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Abstract

The complete m itochondrial DNA sequence was 
determined for the Australian giant crab Pseudoc­
arcinus gigas (Crustacea: Decapoda: Menippidae) 
and the giant freshwater shrimp M acrobrachium  
rosenbergii (Crustacea: Decapoda: Palaemonidae). 
The Pse. gigas and M. rosenbergii m itochondrial 
genomes are circular molecules, 15,515 and 
15,772 bp in length, respectively, and have the same 
gene composition as found in  other metazoans. The 
gene arrangement of M. rosenbergii corresponds 
w ith  that of the presum ed ancestral arthropod gene 
order, represented by Lim ulus polyphem us , except 
for the position of the tRNAi ™*UUi:* gene. The Pse. 
gigas gene arrangement corresponds exactly w ith 
that reported for another brachyuran, Portunus tri­
tuberculatus, and differs from the M. rosenbergii 
gene order by only the position of the tR N A Hls gene. 
Given the relative positions of intergenic nonoding 
nucleotides, the "duplication/random  loss" model 
appears to be the m ost plausible m echanism  for the 
translocation of this gene. These data represent the 
first caridean and only the second brachyuran com­
plete m tD N A  sequences, and a source of inform a­
tion that w ill facilitate surveys of intraspecific 
variation w ith in  these commercially im portant 
decapod species.
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Introduction

The m itochondrial genome, present in  alm ost all 
eukaryotic cells, contains genetic inform ation that 
has greatly facilitated system atic and population 
genetic research over the past 2 decades. Character­
istics such as a relatively rapid m utation  rate, 
m aternal inheritance, and a presum ed lack of inter- 
m olecular recom bination have resulted in  its 
extensive use in  investigations of population struc­
ture and phylogenetic relationships at different tax­
onomic levels (Avise, 1994; Avise, 2000).

To date approximately 460 eukaryote complete 
m itochondrial DNA sequences and corresponding 
gene orders have been determined, w ith  approxi­
m ately 75% representing vertebrates. By comparison, 
crustaceans, the m ost morphologically diverse 
anim al life form (Martin and Davis, 2001), are rep­
resented by only 15 complete m itochondrial se­
quences: 3 branchiopods (Valverde et al., 1994; 
Crease, 1999; U m etsu et al., 2002); one remipede 
(Lavrov et al., 2004), one cephalocarid (Lavrov et al., 
2004), 3 maxillopods (Machida et al., 2002; Lavrov et 
al., 2004); one ostracod (Ogoh and Ohmiya, 2004), 5 
decapod malacostracans (Hickerson and Cunning­
ham, 2000; W ilson et al., 2000; Yamauchi et al., 
2002, 2003; M iller et al., 2004); and a single member 
of the dubiously placed Pentastom ida (Lavrov et al., 
2004).

The decapods are an extremely diverse group of 
crustaceans w ith  m any species of commercial 
importance, especially the palinurid and nephropid 
lobsters, penaeoid shrimps, and portunid and 
xanthoid crabs. The Australian giant crab Pseudo­
carcinus gigas (Crustacea: Decapoda: Menippidae) is 
distributed throughout the southern oceanic waters 
of A ustralia and is the largest know n true crab, w ith 
males reaching up to 13.6 kg and females 6 kg.

DOI: 10.1007/sl0126-004-4077-8 •  V olum e 7, 339-349 (2005) •  © Springer Science+Business M edia, Inc. 2005 339



340 A d a m  D. M i l l e r  e t  a l . :  M i t o c h o n d r i a l  DNA S e q u e n c e s  o f  t h e  D e c a p o d  C r u s t a c e a n s

Although Pse. gigas has been targeted commercially 
in  a trap fishery since 1990, biological and genetic 
inform ation essential to the sustainable manage­
m ent of the resource, such as knowledge of popula­
tion structure, is lacking. Preliminary surveys of four 
m itochondrial gene regions failed to detect nucleo­
tide variation suitable for population genetic analy­
ses (A.D. M iller and N.P. Murphy, unpublished 
results). Because of the current lack of available 
m itochondrial sequence data, these surveys were 
restricted to relatively conserved gene regions and 
thus the use of universal primers. In order to over­
come these lim itations, inform ation from more 
rapidly evolving gene regions is required.

