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SUMMARY E W

Thirty-four cases with Dp+ and Gp+ known to
be chromosome heteromorphisms in man, were
examined using Q- and C-staining methods. Of
18 cases with Dp+, 14 involved No.l15 chromo-
some and 2 each were No.13 and No.l4
respectively. Of 16 cases with Gp+, 13 were
concerned with No.22 and the remaining 3 were
No.21. Short arm regions of eight cases with
15p+ and one with 14p+ were stained very darkly
by the C-method, but did not fluoresce brilliantly
by the Q-method. On the other hand, brightly
fluorescing short arm regions observed in three
cases with 15p+ and two with 22p+, were not
very darkly stained by the C-method. In the
remaining 20 cases, short arm regions were not
stained positively by either method, but showed
negatively or intermediately variable staining
intensities.

INTRODUCTION

It is well-known that short arms and satellites
of human acrocentric chromosomes vary con-
siderably, and that these chromosome variants
have been found in a large number of individuals,
most of whom are phenotypically normal.
Recently developed banding techniques offer
opportunities to determine a more precise
definition of variant chromosomes, and also to
identify additional new chromosome variants
hitherto undetected by conventional staining
methods.!”

In the present study, D or G chromosomes with
an enlarged short arm (Dp+ or Gpt) detected by
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the conventional method in 34 individuals, were
also examined using Q- and C-staining methods.
Detailed banding patterns of the enlarged short
arm of these variant chromosomes are presented.

MATERIALS AND METHODS

The individuals studied were selected from
among participants of the RERF Adult Health
Study (AHS) sample and the F; Mortality Study
(F ) sample in Hiroshima. The former comprises
atomic bomb survivors and nonexposed control
subjects, and the latter consists of the offspring
born to the exposed parents and their controls.
The characteristics of both samples have been
described elsewhere.®” In the course of studies
of chromosome heteromorphisms in both
samples, about 40 individuals with a D or G
chromosome having an enlarged short arm
(Dp+ or Gpt) were detected by the conventional
staining method, and 34 of them were successfully
examined using both Q- and C-staining method.
In 13 cases from the AHS sample, no physical or
phenotypic abnormalities were observed in
clinical examination at RERF. No clinical
examination was performed for the F, sample
members, unless they requested it; however, in
none of the 21 offspring with chromosome
variants was any unusual phenotype noted during
an interview by well-trained nurses while
answering a questionnaire dealing with marital
status, individual family and health histories, and
similar matters.

Chromosome preparations were made from
whole blood culture by the routine air-dry
method. The Q-banding patterns were obtained
by a slightly modified technique of Caspersson
et al,8 and the C-staining analysis was carried out
according to the method of Sumner.’” Al
individuals were examined independently by the
conventional, Q- and C-staining methods. In
addition, successive staining was carried out on
the same metaphases in combination with
either Q- and conventional methods, or Q- and
C-methods, and identification of variant chromo-
somes and banding patterns of their enlarged
short arm were confirmed.

Morphological criteria for Dp+ and Gp+ detected
by the conventional method are as follows:
Enlarged short arms of D and G chromosomes
are approximately twice as large as the next
largest short arms of any chromosomes in the
group concerned, that is, almost equal to or
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larger than the short arm of No.17 chromosome.
No distinct secondary constriction was observed
in any case studied, though their enlarged short
arms were occasionally stained faintly.

The staining intensity by the Q-method was
described according to the definition of the
Paris Conference Supplement.'® The approximate
intensity by the C-method was classified into the
following five groups; 5: very dark intensity
equal to “C-band”, 4: darker intensity than that
of the euchromatic region, 3: intermediate
intensity similar to the euchromatic region,
2: lighter intensity than that of the euchromatic
region, 1: negative intensity. The term “C-band”
is used here to describe a unit of constitutive
heterochromatin stained by the C-method
according to the nomenclature of the Paris
Conference.!!

