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บทคัดยอ 
การวิจัยคร้ังน้ีมีจุดมุงหมายเพื่อศึกษาโครโมโซมเคร่ืองหมายและแคริโอไทปของปลาการตูนสมขาว 

(Amphiprion ocellaris Cuvier, 1830) ใชตัวอยางปลาเพศผูและเพศเมียอยางละ 5 ตัว เตรียมโครโมโซมโดย
วิธีทางตรงจากไตดวยวิธีการสับใหละเอียด ยอมสีโครโมโซมแบบธรรมดาดวยสีเกียมซา และยอมแถบสีแบบ
นอร ผลการศึกษาพบวาปลาการตูนสมขาวมีจํานวนโครโมโซมดิพลอยดเทากับ 48 แทง มีจํานวนโครโมโซม
พื้นฐานเทากับ 94 ท้ังเพศผูและเพศเมีย ตรวจไมพบความแตกตางของโครโมโซมเพศในปลาเพศผูและเพศเมีย 
แคริโอไทปประกอบดวยโครโมโซมเมทาเซนทริกขนาดใหญ 6 แทง ซับเมทาเซนทริกขนาดใหญ 14 แทง อะโคร
เซนทริกขนาดใหญ 2 แทง เทโลเซนทริกขนาดใหญ 2 แทง เมทาเซนทริกขนาดกลาง 10 แทง ซับเมทาเซนทริก
ขนาดกลาง 6 แทง และอะโครเซนทริกขนาดกลาง 6 แทง เปนรายงานคร้ังแรกท่ีแสดงตําแหนงโครโมโซม
เคร่ืองหมายนอรบนแขนขางส้ันบริเวณปลายเทโลเมียรของโครโมโซมคูท่ี 19 เปนโครโมโซมชนิดอะโครเซนทริก
คูใหญสุด ปลาการตูนสมขาวมีสูตรแคริโอไทป ดังน้ี 2n (48) = Lm

6 + Lsm
14 + La

2 + Lt
2 + Mm

10 + Msm
6 + Ma

8 
คําสําคัญ: ปลาการตูนสมขาว โครโมโซม แคริโอไทป อิดิโอแกรม 
 

Abstract 
The first chromosomal characteristics of nucleolar organizer region/NOR and karyotype 

analysis of false clown anemonefish, Amphiprion ocellaris (Cuvier, 1830) were studied. Kidney cell 
samples were taken from five male and five female fishes. Mitotic chromosome preparations were 
conducted using follow standard protocol. Conventional staining and Ag–NORs banding techniques 
were applied to stain the chromosomes. The results showed that the diploid chromosome number of 
A. ocellaris was 2n = 48, the fundamental number (NF) was 94 in both males and females. Their 
karyotypes consisted of 6 large metacentrics, 14 large submetacentrics, 2 large acrocentrics, 2 large 
telocentrics, 10 medium metacentrics, 6 medium submetacentrics, and 8 medium acrocentrics 
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chromosomes. No heteromorphic sex chromosomes were found between male and female. The 
present study was the first report of NOR–bearing chromosome as the pair 19th, which showed clearly 
observable NOR. The karyotype formula is as follows: 
 2n (48) = Lm

