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Abstract: The Asian arowana, Scleropages formosus (Osteoglossidae) is one of the most valuable species of
the ornamental fish which has an important role on academic study and economic development. The present
study assessed the genetic variation of three S. formosus stocks cultured in ponds using 39 polymorphic
microsatellite primer combinations. The results showed the middle level of genetic diversity among all three
stocks. The average values of observed Heterozygosity (Ho) expected Heterozygosity (He) for the red stocks
are the highest which were 0.509 and 0.552, respectively. Genetic diversity of the green stocks was ligher than
the golden group. The inbreeding coeffcients withun the subpopulation (Fis) and the differentiation index of
population (Fst) analyses showed low genetic differentiation among three cultured stocks. The cluster analysis
based on Nei’s standard genetic distance showed that the golden and the green stocks clustered together and
the red stock was in another clade. These results would have important implications for future breeding
programs, conservation and production, suitable management guideline projects for S. formosus in mainland
China.
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INTRODUCTION

Scleropages formosus commonly known as Asian
arowana, the Dragonfish, bony-tongue belongs to the
order Osteoglossiformes, one of the ancestral teleost clade
with extant representatives restricted to freshwater
habitats in Southeast Asia. Three basic colour (green,
golden and red) varieties were identified for S. formosus
which were probably related to freshwater habitats during
the Pleistocene glacial ages. Depending on lovely
elegance shape and a long-life, S. formosus acquired a
special status in some Asian countries, a very popular but
extremely valuable ornamental fish. An adultred or golden
arowana individual might cost over $20,000 at the
ornamental fish market (Yue et al, 2004). Due to its
popularity and great demand, S. formosus have been
fiercely lumted in its native habitat, leading to its
mcluding species threatened with extinction fish in the
wild listed by the Convention on International Trades in
Endangered Species of Wild Fauna and Flora (CITES) as
an endangered species since 1980. From then on, their

commercial export, import and sales were normally
prohibited in all members of CITES. On the other
hand, S. formosus is a primitive fish retaining anatomical
characteristics from the Jurassic era and of great value on
scientific research to explore genetic evolution.

Given their great evolutionary and economic
importance, more information should be required on
genetic variation of the inter or intra-population which has
important implication in fishery management and
development of aquaculture techmology. Previous studies
have demonstrated that genetic diversity among S.
Jformosus 1solates i Southeast Asian countries mcluding
wild caught stocks (Shafiqur et al., 2008) and cultured
stocks (Yue et al., 2000, 2006a; Mu et al., 2009) using
several DNA-based molecular markers and techniques
such as RAPD (Yue et af., 2002), AFLP (Yue et al., 2004),
STS (Yue ef al., 2003), mtDNA cytochrome b (cytb) gene
(Hu et al., 2009), D-loop regions (Pan et al., 2005), ATP
synthase gene (Tang et al., 2004) of mitochondrial (mt)
DNA. Generally, the choice of an appropriate genetic
marker contributed to a population genetics survey
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(Sunnucks, 2000). Above studies focused on approaching
different questions such as identification of different
stocks whether wild or cultured, conservation of different
sampling locations using different mtDNA markers. In
addition compared with RAPDs that results thought not
to promise (Fernando, 1997), microsatellite 1s proved to be
a powerful tool emerged as those with finest resolution for
labeling of populations and individuals and have been
widely used accurate genetic assessment of population
differentiation of aquaculture fish species such as grass
carp (Zhang et al, 2005, Liu et al, 2009), tlapia
(Rutten ef al., 2004) and Asian seabass (Zhu et al., 2006),
due to their high variation, abundance, neutrality,
co-dominance and unambiguously scoring of alleles
(Tautz, 1989). Although, relatively few scientific studies
using microsatellite have been published about different
stocks m peer-reviewed, in order to avoid the loss of
genetic variability posing a major stumbling block to
aquaculture, the objectives of the present study was to
examine genetic diversity for futuwre commercial
production within three stocks of S. formosus cultured in
mainland China using microsatellite.

