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Chromosomal evolution in allopatric populations of the
Odontophrynus occidentalis group (Amphibia, Anura) from
western Argentina
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Abstract. A karyological study of some populations of the Odontophrynus occidentalis
group (2n=22) from Argentina is reported. Ammoniacal silver (Ag-AS) and alkaline
Giemsa (CBG) staining have been performed on specimens from La Rioja, Mendoza, Ma-
largue, Tamelen, Tapiluque, Valcheta, and Meseta de Somuncura. All populations showed
active ribosomal cistrons (NORs) on chromosome 11. Some metaphases of three specimens
from Mendoza and five from La Rioja also showed bands on 9. Centromeric and telomeric
C-bands were common to all populations, and a block of heterochromatin on both sides of
the centromere of 2 was remarkable in all but the La Rioja populations. The specimens from
La Rioja showed a similar block of heterochromatin on the short arm of 1.

Taxonomic studies of several specimens from these localities revealed differences in
larval development, glandular pattern, the size of specimens, etc. As a whole, biological
as well as karyological features suggest that the isolated population at L.a Rioja is a
separate entity, at the species level, as described elsewhere.

Cytogenetic studies employing banding constitutive heterochromatin (C-bands) on
techniques have revealed unexpected fea- chromosomes have, in many cases, accom-
tures in apparently identical karyotypes. In panied other morphological modifications
particular, specific patterns of localization of implied in the phenomena of biological spe-

ciation (PATHAK et al., 1973; HEPPICH, 1978;
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family Leptodactylidae, such as O. ameri-
canus, O. cultripes, O. moratoi, O. carvalhoi,
O. alipioi, and O. occidentalis, widely distri-
buted in South America. The C- and Ag-AS
band patterns of most of these species have
recently been described by Ruiz et al. (1981).
These patterns contribute to determining the
phylogenetic relationships among them.

In the present work we describe the
chromosomal localization of constitutive
heterochromatin and nucleolar organizer
regions of several populations of the O.
occidentalis group in Argentina. A rearrange-
ment involving heterochromatin combined
with other specific biological characteristics
was detected in one of the populations.

Materials and methods

Populations of O. occidentalis group from the
following localities were studied (fig. 1 and table I):
1. Sierra de Famatina (Aguadita, 2200 m, La

Rioja Province);

2. Chacras de Coria (1000 m, near the city of
Mendoza, Mendoza Province) corresponding to
the typical form of O. occidentalis (the typical
form of Ceratophrys occidentalis Berg =
Odontophrynus occidentalis (Berg) is found in
the subandean region of Neuquén, 650 km
from Mendoza southwards);

3. Malargue (350 km from Mendoza southwards,
1200 m, Mendoza Province);

4. Tamelen (190 km west of Valcheta, 800 m, Rio
Negro Province);

5. Tapiluque (170 km west of Valcheta, 750 m,
Rio Negro Province);

6. Valcheta (300 m, Rio Negro Province);

7. Meseta de Somuncura (Arroyo Ariete, 700 m,
interior of the Meseta, Rio Negro Province).
Tamelen, Tapiluque, and WValcheta are also
located on the septentrional borders of Meseta
de Somuncura, an isolated basaltic, Patagonian
plateau.

Animals were injected with 1% colchicine
(0.1 ml/10 g body weight) 3 h before killing.

Table L. Origin and sex of O. occidentalis spec-
imens from different localities of Argentina

City (province) n Q 3 Total
Sierra de Famatina

(La Rioja) 5 3 4 12
Mendoza

(Mendoza) 1 2 6 9
Malargue

(Mendoza) 1 3 - 4
Tamelen

(Rio Negro) - - 1 1
Tapiluque

(Rio Negro) - - 3 3
Valcheta

(Rio Negro) - - 3 3
Meseta de Somuncura

(Rio Negro) 1 - - 1

1 J: juvenile individual.

Metaphases were obtained by squashing small
fragments of intestinal epithelium, following treat-
ment with hypotonic solution and fixative. After
removing coverslips (dry-ice method) preparations
were kept 10 min in 95%, ethanol at 0° C, and
finally air-dried.

