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ABSTRACT

The entire control region (c. 989 nucleotides} of the mitochondrial genome of Farfantepenaeus
duorcrum with parts of its flanking genes (tRNAile and 125-rRNA} has been amplified, sequenced,
and compared to the published sequence of F notialis. The sequence length and nucleotide compo-
sition appear well conserved. The estimated value of Kimura 2-parameter distance reaches 0.079
hetween both species of shrimp and 0.006-0.026 among conspecific individuals of F duorarum.
However, statistical evaluation of genetic distance data and parsimony analysis of sequences in-
dicate significant differences between the two species. Parsitnony analysis of sequences from six
F duorarum collected along the Atlantic coast and the coast of the Gulf of Mexico, does not reflect
the geographic distribution of the specimens.

INTRODUCTION

Penaeid shrimps are among the most important crustaceans harvested and cul-
tured throughout the world. However, despite their economic significance and
heavy exploitation, they have been rarely studied at the population level (Ben-
zie et al.,, 1993; Bouchon et al., 1994; Machado et al., 1992; Sunden & Davis,
1991). Recent implementation of the polymerase chain reaction (PCR) has en-
abled amplification and analysis of specific portions of the genome. In order to
overcome the problem of insufficient sequence divergence within species, the
AT-rich region, known also as a control region, has been employed in popula-
tion studies. This major non-coding domain in the mtDNA molecule seems to
be associated with high leveis of variation in arthropads (Monnerot et al., 1950;
Monforte et al., 1993) and in vertebrates (Meyer, 1993; Rosel et al., 1995).

Farfantepenaeus duorarum (Burkenroad, 1939) and £ notialis (Pérez-Farfante,
1967) have been considered to be closely related to each other; Burkenroad
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(1939) described them as two morphological forms of F duorarum and Pérez-
Farfante (1967), based on biometric studies, considered each form to represent
a geographical subspecies. ¥ duorarum ranges from lower Chesapeake Bay to
southern Florida, through the Gulf of Mexico to Cape Catoche and the Isla
Mujeres at the tip of the Yucatan Peninsula, while F notialis ranges from Cuba
to the Atlantic coast of Brazil (Pérez-Farfante, 1988). The studied species is
commercially harvested along the coasts of the United States. The major pink
shrimp fishery occurs in the Gulf of Mexico, where it comprises up to 10% of
the total US shrimp landings (Klima et al., 1982; SEFSC, 1993).

In the current paper, a complete sequence of the pink shrimp F duorarum
AT-rich region, its structure, and intraspecific variability is presented. Also the
questions concerning phylogenetic relationship between the species and F. no-
tialis, as well as the rate of AT-rich region evolution are addressed.

MATERIALS AND METHODS
Pink shrimp specimens

Individuals of the species were collected along the Gulf of Mexico coasts:
offshore Texas, 1 specimen; Davis Bayou (Mississippi), 1 spm.; Pascaguola River
(Mississippi}, 1 spm.; Fort: Myers (southwestern Florida), 1 spm.; and on the
Atlantic Coasts: Moorehead (North Carolina), 2 spms. Animals were instantly
dissected and their 6th abdominal somites were preserved and kept in SED buffer
(Amos & Hoelzel, 1991). A collection of samples is in the authors’ possession.

DNA extraction

Samples of shrimp muscle tissue were digested overnight in a buffer containing
50 mM KC1, 10 mM Tris pH 8.5, 0.01% gelatin, 0.5% Nonidet P-40, 0.5% Tween
20, 80 pzg/ml proteinase K, 1 M NaCl, and 0.6% CTAB (cetyltrimethylammonium
bromide) followed by the standard phenol-chloroform extraction. After extraction
the DNA was resuspended in 30-50 ul TE of pH = 8.0.

