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ABSTRACT
The spiny lobsters, because of their large size, commercial importance, benthic habits as adults and pelagic habit as
larvae and their wide geographic and vertical distribution, are well suited for a study of evolution in a marine
environment. Phylogenetic analyses among all described species and four subspecies (total of 21 taxa) of the spiny
lobster genus Panulirus, were examined with partial nucleotide sequence data from portions of two mitochondrial
genes, large-subunit ribosomal RNA (16S rRNA) and cytochrome oxidase subunit I (COI) gene to provide
molecular evidence supporting the inter-specific relationships using computational experiment. In order to elucidate
the relationships, a set of mitochondrial 16S rRNA and COI gene sequences were extracted from the GenBank
database. The multiple sequence alignment was performed using ClustalW service to findout the regions of
conserved or indels among the sequences. The phylogenetic tree was inferred from these sequences by employing
bootstrap method of UPGMA (Unweighted Pair Group Method with Arithmetic Mean) and MP (Maximum
Parsimony) methods using MEGA (Molecular Evolutionary Genetics Analysis) software. The results were discussed
based on nucleotide sequence divergence amongst the species and comparative studies were done between the
phylograms of both gene types. On comparing phylograms of COI subunit and 16s rRNA showed that some clades
such as P. longipes femoristriga and P. pascuensis, P. echinatus and P. penicillatus, P. homarus homarus and P.
homarus megasculpta, P. longipes longipes and P. Cygnus, P. inflatus and P. gracilis are closely associated in
former tree and also found to be closely associated in later. This observation suggests that these species are close
relatives. The level of sequence divergence between different pairs of species within Panulirus was higher in
pairwise comparisons. This pattern suggested that the degree of genetic divergence between species such as P.
cygnus, P. japonicus, P. longipes, P. marginatus, P. pascuensis, P. penicillatus, P. echinatus, and P. guttatus (16S:
2.8–19.4%; COI: 12.4–31.8%) may have an earlier radiation than in between species such as P. polyphagus, P.
gracilis, P. laevicauda, P. regius, P. inflatus, P. homarus, P. ornatus, P. stimpsoni, and P. versicolor (16S: 5.3–
13.2%; COI: 12.6–19.6%). Thus, these comparative phylogenetic analyses revealed some important clues to explore
insights among species within Panulirus for further studies.
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[I] INTRODUCTION:
Advancement in molecular biology and DNA
sequencing techniques has enabled to
characterize the genomes of various organisms
rapidly. The use of nucleotide sequence
comparisons for estimating phylogenetic
relationships has attracted wide spread attention
in molecular systematic analyses among
biologists. Fisheries sector plays a pivotal role in
the national economy in view of its contribution
to the food requirement. Of which, capture sector
contributes 40% and aquaculture contributes 60%
(FAO, 2001). Crustaceans are one of the most
delicate and commercially important fishery
products. In crustaceans, among arthropods, the
members of the family Palinuridae are commonly
known as spiny lobsters, crawfish/crayfish,
langoustes, or shrimp depending on the part of
the world in which they are found [1]. They form
a world-wide fishing industry and are found from
cold, deep waters up into shallow coral reefs.
Palinurids have spiny antennae, lack claws and
most species produce loud sounds using
structures at the base their antennae. The spiny
lobster of the genus Panulirus has long been of
interest to evolutionary biologists because of its
high level of species diversity, its wide
geographic distribution and the importance of
many species to commercial fisheries. Among
genera in the family Palinuridae, Panulirus has
been the most successful in terms of species
diversity; 19 species have been described to date,
three of which are divided into seven recognized
subspecies [1-3]. The key to this successful
radiation is thought to be the invasion by species
of Panulirus of shallow water, tropical
environments, which permits the occupation of
varied habitats not accessible to congeners [3, 4].
Because of morphological, ecological and
behavioural diversity, both within and among the
species of Panulirus, the phylogenetic history of
this group has not been well understood. The

