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ABSTRACT

The Echeneoidea comprise three families of cosmopolitan tropical/subtropical
marine fishes: the Echeneidae (remoras), Coryphaenidae (dolphin) and
Rachycentridae (cobia). The present study addresses specific aspects of the
systematic relationships within this superfamily using molecular evidence. Two
separate projects were undertaken to address both interspecific and intraspecific
relationships within the Echeneoidea. In chapter one of this thesis, complete
nucleotide sequences from the mitochondrial 12S rRNA, 16S rRNA, protein-coding
ND2, and nuclear ITS-1 gene regions were used to reconstruct the phylogenetic
history of these fishes. Parsimony, likelihood and Bayesian analyses of combined
data sets resolved trees of similar topology. Congruent with evolutionary hypotheses
based upon larval morphology, a monophyletic Rachycentridae + Coryphaenidae was
resolved with high support. Within a monophyletic Echeneidae, the subfamilies
Echeneiinae and Remorinae were monophyletic. In agreement with recent
morphological analyses, the genus Remora was paraphyletic based upon the position
of Remorina albescens. Consistent resolution within the Remorinae using parsimony,
likelihood and Bayesian inference was not achieved with the markers used in this
study.

In chapter two of this thesis, nucleotide sequences from the hypervariable
mitochondrial control region were used to investigate phylogeographic structuring in
the marlinsucker, Remora osteochir. Complete DNA sequences were isolated from 71
individuals collected from seven geographically distant sample collections (Atlantic,
n=5, Pacific n=2). Analyses of molecular variance (AMOVA) and ®st analyses
resolved significant levels of population structuring among Atlantic and Pacific
Ocean samples, whereas negligible levels of population structuring were resolved
within both Atlantic and Pacific Ocean samples. Cluster analysis of haplotypes based
upon inter-haplotype divergence resolved two distinct evolutionary lineages, one
composed of Atlantic-only haplotypes, and one composed of both Atlantic and
Pacific haplotypes. Observations are consistent with vicariant isolation of Atlantic
and Pacific marlinsucker, followed by geologically recent secondary colonization of
the Atlantic from the Indian Ocean. Congruence between patterns of genetic
differentiation between marlinsucker and their istiophorid hosts, particularly blue
marlin, Makaira nigricans, and sailfish, Istiophorus platypterus, highlights the
possibility that symbiont phylogeography is ultimately governed by host dispersal.
Alternatively, these findings indicate that these pelagic fishes have been influenced
by similar vicariant events and processes in the distant past.
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A MOLECULAR PHYLOGENY OF THE ECHENEOIDEA
(PERCIFORMES: CARANGOIDEI)
AND
AN INVESTIGATION OF POPULATION STRUCTURING

WITHIN THE ECHENEIDAE



GENERAL INTRODUCTION

Definitions

Systematics is a broad discipline within the field of biology that aims to
identify, describe and organize biological diversity. Traditionally, systematics has
been divided into two areas of specialization: the field of phylogenetics (Greek:
phylon = race, genetic = birth), which focuses on describing interspecific
relationships, and population biology, which focuses on intraspecific relationships.
Both areas of specialization aim to describe how living (or once living) organisms
relate evolutionarily and ascertain how past and present processes have influenced
‘evolution and speciation. For this reason, it is not surprising that systematics crosses
into the fields of paleontology, comparative morphology, behavioral ecology,
physiology, and most recently, molecular biology. Molecular systematics attempts to
resolve evolutionary relationships through analyses of genetic variation. In the case of
phylogenetics, evolutionary hypotheses at the organismal level are generated on the
basis of gene phylogenies. Phylogenetic trees graphically represent hypothesized
evolutionary relationships among extant and extinct life forms, based upon the degree
of genetic similarity or dissimilarity. Population genetics aims to understand how the.
forces of mutation, migration, selection and genetic drift affect genetic variation

(Hartl and Clark, 1997). Moreover, population genetics attempts to describe how



events and processes in the past and present affect evolutionary change (i.e.
adaptation and speciation).

Systematic ichthyology aims to identify and describe fish biodiversity. Using
available morphological, behavioral and molecular evidence, systematic
ichthyologists construct evolutionary hypotheses to explain the relationships within
and among the diverse array of fishes that exist today. With the aid of fossil evidence,
this information can be framed against the backdrop of marine and freshwater fish
lineages that became extinct tens or hundreds of millions of years ago. Systematic
ichthyology spans the spectrum from purely academic investigations (e.g. identifying
and cataloging fish biodiversity), to theoretic interpretations (e.g. understanding past
processes and events that have given rise to the diversity of fishes seen today), to
more applied studies (e.g. identification and conservation of threatened or endangered
species). Phylogenetics within the field of systematic ichthyology has traditionally
been based upon detailed investigation of morphological characters at all
developmental stages (egg, larvae, juvenile and adult). Analyses of physiology and
behavior have also been used to supplement hypotheses based upon these characters.
Molecular phylogenetics is a relatively new field that has facilitated the reanalysis of
existing hypotheses and the generation of novel theories to explain the evolutionary
relationships between extinct and extant fishes. Population genetics involves
quantification and analysis of present day genetic variation in target fish species.
Variation can be interpreted in light of past processes, such as glaciation, changing
ocean circulation patterns, seaway closures (e.g. closure of the Tethys Sea), or present

