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Summary Chromosomal analyses of the common sun skink (Eutropis multifasciata) from mitotic 
and meiotic cell divisions were studied. Blood samples were taken from five male and five female 
skinks. Skink chromosome preparations were conducted by the squash technique from the bone 
marrow and testis. The chromosomes were stained by conventional staining and Ag-NOR banding 
techniques. The results showed that the diploid chromosome number of E. multifasciata was 2n=32, 
the fundamental number (NF) was 48 in both males and females. The types of chromosomes were 
present as 6 large metacentric, 2 large submetacentric, 6 small metacentric, 2 small submetacentric, 
2 small telocentric macrochromosomes and 14 microchromosomes. There was no irregularly sized 
chromosome related to sex. We also observed distinctive nucleolar organizer regions (NORs) at the 
region adjacent to the short arms near the telomere of a pair of the largest metacentric chromosomes. 
We found that during diakinesis (prophase I) the homologous chromosomes showed synapsis, which 
can be defined as the 16 bivalents and 16 haploid chromosomes at metaphase II as diploid species. 
The karyotype formula of E. multifasciata is as stated:
 2n (diploid) 32=L6

m+L2
sm+S6

m+S2
sm+St

2+14 microchromosomes
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The common sun skink (Eutropis multifasciata) belongs to the class Reptilia, order Squamata, 
suborder Laccertilia, infarorder Scincomorpha, family Scincidae, and subfamily Lygosominae (Fig. 
1). The family Scincidae is the largest family of the extant lizards and includes over 1,200 species 
ranging from temperate to tropical regions on all continents inhabited by reptiles (Matsui 1992, Zug 
1993, Pough et al. 2004). Greer (1970) on the basis of external and osteological characters divided 
this family in to four subfamilies: Acontinae, Feylininae, Scincinae, and Lygosominae.

The subfamily Lygosominae contains over 600 species (Greer 1970, Matsui 1992, Zug 1993). 
Within this subfamily three evolutionary lineages (Eugongylus, Mabuya, and Shenomorphus 
groups) are recognized on morphological criteria, karyology, and immunogenetics (Baverstock and 
Donnellan 1990, Donnellan 1991, Ota and Lue 1994, Ota et al. 1991, 1995, 1996).

There is a remarkable paucity of karyotypic information available for the family Scincidae. 
The karyotypes of fewer than 50 of the 1,200 or so species are recorded (Makino and Asana 1950, 
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Makino 1951, Gorman 1973, King 1973a, 1973b, Kuprianova 1973, Wright 1973, Krishna and 
Aswathanarayana 1979, Hardy 1979, De Smet 1981, Bhatnager and Yoniss 1977, Cano et al. 1985, 
Colus and Ferrari 1988, Ota et al. 1988, 1995, 1996, 2001, Yang et al. 1989, Donnellan 1991, 
Eremchenko et al. 1992, Hernando and Alvarez 2005, Ezaz et al. 2009) Chromosome data are too 
sparse to provide data to meaningfully test the various systematic schemes proposed for the family 
(Donnellan 1991).

To date, there were only two previous cytogenetic studies of E. multifasciata performed by De 
Smet (1981) and Donnellan (1991). Thus, it is important to conduct an examination of E. 
multifasciata’s cytogenetics. In the present study, we confirm and compare the results from 
cyctogenetic analyses with those of previous studies and establish a standardized karyotype and 
idiogram by conventional staining and Ag-NOR banding techniques.

Materials and methods

Sample collection
Five male and female E. multifasciata were obtained from Mahasarakham province and Khon 

Kaen province, northeast Thailand. The skinks were transferred to the laboratory and were kept 
under standard conditions for seven days before experimentation.