Subhalaxmi Nayak and K. Umadevi

phylogeny of spiny lobsters (Palinuridae)
received its first major analysis in the classic
paper by R. George and A. Main (1967). While
this study was not a cladistic analysis, it painted
an important portrait of the relationships and key
characters of both fossil and extant spiny lobsters.
Mitochondria are believed to have originated
from free living purple bacteria, which became
the part of the eukaryotic organism through an
“endosymbiotic” event [5]. The mitochondria are
extra-nuclear organelles present in all metazoans.
In each cell, there are 100-1000 mitochondria
depending on the species and type of the cell and
there are 2-10 Mitochondrial DNA (Mt DNA)
copies per cell. Mt DNA is a semi-autonomous
molecule, which does not undergo recombination.
Mt DNA has a rate of substitutions almost 10
times greater than nuclear DNA. This has
resulted in a large degree of variation between
species and between individuals. Mitochondrial
DNA represents a useful marker system for use in
population and phylogenetic studies genomes that
have been sequenced due to its maternal mode of
inheritance, relative lack of recombination and
accelerated mutation rate. It also has an effective
population size that is one-quarter that of singlecopy nuclear DNA, making it more likely to
exhibit differentiation due to the effects of
genetic drift.
The mitochondrial genomes are covalently closed
circular molecules of about 16 kb in length and
contain 37 genes: 28 are coded by the heavy
strand and 9 by the light strand. Of these a total
of 24 specify a mature RNA product: 22
mitochondrial tRNA molecules and two
mitochondrial rRNAs (small 23s and large 16s
rRNA). The remaining 13 genes which are
synthesized on mitochondrial ribosome, code for
enzyme subunits involved in the electron
transport chain. These are seven subunit of
NADH dehydrogenase (ND1, 2, 3, 4, 4L, 5, 6)
cytochrome b, three subunit of cytochrome C
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Oxidase (COI, II, III) and two subunit of ATP
synthatase (ATPase 6 and 8) [6, 7]. This gene
content is widely conserved, but gene order and
the DNA sequences of the genes themselves are
variable. In addition, gene order rearrangements
and mitochondrial gene sequences have been
widely used for phylogenetic inference [8].
Mitochondrial DNA provides a potential tool for
studying population and phylogenetic analysis
and the different genes of mitochondrial genome
are used for phylogeny analysis at different levels
of taxa, family, species and individual’s level.
Hence, an attempt has been made to report the
phylogenetic analyses based on nucleotide
sequence data from two regions of the
mitochondrial genome, the large subunit
ribosomal RNA (16s) and the cytochrome
oxidase I subunit (COI) to examine the pattern of
speciation and also to examine the rates, patterns
and types of nucleotide substitutions among
members of Panulirus. Sequences of these gene
regions for all species and four subspecies (total
of 21 taxa) within the genus Panulirus were
included in phylogenetic analyses. The specific
aims in recovering the molecular phylogeny were
to determine the phylogenetic relationships
among all members of the genus and to test
previously proposed taxonomic groupings and
biogeographic hypotheses. The mitochondrial
gene regions used in this study have proven
useful for reconstructing detailed phylogenies
that are independent of morphological characters
and are free from the environmental influence
that may bias morphologically based topologies
[9].
[II] MATERIALS AND METHODS
2.1. Data collection:
A total number of 42 gene sequences, composed
of 21 cytochrome oxidase I subunit (COI) and
16s rRNA genes each, of 19 different species
belonging to the genus Panulirus were retrieved
from
GenBank
database
of
NCBI
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(www.ncbi.nlm.nih.gov). For two species, P.
homarus and P. longipes, two recognized
subspecies of each, P. homarus homarus and P.
h. megasculpta [10] and P. longipes longipes and
P. l. femoristriga, were taken into consideration
for analysis at both gene regions. The P. l.
femoristriga used in this analysis was the ‘crossbanded’ form and has also been described as P.
femoristriga [11], P. longipes ‘shirahige’ [3], and
most recently as P. l. bispinosus [12]. Twentyone taxes of Panulirus species were used to
investigate their inter-specific variation in
MtDNA sequences. The entire dataset was
presented in table 1.
Table 1 GenBank accession numbers for species used in
COI and 16S sequence analyses.
Sl
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Species