6 + Lsm
14 + La

2 + Lt
2 + Mm

10 + Msm
6 + Ma

8 

Keywords: Amphiprion ocellaris, chromosome, karyotype, idiogram 
 

Introduction 
 Thailand is one of the world’s richest places for biodiversity, especially for marine fish species 
with more than 2,000 species recorded. Anemonefishes are member of the family Pomacentridae, 
one of the largest family in the order Perciformes, with approximately 325 species. Members of this 
family, commonly known as damselfishes are almost entirely marine and most species occur in 
tropical and to a lesser degree, subtropical latitudes.  About 70% of damselfishes including 
anemonefishes are restricted to the vest Indo-West Pacific region. The genera Amphiprion and 
Premnas constitute the subfamily Amphiprioninae, one of four pomacentrid subfamilies. The only 
other damselfishes that sometimes dwell with anemone are Dascyllus trimasculatus and D. albisells 
which belong to another subfamily, the Chrominae (Fautin and Allen, 1992). 
 Only a few cytogenetic were studied, four species of the anemonefishes (Amphiprioninae) 
have been reported. Each of them has a similar diploid chromosome number 2n=48, Amphiprion 
polymnus from Thailand (Tanomtong et al., 2012), A. clarkii from Japan and Indo-West Pacific (Arai 
and Inoue, 1976; Takai and Kosuga, 2007), A. ocellaris from Japan (Arai et al., 1976) and A. frenatus, 
from Japan and Philippines (Molina and Galetti, 2004; Takai and Kosuga, 2007). 
 The present study aimed to analyze the cytogenetic analysis of false clown anemonefish, (A. 
ocellaris) (Fig. 1) in which showed the standardization of karyotype and idiogram of A. ocellaris. We 
also first characterized the NOR-bearing chromosome in A. ocellaris. The result obtained can be 
used in cytotaxonomy and evolutionary relationships of these fishes. Moreover, it provides useful 
basic information for the conservation and breeding. 
 

Materials and methods 
1. Sample collection 
 The A. ocellaris (five males and five females) were obtained from Andaman Sea, Phuket, 
Thailand (Phuket Coastal Research and Development Centre). The fish were transferred to laboratory 
aquaria and were kept under standard condition for 7 days prior to the experiments.  
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Figure 1 Generral charecteristics of the false clown anemonefish (Amphiprion ocellaris) , scale bar 
indicates 1 cm. 
 
2. Chromosome preparation 
 Chromosomes were directly prepared in vivo; follow the standard protocols (Chen and 
Ebeling, 1968; Nanda et al., 1995). Briefly, 0.3% phytohemagglutinin (PHA, Gibco 1163050) solution 
was injected to fish’s abdominal. After 24 hours, 0.05% colchicine was injected to fish’s abdominal  
(1 ml : 100 g body weight) and left it for 1–2 hours. Renal tissue were removed and cut into small 
pieces then gently mixed with 0.075 M KCl. After discarding all large piece tissues, 8 ml of cell 
sediments were transferred to centrifuge tube and incubated for 25–30 minutes. KCl was discarded 
from the supernatant after centrifugation again at 1,200 rpm for 8 minutes. Cells were fixed in fresh 
cool fixative (3 methanol: 1 glacial acetic acid) gradually added up to 7 ml before centrifuged again 
at 1,200 rpm for 8 minutes, then the supernatant was discarded (Supiwong et al. 2009). The 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-dry technique.  
3. Chromosome staining  
  Conventional staining was performed by using 20% Giemsa’s solution for 30 minutes.           
Ag-NOR banding (Howell and Black, 1980) was carried out by adding 2 drops of 50% silver nitrate 
and 2% gelatin on slides, respectively. The slides were then sealed with cover glasses and incubated 
at 60oC for 5 minutes. After that the slides were soaked in distilled water until the cover glasses were 
separated. 
4. Karyotype analysis 
  Chromosome counting was performed on mitotic metaphase cells under light microscope. 
Twenty clearly observable and well-cells spread chromosomes plates of each male and female were 
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selected and photographed. The karyotype and idiogram were established following Turpin and 
Legene (1965). 
 

Results and discussion 
1. Diploid chromosome number, fundamental number and karyotype of A. ocellaris 
  The diploid chromosome number (2n, 2x) of A. ocellaris was 48 chromosomes in both males 
and females (Fig. 2 and 3). This is also found in other fish of the subfamily Amphiprioninae, A. clarkia 
(Arai and Inoue, 1976; Takai and Kosuga, 2007), false clown anemonefish (A. ocellaris) (Arai et al., 
1976); tomato anemonefish (A. frenatus) (Molina and Galitti, 2004; Takai and Kosuga, 2007) and 
saddleback anemonefish (A. polymnus) (Tanomtong et al., 2012) (Table 1). 
 
Table 1 Reviews of anemonefish cytogenetic reports in the subfamily Amphiprioninae. 
 

