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Il. NUCLEOLUS ORGANIZER REGIONS OF VARIANT CHROMOSOMES

SUMMARY

The

nucleolus

IN D AND G GROUPS
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organizer regions (NORs) of
variant chromosomes in D and G groups which
are characterized by an enlargement of the short

arm region (including the short arm, secondary

constriction, and/or satellites), were examined
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using the silver staining method. Of a total of DREEERD S 5, 4FEEBRMAHES LD
nine variants examined, four were found to have

double satellites, since there were two Ag-stained
NORs in the enlarged short arm regions; two

were designated as 22pss, and one each as 13pss

and 14pss.

Four of the other variants had only
one Ag-stained NOR. Judging from the position

of the NOR, three of them were determined to

have enlarged satellites (two with 15s+ and one
with 22s+), and the other an enlarged short arm
In the remaining variant, no Ag-stained
material was noted in the short arm region, so it
could not be determined whether this variant
chromosome was derived from the enlargement

(15p+).
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of the short arm and/or satellites. Based on the

position of the Ag-stained NOR and staining
intensity of the Q- and C-methods in the short
mechanisms of producing the
enlarged short arm regions of D and G chromo-

arm

region,

somes are discussed.

INTRODUCTION

Enlarged short arms and satellites of D and G
chromosomes in man are known to be hetero-
Recently developed banding
techniques have made it possible to identify

morphic variants.

chromosomes

several specific banding patterns have been found

##

il

involving these variants, and
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to occur in such enlarged short arms and
satellites,!™ It is also known that the nucleolus
organizer sites are located on the short arm of D
and G chromosomes. New techniques specifically
staining the NORs have recently been devel-
oped,®® and offer an opportunity to study the
NORs in these variant chromosomes.

In the present study, nine chromosome variants
confined to D and G chromosomes, which had
already been detected by the conventional, Q-
or C-staining methods, were reexamined using
the NOR staining method. Size and position of
the NORs in these variant chromosomes are
described, and mechanisms of origin of enlarged
short arms and satellites of D and G chromosomes
are discussed.

MATERIALS AND METHODS

Nine chromosome variants, characterized by the
enlargement of the short arm region (including
short arm, secondary constriction, and/or
satellites) of one of D or G chromosomes, which
had already been detected by the conventional,
Q-, or C-staining methods, were reexamined
using the NOR staining method. These variants
were found in the RERF F; Mortality Study
sample’ in Hiroshima, consisting of the children
born to parents one or both of whom received
atomic bomb exposure, and appropriate controls.
No clinical examination was performed for
these children, unless requested; however, in
none of the nine individuals studied here was an
obviously unusual phenotype noted by well-
trained nurses during a questionnaire-interview
dealing with family and health histories. Since
family studies have not yet been performed,
there is no evidence to indicate whether these
variant chromosomes were inherited from their
parents or were produced in a parental gamete
during mejosis.

Chromosome preparations were made from
whole blood cultures by the routine air-dry
method. The NOR staining was carried out
according to the Ag-I method of Bloom and
Goodpasture.® Slides were flooded with a 50%
silver nitrate (AgNQOj3) solution in deionized
water, covered with a cover glass, and incubated
in moisture-tight chambers in which deionized
water was added to the bottom of the chamber
to maintain high humidity, for about 18 hours
at 37°C. Slides were then rinsed with deionized
water and stained for 15 minutes with Giemsa
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(0.3ml to 60ml of pH 6.8 phosphate buffer).
Chromosome preparations from all individuals
were examined independently by the conven-
tional, Q-, C-, and NOR staining methods. The
Q-banding patterns were obtained by a slightly
modified technique of Caspersson et al,® and
C-staining analysis was made following the
method of Sumner.’