RESULTS

Of 34 cases studied, 18 were found to be Dp+
and 16 were Gp+. Six cases with Dp+ and 7
with Gp+ were found in the AHS sample, while
in the F; sample 12 with Dp+ and 9 with Gp+
were observed. Results on the frequencies in
both samples of these variants will be reported
elsewhere.

Analyses of Q-banding patterns indicated that
one of No.15 chromosomes was found to have an
enlarged short arm in 14 cases with Dp+, and one
of No.13 and No.14 chromosomes were identified
as the variant chromosome in each of 2 cases
(Table 1). Out of 16 cases with Gp+, 13 had a
No.22 chromosome with an enlarged short
arm, and 3 were found to be 21p+.

The staining intensity of the enlarged short arm
by Q- and C-methods was found to show a lack
of uniformity along the entire length and
frequently differed among proximal, middle and
distal regions. Therefore, the description is made
to approximate intensity of these three regions
of the enlarged short arm (Table 1). In all cases
studied, a very dark band stained by the C-method,
or a C-band, was recognized on the proximal
region of the enlarged short arm. By the
Q-method, the proximal region in all cases
showed pale fluorescence, except for one of the
cases with 13p+ having a brilliant proximal
region similar to the brilliant short arm frequently
observed in the normal No.13 chromosomes
(Figure 1).
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TABLE 1 STAINING INTENSITY* OF PROXIMAL, MIDDLE, AND DISTAL REGIONS OF ENLARGED
SHORT ARM BY Q- AND C-METHODS IN 34 CASES WITH Dp+ AND Gp+

#1 344%lo Dp+ & Gp+D k& O ILH, PR, Wio Q- #EL C- &
12k B et
Proximal Middle Distal
Variant  Sample  MF No. Sex Age
QFQ CBG QFQ CBG QFQ CBG
13pt Fq F 28 5 5 1 4 7] 4
AHS M 47 2 5 4 4 2 4
14p+ Fq F 25 2 5 1 5 2 5
M 26 2 5 1 2 2 2
15p+ Fy M 29 2 5 5 4 5 4
M 19 2 5 5 4 5 4
M 26 2 ] S 4 5 4
AHS M 42 2 5 3 5 3 5
Fyq F 24 2 5 3 5 2 5
M 21 2 ] 2 5 3 5
F 19 2 5 2 5 2 5
F 29 2 ] 2 5 2 5
AHS F 44 2 5 3 5 2 2
F 41 2 5 3 5 2 2
F 66 2 5 2 ] 2 2
Fy F 20 2 5 3 4 3 -+
AHS M 83 2 5 1 2 2 2
Fy F 21 2 5 1 2 2 2
21p+ AHS F 64 2 5 3 4 5 3
M 42 2 5 1 3 5 4
Fy F 21 2 5 1 3 5 4
22p+ AHS F 48 2 2 5 3 5 3
Fq M 26 2 5 5 3 5 3
M 22 2 5 1 4 2 4
F 25 2 ] 1 4 2 4
F 19 2 S 1 3 3 3
AHS F 41 2 5 1 2 3 3
Fy F 29 2 5 1 2 3 3
F 22 2 4] 1 2 3 3
AHS F 49 2 5 1 2 3 2
Fq F 26 2 5 1 2 3 2
F 20 2 5 1 2 3 2
AHS M 46 2 5 | 2 2 3
M 73 2 5 1 2 2 3

*See text. QFQ: Q-bands by fluorescence using quinacrine. CBG: C-bands by barium hydroxide using Giemsa.

