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ABSTRACT

Lymphocyte chromosome preparations obtained by the micromethod (Arakaki and Sparkes,
1963) from 234 our patients (165 females and 69 males) were analysed by C-, NOR-and GC-

bandings for chromosome heteromorphisms.

The centromeric regions of chromosomes 1,9,16 and the long arm of the Y chromosomes
were tested for C heteromorphism. Minor variations found in this study such as inv(9), pro-
minant short arms and large satellites of acrocentrics were also examined by appropriate

banding techniques.

Of the 234 probands, a total of 125 different C-variants were detected, and the average
frequency of the variants per individual was estimated to be 0.53. The observed variations

were as follows :
and/or short arm variants.

.M £

Arrighio} Hsu(1971)+ A}2h dAx)e] 4
ojAad A= (constitutive heterochromain)el]
o Bt AdE C-2gudol o8l Hgow =
9 o, AE e r AYsie B2 3%

+

Ao

ol e Mia(satellite) DNAS}
DNA¢] widde] d&d e FAE] 9l
Arrighi(1971)7} in situ hybridization
Sigle) 3 shaich o] o]Uiue] DNA
¥-& 217944 euchromatin )¢] Tol sl

=
2
AL

NO;‘E,OZI

T & fr 2

T
(unique sequence)DNAS}= F&o| tizolxn
A7, A4 2 ] 5o] AusA dex
27 geh o] gAY DNAS 7z A
+2] 34 (polymorphism)el FASZ 9,
EE QANEY SAd F4E L9 A3

ol A& 4A AEE F e wHezy Ca

- 4] -

99 gh variants, 5 pericentric inversions of chromosome 9, and 21 satellite

spersson et al.,(1970)¢] Q-3& ol A E-A(Q-
banding) & AH&oz A dPod, 2% C-
2ol (C-banding)e| Bloom et al,(1976)0] 2]
sl e sisich

C-¥oiylo DNAZ #4473 56C~60C &
eazald YAsE B DNAZFe] AQg
9o, Giemad2 & A2l # QAAvte 3
AlRH o] Az 74%_\?__3,_01 A=) o] {2

o] A3 C-#AH(C-segment)o] et
shvd, Abgked Ao} 1,916 3 YAAA &) sl
(long arm)®] =ebii3 ok 1/20] of7]o] 3
& ot

o] C-EAe]l wo] (variation)¥ QiAo

od 8k wjx]z] ¢t=ciy Balitek et al (1978)
7 Podugolnikova et al,(1979)+ B3 3}F 1,
Canevale® Robinson et al,(1976)2 C-+4
o] Zolzt mldl Aol wal §HxH, T C-£
o) ot oNAAL $HoE fAHt 3
9ith. Lubsob Lubs(1972)& 7 AluhebA) wholl 4]

KR
=

e



%ﬁ‘ 5 °‘°*U}-\— ek = 2
£ ol E dHIE ey AdfAkY %Fé ]
=tz 3}g e n(Patil and Lubs, 1977 ; Niel-
sen, 1978), o] YA arld HF oA
ebubnhRto] ojdd A oot A}
olclz 8t ct(Jalal et al, 1974). o|&8} C-&
do arle i wiol =& #ﬂﬂ%(postem
bryo)e] A Apglatets 31glew, wjole) b3}
A F FARY L o)Hda 3 (Kare-
" tnikova, 1980 : Podugolinkova, 1983).

%A e Ao 9% 4o B
e C- 3’%«1 7% 0] £85I k5ol 7]
&}ch(Kulazheko et al, 1973 ; Bernheim 1977 ;
Atkin, 1977).

L.
T

2
A
=

-

2 4Y9e 7 daAs oAU B4
o] J4dAH oz ol oluAE °§‘%k2_ o] 2 &
A BAGTFE FolraA YA Aol 4
4D ATl HRFATE uw stof ode
AU S Hoiglion BAY 3} i ok

II. A& 9 By

1Oy &

A e 949¢ W 23459 ol
AE iz 3k o]F oAl 1657 0)n,
Gk 699 ojglch AA A m5 AFAbH ]
Asz dRE ZAxn YRer], A4 oA
45 A) shske.