day activities, such as overfishing and species introductions (both exotic and



rehabilitation-related). This study bridges the gap between phylogenetics and
population biology. Molecular markers are used to answer systematic questions at the

family-level down to the intrapopulation-level in the superfamily Echeneoidea.

An Introduction to the Echeneoidea

The superfamily Echeneoidea includes the Echeneidae (remoras),
Coryphaenidae (dolphins) and Rachycentridae (cobia). These three families comprise
11 extant marine teleostean species found in tropical and subtropical waters

~worldwide. The family Echeneidae contains four genera, with eight recognized
species that inhabit open-ocean, coastal and reef environments. The members of this
family bear a transversely laminated cephalic disc that is used to attach to a diverse
group of hosts, and includes sharks, bony fishes, marine mammals, as well as
inanimate objects (e.g. buoys). Possible benefits of this unique symbiotic behavior
include protection from potential predators, access to food resources (ecto-parasites,
food scraps), increased reproductive chances, and free transportation (lower energy
expenditure) (O’ Toole, 2002). Feeding strategies vary from species to species and
between different developmental stages within a species. An assortment of marine
invertebrates (amphipods, copepods, mollusks, cephalopods) and juvenile fishes form
the majority of their diet (Strasburg, 1959; Cressey and Lachner, 1970). Overall, very
little is known about the life history of these fishes. Physical description (both as
larvae and adults), diet composition and host association patterns are the dominant .
focus of existing literature. The remoras are traditionally divided into two subfamilies

(Lachner, 1981), the Echeneiinae and the Remorinae. In addition to a number of



morphological characters, members of these subfamilies differ in habitat preference
and behavior. The Echeneiinae are most frequently found near coral reefs and exhibit
only generalized host-association patterns: they do not appear to specialize, and are
often seen free swimming. In contrast, the Remorinae are most frequently found in
oceanic environments and exhibit a higher degree of host-specificity: they are
moderate to highly specific in host choice and are rarely seen free-swimming
(O’Toole, 2002).

The family Coryphaenidae consists of one genus with two cosmopolitan
species found in oceanic and coastal waters: the common dolphin, Coryphaena
hippurus (Linnaeus, 1758), and the pompano dolphin, Coryphaena equiselis
(Linnaeus, 1758). The common dolphin (and to a lesser degree, the pompano dolphin)
are prized commercial and recreational fishes worldwide (reviewed in Palko et al.
1982). Coryphaenids are commonly found in association with flotsam and sargassum,
although not exclusively. They are highly migratory, and are known to spawn
multiple times during the year (potentially year round in the tropics). Eggs and larvae
are planktonic. These fishes are generalist feeders and have been reported to consume
an assortment of pelagic fishes including flying fishes, juvenile tunas, mackerels and
billfishes, as well as cephalopods and other marine invertebrates. Dolphin exhibit an
extremely rapid growth rate and short lifespan (< 4 years).

The monotypic family Rachycentridae consists of a single cosmopolitan
species, the cobia, Rachycentron canadum (Linnaeus, 1766), that inhabits open-
ocean, coastal and estuarine waters, with the exception of the central and eastern

Pacific Ocean. Cobia are a valuable recreational fishing resource in the United States,



Australia, Africa and parts of the Caribbean (reviewed in Shaffer and Nakamura,
1989). Rachycentrids are frequently found in the proximity of stationary and free-
floating structure (mangroves, pilings, submerged wrecks, reefs and buoys) and are
known to associate with large marine vertebrates (bony fishes, sharks, rays, and
turtles). These migratory pelagic fishes spawn in large aggregations, where they
release pelagic eggs. They are voracious feeders, and are known to consume an array
of crustaceans, cephalopods and demersal fishes. Cobia exhibit rapid growth rates and

a moderate lifespan (< 15 years).

