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SUMMARY

The purpose of this paper to present morphological normal chick chromosomes and develope avian
cytogenetic techniques including chromosome preparation and banding technique,

The early chick embryos provide a consistent source of material with high mitotic cells, Although
chick embryo tissue gives excellent preparations, the 4 —5days embryo is somewhat incovenient materia —

Is,

Most important for avian chromosome analysis are the technical protocols to achieve adequate preser—
vation, spreading, and staining of the full chromosome complement, To precise chromosome analysis,

pro—metaphase states are required,

Best results of banding will be obtained from air dried slides prepared from early chick embryos that
have been aged at least 1 week, Good G —banding differentiation is achieved by adequate trypsin diges—
tion followed by staining in Giemsa dye, The results of C—banding is influenced by many factors inclu—
ding the conditions of Ba(OH);, HC] treatment, and state of rinsing.

In addition to precisely interprete banding patterns, the densitometric analysis is recommended.
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( microchromosome ) 82 #mp=Eol UM 247
o Ekdte]l @r) d&olth (Bloom, 1981). H
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Wang 3 Federoff, 1972 : Wang % Shoffner,
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FHig ol gt & Rmmol uo YA SES
g #®nst, DNAS #old {t2Bs MR
o8 Jelve= G, C-bandinge] 98 Huai7
FHEg FES B Raiso) B s BEe
R7snA o,

0. M8 ¢ 5&

X RRIAM: AgAad2EE R ARIUHAE
MXRE ftAsta o) ZHB DYPKRE FAS
o REm oS S

1. REM| FBMT HE&

TR RE °183 RAaHS H8 557 Shoffner
(1982) 7t B7RF Hkg tta BWPAA oo
o] XpEstd o

1) ZHPe) B : ZHML 37.5C EBSB
o] 18~ 24B5f BRI oS AAL 3o 0.05
% colchicine 0.1~0.3cc ¢ A1Z1 F A
1~3mHE o ZRAIIo2H HHISHS bl @&
< FUHAT olsige] BHY THMS MRS
Az=a] BES 2#d K ( embryo ) g Ho
A=

2) FiRRE : Ee] BES H93de #ust) 9
sl dold BE 0.45% sodium citrate o}
15~20 7/ EE REMNA

3) B R BEANF: ERAEE N2 HKRE
methanol 3 acetic acid€ 3: 12 £83%
EH &V F A J0R1Y AREENY O
HL4H (1,000rpm) 3] BEg-S Wgn oA
AT BERS XB|AA aspiration pipette
o83l TF oAUt EEH] M8 Ar:
YAudg ARG slideo] 3~4ue Hol=ay
BHAIZ ¥ BRERAMNCY SAE] gl sli-
de& 2% Giemsa@#e| 7~883% Hasin
olRL ABEAMKESI AN EEF (X 100 ) 2 BH
EE$ (X 1,600 )2 IEIAA

2. G-banding 5i&

B 15943 aREMAA HE pEl AR
BAg olgdd dga o] KEdSth

1) Ca* 9 Mg* & AAAzl HBSS#H# (Ha-
nk’s balanced salt solution )o)] 0.075% try-
psin (Diffco, 1:250 )& BHAA A7l &
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B ERAIT slide & 7o BEAA 302~ 28
3 H@ESi ol HBSS®#®2 pH 7.0 o=
AEdd

2) trypsin BB slidex= 0.9% saline
Vol 2~338 KAz
3) k&e slidee 2 v2 2% Giemsa®®

of 6~ 783 @SR, WolHsIN K@

o Hufso] BEEY A salineo® oA 7z
Fag AT TF AX pado
3. C-banding 5%

C-banding € AN E H& 15340 HRES

AlA A2lE slided ol 83l g3 ol HAIS
< R=

1) %k BRA2 slide 8 B4 0.2N HCI
of 1A Bt BRNI ¥ /T2 k¥

2) X%¥ slide® 419 5% Ba(OH), el
23ENBRE F ZEE B2 ARS 8 0.05
N HCle| 15~30&2 &5 983 Ba(OH),
AANI I A 28FE KBSl

3) Ba(OH), 7t 8383 AAF slideg 2x
SSCC 0.3M NaCl+0.03M sodium citrate)
BHol 60CR 1A 3= AAAZ & SH¢=
KE>RT

4) 4% Giemsa Bl 20~30
AT o Ho)7 ol BE§OL

4. R

Held slides FHY0|3 dolX BEsa 2
H3 FY ®E THA BEREYS ( ASA25,Mi-
crofilm, Fuji) 224 RK My o8 o A
deaM AA Heaps BEBS FHEC