Amplification of mt AT-rich region

A primer set for the PCR reaction was designed based on mitochondrial
genome partial sequence published (Garc{a-Machado et al., 1996) for Farfan-
tepenaeus notialis (as Penaeus notialis). The primers were rooted in the tR-
NAile (forward) and 128 r-RNA (reverse) genes. The nucleotide sequences of the
primers were, respectively: ctrgnl — 5'TCAAGATAATCCTTTTTCAGGCACY
and ctrgn2 — 5'TGGCTCATTAAATTTTACATGTGC?. The PCR was carried
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out in a final volume of 25 ul in a reaction mixture containing all four dNTPs
(each at 400 pM), 0.8 uM of primer concentration, 1.5 zM of MgCly, and 5
units of 7ag polymerase (Amersham Life Science). The polymerase buffer al-
ready containing MgCly was provided by the manufacturer. The thermal program
was 94°C for 3 min. followed by 35 cycles of 30 sec. at 94°C, 30 sec. at 55°C,
60 sec. at 72°C, and 72°C for 5 min. as a final extension after the last cycle.

DNA cloning and sequencing

Electrophoresis of the amplified mixture along with size standard marker was
performed in a 1.5% agarose gel in TBE buffer and the DNA was stained with
ethidium bromide. A specific amplified fragment of ~ 1000 bp was excised
from the gel and purified using QIAquickTM Gel Extraction Kit (Qiagen®). The
purified fragment was cloned using pGEM®-T Easy Vector System (Promega®).
DNA from colonies containing inserts was used to inoculate 5 ml minipreps and
the plasmid containing the PCR-generated insert was isolated with the WizardTM
Plus Miniprep DNA Purification System (Promega®).

Purified plasmid DNA was sent to the University of Maine — DNA Sequenc-
ing Facility where it was sequenced with an ABI model 373A Stretch DNA
automatic sequencer.

All obtained sequences were submitted to GenBank internet database
(hitp://www.ncbi.nlm.nih.gov/). Accession codes for the sequences are: FDI
(AF100736), FD2 (AF104498), FD3 (AF104496), FD4 (AF104497), FD5
(AF104499), FD6 (AF104500).

Sequence analysis and estimation of genetic distance

Sequenced products were identified with BLASTN 2.0.3 searching utility on
GenBank, EMBL, DDBJ, and PDB data bases (Altshul et al.,, 1997). All se-
quences were aligned with CLUSTAL V multiple alignment tool (Higgins et al.,
1992).

Genetic distances between sequences were calculated according to Kimura’s
Two-Parameter Method (Kimura, 1980) using DNADIST program incorporated
into PHYLIP package, version 3.5¢ (Felsenstein, 1993). A statistical support
for the differences between the distances was provided by performing one-way
ANOVA and post hoc Least Significance Difference test on the distance matrix.

The “Branch and Bound” parsimony method was used to construct the most
parsimonious tree from the sequences. Obtained clades were statistically assessed
by bootstrapping across 1000 replicates with the SEQBOOT program of the
PHYLIP package.
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RESULTS AND DISCUSSION
AT-rich region structure

Sequenced products amplified from six Farfantepenaeus duorarum individu-
als were identified to be homologous to published complete mitochondrial non-
coding region and parts of enclosing tRNAile and 12S r-RNA genes of F. notialis
(see Garcia-Machado et al.,, 1996). Multiple alignment of all the sequences in-
cluding ¥ notialis was done (App. 1). The length of the non-coding region of
F. duorarum is 988-990 bp, which is very similar to the E notialis (983 bp).
Its AT content (c. 78.4%) is slightly lower than in F. rnoriaglis (79.3%) and in-
termediate between that of other crustaceans: 68% in Artemia franciscana Kel-
log, 1906 (see Valverde et al., 1994), Daphnia pulex Leydig, 1860 (see Van
Raay & Crease, 1994) and insects: ~ 93% in Drosophila yakuba Burla, 1954
(see Clary & Wolstenholme, 1985) and Anopheles gambiae Giles, 1902 com-
plex (see Caccone et al., 1996). All the sequences contain a high number of
direct and inverted repeats of size 10-14 bp (from 7 to 12 per sequence), scat-
tered evenly in the sequence. Among them there are only two conserved direct
(drl-5'TAAAAAATAGT3 and dr2-5'TTATACAAAAA3') and palindromic (prl-
3'TTTAATTAAASY and pr2-5TAATTAATTA3') repeats, occurring at the same
positions in all analyzed sequences of both species. Two of them, drl and prl,
are placed between nucleotide 178 and nucleotide 298 (nucleotide numbers re-
fer to the F notialis sequence). This part of 120 bp appears to be the longest
conserved domain within the non-coding region. It shows no intraspecific vari-
ablity and contains only 4 substituted positions (3 transitions and 1 transversion)
differentiating the two Farfantepenaeus species. The other conserved domain is
situated between nucleotide 685 and 739 showing neither intra- nor interspecific
variability. In contrast, the most variable domain between nucleotide 440 and
395 contains 36 of 85 (including gaps) differences between F duorarum and
E notialis (1.e., 42%).

