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Ammoniacal Silver Staining of Nucleolar Organizer
Regions in Four Species of Bufo

MELVIN L. BECK AND JAMES T. MaHAN

The nucleolar organizér regions (NORs) of Bufo americanus, B. woodhousei
woodhousei, B. w. fowleri, B. valliceps and B. marinus were studied using an am-
moniacal silver procedure. In each taxon a NOR was observed in only one pair
of chromosomes. The NOR occurred on chromosome 1 adjacent to the centro-
mere in B. americanus, B. w. woodhousei, B. w. fowleri and B. valliceps. In B.
marinus the NOR was located on chromosome 7. The Ag-NORs corresponded to
secondary constrictions detectable as achromatic gaps in Giemsa-stained meta-

phase chromosomes.

HE chromosomes of most Bufo species
show striking similarities with the major
reported variation being in the position of sec-
ondary constrictions (Bogart, 1972). Bogart
(1972) utilized these secondary constrictions to
infer various dichotomies in the evolution of
Bufo karyotypes. The number and position of
secondary constrictions have been used as
markers in karyotypic studies of numerous am-
phibians (Hennen, 1964; Seto, 1965; Robinson
and Stephenson, 1967; Wasserman and Bogart,
1968; Bogart, 1972; Haertel et al., 1974). How-
ever, secondary constrictions have been shown
to be subject to considerable variation depend-
ing on preparative techniques (Sasaki and Mak-
ino, 1963; Palmer and Funderburk, 1965; Cal-
lan, 1966; Bruere and McLaren, 1967).
Secondary constrictions are usually associ-
ated with nucleolar formation and are referred
to as nucleolar organizer regions (NORs). In

situ hybridization studies have shown that the
cistrons coding for the 18s and 28s ribosomal
RNA are located at the NORs (Pardue et al.,
1970; Pardue, 1974; Henderson et al., 1972,
1974; Pardue and Hsu, 1975). However, Hsu
et al. (1975) have demonstrated that not all sec-
ondary constrictions bind radioactive ribosomal
RNA whereas some regions of metaphase chro-
mosomes bind radioactive ribosomal RNA but
do not appear as secondary constrictions. In
addition, cold treatment of metaphase chro-
mosomes induces the occurrence of secondary
constrictions other than those corresponding to
the NORs (Rudak and Callan, 1976). Hence,
not all secondary constrictions correspond to
nucleolar organizer regions.

Goodpasture and Bloom (1975) have recently
developed an ammoniacal silver technique for
demonstrating NORs in mammalian cells. This
technique apparently stains the same chromo-
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Fig. 1. Karyotype of Bufo americanus (female). Ag-

NOR chromosome are shown in inset. Bar equals 10
microns.

somal regions demonstrable by in situ hybrid-
ization. Ward (1977) employed this silver tech-
nique for studying dimorphic NORs in the frog
Rana blairi.

This study was undertaken to determine the
number and position of NORs in the meta-
phase chromosomes of four species of Bufo.
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Fig. 2. Karyotype of Bufo woodhousei woodhousei
(male). Ag-NOR chromosomes are shown in inset.
Bar equals 10 microns.
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Fig. 3. Karyotype of Bufo woodhousei fowler:
(male). Ag-NOR chromosomes are shown in inset.
Bar equals 10 microns.

MATERIALS AND METHODS

Animals.—The location of NORs in metaphase
chromosomes of four species of Bufo was
studied using the ammoniacal silver technique
of Goodpasture and Bloom (1975). The ani-
mals studied were obtained from the following
localities: 1) B. americanus: Oshkosh, Wisc. (2
348, 2 2%); Only, Tenn. (1 ?); Memphis,
Tenn. (1 8,2 2 9). 2) B. woodhousei woodhousei:
Norman, Okla. (4 338, 3 2 ?). 3) B. woodhousei
fowleri: Horn Lake, Miss. (5 83, 1 ?); Chicka-
saw, Tenn. (1 8, 2 ? ?); Sugar Tree, Tenn. (1
38, 1 ?). 4) B. valliceps: Groves, Texas (11
338, 3 292). 5) B. marinus: McAllister, Texas
(1 9).

Chytological preparations.—Blood was obtained
from the femoral artery and transferred to cul-
ture vials containing 5 ml of Wolf and Quimby
amphibian culture medium (GIBCO), 0.2 ml of
phytohemagglutin M, 0.1 ml of a penicillin-
streptomycin mixture (DIFCO) and 0.1 ml of
nystatin (50 mcg/ml). Cultures were incubated
at 26 C for 5 days. Six hours prior to harvest,
colchicine was added to each culture to give a
final concentration of 2 X 107> M. The cells
were treated with a hypotonic solution of 0.075
M potassium chloride or 1.0% sodium citrate
for 15 min and fixed in methanol:acetic acid
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Fig. 4. Karyotype of Bufo valliceps (female). Ag-
NOR chromosomes are shown in inset. Bar equals 10
microns.

(3:1). Cells were dropped onto clean slides and
air dried.

Staining procedure.—Chromosomal NORs were
stained according to the Ag-As procedure of
Goodpasture and Bloom (1975). Freshly pre-
pared slides or ones that had been stored sev-
eral months gave identical staining results.
Some slides were stained with 2% Giemsa for
preparation of standard karyotypes. In all
karyotypes, the chromosomes were arranged in
order of decreasing lengths.