Panulirus argus
Panulirus cygnus
Panulirus echinatus
Panulirus gracilis
Panulirus guttatus
Panulirus homarus
homarus
Panulirus homarus
megasculpta
Panulirus inflatus
Panulirus interruptus
Panulirus japonicus
Panulirus laevicauda
Panulirus longipes
femoristriga
Panulirus longipes
longipes
Panulirus
marginatus
Panulirus ornatus
Panulirus pascuensis
Panulirus
penicillatus
Panulirus
polyphagus
Panulirus regius
Panulirus stimpsoni
Panulirus versicolor

Abbreviation

GenBank Accession
Number
16S rRNA
COI

Parg
Pcyg
Pech
Pgra
Pgut
Phoh

AF337966
AF337967
AF337965
AF337964
AF337963
AF337962

AF339452
AF339453
AF339454
AF339455
AF339456
AF339457

Phom

AF337961

AF339458

Pinf
Pint
Pjap
Plae
Plof

AF337960
AF337959
AF337968
AF337969
AF339156

AF339459
AF339460
AF339461
AF339462
AF339463

Plol

AF337970

AF339464

Pmar

AF337972

AF339465

Porn
Ppas
Ppen

AF337971
AF337973
AF337974

AF339467
AF339466
AF339468

Ppol

AF337975

AF339469

Preg
Psti
Pver

AF337976
AF337977
AF337978

AF339470
AF339471
AF339472

Species abbreviations are included for data presented in
Table 2 and 4

2.2. Sequence Analysis: All the sequences were
obtained in FASTA format and were compiled
together into a single text file. Multiple Sequence
Alignments (MSA) were performed by using
CLUSTALW program which is windows
interface available in MEGA 4, with gap opening
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penalty = 15 and gap extension penalty = 6.66 to
find out the basic sequence statistics including
nucleotide frequencies, transition/ transversion
(Ts/Tv) ratio and variability in different regions
of sequences. It provides an integrated
environment for performing multiple sequence
and profile alignments and analyzing the results
[13]. A versatile coloring scheme has to be
incorporated to highlight conserved features in
the alignment. Alignment quality analysis can be
performed and low-scoring segments or
exceptional residues can be highlighted. The
required outputs were a Multiple Sequence
Alignment in MAS and MEG format. Therefore,
the options in the CLUSTALW were adjusted as
per requirements. All gap characters were scored
as missing data rather than a fifth character. A
part of the Multiple Sequence Alignment was
shown in figure 1a and 1b.

The data from the two gene regions were
analyzed in a two-step process. The phylogenetic
tree was constructed on the basis of 16S rRNA
nucleotide sequences ranging 461 to 471 and COI
nucleotide sequences ranging 637 to 643 from 21
taxa of Panulirus, based on UPGMA and MP
methods using MEGA software [14, 15]. First,
the two sets of data were separately subjected to
UPGMA analyses. The UPGMA analysis was
employed with the following options: maximum
composite likelihood model of evolution,
transitions + transversions substitution and
homogenous pattern among lineages. Models
used for both data sets had three categories of
substitution rate. Branch lengths and the level of
support for branches of the phylogenetic trees
were evaluated with bootstrap analysis [16] to
verify the strength of the branches based on 1000
replications. Parsimony analyses were performed
using Close-neighbor-interchange (CNI) with
search level 1 [17] by 100 random addition trees
per replicate and gaps treated as missing data.

Fig. 1(b)
Fig. 1(a) Multiple sequence alignment of 16S rRNA
nucleotide sequence. (b) Multiple sequence alignment
of COI nucleotide sequence as obtained from
ClustalW. * represents the conserved region.

Tree statistics included the consistency index
[18], retention index (RI) and rescaled
consistency index (RCI) [19] for all sites.
Bootstrap percentages are also described as high
(85 – 100%), moderate (75 -84%) or low (50 –
74%). The number of nucleotide substitutions per