Table 1: Microsatellites DNA primer

MATERIALS AND METHODS

Fish samples and DNA extraction: Three stocks of
S. formosus were collected from Guangzhou tiny-lake
aquatic organism technology co., ltd, ncluding green (17),
golden (21), red (15) arowana individuals. Fin clip of each
fish was collected and kept in absolute ethanol. DNA was
extracted according to the instruction of kit (Tianwei Co.
Ltd, China) and dissolved in deionized distilled water. The
integrity and purity of the DNA samples were examined
on a 0.8% agarose gel by electrophoresis. All DNA
samples were stored at -20°C until use.

Microsatellite analysis: A total of forty four microsatellite
primer combinations described by previous studies
(Yue et al., 2000, 2006a; Tang et al., 2004) were used.
Detail mformation of all microsatellite primers were shown
in Table 1. PCR reactions were carried out in a volume of
20 ul. containing 2 mM of each MgCl,, 0.2 mM of each
dNTPs, 0.5 mM primer, 2.0 ul, 10xrTaq buffer, 0.15U Tag
DNA  polymerase (Takara) and 1 pl. DNA in a
thermocycler (Bio-Rad) under the following conditions:

Primer Repeat motif’ Primer sequences (5°-3°) Genebank Tm Allele number
DOl (CA)g F:GAATGCTTAAAGTGGCAGTGAA

R: TAACACAGGGCGTAAGGCCAG AF219951 55°C 2
D4 (GT)y F:GCTTAAACCCATTACAGACAGG

RAAAGTGGTTTTGCATGAAGAAA AF219952 55°C 3
D11 (GThs F.GTTICTTCTAGGTGCICTGGITTC

R:GGATGAGTGACCCAGTGTAAGTAG AF219953 55°C 3
D13 (GT)y; (CT)ys F AGCTGCTGTGTCTGTGGTGGTCTA

R CATGCCCATGGAGAGGGAGAG AF219954 53°C 3
D14 (CA); F:AAGGGAGCAGCAGTTAGGTAGCAG

RIAGAGGAAATGTTAATTCACCACGG AF219955 55°C 5
D15 (GThs F:GACTGGCGTCCCGTCCTG

RTATGCTCTTTCCCATTGACACTAA AF219956 57°C 2
D16 (GT)y F.CTTGCGCCCTGTGTTGC

RTTACCAGCAGAAAAGGCCTT AF219957 57°C 1
D27 (CA) F:GTGTCAGTATAGTGAATCTGTAG

RATCTCATTATGCTGCCATTGTCA AF219958 57°C 5
D3l (GATA) s F:.GTITGTCCCTCCATGCACTGAGAG

R:CCAACAAAACCATGTGGCAATCAC AF219959 52°C 1
D32 (CA)5(CA), AA F:AGCACCCTGTTACTGGAAGAGA

RTTCTCAAAGCAAAAGCATCACACT AF219960 55°C 1
D33 C(CA), F:GTTCTTCTAGGTGCCGCGTTTC

R:CTACTTACACTGGGTCACTCATCC AF219961 50°C 5
D35 (GT)s F.GTTICTTCTAGGTGCICTGGITTC

R: CTACTTACACTGGGTCACTCATCC AF219962 52°C 2
D37 (GT)s, F: GCCTTACGCCCTGTGTTGC

RTGGATATCTGTGAGTGGTGGTGAA AF219963 45°C 7
D38 (GT)a F-TTGGGGTCATGCCACTGG

R:CAATAAATACCAAACAGGGAACC AF219964 53°C 5
D42 (CA)s FAGGAACATCACTGACAACACT

RTGGACTAACTAGGAGCACAT AF219965 50°C 2
D72 (CA), F:AGCAGGTTAATTTGGAGACT

R:CGACCCTGTATGGGACAAG AF219966 55°C 4
D85 (CA)yg F.GTTCCACAGGGGCTGAGAAAAT

R:GAGGACGGAACAAAAGCATTGG AF219967 50°C 2
D88 (G FTITCITICTGAGACTGAGG

R:CAACTCTTATCCACCATIT AF219968 50°C 5
D92 (GT)i5 F:AGTCGCACACCACCACCTCAG

RTCAGCGATAACCCCACACCT AF219969 50°C 2
D94 (CA)4 F:CAGCAGCAGTGACACGGGTTCG

RTCGCAGGCTGATTAAAGGTGTG AF219970 53°C 4
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Primer Repeat motif Primer sequences (5°-3°) Genebank Tm Allele number
Da5 (CA) F:CCTGCGGAAGAAGAAAAGACT