2. EARHX 2 MIZHiQS

Boie FArZ 2~3mlH Aol 33
(mle 1,000 units, GIBCO)o] #7}5l = F A e)

o gAY EF3l] AL(em)vtE
ddt}(Arakaki and sparkes, 1963).
AEvoko 2+ RPMI 16407 Medium 199
(GIBCO)®|| Fetal Bovine Serum(Hyclone Co.
US.A)Y olsj79 £4 3 F4& 447171 9
3] phytohemagglutinin-M(¥} =] 100ml=} 1,5ml)
< A7} A7 2.7, penicillin G& mlg 100unit,
ml% 100pg(GIBCO) A 715l
A& ek Az 5% Co:ot 712 %

3

streptomycin-Z

3t 37CEL7[o A T2417F wiok stglom, W)
GF8 147 Ho| Colcemid® mlad 0.2ug

B VA

(GIBCOYH 7} 81t}
3. WET =74 MEe =3

Az HAL Z7) 4 (metaphase)ol] A HA| Al
7% 9482 (300xg, 8~108)F Ak &
Z2og weln etk AZE AFA(0.075M
KCDoll 23ty 1087 ¥ 3hch-§ Carnoy's
3.4 *§(absolute methanol:Glacial acetic acid=
3:Doz 3~43 nAARG 2HA AZH
SAg Sehol o] 2~3¢ AAA FNF
of) 4] "’EM £ Az ARk £l A4 A
Y Waad 3522 A% sHges, C-EY,

=N
=

¥

=

GC-2 3 NOREAL 88 &eloj=d AL
o A oF 20917} WHAIsle] A& A|ZTh

4. 2uy

1) C-EduY

A4 A7) EefolmAkel AW gle xhi
A-e A7 8 02N HCl&No| 4] 10~15%

7} Hejgzm o)e}x 007N NaOH-g-ollof Al 1~2
F owot Hedd g SRR A s 70
%o} 95% ol 'hgol] 77 5EFt Adta, 2
X SSC(pH 7, Sodium Saline-Citrate)-& ol o] 4
16~184]71(56° C~60°C) 5ot WA stghch A
3 ohA] 0% 9k 95% ol vb-goll A7 5EFt Al
HYF 4% Giemsagalo] 4 025 433
th(Arrighi and Hsu, 1974).

2) GC-2guy

A5 4alo] =& 007N NaOHS$-ofof 10~20
259 Ao z%am G B2FER A4
A s)a, 2xSSCLABo 7 A Lo A 5859
g 3tgch Mg 56CoA 12~16f‘] Aails
8x3 o}2 4% Giemsa-LolA] 3085 4
A 39 cH(Sumner et al, 1971).

3) NOR-HAjury

A5 Zzlo)=E 50% AgNosfofoz A
2 sld 50CEEFFo 15~16x7F ubAdl

t}g 2248 AHdld, 1% GiemsafHof A
%7} dA 39 ckBloom and Goodpasture,
1976).

5. By

qas SetolsolA A o deiua
e wol9s) Ao eieh 15~307] AL
AA(x 100003 e n], Hag L4293

At 3~4vhe fetol = F BT A

=

.x‘sL & e lo



~ 50

40

30

20

10

16

LR AT

Cum)

Fig. 1. Measurement of heterochromatin in chromosome. a : Length of heterochromatin, b :

Total length of chromosome.-

Appendix 1. Types of C-band variants

Types of Size variation

Location of heterochromatin

Variant symbols

2° Constriction region(gh)

-Secondary constrictin heterochromatin
of chromosome Nos. 1,9 and 16

-Distal long arm heterochromatin
of Y chromosome

Satellite region(S)
Position variation

Centromere region(C)

-Satellite heterochromatin of chromosome
Nos. 13, 14, 15, 21 and 22

-Position variation of C region
-Position variation of gh region

-Centromereheterochromatin of

N;+; -
N+, -
N;+; -

N; ++; +++
N; +

chromosome Nos. 2, 3, 4, 5, 6, 7, 8, 9, 11,
12, 13, 14, 17, 18,- 19, 20, 21, 22, X and Y
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Craig-Holmes et al.,(1974)
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Fig. 2. Karyotype of a normal female, 46,XX.(C-banding). A-G : Chromosome group. 1-22:

Chromosome No.

