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Abstract

This research was the first cytogenetic studies of green-eyed tree frog (Litoria genimaculata) and Nyakala frog
(L. nyakalensis). The mitotic chromosomes were prepared directly from bone marrow after in vivo colchicine treatment and
analysed following conventional, silver staining and C-banding techniques. These species showed similar karyotypes with
2n=26, the fundamental number (NF) are 52 chromosomes and Ag-NOR positions located in the short arm near centromeres
of chromosome pair 7 in L. genimaculata and in the long arm near telomeres of chromosome pair 9 in L. nyakalensis. The
C-banded karyotypes showed heterochromatin bands at the centromeres and telomeres of all chromosomes. Both species
were characterized by the number and position of constitutive heterochromatin in the karyotypes. The mitotic karyotypes of
L. genimaculata exhibited greater amounts of C-band positive heterochromatin than L. nyakalensis.
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1. Introduction

Members of the family Hylidae are commonly called
tree frogs or hylids. The family is particularly species rich in
the New World tropics; however, their distribution extends to
Europe, North Africa, Asia, North, South and Central America,
the West India, Australia and New Guinea (King, 1990 and
Frost, 2010). Currently, the family Hylidae has been found
to consist of five subfamilies including Hylinae,
Phyllomedusinae, Hemiphractinae, Amphignathodotinae, and
Pelodryadinae.

The genus Litoria includes in Pelodryadinae
comprises 181 species (Frost, 2010). A small number of Litoria
species have been analyzed chromosomally at varying levels
of resolution, ranging from chromosome number to relatively
sophisticate banding techniques and the in sifu hybridization
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of 18S+28S cRNA probes. All species have 2n=26, NF=52
chromosomes, except for giant tree frog L. infrafrenata,
which has 2n=24, NF=48. The chromosomes of Litoria
species are all very similar in their morphology and are typi-
callyhylid in format (King et al., 1979; 1990).

There are several cytogenetic reports on tree frogs in
the genus Litoria (Menzies and Tippett, 1976; King, 1980;
Schmid et al., 2003). However, there is no report on L.
genimaculata (green-eyed tree frog) and L. nyakalensis
(Nyakala frog). Both species are important to the ecosystem
because they are considered excellent bioindicators and
these animals are an Australian endemic. Populations of both
species have declined; especially L. nyakalensis has been
listed as critically endangered because its population size is
estimated to number fewer than 50 mature individuals (IUCN,
2012). In this work, the karyotypes of these species were
studied using conventional staining, silver staining and C-
banding techniques. This is the first report describing the
banding patterns of L. genimaculata and L. nyakalensis.
This study provides important data for breeding, genetic
conservation, and evolutionary studies in the Litoria genus.
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2. Materials and Methods
2.1 Chromosome preparation and banding analyses

The localities from where the specimens of L.
genimaculata and L. nyakalensis karyotyped in this study
were obtained from are shown in Table 1. Nineteen males of
L. genimaculata and four males of L. nyakalensis were
collected in the North-eastern part of Australia. Mitotic
metaphase cells were prepared directly from bone marrow of
all animals after in vivo colchicine treatment. The preparation
of cell suspensions, hypotonic treatment, and fixation of the
cells were conducted as described previously (Schmid, 1978;
Schmid et al., 1983). Labeling with Giemsa staining, silver
staining and C-banding were performed according to the
method of Schmid et al. (1983, 1988).

Giemsa staining. The slides were stained for six
minutes in 5% Giemsa solution. Then, the slides were rinsed
with running tap water to remove excess stain. Afterwards,
the slides were allowed to air dry at room temperature.

Silver staining. The slides were flood with 50% AgNO,
solution, covered with a cover glass, incubated for 2 hours
at 60°C, rinsed in distilled water and air-dried. The slides
were stained in 2% Giemsa solution for 30 seconds, rinsed in
distilled water and air-dried.