R: CATGGTGTTGGCTGTGAGGAG AF219971 53°C y
D101 (CA)y, F:.CTGAATTTGATGGAAGTCTGTGT

RAGTTGGTITAAAGTGGCTGGAG AY894662 53°C 4
D102 (AC);H(CT)5ACC F:GTTATCAGCCCTCACACCT

RTTCCTCCCACAGTCCAAAGA AY894663 53°C 2
D104 A(TCO), F:AGGCCACACCTCCTCCCTCAGAC

R:CAGCCTCCTCCTGGGAACACTGTC AY894664 50°C 3
D105 (CA)e F:GATGCCGGTGTTATCAGTGAC

RITTGGATGAGGGAGAAACAAATAAT AY894665 50°C 6
D106 (GThs FATATTGCGCTTTGATTCATAAACCG

R:GCAGGGCGTGCTCTCCACT AY894666 50°C 4
D107 (AC)y F:.CTGCTGCTGCTGGGAGCGTAGC

R:AGCTGTGGAAAGAGCTGGCCTTCA AY894667 50°C 3
D108 (AC), FATCTGCAAAAGAAGTGCCACAGC

R:CACTAAACCGGTGTCCAATCCTG AY8940668 50°C T
D109 (CA)s FACCTCCGCGCTTTACTTTITGAGC

R:CGGAGCGCCCTGCCTGCTA AY894669 50°C 4
D111 (TG FTTCCTCCCACACTCCAAAGAC

R TATCATTCCACAAACCTCATTCAC AY894670 50°C 2
D114 (G (AT),(GT)y5 F:CCATGACCCCGCTTGGAAC

R:AGACCACCGGATGTAGAGAAGTGC AY894671 50°C 7
D115 (G F:GTCGCTCCAGCTCTGCTACTIT

R:GTGAGGCTGGGTTCGTCCTG AY894672 53°C 5
D116 (AC) F:CAGCCTCCCTCCCACTCTCCTT

RTTCCCCTGCCCCTATCAACATCT AY894673 50°C 3
D117 (CA) F:CGATCCCTGCTCAGTCTGTGT

RIAAAGGGTCACTCAGCCATACATC AYS894674 53°C 2
D118 (GT), F:ACTATGATCCGCATCGGGAGAT

RAGGGGAAAAGGGTCTAAGATGATG AY894675 50°C 2
D119 (CA)x F.TGGGGGCTTTCGTTGCAATAACAC

R.TCCCCGGTCAGGATGGACGAT AY894676 50°C 7
K10 (CA)y F:GCACCTAACTGAAGAGCATT

RIAAAATTACCTGCTTGTGTGC AY173130 50°C 3
K13 (CA)CG(CA), F: GCACTGTTAAGTTCTGGTGTC

R GATACGCATGACATTCTGTG AY173131 50°C 2
K16 (TG)s F:CAGTGGTTGCACACTTACAG

RAAAGTCGGCATGATGAAATA AY173136 50°C !
K17 (CA); FATATTTCATCATGCCGACTT

RTGGTATTITCTCGTGCATTA AY173137 50°C 4
K20 (CA) F:AGCTGACACTTTGAAGCACT

R:GTGCTAATTCAGCGACTCTT AY173134 50°C 2
K27 (CA)4 F:CCATTAACCCCTTGTCCTCA

RAAGGATGCAGGAGAGCAAAA AY173135 50°C 2
K29 (TG); F:CCCAGTGGTTGCACACTTAC

RTGAAAGGAATTTTCAAGGGTTT AY173133 50°C 4
K37 (CA), F: CCATTAGCAAACCCATGCTT

RTGGAAATGTGTCATCCTTCAG AY173132 50°C 2

F: Forward primer; R: Reverse primer

after an initial denaturation at 94°C for 4 min, then 94°C for
30 sec (denaturation); 45°C for 57 sec (Table 1) for 30 sec
(ammealing); 72°C for 30 sec (extension) for 30 cycles,
followed by a final extension at 72°C for 7 min
Amplification products were separated by electrophoresis
on 8% nondenaturing polyacrylamide gels, visualized by
silver staining and photographed (Huo et al., 2005). Size
of amplification products were estimated using DNA size
marker DL2000.

