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SUMMARY

The type and frequency of chromosome variants
detected by the C-staining method were ascer-
tained in 1,857 individuals residing in Hiroshima.
The most frequent heteromorphic variant was
the total inversion of the C-band in chromosome
9 found in 27 individuals (1.45%). The total
inversion of the C-band in chromosome 1 was not
seen in this sample, but the partial inversion of
the C-band in chromosome 1 was found in 18
persons (0.97%). Partial inversion was also
detected in the C-band in chromosome 9 in 22
individuals (1.18%). In chromosome 16, neither
total nor partial inversion of the C-band was
observed in the present study. The frequencies
of chromosomes 1, 9, and 16 with a very large
C-band were 0.70%, 0.22%, and 0.54%, respec-
tively. Aside from these (1, 9, & 16) a very
large C-band was found occasionally in chromo-
somes 4, 5,6, 11, 12, 14, and 15, and an unusual
insertion of the Y chromosome was observed.
A total of 128 C-band variants (6.89%) was
found in the 1,857 Hiroshima residents.

INTRODUCTION

Recently developed chromosome banding
techniques offer a new approach to the identifi-
cation of human chromosome heteromorphisms.
Some chromosome variants have been found to
occur at a relatively high frequency in human
populations. The C-staining method has proved
quite useful for identifying variation in size and
position of constitutive heterochromatin (C-band)
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at the centromeric region. Considerable infor-
mation about the frequency of C-band variants
among various human populations has accumu-
lated,l_S and some C-band variants showed
significantly different frequencies in different
human races.*® The present report describes
the type and frequency of chromosome variants
detected by the C-staining method among 1,857
individuals residing in Hiroshima.

MATERIALS AND METHODS

The subjects studied were selected from
participants in the RERF Adult Health Study
(AHS) and the F; Mortality Study (F, ) samples
in Hiroshima. The former comprises atomic
bomb survivors and controls matched by sex and
age, and the latter consists of the children born
to the exposed parents and controls. The
characteristics of these cohorts have been
described elsewhere.”"1% In the AHS sample, 700
blood specimens were prepared for the present
study between 29 May 1973 and 27 April 1976
(culture H2801-H3500), of which C-band
analysis was impossible for 119 cases, and 77 were
duplicate samples (repeat examination). Thus, a
total of 504 individuals (225 male and 279
female) were successfully studied for C-band
analysis. In the F; sample 1,434 individuals
examined between 6 June 1973 and 4 February
1977 were included in the present study (culture
FH2001-FH3500, excluding 66 ineligible cases),
and failure in C-band analysis was encountered in
81 cases, making a total of 1,353 successful cases
(612 male and 741 female).

Chromosome preparations were made from
whole blood cultures by the routine air-dry
method and treated with the C-staining method
of Sumner." In each case, three to five meta-
phases were photographed and analyzed karyo-
typically, though four metaphases were
examined in the majority of cases. For all
variants detected by the C-staining method, the
identification of variant chromosomes was
confirmed by sequential staining of the same
metaphase in combination with the Q- and
C-staining methods. The Q-banding patterns in
the chromosomes were derived from a slightly
modified technique of Caspersson et al.!?

RESULTS
Structural Rearrangements of the C-band
Usually, the C-band of chromosomes 1, 9, and 16
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Figure 1. Two representative cases of variant chromosomes with partial inversion in chromo-
some 1 (left), total inversion in chromosome 9 (center), and partial inversion in chromosome 9
(right). The first of each pair is the variant chromosome.
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can be seen at the proximal region of the long
arm. However, all or part of the C-band appears
occasionally on the short arm. When all the
C-band material was on the short arm, it was
recorded as a total inversion with respect to the
C-band, and a partial inversion if a portion of
the C-band was on the short arm (Figure 1).

The frequencies of total and partial inversions in
chromosomes 1 and 9 found in the AHS and F;
samples are shown in Table 1. No inversion
was observed in chromosome 16. Total inversion
in chromosome 9 was found in 7 (1.39%) indivi-
duals in the AHS sample and 20 (1.48%) in the
F, sample; a total of 27 (1.45%) in the 1,857
Hiroshima residents. No difference was noted in
the frequency of total inversion in chromosome
9 between males and females (Table 1).

