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Abstract 

The mitotic and meiotic chromosomes of two groups of the iguanid lizard Tropidurus torquatus were 
studied after conventional staining, G- and C-banding and silver staining of nucleolar-organizer regions. 
Karyotypic variations involving the microchromosomes were observed in both groups and are, probably, 
related to the mechanisms of sex determination of the X ~X2Y/X ~X IX2X2 type in the one group, and of the 
XY/XX type in the other. 

Introduction 

The iguanid lizard Tropidurus torquatus (Wied, 
1920) has a wide geographical distribution, occur- 
ring from Venezuela to Argentina. The karyotype 
of a male specimen belonging to this species was 
described by Gorman et al. (1976), who found 2n = 
36 and the typical chromosome formula of iguanids 
with 12 macrochromosomes and 24 microchromo- 
somes. A similar karyotype was described for speci- 
mens collected in Bel~m, State of Parfi, in the north 
of Brazil (Peccinini, 1969), while specimens from 
other regions of Brazil presented slightly different 
karyotypes (Begak et al., 1972). Such differences 
are due to a heteromorphic macrochromosome pair 
found in males and females of two populations 
from the State of Sao Paulo and to supernumerary 
macrochromosomes which appear in specimens 
from the States of Minas Gerais (East Region) and 
Maranhao (Northeast region). 

Presently, an extensive study including taxo- 
nomic review, ecology, and geographical distribu- 
tion of T. torquatus is being carried out by M. T. 
Rodrigues from the Museu de Zoologia, University 
ofS~o Paulo. According to this study, 7". torquatus 
appears to be a quite complex group comprising 
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nearly ten different species. As part of this study, we 
started a cytogenetic investigation in the group. 

This paper presents data on the mitotic and mei- 
otic chromosomes of two populations of T. torqua- 
tus. 

Material and methods 

Sixteen specimens of T. torquatus (eight males 
and eight females) were studied eytogenetically 
(Table I). According to the identification by M. T. 
Rodrigues, the specimens from Sorocaba and Rio 
Claro belong to the same taxon (Group A) while 
those from Grao Mongol belong to another (Group 
B). The specimens are preserved in the collection of 
the Museu de Zoologia, University of $5o Paulo, 
Brazil. 

For cytogenetic studies, air-dried spreads of bone 
marrow, spleen, liver and intestine were obtained. 
From males, meiotic preparations were also made. 

In order to increase the number of dividing cells, 
the specimens were injected, before colchicine 
treatment, with an aqueous solution of Fleisch- 
mann's yeast plus dextrose (Cole & Leavens, 197 l) 
and incubated at 35 °C for 24 hours (Peccinini- 
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Table 1. Numbers and sexes of Tropidurus torquatus specimens collected in the States o fS]o  Paulo (S P) and Minas Gerais (MG), Brazil. 

Localities Numbers of animals Specimen numbers MZUSP~ 2n 

males females 

Sorocaba, SP 3 3 56 768 56 769 56 770 
56 771 56 772 57 012 

Rio Claro, SP 2 

Gr~oMongol, MG 5 3 

57 009 57 010 

57 040 57 041 57 042 
57 043 57 293 57 294 
57 604 57 605 

2n = 35 (12; 0; 23) 
Q 2n = 36 (12; 0; 24) 

2n = 36 (12; 0; 24) 

2n = 36 (12; 0; 24) 

Museum de Zoologia, University of S~o Paulo 

Seale & Frota-Pessoa, 1974). A 0.1% solution of 
colchicine was then injected intraperitoneally 
(0.2 ml/10 g of weight) and the animal was sacri- 
ficed after 5 to 24 hours. 

