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= Abstract =

A technique is described for producing high resolution G- and R-banded chromosomes in hu-
man peripheral lymphocyte cultures. Cultured lymphocyte cells were exposed to ethidium bro-
mide (10pg/ml) and colcemid (0.02 pg/mi) each for 2.5h and 0.5h prior to harvest for high reso-
lution G-banded chromosomes. High resolution R-band patterns were obtained by BrdU sub-
stitution which was revealed by the fluorochrome-photolysis-Giemsa staining technique.

These methods are easy to perform and highly reliable. The data on relative length of chro-
mosomes at the four mitotic stages are presented in units of percentage of haploid autosome
length. The characteristic patterns of GTG-bands (G-bands after trypsin and Giemsa) and RBG
bands (R-bands after BrdU and Giemsa) were analyzed.

L A =2

Alghe] mejarR ‘ﬁ(hlgh{esoluuon banding)
AA ] BT AFE AXEE FVEY G484
dre A3 AHe UM]??} A ol
{Kroisel & Rosenkranz, 1990; Mangelschots ef al.,
1992y A3t n sl B WLL s
2} o= A, ARG AA Aol Ao AgR
AE 2R3 4% 28x GAAY 724, B
A% 2ol B AT T BE ANE AT
o},

E3] 134 R-%4H(high-resolution R-band-
ingye: G- ol &3l RA 87 AE FAA
DO e AN AURAE 4G B
2% 4 glon, F71g M (extra chromosome)
9] 7198 @3+ g0l At (Parslow ef al,

7 AMAL 949 0B F
3} ol maFEAHEA A% F4A
WAl AAE 9art gl

B AL ethidivm bromided} BrdUE A3}
o £88 JEBEY 27949 234 G-E4,
R- B¢ g dutgel wiopgon 84

AEED F7149 G-EE GAA9 542 )
EL
I A8z 2 Uy
L3z

Amee] Az Awe Bz P 05mie
10% Fetal Bovine Serum(Gibco), 0.2% Penicillin-
Streptomycin (Gibco), =i 2% Phy-
tohemagglutinin-M (Gibco)o] #7138 RPMI 1640

-109 -



Table 1. The durations of exposure to BrdU, Ethidium Bromide, and Colcemid at given concentrations and

hours before harvest of cultures

Cultures BrdU Ethidium Bromide Colcemid
(20pg/ml) (10pg/ml) (0.02pg/ml)
1 0 0 1
2 0 0 0
3 0 25 0
4 0 2.5 0.5
5 6.5 2.5 0.5
6 6.5 0 0.5

(Gibco) ¥} Minimum Essential Medium (Gibco)
10mle] 2tz Qo] 37C2 $RA B FL7| oA
T2AZHESE wfFato] AFEE T

2.8 H

1) DEA G2

AXEd 2719 i G-EY dAAE o
7} 9sle] dof wjdFE 2547k Ao ethidium
bromideE HF ¥ % 10 pgmly} HEE A8t
o, 05417 Aol colcemid (0.02 pg/m)E A &
3t} (Ikeuchi, 1984). H|WF O 2 A, Lukz
Bz ANA colcemid?t 23 AL}, ethi-
dium bromide?t A g H-¢, T2 BF A
3HA] & HLo A4EE HASUY (Table 1).
Hygd Axe 948 £ 439E HEn
37°CE FAE 27|94 3027 0.075M KCI=
2 2] 8k t}-& Camoy's 31 9 (Methanol:Glacial a-
cetic acid = 3:1, vW)L. 8 33] 1A Y ). A
A Fol A BBHE Seol= Yo 2R
4 -& 50-60cm ol A Aetste] A2 T
I 1IFYAE BRIEY G-EE S At &7
ol= 2 0.125% trypsinC. 2 20-30%F<¢H A2
% 5% Giemsa® 5825 A8t}