Chromosome preparation
Chromosomes were prepared in vivo (Ota 1989, Qin et al. 2012) by injecting phytohemagglutinin 

(PHA) solution into the abdominal cavity of the skinks. After 24 h, colchicines were injected to the 
skinks’ intramuscular and/or abdominal cavity and left for 12 h. Bone marrow and testis were cut 
into small pieces then mixed with 0.075 M KCl. After discarding all large cell pieces, 15 mL of cell 
sediments were transferred to a centrifuge tube and incubated for 25–35 min. KCl was discarded 
from the supernatant after subsequent centrifugation at 1,200 rpm for 8 min. Cells were fixed in 
fresh cool fixative (3 methanol : 1 glacial acetic acid) gradually added up to 8 mL before centrifuging 
again at 1,200 rpm for 8 min, whereupon the supernatant was discarded. Fixation was repeated until 
the supernatant was clear and the pellet was mixed with 1 mL fixative. The mixture was dropped 
onto a clean and cold slide by micropipette followed by air-drying.

Fig.  1.   General characteristics of the common sun skink, Eutropis multifasciata (Reptilia, Scincidae) from 
northeast Thailand, including external dorsal view (A) and lateral view (B). Scale bar=5 cm.
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Chromosome staining
Conventional staining by 20% Giemsa’s solution for 30 min and Ag-NOR banding were 

conducted (Howell and Black 1980) by adding two drops of 50% silver nitrate and 2% gelatin on 
slides, respectively. The slides were then sealed with cover glasses and incubated at 60°C for 5 min. 
After that, the slides were soaked in distilled water until the cover glasses were separated. The slide 
was stained with 20% Giemsa’s solution for 1 min.

Chromosome checks
Chromosome counting was performed on mitotic metaphase cells under a light microscope. 

Twenty clearly observable and well spread chromosomes of each male and female were selected 
and photographed. The length of short arm chromosomes (Ls) and the length of long arm 
chromosomes (Ll) were measured and calculated to the length of total arm chromosomes (LT, 
LT=Ls+Ll). The relative length (RL), the centromeric index (CI) and standard deviation (SD) of 
RL and CI were estimated (Chaiyasut 1989). The CI (q/p+q) between 0.50–0.59, 0.60–0.69, 0.70–
0.89 and 0.90–0.99 were described as metacentric, submetacentric, acrocentric and telocentric 
chromosomes, respectively. Fundamental number (number of chromosome arm, NF) was obtained 
by assigning a value of two to metacentric, submetacentric and acrocentric chromosomes and one 
to telocentric chromosomes. All parameters were used in karyotyping and idiograming.

Results and discussion

Chromosome number, fundamental number and karyotype of E. multifasciata
Karyological studies of the E. multifasciata using a squash technique and conventional 

staining procedures revealed that the chromosome number was 2n=32, which consisted of 18 
macrochromosomes and 14 microchromosomes. This karyological feature is similar to that of the 
subfamily Lygosominae, since other lygosomine species studies, including eight species of the 
genus Eutropis (E. multifasciata, E. trivittata, E. carinata, E. frenata, E. macularia, E. 
longicaudata, E. rudis, and E. rugifera), share the remarkably smaller diploid chromosome number 
(almost 2n≤32), and a distinct size gap between the four largest and the remaining smaller 
chromosome pairs (Makino and Asana 1950, Makino 1951, Krishna and Aswathanarayana 1979, 
De Smet 1981, Donnellan 1991, Eremchenko et al. 1992, Ota et al. 1996, 2001, Hernando and 
Alvarez 2005) (Table 1). This examination also revealed that the NF of the E. multifasciata was 48 
in both males and females. This is the same NF as reported by Donnellan (1991) which is different 
from the report of De Smet (1981) who detected an NF of 56.

The E. multifasciata has three types of macrochromosomes, which are metacentric (12 
chromosomes), submetacentric (4 chromosomes) and telocentric (2 chromosomes). The 12 
metacentric macrochromosomes were classified by size into 6 large and 6 small chromosomes; the 
four submetacentric macrochromosomes were classified by size into two large and two small 
chromosomes, while the two telocentric macrochromosomes were distinguished to be two small 
chromosomes. Different chromosomal features were reported by De Smet (1981), which showed 
that they had 24 bi-armed and four uni-armed macrochromosomes. While Donnellan (1991) 
showed that they had 16 bi-armed and two uni-armed macrochromosomes. The E. Multifasciata 
examined in the present study had 14 microchromosomes in both males and females. This is in 
accordance with the previous study of Donnellan (1991). However, it is different from the previous 
study by De Smet (1981), who reported four microchromosomes.

