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ABSTRACT

This study aims to identify the phylogenetic spiny lobster Panulirus versicolor in Lombok
waters, Indonesia and its association with P. versicolor spiny lobster from several regions of
the Indian Ocean based on the cytochrome oxidase | (COIl) gene. The researchers collected
tissue samples from 13 P. versicolor spiny lobster in Lombok waters. 9 haplotypes were
identified with haplotype diversity values (Hd) and nucleotides (Pi) respectively Hd = 0.859
and Pi = 0.00509. Research results exhibit P. versicolor spiny lobster population from the
waters of Lombok is closely related to the spiny lobster population in some regions of the
Indian Ocean. In general, P. versicolor spiny lobster population formed a monophyletic clone
with spiny lobsters from several regions of the Indian Ocean with genetic distance values (P-
distance from 0.001 to 0.004). The reconstruction of the haplotype network exhibited no
genetic structure, which means that each population is not genetically isolated from others.
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Spiny lobsters P. versicolor is one species of a tropical region with a complex life cycle.
The initial phase of the Panulirus lobster consists of long periods of platonic pelagic larvae in
the open ocean [1]. P. versicolor spiny lobster phyllosoma larvae are about 1-2 mm in size
and the larval phase lasts for 6-7 months, before the phyllosoma larva morphed into puerulus
[2]. Long larval phase, causing spiny lobsters has a wide spread and allows the supply of
stocks between regions [3], resulting in gene flow through outbreeding between populations.

Lombok's waters are geographically influenced directly by the oceanographic process
of the Indian Ocean and are the routes of mass water exit from the Pacific Ocean under
ARLINDO (Indonesian Cross Flow) to the Indian Ocean. On the other hand, Lombok's waters
are open geographically, so the chances of meeting or entering the spiny lobster phyllosoma
larvae from some areas are very high.

Current tends to create barriers and directions from the spread of lobster phyllosoma
larvae [4]. Therefore, it is important to identify the genetic and phylogenetic linkages of P.
versicolor spiny lobsters from Lombok's waters and their relation to spiny lobsters from
several other regions of the Indian Ocean. Phylogenetic knowledge is essential for
understanding the evolutionary, adaptation, morphological, ecological and behavioral
processes of species [5]. In addition, understanding the genetic and phylogenetic linkages is
essential for marine conservation planning as it can identify routes of larval spread, or barrier
to spreading [6].

Identification based techniques have been successfully used to identify genetic and
phylogenetic linkages between populations [7]. Molecular markers are often used for
population genetic studies of mtDNA (mitochondrial DNA) [7]. In this study, phylogenetic
identification and genetic linkage used the COI gene (cytochrome oxidase c¢ subunit I) which

37


mailto:Pr4n4t4b4yu05@gmail.com

Biotika, 1(20), February 2018

is the protein region coding of the mitochondrial genome [8]. Several previous studies have
used the COI gene to study the genetic population of spiny lobsters as conducted by Ptacek
et al. 2001; da Silva et al. 2011; Jeena et al. 2015 [8,9,10]. The purpose of this study was to
identify the phylogenetic and genetic linkages of P. versicolor spiny lobsters in Lombok
waters and their relationship to P. versicolor spiny lobster from other regions of the Indian
Ocean.

MATERIALS AND METHODS OF RESEARCH

A total of 13 individuals P. versicolor spiny lobster were collected from Lombok waters
(Figure 1) and 8 sequences for some areas of the Indian Ocean downloaded from gene bank
with accession numbers presented in Table 1.

Extraction of genomic DNA P. versicolor spiny lobster using KIT: Genomic DNA Mini
Kit Animal Tissue (GENE AID). Amplification of CO1 gene using universal primer LCO1490:
5'-ggtcaacaaatcataaagatattgg-3 'and HCO2198: 5'-taaacttcagggtgaccaaaaaatca-3' [11]. The
materials used for mastermix manufacture are LCOl and HCO2 primers 2.5 yL each, DMSO
1 L, ddH20 14 uL, Go Taqg Green 25 pL and 5 yL DNA extract. The amplification process
was carried out for 35 cycles, consisting of denaturation (94 ° C for 30 seconds), annealing
(50 ° C for 30 seconds) and extension (72 ° C for 45 seconds). The PCR result undergoes
electrophoreses process using 1% agarose gel with 50 mLTris Borate EDTA (TBE). Bi-
directional sequencing was conducted using First Base CO (Malaysia) Big Dye © terminator
chemistry (Perkin Elmer).
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Figure 1 — Research Site Map