2) aafi4t R-2EY

R-2¢ GAAE drldsiMe MIETR 6.
SAZE Ao BrdU (20 pgmhE Ao, 0.
SAIZF Aol colcemidE @] 8}ic} (Camargo &
Cervenka, 1980). “12] 51 84 G442 vl &-&
o]yl 9] WiYEE 6547 Fol BdUS A g
3t ¥ 25A)17F A ethidium bromide, 0.5A]7F A
o] colcemidE A 2] 3} (Table 1) 2 A} E vl
B9} (lannuzzi et al,, 1989). Bl AH X EL G-&
4 9AA s S ST &
%3 34| Fluorochrome - photolysis - Giemsa
(FPG) 94 (Camargo & Cervenka, 1982)2 -2
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408 FoF G4 F FHFFE Ao TUTE
2X SSC=Z 9o black-ray lamp (UVP, Inc. model
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t}. &dol=8 60CE FAE F27]d4 15%
$¢ 2X SSCE AF & FHTFZ ML 5%
Giemsa® 387+ g A5t ol

3) Dohat P Mxie] niE
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=42 &8 g1, AEEEGA T A4 9]
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¥4 YellE DIFH G1Ee g4
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ANOVARA & HA8tEth AXEE $71489
A AERE 274 n3Y G4,
R-2Y gAA9 #PEA L Francke (1981),
Drouin¥} Richer (1989)%5 9] R & Fi3tH o
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Table 2. Mitotic index in different culture conditions (%)'

Treatments Subjects Average’
S-1 S-2 S-3 S-4 S-5
Colcemid 0.83 1.15 1.19 3.60 2.07 1.77
Untreated 0.45 1.91 0.98 1.21 0.98 1.11
Ethidium Bromide 0.58 1.25 0.63 0.82 0.55 0.77
EB and Colcemid 230 1.25 0.97 1.00 1.23 135
BrdU, EB, Colcemid 0.93 1.04 1.02 1.09 1.04 1.02
BrdU and Colcemid 1.26 1.10 1.16 0.75 1.19 1.09

! Based on 2,000-3,000 cells. > Data summarized from five different experiments (EB; Ethidium Bromide).

Average

Percentage

Metaphase
Early metaphase
¥/ Prometaphase

£
Treatrments

Fig. 1. Distribution of mitotic cells in different
culture conditions. Data were summarized from five
different experiments; Untreated cells(UN). Cells
treated with colcemid(CO), ethidium bromide (EB),
EB and colcemid (EC), BrdU, EB and colcemid
(BE), BrdU and colcemid(BR).

ISCN (1981, 1985)¢] ™ TFokst R =A s
o AAlstgt.

. o}
1. D G2 FAA

599 wxYAL cthidium bromideSt col-
cemidE st wjET A} AERIAF
(mitotic index, %)= BT 1.35%(0.97% - 2.30%)2
colcemid?t 33 B A FE(1.77%)RcHE i
I ethidium bromide?t @& 7 $-0.77%)9k o}
FAE AEsA e AEL(1RETGE ¥
t} (Table 2).

M2 e SHE gteR o AgdnE
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A FAA AEZEE A7) (prophase)?] A ¥

ARG ES M 238%, A¥XEE S
A} (prometaphase)?] A¥E 10.15%, A ERG
%714 (early metaphase)] A ¥ 28.56%= 1}
U AR FAEEFQ HIE9] 41.09%7F A

s

7]

P

29 27197 (premetaphase)e] AU o]l H]
& coleemidgt Az s WmFe) A4, AEEE
A7 AEE 23%, AZEYG AF7189 A
¥ = 0.69%, METEYG 2F714) AEE 926%
2 a4 dAH 2@ vEE GA U
elydrh. Colcemid$} ethidium bromide o]:=AHAXx
N EAge A$e 4 AFFEudEE L
21%, 3.90%, 23.45%% VENY colcemid?t A &) &
AL} 2L ZPNEE Hgon, ethidinm
bromide?t A2 & HYF-L 9.16%, 12.98%, 25.
76%=2 74F B2 dxe nd d4XNE oF
g 4= T} (Table 3).

AR 92 WERAL 1A HdETE FAA4
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7t A8 #Fasth d4AY £5& 38
£ coleemidE H7}8tA FAY E4A 9 £5&
¢} 4] 3} = ethidium bromideE X & & AP T A
TRY 2F7|49 AXe EdNES A F
7bstgtt (Fig. 1). A EEE 271949 nay
A 2FUEY AZEY F7I149 944
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A we WE a4 AH4AE €€ 7 AN
At AR S0l B AR Zata 4EA
ARl nAER G FFE B0l
Br1%89th (Fig. 2). Ethidium bromide$} col-
cemidE BF AT FFole nsid @849
v go] 1, g4 Fejet EX eI} ethi-
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Zr AxEdaA e dEFA GEIHATEES &
28 A3 AEEG A7jae] G449 ZHolt

)
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Fig. 2. Proportion of premetaphase cells and metaphase cells in different five experiments (premetaphase:
ranging from prophase to early metaphase) (S: subject).