2.3. Phylogenetic Analyses:
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site from averaging evolutionary divergence over
all sequence pairs was estimated by Kimura’s two
parameter method [20].
[III] RESULTS
3.1. Nucleotide Composition of COI and 16S
Alignments
CLUSTALW formed the baseline data for
generation of Phylogenetic trees. Alignment
quality may have much impact on phylogenetic
reconstruction. Not only the alignment algorithm,
but also the method used to deal with the most
problematic alignment regions, or gaps, may have
a critical effect on the final tree. Although some
authors remove such problematic regions either
manually or using automatic methods in order to
improve phylogenetic performance, others prefer
to keep such regions to avoid losing any
information [21]. The present study adopted the
latter strategy.
The alignment of 16S rRNA sequences for all 21
taxes was 486 bp in length. Of these, 280 were
conserved, 195 were variable but uninformative,
142 were parsimony-informative and 52 were
singleton site. Gaps were treated as missing data
in the analyses. Nucleotide content averaged
31.3% A, 33.1% T, 13.6% C, and 22.1% G
(Table 2). The alignment of COI sequences for all
21 taxes was 645 bp in length. Of these, 355
characters were conserved, 288 were variable but
uninformative, 236 were parsimony-informative
and 52 were singleton site. Nucleotide content
averaged 24.8% A, 32.2% T, 22.6% C, and
20.4% G, with very little deviation among taxes
(Table 2). In addition, 376 zero-fold degenerate
sites, 24 two-fold degenerate sites and 26 fourfold degenerate sites were found due to its protein
coding. Each entry shows the probability of
substitution from one base (row) to another base
(column) instantaneously. Only entries within a
row should be compared. Rates of different
transitional substitutions are shown in bold and
those of transversional substitutions are shown in
italics (Table 3). The 16S rRNA nucleotide
Subhalaxmi Nayak and K. Umadevi

frequencies are 0.314 (A), 0.333 (T/U), 0.127
(C), and 0.226 (G). The transition/transversion
rate ratios are k1 = 2.789 (purines) and k2 = 4.336
(pyrimidines). The overall transition/transversion
bias (R) estimated was 1.201. The COI nucleotide
frequencies are 0.25 (A), 0.32 (T/U), 0.226 (C),
and 0.204 (G). The transition/transversion rate
ratios are k1 = 2.975 (purines) and k2 = 4.431
(pyrimidines). The overall transition/transversion
bias (R) estimated was 1.727, where R = [A*G*k1
+ T*C*k2]/[(A+G)*(T+C)]. As the lobsters are
AT rich, the percentage of A+T present in the
nucleotide base pairs were 64.4% in 16S rRNA
and 57% in COI.
Table 2 Nucleotide composition for 16S rRNA and COI
alignments

Table 3 Maximum Composite Likelihood estimate of the
pattern of Nucleotide Substitution
Base
pairs