Availability of m tD N A  inform ation is similarly 
lim ited for another extremely im portant commercial 
decapod crustacean, the giant freshwater shrimp 
Macrobrachium rosenbergii (Crustacea: Decapoda: 
Palaemonidae). Macrobrachium rosenbergii is one of 
approximately 200 species that constitute the genus 
Macrobrachium. Members of this genus are highly 
diverse, w ith m uch uncertainty surrounding their 
system atic relationships (Murphy and Austin, 2002; 
de Bruyn et al., 2004). The geographic distribution of 
the genus encompasses circumtropical marine, 
estuarine, and fresh waters of all continents except 
Europe. M. rosenbergii, like Pse. gigas, is com m er­
cially im portant, particularly in  developing regions 
such as the Indian subcontinent, and Southeast Asia, 
where it is a major species for aquaculture and 
indigenous fisheries. There is a clear need for popu­
lation research on this species, as evidence suggests 
that m any natural populations are being heavily 
depleted and the species widely translocated (New 
and Valenti, 2000).

In this study we report the complete nucleotide 
sequence and gene arrangement of the m itochondrial 
genome for Pse. gigas and M. rosenbergii. These data 
represent the first caridean and only the second 
brachyuran complete m tD N A  sequences. The 
m olecular descriptions of the genomes in  this study 
do not indicate major discrepancies from those al­
ready described for other decapod crustaceans. N ev­
ertheless, the data generated are of great importance 
for taxonomic and population genetic research, 
which provides critical inform ation for effective 
m anagem ent of genetic resources w ith in  the species. 
In a broader sense the data generated w ill also be of 
im portance for genomic and phylogenetic research, 
given the current uncertainties associated w ith deep 
relationships w ith in  the Crustacea and Arthropoda, 
m itochondrial gene rearrangement mechanisms, 
homoplasy of gene order, and consequently the 
phylogenetic u tility  of m itochondrial gene order 
(Boore, 1999; Curóle and Kocher, 1999).

Materials and Methods

Specimens, DNA Extraction, and Determination of 
Partial Sequences. Pseudocarcinus gigas ethanol- 
preserved m uscle tissue came from an area off the 
coast of Portland in  southeast Australia (38.34°S 20, 
141.60°E). Whole M. rosenbergii specimens were 
obtained from a fish m arket in  eastern Java, Indo­
nesia. The exact coordinates of their collection site 
are unknown. M itochondrion-enriched DNA ex­
tracts were obtained from m uscle tissue for both 
species following Tam ura and A otsuka (1988).

Partial sequences for the Cyt b and CO I m ito­
chondrial genes of Pse. gigas were amplified by 
polymerase polymerase chain reaction (PCR) using 
the following prim er pairs: cyt b. 10862.F w ith  cyt 
b.11317.R, and COIA w ith COIF (Palumbi and Ben­
zie, 1991). Cyt b prim er nom enclature was derived 
from corresponding localities w ith in  the Penaeus 
m onodon  m itochondrial DNA sequence (GenBank 
accession num ber NC_002184), and prim er se­
quences are displayed in Table 1. For M. rosenbergii 
partial sequences were initially generated for the Ir- 
RN A  and COI genes using the prim ers pairs 1471 
and 1472 (Crandall et al., 1995) and COIA and COIF 
(Palumbi and Benzie, 1991), respectively.

PCR was performed using Taq DNA polymerase 
(Invitrogen) following the supplier’s instructions. 
PCR products were purified using a QIAquick PCR 
purification k it (QIAGEN) and directly sequenced 
(see below).