The total inversion of the C-band in chromosome
1 was not seen in either sample. However,
partial inversions of the C-band in chromosome 1
were found in both samples with almost identical
frequency; 0.99% in the AHS and 0.96% in the
F,. Partial inversions were also detected in chro-
mosome 9 with a slightly higher frequency in the
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F, sample (1.33%) than in the AHS (0.79%),
though the difference is not statistically signifi-
cant. A slight difference was also seen in the
frequency of partial inversions in chromosomes
1 and 9 between males and females (Table 1),
again with no statistical significance.

In the AHS sample, an unusual insertion of the Y
chromosome was observed in a phenotypically
normal male; a darkly stained C-band was
located on the short arm and the proximal
region of the long arm. By the conventional
staining method, however, no specific morpho-
logical abnormality was detected. A detailed
description of this insertion has been reported
elsewhere.'® So far, this type of aberration was
found in only one individual (0.44%) out of 225
males of the AHS sample, and there was no such
case in 612 males in the F; sample. The fre-
quency of this insertion of the Y chromosome
was 0.12% in the 837 males examined in the
present study.

Size Variation of the C-band

The size variation of the C-band appeared to be a
continuum, from very small to very large. Thus
any division into discrete units is arbitrary. In
the present report, only chromosomes with a
very large C-band were scored as variant chro-
mosomes.

Frequency of 1gh+, 9qh+, and 16qh+ (Figure 2).
The frequencies of chromosomes 1, 9, and 16
with very large C-bands (referred to in the pres-
ent study as 1gh+, 9gh+, and 16gh+) are shown
in Table 1. Differences in the frequency of 1gh+
were found between the samples and between
sexes; a higher frequency in the AHS (1.39%)
than in the F; (0.44%), and a higher frequency in
males (1.08%) than in females (0.39%). AHS
males showed the highest frequency (2.22%),
while the frequency in F; females was the lowest
(0.27%). A total of 13 cases (0.70%) with 1gh+
was found in the 1,857 Hiroshima residents.

The frequency of 9gh+ was lower than that of
Ight+ and only four cases (0.22%) were found.
A slightly higher frequency was seen in the AHS
sample (0.40%) than in the F, sample (0.15%),
and it was higher in females (0.29%) than in
males (0.12%). However, the differences are not
statistically significant.

The frequency of 16gh+ cases showing an inter-
mediate value between Igh+ and 9gh+ was
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Figure 2. Two representative cases of variant chromosomes with I1qh+ (left), 9gh+ (center),
and 16qh+ (right). The first of each pair is the variant chromosome.
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0.54% (10/1857). No difference was observed in
the frequency of 16gh+ between the samples or
sexes; 0.60% in the AHS and 0.52% in the Fy,
and 0.60% in males and 0.49% in females.

Frequency of Chromosomes with Very Large
C-band Other Than 1qh+, 9gh+, and 16qgh+.
Aside from chromosomes 1, 9, and 16, very large
C-bands were found occasionally in seven
autosomes (4, 5, 6, 11, 12, 14, & 15). In these
chromosomes, the C-band was located at the
proximal region of the short arm, except for
chromosome 4 in which the C-band was situated
on the proximal region of the long arm. They
were referred to as 4qh+, 5ph+, 6pht+, 11ph+,
12ph+, 14ph+, and 15ph+.

The frequency of 15ph+ was almost similar to
that of 1qh+, 14 (0.75%) out of 1,857 with no
significant differences between the samples or
sexes (Figure 3 & Table 1). Six cases (0.44%)
with 5ph+ were found among 1,353 F; indivi-
duals, while only one case (0.20%) was observed
among 504 AHS cases (Figure 3 & Table 1).

