8: KNOC
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Table 13. Pairwise comparison of DNA fingerprints of Fig. 5
using band sharing coefficient within and between chicken

breeds
KNOC RIR WL CN
KNOC 0.563 0.394 0.374 0.398
RIR 0.763 0.464 0.416
WL 0.631 0.395
CN 0.732

A 33 AT == T AZE T Haw

qAd =4

Fig. 16 2&As WA slaEde] HudId 24& A"
MEF=E vEbA RHolu, olald WPE T8l 23 d7bx] 2004 =2
o] Flmu IS FAgstnzt b 1Ad=e muje WY HIE
g4 2zt 259 LEA F & 259 859 EIYGEE ol &IHA FF
el B 29 43 QA ol AFAZ 804TiH Y 14
) FEL AP ol EE A ds AFFAHLE TH H
& AAsgch 1xd S0 PA" 1d 2Fo 4RI fyA
A #Re muisle) F1 RFFUol EAses 2218 Sol #FAx
Fz7t Hmu 2o 119 BulgdtdA EE Rez d4
g F Aok =T 19 2FF FAL g% RAFTLE ol8E 2
ZA S HAATAL] 4RI muiste YYAJAg 2 FA Fol &
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F1 hybrid(@) WL(Q)

- an-
=y anre

carmmre
RN X

.
]
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i
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Fig. 16. Mating plan to produce a KNOC X WL backcross

population for molecular genetic linkage mapping of the
KNOC genome.
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ARTRe FHYLe BARTA HAT AN 24P 408F
g AAstel 20-285% o) 2800t § H ST Yo olEFY Y
A hel AYsted Aol o] gsUT. 2 L BA Ho) KA
Apze] el serg A% sAE 107H4 80F ol HREHAJ
o WANUA ol FAATZY RAFY dete AT Yve
AAY 54 olste] &g WA BA] wriel ofeigel ot
28y Fl 2AAY 2& 4 e Aeo] 104 WA= 6747 &
&

-~

28 4 FARAE RS FUL

Al 4 2 AP-PCR 719§ &9

o] &g olgdld FHA AEE A Al LIFA
o N YaELY HolE Yegde AFEAE FHetsto olF X
AN == o]&3+7] 3 short oligonucleotide® PCR(Polymerase
Chain Reaction) primer2 Al&3l= AP-PCR(arbitrary primed
-PCR) %%+ RAPD(Random Amplified Polymorphic DNA)71-&
g3tz sHtct. A2 ¥ oligo primerg2 siutie]  British
Columbia w32l Biotech InstitutedlA TU3RL™ Williamse
(1990)°] A A1g PCRZAH Ar|dszded 93 &% HEE #F
3tk A 100 709l random primerE 4oz L ZAIS} WA
AaEe A4 Aolg HMsPew 12749 & FF Sol F
ZE2g AT £ ANt olHF MEEL FF KA A=

e 93 o188 Roly A8 &FF 3] 54 Hefel o]8€
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A& Aolt} Fig. 172 67019 random primerE ©]-8 3l &AW 5
7HA #e FF] #A3 ¥WolE ettt 212} e primerd 2 &
AE A FE FAE Holn 7 FFEER & FAE B
Primer #037, 0389} A%t ¢ =& odFAH L JeEH #0419 7
e 571 FFNA TLY FEF FFE Holm Ao = #0429
Bgole FF Holg dEdle WEE FHolEe

2 FEAD., oldg WA oz 100789 random primero] g z} EE
H FE e BEII o

F2re] xtolE Rolyx 13709 primerE AdWsled QA Ho] EXH

ol)

F 3% @gol MY w1 F

ful

Az MEH FHA NE AL AT BAA= Aol o] &am
st o,

% PCRO| o8] 5% € 2 /Ad, E39 So) A
A7} fAAo2Z FAAA o), dEHE=A BAsr] A8 Fig 18
A2} o] Fel 7IAE ol sl BE
A dolslex HlaHoh WE a o be 27 EAAS ZAA
of Hol=Ql FE MEaA A A A&l H@E v
UE e BAY £ AT A olE MW=L BAAAS Al
Ztzt olg WA Welz EAss Rez wuHUoH RAPD 7]
ol 4FHoz BUHAANLS I

)

FE Ago] Aol A
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037 038 039 040 041 042

MNRWCKNRWCKN*R-WCK \ NRWCK NRWCK NRWCK

Fig. 17. DNA amplification profiles generated with random
primers #037, 038, 039, 040, 041, 042 on five breeds of
chickens(N: Korean Native Chicken, R: Rhode Island Red,
W: White Leghorn, C: Cornish, K: Korean Native Ogol
Chicken, M: lambda DNA digested with Hind III)

29
A YYYYYY

',nn“qqa "»._

e 14"
-~ S

Fig. 18. Segregation of polymorphic RAPD markers in a
chicken family with arbitrary primer #384.(O: offsprings of
unidentified sex, M: lambda DNA digested with EcoR I and

Hind III)
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A5 A AAF Fol FAAAY AT

FAGY BAYYoR HYdE AP-PCR7ZIYE o83ty Az
ol Bolzd AFEAHE Hodtnx FFE 9B E Holv 13749
random primer& ©°]&3te gl HojHd WEE FAIIUG
Aeg od primer® F 2708 AS MGl HolAHA W= F
Zo] 7bedlet 28y olE2 A2 F9 /HAE ol&sH AL
AxteA F71HA dFAH RSl & Ao AlRES Fig.
19 WAy aEY 2oodAcde, YA E YERGX ekx
qes 671 AT Aehgol HolHd FHAES BHAF R UATHE
AE2 FEA). o8l Py AAe o] BEAJAAESLS Ho BH
A 2 5A4E Hetste AAHY Hol4dE& DNA &AM T3

3 Ap g

1. microsatellite typing #3'%% &¥

Microsatellitet® TR/FFE B £33 YA E AlEFol 1-6bpe
NrElo] EAste A7IHYE Helz2 Alwe 4 Fd nEA AA
sl EA € 7F¥ ™ (Rassman %5, 1991). ®bE &9je] 9+E o X
olo uwtet Y A(allele)e] AAHT ¥y 7 @& 5 #HEL
o ¥R 4 zlolo] oF PR AL F= WA ok A E NIRRT
¥ & 2] microsatellites CA/TG A 99 ¥bEolxl 3y GA/TC,
CAC/GTG, GGAT/ATCC %9 wtEo] 2% ZAf= &It diF
Bo] 22L& 10,000-100,000 7§ A =9] microsatellite7} & &
Roez daslm Adev(Litest Luty, 1989), £ Z$-E 1500074

U] 9] (Steffen 5, 1993), =] A)65,000-100,00070(Wintero 5, 1992),
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ey
Ge

Fig. 19. Amplification profiles specific to Korean Native
Chicken generated with arbitrary primer 327. (M: Lambda
DNA digested with EcoR I and Hind III, K: Korea Native
Chicken, R: Rhode Island Red, W: White Leghorn, C:

Cornish)
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NEEX: =XME

%9 ZA$+ 750070 (Crojjimans &, 19932 EAjst=s RHo=
A Utk #ge A HA2Y FAH FE ATl 43 6604 M
microsatellite’} /i = o] A Aefoln A& 2 71 FrHstn
AEe A olth(Cheng, 1997). @t o] HgddE EX AAE o]
g3t 2t Ao fFHH Hol A=EE BESY FHH F=& o
g 5 Ue Aoz Alsdo 49 ALE AA ZEolY IAG B4
o] 24 olg3stx evi(Ciampolini ¥, 1995), €] AdE& A
A= HZT AF A7 225 AoH(Croijimans %, 1996).