1) 8% : e {ilmE D, BRERHA . o
68T BRARAMZ o RS A2d F 2R

2) ME:RE FARE o183 8" x107 &
Z9 &XB%E (RC 700, BR) o] A HEAT
2 D, R SRl & R3o| T o
72 A oS BEAMNII,

3) BRES : AT ADg F3A AN HRAYR
£@e 37 R BHFEMS B =t RS o
€€ 28 mFA=2 Ui

4) BRE: U2 gBSHE 71SE2 BR
& ( copy film) & olg3td F H/PH

B3 REsty



5. Densitometer Of 2|8t 94k

G- @ C-banding9 ¥t} H &g #irg A
8l Photographic-Densitometer & ©] 83}
band ¢l Afas #EL oS

1) densitometric ##& HX & N5d @
A3 A ved Heag@mel hf £ 930

2) Sfol ol &3lels REL ke EXBHKRC
3,000, Appolo )& AM&3lod #kx HES =,
N REmeEL ERENRC

3) B#de & contrast 7} &3 Ao =
scanning 8] dol¢t £& pEdd

4) scanning ¥} wal Yebv= graphol H
IS FEMK) Vel G bandgEHET & S48}
o bandel @& 4 A7l da] BRA,
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1. o] NRERW

Reafmo] EAS BE HEFOIAY HRTHE
A3 gdigozry AF ARKmEA dAY,
ARER T OKS EB/AA det

Ad RHERE s SBE2= KEAR ( Ohno,
1961 : Owen, 1965 : Bloom3} Buss, 1966:
Shoffner %, 1967 : Bloom, 1972: 1974 :
Sasaki, 1981 ), ZAY¥ X ( Sandnes, 1954 :
Krishan %, 1966 : Bloom %, 1969)7F 4
g ol8Hy o Yol BFREAS KEE L R
8 ( Bloom, 1970 )& €% o BRR=F
B paige] S ®ol olfolAdn ed MmE
Z9o] HifE ( Newcomer, 1963 : Donnelly ¢}
Newcomer, 1963 : Shoffner %, 1967 : Zar-
tman, 1973} % o= @@ S REFMAHE ( Ro-
thfels %, 1963 : Krishan %, 1965 : Shoff-
ner %, 1967 ) & £x& o143,

A& BB E W BRE o83l pEiwe o5
S v B W 8e 5KSHE S &2 I. +
AR oen 53] FHIVL 18~24M ¥ 4~5H
M BEAA o€ KREE SEINE A 8 B
R18~24mM ) & BER 28E Iz o83}
g REYL 3o ¥dln RAe SEAE ¢ Sl
A A 4~5dA9 gERAN = olvl e %
HE] gAHReng olE & R¥E( allantoic
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sac ) 9t o} RS oF Sh= HAREIA
B}k B2 B5fel AaHE BHdel Ao =
W RS Rl REol HE Bl Ruygst
A |

KEol ol pely F LR 7HE ST Ao
2e AY4E AR ;B 293 23 pem &e
B, Rt REBRE %o AFHH2 o (Bloom,
1981 ). watA X HEoAE jifp 5% 9
3te o2 BEESE £%Y u SEREES 37.5T
2 gam R vy sigoed 397Coldel H
A& e FEREY 48 BRES 289 Gkt
Jehvnz s BREE 33 @dsidel dn

PigEMe K& WMEN 7 S8 colchicine
< At ad FRIHS PUERBE #HEHA
@ colchicine o AR EAK HER &
o Aolst pemiae Mol ad BAR: o=
veto n e EES EARTY EREMS RERo)
Bies BEe iEe JdehdA 8o

Hypotonic @8 = fife] BE W3- #HA
7] W&o ol fFARL, BE L KEFM] vl$
3A %= o= vt & ABd BR 9
o REWORE 0.45% sodium citrate 7t HA
T &S FENu, AEsie SREEY gt o
+ BT BHS YUY s8R BE 5L o
Elol= REREE 154 UTE @@Agoel udd
A HRE Hola, ALAT e ¥ FBRE

e 20~25% AKX b4 A%l F2& Aoz
23207 g=1
ABE BEAA slided] B®ESIE Hio=

squashing preparation 3 air-dried prepara-
tiono] ¢ vl & FMAM & ol& F/A K&
< k& ERNA WHERSS 28 HEHE olgsdid
Rufgmo] ey air-dried preparationo] WA
H 2 HAn BFT FH RS dehlle GRE B
A

Bk REY slides BRI %2 E8NY F
2% Giemsa @@ o 2 Hpmsted oln stock so-
lution & ®BE REYe] WFA 3o, Y AT
Giemsa Be BHEASIAN ¥e Ao $oh

BE/T B3 slide = XBEGHNANA d¢ &
fEEIA fBFsin F YAz F8&F P Rl o
8 mEdRs gt 2% 1 slided 200 1L
Le] g gel el £ MRS SARBA
25 4Fs8A @] o ol EF WHiFM{early



metaphase ) iRR82] R& Hislel Sl o8l
wtgdst Fig.lolde @—3 slided deyd
HHDH Y Ro2 Wby KB (a) & o
=& P KRB (b) & B RFET Aolch