16S rRNA

COI

A

T

C

G

A

T

C

G

A

-

6.06

2.3

11.44

-

5.54

3.92

10.52

T

5.71

-

9.98

4.1

4.34

-

17.35

3.54

C

5.71

26.29

-

4.1

4.34

24.55

-

3.54

G

15.94

6.06

2.3

-

12.91

5.54

3.92

-
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3.2. Phylogenetic Relationships:
Phylogenetic analysis provides the most accurate
reconstruction of evolutionary relationships and
distances
between
nucleotide
sequences.
Phylogenetic methods are widely used method to
estimate the evolutionary rates of genes and
genomes to detect footprints of natural selection,
and the evolutionary information is used to
interpret genomic data. A phylogenetic analysis
of 16S rRNA and COI genes may provide
insights into the evolution of the Panulirus genus.
Phylogenetic tree was designed to identify the
ideal regions that could be used for defining the
inter and intra-species relationships. A significant
level of phylogenetic signal was detected in both
16S and COI data sets.
3.2.1. Constructing Trees from Nucleotide
Sequences by UPGMA
Phylogenetic tree of genus Panulirus of 21 taxes
for 16S rRNA and COI were inferred using
UPGMA method. The optimal trees with the sum
of branch length were found to be 0.94813606
(Figure 2a) and 1.83751670 (Figure 2b)
respectively. The percentage of replicate trees in
which the associated taxa clustered together in
the bootstrap test (1000 replicates) was shown
next to the branches [16]. The tree is drawn to
scale, with branch lengths (next to the branches)
in the same units as those of the evolutionary
distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the
Maximum Composite Likelihood method [22]
and are in the units of the number of base
substitutions per site. All positions containing
gaps and missing data were eliminated from the
dataset (Complete deletion option). There were a
total of 411 positions for 16S rRNA and 628
positions for COI in the final dataset.
3.2.2. Constructing Trees from Nucleotide
Sequences by MP
The evolutionary history for 16S rRNA and COI
were inferred using the Maximum Parsimony
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method. The consensus tree inferred from 14
most parsimonious trees (length=414) for 16S
rRNA (Figure 3a) was recovered. Branches
corresponding to partitions reproduced in less
than 50% trees are collapsed. The consistency
index is 0.478610, the retention index is
0.682927, and the composite index is 0.361258
(0.326855) for all sites and parsimonyinformative sites (in parentheses). The percentage
of parsimonious trees in which the associated
taxa clustered together was shown next to the
branches. The MP tree was obtained using the
Close-Neighbor-Interchange algorithm with
search level 1 [17] in which the initial trees were
obtained with the random addition of sequences
(100 replicates). All positions containing gaps
and missing data were eliminated from the
dataset (Complete Deletion option). There were a
total of 411 positions in the final dataset, out of
which 113 were parsimony informative.
Maximum-parsimony analysis of the COI data set
(Figure 3b) yielded 6 most parsimonious
trees (Length=1235). The consistency index is
0.351946, the retention index is 0.439239, and
the composite index is 0.166804 (0.154588) for
all sites and parsimony-informative sites (in
parentheses). There were a total of 628 positions
in the final dataset, out of which 229 were
parsimony informative.
The number of base substitutions per site from
analysis between sequences (estimation of
Evolutionary Divergence) was shown in table 4.
The number of base substitutions per site from
averaging evolutionary divergence over all
sequence pairs was found 0.15 for 16S rRNA and
0.23 for COI nucleotide sequences. The pairwise
sequence divergences based on Kimura’s (1980)
two-parameter model, which corrects for the 2:1
transition
bias
in
mtDNA
nucleotide
substitutions, were consistently lower in the 16S
than in the COI region (Table 4). This result
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suggests that the 16S gene is more conserved
than the COI gene in Panulirus.
[IV] DISCUSSION
The usefulness of mtDNA sequences for
phylogenetic purposes is determined at one
extreme by the stochasticity of the distribution of
haplotype polymorphisms within species or
among closely related species and at the other
extreme by saturation effects due to base
compositional biases, mutational bias and
selective constraints on the gene product. The
study presented here was an attempt to employ
partial sequences of mitochondrial DNA among
all Panulirus species
to address inter-specific relationships. Alignment
of the 16S rRNA and COI sequences had
Parg
Parg
Pcyg
Pech
Pgra
Pgut
Phoh
Phom
Pinf
Pint
Pjap
Plae
Plof
Plol
Pmar
Porn
Ppas
Ppen
Ppol
Preg
Psti
Pver

0.16
0.17
0.19
0.15
0.18
0.18
0.17
0.14
0.15
0.18
0.20
0.16
0.17
0.19
0.20
0.18
0.17
0.20
0.18
0.19

Pcyg
0.21
0.13
0.19
0.13
0.19
0.19
0.18
0.13
0.08
0.20
0.07
0.05
0.05
0.21
0.08
0.12
0.18
0.21
0.19
0.20

Pech
0.25
0.24
0.20
0.16
0.19
0.19
0.19
0.14
0.12
0.19
0.14
0.13
0.13
0.18
0.14
0.05
0.20
0.22
0.19
0.19

Pgra
0.25
0.26
0.27
0.19
0.07
0.08
0.07
0.16
0.17
0.08
0.22
0.19
0.20
0.08
0.22
0.20
0.10
0.08
0.08
0.10

Pgut
0.22
0.21
0.24
0.26
0.18
0.18
0.18
0.12
0.13
0.19
0.15
0.13
0.14
0.18
0.15
0.14
0.18
0.21
0.18
0.18

Phoh
0.27
0.25
0.28
0.13
0.25
0.01
0.05
0.15
0.15
0.08
0.20
0.18
0.19
0.06
0.21
0.19
0.07
0.09
0.08
0.08

Phom
0.27
0.22
0.27
0.15
0.21
0.12
0.05
0.15
0.14
0.08
0.20
0.18
0.19
0.06
0.21
0.19
0.07
0.10
0.08
0.08