2 ad7E ol & d¥AdE 7HAE microsatellite® o
ARRFAA A= ZAe ol g3tnx HHF BHF=AEL FH3 9
3, ¢4 FA= YyHozHE DNAE FEF3IID AHAZIGEFH UV
spectrophotometer2 DNA %€ %% 3ttt Microsatellite primer:
He fFAAANE AMHL A FaA FEAFA s dd
microsatelliteZ ] & 422 1049 primerE& A4 sl o] B3t
(Crittenden %, 1995) ©|& PCRZ 3 &3t

Fig. 202 mcw 60l disl ¥ojzl PCREZAUEELE 9%
acrylamide gel& ©]-83ld FEUL S AP Roz A)Y EE
%% 2tE-¢ Ethidium Bromideol 23] dMa ¥ TZF ZAold, (B)
9 BeE B FHLALE ol 83 X-ray filmE ZF3tA A
Aot (A A9 7+ FFd 1IMAE A&t oy FFAE
re]l A7) Aol& HEEA BRI oEEel At =E (B)
7490l WL DNAe°] tis] PCRel o] &= <o) W3l

gl

L
L

FEo miAe dFL UYE A= 10ng BEE ol &3t=
23 Re=2 yeiwcl Fig. 20004 J9 Heje] F X<

sequencing geldlA Bt AGEA 2 =Z7E =AY = A

»
o

2

ox
flo

!

e

=
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Fig. 212 ADL 1119] w3 WL 2 Z7, RIR o W3] FZAE9
A718 AR 7 e FTEIFLE BAFn Uy & FHAAES
A7l M13 DNASY @7IAM &3 winsted ZAAR2 WLe A
Ax) 7R E 1320pet 125bp Z7]9] FEAESE Beolx e o=
5 alleles] 2717F 24 222 o)y APl OGY A
& | 125bpR 79 bandWE HolBE FYHHFYX Iz wpot

gt

MCWGM 0 W R K o

(A)

251bp

Fig. 20. Amplification of Microsatellite MCW 6 locus on
chicken DNA. PCR products were analyzed on 9%
acrylamide gel and visualized by Ethidium Bromide
staining(A) and detected by incoporated d-**P-dATP(B). M:
pUC 19 Hae III, O(OG): Korean Native ogol chicken,
W(WL): White Leghorn, R: Rhode Island Red, K: Korean

native chicken
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ADL 111

Fig. 21. Determination of allelic state of each individuals
using high resolution sequencing gel electrophoresis and
autoradiography. PCR amplification were carried out using
radioactive dATP and PCR products were analyzed using
denaturing 6% acrylamide gel. Size determination of
amplified products were performed by comparing with MI13
standard sequence. WL: White Leghorn, OG: Korean Native
ogol chicken, RIR: Rhode Island Red.

Fig. 220l & 1xhdel A48 2w ST 3ty 7HAE o
422 ADL 0192 %3 dE HHAE ez FAPE AR 2
Folct, 2 JAIE oA Fejoln F A FIHAANR =
MM FAARFF] FrHAILE Bol:m Ut wetr o9 k&
AMe E/AHAANMT EMete FAAE a T BEHE AL B F
Act. oleld Fa gL Fig. 23904 Yehd vlet o] Hmul 2
< ol&3ly Y FAGLE BEF 5 A+ed ADL 1029 F-¢E
WL #70A)et F1 ZAAZ 244 a//bs} a//ce) AP E ZAHE
2 2 A YetvE fARAYE L a//a2/12), a//c(3/12), a//b(5/12),
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ANE2EXM: 2XNMER

b//c(2/12) ¢ ulZtx] Felz Jetvz ok(Fig. 23A). ADL 0199
2% WL ®#77 B/Be ®AAYEE, F1 ZAMZ A/Be] /3
AP X2z (&S A/Be B/BY FEHUE ZHA0 bz 874
Aot 7AAZ 118 Fejule {FALG v&E& Bolx: Uok(Fig. 23B).

B AF9 A} microsatellite & ©l&3td dF FAAANEE
Z4sl7] A8l PCRZEZEx1 AV|9%F =38 &H3den Hu
vl I e 3t microsatelliteF 917t HMolHE FZE FHAY F
ARtk @A microsatelliteE ©] 8% #ol AT FAARNE A
ted Ao |GEHT og A JRried FYHAUGT B

2o

@ o

Fig. 22. Segregation pattern of a microsatellite ADL 019 in a
crossed family between ogol chicken and white leghomn
chicken. W: white leghorn male, K: ogol female, P1-P12: F1
progenies.
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(A) ADL 102

wL O0G

Backcerosy D—[—O
-

28505 2o

SIITTY

(13) ADL 019

Fig. 23. Segregation pattern of microsatellites ADL 102(A)

and ADL 019(B) in backcross families.
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2. 249 T AT FAARY s

R E T3 FoiR el dis] L ZTA Fo] BAARL Aol
e Astnz MAE fFHAY ehg HAAEAC. 2 AAE
dHozRE DNAE FE3 A7|9FHF UV spectrophotometer
Z DNA %8 ZAsict Wydadiet AL FH LGN A
A 2ol & Kol: primerEE& WA SEZ AP-PCRE AAsuo

ZA4€9 Huv P diy 234 So] TAUASY FAH 24
g4t stebg sl 1ad=ed R E 1t 23IF ZHAC] dFE Aol
A+g Trepdtch, Fig. 24 #3920 93 2F 2 5] FAAAY A
olFAE Holyx Roz WMHIAZA(W)NAML YerL}A] &3 e
o @ ZAA veElYE WE a 7t A& AA A “dEY FEHY
A e e FAAYEANAN FHAHJESE A3t AH. ol JH=
2o A mu] =AY Eaul Yoo s LEA Fo] A AA
o] &H FIIAEL otz 37he] BEX|AA ] disl Hawh D
Woll el FAReFTES HAsA Fig. 265 WL FIHAI$E Fl
ARG o] &3 o s ALY 379 FHAIE ol &3 TA
Eo] Qe Ho|gAE Heolm ATt #1159 &3 YEtEeE 2

U

A o] M= F1 ¢RCY Ea3tn Huw) ASEANAM 1119

2ajule] o8 Mols|:m UATH20/40). WetH 2 FA So] KHAT

dn

z2 shetd #115 o o8] $ZH WEE 2IA ABRAAAE
Ao f8¢ oz WOATh oW WAHOE #1249} #3920) o
B BAe AASReH olF B Be Fo 23A o] EAAR
g ol g3l EXQIAZS] dwaRE BAY + Y& Aol
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Fig. 24. Segregation pattern of a ogol-specific RAPD marker
from #392 in a family consisted with ogol male(K), white
leghorn female(W) and therir 11 progenies(P1-P11).