C and Ag-AS banding was done according to
SUMNER (1972) and GOODPASTURE and BLoOM
(1975), respectively, usually without modifications.
However some modifications proposed by PATHAK
(pers. commun.) were also tried: a few drops of a
50°/¢ aquaeous solution of AgNO; containing 2
to 3 drops of formalin were added to the prepara-
tion, which was then covered with a coverslip and
left at 65° C until the chromosomes reached a
golden colour as checked by light microscopy. The
nucleolar organizer regions (NORs) turned black.
The preparation was then rinsed in deionized
water and mounted in Permount. Metaphases were
photographed the same day.

Five C-banded metaphases of specimens from
different localities were measured and the total
amount of heterochromatin as a percentage of
total chromatin was coarsely estimated for each
cell. The percentage of heterochromatin present on
chromosomes 1 and 2 was also estimated.
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Fig. 1. Tentative distribution L_"
of the Odontophrynus occidentalis  ©
group (hatched area), and locali- ;

ties where specimens were col-
lected. 1. Aguadita (Sierra de
Famatina); 2. Chacras de Coria
(near Mendoza); 3. Malargue; 4.
Tamelen; 5. Tapiluque; 6. Val-
cheta; 7. Arroyo Ariete (Meseta
de Somuncura). Black circle: Ar-
royo Agrio, Neuguén, Terra typica
of Odontophrynus occidentalis
(Berg). Some cities near the limits
of the distribution area are indi-
cated.

Results

C-band patterns

The specimens from all localities had
constitutive heterochromatin at centromeres
and, to some extent, also at telomeres. In
addition to these bands, different patterns
of interstitial bands were found in the popu-
lations studied.

Table II shows the polymorphic patterns
of intercalary bands on chromosomes 1, 2,

Falkland Islands

£453

o] 200 400 600 km

3, 6, and 9. Note the following character-
istics: (1) The constitutive heterochromatin
of chromosome 1 is located on the peri-
centromeric region of the p arm and centro-
mere, but it never reaches the q arm (fig. 3).
This heterochromatic block is found in spe-
cimens from La Rioja only. (2) The constitu-
tive heterochromatin of chromosome 2 is
located mainly in the pericentromeric area
of the p arm, the centromere, and a small
portion of the pericentromeric area of the g
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Table II. Number of cells showing polymorphism for constitutive heterochromatin of five chromo-

somes
Chromosome Locality
La Rioja Mendoza Malague Tamelen Tapiluque Valcheta Meseta
de
Somuncura
1
49 - - - - - -
42 - - - - - -
28 - - - - - -
2
- 58 21 3 8 10 3
- 61 9 = 6 12 5
83 2 - = - - -
- 31 - _ - _ -
3
19 - - - - - -
_ 35 - _ - _ —
- 5 _ - - _ -
6
49 7 2 - = 2 -
9
98 65 11 - - - -
Total 119 119 30 3 14 22 8

arm (fig. 2). This heterochromatin block is
smaller in specimens from La Rioja. (3)
Chromosome 1 is dimorphic for the size of
the heterochromatic block (fig. 3c). Since
all cells of an individual have the same
pattern, it is probable that the amount of
heterochromatin on the maternally derived
1 different from that on the paternal one.
(4) Heterochromatic blocks of two different
sizes were seen on 2 in the same individual
depending on the cell examined (fig. 2a
and b). In this case, metabolic differences
between cells would account for a different
condensation of heterochromatin in each
homologue. (5) An intercalary C-band was
observed in the distal region of 2q in several
cells of five specimens from Mendoza

(fig. 2a). (6) An intercalary C-band was ob-
served in the medial region of 2p in almost
all specimens from La Rioja only (fig. 3a).
(7) An intercalary C-band was observed in
the distal region of 3q in four specimens
from Mendoza; either one or both homo-
logues were banded (fig. 2a). (8) Intercalary
bands on 6 were very weak, being hardly
evident in most specimens studied (fig. 3a
and b). (9) An intercalary band on the distal
region of 9q was prominent in some spe-
cimens (figs. 2a and b; 3a, b, and ¢).