REsuLTS

All the animals examined possessed a diploid
number of 22 and the karyotypes were very
similar (Figs. 1-5). In Giemsa-stained prepa-
rations, chromosome 1 of B. americanus, B. w.
woodhousei, B. w. fowleri and B. valliceps exhib-
ited a prominent achromatic secondary con-
striction adjacent to the centromere (Figs. 1-4).
However, in B. marinus the secondary constric-
tion was observed in the short arm of chro-
mosome 7 instead of on chromosome 1 (Fig. 5).
Secondary constrictions were not observed on
any other chromosomes in Giemsa-stained
preparations. The position of secondary con-
strictions was consistent in each species and ap-
peared constant in a given chromosome.

After Ag-As staining, the NORs appeared as
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Fig. 5. Karyotype of Bufo marinus (female). Ag-
NOR chromosomes are shown in inset. Bar equals 10
microns.
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dark black regions on light brown chromo-
somes (Fig. 6). The Ag-NORs corresponded
exactly to the achromatic secondary constric-
tions that had been observed in the Giemsa-
stained preparations (Figs. 1-5). No more than
two chromosomes exhibited Ag-NORs in any
cell examined. Thus the NORs appeared to be
confined to a single pair of chromosomes in
each Bufo species examined.
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Fig. 6. Bufo valliceps (female) chromosomes
stained by the Ag-As method. Note the distinct stain-
ing of the NORs (arrows). x1500.
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Even though the position of the Ag-NORs
was constant in the karyotype of each species,
it was not necessarily the same size on homol-
ogous chromosomes. The Ag-NORs of B. w.
woodhousei were often observed to be of unequal
size with one homolog possessing a larger NOR
(Fig. 2).

DiscussioN

The number and position of secondary con-
strictions have been utilized to a considerable
extent in comparative karyological studies of
the genus Bufo (Moreschalchi and Garauilo,
1968; Bogart, 1972). Bogart (1972) identified
three secondary constrictions from karyotypes
of B. americanus and six from karyotypes of B.
valliceps whereas B. woodhousei and B. marinus
possessed a single secondary constriction on
chromosomes 1 and 7 respectively. In this study
B. woodhousei and B. marinus were found to pos-
sess only a single secondary constriction as re-
ported previously by Cole et al. (1968) and Bo-
gart (1972). In addition, only a single achromatic
secondary constriction was found adjacent to
the centromere of chromosome 1 in all karyo-
types of B. americanus and B. valliceps. No other
secondary constrictions were observed in meta-
phase chromosomes of these two species. Cole
et al. (1968) also reported only a single distinct
secondary constriction near the centromere of
chromosome 1 in B. valliceps. The occurrence
of secondary constrictions appears to be influ-
enced by preparative techniques and also dif-
fers from tissue to tissue. Bruere and McLaren
(1967) reported that the incidence of secondary
constrictions was influenced by the type of hy-
potonic treatment. The colchicine concentra-
tion (Palmer and Funderburk, 1965) and cal-
cium content of the culture medium (Sasaki
and Makino, 1963) have also been shown to in-
fluence the occurrence of secondary constric-
tions. In addition, Hsu et al. (1967) found a
difference in the distribution of secondary con-
strictions between lung fibroblasts and bone
marrow cells of Tamiascurus hudsonicus. Hence
the variability in the expression of secondary
constrictions may limit their value in cytotax-
onomic studies.

Secondary constrictions have usually been
equated with NORs. In situ DNA/RNA hybrid-
ization studies have shown that the NOR is the
site of the ribosomal RNA cistrons (Pardue et
al., 1970; Pardue, 1974; Henderson et al., 1972,
1974; Pardue and Hsu, 1975). However, such
hybridization studies have also demonstrated
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that not all secondary constrictions correspond
to NORs (Hsu et al., 1975). Thus secondary
constrictions of metaphase chromosomes can-
not be unequivocally identified as NORs. When
the Ag-As technique was applied to the chro-
mosomes of four species of Bufo, silver was
preferentially deposited in a prominent sec-
ondary constriction located on a single pair of
chromosomes in each species. The ribosomal
genes appear to be concentrated at a single
major site in the genome of these toads such as
Hsu et al. (1975) found in several mammals.
Hsu et al. (1975) considered the single, long
NOR as the more ancestral type in terms of
distribution of ribosomal cistrons.

The karyotypes of all four species of Bufo
were very similar. However, the location of the
NOR on chromosome 7 of B. marinus allowed
its karyotype to be readily distinguished from
that of B. americanus, B. woodhousei or B. valli-
ceps in which the NOR occurred on chromo-
some 1. Bufo marinus is believed to have arisen
in South America and later dispersed north-
ward to the southern United States whereas B.
americanus, B. woodhousei and B. wvalliceps are
North American species. The long period of
isolation of the North American species from
those of South America would have allowed for
independent karyotypic evolution and could
account for the difference in the location of the
NORs.

NORs are often located within heterochro-
matic segments of chromosomes. Volpe and
Gebhardt (1968) reported that the NOR of B.
marinus occurs within a heterochromatic seg-
ment on the short arm of chromosome 7. C-
banding of the chromosomes of B. w. fowleri
indicates that the NOR of this species lies within
the centromeric heterochromatin of chromo-
some 1 (Mahan and Beck, 1977). Hsu et al.
(1975) have pointed out that the location of
NORs in heterochromatin may simply be due
to the fact that they are positioned close to the
centromere of chromosomes.

Some specimens of B. w. woodhousei exhibited
NORs of unequal length. This may reflect vari-
ation within different NORs in a cell such as
has been observed in other amphibians (Miller
and Brown, 1969; MacGregor et al.,, 1977).
Ward (1977) observed NORs of unequal length
in Rana blairi and concluded that the difference
could be due either to deletion or duplication
of ribosomal cistrons. This would be reflected
as a change in the length of the NOR as seen
with the Ag-As technique.
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