Long PCR

Pseudocarcinus gigas. PCR primers designed from 
the sequence data obtained above were used to am ­
plify the entire Pse. gigas m itochondrial genome in  2 
large fragments, approximately 6.7 and 8.8 kb in 
size. The prim er pairs were P.gigas.9598.E w ith 
P.gigas.830.R, and P.gigas.799.F w ith P.gigas.9233.R. 
PCR employed High Fidelity Platinum  Taq DNA 
Polymerase (Invitrogen), following the supplier’s 
instructions. The 8.8-kb PCR product was subjected 
to nested PCR using the following internal prim er 
pairs: ND4.7468.E w ith cyt b.9386.R, COIII.3260.F 
w ith ND4.7697.R, and COI. 1038.F w ith  CO- 
JJJ.3444.R, w ith PCR conditions as described above. 
These overlapping PCR fragments were approxi­
m ately 1.8, 4.4, and 2.4 kb, respectively. Primer 
nom enclature given above corresponds to the relative 
positions in  the Pse. gigas m itochondrial genome.

Macrobrachium rosenbergii. Using species- 
specific primers designed from the data obtained 
above, and another prim er designed from a conserved
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Piim ei N am e

cyt b. 10862.F 
cyt b. 11317.R 
P.gigas.9598.F 
P.gigas.830.R 
P. gigas. 799. F 
P.gigas.9233.R 
ND4.7468.F 
cyt b.9386.R 
COIII.3260.F 
ND4.7697.R 
COI.1038.F 
COIII.3444.R 
M R.11371.F 
MR.1181.R 
MR. 1154.F 
MR.8082.R 
M R.7362.F 
MR. 11389.R

region of the ND4 gene shared by a variety of deca­
pod crustaceans, the entire m itochondrial genome 
was amplified in  three fragments, approximately 5.5, 
7.0, and 4.0 kb in  length. The prim er pairs were 
MR.11371.F w ith  MR.1181.R, MR.1154.F w ith 
MR.8082.R, and MR.7362.F w ith MR.11389.R. Pri­
m er nom enclature corresponds to the position 
w ith in  the M. rosenbergii m tD N A  molecule.

Cloning, Sequencing, and Gene Identifica­
tion. The Pse. gigas 6.7-kb and 4.4-kb PCR products 
and the three M. rosenbergii PCR products were gel 
purified and ligated into pCR® XL plasm id vector 
using the TOPO XL cloning k it (Invitrogen). DNA 
sequence data from both strands were generated 
from single clones using the prim er walking ap­
proach (Yamauchi et al., 2003). The rem aining Pse. 
gigas 1.8-kb and 2.4-kb PCR products were purified 
using a QIAquick PCR purification k it and se­
quenced directly.

Autom ated sequencing was performed w ith ABI 
PRISM BigDye term inator chemistry, version 3, and 
analysed on an ABI 3700 autom ated sequencer. 
Chromatograms were visually inspected using the 
computer software EditView 1.0.1 (PerkinElmer), 
and DNA sequences were aligned using SeqPup 
(Gilbert, 1997).

Protein-coding and ribosomal RNA gene se­
quences were initially identified using BLAST sear­
ches on GenBank, and subsequently by alignment 
w ith  Portunus trituberculatus (GenBank accession 
num ber NC_005037) and Pen. m onodon  m tD NA 
sequences. Protein-coding genes were further aligned 
w ith  Por. trituberculatus and Pen. m onodon  amino 
acid sequences. Amino acid sequences of Pse. gigas 
and M. rosenbergii protein-coding genes were in ­

Primer Sequence (S'-3')

TTA CCT TGA GGA CAA ATA TCA T
CAC CTC CTA ATT TAT TAG GAA
AGC CGC GGC TAG AAT AGT CC
GCC AAT ATA GCG TAA ATT ATA CCT AAG GTC CC
GGG ACC TTA GGT ATA ATT TAC GCT ATA TTG GC
GAG CTA CTC TGG AGA AAG C
ACA TGA GCT TTH GGT AAT CA
GAA TAT GGG CAG GGG TGA C
CCC AAT CAC ACG GAC ATC ATC CTT AC
CGC ATT CAG GCT GGT GTT TAG ATG TTG
CAC TGT AGG TGG ACT AAC
AA TAT CTC GTC ATC ATT G
CAA CAT CGA GGT CGC AAA C
CAG TGA GCG ATT CCT GCG AAG ATG CCG
CGG CAT CTT CGC AGG AAT CGC TCA CTG
CTT GCT GCT TGT GAG GGG
ACA TGA GCT TTT GGT AAT CA
GTT TGC GAC CTC GAT GTT G