Non-coding region variability

Data generated in the current study exhibit very little size variation and very
high sequence identity among F. duorarum specimens (97.3-99.2%) and com-
pared to F. notialis (~ 92%). The mean estimated Kimura 2-parameter distance
between the species is approximately 0.079, while among conspecific F duo-
rarum, distances range from 0.006 to 0.026. One-way ANOVA and post hoc LSD
test indicate that the distances between F. notialis and F. duorarum sequences are
significantly higher than all the others in the matrix. Also, a parsimony analysis
of non-coding region sequences of six specimens of F duorarum and one of
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Fig. 1. Majority-rule consensus tree illustrating phylogenetic relationships among control re-

gion mtDNA sequences of Farfantepenaeus duorarwn (Burkenroad, 1939) and F norialis

(Pérez-Farfante, 1969) estimated vsing the maximum parsimony method and the PHYLIP package.
Numbers on branches represent bootstrap percentages (1000 replicates).

F. notiglis (fig. 1) shows a branching order that corresponds with the biometry
based conclusion by Pérez-Farfante (1967), that the two species form distinct
phylogenetic units.

Rather low values of genetic divergence between the sequences contradict the
observations of a high level of size and sequence variation of mtDNA AT-rich
region in other organisms, For example, in Drosophila species, the region length
varies from ~ 1 kb in D. virilis Sturtevant, 1916 and D. yakuba, to 5.1 kb in
D. melanogaster Meigen, 1830. Although of similar size, the regions of the first
two species are very different, with only two small blocks showing sequence
similarity (Clary & Wolstenholme, 1987). Also, an extensive intraspecific poly-
morphism for length of control regions within D. melanogaster was detected
{Hale & Singh, 1986}

Large genetic distances were observed between other penaeid species (Palumbi
& Benzie, 1991). However, calculation of genetic distance for the COI gene (se-
guences from Palumbi & Benzie, 1991) between Litopenaeus stylirostris (Stimp-
son, 1874) and L. vannamei (Boone, 1931) gives a value much higher (0.113)
than the one estimated for F, duorarum/F. notialis for the faster evolving conirol
region. That suggests the latter species separated more recently. The other possi-
ble explanation would be a slower than expected rate of control region evolution.
Research upon the Anopheles gambiae complex (see Caccone et al., 1996), mem-
bers of which are known to be very closely related, indicated several times lower
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genetic distance based on AT-rich region compared to distance calculated using
sequences of ND4 and ND35 genes. Similarly, in six species of the butterfly genus
Jalmenus sp. the control region does almost not present any variation (Taylor
et al., 1993). Also recent studies on amphibians (McKnight & Shaffer, 1997) and
birds (Randi & Lucchini, 1998) show similar patterns. However, in the absence
of sequences of other domains, it is difficult to explore the question of potentially
slower rate of non-coding region evolution in the studied shrimp.

Branching order within the F. duorarum clade does not reflect well the geo-
graphic distribution of the specimens (fig. 1). A general phylogeographic pattern
observed in a variety of marine taxa inhabiting the south-eastern region of the
United States implies a deep phylogenetic division between Atlantic and Gulf of
Mexico populations, in consequence of an almost complete isolation of the basins
during the Pleistocene (Avise, 1992). Our data, supported by RFLP analysis of
larger numbers of amplified sequences (unpublished), do not reflect well this di-
vision within the stndied species. That could be attributed to gene flow between
the populations or to a recent separation preventing the populations to reach
a state of reciprocal monophyly with respect to the mtDNA gene tree (Avise,
1936). However, more extensive research is needed to elucidate the problem.

Concluding, PCR-generated sequence of mtDNA non-coding region is a useful
marker for population analysis and speciation research in penaeid shrimp. It will
be employed for further study in phylogeographic pattern of Farfantepenaeus
duorarum and congeneric species.
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