In addition, successive stainings were carried out
on the same metaphases in combination by either
NOR and conventional methods, or Q- and NOR
methods. In the former combination, the NORs
of variant chromosomes were obtained by the
Ag-I method, and then silver grains were removed
using 1:1 potassium ferricyanide and sodium
thiosulfate, and subsequently restained with
Giemsa for observation of morphological
appearance of short arms and satellites. In the
latter, the chromosome banding was obtained
by the Q-method for the identification of variant
chromosomes, and the same preparations were
then destained with 1:3 acetic alcohol, air-dried
and restained by the Ag-I method.

The approximate size of the Ag-stained NORs
was classified into the following four groups;
3-large, 2-intermediate, 1-small, 0-very small or
almost no NOR.

RESULTS

By the Ag-I method, the NORs appeared as black
dots on the short arms of acrocentric chromo-
somes (Figure 1). As previously reported for
cells of normal individuals, black dots were
located selectively on the secondary constrictions
of the short arms, but not on the satellites.!®!!
The number of acrocentric chromosomes with
Ag-stained NOR was found to be relatively
constant in each individual, and the chromosomes
which were Ag-stained did not occur randomly.
Generally, there was a consistent individual
pattern of the inter-chromosome distribution of
Ag-stained material.'»'®*  The patterns of Ag-
positive NORs in normal acrocentrics will be
reported elsewhere; this report describes Ag-
staining  patterns of variant acrocentric
chromosomes.

Out of nine chromosome variants studied here,
four (Cases 1 to 4) were found to have double
Ag-stained NORs in their short arm regions. The
most typical pattern of double NORs was
found in Case 1 (M ), in which a unique
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13 14 15
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Figure 1. Partial karyotype of normal D and G chromosomes. a: Q-band chromosomes
stained with quinacrine mustard. b: Same metaphase successively treated with Ag-I method.
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morphological appearance was observed in one of
the No. 14 chromosomes. This chromosome was
characterized by extremely large satellites and
a distinct secondary constriction at a distance
two fifths of the arm’s length from the
centromere’ (Figure 2a). Q-staining analysis
showed the short arm and distal portion of the
enlarged satellites to have pale fluorescence,
whereas most of the enlarged satellites showed
almost no fluorescence (Figure 2b). Though the
secondary constriction had negative fluorescence,
the middle region of the enlarged satellites
fluoresced extremely dimly, and negative
fluorescence was observed in another small area
adjacent to the pale distal region. Most of the
satellite which fluoresced extremely dimly, was
stained darkly by the C-method, but not as dark
as the C-band (Figure 2c¢). Both the secondary
constriction and the distal region fluorescing
negatively by the Q-method were also not stained
by the C-method. Staining by the Ag-I method
distinguished two large black dots of silver grains
in the short arm region of the variant chromo-
some in almost all cells examined. One was
situated on the secondary constriction, while the
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Figure 2. Four representative variant chromosomes from Case 1 (M.

. a: Chromosome

obtained from conventional Giemsa stain. b: Q-banded chromosome stained with quinacrine
mustard. c: C-banded chromosome treated with barium hydroxide. d: Silver stained chromo-

some by Ag-I method.
42 1 (MF

7y v A= PGk B QY K@k

d: Ag-T iz & 2R (k.

other was on the distal part where the Q-method
showed negative fluorescence (Figures 2d, 3a).
Because of the presence of two distinct Ag-stained
NORs situated on the proximal and distal parts,
this variant was tentatively designated as a
double satellite chromosome, or 14pss.

An almost identical pattern of NORs was also
observed in one of the No. 22 chromosomes
from Case 2 (M two intermediate
Ag-stained NORs were located on two areas not
stained by the Q-method; one was adjacent to
the pale short arm and the other to the brilliant
satellites (Figure 3b). In one No. 13 chromo-
some from Case 3 (MFH), a large number
of silver grains was consistently observed in the
distal region, whereas a small amount of silver
grains was occasionally observed in the non-
fluorescent region adjacent to the brilliantly
fluorescent short arm (Figure 3c¢). In Case 4
(M , silver grains were also found in two
different regions in a No. 22 chromosome, but
cells showing two Agstained NORs in this
variant chromosome were observed less frequently
than in those of Case 2. These three variants
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Figure 3.
metaphase by conventional and Ag-I (left), and Q- and Ag-I me, s (right). a: Same individual
shown in Figure 2., b: Case 2 (M ¢: Case 3 (M d: Case 4 (Mf-.