Objectives

In this thesis, I present the results of an investigation into a fairly focused area
of ichthyology. Using molecular evidence, I address specific aspects of the systematic
relationships within the superfamily Echeneoidea (remoras, dolphin, and cobia). To
further our understanding of the evolutionary biology of these fishes, the genetic basis
of both interspecific and intraspecific relationships was examined. In chapter one,
molecular evidence was used to clarify taxonomic ambiguities within this
superfamily. DNA sequence data collected from the mitochondrial and nuclear
genome were used to test the contradictory phylogenetic hypotheses of Johnson
(1984, 1993) and O’Toole (2002). In chapter two, molecular evidence was used to
test the hypothesis that population genetic structure exists within the Echeneidae.
Genetic variation among and within populations of marlinsucker, Remora osteochir
(Cuvier, 1829), sampled from seven locations spread throughout their geographic

range, was used to test for geographic homogeneity. Collectively, this information



builds upon existing knowledge in the areas of systematics, ecology and population

biology of this unique group of marine fishes.



CHAPTER ONE. A MOLECULAR PHYLOGENY OF THE SUPERFAMILY
ECHENEOIDEA (PERCIFORMES: CARANGOIDEI) INFERRED FROM
MITOCHONDRIAL 12S rRNA, 16S rRNA, ND2, AND NUCLEAR ITS-1

GENE REGION SEQUENCE ANALYSES.



INTRODUCTION

Taxonomic Classification

The superfamily Echeneoidea belongs to the most speciose group of extant
vertebrates. Over 25,000 species of marine and freshwater fishes are currently
recognized. The most dominant group are the jawed fishes (gnathostomes), which
include the Osteichthyes (bony fishes, ca. 24,000 spp.), and the Chondrichthyes
(cartilaginous fishes, ca. 850 spp.). The Agnatha includes approximately 85 species of
jawless fishes. Within the Osteichthyes, the Echeneoidea fall within the order
Perciformes (perch-like fishes), the largest of the orders w.ithin the Actinopterygii
(ray-finned fishes). Of the 148 families that define the order Perciformes, the
Echeneoidea comprise three: the Echeneidae, Coryphaenidae and Rachycentridae
(Nelson, 1994; Helfman et al. 2000).

On the basis of prenasal canal ossification and scale structure, the
Echeneoidea has been grouped with the Carangidae (jacks, pompanos) and the
Nematistiidae (roosterfish; Freihofer, 1978). Collectively these five families define
the suborder Carangoidei (Johnson, 1984). The carangids and echeneoids form a
monophyletic group based upon three features: these fishes lack the bony stay
posterior to the ultimate dorsal and anal pterygiophores, possess two prenasal canal
units, and bear a lamellar expansion of the coracoid. Synapomorphies that unite the

Rachycentridae, Coryphaenidae, and the Echeneidae include the absence of predorsal
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bones, an anterior shift of the first dorsal pterygiophore, presence of several anal -
pterygiophores anterior to the first haemal spine, loss of the beryciform foramen in
the ceratohyal, tubular ossifications surrounding both prenasal canal units and
elongate larvae with late dorsal fin completion (Johnson, 1984).

Placement of the Echeneoidea within the Carangoidei is uncontested. Despite
a number of morphological investigations (Freihofer, 1978; Johnson, 1984, 1993;
Ditty and Shaw, 1992; Ditty et al.1993; O’Toole, 2002), the phylogenetic
relationships of the species within the Echeneoidea remain unresolved. Based upon
larval characters relating to neurocranial development, head spination, mandibular
structure and epithelial cell composition, Johnson (1984) hypothesized a
rachycentrid-coryphaenid sister group relationship (Figure 1). This hypothesis was
supported by the work of Ditty and Shaw (1992) and Ditty et al. (1993), in an
examination of larval development in cobia and dolphin, respectively. O’Toole
(2002) recently published a phylogeny based on 138 putatively informative
osteological characters that is inconsistent with this hypothesis (Figure 1).
Specifically, in O'Toole's phylogeny, the Coryphaenidae were placed as a sister group
to the Rachycentridae-Echeneidae clade. In addition, the phylogeny did not support
the subfamilies Echeneiinae and Remorinae, or the monophyly of the genus Remora.
O'Toole (2002) supports his phylogeny with behavioral characters concerning the
development of the symbiotic “hitchhiking” association behavior and the degree of
host specialization within the Echeneidae. O’Toole describes a progression from
general schooling behavior to close association with floating objects (demonstrated

by the coryphaenids), which progresses further to following behavior (exhibited by
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Rachycentron), and finally, direct host attachment via a modified dorsal fin
(demonstrated by the echeneids). Within the Echeneidae, O’ Toole suggests a
progression from coral-reef associating generalist symbiont (Phtheirichthys,
Echeneis) to pelagic generalist (R. brachyptera, Lowe 1839) to pelagic specialist (R.
remora, Linnaeus 1758) and finally, pelagic obligate (R. osteochir, R. australis,
Bennet 1840, and R. albescens, Temminck and Schlegel 1850).