The cells from all tissues were treated with a 
hypotonic solution of 0.075 M KC1 and kept for 
20 min at 37 °C. 3:1 methanol and acid acetic was 
used as fixative. Conventional staining was per- 
formed with buffered Giemsa 2%, pH 6.8. G-bands 
were obtained after trypsin treatment (Seabright, 
1971) with a previous incubation in 2 × SSC, pH 
7.0, at 60 °C, for 10 min. C-bands were obtained 
according to Sumner (1972) and NOR staining fol- 
lowed the technique of Bloom & Goodpasture 
(1976) modified by Lau et al. (1978). 

The description of the karyotypes follows the 
formula 2n (I; II; III) suggested by Peccinini (1981) 
where I corresponds to the metacentric and subme- 
tacentric macrochromosomes, II to the subtelo- 
centric and telocentric macrochromosomes and III 
to the microchromosomes. The photomicrographs 
of the metaphases in some cases are overexposed 
for better visualization of the microchromo- 
somes. 

Results 

Tropidurus torquatus (Group A) 
Female specimens (Fig. la) showed a diploid 

number of 36 (12; 0; 24) while the males (Fig. lb) 
had 2n = 35 (12; 0; 23). The macrochromosomes are 
metacentric or submetacentric and the microchro- 
mosomes present a gradational variation in size. 

Fig. 1. Karyotypes of T. torquatus (Group A): (a) Female with 
2n = 36 (12; 0; 24); - (b) Male with 2n = 35 (12; 0; 23). Arrow 
indicates the metacentric microchromosomes. Bar = 10 urn, 
I - macrochromosomes, I1 - microchromosomes. 

The odd diploid number in male specimens is due to 
a centric fusion between two microchromosomes 
giving rise to a small metacentric element clearly 
identifiable (Fig. 1 b). 

Diplotene and metaphase-I cells analyzed in one 
male specimen showed 16 bivalents plus one small 
trivalent corresponding to the pairing of the meta- 
centric and two other microchromosomes (Fig. 2a). 
Metaphases 11 were of two types: 28 cells had 17 
chromosomes (6; 0; 12) and 26 cells had 17 chromo- 
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Fig. 2. Meiotic cells of a male T. torquatus (Group A) with 
2 n = 3 5  (12; 0; 23): (a) Diplotene with 16 bivalents and one 
trivalent (arrow); - (b), (c) Metaphases II with n = 18 (6; 0; 12) 
and n= 17 (6; 0; 11), respectively. The arrow indicates the 

metacentric microchromosome. Bar = 10 ~zm. 

somes (6; 0; 11), including the small metacentric 
element (Fig. 2b and c). 

C-banded mitotic metaphases in one female 
showed an amount of constitutive heterochroma- 
tin, as a distinctive pattern in two microchromo- 
somes (Fig. 3a). Other chromosomes, nevertheless, 
also appeared with C-bands. In diplotene cells of 
one male, C-bands were observed in the peri- 
centromeric regions of almost all chromosomes 
(Fig. 3b). Silver stained metaphases from one fe- 
male specimen presented typical NORs in the cen- 
tromeric region of two microchromosomes which 
were frequently in close association (Fig. 4). 

Fig, 4. Metaphase of a female T. torquatus (Group A) with 
NORs in two microchromosomes (arrows). Bar = 10 ~zm. 

Tropidurus torquatus (Group B) 

A diploid number of 36 (12; 0; 24) was found in 
males and females (Fig. 5a and b). The macrochro- 
mosomes are metacentric or submetacentric and 

Fig. 3. C-bands in T. torquatus (Group A): (a) Somatic meta- 
phases of a female with 2n = 36 (12; 0; 24). Arrows indicate 
C-bands in some chromosomes; (b) Diplotene of a male with 
2n = 35 showing 16 bivalents and one trivalent (arrow). Bar = 
10 ~zm. 