Data analysis: Amplified products were manually scored
as 1 for the presence and O for the absence of a band as
binary data using each of the primer. The effective number
of alleles each primer (Ae) observed (Ho) and expected
(He) Heterozygosities and Hardy-Weinberg Equilibrium
(HWE) were analyzed using program POPGENE
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(Version 1.31) (Yeh and Boyle, 1997). Nei’s genetic
distances (d) among stocks were calculated using
MEGA4.0 (Tamura et al., 2007) and used to draw
phylogenetic trees by an Unweighted Pair-Group Method
using an Arithmetic mean method (UPGMA). The
reliability of the dendrogram was evaluated with 1,000
bootstraps.

RESULTS AND DISCUSSION

The current study analyzed DNA polymorphism for
forty-four microsatellite primer and assessed the genetic
variability of three cultured stocks of S. formosus in
maimnland China. Although, each primer was used to
amplify in all stocks, the 39 polymorphic primers except for
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Table 2: Genetic diversity of three stocks of Scleropages formosus

Golden arowana Red arowana

Green arowana

Primers Ae Ho He PIC Fis Day Ae  Ho He PIC Fis Dav Ae Ho He PIC Fis Day
Dol 1.68 0.190 0418 0325 0533 -0.545 1.63 0105 0398 0314 0728 -0.736 160 0214 0388 0305 0428 -0.448
D4 297 0238 0679 0.608 0.641 -0.649 287 0105 0.670 0593 0.838 -0.843 294 0.214 0685 0619 0.675 -0.688
D11 1.66 0.523 0407 0397 -0.316 0.285 1.92 0.631 0493 0464 -0314 0280 1.50 0428 0349 0280 -0.272 0.226
D13 213 0190 0543 0.527 0.641 -0.650 3.03 0105 0.688 0.651 0.843 -0.847 198 0.214 0515 0488 0.569 -0.584
D14 313 0809 0.698 0.652 -0.188 0.159 3.28 0789 0.714 0.666 -0.135 0105 313 0928 0706 0638 -0363 0.314
D15 1.96 0.857 0.501 0370 -0.750 0.711 176 0.631 0443 0339 -0461 0424 196 0857 0507 0370 -0.750 0.690
D27 369 0666 0.746 0.698 0.085 -0.107 434 068 0.790 0.752 0110 -0.134 400 0.785 0777 0728 -0.047 0.010
D33 3.03 0571 0686 0.666 0.147 -0.168 2.62 0578 0.635 0572 0.064 -0.090 366 0.642 0754 0721 0.115 -0.149
D35 1.09 0.095 0.092 0087 -0.050 0.033 111 0105 0102 0.09 -0.055 0.029 115 0142 0137 0124 -0.076 0.036
D37  4.52 0.809 0797 0767 -0.039 0.015 4.10 078 0776 0.783 -0.044 0.017 376 0857 0761 0714 -0166 0.126
D38 335 0857 0718 0.685 -0.221 0194 332 078 0.718 0.697 -0.128 0.099 343 0.857 0735 069 -0208 0.166
D42 1.89 0.761 0483 0360 -0.615 0576 191 078 0490 0364 -0652 0.610 184 0714 0476 0354 -0.555 0.500
D72 2.52 1000 0.619 0.527 -0.654 0.616 2.59 1.000 0.631 0.548 -0.626 0.585 263 1.000 0642 0551 -0.613 0.558
D85 1.99 0952 0.511 0374 -0.909 0.863 1.91 078 0490 0364 -0652 0610 198 0928 0515 0374 -0.866 0.802