- -

Ag-1 E(H)- a: @212/ L AM. b
(MF-a.
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were also referred to as double satellite chromo-
somes (i.e., 13pss in Case 3, and 22pss in Cases
2 and 4).

Only one Ag-stained NOR was observed in four
variants (Cases 5 to 8). In a No. 15 chromosome
from Case 5 (MF and a No. 22 chromo-
some from Case 6 (MF , the short arm
region exhibited brilliant fluorescence by the
Q-method. In both variants, an Ag-positive NOR
was seen in the proximal negative area adjacent
to the brilliantly fluorescing region (Figures 4a,
4b). Judging from the position of the NOR, the
enlarged area was in the distal region beyond the
NOR, that is, on the satellite region rather than
the short arm. Thus, these two variants should
be regarded as 15s+ and 22s+, respectively.

In Case 7 (MF| ), the Ag-stained material
was located in the proximal non-Q staining
region in one of the No. 15 chromosomes, in
which the short arm region was characterized
by intermediate staining intensity by the
Q-method (Figure 4c). Since the position of the
NOR indicated that the enlarged region belonged

-

Varignt chromosomes from four cases, prepared by successive staining of same

L
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Variant chromosomes from four cases, prepared by successive staining of same

Figure 4.
a: Case 5

metgphase by conventional and Ag-I (left), and Q- and Ag-I methods (right).
(MF . b Case 6 (M. . ¢: Case 7 (M. . d: Case 8 (M.

4 [l - o ) 5 2G5l EIZLS400%E Eii R LR e

Ag-T ik (i), a: 5 ( MF-. b: 6 (M - c: 7 ( ME

{ lll"-) ’

E).oQ-&
) d: {5 8

Ag-1 ;

Ty,

Figure 5. Three representative variant chromosomes from Case 8 (M.
obtained from conventional method. b: Q-banded chromosome staine
mustard. c: C-banded chromosome treated with barium hydroxide.
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1 LR

a

Figure 6. Two representative pairs of chromosome 14 from Case 9 (M.

, prepared by

successive staining of same metaphase by conventional and Ag-I (a ), and Q- and Ag-I methods

(b). The first of each is the variant chromosome.
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to the satellite area, this variant was also referred
to as 15s+.

In one of the No.15 chromosomes from Case 8
(MFh-, silver stained material was seen not
in the proximal, but rather in the distal region
which showed pale fluorescence by the Q-
method (Figure 4d), indicating that the variation
occurred at the short arm rather than on the
satellite. Therefore, this variant was designated
as 15p+. The entire short arm region was found
by the C-method to show very dark intensity
equivalent to the C-band (Figure 5).

In contrast to the variants described above, no
silver grains were apparent in the short arm
region of No.14 chromosome in Case 9
(MF , although the Q-method showed a
negatively fluorescing region between the
proximal and distal areas (Figure 6). Since the
position of the NOR was not determined, it was
uncertain whether this variant chromosome was
derived from the short arm or the satellite.
However, the Q-banding pattern of the enlarged
short arm region was almost identical to that of
cases with double satellites, suggesting that this
variant may also be referred to as double satellite,
that is, a probable 14pss.
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According to the C-method, no positively stained
chromosome segments, aside from the C-bands
adjacent to the centromere, were observed in
any of the variant chromosomes studied, with
the exception of Case 8 described above.

DISCUSSION

Recently developed staining methods have made
it possible to visualize the NORs in chromosome
preparations,5’5 and to demonstrate selective
staining of the secondary constrictions of
acrocentric chromosomes.'®!!  In the present
study, at least one Ag-positive NOR was
recognized by the silver staining method in all
acrocentric variants examined, except for a case
with a probable 14pss. However, no distinct
secondary constriction was observed in their
enlarged short arm regions by the conventional
method, with the exception of another case with
14pss where the proximal NOR was located on
the secondary constriction. In the distal Ag-
stained NOR of Case 1, a distinct negative stain
was either almost unrecognizable or occasionally
stained faintly by the conventional method. In
spite of the difference in staining between the
proximal and distal NORs by the conventional
method, the amounts of silver grains in both
NORs were fairly consistent, suggesting that the
size of the Ag-positive NOR may not always
correlate with the size of the area negatively
stained by the conventional method.