Constitutive heterochromatin

measurements

Five C-banded metaphases were chosen
at random from specimens of each popula-
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Fig. 2. C-banded karyotypes of
specimens from three localities,
showing: a. heteromorphism of a
block of heterochromatin on 2pq,
intercalary bands on 2q, 3q (one
homologue), 6q, and 9q (Men-
doza); b. a block of heterochro-
matin on 2pq and an intercalary
band on 9q (Malargue); c. hetero-
morphism of a block of hetero-
chromatin on 2pq (Meseta de
Somuncura). Bars equal 5 ym.

Fig.3. Polymorphism in C-
band Kkaryotypes in specimens
from La Rioja a. a block of
heterochromatin on 1p and inter-
calary bands on 2p, 3p, 6q, and
9g; b. a block of heterochromatin
on 1p, a smaller one on 2p, and
an intercalary band on 9q; c.
heteromorphism of heterochro-
matin on 1p and intercalary bands
on 6q and 9q. Bars equal 5 xm.
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Table III. Amounts of heterochromatin in five cells of individuals from different localities (percent-

age * SD)

Chromo- Locality

some

La Rioja Mendoza Malargue Tamelen Tapiluque  Valcheta Meseta de

Somuncura

Totall 20.40+137 14.71£0.51 1642+1.02 1898+1.90 16.49+1.15 17.12+1.19 14.61+0.61

12 636+0.13 398+041 3.65+0.11 4.00%0.12 425031 3.791024 425%0.24

23 491+£035 993+040 10.87+0.38 9401030 947+0.73 10.75+1.18 11.16%£0.81

1 Percentage of heterochromatin in the full diploid set relative to total chromatin.
2 Percentage of heterochromatin in chromosome 1 relative to the total heterochromatin.
3 Percentage of heterochromatin in chromosome 2 relative to the total heterochromatin.

tion, and the chromosomes were measured.
The percentage of the heterochromatic re-
gions relative to the euchromatic ones was
roughly estimated (table III). Telomeres
were not included as heterochromatin since
there is a great deal of variation from cell
to cell. Only centromeres and other inter-
calary heterochromatic zones were consi-
dered. A relatively large amount of hetero-
chromatin was present in the chromosomes
of the populations studied, ranging from
14%/y to 209/ of the total chromatin, in
Mendoza and La Rioja, respectively. The
amounts of heterochromatin in the peri-
centromeric block of one 1 and one 2,
relative to the total amount of heterochro-
matin of the cell, was also estimated (table
IIT). The heterochromatic block of each 1
in the La Rioja specimens makes up ap-
proximately 6.50/¢ of the total heterochro-
matin, whereas in the other populations this
value ranges from 3.5%/y to 4.50/p. On the
other hand, the heterochromatic block of
each 2 in the La Rioja specimens makes up
5.09/p of the total heterochromatin, in con-
trast to the other populations where this
value ranges from 9.5/ to 11.0%/.

NOR-band patterns

The specimens from all localities showed
active ribosomal cistrons on the secondary
constriction of 11p (table IV; fig. 4). In
addition, five specimens from La Rioja and
three from Mendoza showed active cistrons
on the C-positive intercalary band of the
distal region of 9q (fig. 4a). The intensity of
staining of homologues was generally dif-
ferent (fig. 45 and d). An extreme case was
the staining of only one homologue in all
cells of a specimen from La Rioja (fig. 4c).
This dimorphism was independent of the sex
or age of the specimens.

Discussion

The heterochromatic block of the 1 consti-
tutes an easy way of distinguishing La
Rioja karyotypes from those of other popu-
lations. The percentage of heterochromatin
in this chromosomal region is greater in La
Rioja population than in the others.