D88  4.10 0476 0.774 0732 0370 -0.385 3.74 0526 0752 0710 0.281 -0301 3.66 0357 0754 0691 0.508 -0.527
D92 1.26 0.238 0.214 0188 -0.135 0.112 111 105 0102 0.095 -0.055 0.029 132 0285 0254 0215 -0.166 0.122
D94 2.05 0714 0.526 0.455 -0.390 0.357 205 0736 0.527 0446 -0434 0397 1.95 0.642 0505 0444 -0319 0.271
D101 251 0.285 0616 0559 0525 -0.537 223 0315 0567 0493 0428 -0444 252 0285 0.627 0563 0.527 -0.545
D102 1.68 0.285 0418 0325 0300 -0.318 1.99 0.210 0512 0375 0577 -0.590 1.68 0285 0423 0325 0300 -0.326
D104 296 0.285 0.679 0610 0569 -0.580 2.88 0.210 0.671 0.604 0.678 -0.687 270 0285 0.653 0562 0.546 -0.564
D105 3.93 0666 0764 0723 0106 -0.128 3.12 0789 0.698 0.642 -0160 0.130 426 0642 0793 0752 0.160 -0.190
D106 255 0.571 0.623 0572 0061 -0.083 2.87 0578 0.670 0.608 0.112 -0.137 256 0642 0632 0576 0160 0.016
D107 225 0.333 0570 0494 0401 -0416 216 0473 0553 0470 0.120 -0.145 189 0214 048> 0410 0.545 -0.562
D108 4.74 0.809 0.808 0849 -0.026 0.001 440 0.8% 0793 0.758 -0157 0.127 472 0785 0.817 0775 0.003 -0.039
D109 3.03 0714 0.68 0627 -0.066 0041 326 068 0712 0661 0.014 -0.039 278 0642 0.664 058 -0.004 -0.033
D111 1.32 0285 0250 0215 -0.167 0.140 1.23 0210 0193 0171 -0117 0.080 132 0285 0254 0215 -0.166 0.122
D114 506 0714 0822 0912 0110 -0.131 555 0.736 0.842 0873 0.101 -0.126 496 0785 0.828 0901 0.016 -0.052
D115 3.75 0.857 0751 0722 -0.167 0.141 3.70 0.789 0.749 0.708 -0.081 0.053 3.73 0857 0.75%¢ 0721 -0.170 0.129
D116 2.88 0.333 0669 0620 0450 -0.502 246 0315 0610 0.555 0468 -0481 290 0285 0679 0620 0.564 -0.580
D117 1.56 0.095 0371 0297 0738 -0.744 1.69 0.052 0422 0327 0872 -0.877 160 0071 0388 0305 0.809 -0.817
D118 1.38 0.142 0.284 0239 0486 -0.500 1.29 0157 0234 0202 0309 -0.329 150 0142 0349 0280 0.575 -0.593
D119 537 0.857 0.833 0892 -0.053 0.029 3.8 068 0762 0841 0.078 -0.102 560 0928 0.851 0881 -0.130 0.090
K10 271 0381 0646 0.567 0.397 -0410 235 0421 0.591 0517 0269 -0.288 264 0428 0645 0559 0311 -0.336
K13 1.26 0.238 0214 0188 -0.135 0112 100 0.000 0.000 0.000 0.000 / 115 0142 0137 0124 -0076 0.03¢6
K17 246 0523 0.608 0.544 0.118 -0.140 246 0684 0.610 0523 -0.151 0121 231 0.571 0.589 0526 -0.004 -0.031
K20 1.38  0.333 0.284 0239 -0.200 0173 136 0315 0273 0231 -0187 0.154 123 0214 019 0173 -0.120 0.081
K27 1.80 0.666 0455 0346 -0.500 0464 176 0.631 0443 0339 -0461 0424 177 0642 0452 0342 -0473 0420
K29 251 0381 0616 0.525 0.367 -0.381 262 0578 0.635 0.555 0064 -0.090 270 0.571 0653 0573 0.093 -0.126
K37 1.15 0142 0135 0124 -0.077 0.052 1.23 0210 0193 0171 -0117 0.088 107 0071 0071 0066 -0.037 0.000
Mean 2.60 0.509 0552 0503 - - 253 0493 0543 0489 - - 257 0.509 0549 049 - -
Table 3: Chi-square test for Hardv-Weinberg equilibrium of three stocks of Scleropages formosis