Fig. 5. Karyotypes of T. torquatus (Group B) with 2n ~ 36 
(12; 0; 24): (a) Male with 13 major microchromosomes(lll  0 and 
11 minor microchromosomes (1112); - (b) Female. Bar = 10 #m. 
1, macroehromosomes; III~, major microchromosomes; 1112, 
minor microchromosomes. 
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Fig. 7. G-bands in male T. torquatus (Group B) with 2n = 36 
(12; 0; 24). The microchromosomes show a pattern similar to 
that after C-banding. Bar = 10 #m. 

Fig. 6. C-bands in T. torquatus(Group B) with2 n = 36 (12; 0; 24): 
(a) Male karyotype; (b) Female karyotype; - (c) Six major 
microchromosomes showing C-bands in the pericentromeric 
regions and telomeres of the long arms. Bar = 10/am only for (a) 
and (b). 

showed characteristic G-banding along the macro- 
chromosomes while the microchromosomes had 
patterns similar to those obtained after C-banding 
(Fig. 7). 

Silver stained metaphases of two male and two 
female specimens showed NORs in the centromeric 
region of two minor microchromosomes (Fig. 8a 
and b) and, less frequently, at the telomeres of the 
short arm of the 6th pair of macrochromosomes 
(Fig. 8b). In one female specimen, Ag-NORs were 
also observed in the two microchromosomes but in 
one of them it appeared to be localized at the telo- 

the microchromosomes can be separated in two 
classes according to their sizes. Class III~ comprises 
major microchromosomes and class III 2, minor mi- 
crochromosomes. In males there are 13 major and 
11 minor microchromosomes (Fig. 5a) while in fe- 
males 14 major and 10 minor microchromosomes 
are observed (Fig. 5b). 

Seven animals were studied after C-banding. The 
difference in size between the two classes of mi- 
crochromosomes is more easily observed after 
C-banding (Fig. 6a and b) when only the major 
microchromosomes show conspicuous patterns at 
the pericentromeric region. One male, nevertheless, 
did not present a C-band in one of the major micro- 
chromosomes. The minor microchromosomes had 
small or missing C-bands (Fig. 6a and b). C-bands 
were observed less frequently at the pericentromer- 
ic regions of some macrochromosomes, as in the 
5th pair (Fig. 6b) and at the telomeres of the long 
arms of some major microchromosomes (Fig. 6c). 

Trypsin-treated metaphases from two males 

Fig. 8. NORs in male T. torquatus (Group B) with 2n = 36 
(12; 0; 24): (a) NORs in two minor microchromosomes (arrows), 
the constitutive heterochromatin of the major microchromo- 
somes appears silver stained; (b) NORs in two minor micro- 
chromosomes and in a macrochromosome (arrows); - (c) NORs 
in two minor microchromosomes, one of them localized at the 
telomere of the long arm, from three different metaphases. Bar = 
10 tsm. 



Fig. 9. Meiotic cells of a male T. torquatus (Group B) with 
2 n = 36 ( 12; 0; 24): (a) Diplotene with 18 bivalents, including one 
heteromorphic bivalent (arrow). In the inset the heteromor- 
phic bivalent of another cell in higher magnification; (b) Pach- 
ytene with a heterochromatic body (arrow); (c), (d) Meta- 
phases 11 with n = 18 (6; 0; 12) comprising 7 major and 5 minor 
microchromosomes and 6 major and 6 minor microchromo- 
somes, respectively. Bar = 10/~m, 

mere of the long arm (Fig. 8c). In some cells, the 
segments corresponding to the centromeric con- 
stitutive heterochromatin of the major microchro- 
mosomes were also silver stained but the brown 
staining observed was not the one typical of NORs 
(Fig. 8a). 

Meiotic analysis of the five male specimens re- 
vealed 18 bivalents at diplotene and metaphase I 
(Fig. 9a). One of the bivalents is clearly heteromor- 
phic, comprising a major microchromosome and a 
minute minor microchromosome. In some pachy- 
tene cells one or two heterochromatin bodies were 
observed, which sometimes resembled a sex vesicle 
(Fig. 9b). Two types of metaphases II were distin- 
guished: one with 6 macrochromosomes plus 7 ma- 
jor and 5 minor microchromosomes (Fig. 9c) and 
other with 6 macrochromosomes plus 6 maj or and 6 
minor microchromosomes (Fig. 9d). 

