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Abstract - Karyotype analyses revealed that three species of cyprinid fishes from Thailand, Garra 
cambodgiensis, G. fasciacauda and G. notata, have the same diploid chromosome number of 2n = 50. 
However, they have different karyotype formulae. The karyotype formula of G. cambodgiensis is 10 
metacentric (m) + 6 submetacentric (sm) + 2 subtelocentric (st) + 7 acrocentric (T) and the fundamental 
chromosome arm number (NF) is 82. G. fasciacauda is 9M + 7SM + 1ST + 8T and NF = 84, whilst  
G. notata is 10M + 5SM + 10T and NF = 80. This is the first report.
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1. Introduction
Cyprinidae (Cypriniformes) is the largest family of fresh-
water fishes. This family comprises 220 genera and  
approximately 2,420 species (Nelson, 2006). Garra is a 
genus belonging to the family Cyprinidae. The fish in genus 
Garra (Hamilton, 1822) are characterized by having a more 
or less well-developed sectorial disc on the undersurface 
just behind the mouth. This genus is distributed widely 
from Southern China, across Southeast Asia, India and the 
Middle East as far as to North and Central Africa (Menon, 
1964). The majority of the more than 140 species that have 
been reported of the Graras are native in Asia, but only 
eight species, Garra taeniata, G. fasciacauda, G. parvifilum,  
G. fuliginosa, G. cambodgiensis ,G. fisheri, G. nasuta and 
G. pingi, were found in Thailand and Southeast Asia 
(Smith, 1945; Vidthayanon et al., 1977). 
 Cytogenetic studies provide information about the 
chromosome number and karyotypes in each species and 
can help to identify species and phylogeny relationships. 
The chromosome number and karyotypes of fishes in the 
family Cyprinidae in Thailand have been reported (Magtoon 
and Arai, 1989, Arai and Magtoon, 1991; Donsakul and 
Magtoon, 2010; Donsakul et al., 2011). However, genetic 
information of fish species in the genus Garra (G.  
cambodgiensis, G. fasciacauda and G. notata) in the  
Salween and Mekong river basins of Thailand has not been 
published. In the present study, the chromosome number 
and karyotypes of G. cambodgiensis, G. fasciacauda and 
G. notata from Thailand were described and karyotype 
evolution in this family is discussed.

2.  Materials and methods
G. cambodgiensis (Tirant, 1884) and G. notata (Blyth, 
1860) with total lengths (TL) of 50.0-60.0 mm and 100.0-
120.0 mm, respectively, were obtained from the Salween 
River Basin, Mae Hong Son Province, Northern Thailand. 
G. fasciacauda (Fowler, 1937) with a total length of 42.0-
60.0 mm were obtained from the Mekong River Basin, 
Nong Khai Province, Northeast Thailand (Table 1). Eight 
specimens each of G. cambodgiensis (Tirant, 1884) and G. 
notata (Blyth, 1860), and five specimens of G. fasciacauda  
(Fowler, 1937) were used for chromosome observation and 
preparation. They were identified as species reported by 
Smith (1945), Taki (1974), Vithayanon (2004), Rainboth 
(1996) and Kottelat (2001).
 Mitotic chromosome preparations were obtained 
from kidney suspensions and gill epithelial tissue using the 
air drying technique of Ojima and Kurishita (1980). Fish 
were injected intraperitoneally with a 0.1% colchicine 
solution (1 ml/100 g body weight). The kidney and gill 
epithelial tissues were collected two hours later. The  
techniques for the preparation of the cell suspensions, 
hypotonic treatment and fixation of cells have been  
described previously (Donsakul and Magtoon, 2010). 
Preparations were stained with 4% giemsa. The best 5-10 
metaphase figures of each specimen were used to make the 
karyotype arrangement following the method of Levan et 
al. (1964). The arm number of each chromosome is  
described by the NF, i.e., metacentric and submetacentric 
described as two-arm chromosomes, and subtelocentric 
and acrocentric as one-arm chromosomes (Aria, 1982; 
Nakamura, 1985). 
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Table 1.  Morphological characters and collection localities of specimens used in this study.