AEEG 71489 G wa A 20 = ALEE APToM AERZEASFE colcemidtt
Z2A vehgten, AXEE d749 9444E ALgE BlEFe BE ke HE L09%H o™
o] M2 Bo] FAE AF& £ F Ul (Fig. (Table 2), AEEE A7), AF789 AxY
FENEE WIATH E Aol BolA AUk

3).
. . U M EEY 2Z:0)4e AT 18.88%% 2014
2. DA R-2Y A4
28 o A4 = o] £3Er) (Table 3). JEEYG 271G
R-EdH & AAE7] 93] BrdUS colcemidE Aol MEES %o] A7) ¢35l ethidium bromideZ
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Fig. 5. Representations of high resolution R-band-
ed human Karyotype. Inserted late replicating X
chrmosome treated in the same manner.

Y H7te Ae, AXEEASTE 1.02%2 e
t} BrdU$} colcemid¥t AF8-3F 7-9-9} Xfo]E B
ol A o} (Table 2) M ERE Z71TA S A

Fig. 3. Representative G-banded mitoses. a. Meta- o] Hlo o EE B }o
phase b. Early metaphase c. Prometaphase d. Pro- z] 1?‘_‘ A S7rstel AxEd ;ﬂﬂ}b"]
phase. Primary magnification 1500X. bar=10pm Azl Z2HYET} 10.77%, ATEYE AF7A
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Table 3. Distribution of cells in various mitotic stages from five different experiments after treatment with and

without colcemid, ethidium bromide, BrdU

Mitotic  stages(%)"

Treatments Subjects P M EM M A
Colcemid S-1 11.49 3.45 16.09 63.22 575
S-2 0.00 0.00 1.28 98.72 0.00
53 0.00 0.00 10.00 87.65 2.35
S-4 0.00 0.00 7.27 92.73 0.00
S-5 0.00 0.00 11.67 86.67 1.67
Avg. 2.30 0.69 9.26 85.80 1.95
Untreated s1 3.33 3.33 18.33 75.00 0.00
S-2 0.00 2.73 17.27 80.00 0.00
S-3 0.00 3.00 17.50 79.50 0.00
S-4 0.63 6.96 3291 58.86 0.63
S-5 2.08 3.47 31.25 62.50 0.69
Avg, 1.21 3.90 2345 71.17 027
Ethidium S-1 26.67 13.33 23.33 36.67 0.00
Bromide S-2 0.78 10.94 3438 5391 0.00
S-3 6.90 9.48 18.97 63.79 0.86
S-4 8.20 18.03 26.23 39.34 8.20
S-5 3.28 13.11 45.90 37.70 0.00
Avg. 9.16 12.98 29.76 46.28 1.81
Ethidium S-1 4.15 15.35 22.82 56.43 1.24
Bromide 82 4.00 8.00 28.29 58.86 0.86
and S-3 3.26 6.52 28.62 60.14 1.45
Colcemid S-4 0.00 11.11 3333 5556 . 0.00
S-5 0.51 9.74 29.74 60.00 0.00
Avg. 2.39 10.15 28.56 58.20 0.71
BrdU, S-1 24.79 17.09 17.09 40.17 085
Ethidium S-2 431 7.66 31.10 56.46 0.48
Bromide S-3 7.14 6.83 26.09 59.63 0.31
and S-4 8.70 15.94 13.04 53.62 8.70
Colcemid 8-5 8.94 7.26 20.11 63.13 0.56
Avg. 10.77 10.96 21.49 54.60 2.18
BrdU $-1 0.00 1.50 27.82 70.68 0.00
and S-2 0.00 3.92 12.75 83.33 0.00
Colcemid S-3 1.11 3.33 8.89 86.67 0.00
S-4 6.33 2.53 3291 51.90 6.33
S-5 0.00 1.20 12.05 86.75 0.00
Avg, 1.49 2.50 18.88 75.86 1.27