Family level relationships with the Echeneoidea have also been addressed
using molecular evidence. In an analysis of alpha-level taxonomy within the
Carangidae, Reed et al. (2002) hypothesized a coryphaenid-rachycentrid sister-group
relationship. Analyses of mitochondrial cytochrome b nucleotide sequences resolved
C. hippurus and R. canadum as a monophyletic outgroup to the Carangidae using
parsimony, likelihood and Bayesian inference methods. Placement of the lone
echeneid examined was problematic. E. naucrates (Linnaeus 1758) was alternately
resolved within and as an outgroup-to the carangids studied, depending on optimality
criterion used. Preliminary molecular evidence from Miya and Nishida (pers. comm.)
supports the alternate hypothesis of a rachycentrid-echeneid sister group relationship.
This relationship was hypothesized based upon analyses of whole mitochondrial
genome sequences from 336 species of ray-finned fishes (Actinopterygii). The level
of support for this finding, however, was unclear. Detailed species-level analyses
were not conducted, as these goals were not within the scope of their study. To date, a-
comprehensive molecular investigation into the taxonomic relationships within the

Echeneoidea has not been performed.
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Utility of Mo]ecularkMarkers

Analyses of molecular markers provide a means to infer evolutionary history.
DNA sequence analysis is one method whereby the genetic basis of both interspecific
and intraspecific relationships can be addressed (Avise, 1994). Comparative analyses
of DNA polymorphisms can provide insight into the genealogical relationships
among taxa. Phylogenetic hypotheses generated using DNA sequence data can be
used to supplement and/or evaluate hypotheses based upon morphological,
physiological or behavior characters. Beginning in the late 1970s this methodology
was in its infancy. The dominant molecular systematic methods of the time included
allozyme electrophoresis and restriction fragment length polymorphism (RFLP)
analysis of mitochondrial DNA (mtDNA) (Hillis et al. 1996; Avise, 1994). With the
advent of modern molecular techniques including the polymerase chain reaction
(PCR), the development of high fidelity enzymes, and advances in DNA
amplification and analysis equipment, genetic analyses have become more
streamlined, allowing large scale, rapid comparisons of genetic information. In the
field of molecular systematics, it is now common to address taxonomic questions
using multiple genes (both mitochondrial and nuclear-encoded), or even entire
mitochondrial genomes (Inoue et al. 2001) in order to generate robust evolutionary
hypotheses. This methodology has been successfully used to address ambiguities
within the Actinopterygii at a number of taxonomic levels (Chen et al. 2003; Thacker,

2003; Zardoya and Doadrio, 1999; Inoue et al. 2001).
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Genome Comparisons

‘The mitochondrial genome is a closed-circular DNA molecule that is
contained within the mitochondria, organelles within living cells that are involved in
cellular respiration. This genome is a unique resource that can be exploited to address
phylogenetic ambiguities such as those within the Echeneoidea (reviewed in Avise,
1994; Hillis et al. 1996; Avise, 2001; Hallerman, 2003; Tsaousis et al. 2005). The
mitochondrial genome is haploid, maternally inherited, and rarely exhibits
recombination (crossing over). The mitochondrial genome is relatively small (14,000
— 42,000 base pairs in length) and encodes a diverse array of genes (13 proteins, 22
transfer RNAs, 2 ribosomal RNAs), as well as a hypervariable non-coding region. By
size, mtDNA makes up approximately 0.0005% of the total genetic information
vertebrates possess, but is present in such high copy number (~10%-10° per cell; Robin
and Wong, 1988), that the relative abundance compared with nuclear DNA is on the
order of 0.1%.

The mitochondrial genome is more responsive to evolutionary change than the
nuclear genome. Because mtDNA is haploid and maternally inherited, the effective
population size of the genome is approximately. one-quarter that of nuclear DNA
(Moore, 1995; Hallerman, 2003). As such, genetic divergence tends to accumulate
more rapidly, assuming an equal rate of mutation, selection, drift and gene flow
(Hallerman, 2003). The mitochondrial genome is considered a single genetic unit
(Saccone, 1999; Avise, 1994; Stepien and Kocher, 1997), although the tRNAs,
rRNAs and proteins for which it encodes are under different selection regimes. For

this reason, an unequal rate of sequence evolution is noted across different gene
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regions. The tRNA, 12S and 16S rRNA regions evolve at a substantially slower rate
than the mitochondrial genome as a whole (2.0%; Brown, 1979), and have been
estimated to evolve at a rate between 0.34 and 0.45% per million years (Pesole et al.
1999). Protein-encoding regions evolve at a moderate rate, and display a significant
range in substitution rates between gene families (0.29-0.66% per million years,
Zardoya and Meyer, 1996; 0.37-2.82% per million years, Zhang and Gu, 1998; 0.54-
1.44% per million years; Ho et al. 2005; 1.0-2.5%; McMillan and Palumbi, 1996).
The non-coding control region exhibits the highest rate of sequence evolution, and
has been estimated to evolve at a rate 3 to 5 times that of the mitochondrial genome
as a whole (Brown, 1993; Avise, 2001). In teleosts, substitution rates within
hypervariable regions of the control region have been estimated to evolve at a rate
approaching 38% per million years (McMillan and Palumbi, 1996).