A 12ph+ was seen in two AHS females and in
three F; males, while three females (two AHS,
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i, BEAMXEBEMoEI@bnEr-k T4
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Figure 3. Partial karyotypes of B chromosomes from a case with 5ph+ (left) and of D chromo-
somes from a case with 15ph+ (right), prepared by successive staining of the same metaphase
by Q- (upper row) and C- (lower row) staining methods. The first of each pair of chromosomes
5 and 15 is the variant chromosome.
3 5pht+(AE)OBRaEHRREUFISh+ (H)ODRBEHFEOEFENT, Q- ( LE) BRUC (TE)
ikt kAR hMABEOBHERE CETOTERLAZLD. S BRUEBREEOAESONY
BERREEELTT.

one F;) were found to have the 6pht+ variant
(Table 1). Detailed banding patterns of 6ph+
and 12ph+ have been described elsewhere.'*
In only two females 4qh+ (Figure 4) was
observed (one each from both samples); and a
male with 11ph+ (Figure 5) and a female with
l4ph+ were found in the F; sample.

The frequency of major C-band variants in the F;
sample was examined with respect to their paren-
tal A-bomb exposure. Subjects in the exposed
group were born to either one or both parents
with an estimate radiation dose of 1 rad or more.
The parents of the controls were either non-
exposed or received a dose of less than 1 rad.
There was no significant difference between the
control and exposed groups in the frequency of
major C-band variants or of all types of variants
(Table 2). In a comparison among the exposed
groups (father exposed, mother exposed, and
both parents exposed) there was also no signifi-
cant difference in the frequency of C-band
variants.

Identical C-band variants were found in four
pairs of brothers and/or sisters in the F; sample;

niA, 6ph+ 1kt 34 ( AHS 26, F,1#1) 1232
Hohi(#1). ZO6ph+ & 12ph+ D 4pifers sy — o
OFME, MG shTw3."4qh+ (E4) 12,
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dph+2boaE L HF1FFoH5n 4. .
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DETHD, #BETIIMMMAIERBEL» XL 1 rad
Ko HE I OWMETH S, L4C-y FERE
RUTSTOMMBMOEREOHE 2, e
BB LOMIIHEEL S 2o (F2), LBl#
1, BEERR RS AR L 2SS0 SEMIENI
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Figure 4. Representative metaphases obtained from a case with 4qh+, prepared by successive
staining of the same metaphase by Q- (left) and C- (right) staining methods. Arrows indicate
the variant chromosome.
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Figure 5. Representative metaphases obtained from a case with 11ph+, prepared by successive
staining of the same metaphase by Q- (left) and C- (right) staining methods. Arrows indicate
the variant chromosome.
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TABLE 2 NUMBER AND FREQUENCY (%) OF C-BAND VARIANTS IN THE
F; SAMPLE BY PARENTAL EXPOSURE STATUS

#£2 FHEMzsGIC-Ny FEREKOHAEUV
B (%), o #RRR
Parental exposure status*®
Variant Control

Father Mother Both Total

Cases 445 238 481 186 905
Total inv (9) 8 (1.80) 2 (0.84) 7 (1.46) 3 (1.61) 12 (1.33)
Partial inv (1) 3 (0.67) 2 (0.84) 6 (1.25) 2 (1.08) 10 (1.10)
Partial inv (9) 7 (15T 3 (1.26) 7 (1.46) 1 (0.54) 11 (1.22)
1qh+ 2 (045 1 (042) 1 (0.21) 2 (1.08) 4 (0.44)
16gh+ 2 (045) 3 (1.26) 0 2 (1.08) 5 (0.55)
Sph+ 2 (0.45) 3 (1.26) 1 (0.21) 0 4 (0.44)
15pht 3 (0.67) 4 (1.68) 4 (0.83) 0 8 (0.88)
Other** 1 (0.22) 0 6 (1.25) 2 (1.08) 8 (0.88)
Total 28 (6.29) 18 (7.56) 32 (6.65) 12 (6.45) 62 (6.85)

*Excludes 3 cases with parental dose unknown.

MR OB A T T 6 2 3 HI1L6<¢.