As shown in Table 1, the staining intensity of
the middle and distal regions of the enlarged
short arms was found to be very variable from
case to case. The brilliantly fluorescing middle
and distal regions were observed in three cases
with 15p+ and two with 22p+, and their C-staining
intensity was dark or intermediate (Figures 2
and 3). On the other hand, the entire short
arms of one case with 14p+ and five with 15p+
were stained very.dark by the C-method, and

FIERLTHS X1z, KEwiEbod s b
Mo EEfIcLo TR DERFALNL.
15p+ ¢ 3 ] & 22p+ 7 2 4712 1> T HIRIHAE & g & A7
Q- T ks, C-EHETIRECH DI VIIhERE
ICfeE o~ (F2 e 3). —H,MUpt+@ 1l & 15p+ D
S5H T ERERA C- BT IZRRE - A
Q- ECIIPRES S VIR, Histe L Tldpt
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Figure 1. Variant chromosomes of two cases with 13p+ (upper row) and two with 14p+
(lower row) stained by the conventional (left), Q- (center), and C- (right) methods.
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with intermediate to pale fluorescence by the
Q-method, except for negative fluorescence in
middle region of the case with 14p+ (Figures 1
and 2). Almost identical banding patterns were
observed in three additional cases with 15p+:
only the light intensity in their distal region by
the C-method differed from that of the above
five cases with 15p+ (Table 1).

In three cases, one each with 13p+, 15p+, and
21p+, the fluorescence of the middle and distal
regions was intense to pale by the Q-method and
stain by the C-method was dark to light, except
for brilliant fluorescence in the distal region of
the case with 21p+ (Figures 1-3). In the
remaining 17 cases, consisting of one each with
13p+ and 14p+, 2 each with 15p+ and 21p+, and
11 with 22p+, the middle region was characterized
by negative fluorescence by the Q-method.
Though the distal region of two cases with 2 1p+
fluoresced brilliantly, the other cases showed an
intermediate or pale fluorescence of the distal
region. By the C-method, the staining of the
middle and distal regions in these cases was
dark to light.

OPMEEZTEEBEL LA (RL, 2).8
SUzbp+o 3l EnTHIRIERL & ) &5 3
- AL N s A C- T RES AL
A EROEp+O 56 LIIRE ST (#EL).

13p+, 15p+, 2lp+, #hEh 1 fH+->, f3H

LHEOTIHEPBEE LIRS 7 Q- Ik > THS (K

2b0PEHCKZEODETHLN, C-FEIZEHT
LBCREILDPSWMPEFTEZ2LDETH - /2.
k& L T2lpt+oimdfidssEd eoTwAa (B1-3).
e 1711 13p+ & Up+HZhFN1LH TS, 15p+
E2lpt+A2HF o, 2p+ A1 E -1, Thb
OFRMEIE Q- EILL-TE{HEELEZVEV I
A d -7, 2lp+ o 2HOEEIFHR < o T
A, OMMILE THRBES RO TV L.
C-ErichoorhHEEl & MAIBEELILON

CHCRESZLDETHSL N,
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Figure 2. Variant chromosomes of four representative cases with 15p+ stained by the con-

ventional (left), Q- (center), and C- (right) methods.
Q- (), C-

2. @EE (L),
15p+ D 2 B et

The above findings indicate that the banding
patterns of the enlarged short arm of Dp+ and
Gpt+ vary markedly among cases, and that even
the regions with identical fluorescence intensity
by the Q-method frequently showed different
intensities by the C-method, or vice versa.

To further clarify the relationships of these
variable banding patterns, the Dp+ and Gp+
were temporarily classified into five types
based solely on the staining intensity of the
middle region of the enlarged short arm (Figure 4).
Type 1: The middle region having brilliant
fluorescence by the Q-method and dark intensity
by the C-method. Type 2: The middle region
with intermediate or pale fluorescence, but very
dark intensity by the C-method. Type 3: The
fluorescence of middle region was intense to pale
by the Q-method, and stain by the C-method
was dark to light. Type 4: The negatively
fluorescing middle region by the Q-method was
stained very dark by the C-method. Type 5:
The middle region stained negatively by the
Q-method and stain by the C-method was dark to
light. -

@A) cREa L AR EMNT 4FO

Ll oo #EF 1 Dp+ & Gp+D ok & % 5o 5 e o8
F—YIIRBELVWERORLZLERLTED, Q-
ETRIC &) ZREHEZRTEHMTY C- ETIEE
LARBHEAERLAD, FAFOMOREMHETRT
ZEbbhol.