Species (Anemonefish) 2n NF m sm a  t NORs Reference 
False clown (A. ocellaris) 48 94 16 20 10 2 2 (a) Present study 
 48 84 14 22 12 - - Arai et al. (1976) 
Saddleback (A. polymnus) 48 96 20 20 8 - 2 (a) Tanomtong et al. (2012) 
Clak’s (A. clarkii) 48 78 14 16 18 - - Arai and Inoue (1976) 
 48 86 12 26 10 - 2 (a) Takai and Kosuga (2007) 
Tomato (A. frenatus) 48 92 14 22 8 4 2 (a) Molina and Gaetti (2004) 
 48 86 12 26 10 - 2 (a) Takai and Kosuga (2007) 

 

Remarks: 2n = diploid chromosome number, NF = fundamental number, m = metacentric chromosome, sm = 
submetacentric chromosome, a = acrocentric chromosome, t = telocentric chromosome, NORs = nucleolar 
oganizer regions, and - = not available. 

 
We found that the fundamental number (NF) of A. ocellaris was 94 in both males and females. 

The comparative studies with other fishes in the subfamily Amphiprioninae showed the different NF 
as those found in A. clarkii, NF = 86 (Takai and Kosuga, 2007); A. ocellaris, NF = 84 (Arai et al., 
1976);  A. frenatus, NF = 92 (Molina and Gaetti, 2004), and A. polymnus, NF = 96 (Tanomtong et al., 
2012). In accordance to other species in the subfamily Amphiprioninae, no cytologically 
distinguishable sex chromosome was observed (Arai, 2011). From the Plasticity in sex differentiation 
is known to be common in teleost fishes, it suggests that in false clown anemonefish, sex 
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differentiation in each individual fishes is gradually determined by long-term social interactions (Iwata 
et al., 2008). 
  The karyotype of A. ocellaris consisted of 16 metacentric, 20 submetacentric, 10 acrocentric, 
and 2 telocentric chromosomes. It differs from the report of Arai et al. (1976) that found the karyotype 
of A. ocellaris consisting of 14 metacentric, 22 submetacentric, and 12 acrocentric (subtelocentric) 
chromosomes. Arai and Inoue (1976) reported the karyotype of A. clarkii that consists of 14 
metacentric, 16 submetacentric, and 18 acrocentric chromosomes. Molina and Galetti (2004) 
reported that the karyotype of A. frenatus composes of 14 metacentric, 22 submetacentric, 8 
subtelocentric, and 4 acrocentric chromosomes. Takai and Kosuka (2007) reported that karyotypes 
of A.clarkii and A. frenatus consist of 12 metacentric, 26 submetacentric and 10 acrocentric 
chromosomes while Tanomtong et al. (2012) reported the chromosome analysis of A. polymnus 
composing of 20 metacentric, 20 submetacentric, and 8 acrocentric chromosomes. The karyotype 
formula for A. ocellaris is as follows: 2n (48) = Lm

6 + Lsm
14 + La

2 + Lt
2 + Mm

10 + Msm
6 + Ma

8 
 

 

Figure 2 Metaphase chromosome plate (left) and karyotype (right) of male false clown (A. ocellaris), 
2n (diploid) = 48 by conventional staining, scale bar indicates 5 μm. There is no observation of 
strange size chromosome related to sex.
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Figure 3 Metaphase chromosome plate (left) and karyotype (right) of female false clown (A. ocellaris), 
2n (diploid) = 48 by conventional staining, scale bar indicates 5 μm. There is no observation of 
strange size chromosome related to sex. 
 
2. Chromosome markers of A. ocellaris 
  The region adjacent to the telomere of the short arm on the largest acrocentric chromosome 
pair 19 has observable NORs (Fig. 4). In all species (four species) of the subfamily Amphiprionidae 
investigated to date, the single NOR-bearing acrocentric chromosome pair (telomeric region) is 
conserved (Molina and Galetti, 2004; Takai and Kosuka, 2007; Tanomtong et al., 2012). Normally, 
most fishes have only one pair of NOR (single NOR) on chromosome. However, some fishes have 
more than 2 NORs, which have caused by Robertsonian translocation (Molina and Gaetti 2004). 
Furthermore, NOR is usually located at the telomere (telomeric NOR) of the chromosome arm (Sharma 
et al., 2002). 
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Figure 4 Metaphase chromosome plates of male (A.) and female (B.) false clown (A. ocellaris) , 2n 
(diploid) = 48 by Ag-NORs staining technique, scale bars indicate 5 μm. The region adjacent to the 
short arms near telomere of largest acrocentric chromosome pair 19 showed clearly observable 
nucleolar organizer regions/NORs, (arrows).  
 