The nuclear genome differs from the mitochondrial genome by a number of
characteristics. In eukaryotes, organisms with true nuclei, the nuclear DNA (nDNA)
is located within the nucleus, and is encoded on a number of separate chromosomes.
In humans, the nuclear genome size is on the order of 3 x 10"9 base pairs, which
represents greater than 99.99% of the total genetic information an organism may
possess, and encodes nearly 80,000 genes including tRNAs, rRNAs, and a diverse
array of proteins and enzymes (Makalowski, 2001). In contrast with mtDNA, the
- nuclear genome is diploid, biparentally inherited, exhibits recombination (i.e.
crossing over occurs), and contains multiple intervening DNA sequences (e.g.
introns) (Avise, 1994; Hallerman, 2003). Furthermore, the nuclear genome is less

sensitive to introgression, the spread of genes from one species to another as a result
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of hybridization (Ballard and Whitlock, 2004). Overall, nDNA is considered to
evolve at a slower rate than the mtDNA, although a range in sequence evolution rate
is found between different regions (as found in mtDNA). To resolve ambiguities at
different taxonomic levels, a diverse array of genes should be studied to provide a

reasonable hypothesis of evolutionary history.

Molecular Marker Selection

To generate an accurate hypothesis of evolutionary history using molecular
evidence, it is wise to contrast taxonomic hypotheses generated using both
mitochondrial and nuclear encoded genes. Agreement between nuclear and
mitochondrial based phylogenies is ultimately desired. Given the genome differences
noted above, agreement lends support to the hypothesized taxonomic relationships.
Because taxonomic ambiguities exist at the family, genus and species levels within
the Echeneidae, genetic variation was evaluated using four gene regions (three
mitochondrial and one nuclear) that exhibit differing rates of sequence evolution.
Variation was examined in the relatively slowly evolving mitochondrial 12S and 16S
ribosomal RNA (rRNA) gene regions, the moderately rapidly evolving protein-coding
NADH-dehydrogenase subunit 2 (ND2) gene region, and the rapidly evolving
nuclear-encoded internal transcribed spacer subunit 1 (ITS-1) gene region. These
gene regions have been used successfully to estimate phylogenetic relationships in a
number of taxa (Mattern, 2004; Thacker, 2004; Westneat and Alfaro, 2004;
Broughton and Gold, 2002; Domanico et al. 1997). As a comparative index of

support, these data were analyzed using three different inference methods (optimality
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criteria): maximum parsimony (Felsenstein, 1983), maximum likelihood (Felsenstein,

1981), and Bayesian inference (Ronquist and Huelsenbeck, 2003).

Objectives

In this study, complete nucleotide sequences from the mitochondrial 12S
rRNA, 16S rRNA, protein-coding ND2, and nuclear ITS-1 gene regions were
collected from extant members of the suborder Carangoidei. Gene-based phylogenies
were generated using maximum parsimony, maximum likelihood and Bayesian.
inference methodologies. These phylogenies were used to test existing taxonomic
hypotheses based upon larval morphology (Johnson, 1984,1993) and both adult
osteology and behavior characters (O'Toole, 2002). Specifically, molecular evidence
was used to address the following:

1. The monophyly of the superfamily Echeneoidea.

2. Family level sister-group relationships within the Echeneoidea.

3. The monophyly of the Echeneidae.

4. The monophyly of the subfamilies Echeneiinae and Remorinae.

5. The monophyly of the genus Remora.

6. Species-level relationships within the Echeneidae.



17

MATERIALS AND METHODS

Sample Collection

To address taxonomic ambiguities within the superfamily Echeneoidea,
representatives from six families of marine fishes (families Pomatomidae,
Nematistiidae, Carangidae, Coryphaenidae, Rachycentridae and Echeneidae) were
collected. A single non-carangoid species, Pomatomus saltatrix (Linnaeus 1766) and
two non-echeneoid, carangoid species, Nematistius pectoralis (Gill 1862) and
Carangoides armatus (Riippell, 1830), were used to root the phylogenetic
comparisons performed. With the exception of C. armatus, all samples were procured
from coastal and off-shore collections in the Atlantic and Pacific oceans. Molecular
data from C. armatus, Genbank accession number AP004444, supplemented the
outgroup taxa data set.