Pinf
0.24
0.24
0.23
0.14
0.24
0.15
0.14
0.16
0.16
0.06
0.19
0.16
0.19
0.07
0.20
0.19
0.08
0.09
0.07
0.09

Pint
0.29
0.27
0.30
0.30
0.25
0.27
0.27
0.28
0.13
0.17
0.15
0.11
0.14
0.17
0.15
0.14
0.15
0.18
0.17
0.17

Pjap
0.25
0.21
0.26
0.26
0.23
0.24
0.25
0.27
0.26
0.17
0.11
0.08
0.09
0.18
0.11
0.12
0.17
0.20
0.16
0.17

revealed a typical pattern of conserved segments
interrupted by variable ones. UPGMA recovered
a topology similar to the maximum parsimony
trees of 16S rRNA and COI with some minor
differences in relationships among species. The
bootstrap support for a major division between
Panulirus species was reasonably strong,
especially for the analyses of the 16S. George and
Main (1967) proposed an evolutionary hypothesis
for speciation in Panulirus that in many ways is

Subhalaxmi Nayak and K. Umadevi

consistent with the pattern recovered by our
molecular phylogeny, but does not support the
monophyly of any of the individual. The level of
sequence divergence was consistently higher
among species such as P. cygnus, P. japonicas, P.
longipes, P. marginatus, P. pascuensis, P.
penicillatus, P. echinatus, and P. guttatus (16S:
2.8–19.4%; COI: 12.4–31.8%) than that among
species such as P. polyphagus, P. gracilis, P.
laevicauda, P. regius, P. inflatus, P. homarus, P.
ornatus, P. stimpsoni, and P. versicolor (16S:
5.3–13.2%, COI: 12.6–19.6%). However, the
higher level of sequence divergence among
species may also be due to a higher rate of
molecular evolution at these mitochondrial
genes for species in this lineage.
Plae
0.26
0.25
0.29
0.16
0.23
0.17
0.16
0.14
0.28
0.26
0.21
0.19
0.21
0.08
0.21
0.19
0.11
0.08
0.08
0.07

Plof
0.22
0.13
0.24
0.28
0.21
0.28
0.23
0.27
0.28
0.23
0.24
0.07
0.07
0.21
0.03
0.14
0.21
0.24
0.21
0.20

Plol
0.20
0.13
0.24
0.27
0.20
0.27
0.22
0.27
0.30
0.22
0.24
0.05
0.06
0.19
0.07
0.11
0.18
0.22
0.18
0.19

Pmar
0.22
0.13
0.25
0.26
0.22
0.25
0.22
0.25
0.26
0.21
0.25
0.13
0.12
0.21
0.07
0.14
0.20
0.24
0.19
0.21

Porn
0.25
0.24
0.27
0.14
0.24
0.13
0.14
0.15
0.29
0.25
0.18
0.25
0.24
0.24
0.21
0.20
0.09
0.10
0.08
0.07

Ppas
0.24
0.18
0.22
0.30
0.23
0.27
0.25
0.27
0.28
0.23
0.28
0.20
0.17
0.16
0.28
0.14
0.21
0.24
0.22
0.21

Ppen
0.22
0.22
0.13
0.26
0.23
0.27
0.26
0.24
0.27
0.26
0.28
0.23
0.21
0.23
0.25
0.21
0.19
0.21
0.18
0.18

Ppol
0.24
0.24
0.28
0.18
0.23
0.16
0.17
0.17
0.27
0.25
0.17
0.26
0.24
0.22
0.17
0.24
0.27
0.11
0.09
0.10

Preg
0.26
0.26
0.29
0.16
0.28
0.18
0.17
0.18
0.30
0.26
0.17
0.26
0.26
0.25
0.18
0.27
0.27
0.19
0.08
0.12

Table 4: Inter-specific sequence divergence estimates
for pairs of Panulirus species for 16S (below
diagonal) and COI (above diagonal).
Sequence divergence estimates are based on Kimura’s
(1980) two-parameter model. See Table 1 for species
abbreviations