The sequenced results are edited and aligned using Mega5 [12]. Identification of
species online used GenBank data at NCBI (National Center for Biotechnology Information)
with BLAST (Basic Local Alignment Search Tool) method. Analysis of the diversity of
haplotype (Hd) and nucleotides (Pi) used DnaSP 5.10 [13]. The nucleotide composition is
estimated to be based on Kimura's parameter-2 model MEGAG. Phylogenetic reconstruction
with Maximum Likelihood method [14], Kimura-2 model parameters and 1000 x bootstrap
test utilizing MEGA 6.06 [12]. The haplotype network is built using Network 5.0.
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Table 1 — P. versicolor spiny lobster Sequence from Genbank

Location Accession number

Sri Lanka KF548586
KF548585
KF548584
KF548583
India JQ229882
Persian Gulf & Oman Sea KT001513
KT001512
South Africa (South-west Indian Ocean) KX275386

RESULTS AND DISCUSSION

COI gene amplification result fragment length of P. versicolor spiny lobster from
Lombok waters using primer LCO1490 and HCO2198 i.e 750 bp (base pairs) (Figure 2). The
primary use of LCO1490 and HCO2198 is based on Folmer et al. research (1994). The
results exhibited that the primary pairs LCO1490 and HCO2198 consistently amplified the
710 bp of the COI genes throughout the invertebrate series and produced an informative
sequence for phylogenetic analysis of species and higher taxonomic levels [11].

The analysis result of nucleotide composition exhibited that the average amount of
adenine and thymine base was the highest (Table 2). These results are consistent with
several studies reporting that the COI gene is rich in adenine and thymine in many
invertebrates, including crustaceans (8-10). The different compositions of the purine and
pyrimidine bases are related to the amino acids encoded by the codon.

K L5 L4 L3 L2 L1

10.000 pb

3.000 pb
2.000 pb
1.500 pb
1.000 pb
750 pb
500 pb

250 pb

Figure 2 — Electrophoretic Result of P. versicolor spiny lobster Samples
(L = Lombok sample) K (-) = control

Table 2 — Mean composition of Nucleotide P. versicolor spiny lobster

Alkali (%)
Adenine (A) Timin (T) Cytosine (C) Guanine (G)
28.16 29.89 22.71 19.23

Analysis of genetic diversity using DNA SP 5.10. exhibits the diversity of haplotype
(Hd) 0.859 and nucleotide (Pi) 0.00509. Hobbs et al. (2013) explain that there are 2
categories of haplotype diversity values. Values between =0 and <0.5 are in the low
category, while> 0.5 and <1 are in the high category [15]. The high diversity of haplotype on
spiny lobster is also reported in some previous studies (Table 3).

Analysis of genetic distance between population P. versicolor spiny lobster from
Lombok waters with some region of Indian Ocean is presented in Table 4. Each population
exhibited a close relationship with the mean value of P. distance of 0.004 (s.d 0.001). The
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proximity of the genetic distance may be due to P. versicolor spiny lobster having the same
origin.

Phylogenetic analysis was performed to determine the relation of P. versicolor spiny
lobster between populations using Maximum Likelihood Trees (ML) method with 2-Parameter
Kimura. Reconstruction of phylogenetic tree P. versicolor spiny lobster from Lombok waters
with several areas in the Indian Ocean exhibited close kinship between regions by forming a
large clade (Figure 3). Spiny lobsters P. versicolor from Lombok and Sri Lanka formed a
monophyletic clade and no genetic structure formed between populations. Similar results
were found by Chow et al. (2011), where the phylogenetic tree of the P. penicillatus lobster
population from the Central Pacific forms a monophyletic clade with populations in Western
Pacific [17]. In addition, Abdullah et al. (2014) also found no genetic structure in phylogenetic
trees of P. penicillatus lobster populations from Aceh, Java, Maldives and Madagascar [18].
A wide spread allows no genetic structure in the phylogenetic tree of the Panulirus lobster
between the observed areas.

Table 4 — Genetic Distance of Lobster P. versicolor from P. Lombok and Outgroup

1 2 3 4 5
1 Lombok
2 Sri Lanka 0,004
3 Persian Gulf 0,004 0,003
4 South Africa 0,004 0,004 0,004 0,003
5 India 0,003 0,002 0,002 0,001 0,002
Table 3 — Genetic Diversity of Lobster Genus Panulirus Comparison
Species Location z-llj(%lotype ?‘P”I.)C'eo“de Source
Ohara 0.959 0.009
P. japonicus Hamajima 0.898 0.009 Inoue et al. 2007 [24]
Goto 0.990 0.010
P. homarus Southern Sri Lanka 0.9921 0.0129 Senevirathna and Munasinghe 2014
’ South India 0.9772 0.0117 [19]
Main Hawaiian Islands 0.977 0.026
P. marginatus :\;claar::jv;/est Hawaiian 0.993 0.030 '
. lacchei et al. 2014 [25]
Northwest Hawaiian
. 0.8931 0.0083
P. penicillatus  Islands
Main Hawaiian Islands 0.8696 0.0064