C-banding. The air dried slides were placed in 0.2 N
HCI for 30 minutes, rinsed in distilled water and air dried. The
slides were placed in saturated Ba(OH), solution at 30°C for
5 to 10 minutes, dipped briefly in 0.2 N HCI and rinsed in
distilled water. The slides were then placed in 2XSSC at 60°C
for 1.30 hour, rinsed in distilled water and stained in 10%
Giemsa solution for 5 to 15 minutes. Slides were then rinsed
in distilled water, dried and mounted.

2.2 Photography and analysis of banding patterns

At least 25 well spread metaphase cells, which
exhibited the greatest banding clarity, size uniformity, and
straightness for each species, were observed for analysis of
the chromosome number and the demonstration of secondary
constriction as chromosome marker. At least 10 metaphase
cells of them were selected for photomicrography. All micro-
scopic analyses were conducted with Zeiss photomicroscope
IIT and Zeiss Axiophot microscope equipped with incident
HBO 50 W mercury lamp illumination. All photographs were
taken with Agfaortho 25 ASA film.
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2.3 Idiogram construction and karyotyping

The high-quality C-banded mitoses cells from L.
genimaculata and L. nyakalensis were selected for chromo-
some measurements. These cells were in a middle stage of
metaphase and had no overlapping chromosomes. Chromo-
some lengths were determined by comparing chromosome
photographs with a Zeiss 10 mm objective micrometer photo-
graphs at the same magnification. Photomicrographs of at
least 10 well-spread metaphase chromosome sets, which had
the best banding clarity, size uniformity, and straightness,
were selected for each species of amphibians for ideogram
construction and karyotyping. The percent of relative length
of chromosome is RL (%) = chromosome length x 100 / total
chromosome length, and the arm ratio or centromeric ratio is
CR = length of long arm / length of short arm (Green and
Sessions, 1991). The position of the centromere was deter-
mined by the arm ratio as metacentric = 1.00-1.67, submeta-
centric=1.68-3.00, subtelocentric=3.01-7.00 and telocentric
= 7.00-u (Green and Session, 1991). The chromosome pairs
from photomicrography prints were cut and arranged accord-
ing to size in parallel rows and in order of decreasing mean
length.

3. Results
3.1 Giemsa staining

Karyotypes of L. genimaculata and L. nyakalensis
were shown a diploid number (27) of 26 chromosomes, all
bi-armed, so the fundamental number (NF, number of chro-
mosome arms) is 52. The first six pairs (pairs 1 to 6, RL % of
L. genimaculata = 14.20 to 7.94, L. nyakalensis = 14.26 to
7.80) were distinctly larger than the rest of the chromosomes
(pairs 7 to 13, RL % of L. genimaculata = 6.34 to 3.11, L.
nyakalensis = 6.96 to 3.72). In the L. genimaculata, pairs 1
and 4 were large metacentric chromosomes, pair 2 was large
submetacentric chromosome, pairs 3, 5 and 6 were large
subtelocentric chromosomes; pairs 7, 8, 9, 10 and 11 were
small submetacentric chromosomes and pairs 12 and 13 were
small metacentric chromosomes. A secondary constriction
was present on the short arm near telomere of pair 7 (Table 2,
Figure 1a). In the L. nyakalensis, chromosome pairs 1 and
4 were large metacentric chromosomes, pair 3 was large
subtelocentric chromosome, pairs 2, 5 and 6 were large sub-
metacentric chromosomes; pair 7 was small subtelocentric

Table 1. Localities of the two species of Litoria referred to in this study.

Species 2n Collection locality Sex Number of specimens
L. genimaculata (green-eyed tree frog) 26 Mt. Lewis, Qld. m 19
L. nyakalensis (Nyakala frog) 26 Paluma, QId. m 4
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Table 2. Relative length (RL, %), centromeric ratio (CR) and nomenclature for centromeric position (CP) on mitotic chromo-

somes according to Green and Session (1991).