!. Based on 100-200 mitotic cells in each culture (P: Prophase; PM: Prometaphase; EM: Early

metaphase; M: Metaphase; A: Anaphase).

o Axo 2SI} 1096%, NEEL 237
2ol Axe] FYRITIL 2149%2 e
(Table 3). Fig. 20fA & 4 Sl&= AAY R-EGS
£8 gl ethidium bromideE A}-88 2%,
AHE8HA) & ZA¢HY 2 AT gL A¥XRy
%71¢] A GAAE & & YU Fg.
4%} Fig. 5 AXEQ 371449 RELDGAA

AR 271949 R-29 G4 9] PRA
ZA}o]th. DNAR A %7]9} @7)d| z+zt BA|st
E XGAA S Sold BFYHE A3Y F g
Qed 274 248 3 Ak gH48 0=
Zo] @Yol Byon, wrld BAE XGAAE
Aol HolAge AEE A 449 AL B
% gtk
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Table 4. Measurements of chromosome length at different mitotic stages'

Chromosome Length (um)’
No. M EM PM P
1 12.76* 16.10° 19.46° 23.06"
2 11.57 15.25° 18.30° 22.04°
3 10.01° 12.99° 15.60° 18.53°
4 9.19° 12.62° 14.96° 16.79°
5 8.76 11.75° 13.83° 16.50"
6 8.58° 11.371° 13.37 15.63°
7 7.66° 10.21° 11.9%° 14.59"
8 6.87° 9.48" 10.96° 12.88"
9 6.70° 8.93° 10.44° 12.62°
10 6.64° 847 10.41° 11.95°
11 6.70° 8.70° 10.38° 11.43°
12 6.58° 887 10.06° 11.02°
13 452 6.09° 7.19° 8.79°
14 447 597 6.79° 8.15°
15 4.29° 597 6.64° 7.83°
16 438 5.25° 6.21° 7.80°
17 447 5.83° 6.70° 7.98°
18 4.06" 5.10° 6.15° 7.05°
19 3.45° 461" 5.48° 6.00°
20 3.31° 4.21° 48T 5.48°
21 2.06" 2.64° 3.02° 3.42°
22 2.15° 267 2.96° 3.42°
X 7.40° 9.89° 11.08° 12.96°
Y 267 371" 5.16° 5.63°

}. There are no significant differences among the means with the same superscript in a row (p<<0.05).
%, Based on average measurements of 10 excellent haploid sets each in metaphase(M), early metaphase(EM),
prometaphase(PE), and prophase(P).
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Fig. 6. Comparison of chromosomes length at dif-

ferent mitotic stages.

3. Auix|el Lol

NEEE GAEE gAAe Holg 5HF
A Table 491 Zow, 7} GAEZE F4A 9
XA B 22 A2E 10744 &

vl AbREG (250x)3te] Fojlst (14.5x)&
F 24% gs JAAZde)R §ilstgth. ANO-
VARY A} (p<0.05) GHA Y Zole AIZE
d g4 (HEEYE 37, AZXEE 237, A=
B2 AF7), AXEG A7) Abold A= f-9]
3 z}o]3 eI} (Table 4). A AER GG
AoA zZ+ G4 dole F/HElEE BIHE
A AEEL 7149 gAaF ] Zolg 10085
shod, U A M7bA AERE A9 44 2
ol B MERYE FI14e GAA e Hold hE
WR-g2 FAsG T} (Table 5). 123 G4 <]
Zole AERE F/3RY 3 211%71A F
799 AREE 2F7130AE 169 @4
A7} 119.87%<] 714 @& F7H8S¢ BA A
FEG AF7| 4 A7) E 229 A8A T
71 e 27188 5y A AXEE dA
A YEAA Zolg F7&o] M 4T A(l-
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Table 5. Cdmpan'son of chromosomes length at metaphase, early metaphase, prometaphase, and prophase’

Chromosome Length (%)