**Includes 4gh+, 6ph+, 9gh+, 11ph+, 12ph+, & 14ph+.
4qh+, 6ph+, 9qh+, 1lph+, 12ph+ K UFldph+% 51,

one each of a total inversion in chromosome 9 in
a brother and a sister, partial inversion in chro-
mosome 9 in two brothers, 12ph+ in two
brothers, and 16qgh+ in two sisters. All other
variants found in the F, as well as the AHS sample
were in unrelated individuals.

There were 6 individuals with two variant chro-
mosomes; 2 cases in the AHS sample (total
inversion of chromosome 9 & 16gh+; 12ph+ &
15ph+) and 4 in the F; sample (1qh+ & 16gh+;
total inversion in chromosome 9 & 16qh+; partial
inversions in chromosomes 1 & 9;4qh+ & partial

inversion in chromosome 9).

In 36 cases with C-band variants from the AHS
sample, no physical or phenotypic abnormalities
were observed in the clinical examinations at
RERF. No clinical examination was performed
for the F; children unless requested. However,
in none of the 86 individuals with chromosome
variants was an obviously unusual phenotype
noted by trained nurses during a questionnaire
interview dealing with the family and health
history.

Since family studies have not yet been performed,
there is no evidence to indicate whether the
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variant chromosomes observed here were inher-
ited from their parents or were produced de novo
in a parental gamete during meiosis. However, it
seems likely that the identical variant chromo-
somes observed in four pairs of brothers and/or
sisters in the F; sample may be an indication of
heritable character.

Combining all types of C-band variants described,
almost identical frequency values were observed
in the AHS sample (7.54%) and the F; sample
(6.65%), and also in males (6.69%) and females
(7.06%). A total of 128 C-band variants (6.89%)
was found in the 1,867 Hiroshima residents
(Table 1).

DISCUSSION

The most frequent heteromorphic variant identi-
fied by the C-method in the present study was
the total inversion of the C-band in chromo-
some 9. The frequency of this type of variant in
different human populations reported so far is
summarized in Table 3. Before the application
of new banding techniques, the frequency of the
total inversion in chromosome 9 was relatively
low (under 0.3%) with the exception of the high
frequency seen in two studies®!® (Table 3).
Studies using the banding techniques show con-
siderably higher frequencies of the total inversion
in chromosome 9 (1.13%-1.50%) though the
number of individuals examined was small
These findings are compatible with the frequency
of the total inversion in chromosome 9 observed
in 27 individuals (1.45%) in the present study;
7 (1.39%) in the AHS sample and 20 (1.48%) in
the F; sample. In the early study of Lubs and
Ruddle,® a racial difference in the frequency
of the total inversion in chromosome 9 was ob-
served among Caucasians and Negroes. Recently,
Lubs et al” confirmed their previous report with
the observation that the frequency of the total
inversion in chromosome 9 was more prominent
in Negroes (1.07%) than in Caucasians (0.13%).
A racial difference in the frequency of the total
inversion in chromosome 9 was also observed in a
Hawaiian population® the incidence was signifi-
cantly greater among Orientals (5/190 or 2.63%,
mainly Japanese) than non-Orientals (2/326 or
0.61%). However, the present results show that
the frequency of total inversion in chromosome
9 among Japanese did not diverge from that of
other populations (Table 3). The significance of
the different frequencies for the total inversion
in chromosome 9 among Japanese in Hiroshima
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TABLE 3 NUMBER AND FREQUENCY (%) OF C-BAND TOTAL INVERSIONS IN
CHROMOSOME 9 IN HUMAN POPULATIONS