  The asymetrical karyotype of A. ocellaris, and the four types of chromosomes (metacentric, 
submetacentric, acrocentric and telocentric chromosomes), in which we found indicated the 
advanced karyotype. The idiogram showed continuous length gradation of the chromosomes. The 
largest and smallest chromosomes show size differenes (approximatly 2 folds). The chromosome 
markers of A. ocellaris are the chromosome pair 9 which are the largest submetacentric chromosome 
and chromosome pair 23 which are the smallest acrocentric chromosomes. Data of chromosomal 
checks on mitotic metaphase cells of A. ocellaris is shown in Table 2. Fig. 5 shows the idiograms of 
A. ocellaris obtained by conventional staining and Ag-NORs banding tachniques. 
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Table 2 Mean length of short arm chromosome (Ls), length of long arm chromosome (Ll), length of 
total chromosomes (LT), relative length (RL), centromeric index (CI) from 20 metaphases of 
male and female false clown anemonefish (A. ocellaris), 2n (diploid) = 48. 

Chromosome 
pairs Ls Ll LT CI RL Chromosome 

sizes 
Chromosome 

types 
1 3.3218 3.5141 6.8359 0.5141 0.0497 Large Metacentric 
2 2.7335 3.8579 6.5914 0.5853 0.0480 Large Metacentric 
3 3.1680 3.2162 6.3842 0.5038 0.0464 Large Metacentric 
4 2.5709 2.9075 5.4784 0.5307 0.0399 Medium Metacentric 
5 2.1154 2.8708 4.9862 0.5758 0.0363 Medium Metacentric 
6 1.9880 2.9465 4.9344 0.5971 0.0359 Medium Metacentric 
7 2.2707 2.3737 4.6445 0.5111 0.0338 Medium Metacentric 
8 1.9650 2.6090 4.5740 0.5704 0.0333 Medium Metacentric 
9 2.9299 4.8596 7.7895 0.6239 0.0567 Large Submetacentric

10 2.1154 4.3710 6.4864 0.6739 0.0472 Large Submetacentric
11 2.3639 4.0814 6.4452 0.6332 0.0469 Large Submetacentric
12 1.9708 4.3172 6.2880 0.6866 0.0457 Large Submetacentric
13 2.2707 3.9659 6.2366 0.6359 0.0454 Large Submetacentric
14 2.1207 4.0591 6.1798 0.6568 0.0450 Large Submetacentric
15 1.9880 3.9314 5.9194 0.6642 0.0431 Large Submetacentric
16 1.9708 3.7965 5.7672 0.6583 0.0420 Medium Submetacentric
17 1.6642 3.3184 4.9826 0.6660 0.0362 Medium Submetacentric
18 1.4287 3.0101 4.4388 0.6781 0.0323 Medium Submetacentric

 19* 1.2225 4.9816 6.2041 0.8030 0.0451 Large Acrocentric 
20 1.5139 3.9659 5.4797 0.7237 0.0399 Medium Acrocentric 
21 1.0357 4.3736 5.4093 0.8085 0.0394 Medium Acrocentric 
22 1.1049 4.0703 5.1751 0.7865 0.0376 Medium Acrocentric 
23 1.0734 2.9645 4.0379 0.7342 0.0294 Medium Acrocentric 
24 0.0000 6.1920 6.1920 1.0000 0.0450 Large Telocentric 

Remark: * NORs bearing chromosomes 
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Figure 5 Standard idiograms showing length and shape of chromosome of false clown anemonefish 
(A. ocellaris) demonstrated the haploid set (n=24) by conventional staining (left) and Ag-NORs 
staining techniques (right), arrow indicates NORs location. 
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