ferred using the Drosophila translation code. The 
m ajority of the transfer RNA genes were identified 
using tRNAscan-SE 1.21 (Lowe and Eddy, 1997), 
employing the default search mode, specifying 
m itochondrial or chloroplast DNA as the source, and 
using the invertebrate m itochondrial genetic code 
for tRNA structure prediction. Remaining tRNA 
genes were identified by inspecting sequences for 
tRNA-like secondary structures and anticodons. The 
resulting Pse. gigas and M. rosenbergii sequences 
were deposited in  GenBank under accession num ­
bers AY562127 and AY659990, respectively.

Results and Discussion

Genome Composition. The m itochondrial genomes 
of Pse. gigas and M. rosenbergii are circular m ole­
cules 15,515 bp and 15,772 bp in  length, respec­
tively, and both contain the typical gene content 
found in  other metazoans: 13 protein-coding, 2 
rRNA, and 22 tRNA genes (Figure 1; Table 2). Two 
and five gene pairs were found overlapping by up to 
7 bp in the Pse. gigas and M. rosenbergii m itochon­
drial genomes, respectively (Table 2), a characteris­
tic that has been reported for other anim al mtDNAs 
(Wolstenholme, 1992). The majority-strand (a) of 
both Pse. gigas and M. rosenbergii encodes 23 genes, 
while the m inority-strand (ß ) encodes 14 genes (Ta­
ble 2). The nucleotide composition of the Pse. gigas 
ß-strand is 5,501 A (35.5%), 5,433 T (35.0%), 1,676 C 
(10.8%), and 2,905 G (18.7%). The nucleotide com­
position of the M. rosenbergii /1-strand is 4,480 A 
(26.5%), 5,646 T (35.8), 2,113 C (13.4%), and 3,833 G 
(24.3%). Gene lengths m d A+T base compositions of 
the Pse. gigas and M. rosenbergii /1-strands, protein- 
coding, rRNA, and tRNA genes, as well as the
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Pseudocarcinus gigas 
15. 515 bp

Macrobrachium rosenbergii 
v  15,772 bp /

Fig. 1. Gene map of the Pseudocarcinus gigas and Macrobrachium rosenbergii m itochondrial genomes. COI-III indicates 
cytochrome c oxidase subunits 1-3; cyt b, cytochrome b; ATP6-8, ATPase subunits 6 and 8; ND1-6/4L, NADH dehy­
drogenise subunits 1-6/4L. Transfer RNA genes are designated by single-letter amino acid codes except those encoding 
leucine and serine, w hich are labeled L; (tR N A Leu{CUÎ ), U  (tR N A Leu{UUR]), Sj (tR N A Ser{AGN]) and S2 (tR N A Ser{UGN]). 
Protein-coding and RNA genes are transcribed in a clockwise direction except those indicated by underlining, and tRNAs 
depicted on the inside of the molecule. Arcs on the outside of the gene maps denote the regions amplified by long PCR.

putative control regions, are displayed in Tables 2 
and 3. Chi-square tests indicated that A+T compo­
sitions of Pse.gigas and M. rosenbergii differed sig­
nificantly (P < 0.05) from various decapod (Table 3).

A total of 745 noncoding nucleotides are evident 
in  the Pse. gigas m itochondrial genome, w ith 152 bp 
at 17 intergenic regions and a 593-bp noncoding re­
gion (Table 2). For M. rosenbergii we found 1,057 bp 
of noncoding nucleotides spread over 13 intergenic 
regions including one large noncoding region 931 bp 
in  length. In both cases we propose that the large 
noncoding region found represents the putative 
control region on the basic of its relative position 
between the srRNA  and tR N A lle, typical of arthro­
pods, and sequence characteristics (A+T-rich, non­
coding). The Pse. gigas putative control region is 
notably shorter than that reported for other decapod 
crustaceans (Table 3); however, control region 
length variations are evident among crustaceans 
(Triops cancriformis = 467 bp; Artem ia francis­
cana = 1,822 bp) (Valverde et al., 1994; U m etsu et 
al., 2002). In contrast, no substantial length differ­
ences of Pse. gigas or M. rosenbergii m itochondrial 
genes were observed w hen compared w ith  those re­
ported for other decapod crustaceans (Table 3).