It is suggested that in these populations
the major rearrangements of the constitu-
tive heterochromatin on 1, 2, and 3 are
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Table IV. Number of cells showing active NORs on 9q and 11q

Chromosome Locality

La Rioja Mendoza Malargue Tamelen Tapiluque WValcheta Meseta de

Somuncura

9

21 10 - - - - -
11

29 14 20 1 11 27 5

83 78 14 2 8 14 -

16 1 1 1 2 _ —
Total 128 93 35 4 21 42 5
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Fig. 4. Ag-stained NORs in n

karyotypes of different specimens:

a. active NORs on 11p and 9q V{ @

(La Rioja); b. and d. apparent /s L 5‘_3 b 4
duplication of an NOR on 11p t‘i ﬂ }} bn 1 x }‘;
(La Rioja and Mendoza); ¢. only

one homologue with an active H\{ X %
NOR on 1lp (La Rioja). Bars ' L
equal 5 ym.
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apparently occurring. The pericentromeric
block on 2 has already been regarded as
characteristic of the genus Odontophrynus
(Ruiz et al., 1981), so that most populations
of O. occidentalis examined for this pair do
not differ from other species of the same
genus. On the other hand, the intercalary
band on 9 is typical of the O. occidentalis
group and is not present in other species of
Odontophrynus studied up to now. The
pericentromeric block on 1 in the La
Rioja specimens is an unusual rearrange-
ment in the genus, pointing to a distinct
pattern of chromosomal evolution in this
population.

The observed heteromorphism of hetero-
chromatin between homologues may be
caused by unequal condensation of homo-
logues in the cases where there is cell varia-
tion in the same individual. Or it may reflect
a polymorphism within the population, as
each would have contributed different
amounts of heterochromatin per homologue.
Clearly, in this case, the pattern in all cells
of a given specimen would be the same.

The localization of NORs in the karyo-
types of the different populations did not
provide a way of distinguishing them. Un-
equal staining of homologous nucleolar orga-
nizer regions is common in many organisms.
This variability may be caused by the activa-
tion of mainly one homologue in each cell,
by differing numbers of ribosomal cistrons
on each homologue, or by both. Many orga-
nisms have more rDNA cistrons than are
normally used. Only when there is an extra
requirement for rRNA do the extra cistrons
become active. Even if only 500 of the
normal number of ribosomal cistrons are
present, an individual Xenopus or Droso-
phila may survive and produce the same
amount of TRNA as the wild type (MoHAN

and RiItossa, 1970). One specimen from La
Rioja (fig. 4c¢) must carry such a mutant
with only 509/ of these cistrons because in
all 16 cells examined, only one homologue
was banded. Extra sets of these genes appear
to be located on 9q in some specimens from
La Rioja and Mendoza, although rarely
active in all cells. It is possible that some of
these genes on 9 are present in specimens
from other populations, but they have not
been detected in the present study.

The populations of the O. occidentalis
group extend through a wide range in
western Argentina, from about 28° to 41°
south latitude and from about 60° to 70°
west longitude, being scattered in altitude
from 250 m (Valcheta) to 2,300 m in the
La Rioja mountains (fig. 1). In their dif-
ferent habitats the animals are normally
found in dry, stony, and sandy soils, near
clear, running streams or springs on the
slopes of the mountains. They are typical
fossorial anurans and can survive several
months of starvation underground. Their
skin is hard and glandular, and the large
tadpoles may live a long time in the shallow
water of ponds and streamlets before meta-
morphosis.

The limited and localized population from
Aguadita Springs, La Rioja, is found at
2,200 m, in a massif which became isolated
from the surrounding mountains by glacia-
tion in the Pleistocene. Selective factors here
may have hastened adaptative speciation in
many organisms. A number of species of
reptiles endemic to this region have recently
been described (Ce1, 1980). The isolation
has also apparently prevented them from
interbreeding with other populations. This
may explain why the karyological diversi-
fication described here was acquired and
maintained.
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The importance of the maintenance of
distinct patterns of heterochromatin in a
given species has not been convincingly ex-
plained. It has been emphasized that the
repeated sequences included in heterochro-
matic zones facilitate recombinational
events, the variation being probably related
to clinal relationship and fitness (JOHN and
MixLos, 1979). Chromosomal evolution
must have paralleled other morphological
changes in a broader genetic process implied
in speciation. Indeed, specimens from La
Rioja show several morphological character-
istics, e.g., skin structure, glandular distri-
bution pattern, morphometric parameters,
larval morphology, life cycle, etc., which
differ from those of other populations of the
0. occidentalis group. These features were
taken together to support a true specific
status of La Rioja populations, as discussed
elsewhere (CEI et al., 1982).
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