#115

MWp, Buckeross progenies MWy Backeruss progenies’ i Buckeross propenies

)
| -
i |
|
nn-h«—---« [RTE --N-‘-_ “’"‘u”
J n-',_'., - ’ ."‘P“\-\L..-.

—-»nn-nuwpq-anqunmt n-“*—wu--u ~ |

] 4~q.~~--n&-un-n-nh —-ﬂ-aﬂh--o-u-_-' o ;
hinh ol T PR,

EF:---mf{awm-““r“ ?ﬂ"""’"' i e L T L)

—- e

SPT"'""*"'—--—-— B _‘"1'_‘?:‘.?

M MR ddemma

[

Fig. 25. Segregation of the polymorphic RAPD markers in
the KNOC backcross population with primer #115. M:lambda
DNA Hind III/Eco RI, W: WL male, Fl: female offspring of
the mating between WL and KNOC.
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AZ2EXN: 2HNES

3. AP So] EAJAAS 54}

1Id=o FAPARoz Jizd Ay AT SolHA BXAA
od ¥ EA4E mslr] A8 2 Jde JhAE DNAE o=
Eo| Wiee WI=g uetsiol #3270 2% A= sl DNA
g gidez FPEE AH Comish7iA 2 RIRS] AFRAHA FL
Wert Jetudes RS #Asidch oA AdgoAMTt vdegus
Eol4 & 71XA R Roz BEHAUC

Fig. 262 #3999 2l3) Uetd AMAF So] EAAAA2H 27
107038 EFst dHESIAG. KI-K62 AMeds 645 Yl
AFoz ZE=F(R), JYAZAFTW), HMIYAF(C)S EF3}
3 Ut K2& A LF A SASA IS Fol3FHU weEr F
o] Yetvdz desi(b 2 EA) ol & Fig. 2791} o] Z+ A
W 5701H12] DNAE ©l 838l thefzQ @R =& &Qdstact A
6415 302l F 2570H A Ho] W=7t vERT

e

=

4. 7/igd AAE Kol FAAA9 vA 54 e}

1, 221 de] AF 5 Aol o3 detd AU Hol EAA
ZHE hdez st d¥E cloningdt 2 SA4E& stttz 3w
. & ANE ddozRE DNAE F&3tn ArI9ds UV
spectrophotometer® DNA %& &33 At FFL FEFEA 3
oJq xto]E HolE primerE& WAoE AP-PCRE Ao
wbg el e 1X reaction buffer(50mM KCLIOmM Tris-Cl(pH 8.2),

1.5mM MgClz 0.01% triton X-100;Sigma, 100ng genomic DNA,

ki

2000M dANTP, 0.2 uM primer, 1 unit Taq DNA polymerase& ‘%

#% volume & 25u= HJct EvlE WEPL 95CA 5§31
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FAZA F8 st FEAU oS, 94TAA 18, 39CAA 1,
72CelA 289 Fdez 503 UHEF O, vbAlReg 72CHAA 7
B BASFEZ3AY. S E PCR AHEE 15% agarose gelollA] A
719 %332, UVAalA band patterng #&A3tgct 2xpdo) 49
a1 54o] mpebg #396-830bp @] did #ME& O FE=RZ 1
ok AMAF o] GHL 15%9 agarose gel2 F-E A #2]3d
o GeneClean kit(Biol0l Co., USA)E o] &3ld AAE F T 71 &
o] e vectorE ©] 83t ligation AlZ F E. coli AlXe o]}

o ZE&FYI °] F plasmid DNAE #2353l o] &3t

M Kl K2 K3 K4 K5 K6 R W C wng

Fig. 26. Random amplified polymorphic DNAs analysis of
Korean native chicken population and foreign breeds with
arbitrary primer #399. Each lane represents 10 individuals of
a breed or a population. M: lambda DNA digested with EcoRR
I and Hind III, K1-K6: Korean native chicken populations, R:
Rhode Island Red, W: White Leghorn, C: White Cornish
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Fig. 27. Random amplified polymorphic DNAs analysis of
Korean native chif:ken population and foreign breeds with
arbitrary primer #399. Each lane was presented at individual
level. M: lambda DNA digested with EcoR I and Hind I,
K1-K6: Korean native chicken populations, RIR: Rhode
Island Red, WL: White Leghorn, CN: White Cornish

Fig. 28€ AAEF FHol EXAAZ FHUEP #396-830bpe
plasmid vector pGem-Teol E24 % ZFolr}. Ho] EXAA7 A
A3 Fetav =0 ligationH A om, ol & o) &3 FrIAIE 2
AT £ de Roez FodHAN.
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AN=EX = HAMER

I < pGem-T vecto

N . #396-830bp

Fig. 28. Cloned fragment #396-830 showing breed specificity
for Korean Native chicken. Purified DNA was ligated into
pGem-T vector in modified enhanced condition. M: lambda
DNA digested with Hind III/EcoRI.

EFF #396-830bp7t BF Hol¥oz EA%tE A ARE Bo
HgstA sty ds) 2298 @UL FP-ATP 2 EX s A
© hybridizationg& A AstA} o1& A E 4 RAPDA] 9%
zt JpAE AHE S 1.5% agarose gelollA ¥23 F southerni &
AAstgct 8 F29E FF 50 dHY 5L HEtr] 93
genomic DNAE A2 2 southerni4]-& 4 A3l o, o]& F3)
E39 Aol NEA ARE AA3IU. PCR AE =& 44
9] genomic DNA 10pg€ Hind M2 37ColA &4H3] GHIHAA