The observed pattern of sequence divergence is
consistent with
previous hypotheses suggesting that species such
as P. cygnus, P. japonicas, P. longipes, P.
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Psti
0.23
0.24
0.28
0.16
0.25
0.17
0.17
0.16
0.28
0.25
0.18
0.26
0.23
0.25
0.17
0.25
0.25
0.16
0.18
0.08

Pver
0.25
0.24
0.26
0.17
0.27
0.19
0.17
0.15
0.28
0.26
0.18
0.25
0.26
0.25
0.17
0.28
0.24
0.18
0.19
0.14
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marginatus, P. pascuensis, P. penicillatus, P.
echinatus, and P. guttatus represent an early
radiation of Panulirus. These hypotheses were
based on the retention of presumably more
primitive or ancestral morphological traits in
adult [4], phyllosoma, and puerulus forms [23]
for species.
The comparison of 16s rRNA sequences is a
powerful tool for deducing phylogenetic and
evolutionary relationships among bacteria,
archeobacteria and Eukaryotic organisms [24, 25].
Basing on this concept on comparing phylograms
of 16s rRNA genes with COI gene sequences, it
showed that P. longipes femoristriga and P.
pascuensis, P. echinatus and P. penicillatus, P.
homarus homarus and P. homarus megasculpta,
P. longipes longipes and P. Cygnus, P. inflatus
and P. gracilis which happened to be closely
associated in 16s rRNA phylogram, are also found
to be closely associated in COI gene sequences.
This observation shows that these species are
close relatives of each other.
The overall pattern of speciation recovered by our
mtDNA phylogenies supports earlier hypotheses,
based on morphological characters [4] in
Panulirus. Further phylogenetic analyses are
required to test relationships among species. For
example, the taxonomic status of the subspecies of
P. homarus and P. longipes warrants further
investigation. In both instances, subspecies are
sister taxa within trees generated from the
analyses, but levels of sequence divergence at the
two genes suggest genetic differentiation has
occurred between subspecies (Table 4). Future
studies should address questions of genetic
differentiation both within and between species of
Panulirus. These results showed that analyses of
the mitochondrial DNA are a useful approach for
inferring phylogenetic relationships especially at
the intra-specific level.
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[V] CONCLUSION
In this study, evolutionary relationship between
mitochondrial 16S rRNA and COI genes of
Panulirus genus enunciated the importance of
identifying various unique features such as
variation and evolutionary position of the genes
w.r.t molecular phylogeny. This observation in
Panulirus opens the door to study the
phylogenetic position of mitochondrial genes in
different levels of classification such as other
genus, family, order or class etc. The
phylogenetic results represent a first step toward
understanding the pattern of speciation in
Panulirus solely on the basis of molecular
characters. It is hoped that future researchers will
add to our molecular data set by including
sequences of additional genes from both the
nuclear and mitochondrial genomes for species
and subspecies of Panulirus. In addition, it
encourages other investigators to use our
phylogenetic framework as a starting point in
attempts to uncover the origin and likely direction
of change in key morphological, ecological, and
behavioral traits possessed by members of this
fascinating and highly divergent genus. These
results provide the necessary frame work and
explicit phylogenetic hypotheses from which
further reversionary and other systematic studies
can proceed. Studies on additional Palinura
mitochondrial genome data will be very useful
for determining their phylogenetic positions.
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Figures:
Phylogenetic Analysis:
Fig. 2(a)

Fig. 2(b)

Fig. 2 Phylogenetic tree of mitochondrial (a) 16S rRNA, and (b) COI partial nucleotide sequences representing 21
taxes of genus Panulirus, were inferred using UPGMA method. Bootstrap percentages and branch lengths are
indicated above and below the branches, respectively.
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Fig. 3(a)

Fig. 3(b)

Fig. 3 (a) The bootstrap Strict Consensus Phylogenetic tree from 16S rRNA data sets representing 21 taxa of genus Panulirus
were inferred using the Maximum Parsimony method. (b) The strict consensus tree of six maximally parsimonious trees based on
the COI nucleotide sequences of mitochondrial ribosomal DNA data set with gaps being treated as missing data. The bootstrap
values greater than 50% in 1000 bootstrap replicates are shown above lines.
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