#3 brEAOIRBHEIISIEC-/AY FOLNMTOMBUEE (%)
i;::h“:;g Country Sample sIt:Ti:::lts Number % Reference
Ordinary USA Newborn 3476’ 2 0.06 6. Lubs and Ruddle (1971)
8072 10 1.24 6. Lubs and Ruddle (1971)
Ordinary USA Newborn 11154 20 0.18 15. Walzer and Gerald (1972)
Ordinary (G,Q) UK Newborn 11680 2 0.02 16. Jacobs et al (1974)
Ordinary USSR Newborn 2500 - - 17. Bochkov et al (1974)
Ordinary (Q) UK Adult 282 8 2.84 18. Madan and Bobrow (1974)
Ordinary (G,Q) Canada Newborn 13939 1 0.01 19. Hamerton et al (1975)
Ordinary (G,Q,C) Denmark Newborn 11148 - - 20. Nielsen and Sillesen (1975)
Q,C UK Adult 200 3 1.50 21. Mutton and Daker (1973)
G,Q,C Finland Clin. ab. 631 9 143 22. De la Chapelle et al (1974)
Q,C USA Newborn 354 4 1.13 2. Muller et al (1975)
Q,C USA Newbomn 77 1 1.30 3. McKenzie and Lubs (1975)
Q.c UK Newbomn 717 9 1.26 4. Buckton et al (1976)
G,Q,C Hawaii  Ment. ret. 326> 2 0.61 8. Mayer et al (1978)
190* 5 2.63 8. Mayer et al (1978)
C(Q) Japan Adult 1857 27 1.45 Present study

Parentheses indicate banding methods used for ascertainment of variants by ordinary staining method.
LA, MMORBHRILE S TROA SR ATRIEEFIRT 5 2005 ik,
Caut:asian,l Negro,2 Non-Oriental (Caucasian, Filipino, & Polynesian).3 Oriental (mainly Japanese, but including

Chinese & Korean).

EIAY AL WHEALSOAB(AA, Z4VEYA, BUEHEY 2T AL HEA(LELTHFATS S, hEA,

MEAELEL).

and Hawaii remains to be explained, but may be
related to the subjects selected for study; pheno-
typically normal individuals were studied in
Hiroshima, while mentally retarded patients were
examined in Hawaii; note also the relatively
small sample size of the Hawaiian study. In
general, the frequency of the total inversion in
chromosome 9 in human populations examined
using banding techniques seems to range from
1.0% to 1.5%.

The partial inversion of the C-band in chromo-
somes | and 9 was demonstrated by the
application of banding techniques, and showed
a relatively higher frequency with considerable
differences among various populations (Table 4).
This divergence may be ascribable to the use of
different scoring criteria for partial inversion in
different laboratories, since identification of the
partial inversion, especially in chromosome 9, is
more difficult than the total inversion. However,
the possibility cannot be excluded that there is
an ethnic difference in the frequency of the par-
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TABLE 4 NUMBER AND FREQUENCY (%) OF C-BAND PARTIAL INVERSIONS IN
CHROMOSOMES 1 AND 9 IN HUMAN POPULATIONS

#£4 bFMEAOLBRUIRAEFIZETLZC-2NY FOMS AL O MR U HE (%)

Chromosome
Total
Country Sample siibjects 1 9 Reference
Number %  Number %o

UK Newborn 467 13 2.78 35 7.49 4. Buckton et al (1976)
Child 101 1 0.99 1.98
Adult 149 5 3.36 1 0.67
Total 717 19 2.65 38 5.30

USA Caucasian 3084 14 045 17 0.55 7.Lubsetal (1977)
Negro 1780 1 0.06 8 0.45
Total 4864 15 0.31 25 0.51

Hawaii  Oriental* 190 2 1.05 1 0.53 8. Mayeretal (1978)
Non-Oriental* 326 2 0.61 1 0.31
Total 516 4 0.78 0.39

Canada Newborn 165 3 1.82 11 6.67 23. Wang & Hamerton (1979)
Ment. ret.* 264 9 3.41 40 15.15
Total 429 12 2.80 51 11.89

Japan AHS 504 5 0.99 4 0.79 Present study
Fy 1353 13 0.96 18 1.33
Total 1857 18 0.97 22 1.18

*Mentally retarded Znfit s i 2 .

tial inversion of the C-band in chromosomes 1
and 9. '

The frequency of lgh+, 9qh+, and 16qh+ in
human populations is remarkably higher in the
studies using banding techniques than in those
using the conventional staining method (Table 5).
This difference most likely results from more
accurate identification of these variants by the
banding techniques. Additional factors, such as
differences in scoring criteria of the variants
between the conventional and banding methods,
and small sample size examined by the banding
techniques, may also contribute to these diver-
gent results.