No irregularly sized chromosomes were found that were related to sex of the E. multifasciata. 
Approximately 1,000 species of lizards have been karyotyped and among those, fewer than 200 
species have sex-chromosomes, yet they display remarkable diversity in morphology and degree of 
generation. Lizards with genotypic sex determination (GSD) display remarkable diversity in sex 
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chromosomes differentiation, ranging from cryptic or homomorphic to highly differentiate. 
Nevertheless, homomorphic sex chromosomes are certainly likely to be common in GSD lizards, as 
they are in fish and amphibians (Ezaz et al. 2009).

Fig.  2.   Metaphase chromosome plates and karyotypes of male (A) and female (B) common sun skink 
(Eutropis multifasciata) 2n (diploid)=32 by conventional staining technique. No strange sized 
chromosomes related to sex were observed. Arrows indicate secondary constriction (scale 
bars=10 μm).

Table  1. Review of skink cytogenetic reports in the genus Eutropis (Reptilia, Scincidae).

Species 2n Karyotype formula NF NOR banded Reference

E. multifasciata 32 24 bi-arms+4 uni-arms+4mi 56 1, 2 De Smet (1981)
32 16 bi-arms+2 uni-arms+14mi 48 1 Donnellan (1991)
32 12m+4sm+2t+14mi 48 S(STR)1 Present study

E. trivittata 32 16m+2sm+14mi 50 ̶ Krishna and Aswathanarayana (1979)
E. carinata 32 16m+2sm+14mi 50 ̶ Krishna and Aswathanarayana (1979)
E. frenata 30 16m+14mi 46 ̶ Hernando and Alvarez (2005)
E. macularia 32 8 bi-arms+24mi 40 ̶ Makino and Asana (1950)

32 ̶ ̶ ̶ Makino (1951)
34 12m+4sm+18mi 50 ̶ Ota et al. (2001)
38 12m+4sm+22mi 54 ̶ Ota et al. (2001)

E. longicaudata 32 18 bi-arms+14mi 50 ̶ Eremchenko (1992)
E. rudis 32 14m+18mi 46 ̶ Ota et al. (1996)
E. rugifera 32 16m+16mi 48 ̶ Ota et al. (1996)

Remarks: 2n=diploid chromosome number, NF=fundamental number (number of chromosome arm), m=metacentric 
chromosome, sm=submetacentric chromosome, t=telocentric chromosome, mi=microchromosomes, S=short arm, 
STR=subtelomeric region, and ̶=not available.
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Fig.  3.   Metaphase chromosome plates and karyotypes of male (A) and female (B) common sun skink 
(Eutropis multifasciata) 2n (diploid)=32 by Ag-NOR banding technique. Arrows indicate nucleolar 
organizer regions/NORs (scale bars=10 μm).

Table  2.   Mean length of short arm chromosomes (Ls), long arm chromosomes (Ll), total arm 
chromosomes (LT), relative length (RL), centromeric index (CI), and standard deviation (SD) of 
RL, CI from 20 metaphase cells of male and female common sun skink (Eutropis multifasciata), 
2n=32.

Chromosome  
pair Ls Ll LT RL±SD CI±SD Chromosome  

size
Chromosome  

type

 1* 1.520 1.899 3.419 0.169±0.018 0.555±0.017 Large Metacentric
 2 1.123 1.782 2.905 0.142±0.010 0.613±0.017 Large Submetacentric
 3 1.059 1.225 2.283 0.112±0.006 0.536±0.014 Large Metacentric
 4 1.031 1.144 2.175 0.107±0.005 0.526±0.010 Large Metacentric
 5 0.677 0.778 1.455 0.072±0.001 0.535±0.013 Small Metacentric
 6 0.523 0.604 1.127 0.056±0.004 0.536±0.022 Small Metacentric
 7 0.498 0.581 1.079 0.054±0.004 0.539±0.021 Small Metacentric
 8 0.000 0.894 0.894 0.045±0.004 1.000±0.000 Small Telocentric
 9 0.308 0.540 0.848 0.042±0.004 0.637±0.017 Small Submetacentric
10 ̶ ̶ 0.684 0.034±0.004 ̶ Microchromosome
11 ̶ ̶ 0.641 0.032±0.003 ̶ Microchromosome
12 ̶ ̶ 0.613 0.031±0.003 ̶ Microchromosome
13 ̶ ̶ 0.589 0.029±0.003 ̶ Microchromosome
14 ̶ ̶ 0.567 0.028±0.003 ̶ Microchromosome
15 ̶ ̶ 0.538 0.027±0.003 ̶ Microchromosome
16 ̶ ̶ 0.488 0.024±0.003 ̶ Microchromosome