No. M EM PM p

1 100.00 - 126.14 152.50 180.68
2 100.00 131.83 158.15 190.48
3 100.00 129.86 155.94 185.22
4 100.00 137.22 162.78 182.65
5 100.00 134.11 157.95 188.41
6 100.00 131.76 155.74 182.09
7 100.00 133.33 155.68 190.53
8 100.00 137.97 159.49 187.34
9 100.00 133.33 155.84 188.31
10 100.00 127.51 156.77 179.91
11 100.00 129.87 154.98 170.56
12 100.00 134.80 152.86 167.40
13 100.00 134.62 158.97 194.23
14 100.00 12922 151.95 182.47
15 100.00 134.46 154.73 182.43
16 100.00 119.87 141.72 178.15
17 100.00 130.52 150.00 178.57
18 100.00 125.71 151.43 173.57
19 100.00 133.61 158.82 173.95
20 100.00 127.19 147.37 165.79
21 100.00 128.17 146.48 166.20
22 100,00 124.32 137.84 159.46
X 100.00 133.73 149.80 175.29
Y 100.00 138.95 193.26 210.86

!, Based on average measurements of 10 excellent haploid sets each in metaphase(M), early metaphase(EM),

prometaphasc(PE), and prophase(P).

. Values obtained at metaphase are expressed as 100%. Measurements of chromosome length in EM, PM,
and P are expressed as a percentage of those found for each chromosome at metaphase.

32 F] A FAME 28 H4A 9 Folrt
714 %ol F7HRN oY, B@ES)AFAME AE
Y 5747 A 44 449 Z7180] 3
AT AEEE A7FAAME 58 GYH 9 7t
&ol B A Jelgo. £ C6-12)1F A
= 7Y FAF e FUH&e] 71 Fev, D(13-15)
IFF 138 GAAE AXLEE A78NA 14,
159 dM Ao vla) & /18-S BYd. EF
(1@20)1v°ﬂ/‘1" 204 GAAT A e F
7HEE B, G212 FL AF1F wE
$e 378 S A (Fig. 6).

4. A el Hchx 2ol

G A 9] 4dfd Z o] Pearson (Appendix2 -
ISCN, 1985)7} Daniel (1985)¢] ® 519} §-A}3F A
#2 Jebdth (Table 6). AEEE F7)439 A
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Table 6. Relative length of human chromosomes at various mitotic stage (GTG-banding)'

Chromosome Relative length’ (%)
No. M EM PM P
1 9.19° 8.82° 9.03" 9.14°
2 8.32° 8.36° 8.47 8.72*
3 7.18* 711° 722 731
4 6.60™ 6.91° 6.94° 6.64"
5 6.30° 6.44° 6.41* 6.53"
6 6.17° 6.19° 6.20° 6.19°
7 5.50° 5.58"° 5.53° 5.76"
8 4.94° 5.19° 5.08° 5.06°
9 4.81° 4.89° 4.84° 497
10 477" 4.62° 482 4,73
11 4.81° 477 4.81° 4.52°
12 472 487 4.68° 438"
13 3.24° 3.34% 333" 3.49°
14 321° 3.16° 3.15° 3.22°
15 3.08° 3.16° 3.08° 3.09°
16 3.15° 2.88" 2.88° 3.08"
17 321 3.19° 3.11° 3.16°
18 292" 2.79° 2.85° 277
19 248 253 2.55° 237
20 2.38° 2.30% 2.26% 2.16°
21 1.48° 144 1.40° 1.36'
22 1.55° 1.46™ 137 1.36°
X 5.32° 5.43° 5.13° 5.13°
Y 1.91° 2.04 2.41° 2.25%

! There are no significant differences among the means with the same superscript in a row (p <0.05).
%, Data were obtained from ten excellent G-banded metaphase(M), early metaphase(EM), prometaphase(PM),

prophase(P) from five individuals.

. Percentage of total haploid autosome length excluding the variable short arms of chromosomes 13-15 and

21-22.

