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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 organizer 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. 
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T 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 
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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. 

I 
2 3 4i 1 2 3 4 

S: : 
2 : 

5 6 7 8 

XI X 
9 10 

a1 
1 1 

"i\ 
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 fowleri 
(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 
dd, 2 99); Only, Tenn. (1 9); Memphis, 
Tenn. (1 6, 2 9 9). 2) B. woodhousei woodhousei: 
Norman, Okla. (4 6, 3 9 9). 3) B. woodhousei 

fowleri: Horn Lake, Miss. (5 6, 1 9); Chicka- 
saw, Tenn. (1 6, 2 9 9); Sugar Tree, Tenn. (1 
6, 1 9). 4) B. valliceps: Groves, Texas (11 

6, 3 99). 5) B. marinus: McAllister, Texas 
(1 9). 

Cytological 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 10-5 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. 

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). x 1500. 
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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 

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. valliceps 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. 

344 



BECK AND MAHAN--UFO NUCLEOLAR ORGANIZER 

ACKNOWLEDGMENTS 

This work was supported in part by a grant 
from the Memphis State University Faculty Re- 
search Fund. The authors wish to thank 
Charles Biggers for critically reading the manu- 

script and Michael Kennedy and Ben Allen for 

providing some of the animals used in this 

study. 

LITERATURE CITED 

BOGART, J. P. 1972. Karyotypes, p. 171-195. In: 
Evolution in the genus Bufo. W. F. Blair (ed.). Univ. 
Texas Press, Austin. 

BRUERE, A. N., AND R. D. MCLAREN. 1967. The idi- 

ogram of the sheep with particular reference to 

secondary constrictions. Can. J. Genet. Cytol. 
9:543-553. 

CALLAN, H. G. 1966. Chromosomes and nucleoli of 
the axolotl, Ambystoma mexicanum. J. Cell Sci. 1:85- 
108. 

COLE, C. J., C. H. LOWE AND J. W. WRIGHT. 1968. 

Karyotypes of eight species of toads (Genus Bufo) 
in North America. Copeia 1968:96-100. 

GOODPASTURE, C., AND S. E. BLOOM. 1975. Visual- 
ization of nucleolar organizer regions in mamma- 
lian chromosomes using silver staining. Chromo- 
soma 53:37-50. 

HAERTEL, J. D., A. OWEZARZAK AND R. M. STORM. 

1974. A comparative study of the chromosomes 
from five species of the genus Rana (Amphibia: 
Salientia). Copeia 1974:109-114. 

HENDERSON, A. S., D. WARBURTON AND K. C. AT- 
woOD. 1972. Location of ribosomal DNA in the 
human chromosome complement. Proc. Nat. Acad. 
Sci. (U.S.) 69:3394-3398. 

,E. M. EICHER, M. T. Yu AND K. C. ATWOOD. 
1974. The chromosomal location of ribosomal 
DNA in the mouse. Chromosoma 49:155-160. 

HENNEN, S. 1964. The karyotype of Rana sylvatica 
and its comparison with the karyotype of Rana pip- 
iens. J. Hered. 55:124-128. 

Hsu, T. C., B. R. BRINKLEY AND F. E. ARRIGHI. 
1967. The structure and behavior of the nucleolar 
organizer in mammalian cells. Chromosoma 23:137- 
153. 

,S. E. SPIRITO AND M. L. PARDUE. 1975. Dis- 
tribution of 18s + 28s ribosomal genes in mam- 
malian genomes. Chromosoma 53:25-36. 

MACGREGOR, H. C., M. VLAD AND L. BARNETT. 
1977. An investigation of some problems concern- 

ing nucleolus organizers in salamanders. Chro- 
mosoma 59:283-299. 

MAHAN, J. T., AND M. L. BECK. 1977. A karyotypic 
study of Bufo woodhouseifowleri. J. Tenn. Acad. Sci. 
52:73. 

MILLER, L., AND D. D. BROWN. 1969. Variation in 
the activity of nucleolus organizers and their ribo- 
somal gene content. Chromosoma 28:430-444. 

MORESCALCHI, A., AND G. GARGUILO. 1968. Su al- 
cune relazioni cariologiche del genero Bufo (Am- 
phibia Salienta). Rend. Acc. Sc. Fis. Mat. (Naples) 
35:117-120. 

PALMER, C. G., AND S. FUNDERBURK. 1965. Secondary 
constrictions in human chromosomes. Cytogenetics 
4:261-276. 

PARDUE, M. L. 1974. Localization of repeated DNA 
sequences in Xenopus chromosomes. Cold Spr. 
Harb. Symp. Quant. Biol. 38:475-482. 

, S. A. GERBI, R. A. ECKHARDT AND J. G. 
GALL. 1970. Cytological localization of DNA com- 
plementary to ribosomal RNA in polytene chro- 
mosomes of Diptera. Chromosoma 29:268-290. 

,AND T. C. Hsu. 1975. Locations of 18s and 
28s ribosomal genes in the chromosomes of the In- 
dian Muntjac. J. Cell Biol. 64:251-254. 

ROBINSON, E. S., AND E. M. STEPHENSON. 1967. A 
karyological study of cultured cells of Limnodynaster 
peroni (Anura: Leptodacylidae). Cytologia 32:200- 
207. 

RUDAK, E., AND H. G. CALLAN. 1976. Differential 
staining and chromatin packing of the mitotic chro- 
mosomes of the newt Triturus cristatus. Chromoso- 
ma 56:349-362. 

SASAKI, M. S., AND S. MAKINO. 1963. The demon- 
stration of secondary constrictions in human chro- 
mosomes by means of a new technique. Amer. J. 
Hum. Genet. 15:24-33. 