Gene Order. The order and transcriptional ori­
entation of M. rosenbergii m itochondrial genes is the 
same as that displayed by the putative ancestral 
arthropod gene order depicted by Lim ulus polyphe­
m us  (GenBank accession num ber NC_003057) w ith 
the exception of the tR N A Leu ÛUR'1 gene. The posi­
tion of the M. rosenbergii tR N A Leu(UURï is consistent 
w ith  that reported for other crustacean species (Fig­

ure 1). The Pse. gigas m itochondrial gene order is 
identical to that of M. rosenbergii w ith the exception 
of the relative position of tR N A Hls. Typically this 
gene lies between ND4  and ND5; however, as also 
displayed by another brachyuran, Por. tritubercula­
tus (Yamauchi et al, 2003), it is located between the 
tR N A Glu and the tR N A pbe genes. We speculate that 
the relative position of tR N A Hls is a potential geno­
m ic synapomorphy for the Brachyura.

Although the m echanism s responsible for 
m tD N A  gene rearrangements are still uncertain, one 
of the m ost widely docum ented and accepted m ech­
anisms is the duplication / random loss model (Lev­
inson and Gutm an, 1987; Moritz and Brown, 1987; 
Macey et al., 1997, Boore, 2000). This involves the 
tandem  duplication of gene regions, m ost widely 
considered a result of slipped-strand mispairing dur­
ing replication, followed by the deletion of one of the 
duplicated gene regions. This is a plausible m echa­
nism  for the translocation of the Pse. gigas and Por. 
trituberculatus tR N A Hls gene, m ost likely repre­
senting only a single-step rearrangement process. In 
further support of the duplication / random loss 
m echanism , incom plete gene deletions are evident in 
the Pse. gigas m itochondrial genome, w ith  21 and 46 
unassignable nucleotides displayed at the tR N A Glu-  
tR N A Hls and ND 4-N D 5  gene boundaries, respec­
tively (Table 2). Although these intergenic sequences 
bear no homology to candidate ancestral genes, the 
homology may have been lost due to m utation events 
as a consequence of freedom from selective con­
straints. Yamauchi et al. (2003) give a detailed rep­
resentation of the possible duplication / random loss 
model and translocation of the tR N A Hls gene.
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Protein-Coding Genes. Consistent for both the 
Pse. gigas and M. rosenbergii m itochondrial ge­
nomes, the ATP6 and ATP8, COI-III, Cyt b, ND2, 
ND 3 , and ND6 genes are encoded by the a-strand, 
while N D l, ND4, ND4L, and ND5 are encoded by 
the /1-strand (Table 2). A / T base compositional bias 
is evident at the first and third codon positions (Ta­
ble 4). This bias is comparable to that reported for 
other crustaceans, although the third codon bias for 
other arthropods has been reported to be m uch 
greater (Crease, 1999). Bias to cytosine was found to 
be greater on the a-strand than on the /1-strand, and 
concom itantly the guanine composition was greater 
on the a-strand in  comparison w ith  the /1-strand 
(Table 4). In m am m als this asymm etry is signifi­
cantly correlated w ith the duration of single-stran­
ded state of the "heavy-stranded" genes during 
m tD N A  replication. During this tim e the sponta­
neous deam ination of cytosine and adenine in  the 
heavy-strand occurs owing to preferential exposure 
to hydrolytic and oxidative damage, and conse­
quential susceptibility to m utation  events (Reyes et 
al., 1998).