1) HMH 1,9,16H3 YO ghEZf 0|
A 1,9 16 28l Yo ojHadalA(qh)
Hols 2345 Fof 104(gh)¥ e} 7} FHats]gic). 1
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245 9 ch(Table 3) (Fig. 6).
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Appendix 2. Numerical designation of size
intensity of the variable chromosomal
regions

Size variation(C and Q-banding)

1. Very small
2. Small

3. Intermediate
4. Large

5. Very large

Intensity variation (Q-banding)

1. Negative (no or almost no fluorescence)
2. Pale (as no distal 1lq)

3. Medium (as the two broad bands on 9q)
4, Intense (as the distal half of 13q)

5. Brilliant(as on distal Yq)

6. No quantitation of intensity

(Paris Conference supplement, 1975)

Tablel. Frequency of variation of chromo-
somal C-Segments in 234 subjects

No. of Variations No.variations

Sex subject (%) (%)
M 69 23(33%) 46(67%)
F 165 68(41%) 97(59%)

Mean(%) 91(39%) 143(61%)

Table 2. Distribution ot sum of C-Segments
variations in sex

Sex No. of Sum of
subject variations
M 69 39(1)
(Nos. 1,9,16,D,G and Y)
F 165 86(4)
(Nos. 1,9,16 and D,G)
Total 234 125

(OFigures in (Dindicate the inv (®included

T 21dle] “S"wle] &, DellA & 154(128%),
GFol A& 60 (1.6% )2 B9 c} (Table 3)
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2. Holol| M2 Ao H

C-#49 ZFrie} ztad o] JAA 4o
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1gh+ leloll 4 33 o] 4 HbE fAbolxl A}
et inv(9) 1efl9t 1gh+ 1eflofl A& &el 27
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(Van Dyke, 1976). Wegner(181D) & Ce-¥<d
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Table 8. Distribution and variations of chromosomal C-band heteromorphism in 234 subjects

Chromosome 1q 9q 16q D G Yq
no. of h+ h— h+ h— h+ h— S+ 5- S+ S— h+ h-
variation 8 49 4 14 16 12 3 4 2 6 2

Notes : h+ : Large C-band
h— : Small C-band
q : Long arm of chromosome
D : Chromosome D group(13, 14, 15)

- 45 -

G : Chromosome G Group(2l, 22)
Yq : Long arm of Y chromosome
S+ : Large Satellite
S . Absense of Satellite



| 2
g L ’0 L] ™ g ‘
c » G
6 7 8
- * . s
D % o
I3 14 15
e @ L] L
E °d :
15 17 18
F . ® L 4 .'
19 20 %
R S

21 22

mosome No.

»

he &

Fig. 3. Karyotype of a normal male, 46,XY.(C-banding). A-G : Chromosome group. 1-22 : Chro-

Fig. 4. GC-and C-band karyotypes of leukocytic cell demonstrating pericentric inversion of

chromosome 9
hc : Heterochromatin

A : Pericentric inversion of chromosome 9




Small arrows indicate possible points in 2°
constriction heterochromatin region.
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Numbers 1 and 2 represent suggested subunit bands of the

same or different size in the C-band region.
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Fig. 5. P0351ble relationship between break poinks and different types of position variants.
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Fig. 6. lllustration of chromosomal C-band variant(gh variants)
Notes: N : Normal + : Small increasing of gh

+ + : Large increasing of gh — . Small decreasing of gh
— — ! Large decreasing of gh gh  Heterochromatin of long arm
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Appendix 3. Incidence of total and partial inversion of chromosome 9 reported by various

authors using the same criteria®

Total inversion Partial inversion

Authors Sample size (Percentage) (Percentage)
Mutton and Daker(1973) 200 1.5 -
Chapelle de la et al.(1974) 631 1.0 -
Ferguson-Smith M.A.(1974) 367 1.1 —
Madan and Bobrow (1974) 282 2.8 -
Boue et al.(1975) 300 1.33 -
Muller et al.(1975) 708 0.6 10.7
Buckton et al.(1976) 568 0.85 2.35
Pescia et al.(1977) 272 1.1 -
Zabel et al.(1977) 1000 1.1 -
Metaxotou et al.(1978) 600 2.2 2.0
Shabtai and Halbrecht(1979) 800 0.75 4.0
Bortotto et al.(1980) 290 1.37 -
Tejada et al(1980) 650 0.92 —

a : The criteria are(1) at least 200 subjects. (2) chromosome banding technique used, and (3)
distinction between partial and complete inversion.
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Appendix 4. Reports analyzing the effects of C-band variants on the phenotype and on the re-
productive fitness