SETO, T. 1965. Cytogenetic studies in lower verte- 
brates. II. Karyological studies of several species of 
frogs (Ranidae). Cytologia 30:437-446. 

VOLPE, E. P., AND B. M. GEBHARDT. 1968. Somatic 
chromosomes of the marine toad Bufo marinus 
(Linne). Copeia 1968:570-576. 

WARD, O. G. 1977. Dimorphic nucleolar organizer 
regions in the frog Rana blairi. Can.J. Genet. Cytol. 
19:51-57. 

WASSERMAN, A. O., AND J. P. BOGART. 1968. Chro- 
mosomes of two species of spadefoot toads (Genus 
Scaphiopus) and their hybrids. Copeia 1968:303- 
306. 

DEPARTMENT OF BIOLOGY, MEMPHIS STATE UNI- 
VERSITY, MEMPHIS, TENNESSEE 38152. Ac- 
cepted 7 July 1978. 

345 


	Article Contents
	p. 341
	p. 342
	p. 343
	p. 344
	p. 345

	Issue Table of Contents
	Copeia, Vol. 1979, No. 2 (May 18, 1979), pp. 191-382
	Front Matter
	Systematics and Life History Aspects of the Percid Fish Etheostoma blennius with Description of a New Subspecies from Sequatchie River, Tennessee [pp.  191 - 203]
	A New Wormfish (Pisces: Microdesmidae) from the Eastern Tropical Atlantic [pp.  203 - 205]
	Scarus japanensis, S. quoyi and S. iserti: Valid Names for Parrotfishes Presently Known as S. capistratoides, S. blochii and S. croicensis [pp.  206 - 212]
	A Taxonomic Reappraisal of the Yellow Mud Turtle, Kinosternon flavescens (Testudines: Kinosternidae) [pp.  212 - 225]
	Genetic Studies of Melanic Color Patterns and Atypical Sex Determination in the Guppy, Poecilia reticulata [pp.  225 - 231]
	Cytological Aspects and Differential Response to Melatonin of Melanophore Based Color Mutants in the Guppy, Poecilia reticulata [pp.  232 - 242]
	Genetic Distance and Heterozygosity Estimates in Electrophoretic Studies: Effects of Sample Size [pp.  242 - 249]
	Color and Heat Balance in the Lizard Lacerta dugesii [pp.  250 - 257]
	Lizard Thermoregulation: Operant Responses for Heat at Different Thermal Intensities [pp.  258 - 266]
	Predation on Striped Mullet (Mugil cephalus) by Crocodylus niloticus at St. Lucia, South Africa [pp.  266 - 269]
	The Effectiveness of Antipredator Secretions and Behavior of Selected Salamanders against Shrews [pp.  270 - 274]
	Lipid Components of Prey Odors Elicit Feeding Responses in Western Toads (Bufo boreas) [pp.  275 - 278]
	Abundance and Distribution of Anurans in a Kenyan Pond [pp.  278 - 285]
	Mate Selection in the Gray Treefrog, Hyla versicolor [pp.  286 - 290]
	Lunar Spawning Cycle in the Mummichog, Fundulus heteroclitus (Pisces: Cyprinodontidae) [pp.  291 - 297]
	Sexual Selection and Sexual Dimorphism in the Amphibia [pp.  297 - 306]
	Growth, Reproduction and Population Structure of a Marine Snake, Enhydrina schistosa (Hydrophiidae) [pp.  307 - 318]
	Reproductive Behavior of the Rat Snakes of Eastern North America, Genus Elaphe [pp.  319 - 331]
	The Adaptiveness of Parental Care in Desmognathus ochrophaeus (Urodela: Plethodontidae) [pp.  332 - 341]
	Ammoniacal Silver Staining of Nucleolar Organizer Regions in Four Species of Bufo [pp.  341 - 345]
	Herpetological Notes
	A Method to Reduce Error in Weight Estimation of Freshwater Turtles [p.  346]
	Observations on Some Cranial Foramina in the Ranidae [pp.  346 - 348]
	Ontogenetic Variation in "Ovum" Size in Two Species of Ambystoma [pp.  348 - 350]
	Populations of Crested Newts, Triturus cristatus, in Oxfordshire, England [pp.  350 - 353]
	Note on Larval Feeding Behavior in Desmognathus fuscus fuscus, the Northern Dusky Salamander [p.  354]
	The Introduction and Current Distribution in the New Hebrides of the Australian Hylid Frog Litoria aurea [pp.  355 - 356]

	Ichthyological Notes
	Histophysiology of the Gills and Dendritic Organ of the Marine Catfish, Plotosus lineatus, in Relation to Osmoregulation [pp.  357 - 360]
	Phosphate Compounds in Red Cells, Liver and Skeletal Muscle of the American Eel, Anguilla rostrata [pp.  360 - 363]
	Evidence of Demersal Spawning in the Mesopelagic Zoarcid Fish Melanostigma atlanticum with Comments on Demersal Spawning in the Alepocephalid Fish Xenodermichthys copei [pp.  363 - 366]
	Aquarium Observations on Feeding by Melanostigma pammelas (Pisces: Zoarcidae) [pp.  366 - 369]
	A Breeding Method for Blind Astyanax mexicanus Based on Annual Spawning Patterns [pp.  369 - 371]

	Reviews and Comments
	untitled [p.  372]
	untitled [pp.  372 - 374]
	untitled [pp.  374 - 376]
	untitled [pp.  376 - 377]
	Books Received [pp.  377 - 378]

	Editorial Notes and News [pp.  379 - 382]
	Bernard S. Martof [pp.  380 - 381]
	Back Matter