Zdole} folgk o]zt gilen, 13 o A <]
A dole AXEY A7 AXEE 37
Abelol] -2)3F alo]7t It} (Table 6). G-
G Q] Aoix Zolo} = 4, FAFH | Z
Aste AEXEL ArdA F7)d ol2x Z
Zte] A E vlw BETAT (Fig 7). HEE
4 7149 dAe] Zolof Hslo MEEY
A7) el GAA e Aol R 1.7-1.99) A
= 9 Zglen W= $£5 3w ¥ gorh
(Table 7). M]ZEE #7142 nd 8T G244
E AE AAA Aoy, AEdE g& g
a3 3—‘133‘?-*—1 o] ol K7] W&o ANA < A
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2= Aﬂﬁ{#‘ﬁ Z71GA 9 nEg G ]-é—
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HAF A BAGANA DNAZAHS AA
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SRR FAEESY EEAVIE dAATE
Z 0191t} Ikeuchi (1984)e] &l&f] MEEF 2] G
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Table 7. Number of bands per chromosome arm at the four mitotic stages

Chromosome Short arm Long arm
No. P PM EM M Decrease P PM EM M Decrease’
1 54 28 22 16 70.37 43 28 20 14 67.44
2 31 20 17 12 61.29 61 31 27 21 65.57
3 32 18 12 12 62.50 42 26 21 14 66.67
4 20 13 11 5 75.00 53 32 24 19 64.15
5 21 12 8 6 71.43 50 33 26 16 68.00
6 25 14 11 7 72.00 41 26 21 15 63.41
7 22 15 11 7 68.18 42 26 19 11 73.81
8 24 12 8 6 75.00 41 28 20 12 70.73
9 17 10 7 4 76.47 34 23 16 10 70.59
10 23 11 9 4 §2.61 38 23 21 11 71.05
11 19 11 9 6 68.42 32 22 18 9 71.88
12 15 12 6 5 66.67 30 24 18 13 56.67
13 10 6 4 3 70.00 34 23 15 10 70.59
14 9 5 4 4 55.56 34 19 15 12 64.71
15 7 4 3 4 42.86 36 20 14 8 77.78
16 15 10 7 5 66.67 18 13 8 6 66.67
17 8 6 5 6 25.00 24 17 12 10 58.33
18 7 4 4 3 57.14 21 14 10 7 66.67
19 10 7 5 4 60.00 16 10 8 6 62.50
20 10 5 3 3 70.00 17 7 6 5 70.59
21 5 4 3 3 40.00 12 7 5 4 66.67
22 5 4 3 3 40.00 12 8 7 4 66.67
X 23 13 12 9 60.87 31 20 16 11 64.52
Y 7 4 3 3 57.14 8 7 6 3 62.50

!, Decrease are ((P-M)/P) x 100.

AT AA Y & AT ethidium bro-
mideE WYFE Hol FZE AL A
A nHEE d4A9 8L FAE F A
ol 239 ojF 0 A HPOZ U3 o
e o AgAdA §8Ho BELE
ZAFggo] a3 vt Rome 194, 1985) Ivt
Hor AEEIAZIY AF7|RE 21 e
HAAESY SIS EolAE &gto]=9
Aol G EXxAe] kA, e A
Aol LolatA] &L Aol gt T ethi-
dium bromide 3= Hoechst 33258-& A} &3}+= 7
Fole dutdQl asY B9 48R col-
cemid®] X 2| A|7HE 1A 7R AABIHE N E
4 A7) a8 AXEYE AF504e AxSF
T AR FodA gAA Y LXEO] FA
Yl A EREA s AXEE S8 o
A0 EUEE FUMgvhs AHdo] muHY)
t} (Rgnne, 1985). B AH G X% ethidium bro-

midet AL&3 AP TS AERYE 27]|9H

9 A EAA Y FEVE AT GYAE
o] YPEAE & F Q& AEE A A=
AAYE BEXAL B .o, ethidium bromidest
colcemidE Zo] AME-g APT LY EAA
9 HEE g3 A RELT YFEA]
T AR Bol Folzl Ao FRE o)
9] B3¢}t AA e AH}E YERHh B F ethi-
dium bromide$} colcemidE o] &3 B A Yo A
o] AERAAF7 B 135%5 MIXE A48}
o AXo BEEAVE 5UFA w=s AE
A oA 123%9) HlsE HA @& v &Y
A gk (Yunis,1978) A FEA S 3] AFs =
= olego] giden, Yunise] AEiEct |
2] 3l th. Ikeuchi (1984)F ethidium bromide$}
colcemid & 2A17HEQE EAlo] At 3.1%¢
3.9%9 ATXEEATE FAHEETY AEY
56%, 44%7+ NERD 27|GAY AXEY A