Ag-stained NORs were generally stained negatively
by the Q-method, particularly those located at
the proximal region. However, when the Ag-
positive NOR was observed in the distal region,
it was difficult to recognize the distinct negative
fluorescence on these NORs, and silver grains
were frequently found to cover the pale distal
region. This finding suggests that the Ag-stained
NORs may not always have the distinct negative
fluorescence of the Q-method. On the other
hand, no Ag-stained material was found in a
probable 14pss case studied here, even though a
distinct negative fluorescence was observed in
the middle region of the enlarged short arm
region. In contrast to the above finding, present
evidence indicates that the region with the
distinct negative fluorescence may not always
correspond to the Ag-stained NOR.

Of a total of nine variants examined in the
present study, four had double Ag-positive NORs,
or “double satellites”, consisting of two 22pss,
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one 13pss, and one 14pss. Archidiacono et al'*
reported that two cases with double satellites had
double Ag-stained NORs, but the chromosomes
involved in these two cases differed from the
present variants, being a No. 15 and a No.21
chromosome,

A variant chromosome similar to the 14pss
described in the present study was reported in
seven individuals from three generations of one
family.'® The very long short arm of a No. 14
chromosome was darkly stained by the conven-
tional stain but palely stained by the G-, Q-, and
C-staining methods, and two Ag-positive NORs
were present on an unstained secondary constric-
tion close to the distal end of the short arm and
a mnarrow unstained region closer to the
centromere. Recently, three Ag-positive NORs
were demonstrated in three secondary constric-
tions of the giant short arm of a No.l4
chromosome,'® and this 14p+ arm was also
palely stained by Q-, C-, and G-staining methods
with an almost homogeneous texture.

In the cases with double Ag-positive NORs,
in which one NOR was located in the distal
region and the other was in the proximal region,
it is unknown which NOR is the original one;
if it is the proximal NOR, then the enlargement
would have occurred at the distal region beyond
the proximal NOR. Since staining intensities
between the original and enlarged area by the Q-
and C-methods showed a lack of uniformity, it
may be presumed that the enlargement is caused
by a translocation of an NOR and satellite from
some other acrocentric chromosome donor
rather than duplication of the original NOR and
satellites.

Alternatively, it is conceivable that the distal
NOR is the original one and the proximal NOR
including satellites is newly added, these
additional materials having been derived by
insertion of an NOR and satellite from an
acrocentric chromosome donor. Judging from
the staining intensity of the double satellites by
the Q-method, the latter hypothesis is, at present,
more acceptable than the former. Accordingly,
the origins of the double satellites studied here
are tentatively assumed to have arisen by
insertion of an NOR and satellite from another
acrocentric.

In the variants with one Ag-positive NOR, the
staining intensity of the Q- and C-methods was
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uniform through the enlarged area, though their
individual intensities were different among the
various cases. This finding suggests that the
enlarged area may be derived from duplication of
the original satellites or short arm rather than by
translocation from another satellite or short arm.

In one of our chromosome variants, there was no
Ag-stained material in the enlarged short arm
region. De Capoa et al'” observed two cases with
15p+, in which variant chromosomes had no
morphologically recognizable satellite and
secondary constriction, and were not stained by
the N-banding technique. They concluded that
these variant chromosomes did not possess the
nucleolus organizer. The present chromosome
variant in which no Ag-stained material was
observed, also may not have had the nucleolus
organizer.