) Chromosome No.
Species
1 2 3 4 5 6 7 8 9 10 11 12 13
L. genimaculata RL% 1420 13.85 1238 11.55 948 794 634 543 476 434 332 329 311
CR 140 250 306 107 315 336 250 197 1.8 198 193 131 158
CP* m sm st m st st sm  sm sm sm  sm m m
L. nyakalensis RL% 1426 1210 1067 1044 870 780 696 6.17 528 514 491 415 372
CR 145 199 305 153 207 205 303 200 1.68 143 141 164 147
CP* m sm st m sm sm st sm sm m m m m
Remarks: m = metacentric, sm = submetacentric, st = subtelocentric chromosome.
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Figure 1. Karyotypes of male green-eyed tree frog (Litoria genimaculata) showing conventional staining (a), silver staining of the
nucleolar organizer regions (b), and C-banding of the constitutive heterochromatin (c). Arrows indicate secondary constrictions.

In this and all other figures the bar scale is equal to 10 mm.
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Figure 2. Karyotypes of male Nyakala frog (Litoria nyakalensis) showing conventional staining (a), silver staining of the nucleolar
organizer regions (b), and C-banding of the constitutive heterochromatin (c). Arrows indicate secondary constrictions.

chromosome, pairs 8 and 9 were small submetacentric chro-
mosomes and pairs 10, 11, 12 and 13 were small metacentric
chromosomes. A secondary constriction was present on the
long arm near telomere of pair 9 (Table 2, Figure 2a).

3.2 Silver staining

Silver staining showed that the nucleolar organizer
regions (NORs) of L. genimaculata was located in the short
arm near centromere of chromosome pair 7 (Figure 1b),
whereas in L. nyakalensis it was positioned in the long arm
near telomere of chromosome pair 9 (Figure 2b), which cor-
responded to the conspicuous secondary constriction

detected in conventional staining (Figure la and 2a). All
metaphase cells showed heteromorphic NORs.

3.3 C-banding

Constitutive heterochromatins were located in the
centromeric and telomeric regions of all chromosomes of
L. genimaculata and L. nyakalensis. In L. genimaculata,
interstitial C-bands were visible in the pericentromeric regions
of the short arms of chromosome pairs 1 and 2, long arms
of chromosome pairs 5 and 10, large centromeric band of
chromosome pair 5, large telomeric band on the short arm of
chromosome pair 7 and the whole arm C-band on the long arm
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of chromosome pair 9 (Figure 1c¢). In L. nyakalensis; large
centromeric and pericentromeric bands of chromosome pairs
2, 3 and 9 and the short arm of chromosome pair 7 was
completely heterochromatin (Figure 2¢). Figure 3(b) and 4(b)
show the idiogram of L. genimaculata and L. nyakalensis
from C-banding. The karyotype formula of L. genimaculata
and L. nyakalensis were as follows:

L. genimaculata 2n=26=8m+12sm+6st

L. nyakalensis  2n=26=12m+10sm+4st

4. Discussion

This study is the first cytogenetic report of two rare
Litoria species from Australia, including L. genimaculata
and L. nyakalensis. The two Litoria species are 2n=26.
Similarly, 45 species of Litoria were reported by Menzies and
Tippett (1976), King (1980) and Schmid ef al. (2003), all have
been found to have 2n=26 but the exception is L. infrafre-
nata which have 2n=24. Menzies and Tippett (1976) and
King (1980) suggested a variation in chromosome numbers
was due to the centric fusion between a pair of small and
medium sized chromosomes which reduced the chromosome
number from 2n=26 to 2n=24.

This examination also revealed that the fundamental
numbers of the L. genimaculata and L. nyakalensis were 52;
a diploid number of 26 chromosomes, all chromosomes are
biarm. This is the same NF of other Liforia species (Menzies
and Tippette, 1976; King, 1980 and Schmid ez al., 2003).