Ce
Character Related C-band variants Analysis Reference”
Chromosome + Iqh+, 9gh+ 15% of variants in 44 couples (I) with abortions with H
aberrations abnormal karyotypes and only 6% in 36 couples (11}
with abortions with normal karyotypes
T Acr_ocfn_trif _ 11% of variants in sample (1) and 22% in sample ({1}
Chromosome + 9gh+ 0.05% of the variant in 8712 individuals of 5 popu- 2
aberration fational samples; and 3.5% in the parents and 2.8% in
e e the relatives of carnen of abnormai karyotype
Mitotic non- + Size/inv: 9h Hyperaneuploidy in 3 x 10 controls, 0%; and in 31 3
_ disjumetion individuals with 9qh+ or 9ph+, 3.6%-7.3%
Chromosome + Size/inv: 1h, 9h Breakage in cells without the variants: 2,5% in 50 4
breakage normais and 8% in 16 patients; with the variants:
________________________ 10.5% in 50 normals and 16% in 104 pauems
Trisomy 21 + Inv 9k The variant in 93 21-trisomics (I): 26%, and in 165 5
newborns (I1): 7%
No Size: 1h, 9h, 16h; No significant difference between samples I and 11
________ inv: 1h
Trisomy 21 No Size: 1h, 9h, 16h No difference in 30 21-trisomics and 30 mentally re- 6
tarded
Ne Inv: 1k, 9h No difference in 50 2I-trisomics and 50 mentally re-
____________________ tarded
Trisomy 21 +7? Size: 1h, 9h, 16h Greater C-band size in 50 parents of 21-trisomics than 7
e e in normal population; no control o
Malformations + Igh+ Six cases with 1gh+ suggesting a Patau/Meckel-like 8
P, - NGIOME e e —— -
Malformations + 1gh+ Seven pedigrees with Igh+ and an increased incidence 9
________________________ of maiformations . o
Malformations + igh+, 9gh+ In 23 maiformed: 17 with 9qh+ and 9 with Iqh+; in 10
_ o 25controls: one with9gh+
Malformations No Size: 1h, 9h, 16h No difference in 38 malformed newborns with their it
__________________________ parents and 39 normals with their pareats =~~~
Malformations + Variants In 11,148 newborns 192 had variants which presented 12

more treatment during delivery, higher percent of low
birth weight, and more congenital anomalies

Mental No All No difference in paired samples of Caucasoids: 25 13
retardation with low 1Q (£ 84), and 70 with normal 1Q (> 85)
No/+ All In paired samples of Blacks: 34 with low 1Q (5 84),

and 43 with normat IQ (> 85): low 1Q group presented
more 9gh+ and 19h+, and no differences in the other

__________ C-bands P
Mental No Size: Ih, 9h, 16k No differences in 3 groups of mental retardation: 14
retardation 245 biclogical, 82 medical, and 76 sociof; _il_ial __________
Mental No Size: th, 9h, 16h, No difference between 200 mentally retarded and 200 15
_ ietfrda(ion o IZh. ¥, acrocen. comtrols . _____
Mental No/+ Size/inv: 1h, 9h, In 165 newborn controls, 93 with trisomy-21, 69 with 5
retardation 16% quired mental dation (MR), 54 with idiopathic

MR, 48 with MR and malformations: no difference
except for more 9ph+ in idiopathic MR and 21-

Mental illness A/ Yq+ Y+ in some studies related 10 low 1Q, aggressive 6
behavior, mental disorder, psychosis; however other
studies did not find such associations

Cancer + Igh 55% of 1gh heteromorphism in 58 with malignant 17
______________ diseases, and 31% in S5controls
Cancer + Heterom.: h 54% in 76 with cancer and 32% in 68 controls 18
inv: Th 16% in 76 with cancer and 4% in 68comtrols
Ovarian cancer +7 Size/inv: 1h 57% in 14 with ovarian cancer; no E"E‘[Ol_ _________ 1_9 _____
Blood diseases + Size/inv: 1h, 9h 87% variants in 120 patients, and 15% in 800 new- 4
borns



