
Introduction

The treefrogs of the family Hylidae Rafinesque, 1815, 

are remarkable by their great diversity, with over 700 

valid species, representing just over 8% of all known 

frogs in the world (Frost, 2020). Hylid frogs are divided 

into seven subfamilies, including Scinaxinae, which 

reunites the genus Julianus Duellman et al., 2016, 

Sphaenorhynchus Tschudi, 1838, Ololygon Fitzinger, 

1843, and Scinax Wagler, 1830. The genus Ololygon is 

composed of 50 species found from the Atlantic Forest in 

eastern Brazil and extending southward to northeastern 

Argentina and westward into gallery forests in the 

Brazilian Cerrado (Frost, 2020). 

Cytogenetic data are available for only 24 Ololygon 

species (Bogart, 1973; Cardozo et al., 2011; Peixoto 

et al., 2015, 2016; Gruber et al., 2017; Targueta et al., 

2018). All of them presented a diploid number 2n=24, 

and the absence of heteromorphic sex chromosomes. 

The nucleolar organiser regions (NOR) were observed 

on pair 6, with the exception of O. canastrensis, which 

had an additional NOR in pair 11, O. tripui, with an 

additional NOR in pair 3 (Cardozo et al., 2011; Peixoto 

et al., 2016) and O. centralis, in which the NOR is 

located at the proximal region of the long arm of pair 1 

(Targueta et al., 2018). The heterochromatin evidenced 

after CBG-banding was predominantly pericentromeric, 

with variable amounts among species (Cardozo et al., 

2011; Peixoto et al., 2015, 2016).

Therefore, we describe for the first time the karyotype 

of the species Ololygon machadoi Bokermann and 

Sazima, 1973, which is distributed in the large rocky 

meadow formation of Serra do Espinhaço (Espinhaço 

Mountain Range; Gontijo, 2009; Frost, 2020). The 

species reproduces throughout the year in permanent 

streams surrounded by riparian vegetation and males 

call during day and night (Eterovick and Sazima, 2004). 

Tadpoles of this species are very conspicuous with 

respect to the colour pattern, having recently been used 

for camouflage studies against predators (Eterovick et 

al., 2018; Gontijo et al., 2018).
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In addition, we standardised a protocol used to obtain 

cell culture from tadpole tissue. Although most of the 

cytogenetic work conducted for this group is based on 

direct chromosome preparations obtained from adult´s 

tissues, we worked on obtaining cell cultures, which 

offer some advantages, as a larger number of high-

quality metaphases and the possibility of repeating 

cell harvest in the desired conditions (Stanyon and 

Galleni, 1991). The optimal conditions for Amphibia 

cell culture were well established for the model-

species Rana catesbeiana (Wolf and Quimby, 1964) 

and their protocols have been used integrally or with 

slight modifications in several studies (e.g. Schmid and 

Steinlein, 2015). Our protocol is more similar to that 

described by Schmid and Steinlein (2015) but with the 

following modifications: we used tadpole tissue, and 

we diluted the culture medium in water, as described by 

Auclair (1961) and applied in aquatic vertebrate cultures 

(e.g. Wolf and Quimby, 1964).

Materials and Methods

We analysed ten individuals of Ololygon machadoi 

captured in the municipality of Mariana, state of Minas 

Gerais, Brazil (20º09’12”S, 43º31’14”W). For the 

taxonomic identification of the tadpoles, we compared 

the specimens with others  deposited in the tadpole 

collection (Coleção de Girinos do Centro de Coleções 

Taxonômicas da Universidade Federal de Minas 

Gerais - https://www2.icb.ufmg.br/cct/col-zoologica.

html), with the original description of Bokermann and 

Sazima (1973), and the interactive identification key 

for the tadpoles of the iron quadrangle, Minas Gerais, 

Southeast Brazil, available at: http://biodiversus.com.

br/saglab/aqf/chave/girinos/ (Pezzuti et al., 2019). Other 

specimens of the lot were deposited in the tadpoles 

collection, voucher UFMG 1857.