A719FS AAEAT. A71dFol B F geld 025N HCI4| 10

NaCl)ell ¥ i 608, 38 d(15M NaCl; 0.5M Tris-Cl, pH7.4)°l

- 91 -
HEtN J|HS 0|88 @2 FERIN N /s8R



Y3 30837 A3 shakingst At} 20XSSCE transfer buffer2 3}
o] 3MM paperel gel€ ¥< ¥ gel 919l Nylon membrane€ ¥ i
t}A] 3MM paper® 3FZALE ¥ ¥ paper toweld ¥ 3 blotting S
3P 2249Y EFEo] 9 #396-830bpE AFAELE AME3A
vector2 € insert& g Ui low melting agarg °]&3loq &
3l c}l. Probee VA= random priming 3} nick translation®
Hol| o5 AAE Y. Membrane& prehybridization solution(0.3M
phosphate buffer; 1mM EDTA; 7% SDS; 1% BSA)el % i 65Cel
A 3A1t B X shaking3dt® A prehybridizationA]| 21 ¥ probe& % i
65Col Al 18212t A X shaking3ldA] hybridizationA] Z1t}. Washing
solution I (0.25M phosphate buffer; 1% SDS)¥ Washing solution
II (2XSSC; 0.1% SDS), Washing solution III (1XSSC; 0.1% SDS)
2 65CNA Zz 1583z washingdldtt. Washingel #%¢
membrane$l ol X-ray film& ¥ % intensifying screencl] o
~70Cel A 24X kA A 7221 A= ZFEA R, Bl Ed X-ray
filmoll &4, A, n4HL& MstAh

Fig. 292 tA7tz] FFol dlgk #396-830bpDHol] HF 4F
Ag e dde EAFYE JEIW L AT ol RAPDE I &
g NASAMN FF5AE 7HAE Gd¥ol EAstE A2 UER
o} upetA @3 #396-830bpe MU FoAAMYL FFHo)|H HEZE H
ol #A8F EXUAYC] AdFHULY, southernBEH & F3l B}

AL A FHHUSL
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Fig 29. Autoradiography of hybridized RAPD products with
cloned breed specific fragments. Amplified fragments of 4
individuals per breed were resolved in 1.5% agarose gel,
transferred onto nylon membrane, then hybridized with
radioisotope labeled DNA probe. Isolated cloned fragment
#396-830bp was used as a probe for hybridization with the
fragments of nylon membrane obtained with primer #396.

O: Korean Native Ogol Chicken, W: White Leghorn, R:
Rhode Island Red, C: Cornish, K: Black Korean Native
Chicken

ol¢} ti¥o] Fig. 302 genomic DNAE Ao 23ld EE5H
ol & FTHEIFNE Hole 9 ¥rEAGn FFIe] thyAFE niet

g2} A AEE genomic southern#4] Z3}olc},
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#396-830bp
O W R C K

Fig. 30. Hybridized patterns of fragments #396-830bp with
digested genomic DNA with Hind III. Only single
identifiable bands were obtained indicating both fragments
are derived from non-repetitive sequences of chicken
genome. O: Korean Native Ogol Chicken, W: White Leghorn,
R: Rhode Island Red, C: Cornish, K: Black Korean Native
Chicken.
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Hind [IIZ A 9d¥E TGHe i EAE <dHe] A Fde=
Z FFH=2 5/051e] DNAE W4 ez st dAd Aol & F
FER2 9Y dHd dIMT AELES THRE RAe: yEhd
#396-830bpe Az <Y FHHd SAdte FHAA FHE A
o2 FAHAG ole FFY AEH FTHIFEE Role A A
AM FAHoZ v FH0 HIE JHeAdel Ae AL uid
o} @weta] FF 9 cDNAFEAA S g8 A7 o3 #8& /2
Ao g Zhed Aoz woddng. aHy FFIH AFESE A
9 xpolell o3 DAY HFAHL AMAFA A HolPdE& =
ol ¥kt mepA] REFLPel &g AYF T2 76 A=
Hetgtd. 22y 349 & 22F, ZUAFTE HE & 99
A71g Ky FEHo2 FF T /& EA E 5 AL A
o2 goadEn

lX|gto 2 FFHo| & #396-830bpell dig Wi SAHS
gtetslr] 93t FvlE plasmid DNAE 22 Sangeryeol o3t
F7IMEE AAsRew ZAA3AUC. Fig 312 S8€d dHy F &
F71ME€ vHetdn(a) 4F4EE HElWe A EE At

Zyzt& R G7IMES dEldiz dev GenBankd el A%
4€& Bole E71M8Y FFE MM AUk a2 AMA-B AF
MEEL 7HFdA e UEtA dfxn &3] [N @ F7]
MEol SAEA ettt wtA FE AAR So] BAAAE &
qME BHAA FL AMZ2L FILYAY] Re2 veiwn. 2y
F71x g dHhe =77t 200bpH 2 FAFHUAL ¥ ot AFA
£ Hole Holx F99 U7t 50bp oJHE YEY, Hoh 0 dH
€ dPe d7IMEE AR 4EF AL HdAstAor 22d
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ANEEXM:  EMNER

(a) Determined sequences

- forward strand

(Vector)-GAATGCGAGG(primer)-ACTGGGAAGGAAATGCCGCTTGCT
GCTGAGAATGGTTGATTTTACTGTGGAATTACAAATATACTATTTG
TATATTACTATTCTTTAGTAAGAAGGAGATTATAGGAAGTTCTCTT
TTATTTCCTTC

-reverse strand

(Vector)-GAATGCGAGG(primer)-TATGACACTATTTTTACTGGTGAC
AGCAAAATCTACTTAGATATGCAAACACCCAGTAAGCATATCAAACT
GCAGGATACCACATTGCTCCCGTCAAATTCGAAGATCAGAGCTTCCA

(b) Related sequences

- forward strand

1. Cyanophora paradoxa cyanelle, complete genome, 65%

2. Drosophila melanogaster(subclone D26 5_g4 from pl DS06238) DNA
seqeunce, 69%

3. Human TBP-associated factor mRNA, 71%

- reverse strand
1. Caenorhabiditis elegans cosmid F28H7, 60%
2. Bacteriophage LL-H ORF 109F, integrase, etc, 74%

Fig. 31. Sequences of partial portion of cloned fragment
#396-830bp(a) and its related sequences in GenBank(b).

gde] S4o Ui WEL WL & U Aoz wLHUDG a9
U 2 d7ol o) Yol #396-830bp WHE MAFol HolH
4 B W ofuz, el Asuel muwEdos Eajsiy

ol
I
o2

- 96 -

HEtN J|HE 0|88 H2 RERIN NLY /s8R



7154 FAVAY 7bsAel A vehdony, dazA LAY F
ARAEFoNE FUY Ao EAsA Fol M2E FHAAAT AL
g Aoz FALAt wekd AAF Sol AAAAS Lol HF
Moz YA