Translation in itiation and term ination codons of 
the 13 protein-coding genes in  Pse. gigas and M. ro­
senbergii are sum m arized in  Table 2. The Pse. gigas 
in itiation codons inferred for 12 of the 13 genes are 
ATN, which is typical for m etazoan m itochondria 
(Wolstenholme, 1992). We suggest the putative in i­
tiation codon AGA is used for the N D l gene on the 
basis of decapod sequence alignments. Open reading 
frames of the Pse. gigas protein-coding genes were 
term inated w ith the typical TAA or TAG codons for 
all genes except for COI-III, ATP6, ND2, 6, and Cyt 
b. We suggest that these genes are characterized by 
truncated term ination codons, either TA or T, w ith 
the production of the TAA term ini being created by 
posttranscriptional polyadenylation (Ojala et al., 
1981).

The M. rosenbergii initiation codons inferred for 
10 of the 13 genes are ATN. Exceptions include the 
COI-III genes, which employ ACG, AAT, and ACT 
initiation codons, respectively. Again, in itiation co­
dons were estim ated via sequence alignments when 
the typical in itiation codons were absent. Open 
reading frames of the M. rosenbergii protein-coding 
genes were term inated w ith TAA or TAG for seven 
of the 13 genes. Again we suggest the remaining 
genes are characterized by truncated term ination 
codons, w ith  the production of the TAA term ini 
being created by posttranscriptional polyadenylation 
(Ojala et al., 1981).

The data suggest that for both Pse. gigas and 
M. rosenbergii protein-coding genes, a single over­
lapping reading frame is evident on the a-strand
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Table 4. Base Composition [%) of the 13 Protein-Coding Genes for Mitochondral Genomes of Pseudocarcinus gigas and 
Macrobrachium rosenbergiia

A C G T

Pseudocarcinus gigas
All genes
1st 29.6 14.6 22.2 33.6
2nd 18.5 21.2 15.1 45.2
3rd 37.2 11.8 8.7 42.3
Total 28.4 15.9 15.3 40.4
Genes encoded on a -strandb 
1st 29.6 18.5 20.3 31.6
2nd 18.1 24.8 12.5 44.6
3rd 37.7 16.7 5.2 40.4
Total 28.5 20.0 12.6 38.9
Genes encoded on ß -strandc 
1st 29.7 8.5 25.1 36.7
2nd 19.1 15.6 19.1 46.2
3rd 36.4 4.0 14.1 45.5
Total 28.4 9.4 19.4 42.8
Macrobrachium rosenbergii
All genes
1st 27.6 18.7 25.3 28.4
2nd 17.6 23.2 16.3 42.9
3rd 32.7 22.7 13.4 31.2
Total 26.0 21.5 18.3 34.2
Genes encoded on a -strandh 
1st 30.0 23.0 23.3 23.7
2nd 18.3 26.7 13.8 41.2
3rd 41.6 31.4 7.0 20.0
Total 30.0 27.0 14.7 28.3
Genes encoded on ß -strandc 
1st 23.6 11.8 28.5 36.1
2nd 16.5 17.7 20.2 45.6
3rd 18.6 8.7 23.6 49.1
Total 19.6 12.7 24.1 43.6
aC hi-square  tes ts  ind icated  th a t base com position  a t each codon and across strands w ere heterogeneous (P < 0.001). 
hCOI, COII, C O III, ATP6, ATP8, C yt b, N D 2, N D 3, and  N D 6  genes.
CN D 1, N D 4, N D 4L, and N D 5  genes.

and the /kstrand (ATP8 and ATP6 share seven 
nucleotides; ND4  and ND4L share 7 nucleotides). 
Overlapping nucleotides at these gene boundaries 
are com m on amongt m etazoans (Wolstenholme, 
1992), and have gained support from surveys of 
bicistronic transcripts and corresponding protein 
characteristics (Ojala et al., 1981; Fearnley and 
Walker, 1986).

Transfer RNA Genes. For the Pse. gigas and M. 
rosenbergii m itchondrial genomes 22 tRNA genes 
were identified on the basis of their respective an ti­
codons and secondary structures (Figures 2 and 3). 
These tRNAs correspond to the standard set found in 
other m etazoan mtDNAs. Gene lengths and antico­
don sequences were congruent w ith  those described 
for other crustaceans. The anticodon sequences are 
identical to that reported for L. polyphem us  (Lavrov 
et al., 2000), w ith  the exception of tR N A Lys and 
tR N A Ser{AGN). The Pse. gigas and M. rosenbergii 
tR N A Lys and tR N A Ser{AGN) genes, like those of other

crustacean species, possess UUU and UCU antico­
dons, respectively, whereas L. polyphem us utilizes 
CUU and GCU.