We maintained tadpoles in aquaria until they reached 

stage 42 (Gosner, 1960), at which point they were 

euthanised being immersed in a solution with 5% 

lidocaine dissolved in water. The specimens were then 

washed once with 10% sodium hypochlorite for two 

seconds and then 70% absolute alcohol for one minute, 

at room temperature (approximately 23-25 °C). This 

procedure proved to be efficient to avoid contamination 

during cell culture. A third of the terminal portion of the 

right hind limb was removed, transferred to a Petri dish, 

minced with sterile scalpels and scissors, and incubated 

in 2 mL of a collagenase solution (1 mg/mL) dissolved 

in Dulbeccos’s Modified Eagle Medium (DMEM), 

supplemented with foetal bovine serum (48% DMEM, 

12% FBS and 40% distilled water).

After some tests, collagenase treatment for four hours 

at room temperature was found to be ideal. The cells 

were cultured in DMEM diluted in sterile distilled 

water at room temperature. The pH of the medium 

was maintained at 7.5 using Hepes (1M) as necessary. 

The culture medium was changed at two or three-day 

intervals and the cells propagated at a 1:2 volume ratio 

when cell confluency reached about 70-80%. After 

cell multiplication, they were harvested and frozen in 

liquid nitrogen for future use. To obtain chromosome 

preparations, cells were harvested according to the 

following procedure: colcemid (0.01 µg/mL) was added 

to the culture flask and after one hour the cells were 

washed with phosphate saline buffer (PBS) and removed 

by standard trypsinisation (Stanyon and Galleni, 1991). 

The cells were transferred to a 15 mL test tube and 

centrifuged at 1000 rpm for 7 min, the supernatant was 

removed and the pellet was resuspended in a hypotonic 

solution (0.075M KCl) at room temperature for 8 

minutes, after which 0.5 mL of fixative (3:1 methanol:

acetic acid) was added (pre-fixation) and the cells were 

centrifuged again at 800 rpm for 8 min. The supernatant 

was discarded and the pellet was slowly resuspended in 

5 mL of fixative (fixation). After fixation for 20 minutes 

at room temperature, the samples were centrifuged for 

5 min at 800 rpm, the supernatant was removed and the 

cells resuspended in 5 mL of fixative. This last step was 

repeated twice. The chromosome preparations were 

dropped onto cleaned glass slides following standard 

procedures and stained with Giemsa’s solution (Schmid 

and Steinlein, 2015). Untreated chromosomes were also 

submitted to the techniques of CBG-banding (Sumner, 

1972), Ag-NOR (Howell and Black, 1980) and 

staining with a 4′,6-diamidino-2-phenylindole (DAPI) 

Figure 1. (A) Metaphase and (B) karyotype of Ololygon 

machadoi (2n=24). Bar=10μM.



solution (0.8ng/μL) in Slowfade (Invitrogen). At least 
15 metaphases from each individual were analysed. 

Analyses were performed under a Zeiss AxioImager 2 

epifluorescence microscope and images captured with 

the AxioVision software (Zeiss). The chromosomes 

were aligned in decreasing order of size using Adobe 

Photoshop and ImageJ v.2. The chromosomes were 

classified according to Green and Session (1991) 

as metacentric, submetacentric, subtelocentric, and 

telocentric (Table 1), allowing the comparison with 

previously published work.

Results

The resulting chromosome preparations had many well-

defined metaphase cells with elongated chromosomes 

(Fig. 1). The use of tadpoles seemed useful probably 

because young specimens have more dividing cells than 

adult tissues.

Ololygon machadoi presented a 2n=24 and the absence 

of heteromorphic sex chromosomes.  The karyotype was 

composed of six pairs of subtelocentric chromosomes 

(pairs 1, 2, 3, 5, 6, and 7), two submetacentric pairs 

(pairs 4 and 8), and four pairs of metacentrics (pairs 9, 

10, 11, and 12)

CBG-banding revealed pericentromeric blocks of 

heterochromatin in all chromosomes (Fig. 2A) and DAPI 

staining (Fig. 2B) showed brighter labelling in the same 

regions. Silver nitrate staining showed the presence of a 

single pair of Ag-NORs located interstitially in the short 

arms of chromosome pair 6 (Fig. 3).