Species No. of fishes TL (mm) Lateral line scales Localities

Garra cambodgiensis 8 50.0-60.0 32-35 Salween River Basin, Mae Hong Son Province

G. fasciacauda 5 42.0-60.0 29-31 Mekong River Basin, NongKhai Province

G. notata 8 100.0-150.0 33-34 Salween River Basin, Mae Hong Son Province

that the diploid chromosome number (2n) of thirty-six 
chromosome counts was 50. Only two from thirty-eight 
chromosome counts showed different chromosome  
numbers, which were 47 and 51 (Table 2). The karyotypes 
had 9 pairs of metacentric, seven pairs of submetacentric, 
one pair of subtelocentric and eight pairs of acrocentric 
chromosomes. The fundamental chromosome arm number 
(NF) was 84 (Table 3 and Fig. 2). 
 Observation of forty-two cells from kidney and gill 
epithelial cells of eight G. notata specimens revealed that 
the diploid chromosome number (2n) of forty chromosome 
counts was 50. Only two from forty-two chromosome 
counts showed different chromosome numbers, which were 
48 and 51 (Table 2). The karyotypes had 10 pairs of  
metacentric, five pairs of submetacentric and ten pairs of 
acrocentric chromosomes pairs. The fundamental chromosome  
arm number (NF) was 80 (Table 3 and Fig. 3). 

3.  Results
Chromosome observation revealed that G. cambodgiensis, 
G. fasciacauda and G. notate possessed many relatively 
small chromosomes. Unfortunately, the sex chromosomes 
were not identified.
 Observation of thirty-six cells from kidney and gill 
epithelial cells of eight G. cambodgiensis specimens  
revealed that the diploid chromosome number (2n) of 
thirty-four chromosome counts was 50. Only two from 
thirty-six chromosome counts showed different chromosome  
numbers, which were 48 and 52 (Table 2). The karyotypes 
had 10 pairs of metacentric, six pairs of submetacentric, 
two pairs of subtelocentric and seven pairs of acrocentric 
chromosomes. The fundamental chromosome arm number 
(NF) was 82 (Table 3 and Fig. 1). 
 Observation of thirty-eight cells from kidney and gill 
epithelial cells of five G. fasciacauda specimens revealed 

Table 2. Frequency distribution of diploid chromosome counts in Garra cambodgiensis, G. fasciacauda and G. notata.

Species
Chromosome counts

No. of cells observed
47 48 49 50 51 52

Garra cambodgiensis 0 1 0 34 0 1 36

G. fasciacauda 1 0 0 36 1 0 38

G. notata 0 1 0 40 1 0 42

Table 3. Summary of chromosomal features of Cyprinid fish genus Garra and related species in family Cyprinidae as 
well as fundamental numbers (NF) and metacentric (m), submetacentric (sm), subtelocentric (st) and acrocentric (t) 
chromosomes.

Species Localities
Karyotype

References
2n NF m sm st t

1. Cyprinuscarpio China 100 150 - - - - Wang et al., 1985

2. Tor soro Thailand 100 144 24 20 6 50 Magtoon and  Arai, 1993

3. G. gotylagotyla India, 
Itanagar, A.P

50 70 12 8 8 22 Sahooet al., 2007

4. G. kempi India, 
Itanagar, A.P

50 78 14 14 10 12 Sahoo et al., 2007

5. G. lissorhynchus India, 
Itanagar, A.P

50 82 16 16 6 12 Sahoo et al., 2007

6. G. lamta India Simlipal Hills, 
Orissa

50 86 12 24 2 12 Barat, 1985

7. G. mullya India Chalakkudy riv-
er, Kerala

50 82 18 14 10 8 Nagpure et al., 2006

8. G. persica Iran 48 94 15 8 1 0 Esmaeili et al., 2008

9. G. surendranathanii Unspecified 50 - 14 20 8 8 Nagpure et al., 2006

10. G. cambodgiensis Unspecified 52 - - - - - Vasil’ev, 1980

11. G. dembeensis Unspecified 50 82 - - - - Krysanov and Golubtsov, 1993

12. G. makiensis Unspecified 50 84 34 1 16 1 Barat, 1985
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Species Localities
Karyotype