A 6 d Huw] FHIo] diI microsatellite

typing

Microsatellites &, si21 2} 43, AHEE ¥l R3l A 18 F
A FE FHA A7 FAARAE 7l U 7HF Z1EHA BH
AA2 AAHS M- gidso] Hell AAME 60047 ol/de] 7
wEo] Qe Aez Bwuszm JtHCheng, 1997, Groenens, 1998).
gt B A7 2FL #e FdA A=E A&HoR HAYI] 4
MA L ITA WyABAIZe] ze]E Hole RAPDRA EAAA
£ Haw g dis) PP L sty o] mcirosatellite
Ae NFELE F FAAXNELY AXNE AA3Z] A 20HA4Y
71% microsatellite ZHHE Addtdq FHaw] I A
microsatellite®] #FAAY ZAA L A=At 4 olvl Rid
primere] @7IMEE uigtoz 30aHE ez 3049 PCR
primer& A #}stgen YR primerSol Wl Automatic DNA
sequencer& ©°l &% FHAY BEEL A3 FF FANE AU

Table 14& A¥a 9o} olE9 A el 9x]¢} PCR primer

_97-

Ky
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o] @714 9d¢ vehin gk
@e}x £ primer® WfHoR 7t Ad WY FAAY B

pirmere] §& 2% Mgeol29 $x2o ¥M3E Fo| FTHFFL QA
g sy FFY AEAHS HFA s =¥ 4 FAHAE FF
AbZe] Arle ME HA HAVIFE 234 Huy A g5 BE
A A dHARE HASHnA 3070 el A AudFE
A&k, £Y] € primerE g vty ez 213 9ol uid ¥ A
E3te oY APE gUAsten olse FUY FHEXIUE HAINR
o}. Fig 32& Huu Id =44 ol&d yMyuaAe] R &
Astel 1t A& G oI Z A FHF2D A °P¥AL o
FE 37 A8 A" 4Y dFoloh

ADL 144%} 2319 A& $EFAE0] HHEA &Y FHaw
ol &g /HAEILS] Mo Z7|AolE HolA] sttt wWEAM olE
A dg Ao At en ADL 1549 190, 1919] B $&

3 gdydol BF HAEs sdov & Adz2 53HA
2] Mg BHoli At 1540 ol&l Vet W= ast ce YAAHA
FRAA JeElUYT ole] nPgE FAAEAAME WE bt aZt viE
dz Aok waka mujel] o]8" ZAle] fAAAHLS W= bhHE
ZHAtgE RS & 5 A &S 1907 1919 A= ndd 4A
Aol M+ WAL FEWME d9t hE ZHXzm oy Z
NAAER MEXtol & el Ao LIAe FAAFol olFHT
Fejoln WA AHANAN JEIGA] e WE edt g7t LI AN
FAEASES e, £33 2F SR 350 dHI FIE FEE
Holx| g ¥ olvel WAATA FRAY FUT W= FAFE RBo)
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2 glemz olEzre] @ujol ojs] Ay =amw) LolMe] We
o BEgae BARE AL BrivP Roz BUHUT. waby
2t Zel W UM FZTPAe] BAT YA Re] FAL
microsatellite® °]-£% A FAHA AT FHL A} WA A
o2 QD ol s) thsel 9] W@ dlu] PAL WA
o},

w9z 29d FZYAT ByAdol B HEE A5 2
of tie @A s M9 ADL 1368 H2Y 6zde] e =@y
A&e) fAAYe B Fig 33& ADL 136 & g oz @
FAXY BeFde DAY Holth WANJA $3H o9 =P
Ae 358 ez BYPE 40459 N Aol FARY B

HFEE AU

Table 14. Selected chicken microsatellites and its related

information from international mapping group

LOCUS [ Linkage . ,
NAME | group Length Forward Primer Reverse Primer
FAM TTC CAT AAG CCA TCA ATC | TTT TCC TCT CCC TCC ATT
ADL134 1 123
AG TT
FAM TGC TGC CTA GAC CAG TTC | TCT GCT GGG ATT ATG TGT
ADLO19 1 104
AA CA
HEX ATG CCC CAA ATC TCA ACT | TCT CTA AAA TCC AGC CCT
ADLO37 1 178
CT AA
GTT CCA TTA CAG AGT GAG
ADL024 2 145 TGA AGC AAA AAC CCA GCA AG GT
5 148 HEX GAA CCA GCA ATT ATA TTA | TTA ACA CAA AAG AAC CAG
ABLIZ] AAT A GCA G
HEX GGA TGA GAA GAA GAA AGG | CAA TGG TGG TTC AGG TAA
ADLII5| 2 109
CA TC
HEX CCT GTC TCT GGT CTT TAT | AGT TTA CTT CCT TTT CTT
ADLI43| 5 168
cC GC
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NEEXM  ENHNERESE JIHE 018

g H RERAL HE/

LOCUS | Linkage . .