Discussion

The 2n=24 in Ololygon machadoi is the same described 

for all species of the genus and is considered a highly 

conserved character. Nevertheless, the chromosomes 

morphology (12 subtelocentrics, four submetacentrics, 

and eight metacentric chromosomes) differs from 

that reported for most species of the genus, which 

presented two subtelocentrics, 12 submetacentrics, 

and ten metacentrics (Cardozo et al., 2011; Gruber et 
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Table 1. Chromosome measurements of Ololygon machadoi: relative length (RL), arm ratio 
(AR) and classification (CP) according to Green and Sessions (1991); st: subtelocentric; sm: 
submetacentric; m: metacentric. 
 
 
Chromosome pair 1 2 3 4 5 6 7 8 9 10 11 12 

RL (%) 13,12 12,68 10,7 10,49 10,4 9,49 8,31 6,7 5,9 4,7 3,86 3,64 

AR 3,06 3,92 5,1 2,15 4,05 3,77 3,03 2,68 1,18 1,22 1,65 1,15 

CP st st st sm st st st sm m m m m 

 

Table 1. Chromosome measurements of Ololygon machadoi. Relative length (RL), arm ratio (AR) and classification (CP) 

according to Green and Sessions (1991); st: subtelocentric; sm: submetacentric; m: metacentric.

Figure 2. Metaphase of Ololygon machadoi (2n=24) after: (A) CBG-banding and (B) DAPI staining. Bar=10μM.



al., 2017). The diversity of chromosome morphology 

is evident in other species of the genus. Nogueira et 

al. (2015) pointed out that rearrangements such as 

chromosome inversions or deletions/duplications of 

chromosome segments could explain this variation, 

while Peixoto et al. (2015) suggested that species with 

similar karyotypes are phylogenetically closer. The 

two largest submetacentric chromosomes (pairs 1 and 

2) were considered a synapomorphic trait of the genus 

(Faivovich, 2002; Cardozo et al., 2011; Peixoto et al., 

2015, 2016; Gruber et al., 2017; Targueta et al., 2018). 

However, Peixoto et al. (2015) reported a metacentric 

pair 1 in O. belloni. In this study, pairs 1 and 2 were 

subtelocentric, which may be an autapomorphy.

CBG-banding (Fig. 2A) revealed a pattern similar to 

that described for other Ololygon species (Cardozo et 

al., 2011; Peixoto et al., 2015, 2016) and the pattern 

revealed by DAPI staining (Fig. 2B) suggests that the 

heterochromatin of this species is AT-rich (Schweizer 

et al., 1979). A divergent pattern was observed only 

in O. consezai, in which some chromosome pairs had 

additional subtelomeric heterochromatic blocks in their 

long arms. 

Silver nitrate staining also showed a pattern typical 

of the genus, in which the Ag-NORs are located in the 

sixth larger chromosome pair, suggesting a possible 

synapomorphy (Cardozo et al., 2011; Peixoto et al., 

2015, 2016; Gruber et al., 2017). Divergent results 

were observed in O. canastrensis and O. tripui, which 

have an additional Ag-NOR in pair 11 and pair 3, 

respectively (Cardozo et al., 2011; Peixoto et al., 2016), 

and in O. centralis, in which the Ag-NOR is located at 

the proximal region of the long arm of pair 1 (Targueta 

et al., 2018).

In summary, we provide the first description of the 

karyotype of a population of Ololygon machadoi 

obtained from cultured fibroblasts of tadpoles. Our 

results indicate that the quality of chromosome 

preparations obtained from cell cultures improves the 

analysis. The protocol described may be useful for other 

amphibian species.
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