Invertebrate tRNA anticodon sequences are 
generally conserved, although variation at the third 
wobble position of the tRN A Lys and tR N A Ser{AGN) 
genes is not uncom m on (Beard et al., 1993; Boore and 
Brown, 1994; Yamauchi et al., 2002). We also found 
the DHU arm stem  of the tR N A Ser̂AGN'1 gene in  both 
genomes to be absent; however, this characteristic is 
typical of m etazoan m tD NAs (Jacobs et al., 1988; 
Hatzoglou et al., 1995; Helfenbein et al., 2001).

Ribosomal RNA Genes. The Pse. gigas and M. 
rosenbergii IrRNA  gene separates the tR N A Leu fCLrJV> 
and tR N A Val genes, while the srRNA  gene separates 
tR N A Val and the putative control region, w ith  both 
rRNA genes encoded by the /kstrand. The arrange­
m ent of the rRNA genes in Pse. gigas and M. rosen­
bergii is typical of arthropods sequenced to date, w ith 
only a few exceptions including another decapod
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Fig. 2. Putative secondary structures for the 22 tRNA genes of the Pse. gigas m itochondrial genome. W atson-Crick and GT 
bonds are denoted by a dash and plus symbol, respectively.
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Fig. 3. Putative secondary structures for the 22 tRNA genes of the M. rosenbergii m itochondrial genome. W atson-Crick 
and GT bonds are denoted by a dash and plus symbol, respectively.
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crustacean (Evans and Lopez, 2002; Shao and Barker, 
2003; M iller et al., 2004). The rRNA gene boundaries 
were estim ated via nucleotide sequence alignments 
w ith  Por. trituberculatus and Pen. monodon.

Potential Sequence Utility. The Pse. gigas and 
M. rosenbergii m tD N A  sequences bring the total 
num ber of complete crustacean m itochondrial gen­
ome sequences to 17. Both the nucleotide and amino 
acid sequence data from the species in  this study 
will prove valuable for phylogenetic studies of deep 
crustacean and arthropod relationships. Recent 
studies of phylogenetic relationships among major 
arthropod lineages using complete m itochondrial 
genome sequences suggest that insufficient taxon 
sampling is hindering the reconstruction of reliable 
phytogenies. Specifically, taxonom ic sampling is 
often lim ited to a single m em ber of a major evolu­
tionary lineage, and as a consequence constructed 
phylogenies are vulnerable to insufficient phyloge­
netic signal and long branch attraction (Delsuc et al., 
2003; Nardi et al., 2003). Therefore we can expect 
that as the num ber of complete arthropod m tD N A  
sequences grows, so will our confidence in  m ito­
chondrial phylogenies for this group and, more 
broadly, our understanding of m itochondrial genome 
evolution (i.e.; gene rearrangements).

DNA sequences from different regions w ith in  the 
m etazoan m itochondrial genome have proven to be 
powerful genetic m arkers for resolving population 
structure (Hillis et al., 1996). Given the commercial 
im portance of Pse. gigas and M. rosenbergii, and the 
potential for overexploitation w ith in  the w ild fish­
eries, inform ation on population structure is vital for 
the im plem entation of sustainable m anagem ent 
strategies. DNA sequence data from the ATP8, ND2, 
and ND6 protein-coding genes have potential to 
provide valuable inform ation for the elucidation of 
stock structure w ith in  these species, given that these 
genes dem onstrate high nucleotide substitution rates 
in  crustacean m itochondrial genomes (Machida et 
al., 2004). DNA sequence data from the control re­
gion would be desirable as it is also characterizsed by 
high levels of variability and susceptibility to genetic 
drift (Avise, 2000). The sequence data generated in 
this study will specifically facilitate population-level 
research through the development of PCR primers for 
the survey of m tD N A  sequence variation.
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