Collections were made between August, 2002 and July, 2005 using a host of
academic, federal, commercial and recreational fishing resources. Samples were
caught by hook and line individually or in association with their pelagic hosts (e.g.
billfish, sharks, rays, dolphin, buoys). Upon capture, whole specimens were placed on
ice or immediately frozen to prevent tissue breakdown. Tissue samples were stored in
either DMSO tissue storage buffer (0.25 M disodium ethylenediamine-tetraacetatic
acid (EDTA), 20% dimethyl sulfoxide (DMSO), saturated sodiumrchloride (NaCl),

pH 8.0) or 95% ethanol. Samples were identified using the keys of Lachner (1984)
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and Collette (2003), photographed and processed in the VIMS Fisheries Genetics
Laboratory. Voucher specimens are held at the Virginia Institute of Marine Science
(VIMS), the National Museum of Natural History (USNM) and the Scripps Institution
‘of Oceanography (SIO). Pertinent collection and voucher informationa are noted in

Appendix 1.

DNA Extraction and PCR Amplification

Following the methods of Sambrook et al. (2001), total genomic DNA was
extracted from 0.03-0.10g skeletal and/or heart muscle. Tissue was digested at 37°C
over night with 15ul proteinase K (25mg/ml), 15u1 RNAse (10mg/ml), 60ul 10%
sodium dodecyl sulfate (SDS) and 500ul isolation buffer (SOmM EDTA, 50mM Tris,
150mM NaCl, ph 8.0). Genomic DNA was isolated through a series of washes with
equilibrated phenol, phenol/chloroform/isoamyl alcohol (25:24:1) and
chloroform/isoamyl alcohol (24:1). DNA was precipitated using an equal volume of
isopropanol and 0.04x volume 5M NaCl and pelleted by high-speed centrifugation.
DNA was washed with 70% EtOH to remove salts, lyophilized to remove trace EtOH
and resuspended in 0.1X TE buffer, pH 8.0. Complete double-stranded nucleotide
sequences from the mitochondrial 125, 16S and ND2 gene regions and nuclear ITS-1
region were amplified following standard polymerase chain reaction (PCR)
methodology using Tag PCR Core reagents (Qiagen Corp. Valencia, CA). Multiple
primer sets were utilized to amplify gene sequences across all echeneoid samples
(Table 1, Figure 2). Universal mitochondrial PCR primers were designed based upon

consensus identity of published primer sequences (Palumbi, 1996; Broughton and
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Gold, 2000) with gene sequences from carp, Cyprinus carpio (Sorenson et al. 1999),
little tunny, Euthynnus alletteratus (AB099716) and sailfish, Istiophorus platypterus
(McDowell, 2002). Superfamily-specific internal 16S rRNA primers were designed
-based upon consensus identity of echeneoid DNA sequences. Nuclear ITS
amplifications were performed using primers designed by Johnson (2003). Primer
locations are depicted graphically in Figure 2. Each 25ul PCR reaction contained the
following: approximately 5-25ng purified gDNA, 2.5ul 10X PCR reaction buffer
(Tris-Cl, KCl, (NH4)2S04, 15 mM MgCl,; pH 8.7), 0.5u1 10mM dNTP mix (dATP,
dCTP, dGTP, dTTP, 10mM each), 0.125ul Tag DNA polymerase @ 5 units/ul, 0.5ul1
bovine serum albumin (BSA) @ 10mg/ml, 10pmoles of each primer. Negative (no
DNA) control reactions were set up alongside experimental reaction mixtures to
‘confirm that contamination via extraneous DNA did not occur. PCR amplification
conditions consisted of an initial denaturation of 4 minutes at 94°C, followed by 35
cycles of 1 minute at 94°C, 1 minute at S0°C, and 1.5 minutes at 72°C, followed by a
final extension of 5 minutes at 72°C (with minor exceptions). Alternate cycling
conditions were utilized when the above conditions were unsuccessful, and consisted
of a “touchdown” cycle defined by an initial denaturation of 4 minutes at 94°C,
followed by 45 cycles of 1 minute at 94°C, 1 minute at 56°C (decreasing 2°C every 5
cycles), and 1.5 minutes at 72°C, followed by a final extension of 5 minutes at 72°C.
All PCR amplifications were performed using an MJ Research PTC-200 thermocycler
(Watertown, MA). Products were electrophoresed through an agarose gel matrix,
stained with ethidium bromide and visualized using an ultraviolet-light