INSGHS sy - O 2L S S IZMREIZT 3 7
Bz, KEaEROThME IO REEZIIZLT
Dp+& Gpt+a{EHMIZE>D ¥ { 7TioaL &
(F4).% 471 : chREEH Q- FTid sk, C- ik
Tl geE L. 472 PREAFQ- FETHBEE
BBV KN, C- HETHEMICEBEE S, #4
T3 hREA Q- ETHE L, RIRES S VIEHR
<KD, C-ETHIRS, PREHSZVIIMIRES.
474 Q- ETHMERE{RE L LV, C- &
TIEMIZBCPES. 4 75 PHEEIET Q- ET
SlBEST, C-ETIREL, FRES S WIIH
CHeE 5.
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Figure 3. Variant chromosomes of two cases with 21p+ (upper row) and two representative
cases with 22p+ (lower row) stained by the conventional (left), Q- (center), C- (right) methods.
3. B (EM), Q- & (fpdt), C- ik (BM) THRE LA 2H02lp+

(LER) &R EME 2HO2p+ (TE) D ERPEK

TABLE 2 NUMBER OF CASES WITH Dp+ AND Gp+ CLASSIFIED BY INTENSITY
OF MIDDLE REGION OF ENLARGED SHORT ARM

#2 KeipEhodMBoREEcLoTHML AL Dpt+ & Gpt+ Dk

Intensity* Chromosome number
Type Total
QrQ CBG 13 14 15 21 22
1 5 24 0 0 3 0 2 S
2 24 5 0 0 3 0 0 8
3 2-4 24 1 0 1 1 0 3
4 1 5 0 1 0 0 0 1
5 1 2-4 1 1 2 2 11 17
Total 2 2 14 3 13 34
*See text.
Results of the classification of the 34 cases of 3 Dp+ & Gp+& LSO RO ¥ [ It L

Dp+ and Gpt into the above five categories are
presented in Table 2. Type 5 was the most
common among these variants and found in 17 WAy A4 T 5T, 2p+ A1, 15p+ & 21p+ A
cases, consisting of 11 with 22p+, 2 each with
15p+ and 21p+, and one each with 13p+ and
14p+. Type 2 included eight cases all of which
were 15p+. Five cases were classified as Type 1
and three cases as Type 3; the former consisting TTp+ThHoA. ¥4 7T 1LikEH, 473

RERERIITT. Cho0ERGEOPTRL £

FnEn 2T, Bp+ & Up+AEhsh 1LHT

2, BEHIMENIEOP T VAE. ¥4 721380T,
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Figure 4. Diagramatic representation of the staining intensity of the proximal, middle, and
distal regions of the enlarged short arm of Dp+ and Gp+, showing the Q-staining intensity in
left chromatid and the C-staining intensity in right chromatid.

4. Dp+& Gpt+ok s 2RO, R, WmEoaEoXE. i
DREFHFIZE Q- i, HMOREFEIZIEC. BHORBEITLTHS.

of three with 15p+ and two with 22p+, and the
latter having one each with 13p+, 15p+ and 21p+.
One case with 14p+ was classified as Type 4.

Inasmuch as the above classification depends
only on the staining intensity of the middle
region of the enlarged short arm, the banding
patterns of the proximal or distal regions varied
among cases even for those classified as the same
“Type”, emphasizing the observation that the
banding patterns of the entire short arm of Dp+
and Gp+ are, in fact, quite variable from case to
case.