NAME | group Length Forward Primer Reverse Primer

woLs| 5 | 16 | HMEX CGT GGT GTT GTG TAT CAT | CTC TTT TGC AGT CCT CCT
TT AC

abLis| 5 | 145 | HEX TGT CAA GCC CAT CGT ATC | CCA CCT CCT TCT CCT GTT
AC CA

a6l 6 | 192 | FAM TYG TGG ATT CTG GTG GTA | TTC TCC CGT AAC ACT CGT
Ge cA

wpiao7l 6 | 10z | TET TTT TCT GGT TTT CTT TGG [ TCT AAC AGG GGA AGG TAT
AA GC

apis7|l 6 | 1ss | TET CTC TGT CAG GAA GGG GTG | GTG CCT GTC CTC TGT TTC
TA AT

wnigr| 7 | 101 | TET AAT TGT TTG TTT ACG CTT | GCT GGT GGC ACA GAT GAG
cT AG

apLoss| 11 | 126 | AAC CTA AAA ACT CCT GeT Ge | GGG AAC CTG TGG GCT GAA

ADLO36| 11 | 28 | GTT TGG CTT ACA TTT ATT AT | 111 TTA GGA GTT ATT TGA

abL1%s| 15 | 1 | FAM AGA TGG AAG ACA GGA CAA | TAG CAC AGA CAA TGT TAT
AT GC

apLizzl 15 | 228 | FAM TGA AAT ACC AAG GCA TCT | TGG CTA AGA AAG TGG AAC
GT TG

ADLI01| 15 | 171 | FAM CCC CAA GGA GAA CTG ATT | GAA AAG TGA AAA CGC AAA
AC cA

aiioz| 20 | 1oz | FAM TTC CAC CTT TCT TTT TTA | GCT CCA CTC CCT TCT AAC
TT cc

apLios| 20 | 1so | HEX CAT TCT CTG ATT CTG CCT | AAC TCC TGG TGT GCT ACA
T AA

apioi0|l 30 | 130 | FAM ACA GGA GGA TAG TCA CAC | GCC AAA AAG ATG AAT GAG
AT TA

HEX GCT GTG TCA AGA TTA GAA | AAC AAT GAA AAA CAC TAC

ADL123| 30 | 135 b oS

aoLiel 3 | 163 | FAM GAT CAC TCT TAG ATG CCA | AGA GAG GGG TTA CAA GGC
cA TG

aDL1ol| 3 | 14z | HEX AAA GGA AAG CCT ATG TGA | AAA GCA CCA AGC GAG ATA
AT cA

woLi3z| % | 1&g | WEX GCT GTT TCT AAG CCA TCT [ CCA CTT GGA AGT AAT CTC
TC CcT

ADLI| 42 | 232 | MEX CAT TCC GTG CTC AAC TTC | CCC AAA CGC TGC TCT TGC
AA TG

apLit| 43 | 104 | TET ACA GGA TTC TTG AGA TTT | GGT CTT AGC AGT GTT TGT
T TT

aDL1a7| 48 | 211 | TET CTG GTG AAT GAG AAG CGA | GCT GCG GCA ATA AAC TCC
TG CT

abLi7| z | 1s4 | FAM TCT TGT TTT CCT TTT GTT | GCA TAC GGC TCC TTC AGT
GT TG

api20tl  z | 140 | HEX GCT GAG GAT TCA GAT AAG | AAT GGC TGA CGT TTC ACA
AC GC
- 100 -




ADL 144 ADL 154 ADL231 ADL190 ADL 191

. . Y EY W ‘s
» " CRTTINTIL A

<l Y8l 'F _@fm .:ﬁlmis ¢ j

= S tﬂ‘.%-‘r.. ; %, 8%

chicken

amplified

5

f
microsatellites. Each locus was selected according to its map

Autoradiography o

32.

Fig.

amplification patterns and polymorphisms

then,

position,

were checked for

between WL male and its F1 females

further backcross genotyping.
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NEEXM: SNAE

M= be Hmul A& 38F F 175 A dEby dde Y
Aol Mg YA S HHon YE aE FE AAECNA TF2
2 EAst ZE AE AN FFH22 YEdE & 5 A

=%, microsatelliteZ 9 & Ro  AIA A7 A
automatic DNA sequencerg& ©|43% ZFZA4EE #IsnA B3
A EX)¥ PCR primer& &H3ick. &Y€ primerge FE4E
o] 2ZPy3 B e FHF WP &L At 7
qul A ZEZAPE AAEATE Fig 34= 16719 JFEAE
microsatellite primer& ©]&3td FH3o VAT A7|FE Fol
o} 9le] FeAH HEVNTT FE FTHFLEELE S F AU
EF o]l HYoME T R ASG ol mFAE FHAIYY
g2 ME A4S JediRen fuxste @A #8383
A olfd F A Ro2 BEFHUT

833 A Y primerg ©]&3t microsatellite® #A3I}E R
WAlS E9Aad 98] EXE ANTP & <& HE&Wel v =l
o agHoz FYPE &+ UL ¥ o v, YAlT FHALLE AHEol
2% $1go] FAET, thye] AIRE @700 BAH BAVTH B
o] de] LA Ut EF primere] 5 Taol FFE FAA
Hejo] EAYEL PASE 7t ANTP & AR HYste
Be] HlE) AHVEE Y F Utk ole ARV HrFEN A
g 327] AAA @ Jigo] diFd olFA R LS et ]
3}, A4 Aol AYd olF e d¥ME Al i std
BEAMatadol 3=z DNAZIEREY o]F&£E Aol wE d3de
227 YdEebE 4 31tk Microsatellite 9F Aol WAl et &5
2 ZAe] o]E HolE RAPDHMES {FAHH 2P de 23UE
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o BRY uist NtAAAZ Tiae] WEE gtz Haw I
o ga Fue AN ATE FWSHAY. Fig 355 primer
#3513 302 o s Z2EZQ 9 FA Jol M=o Mz YAl
o fARYFolct WAABAME YErtA @& WE ash b
7t 19 ZFREAME GED JAom olge Hamu ASdME
dygHoz Pasn YL BIY & Yok

2EANA  UEdE

microsatellite®} t©ia2] x}o]H

% EHo] RAPDYEHES A9

oft

tlo

zted, &2 uiet o] RAPD
of &%k /WA fHH3AH ¥Wole microsatelliteFt ol i A g0l
8] @A e, Fig 3504 2 vleh 2ol F1 4AdA F
TR FYS W= FA4E Holx Aut °]= microsatellite Z9
A YR JRHZEE AeolZt Bk HA WEYa 7] dEes A
Ztc}. =3 microsatellite ZHAE LZA 9 YHAJAZL F3I)
ol HFatgo] E2d u3] RAPD vty EXJAAe A= $3H
g0 ¥ Roz2 YElyth. weta RAPDO| Y3l microsatelite
Aol YMATAAT EAdes W= P FHYIFHE A=
g B o] ¥ F ooz B AUF FUAAE HFAo] 7t
5% ZHolt}h olo] us) RAPD EXRQIAZE e FHE HES 9
o2 oZAS WALLBAITLY Ao)lE Role W=EE BF T F 3
€ ¥ olyel BAYYo| agarose geld ©]E&3EE microsatellite
o H3 &4dotE FHe 7MAE Rez wdIAR mEA B AT
dME ol F /IX9 MEoHE e FHFH 0¥ wIH PAHS
Hlg oz {ARAAE AHdE FY3 79 EE&HE L F N

o,
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A7A MY FAAAL] AdBEH

1. A¥Ax9 A
Microsatellite®} RAPD| g fdx13 2] sheto] 4w @ 2170 9
€ o] 83l KA A= HAAGE AAIsHZ] ¥s]l MapMaker T2
HE olfstd FF FAE HAAMsHH. FAAFHo] FAA 2170
HANE ¥R {FAAHD ABARE HAAISAT. 24 o
BENE AR 2™ Cosambi mapping functiong ©]-&3t3th.
Fig 36 MapMaker(Ver 2.0) 49 °]&d 7z} 7/HA¥E FAAYE
Uetdoh 2 AAE {F3AYE ddHA e e MapMaker
o 23] ¥4 =AUt

Table 15 2170 & vido 2 dojx AR=FL 2 LOD &
€ Y4Ed F2U4H.

EAQ A R327a$t R3923Fel 0219 - 2lz¥&o] BEEHU

1}

l,.