The results of haplotype network reconstruction using Network 5.0. exhibited a

relatively close relationship between the haplotypes of spiny lobster populations P. versicolor
in Lombok with populations from several regions of the Indian Ocean (Figure 4). There are 9
haplotypes with the highest frequency of 9 individuals, where the populations share
haplotypes H1, H2, H6, and H8 while 5 haplotypes are unique for each population. H2 is the
most dominant haplotype found in P. versicolor spiny lobster, where the length or the
shortness of tissue formed exhibited the number of changes in the DNA sequence to form a
different haplotype. The longer the tissue is formed, the more changes in the DNA sequence
of the lobster spiny sample. The haplotype network exhibited no Clade between different
geographical locations and no population is genetically isolated from others. While H11 and
H10 are outgroups of the P. homarus species, they form a separate structure of P. versicolor
spiny lobster. The haplotype distribution pattern can be used as an indicator for stock
identification [19].
Research results exhibited that P. versicolor spiny lobster from Lombok waters has similar
haplotypes with populations present in Sri Lanka, Persian Gulf, India and South Africa. This
is because spiny lobsters have a wide spread supported by long larval periods lasting for 6
months and are platonic, allowing for supply stocks between regions or populations
[16,17,20]. In addition, Palero et al. (2008) also explain that long periods of planktonic larvae
such as crustacean larvae phyllosoma can be found in a wider geographic distribution [21].
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Figure 3 — P. versicolor spiny lobster Phylogenetic from Lombok Waters and Several Areas in the
Indian Ocean using Maximum Likelihood Kimura 2-Parameter
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Figure 4 — P. versicolor spiny lobster Hemplotype Network from Lombok Waters and Several Regions
in the Indian Ocean

On the other hand, the distribution pattern of phyllosama spiny lobster larvae is strongly
influenced by the physical physiology of water and geographical formation.
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Bradbury et al. (2008) explained that the transport and mixing of larvae in waters is
influenced by the strength of water movement and the length of the larval period [22]. Current
tends to create resistance and direction from spreading of spiny lobster phyllosoma larvae
[4,18]. In addition, the pattern of distribution of some benthic invertebrate populations is less
demographically or geographically isolated due to the presence of the barrier. Kennington et
al. (2006) stated that the Barrier has caused significant differences in allele frequencies
between locations [23].

CONCLUSION

P. versicolor spiny lobster population from the waters of Lombok is closely related to
some populations in the Indian Ocean. This is supported by the value of P-distance 0.001-
0.004. Reconstruction of population phylogenetic trees P. versicolor spiny lobster as a whole
forms a monophyletic clade and haplotype tissue illustrates the close association between
populations so as not to identify the genetic structure that occurs.

ACKNOWLEDGEMENTS

Researchers would like to thank the University of Papua Genetics Laboratory for its
assistance in facilitating this research.

REFERENCES

1. Tolley, KA., J.C. Groeneveld, K. Gopal, C.A. Matthee. 2005. Mitochondrial DNA
panmixia in spiny lobster Palinurus gilchristi suggests a population expansion. Marine
Ecology Progress Series. 297:225-231.

2. Phillips, B.F., R. Melville-Smith, M.C. Kay, Vega-Velazquez. 2006. Panulirus species. p.
289-315. In Phillips, B.F. (eds). Lobsters: Biology, Management, Aquaculture, and
Fisheries. Blackwell Publishing. London. 289-315.

3. Abdullah, M.F., S. Chow, M. Sakai, J. Cheng, H. Imai. 2013. Genetic diversity and
population structure of pronghorn spiny lobster Panulirus penicillatus in the Pacific region.
Pacific Science. 68.2:2-33.

4. Riginos, C., K.E. Douglas, Y Jin, D.F. Shanahan, E.A.Treml. 2011. Effects of geography
and life history traits on genetic differentiation in benthic marine fishes. Ecography.
34:566-575.

5. Suresh, P., G. Sasireka, K.A.M. Karthikeyan. 2012. Molecular insights into the
phylogenetics of spiny lobsters of Gulf of Mannar marine biosphere reserve based on
28S rDNA. Indian Journal of Biotechnology. 11:182-186.

6. Sale, P.F., R.K. Cowen, B.S. Danilowicz, G.P. Jones, J.P. Kritzer, K.C. Lindeman,
S. Planes, N.V.C. Polunin, G.R. Russ, Y.J. Sadovy. 2005. Critical science gaps impede
the use of no-take fishery reserves. Trends Ecol Evol. 20(2):74-80.

7. Thorpe, J.P., A.M. Sole-Cava, P.C. Watts. 2000. Exploited marine invertebrates:
Genetics and fisheries. Journal Hydrobiologia. 420.165-184.