Appendix 4. (Continued)

Character Related C-band variants Analysis Reference*
Polycythemia +7 19h+ 73% of 19h+ in 15 patients; no control 20
e
Blood diseases + Size: 1h, 9h, 16h Excess of large classes of C-bands in 166 patients in 21
relation to 70 controls;
e __ _Ng _ _ _inv: 1h, 5h in the same samples: no difference injpv
Leukemia - Size: 1h In 20 leul or prel lower mean of Iqh 22
than in 20 controls
I, Size: 9h, 16h no difference in the other twopaies
Ovary/breast No Size/inv: 1h, 9h No differences in 20 with ovary and 16 with breast 23
cancer 16h cancer,and 40controls .
Abortion + Yq+ 10% with Y/F index >1 in 29 boys of mothers with 24
______ 23 abortions; only 1.7% in 1736 normal boys o o
Abortion + Yq+ Rate of abortion/pregnancy: in overall study (4773), 25
_______________________ 16%; in mothers of boys with long Y (54),33% __ __ ____ _____
Abortion + Yq+ Abortion: 13% for 4895 mothers of boys with normal 26
____________________________ Ya_nd_22%l'ormoxhersofboys v_vil_h Yq_+____________ _
_Ab_on;tign_ . lgv:_ 9_h 10 unrelated famities with repr(_)dlxcilv_e Eml_ure 27
Abortion +? Variants 7.8% of variants in 77 couples with >2 abortions; 28
_________________ no control e
Abortion No Size/inv: 1h, 9h No differences in 50 couples with > 3 abortions and 29
______________ 50 control couples L L
Abortion No Inv: 9h No differences in 100 couples with 2 abortions and 30
_____________________ 184 controls . M
Abortion No Variants: 1, 9, 16 Only 2 significant differences in > 50 comparisons 31
__________________ \& aro. _b_etween 200 with reproductive failure and_lOSfogl:ol_s e
Abortion No Extreme variants No differences in 200 with reproductive failure and 32
105 controls
_________ o o o o o e o e e e e e e e e e m— e —— - -
Reproductive + Extreme variants Reproductive fitness in 31 carriers of variants (con- 33
fitness trols: relatives of noncarriers); estimated from

segregation: 0.96 £ 0.07; from fertility: 0.79 £ 0.06;
pooled: 0.86 +0.05

References: (1) Holbek et al. 1974; (2) Nielsen et al. 1974; (3) Ford and Lester 1978; (4) Shabtai and Halbrecht 1979; (5) Wang and Hamerton 1979;
(6) Funderburg et al. 1980; (7) Lopetegui 1980; (8) Gardner et al. 1974; (9) Halbrecht and Shabtai 1976; (10) Kunze and Mau 1975;
(11) Brown et al. 1980; (12) Nicisen et al. 1981; (13) Lubs et al. 1977; (14) Matsuura et al. 1978; (15) Tharapel and Summitt 1978; (16)
Bregger et al. 1977, (17) Alkm 1977; (18) Atkin and Baker 1977; (19) Atkin and Pickthall 1977; (20) Shabtai et al. 1978; (21) Bergeret al.

io

1979; (22) S

ion; (23) Kivi and Mikelsaar 1980; (24) Patil and Lubs 1974; (25) Patil and Lubs 1977; (26)

Nielsen 1978; (27) Boué et al. 1975; (28) Tsenghi et al. 1976; (29) Hemming and Burns 1979; (30) Ward et al. 1980; (31) Tsvetkova and
Yankova 1979; (32) Tsvetkova 1979; (33) Jacobs et al. 1975
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kenzie(1973)& 12%, palmer et al.,(1974) 2} Yu
et al,(1976)-& 19.5%, Miiller &} Klinger(1975)
& 8.0%, Buckton et al.,(1976)-& 7.4% 24| 9qh
+9] Hpolw 27~84%, 9qh-9] FFuel&
05~11.1%2lt] 2 AHA+ 9qh++ 08% 2
A tem olglw, 9gh-+ 4BEA FL 7o
2 veisieh = QA 9de WEUA 9%
4% 2 A Tejada et al.,(1980)% £ 13¢le] ¥ 31
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