Gold Red Green Gold Red Green Gold Red Green
Primer arowana arowana arowana___ Primer arowana arowana ___arowana Primer arowana arowana arowana
DOl 0.0098™ 0.0008™ 0.0731 D85 0.0000™ 0.0062" 0.001™ D114 0.0160" 0.0001™ 0.208
D4 0.0000™ 0.0000™ 0.0015™ D88 0.0069™ 0.0000™ 0.016" D115 0.1000 0.1260 0.194
D11 0.5000 0.3010 0.3580 D92 0.5840 0.8650 0.594 D116 0.0070™ 0.0010™ 0.013"
D13 0.0000™ 0.0000™ 0.0000™ D94 0.4250 0.4310 0.841 D117 0.0003" 0.0000™ 0.001™
D14 0.0000™ 0.0000™ 0.0230" D101 0.0072™ 0.0038™ 0.016" D118 0.0150 0.1150 0.017"
D15 0.0008™ 0.0558 0.0075™ D102 0.1320 0.0083" 0.198 D119 0.1350 0.0570 0.172
D27 0.2560 0.0018" 0.3870 D104 0.0005™ 0.0000™ 0.004™ K10 0.0004™ 0.0000™ 0.000"
D33 0.0620 0.0031™ 0.0187" D10s 0.0190" 0.0210" 0.162 K13 0.5840 - 0.841
D35 0.8720 0.8650 0.8410 D106 0.0011™ 0.0000™ 0.014" K17 0.6240 0.1380 0.814
D37 0.1440 0.0750 0.4880 D107 0.0150" 0.2300 0.013" K20 0.4010 0.4600 0.718
D38 0.0010™ 0.0140" 0.0313" D108 0.0330" 0.0260" 0.070 K27 0.0280" 0.0550 0.098
D42 0.0066™ 0.0062" 0.0505 D109 0.1720 0.0340 0.056 K29 0.0450" 0.2780 0.321
D72 0.0068" 0.0019™ 0.0795 Dil1 0.4900 0.6610 0.594 K37 0.7760 0.6600 1.000

*significant deviation from equilibaium; "terribly significant deviation from equilibaium; there is only one allele at the primer

D16,D31, D32, D95, K16 were included i the analyses. A
total of 144 alleles were detected across polymorphic
primer ranging from 2-7, corresponding to an average of
3.7 alleles per primer. The genentic diversity at the
population level was determined using the effective
number of alleles (Ae), observed (Ho) and expected (He)
heterozygosities. Value of Ho ranged from 0.493 (Red) to

0.509 (Green and Golden) whereas He ranged from 0.552
(Golden) to 0.549 (Green) with the number of effective
alleles ranging from 2.53 (Red) to 2.60 (Golden) (Table 2)
showing middle diversity across each stocks. Probability
of deviation from Hardy-Weinberg equilibrium per primer
combination was shown m Table 3. The Fy; estimating
within stocks ranged from 0.0026-0.01 with an average of
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Fig. 1: Cluster analysis of three Seleropages formosus
based on Ds using UPGMA method (Mu et al.,
2009)

Table4: Genetic Distances (Ds)genetic similarity Tndices (I) (above
diagonal), gene flow (Nm)\genetic differentiation coefficient (Fsr)
(below diagonal) among three stocks of Scleropages formosus

Stock Gold arowana Red arowana Green arowana
Gold arowana 0.019740.981 0.0060M,0.994
Red arowana 29.1940.0085 0.024540.976
Green arowana 94.4940.0026 24.8340.010