DISCUSSION

Enlargement of the shortarms of D or G chromo-
somes has been demonstrated in a large number
of individuals, mostly without phenotypic abnor-
malities.!? However, identification of the variant
chromosome using recently developed banding
techniques has been described in only a few
cases.!®®  In the present study, it was found
that 15p+ was the most common variant in Dp+
(14 cases out of 18) and the majority of the Gp+

was 22p+ (13 out of 16).

W3k -7, BIHEE 3HO15p+ & 2 m22p+ T
##1213p+, 15p+, 2lp+FhFh 1HIF2Th -
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ERRosBiERE WERO PO 20 REMEIC &
BLOTHY, AP MHBOFRNAy — v IFRAL
“FATIIGHEEINAELOTLREEIENHN, 2
it Dp+& Gp+ oM &0 GH Ny — vz
LRt rdaLemLlTns.
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HeohTwaW. BLAPLANS, HEMEsh LS
ek d AW TERPAKERANL 20T EA LT &
BV BERPEFICLLI>TDp+OPTHREZVER
F1x15p+Tdb v (18§ H 1451 ) ,Gp+ Dk £ Hu£22p+
TH 5 (16 13) = & A HIL 2.



The present observation on the enlarged short
arm of Dp+ and Gp+ by the Q- and C-methods
showed remarkable variation in their banding
patterns among different cases, even though they
belonged to the same chromosome pair. However,
the proximal region of the enlarged short arms in
all cases studied was stained very darkly by the
C-method, and showed pale fluorescence by the
Q-method, except for one case with 13p+ having
a brilliant proximal region. On the other hand,
very variable staining intensity was demonstrated
in the middle and distal region; fluorescing
brilliantly to negatively by the Q-method and very
dark to light staining by the C-method. The
region that fluoresced brilliantly was always
stained rather darkly by the C-method, whereas
the region stained very darkly by the C-method
usually showed intermediate or pale fluorescence
by the Q-method, except for one case. In this
exceptional case, the middle region which was
stained very darkly by the C-method fluoresced
negatively by the Q-method.

Several cases of brilliantly fluorescing enlarged
short arms of Nos.15 and 22 have been
reported,’”2! and it is assumed in these cases
that the variant chromosomes are derived from a
translocation between the long arm of the Y and
the short arm of aNo.15 ora No.22 chromosome.
One of 15p+ cases studied here was suspected to
have the enlarged short arm with the same
banding pattern to that of the Yq. However,
detailed analysis of the variant chromosome
indicated that its C-staining intensity was slightly
lighter than that of the Yq. So far in the cases
examined by us none has been observed to exhibit
the banding pattern of the enlarged short arm
identical to that of the distal region of the Yq.
This finding indicates that the cases with Dp+
and Gpt studied here had not arisen from a
translocation between the long arm of the Y and
the short arm of the D or G chromosomes.

Jacobs et al'* reported the banding patterns of
the long short arm of a 15p+ and a 22p+ chromo-
some. The entire length of the short arm of the
15p+ was stained intensely by the C-method, but
negatively using the Q- and G-methods, whereas
the long short arm of the 22p+ had a bright
fluorescent band and a rather dark staining band
by both the C- and G-methods. The former
variant presumably corresponds to the Type 2
15p+ and the latter to the Type 1 22pt in the
present study. A similar banding pattern to our
Type 2 15p+ was also reported for a familial 15p+
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variant in a large kindred.!® The lightly stained
pt+ region with fluorescing satellites at the
terminal end was entirely darkly stained by the
C-method.

Tuncbilek et al'® reported a giant short arm of
No.21 chromosome in the mother of a Down’s
syndrome child with 21/21 translocation, showing
positive staining intensity by the C-method and
dull fluorescence by the Q-method. The banding
pattern of the giant short arm of this 21p+ is
almost identical to the Type 2 15p+ in the
present study. However, three cases with 21p+
studied here did not show such banding patterns
in the enlarged short arm.