-118-



s 8 &/ .o 8
{ NG 2 AN
i Y
- ‘ i
> % ! ¥ -8
1 2 3
B—(~(~ . mgu‘tm ,r'_\
4
‘
& & \—4‘
4 5
] Q » ' M - #
P Y e
Moy
& 7 8
[ —
s % / I AR W
:(}\ :“‘;; R
9 10 11
i g
LI Y
12
D—p—r—fp— 7 — —p % s —a—p—r—t—
: b 1:
¥ - ¥ ¢ =
AW L e
13 14 15
s i v
18 17 )

e e A e
21 22 vAd

Fig. 7. Illustration of human chromosomes at dif-

ferent mitotic stages after G-banding. In order of in-

creasing length, chromosomes are shown at meta-

phase, early metaphse, prometaphase, and prophase.
Primary magnification 2000X. Bar equals 10pm.

7198 AZREE 257149S 2asigrd. o
A= ethidium bromide® 2.5A17F%¢), col-
cemidE 0.5A1 7R A3k & A8 Axt
3 280} NEEGE) 2 Aotk a3y
FAEEEA MEZE T 2T s

> fe 58 e

air

Z Ao & BolA Fstch wratA NEELEE
EFoldA AXEYD 279 nHFEHAE
o] &ata, nAFFAA Y &efols 9
TS o A7) A= coleemid®] A 2]
B¢ 5eE Aol FLAoE A7E.
gutxel G-EggogyE sy o 4
A e] 24 (deletion), ZE(duplication),
(translocation)%-2] A &3 HH ¢ (breakpoint)
E #2E 4 9 BdUE 043 R-2GH (Pai
& Thomas, 1980)0] .18 o|% G-E ¢} R-2
Qo QA wTHEH F o A 94
o) 724 olag Ao Aehs Aol 75
ATk MTXt} thymidine® 2 A EEG A7 &
AAANF wiRFE 4.5 - 5542 Hel| BudUE
g ste dhge] g A1E=3 glh (Camargo
& Cervenka, 1980; Drouin & Richer, 1989). =%t
BrdU= Ao 58 Walst(Pai & Tho-
mas, 1980) AT &-E H7] B HF71Y AE
o] FHNEE FVMAIIRE dE HYFE
6-7A1 7k Aol BrdU (30 pg/m)¥H& A 2]t 2 M
A R-2E GHAE 8 5 Aol B
=] 2t} (Cheung et al., 1985). DNAE A} =x7] &
@7)o] BrdUE AZANFIBZHN dojAE 13
A G2, R-EGsHE B3 asdg4He]
T23, 2218 AT Wo|gdaAe BAYAY
S H73t=d AFE-9 ) (Drouin ef al, 1990). O
BB R-EYE DNA B4 Z7)4 FAX7} 5
AR Frtol G-£YL DNAEA T7] 5
B A Az} o)tk ( lannuzzi e al., 1985). o] 3 &
A2 DNAEA 27)s} @7)o) 44 EAste X
FAH e BARAHHAAN FEol =2idd
(Camargo & Cervenka, 1982). R-2 gL 47| ¢
o MU & Hoechst 33258 & FgA <tz UV-
light 712] 11 Giemsa & AM&-3}& Wgo] &%
He Aow Wu¥anglrl (Kim et al, 1975
Speit, 1984). o]# & YHES 4T £ 439
A GojA REGEAANME TFE Bt 4
Aete BEAL AL UE REYGEYAE &
S Y. 53] g BEAA| 7 2 XA
Ao BAger FHol Ao e #FE
Zglgom UutEQ G-EgdgaA o|2g4E
(heterochromatin) -9 & #ZH G 41 14,
9, 1611 9] A4 (centromere) 49} YEH 4 A
o) FARSI B B g A= 58
GAEgAL B 4 9 (Pai & Thomas, 1980;
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Schempp & Miiller, 1982; Drouin ez al., 1990) o] 2
42 G oA g9 tEAS
#asted Aoyt ot gt e AR
9 AFXfHEH FAe 98 G-EYH R-EY
& HYPsiord Hart dFE o F AUrtk lan-
nuzzi (1989)+= ethidium bromideE Al-8-8}a] A E
29 2719 QJAAE Bol 3¢ F FPG-2Y
HOZ G+ C YL A3t 1 AFHE BRI}
Act a3y B AHe BrdUs ethidium bro-
mideE 7}7] & AJF A3 F 7= trypsin
0% G-EHEL, 45 FPGEYHEE $8319
R-EYE A3 Trypsing AT 3¢ =
E A¥E BrdUyt A7 A9 v ob A Eo A
e A 5298 62y guE a2 ¢
AU 22 FPGHAR & AME3 B9 o
5 Qx| R-EY FHE, 47 AXdAE
G-£4 gu & At 2448 G749, R-
343 g} Drouin $(1990)0} B 7§ BrdUE o)
€3 GBG ¥4 (G- bands by BrdU using Giemsa),
RBG £ (R-bands by BrdU using Giemsa) & =] ¢}
939t 1322 BrdU%} ethidium bromide,
colcemidE Al§3ste LG EHAE FF3}=
WS U o= A G-REH R-EHE
AAE FAld #&E F 9= FHl AN
At EHGEE ARE ®ol 8317
28t} A gE 2 AP A ethidium bromides}
colcemid® AM-&3te] & ¥ &9 27] FAMEY
dA e nay GEYE dAAE 48 F A%
], BrdU$¢} Hoechst 33258, UV light 1€} 17 Giem-
sag Aol o3 ¥ A % F(replication pattern)g &
A3 484 e LY R-EE 449 E B
slgth olEd Whge dd AEHE3 de
DNAgA S AA3te EIL #HUlste Az
EEAE dAATE el v& RAHEE S
Q) A E(mitotic cells)?] ZEHW T WAyl &
Nz u3deEd dAAE 4& 7 e 9y
k3 g Agubgelst A4t A¥ZEy
F8e 27 fFAHEEGA Y] n&dEd GAA
o BogAgM MEEL v A=
AEE g o Mg FRejz B, agn
MZ ol AX E4YE dFL4E ¢4
B Algte] AaHoH, A B4l oy
Ak oY AT GAAY A4S A
Pt AAFAM AMERE A7) @A R
£ AEREAZINN T AXEE 257149