2319 LOD &€ Helx Aok EF Rl24at R1599 A §-+
2 AMzFEH} =L LODEE B FY AN EAe H2
2 YebtH(0.11, 4.29). ¥ o7 tiEo] ROIZE T4 |

fz
kg

H

_g_
o082 EA%=s Aoz YEryr olE 9 X Rll4a-R30la-
ADL032, R497-ADL136-MCWO04, ADL 171-ADL154-Rl114c S°| &
Zte] ABIFLS FAEE Aoz YEYT.
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data type {2 backcross
40210

*RO13  AAHHAAAHHHAHAAAAAAAHAAHAHAHHRHAHAHAHHAHH
‘R114a HHAHHAHAHAHBAHAHHAAHHAHAAAHHHHHHHHHAARHH
*R114c AAAHHHAHAAHAAHHAHAAHHAAHAHAHAHHHAAHAAAAH
*R115 HHAHHHAAAHHAAHAHAHAAAAAAAHHHHHHHHAAHAAAH
*R124a HHAAHAAHAAAAHHAA-AHHAAAHHAAAA--—--——----
*R147 AHHHAAAAHAHHAAHHAAAAAHHHHAHHH-----~---—-
sR159 HHAHHAAHAAAAHHHAAAHHAAAHAAAAAHHAHHHAHAAA
*R167 AAHHAHHAHAAAAHAA-HAHHAHAHAHAAAHRHAAAHAHH
*R301a HHAAAAHAHHHHHHHHHAAHHHHHAHHHHHHAHHAHHHHH
*R327a HHHHAAHHAAAAAHAHAAHAAHAHAHAHH-----~-----
*R327b HHHHAHHHHAAHAHAHHHHAHAAAHAHAA-——-—-—--—-
*R351 HAHAHAAAAAHHAHHHHAHHAAAHRHHRHHAAAAHAHHHHHH
*R392 AAHHAAAHAAAAAAAAAAHAHHAHAHAHHHAHAHAHHAHH
*R490 HHHAHHAAHAHAHHHAHAAHHAHHAHHAH-----------
sR497 AAAAAHHAHAHAAAHHHHAHHHHAHHHAHHHAAAAHHHAH
-MCW04 AAHAAAHHHAAHHAAAAHAHHAHHHHAAAHAHAARHHHAA
sADL154 HHAAHAAHAHAAHHAHHAAAHHHAHHAHAHAAAHHAHAAH
+ADL171 HHAAHAA-AAHAHHAHHAAAHA-HAHAHAHAAAHHAAAAH
-ADL190 AHHHAHAAHAAHHHHAA-HAAAAHHARHAAHH-HAHAAHA
+ADL032 AAAAHAHAHAHH-AHAHAHAHAAAAAAAA--HHHHAAHHH
+ADL136 AAHAAAHHAAAHAAAHHHARHHHAHHAAAHHAAAAHAHAA

Fig.

genotype symbols followed are
specific bands), '’A’’(absence of KNOC specific bands) and

36. F2 backcross data of 21 RAPD and microsatellite

markers for inputing to Mapmaker computer program. The
""H''(presence of KNOC

r'—'"(missing data for the individual at this locus)

-
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Table 15. Lod-table of pairwise analysis between a pair of
marker. Upper row presents the recombination fraction and
lower row shows the LOD scores.

16 | 17 | 18| 19] 20
l\g&l ADL|AL|AL| AL
04

L
14 [171] 15¢] 032

1|23 (4|5|6/7|8|9]10]|11]12]13|/14]15

RO1|R11|R11|R11{R124|R14 R15|R16|R30({R327|R32|R3{|R3¢|R49| R4S
3|4a|4c | 5| a | 7|9 |7 |lala |To|[L]2[0](7

21047
0.00

0.00{0.09
410.5010.40(0.40
0.0010.35/0.35
5/0.50{0.500.43 |0.5(
0.00]0.0010.12]0.0¢
6/0.3110.41|0.50(0.5(| 0.50
0.93]0.19]0.00{0.0(| 0.00
710.50{0.50(0.38/0.5| 0.11 [0.5
0.00{0.00)0.55]0.0¢| 4.29 [0.0¢
8/0.38]0.440.49(0.5(| 0.50 [0.5([0.50
0.46)0.14(0.01 {0.0X| 0.00 {0.0(/0.00
9]0.50{0.30{0.5010.5¢| 0.50 |0.4)/0.50]0.50
0.00]1.43]0.00]0.0(| 0.00 {0.1¢{0.00{0.00
1(/0.50]0.50{0.500.4]) 0.43 0.4¢/0.380.50]0.50
0.00/0.00{0.00]0.1¢] 0.12 {0.07{0.37(0.00]0.00
11/0.50]0.41{0.50]0.5(| 0.50 |0.5({0.50]0.29/0.50} 0.45
0.00{0.19]0.00]0.0¢| 0.00 ]0.{0.00]1.15]0.00] 0.07
1/0.50)|0.47{0.47|0.5| 0.39 [0.4¢{0.50|0.50|0.43 | 0.48 | 0.50
0.00/0.02{0.0210.6X| 0.28 |0.07]0.00]0.00]0.20{ 0.01 [0.00
1:/0.30]0.50{0.43]0.5(] 0.50 |0.4¢{0.50{0.50{0.50| 0.21 (0.50 {0.5
1.43{0.00(0.20]0.0(] 0.00 ]0.0({0.00{0.00{0.00| 2.31 {0.00{0.0(
14/0.50(0.38(0.38/0.4¢| 0.46 10.5(}0.48|0.46(0.31 | 0.50 |0.50]0.41) 0.
0.00]0.370.37]0.01] 0.03 [0.0([{0.07{0.030.93] 0.00 [0.00/0.1¢0.0¢
1£]0.50}0.50{0.50{0.5(] 0.50 |0.4¢]0.50{0.38/0.35| 0.50 [0.50(0.5(|0.5(| 0.41
0.00]0.00{0.00{0.0(] 0.00 {0.07{0.00]0.46/0.79] 0.00 {0.00/0.0¢|0.0(| 0.19
1¢(0.40/0.50{0.500.5(| 0.46 |0.5(0.50|0.4410.50| 0.50 {0.48|0.5(|0.4¢{0.5010.43
0.35)0.00/0.00{0.0(] 0.03 [0.0({0.00{0.14]0.00] 0.00 |0.01 [0.0¢]0.0¢| 0.00{0.20
17]0.50/0.50(0.45]0.5(] 0.36 [0.5(]0.43]0.50{0.45| 0.45 0.50{0.5(|0.4°|0.50{0.50| 0.50
0.00]0.000.09]0.0(] 0.50 {0.0(]0.20]0.00/0.09] 0.07 |0.0010.0(]0.0¢)0.00]0.00| 0.00
18/0.50|0.39{0.29]0.4:| 0.31 |0.5(|0.37|0.50{0.45| 0.41 |0.50]0.4¢|0.47{0.33|0.50| 0.50 [ 0.16
0.00|0.37(1.51]0.21} 0.86 0.0(]0.58)|0.00{0.09 0.20 {0.00]0.0¢/0.07{0.66]0.00{ 0.00 {4.24
1¢/0.42]0.50{0.50(0.5(] 0.44 ]0.30.45[0.41|0.50( 0.50 {0.36]0.5({0.47/0.50/0.50( 0.50 | 0.50 |0.5(
0.21{0.00}0.00]0.0¢| 0.07 |0.7¢/0.09]0.28]0.00| 0.00 {0.50{0.0{|0.07]0.00{0.00] 0.00 | 0.00 |0.0X
2(]0.50(0.32{0.43]0.5(| 0.48 0.5({0.490.50|0.50| 0.50 |0.50|0.4¢)0.5()0.50)0.50| 0.50 | 0.50 |0.4¢[0.5
0.00]1.00/0.15]0.0(] 0.01 {0.0({0.010.00{0.00 0.00 {0.00]0.0£)0.0¢/0.00]0.00{ 0.00 | 0.00 |0.0¢€)0.0(
2)|0.50(0.5010.50]0.5(| 0.50 {0.5(|0.50|0.46|0.50| 0.50 [0.41}0.5(|0.5(]0.50|0.28] 0.25 | 0.47 |0.5(}0.5([0.5
0.00]0.00{0.00]0.0{] 0.00 [0.0¢|0.00]0.05{0.00{ 0.00 [0.19{0.0(]0.0(|0.00|1.82{ 2.27 | 0.02 |0.0(]0.0(|0.0(
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B d3E =@ gMAs 387 A3t vlEo vl & 21F
ol Mg $9 EXJAAE ol &3 AVEHL AAFA2Y 3%
o] 670 EA AL FAAHA d@do] FMHAUL & ot 3719
dgagd 9/ A9 EFHE FAAHA F£ES A¥VAE ¥AE
% At ol tf2 mAGA dsf 1delA 6H7AA A
AMA 7 A Awe 50%0l4E AAGE H FAA 544, €
AFe] Ao o3 HHMY AVIFL AW FAAA SAE E
Aol & Roz AIEHU