The enlarged short arm in the Type 4 case
described here was characterized by negative
fluorescence by the Q-method and very dark
staining intensity by the C-method. Such
banding patterns are also observed in the
secondary constriction of Nos. 1, 9 and 16
chromosomes. Moreover, by the G-staining
method, the secondary constriction of Nos.1 and
16 are intensely dark whereas the heterochromatin
of No. 9 is lightly stained; whether the hetero-
chromatin of the enlarged short arm of the Type
4 case is similar to that of Nos. 1 and 16, or,
alteratively, to No.9, is not known, since
G-banding analysis of our Type 4 case has not
yet been done.

The enlarged short arm in Type 1 was charac-
terized by brilliant fluorescence by the Q-method,
and such brilliant fluorescence was frequently
observed in the short arms of No.13 chromosome,
the length of their short arm being within the
normal range. However, Type 1 was found to
include three cases with 15p+, two with 22p+
and none of 13p+, suggesting the possibility that
these 15p+ and 22p+ may be derived from a
translocation between the short arms of the
variant chromosomes and the brilliantly fluo-
rescing short arm of the No.13 chromosomes.
Several cases of deletion of the short arm of the
D chromosome (Dp—) were found in our sample,
and all of them involved a No.13 chromosome
(Sofuni et al, unpublished). This finding also
suggests that these 13p— may be causally related
to the brilliant fluorescing enlarged short arm of
the Dp+ and Gp+.

The short arms of No.l15 chromosomes were
commonly stained darkly by the C-method and
less frequently fluoresced brilliantly or intensely
by the Q-method. Type 2 included only 15p+
and showed similar banding patterns to those of
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the short arm of normal No.l15 chromosomes.
Therefore, it is conceivable that these Type 2
15p+ may be derived from duplication of the
short arm of the No.15 chromosomes.

Type 3 is characterized by intermediate staining
intensity by both Q- and C-methods. This
banding pattern resembles that of the euchro-
matic rather than heterochromatic region.
However, none of our data suggested that the
enlarged short arm of Type 3 variant chromo-
somes may be caused by translocation or
insertion of the euchromatic segment of certain
chromosome.

In the Type 5, which comprised more Dp+ and
Gp+ than any of the other types, the enlarged
short arm was negatively stained by the Q-method
and slightly darkly to lightly by the C-method.
Since the short arm of the D and G chromo-
somes did not show negative fluorescence, the
enlarged short arm of this type of Dp+ and
Gp+ chromosomes may not be derived from a

simple duplication of the short arm alone, but
from the duplication of the short arm area
including the nucleolus organizer region and
satellite region. If the middle region fluoresced
negatively by the Q-method is the nucleolus
organizer region, it is still unclear why this
region was stained positively by the conventional
staining method, since this region in the normal
D and G chromosomes was stained negatively
by the conventional method.

The origin of the enlargement of the short arms
of D or G chromosomes has been explained by
several hypotheses, such as, alteration of coiling
and condensation, pericentric inversion,
duplication of the short arm and insertion or
translocation.??'®® The variability of the banding
patterns of the enlarged short arms of the Dp+
and Gp+ demonstrated here suggests that the
origin of the enlarged short arms of the Dp+ and
Gp+ may be caused through two or more
different mechanisms rather than in only one
simple way.

At present, it is not clear whether the enlarged
short arms of the Dpt+ and Gpt+ chromosomes
studied here have the satellite region or not,
since the morphological appearance of the
enlarged short arm superficially resembles the
usual short arm which has neither satellites nor
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distinct stalks when stained by the conventional
method. However, it is possible that several
cases of Dp+ and Gp+, especially those classified
as Type 5, in which the middle region fluoresced
negatively by the Q-method, may have the
satellites and the nucleolus organizer region.
Recently developed mnew techniques which
specifically stain the nucleolus organizer
region®?® may vield information concerning the
nucleolus organizer region and satellites in the
enlarged short arm of Dp+ and Gp+, and also
provide an opportunity to study and understand
the underlying cause of the enlarged short arm
of these variant chromosomes.
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