AAMAE BAsE Ao o wiAsirin A
gt

AxEd 7149 27 FARE 249 3
A4 A AU ZolE st FAA
o] BAA #EHA & ARE A&
gom Mo AEEY aA A 24449
AH Zole Fad Aol7t flx vi$ AR H
o} glth ¥ I (Van Dyke ef al, 1986; Drouin et
al, 19919t T2 A B Agore 749 44
A7t A2 T2 JEEG GANA o8 Xl
Z Yt o)A & NEEE 9A oA 2¢
AR vl o2 fashs ge BAYe 49
Ao AEEAAAL A2 vl H7] HE
gzTo] ol WA APE FIhsted glo
A 71E4ke] abe] e et Zateta Az
Eis=

ol g A G-EY, R-EF AN B4
2 H o= in site hybridization (Masuno et al.,
1992; Lemieux et al, 1992)0]1} ©}& B E 8
2z W4l (Gandelman et al, 1992; Timer et al,
1992)7 &7 So] FAxY oz 9]
g Zgelsted oj$Hm . 12BE AEE
z7\gA e g H e B4 AT <
= AxgAste] Ay} fAxe] RA4E s
A7 2ga FAROE duAd 2E
3 A7) o7 A G Helo] 4
g8 AgL 93 B JRE AFet

R R A

v.2 E

Aol 2xdAg st nIY G-E4
A R-EE A A7) gL A
Agtg o, AXEd Fr14e daA 271
AxRdaAe asid dYAE vaadsd
=3

Tdxgo g UFE 2.587F Aol ethidium bro-
mide (10 pg/ml)E, 0547+ Ao colcemid (0.02
pg/mlyE A 2|3t} FAEGEQ] AlE 2] 41.09%
A 7] FAMEAGA Y s G-Ed 944
A& GTG 9 gl o3 #2F F AU 2
4 R-2Y GHAE £g3s7] A8 iFFs
6.5A) 7+ A of] BrdUE-(20 pg/ml), 0.5A17F el col-
cemid (0.02 pg/mE Agstgon, WIAET
AR = 1Y GHAY FENEE =7 H
& 2.5A)7}F Aol ethidium bromide (10 pg/mh)yE 2
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