8. da Silva, J.M., S. Creer, A. dos Santos, A.C. Costa, M.R. Cunha, F.O. Costa,
G.R. Carvalho. 2011. Systematic and evolutionary insights derived from mtDNA COlI
barcode diversity in the Decapoda (Crustacea: Malacostraca). Journal PLoS ONE.
6:19449.

9. Ptacek, M.B., S.K. Sarver, M.J. Childress, W.F. Hernkind. 2001. Molecular phylogeny of
the spiny lobster genus Panulirus (Decapoda: Palinuridae). Marine Freshwater Research.
52 (8):1037-1047.

10. Jeena, N.S. et al. 2015. Molecular phylogeny of commercially important lobster species
from Indian coast inferred from mitochondrial and nuclear DNA sequences. Mitochondrial
DNA. 27 (4):1-10.

42



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Biotika, 1(20), February 2018

Folmer, O., M. Black, W. Hoeh, R. Lutz, R. Vrijenhoek. 1994. DNA primers for
amplification of mitochondrial cytochrome c oxidase subunit | from diverse metazoan
invertebrates. Molecular Marine Biology and Biotechnology. 3(5):294-299.

Tamura, K., D. Peterson, N. Peterson, G. Stecher, M. Nei, S. Kumar. 2011. MEGAS5:
Molecular evolutionary genetics analysis using maximum likehood, evolutionary distance,
and maximum parsimony method. Molecular Biology Evolution. 28(10):2731-2739.
Rozas, J. et al. 2003. DnaSP, DNA polymorphism analyses by the coalescent and other
methods. Bioinformatics. 19:2496-2497.

Lemey, P. 2009. The phylogenetic handbook: A practical approach to phylogenetic
analysis and hypothesis testing. United States of America: Cambridge University Press.
Hobbs, J.P., V.H. Lynne, R.J. Dean, P.J. Geoffrey, L.M. Philip. 2013. High genetic
diversity in geographically remote populations of endemic and wide spread coral reef
Angelfish. Diversity. 5:39-50.

Rogers, A.R., H. Harpending. 1992. Population growth waves in the distribution of
pairwise genetic differences. Molecular Biology and Evolution. 9:552-569.

Chow, S., A. Jeff, Y. Miyake, K. Konishi, M. Okazaki, N. Suzuki, M.F. Abdullah, H. Imai,
T. Wakabayasi, M. Sakai. 2011. Genetic isolation between western and eastern Pacific
populations of pronghorn spiny lobster Panulirus penicillatus. Journal PLoS ONE.
6:229280.

Abdullah, M.F., Alimuddin, M. Muththalib, A.J. Salama, H. Imai. 2014. Genetic isolation
among the Northwestern, Southwestern and Central-Eastern Indian Ocean populations of
the pronghorn spiny lobster Panulirus penicillatus. International Journal of Molecular
Sciences. 15:9242-9254.

Senevirathna, J. 2014. Genetic diversity and population structure of Panulirus homarus
Populations of Southern Sri Langka and South India revealed by the Mitochondrial COI
gene region. International Conference on Food, Biological and Medical Sciences.
Thailand.

Abdullah, M.F. 2013. Genetic diversity and population structure of pronghorn spiny
lobster Panulirus penicillatus in the Pacific region. Pacific Science. 68 (2):2-33.

Palero, F., P. Abelld, E. Macpherson, M. Gristina, M. Pascual. 2008. Phylogeography of
the European spiny lobster (Palinurus elephas): Influence of current oceanographical
features and historical processes. Molecular Phylogenetics and Evolution. 48(2):708-17.
Bradbury, I.R., B. Laurel, P.V.R. Snelgrove, P. Bentzen, S.E. Campana. 2008. Global
patterns in marine dispersal estimates: The influence of geography, taxonomic category
and life history. Proceedings of the Royal Society B. 275:1803-1809.

Kennington, W.J., R. Melville-Smith, O. Berry. 2006. Genetics of wild and captive lobster
populations. p.36-63. In Phillips, B.F. (eds). Lobsters: Biology, Management, Aquaculture
and Fisheries. Blackwell Publishing. London: 36.54.

Inoue, N., H. Watanabe, S. Kojima, H. Sekiguchi. 2007. Population structure of Japanese
spiny lobster Panulirus japonicus inferred by nucleotide sequence analysis of
mitochondrial COI gene. Fisheries Science. 73:550-556.

lacchei, M., J.M. O’'Malley, R.J. Toonen. 2014. After the gold rush: population structure of
spiny lobsters in Hawaii following a fishery closure and the implications for contemporary
spatial management. Bulletin of Marine Science. 90 (1):331-357.

43