Since 1gh+, 9gh+, and 16qgh-+ variants are charac-
terized by a continuum in the amount of C-band
material, quantitative measurement may be
necessary to obtain more accurate frequency of
these variants for comparison between different
populations. Recently, quantitative analyses of
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TABLE 5 NUMBER AND FREQUENCY (%) OF 1ght, 9qh+, AND 16gh+ VARIANTS IN HUMAN POPULATIONS

%5 bk MEMIZHITAL1qh+, 9gh+, R U16gh+ D ¥ K U HE (%)

Staining Total

Method Country Sample subjects 1gh+ 9qh+ 16gh+ Reference
Ordinary USA Newborn 4283 - 11(0.26) - 103 ( 2.40) 6. Lubs & Ruddle (1971)
Ordinary, Q USSR Adult 103 6 ( 5.83) 2( 1.94) 24. Mikelsaar et al (1973)
Ordinary USSR Newborn 2500 1 (0.04) = 4 ( 0.16) 17.Bochkov et al (1974)
Ordinary (G) UK Adult 82 9 (10.98) 18. Madan & Bobrow (1974)
Ordinary, Q,C USSR Adult 208 4 (1.92)%* 25. Tuur et al (1974)
Ordinary (G,Q) Canada Newbomn 13939 5(0.04) 1( 0.01) 14 ( 0.10) 19. Hamerton et al (1975)
Ordinary (G,Q,C) Denmark Newborn 11148 6 (0.05) 4 ( 0.04) 10 ( 0.09)  20. Nielsen & Sillesen (1975)
& USA Adult 20 1(5.00) 2 (10.00) = 1. Craig-Holmes et al (1973)
Q,C USA Newborn 355 11 (3.10) 6 ( 1.70) 10 ( 2.82) 2, Muller et al (1975)
Q,C USA Newborn 77 6 (7.79) 11 (14.29) 8(10.39) 3. McKenzie & Lubs (1975)
CcC Q) Japan Adult 1875 13 (0.07) 4 ( 0.02) 10 ¢ 0.05) Present study

Parentheses indicate banding methods used for ascertainment of variants by ordinary staining method.
AL, BEORBHRCILISTROAINATRELZERT 3200 5.

* Includes one case with inversion of chromosome 1.
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the C-band material in chromosomes 1, 9, and16
were reported from several la!:ooraton’es,ze"‘}0 and
we also examined quantitatively the C-band
material based on area measurement of C-bands
in 93 randomly selected Hiroshima residents.?!
Preliminary results indicated that there was con-
siderable variation in the distribution of C-band
material in chromosomes 1, 9, and 16 and the
patterns all approximated the normal distribu-
tion, though the mean and standard deviation for
each were quite different. Detailed results of the
quantitative study of these variants will be
reported elsewhere.

Gosden et al*? recently described their studies on
satellite DNA in human heteromorphic chromo-
somes by in situ hybridization methods, and
concluded that the amount of hybridization was
related to the size of the C-band on chromosome
1, whereas hybridization to other chromosomes
(such as 9 and 16) was not related to the C-band
size, although hybridization of total satellite
DNA is proportional to the C-band size.

D and G chromosome variants, which are charac-
terized by the enlargement or deletion of short
arms and/or satellites, were rather frequently
observed in human populations, and banding
patterns of their enlarged areas by the Q- or
C-method were found to be variable from case
to case.'®?33°35  gince only the cases with an
enlarged short arm characterized by very dark
staining according to the C-method were de-
scribed in the present study, it is difficult at
present to compare the frequency of this specific
D-variant among different populations.

Our previosuly reported 6ph+ and 12ph+ cases'®
were almost identical with those reported by sev-
eral other invesﬁgators,5'8’36 and a variant chro-
mosome similar to 11ph+ described here was
also reported by Simola et al.¥”  Since the
reported cases thus far are limited, in these
instances it is premature to attempt a com-
parison of the frequency of these variants
among different populations.
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