King (1980) demonstrated that in terms of arm ratios
and centromere positions the chromosome morphology of
Litoria species is very characteristic. The Litoria species
chromosome pairs 1 and 4 are metacentric chromosomes,
pairs 2 and 6 are submetacentric chromosomes and pairs 3
and 5 are subtelocentric chromosomes. In terms of the overall
size the members of the karyotype fall naturally into two
clusters: pairs 1 to 6 and pairs 7 to 13. In the present study,
the overall sizes of the karyotype of the two species are same
as in King’s report (1980). We found that L. genimaculata and
L. nyakalensis were similar in the shapes of chromosomes as
follows: metacentric, submetacentric and subtelocentric, but
differed in a number of chromosomes; metacentric chromo-
some pairs 1,4, 12 and 13 in L. genimaculata and pairs 1, 4,
10, 11, 12 and 13 in L. nyakalensis, submetacentric chromo-
some pairs 2, 7 to 11 in L. genimaculata and pairs 2, 5, 6, 8
and 9 in L. nyakalensis, subtelocentric chromosome, pairs 3, 5
and 6 in L. genimaculata and pairs 3 and 7 in L. nyakalensis.
Regarding the secondary constriction, L. genimaculata has a
secondary constriction on the short arm of chromosome pair 7
but on the long arm of chromosome pair 9 in L. nyakalensis.

In this investigation, the two nucleolar organizer
regions (NORs 1 pair satellite chromosomes) of the L.
genimaculata are located on the short arm near the
centromere of chromosome pair 7 (2 positions) and the L.
nyakalensis are located on the long arm near the telomere of
chromosome pair 9 (2 positions). It is similar to the reports of
King (1980) and Schmid et al. (2003) that indicated that NORs
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of the L. moorei, L. chloris, L. lesueurii, L. peronii and L.
meiriana appear on the long arm near the telomere 13, 11, 10,
11 and 11 (2 positions), respectively and L. infrafrenata
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Figure 3. Idiogram of L. genimaculata, by (a) conventional staining,
(b) C-banding. Arrows indicate secondary constrictions.
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Figure 4. Idiogram of L. nyakalensis, by (a) conventional staining,
(b) C-banding. Arrows indicate secondary constrictions.
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appear on the short arm of pair 5 (2 positions).

Heteromorphic NORs have been described for a large
number of species in anurans. Schmid (1982) detected 67% of
heteromorphic NORs in 260 individuals and related them to
tandem duplication or triplication in one of the NOR-bearing
homologue chromosomes. King et al. (1990) also observed
this sort of heteromorphism after conducting in situ hybrid-
ization in Australian hylids. They suggested amplifications in
some parts of the ribosomal sequences of the duplications/
triplications of the rDNA cistrons. The NORs are the chromo-
somal sites of genes and are transcribed for 18S and 28S
ribosomal RNA. These were presumably transcribed at a
preceding interphase and are important in the relation to
their intimate relationship with protein synthesis (Howell and
Black, 1980).

Centromeric C-bands were observed to be commonly
present in each chromosome of each species, but with regards
to the interstitial and telomeric bands, differences could be
clearly observed. The chromosomes of the two species of
Litoria reported here showed patterns of centromeric, inter-
stitial and telomeric bands. The mitotic karyotypes of L.
nyakalensis exhibited greater amounts of C-band positive
heterochromatin than L. genimaculata. We found that the
two species of Litoria were similar in the C-banding patterns.
L. genimaculata has four interstitial C-bands on chromo-
some pairs 1, 2, 5 and 10 which is absent in L. nyakalensis.
It is clear from the C-banding studies on Litoria (King, 1980)
that chromosomal reorganization has indeed been preceded
by internal adjustments in the amount and location of the
heterochromatin without any accompanying major structural
rearrangements. King (1980) concluded that the mode of
heterochromatin evolution in Litoria might have been through
two primary processes, i.e. addition of heterochromatin by
tandem duplication and transformation of euchromatin into
heterochromatin. The findings of this study for the two
species seem to be in accordance with King (1980).

Studies using banding patterns are quite uncommon
in amphibian groups. However, cytogenetic data represents
an important tool in order to contribute to systematic
approaches and to understand the evolutionary and phylo-
genetic relationships in this group. The results of this study
obtained will be hopefully useful for amphibian categoriza-
tion and can also be applied in future evolutionary studies.
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