References
2n NF m sm st t

13. G. quadrimaculata Ethiopia 50 88 38 1 12 1 Krysanov and Golubtsov, 1993

14. G. variabilis Turkey 102 186 42 18 24 18 Karahan and Ergene, 2010

15. G. rufa Turkey 44 85 22 20 - 2 Ergene, Gozukara and Cavas, 2004

16. G. cambodgiensis Thailand 50 82 10 6 2 7 Present study

17. G. fasciacauda Thailand 50 84 9 7 1 8 Present study

18. G. notata Thailand 50 80 10 5 0 10 Present study

Figure 1. A) Photograph of lateral view of Garra cambodgiensis in an aquarium; B) 
photomicrographs of mitotic metaphase chromosome; C) karyotype of G. cambodgiensis (m 
= metacentric, sm = submetacentric, st = subtelocentric and t = acrocentric chromosomes). 
Arrows show satellite site on terminal short metacentric chromosome.   
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Figure 1. A) Photograph of lateral view of Garra cambodgiensis in an aquarium; B) photomicrographs of mitotic meta-
phase chromosome; C) karyotype of G. cambodgiensis (m = metacentric, sm = submetacentric, st = subtelocentric and t 
= acrocentric chromosomes). Arrows show satellite site on terminal short metacentric chromosome. 

Table 3. Summary of chromosomal features of Cyprinid fish genus Garra and related species in family Cyprinidae as 
well as fundamental numbers (NF) and metacentric (m), submetacentric (sm), subtelocentric (st) and acrocentric (t) 
chromosomes. (Cont.)
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Figure 2. A) Photograph of lateral view of Garra fasciacuada in an aquarium; B) 
photomicrographs of mitotic metaphase chromosome; C) karyotype of G. fasciacuada (m = 
metacentric, sm = submetacentric, st = subtelocentric and t = acrocentric chromosomes).  
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Figure 2. A) Photograph of lateral view of Garra fasciacuada in an aquarium; B) photomicrographs of mitotic metaphase 
chromosome; C) karyotype of G. fasciacuada (m = metacentric, sm = submetacentric, st = subtelocentric and  
t = acrocentric chromosomes). 

4.  Discussion and conclusion
As shown in (Table 3), sixteen species of Garra had diploid 
chromosome numbers (2n) ranging from 44 to 102.  
The diploid chromosome numbers of G. gotyla gotyla,  
G. kempi, G. lissorhynchus, G. lamta, G. mullya and  
G. quadrimaculat from India and Ethiopia were 2n = 50. 
Whereas, the diploid chromosome numbers of Garra from 
Iran and Turkey were reported to vary from 44 to 102. In 
the present study, the diploid chromosome numbers of  
G. cambodgiensis, G. fasciacauda and, G. notata from 
Thailand were 2n = 50 as well. Interestingly, diploid  
chromosome variation was found in the genus Garra.  
However, the majority of species of Garra had 2n = 50, 
which could be suggested as the model number for this 
genus. The chromosome numbers in Carra are reportedly 
different. The differences are possibly due to the intraspecific  
variability.
 In other cyprinid fishes, Cyprinus carpio and Tor 
soro, the 2n value is 100 (Wang et al., 1985; Magtoon and 
Arai, 1993). The occurrence of 102 chromosomes in  
G. variabilis could arise due to polyploidization (tetra-

ploidization) of the chromosome number of 50 in this 
genus. Some species of the subfamily Cyprininae have 
reportedly evolved polyploidy. Cytogenetic pattern indica-
tions of polyploidy have been shown in three genera: 
Garra, Cyprinus and Tor (Table 3). The role played by 
polyploidy in the evolution of the fish karyotype seems to 
be significant.
 In the present study, the Carra fishes from Thailand, 
G. cambodgiensis, G. fasciacauda and G. notata, have the 
same diploid chromosome numbers with 2n = 50.  
However, the different species possessed different funda-
mental chromosome arm numbers, i.e., NF = 82 in G. 
cambodgiensis, NF = 84 in G. fasciacauda and NF = 80 in 
G. notata.
 Some studies on the morphology of these three  
species also revealed the differences in the lateral line 
scales (LS), i.e., LS = 29 - 31 in G. fasciacauda, LS = 32 
– 35 in G. cambodgiensis and LS = 33 - 34 in G. notata 
(Rainboth, 1996; Kottelat, 2001 and 2013). This information  
suggests that G. cambodgiensis is more closely related to 
G. notata than to G. fasciacauda. 
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Figure 3. A) Photograph of lateral view of Garra notata in an aquarium; B) 
photomicrographs of mitotic metaphase chromosome; C) karyotype of G. notata (m = 
metacentric, sm = submetacentric, st = subtelocentric and t = acrocentric chromosomes). 
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Figure 3. A) Photograph of lateral view of Garra notata in an aquarium; B) photomicrographs of mitotic metaphase 
chromosome; C) karyotype of G. notata (m = metacentric, sm = submetacentric, st = subtelocentric and t = acrocentric 
chromosomes).
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