Discussion 

The two groups (A and B) of T r o p i d u r u s  torqua-  
tus presented the same basic karyotype found in 
iguanid lizards with 12 macrochromosomes and 24 
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microchromosomes (Gorman,  1973). This result 
agrees with previous observations after conven- 
tional staining made by Gorman et al. (1967), 
Peccinini (1969) and Beqak et aL (1972). However, 
our specimens showed chromosomal  variations 
which unequivocally distinguish the karyotypes of 
the two groups of lizards. The most striking differ- 
ence is related to the microchromosomes which 
have a gradational variation in size and a small 
amount  of C-bands in specimens of Group A, and a 
clear-cut separation in major and minor classes in 
specimens of Group B. This difference in size be- 
tween the two classes of microchromosomes is due 
to a greater amount of constitutive heterochromat- 
in in the major microchromosomes. The absence of 
C-bands in one major microchromosome of a male 
specimen from Group B may represent a normal  
heteromorphism. 

In addition, different types of chromosomal  
heteromorphisms between males and females are 
found in both groups of 1". torquatus ,  probably 
related to sex determination. In Group A meiotic 
analysis confirms the occurrence of a chromosomal  
rearrangement in males which is suggestive of a 
mechanism of sex determination of the X j X2Y type. 
The small metacentric would be the Y chromosome 
fused to an autosome and, therefore, absent in fe- 
males, which would be XlXlX2X 2. The possibility 
that this rearrangement is not related to sex deter- 
mination can not be excluded. 

In Group B, the minute microchromosome must 
be the Y which appears in diplotene paired with one 
of the microchromosomes of major type, probably 
the X. Males would be XY, while females would 
have an XX constitution, this explaining the differ- 
ent numbers of microchromosomes of the two 
classes in each sex. The heteromorphic bivalent in 
male cells closely resembles the sex bivalent des- 
cribed in the XY male of U t a p a l m e r i  by Pennock et 
al. (1969). 

Male heterogamety with XY constitution was 
also described in other lizard species (Gorman et 
al., 1967; Wright, 1973). In some cases, female he- 
terogamety of the ZW type occurs as reported by 
King & Rofe (1976), while multiple sex chromo- 
somes of the XIX2Y/XIXIX2X 2 type (Gorman et 
al., 1967; Peccinini et al., 1971; Wright, 1973) and, 
less frequently, of the Z~Z2W/Z~Z~Z2Z 2 type (Che- 
valier et al., 1979) are also found in lizards. In the 
family Iguanidae, nearly 145 species have been ka- 
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ryotyped and 45 showed differentiated sex-chrom- 
osomes, among which male heterogamety seems to 
be a rule while sex chromosomes are often micro- 
chromosomes (Bull, 1980). 

The XIXzY system can be derived from the XY 
condition by translocation of the Y chromosome to 
an autosome. In our case the XIX2Y condition in 
Group A does not seem to have evolved directly 
from the XY condition present in the Group B, 
considering the different amounts of constitutive 
heterochromatin in the microchromosomes of the 
two groups. The sex chromosome heteromor- 
phisms could represent one of the mechanisms of 
isolation between the two groups of T. torquatus. 

G-banding reveals a longitudinal differentiation 
in the macrochromosomes which represents an im- 
portant tool in the cytotaxonomic studies of T. 
torquatus. 

The NORs bearing microchromosomes must 
correspond to one pair of homologous chromo- 
somes in both groups of lizards. One specimen of 
Group B, however, could be a carrier of an inver- 
sion. 

Our cytogenetic data strongly suggest that chro- 
mosomal variation may have played an important 
role in the differentiation of the Tropidurus torqua- 
tus complex. 
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