Remark: *=NOR-bearing chromosome (satellite chromosome).
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Chromosome markers of E. multifasciata
In the present study, the nucleolar organizer regions/ NORs, which can represent chromosome 

markers, are located only on the short arms near the telomere of the largest chromosome pair 
(telomeric NORs metacentric chromosome pair 1). This is in accordance with the previous study 
(Donnellan 1991) but in contrast with De Smet (1981) who showed that the NORs were present on 
chromosome pairs 1 and 2.

Fig.  5.   Standardized idiogram of common sun skink (Eutropis multifasciata) 2n (diploid)=32 by Ag-NOR 
banding technique. Arrow indicates nucleolar organizer region (NOR).

Fig.  4.   Standardized idiogram of common sun skink (Eutropis multifasciata) 2n (diploid)=32 by 
conventional staining technique. Arrow indicates secondary constriction.



2014 Cytogenetics of the Skinks (Reptilia, Scincidae) from Thailand 463

The karyotypes of mitotic chromosomes (metaphase plate) and the karyotype of meiotic 
chromosomes (Metaphase II plate) are shown in Fig. 2, 3 and 7. The chromosome length in 
centimetres of 20 cells (males and females) in mitotic metaphase was measured. The mean length 
of short arm chromosomes (Ls), length of long arm chromosomes (Ll), total length of arm 
chromosomes (LT), relative length (RL), centromeric index (CI), and type of chromosome were 
presented in Table 2. Figures 4 and 5 show the standardized ideograms from conventional staining 
and Ag-NOR banding techniques. The idiograms show gradually decreasing length of the 
macrochromosomes and microchromosomes.

Results for E. multifasciata show that chromosome markers are the macrochromosome pair 1 
which is the largest metacentric chromosomes (satellite chromosomes). The important karyotype 
feature is the asymmetrical karyotype, which was found in three types of macrochromosomes 
(metacentric, submetacentric, and telocentric chromosomes). The largest macrochromosome is four 
times larger than the smallest macrochromosomes. The karyotype formula for E. multifasciata 

Fig.  6.   Meiotic cell division of the common sun skink (Eutropis multifasciata) 2n (diploid)=32 on 
interphase by Ag-NOR banding (A) and conventional staining (B), pachytene (C), diplotene (D), 
diakinesis (E), and metaphase II (F). Scale bar=5 μm.
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could be deduced as:
2n(diploid) 32=L6

m+L2
sm+S6

m+S2
sm+St

2+14 microchromosomes

Meiotic cell division of E. multifasciata
The present study on meiotic cell division of E. multifasciata found that during diakinesis 

(meiosis I) the homologous chromosomes showed synapsis, which can be defined as the 16 
bivalents (9 bivalents of macrochromosomes and 7 bivalents of microchromosomes), and 16 
haploid chromosomes at metaphase II as diploid species, 2n=32 (Fig. 6F). The largest metacentric 
chromosome pair 1 is the largest bivalent. No diakinesis cells with partially paired bivalents that are 
speculated to be heteromorphic sex-chromosomes, and no metaphase II cells with condensed 
chromosomes that are speculated to be the Y or Z chromosome were detected.

In prophase I (meiosis I), we found that E. multifasciata had the distinctness of the observable 
interphase by Ag-NOR banding technique, which showed observable NORs (Fig. 6A), interphase 
by conventional staining technique (Fig. 6B), pachytene (completion of chromosome synapsis, Fig. 
6C), diplotene (chiasma and crossing over, Fig. 6D), and diakinesis (terminalisation, Fig. 6E).
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