It has been reported in a study of mouse-human
somatic cell hybrids that only Ag-stained NORs
produce TRNA and have functional activity as
the nucleolus organizer in the preceding
interphase.'®!'? It is thus conceivable that the
variant chromosome without Ag-stained material
described here may have Ag-negative NOR which
lacks the functional activity of the nucleolus
organizer. It seems likely that this variant
chromosome may originally have had no Ag-
positive NOR but had instead Ag-negative NOR.
The banding patterns of the Q- and C-methods in
the enlarged area were almost identical to those
of the cases with double satellites, suggesting
that this variant chromosome may also have
been derived from the insertion of an Ag-negative
NOR and satellite from some other acrocentric
chromosome donor.

According to our tentative hypothesis concerning
the origin of the enlargement of the short arm
region, the nine variants studied here are classified
into two groups: those in one group are assumed
to arise by duplication and those in the other by
insertion (Table 1). Of the four duplication
types, only one is due to duplication of the short
arm, while three are from duplication of satellites.
The remaining five variants are assumed to be
caused by insertion: four with double Ag-
stained NORs, may have arisen by insertion of
Ag-positive NOR and satellites from an
acrocentric donor, and the fifth, characterized
by the absence of Ag-positive NOR, may also
have arisen from the insertion of satellites and
Ag-negative NOR.
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TABLE 1 SUMMARY OF THE RESULTS OBTAINED FROM NINE CHROMOSOME VARIANTS
EXAMINED BY NOR STAINING METHOD

#F1 NORZGHREIZL S IFIoPEET RIS 28
Involved Size of NOR* . . Origin**
Case MF No. Sex Age chromosome Demgm?tlon
No. Proximal Distal ik Type Region
1 M 28 14 3 3 14pss ins pl2,pl3
2 F 29 22 2 2 22pss ins pl2,pl3
3 F 28 13 1 3 13pss ins pl2,pl3
4 M 22 22 1 1 22pss ins pl2,p13
5 M 29 15 2 0 15s+ dup pl3
6 M 26 22 2 0 22st+ dup pl3
7 E 20 15 2 0 15s+ dup pl3
8 F 29 15 0 3 15p+ dup pll
9 M 26 14 0 0 7(14pss) ?(ins) Npl2,pl3)

*3- large, 2- intermediate, 1- small, 0- very small or almost no NOR.

3—K, 2—H, 1—/h,

0 —#/NX 12 NOR I & A L B0

**Presumed origin and region of the enlargement of the short arm region.

ins- insertion, dup- duplication
WO ARV ZOMNE S N 5 ERE.

In situ hybridization and filter hybridization
studies have shown that the secondary constric-
tion regions of acrocentric chromosomes contain
DNA (rDNA) coding for 185 and 28S rRNA, and
that the number of genes for TRNA on a given
acrocentric is variable.?*?? Further, it has been
demonstrated that the regions stained by the
silver staining method are the same as those
identified by in situ hybridization with
rRNA, 2% Recently, a 14p+ chromosome was
examined by in situ hybridization experiments
with radioactive 18S and 288 rRNA,'® and the
14p+ chromosome was shown to have a large
number of rRNA genes compared with the other
acrocentric chromosomes. However, the results
obtained using Ag-staining and association
frequency indicate that this 14p+ chromosome
had no greater nucleolus organizer activity than
did the other acrocentrics, suggesting that not
all the rRNA genes on the 14p+ chromosome are
active.

It is worth noting that Lau et al'® observed
difference between N-bands and Ag-NORs on
a l4pt+ chromosome; N-banding stained the
entire short arm of the 14p+, whereas AgNO3
stained only the areas of secondary constriction.
These authors suggest that N-banding and Ag-
NOR staining are equally sensitive in the detection
of NOR, but may stain different proteins of the
NOR, and that if silver stains NORs which
contain active ribosomal genes from the preceding

insertion ={fi A

12

duplication =i
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cell cycle, then N-bands represent both active
and inactive regions of the NORs. The above
reports suggest that variable staining patterns of
the short arm regions of acrocentric chromosomes
demonstrated by various banding methods may
reflect not only variation in the amount of rDNA
but also the functional state of the nucleolus
organizer.
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