Table 5: Heterozygosity of different stocks of Scleropages formosus

Stock Sample Ho He

Gold arowana (Cultured) Singapore 0.650 0.710
Gold arowana (Cultured) Malaysian 0.522 0.407
Gold arowana (Cultured) Malay sian 0.509 0.552
Red arowana (Cultured) Singapore 0.720 0.740
Green arowana (Wild) Tndonesia 0.780 0.780
Red arowana (Cultured) Malaysian 0493 0.543
Green arowana (Cultured) Singapore 0.650 0.750
Green arowana (Wild) Singapore/Indonesia 0.580 0.580
Green arowana (Wild) Tndonesia 0.301 0.368
Green arowana (Wild) Indonesia 0.304 0.405
Green arowana (Cultured) Malay sian 0.509 0.549

0.0097 (p<0.01), (Table 4) showing significant genetic
differences between different stocks. Low level of genetic
distances were observed between the golden and green
arowana ranging from 0.006-0.0245, suggested that
S. formosus perhaps did not evolve to the level of specie.
However, a little high level of distances were found
between red and green arowana. Genetic relationships of
three stocks were calculated using Nei’s genetic distances
to mfer phylogemes by the Unweighted Pair-Group
Method with Arithmetic mean (UPGMA) (Fig. 1). The
phylogenetic relationships among three stocks showed
that golden and green arowana clustered together,
sistered to the red stock.

The average allele number m the study was 3.7 per
primer, lower than that of the S. formosus previously
reported by Yue et al. (2000, 2006a) and Tang ef al. (2004).
The difference n allele number could be affected by
sample size of the individuals used for the characterization
of primers. Heterozygosity, gene diversity was an
important measurement of population diversity at genetic
level and has drawn much attention from ecologists and
aquaculturists (Xu et af., 2001).

Heterozygosity of three stocks ranged from
0.543-0.552 which was similar to the statistical data of
approximately 40000 individuals, 524 microsatellite primers
of 78 species (DeWoody and Avise, 2000) suggested that
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the genetic diversity of three S. formosus stocks was
relatively rich. However, compared with those of other
wild or cultured S. formosus stocks, the results were
higher than that between wild green and captive golden
arowana stocks (Shafiqur et al., 2008) but far below to
that between wild green and wild red arowana stocks
(Yue ef al, 2000, 2006a) (Table 5). The possible
explaination could be the mheritance of smgle or
multiple genes affected by factors in the environment.
Intra-specific relationship relating to S. formosus among
different geographical populations isolates in Southeast
Asian countries has different results using different types
of nuclear genome markers and techniques in earlier
studies (Kumazawa and Mutsumi, 2000, Tang et al., 2004).
The study showed that golden arowana and green
arowana clearly fall mto different clades from red arowana,
other than the former studies (Tang et al, 2004; Yue et al.,
2006b) which was relevant to different geographical
population and size.

Traditionally, cluster analysis maybe solve the
problem of compositor of classifications in one
collectivity. Yue et al. (2004) monitoring phylogenetic
relationship of tlree Asian arowana stocks by AFLP
showed that red and green varieties clustered. It is the
same with the results that of Tang et al. (2004) supported
red arowana was closely related with Malaysian red-tail
gold arowana. Something else, Hu ef af. (2009) anaylzing
mt cytb gene showed that red arowana clustered with
golden arowana after clustering with green arowana.

This study render different results that gold arowana
and green arowana clearly fall into different clades from
red arowana but Tang et al. (2004) estimated the time of
divergence between the green and red arowana (1.5-2.6
MY A) close to the probable time of the fluctuation of sea
level during the late Pliocene to early Pleistocene era by
mt ATPase subumt 6 and 8 assuming that the sequence
divergence rate for ATPase determined for fish is 1.3% per
million years (Bermingham et al., 1997). In view of the
Ppresent case to be a primitive fish possessing of academic
and economical value, it 13 necessary to make more
researches to clarify the evolution and breeding of
different color stocks for a fuller understanding using
more molecular markers.

CONCLUSION

The present study assessed genetic diversity among
different stocks of S. formosus cultured in mainland China
using microsatellite markers. The results have important
implication for studying genetic structure of S. formosus
as well as for the effective breeding management and
development.
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