transilluminator.
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PCR products were either purified or cloned into a plasmid vector prior to
DNA sequencing. Amplicon purification was performed via column filtration by
using QIAquick PCR Purification reagents (Qiagen Corp., Valencia, CA), or by using
EXOSAP (USB Scientific, Cleveland, OH) following manufacturer's specifications.
Nuclear ITS-1 amplicons (and mitochondrial fragments that could not be successfully
sequenced directly) were cloned using the TOPO-TA plasmid cloning system
(Invitrogen Corp., San Diego, CA). Briefly, fresh PCR product was ligated into the
TOPO 2.1 plasmid vector and transformed into competent TOP10 Escherichia coli
bacterial cells. E. coli cells were grown overnight on nutrient rich Luria-Bertani (LB)
agar plates containing ampicillin (@ 50ug/ml) and 5-bromo-4-chloro-3-indolyl-beta-
D-galactopyranoside (X-gal; 40ul @40mg/ml). Recombinant plasmids (white
colonies) were selected for subsequent analysis and grown up overnight in 3ml Luria-
Bertani liquid media containing ampicillin (@ 50ug/ml). Cloned fragments were
isolated and purified using QIAprep Spin Miniprep reagents (Qiagen Corp., Valencia,
CA) following the manufacturer’s specifications. Recombinant plasmids were
confirmed by EcoRI restriction eadonuclease digestion. Purified plasmids were
digested for a period of at least two hours @ 37°C, electrophoresed through an
agarose gel matrix, stained with ethidium bromide and visualized with a UV
transilluminator. Concentration of purified products was measured using a Dynaquant
200 fluorometer (Hoefer, Inc. San Francisco, CA) or Biomate-3 UV

spectrophotometer (Thermo Spectronic, Rochester, NY) prior to sequencing.
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DNA Sequencing and Sequence Analyses

Purified PCR products and recombinant plasmids were sequenced in forward
and reverse directions following dideoxynucleotide chain termination sequencing
methodology developed by Sanger et al. (1977). Samples were sequenced using either
BigDye Terminator v3.1 Cycle Sequencing (Applied Biosystems, Warrington, UK) or
Thermo Sequenase cycle sequencing reagents (Amersham Biosciences, Piscataway,
NJ) with minor modifications of the manufacturer's recommendations. ABI
sequencing reactions were composed of 10-50 ng template DNA, 0.25ul sequencing
primer, 0.25p1 BigDye master mix, 1ul 5x reaction mix and milli-q water to a final
volume of Sul. Cycle sequencing conditions consisted of an initial denaturation of 1
minute at 96°C, followed by 25 cycles of 10s at 96°C, 5s at 50°C, and 4 minutes at
60°C. Primers used for cycle sequencing were identical to primers used in original
PCR amplification reactions. Thermo Sequenase reactions were composed of 25-50
ng template DNA, 1.5 pl infrared-labeled (IR700 or IR800) M13F or M13R
sequencing primer @ 1.0pmol/ul, and milli-q water to a final volume of 17ul. Master
reaction mixtures were divided equally into four 0.2pl reaction tubes, mixed with 1ul
of appropriate dideoxynucleotide terminator mix (ddA, ddC, ddG or ddT) and
overlain with one drop of silicon oil to prevent condensation during cycling. Cycle
sequencing conditions consisted of an initial denaturation of 5 minutes at 95°C,
followed by 30 cycles of 30s at 92°C, 30s at 52°C, and 30s at 70°C (with minor
exceptions).

Products amplified with the BigDye reagents were electrophoresed using an

ABI 3100 or ABI 3130 DNA sequencer equipped with either a 50cm or 80cm
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capillary loaded with POP7 or POP4 gel matrix, respectively. Results were analyzed
using Sequencing Analysis v. 5.1.1 software (Applied Biosystems, Warrington, UK).
Products amplified with the Thermo Sequenase reagents were electrophoresed on a
Li-Cor Global IR2 System slab-gel DNA sequencer through a 3.7% polyacrylamide
gel matrix. Results were analyzed using E-seq v2.0 software (Li-Cor Biosciences,
Lincoln, NE). Standard chromatogram format (SCF) curves were exported for
subsequent analyses. Consensus sequences from multiple SCF sequence files were
created using Sequencher 3.0 (Gene Codes Corp., Ann Arbor, MI). Preliminary
alignments of consensus sequences were generated using the Clustal W algorithm in
MacVector 7.2 (Accelrys Inc., San Diego CA) using default parameters (with minor
exceptions). 12S and 16S rRNA alignments were adjusted by eye using secondary
structure models of Orti et al. (1996), Burk et al. (2002), and Wang and Lee (2002)
following the methods of Kjer (1995). Ambiguous (unalignable) regions were
excluded from further analyses to prevent loss of phylogenetic signal. Putative stem
(paired) and loop/bulge (unpaired) regions were located in both data sets. Base pair
complementarity in stem regions was confirmed by eye. Prior to alignment, all ND2
sequences were translated to ensure a single, continuous open reading frame from
start to stop. Adjustment of aligned ND2 consensus sequences was not necessary, as
each sequence encoded a protein of the exact same length. The alignment of the ITS-
1 region was performed on the basis of conserved sequence motifs using default
pairwise gap opening and extension penalties. Flanking transfer RNA (tRNA)
locations within each mitochondrial alignment were located using tRNAscan SE

(Lowe and Eddy, 1997). 18S and 5.8S gene regions were located in the nuclear ITS-1



23

alignment with the aid of ITS region sequences from Auxis rochei, Genbank
accession AB193747.