(b)

Fig.1. Early-metaphase(a) and late-metaphase
(b} chromosome spread in the female
chick cells

FRAHS FHRET Do) ot peaprt
BREEL olue #id wet ARaRE ¥ E
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FEpmsol et @Al oJl¥A Ho 3 banding
a5 & AN WHF Y SAI5T8 (late pro-
phase ) RS nAEWMES BRG] Basd

2. REMO| HEHIT HIT

G, C-banding B2 & YM = £z @
A3 BRE air-dried slide 7} v} @3} A& R
B KR el 4 5~608 AHAY slided
A ol il RFHAUD, slide boxold 20~
304 7R BESAE A 2L #4182 Jehigieowt
2~ 39 28 slidedX= A9 bandd e
BHEE B0 o2t 2% fgeiicl oat band-
ing BBEHEC] g2t ERRM/T banding EE
& LBy EEEY %2 nNe A 29, =%
banding @&l o] &8 A slide:s A5d &
AqRAez Fol gl AL AHESI air-dried pre-
paration & 38lo] desiccator ol &igAlz7lo] n}
k=]

1) G-banding ¢| EEE®

G- banding B trypsin® HE 8 =
2t ¢ &2 vt Qe & BB L Diffco
(1:250) Mo =M BEI & KRS BYO
=% G-banding & trypsingl #EEell, trypsin
el BB, REBERE 2 RABERY o2t @
S JY¥g ¥ Ao2 Ve, oA trypsin
BER ¢ slide® WA Awm oA slide
€ Yag AE #Agste Aol vy,

trypsin & #% Sul2 salineo| 8)Fo ax o)
9 fEE FIEATI 2 Giemsa BE#ol R 7l o
oldl RAaEH-E A bufferd pHE 23514 5
RAtte AcZ YyAET R % HEA tap wa-
ter 24 oM & salt crystal & g2glel A3
KBSt okt TWAAl crystal o] 5o ol o}

2) C-banding &l BEEH

C-banding 8= S48 %02 air-dried slide
€ HClof dvizt EBAN ¥ gEIAY = ole
Stefos 9} Arrighi (1971 ) 7t AAH BE %Hhe
fe] ol C-banding gzl HCl A3 -& ytH
BT oA OE Ao k HKE HClY mEs
LT slide o] 3ol MBS —lES BH—HS
oA #HEAINE HAS 2Q0

C- banding #1481 2ol &= Ba(OH).d RER
M, RE, SEREZ 71 2 9% vixEs e
2 JeikE v oha &2 i A7 pgst C-



band £4& Holz 2 ®MSl Ae B8 Rafs
9 s BHe Jetddt =8 Ba(OH), 9
A F tap water 29 43 Kkl vh=Al 2
TH X &H ol M2 & uld slide e Ba(OH),
o HHol AF Eolvter] d& el bzt Ba(OH),
BE #% tap water® X o€ Al HCl o
& A £E0 o024 Ba(OH), & €3
3 BRET £ YA

2 XSSCHHEAM S mBEREMS 1AL 3 A
2 go) uFA Y o] o] ol Holx bandingifH
of i Aol7l P Roz YT

3. Refao] 44

REiEe] Bo HES e Al BE B
HY neapesd] U BA o a7d Y BE
# REI 2ol Hold ##®H ( resolving power )
o] A7H e @l EREY YEL ALEAR
o] Bt} $& FRE dg & AU

BRSHS A% R SRARS B, BE &
X, BRE, FRFo= JUE & Ad. BBARK
o RFe B EAR syl fsle D-19¢ Ze
FEARAWE AH8ste o] wigdsln, HER A
2F HawosM D-729 o2 £ e d
<+ AAH old A EHE HEHKRA = 7MET
T REBEKE o) 8T BHAH BRgshed
Egfo] "t

BRSNS 98 ®ve el e 87x10°%
£ 3712 #ix HEgstn 748 Reawsd
R X 272N £ HERalEsEe TEs
o =il eAdz Ud R4S Fig.2
£ Fig.1(a) 8 #& BRAGHE AR gl o
AMe oF 10489 xHRemigel 2849 PRGN
2 #RESL 4 ¥ Utk 2Ela 59d Z12A
metacentric ¢l Rt ZHREEOlY 7- 8¥
A z7]|2 HA metacentric ¢l Hufagart Wik
ar 474 gde ¥has] Tido & BRS
Wl A ABRREEE BEEY AU z=vld ot
FEs TR AT AU 2 AE AT dBE
o] pEBEEE HEY 372 4ol JdE 5= 9
A