ole B dAFaEo 93 FHHAL AFFAAI HITH2=
FYPHJSTE orlisted, 24d IAde] & MAEE FA3A
ov], M"Y RAPDEX =t} microsatellite A1t g &4
7I¥ol @9EA HFHJL # ofe, =4Hd Huawl Ado] #HY
ABFAANE AAHS A FFA =AHATE RS AANEH
et B JFe) o]gd EXUAS Huw IGe GFHA FA
AANE 2ol ol&€ 5 Jor v {FAARY FAAFE F
7tele B §3E FHANEE 4d€ 5 AeE Aoz Aadn.
Fig 37¢ #2913 A4#wA &€ 6289 BEXAAAEA A #

AR =S Ve,
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NEEX: 2XHE

2. Sxu] e g3 FHAPEY dVA=G EAAA] dHAF
o X123

E d723 4o df EXAA 2FS B B2 Fo ¥
AANAE F718leq 2ok 4PN A48 FAAANEZ g ojor &
B oolysl, A@aFol A4A 2 FAA HIF}eANE Hetdty
ofgir}, ol€ A% WHoz FAUAIY] ARE AF JMA FAA
o IXE vetstr] 91 FISHY €& &3t Uz @474 ¢
A EX| QAo thit Huvide e FdE vt AdE
A& AAI3te WYl e sttt

E AP o)]& 93l Fig 333 36 oAl A|AIF vt} o)
geo] FAAT aFA AAEE o8 EXJAAE FolA MCWO4,
ADL136, ADL154, ADL171, ADL032, ADL190 2| 6z$i2] Y9
#F9E Uz EHaumyddre RyFLe THotsted RAPDE
o] &3l Ao EAUAESY FMAAL] $1x&E TF3RTt o
i3 3= Table 159 EX AR 16-21¢] idh ARl A
Ao 471 FLolA tE€ RAPDEXJAE S Aol FUAHA
t}. Fig 38-402 Fig 37 AAE d#2FY FAAANE=E % X
AUYAE ol &3t 1 FRAH FHART} vmE Rolth

Fig 382 EXR1x ADL0327} vl 54 RAARNE=Le] |4
2§ E30°] &Alsl22 Rll4ast R30la 7} 54 @2 E &A
sl e ¢ 4 Uk = Fig 39914 = ADL 1713 ADL1547}
dM A 8o A= 2 Rlldcx 83 AMAE E&Ase Aoz =
gt olgt o] vlEFAHde FHAAEALCNE ADL171-154319]
AE 166MU. 22 uUey oy £ dFeMe 192MU.L2
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Ma4aFE AFAYL B3} R #=2o0f =t
zig]

A 13 a7 AL As

RAAZAALE JWe o488 B HERAR Ml B
QT2 RE JHeY ATs} o) & WA L AT YHAE A
e 2o

1 %o #3373 54 73 7l¢ Yoz 71E Ml 23 /3%
A MFY Zled 7R AT

7 B AN BAVIHez M2 MM 2271¥Y ey &9
1) §9 x7) wizAZ%E EE&AHA d¥A £ 7€ e

2) & dQuigoz e WyT {y rle ® n|Y gAY B
2 71y AL

g ® dAaAe £ £471€9 &9 banding FEe 79

1) ®9 G-banding 71¥ &Y} G-band F¥2 +4

2) ®9 C-banding 71" &% % heterochromatin %4749l 7%

3) &9 Q-banding 71¥ & d7} Q-band F&2l 79

4) $$2] HR-banding 719¥ & ¥ 3 prophase chromosome®] band %
2 T

o 2 dAAe] & ¥4y "2 FA4A 29 EA AN

2}, gl 2lo] AP-PCRY| 2% DNA vty ©F Wye] &y A

Al
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v}, o] 2o microsatellite typing 5l 2% DNA ©33dd o3
Uy Sy A A
v}, FISH 713 9] &y A4

2. QA Wolst WA AW TR Wel Rahgol mNE U
Q7o R EFD BALH RUIYY vz AR AT

7hog EEY QA o4 NE % o4 B 24

Fg &7 Wzt ALLES FAA olde AW 7

F2k 4HA Qule vm #

Loz
]

oft

3. AEA Bol EXAAS] Y

7. AP-PCR ¥ ¥ microsatellite typingZl®ol &% A Hol
EA| AL g

U 2E E§dE A3 ZAAAe] F43 AL Hriste AH

2FA= sHestEler AR E.

4. ol A AT/ /FHAAE R EYFH FHA A= HHE A
Arr 7l€ FHEF 5F FdAY A= FHA

7k 83 fHA Ax AL AY Jx7|€=24 FISHZIYS &
d

. FISH71®¥o| 21§ Chick W-specific gene®] ¢ AAH 9% &
probe& ©°]&& d& % A €871 AA

o A Fol FAHA] A_AE 24

2. Huu g i3] AAHE JBAE=LY HEAHI EAAA
(microsatellite’s)& A3t ole] AMAY A EA
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