G-banding & e Hafe] trypsin olnb
irea =g protease & Azl @ ¥ Giemsaffa-e
slo2Md 4£mEE banding HH#Hos REES #
&3t DNA< histone ¥ non-histone proteino]
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Fig.2. Karyotype of the female chick cell
(Fig.1(a))
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Fig.3. G-banded chromosomes spread and
karyotype of Gallus domesticus



o] gzt banding o Hel& & MEHEGE Ml
=R stz 4383 band #HE JERA HE2=2 7
A peise] Awe uoh golgA s, ob&® p-
arm® q-arm9 TEE FHIA T 5 Aok

=3 G-bande ##Ee 2o HESA S
3}7]1 93l photographic densitometerg olg&
st=2A band B#HS At Ad = Ak & gra-
phel B g wel band &E pEdta, B
ghe] Eolo] met band 8 BES ¢ 4 U, Fig.
49 G-banding 8488 densitometric &#7f
< F3td @R Aol

( N\ g
L
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Fig.4. G-banded chromosomes and idiogram
according to densitometric analysis
in Gallus domesticus

C-banding& in situ hybridisation B#i(Par-
due $ Gall, 1970)& T4 ®HAIA constitu-
tive heterochromating E@moz REse=
Ho2A Arrighi ¢ Hsu(1971)7F Abge
@) 3ol Agoz oo e BASUL @
o] $lo} heterochromatin®] C-band #4§& Ste-
fos s Arrighi (1971) 7} RS v Wihemet
e fERmme BER Mol Jepde wwe
u} gtk C-banding o} {LEBEy fE/8 B N

~94-

o= Hufapsdl DNA2l 28521 denaturation ©f
o]o] C-bandsyl & &4 highly repetitive DNA
ol A¥Hq annealing o} &3} bandingel %K
A BRS BRI (Arrighi & Hsu, 1971
Gagné %, 1971 : Schnedl, " 1971 : Yunis %,
1971), &% C-bands& non-C bands &fr
71 DNA & #@%ste 24 vehts Siolstn i
sl= uh ol C-banding& 1% o3 BH B
® (acid, alkali, hot salt )7} DNAS <9
BHola 2zt 2 sl AIRIcHE Relth ( Comings
& 1973 : Mckay., 1973 : Pathak & Arrighi,
1973 : Burkholder, 1975 : Holmquist, 1979:
Burkholder &¢ Duczeck, 1982 : Jack %,
1985 ).

Fig.5o14 & & Hfufee] C-banding Mg #
mE Aes xRne@ HEIrel nphaies]
BEE Sl F2 old £482 Bolm sig 59
% REe Zuhegme KiEEdM Je C- band
€ Yetya, WHels 28dc 22 C-bands &
vehd o =8 iR ARREBSINE RiE
e giEw Hero) C-band HHEE Holrl= &
W —& g8 obd WAy #EE JEn Ao
Fig.691M = C-band ##H9 £E# HE g#HE
22 skd g @] heterochromatin g B
AL Aolth

Fig.5. C-banded chromosomes spread and
Karyotype of Callus domesticus
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Fig.6. An idiogram of C-banded chromo-
somes in Gallus domesticus. is
C-bands bearing frequency at below
50 %, E= is at above 50% and I
is at 100 %.

V. B =

& HdMe ®Ee o @mREEn HES
ol g3l B Hufafgel S HEY G, C-banding
of ol S HHES FESS Hoh B B
mase] e HHe ®BRI oL

nEmel SB= RESY WHKRE ol g3aR

N OAERSH PHRS 44 ZFY 4+ qUed, B
E 4-5979 BEREGOE YH pheime 5
Lt o Bl g

RE Qo Rl SEEHRST T 28 A
o2x AT sampled] A JuG hifige
#%, hypotonic &l wH& T3 B #FN,
wEFk € REs] gEBREZ Y =3 B 38
3 pEge S dAsldNe Bl SRR O
i Aol e EaAgo] ugA 3o,

G, C-bandng @B E &re ¥3] FEsin
= 943 Az9Y air-dried prepration® sam
ple g ol &8 ok wiF AT} KERE A& T+ Jon,
slide o E# &M el band i) B Aol
& vepach

G-banding ##8] 34 ¥t BRoZME
trypsinel BE, BEH, EBRES £4 FR
< &l:, Giemsa solutiono] A}23tE  buffer 9
pHE 3A F&se Aoz deikto

C-banding o] $1°i* &= Ba (OH), < BE BER
B, RERE € 92& 73 b o FS B
Riel mEst ulEAS #4EE Bolm, gEEN HCI
REEA @iREe u—%g mtn, gEg IXg
KEE7t €2 #FRE JeElATh

Band #M9 Bt 383 FE AsMe den-
sitometer & ol-83t2 24 Ag@Esy FHE SHWY
+ YAk
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