Pairwise comparisons of all taxa were performed using PAUP* v.4.0b4
(Swofford, 1999). Sequence features including nucleotide composition, site
variability and relative contribution by transitions (Ts) and transversions (Tv) were
estimated. Homogeneity of base composition was investigated using a chi-square (X?)
test (a = 0.05). To infer sequence saturation, transitions and transversions were
plotted against uncorrected sequence divergence (p-distance), a measure of the
genetic distance between two DNA sequences. Ts and Tv vs. p-distance plots were
generated for stem and loop partitions in the 12S and 16S data sets, for the first,
second and third positions in the protein-coding ND2 alignment and for the ITS-1
data set overall. Saturation (multiple substitutions at the same nucleotide position),
which tends to obscure true phylogenetic signal, is inferred when an asymptotic
pattern is found. Exclusion of potentially-homoplasious data partitions or

implementation of an alternate weighting scheme are two ways to resolve this issue.

Data Set Partitioning

To generate a robust phylogenetic hypothesis, it is common to combine DNA
sequence alignments from different gene regions into one large, concatenated data
set. Prior to analysis, however, one should test for congruence between data
partitions. To determine the validity of using a combined data set, a partition
homogeneity test (Farris et al. 1995) was executed in PAUP* to infer congruence

between 12S, 16S, ND2 and ITS-1 data partitions. Incongruence length differences
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(ILDs) were explored with a heuristic search of 1000 replicates and 10 random
sequence additions to assess dataset combinability. A significance estimate (p-value)

less than 0.05 indicates potential incongruence between data partitions.

Phylogenetic Analyses

DNA sequence alignments from 125, 16S, ND2 and ITS-1 gene regions were
analyzed separately and as two concatenated data sets (combined mitochondrial gene
regions; mitochondrial plus nuclear gene regions) using three different inference
methods: maximum parsimony, maximum likelihood, and Bayesian inference.
Parsimony analyses were conducted using a heuristic search algorithm in PAUP*
with tree-bisection-reconnection (TBR) branch swapping. Nonparametric
bootstrapping (Felsenstein, 1985) was used to measure robustness of clade support. A
total of 1000 bootstrap pseudoreplicates with 1000 random sequence addition
replicates was performed for all data sets. Characters were unordered and equally
weighted. Gaps were considered missing information. Likelihood analyses were
peﬁomed using a heuristic search algorithm in PAUP* with base frequency,
substitution rate and site variation parameters estimated using Modeltest 3.06 (Posada
and Crandall, 1998). Each data set was examined using a hierarchical likelihood ratio
test of 56 models of character evolution. Parameters calculated using the Akaike
Information Criterion (AIC) were implemented in a heuristic likelihood search with
TBR branch swapping. Robustness of clade support was measured using 100
bootstrap pseudoreplicates with 10 random addition sequence replicates. Bayesian

analyses were performed using MrBayes 3.1.1 (Ronquist and Huelsenbeck, 2003).
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For each individual gene region data set, two metropolis coupled markov chain monte
carlo (MCMCMC) analyses were run for one million generations each, sampling
every 1000 generations. Concatenated data sets were run for a total of four million
generations sampling every 1000 generations. The GTR + I + G (general time
reversible with a proportion of invariant sites and among site rate heterogeneity
(gamma) parameter) model of character change was used in all analyses. The number
of generations required to reach stationarity was determined by plotting the log
likelihood (-In) score against generation number. Stationarity was assumed when —In,
tree length, GTR rate, stationary nucleotide frequency, gamma shape, and proportion
of invariant site parameters reached a stable level (asymptote). In all cases,
stationarity was reached after approximately 2000 generations. Data collected prior to
this point were excluded in subsequent analyses to account for "burn in". Posterior
probabilities were calculated as a measure of clade support with PAUP* using a 50%
majority rule consensus. In all cases, phylogenetic trees were rooted using genetic

data from P. saltatrix, N. pectoralis and C. armatus (AP004444).
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RESULTS

Sequence Variation

Complete 12S rRNA, ND2 and ITS-1, and nearly complete 16S rRNA gene
region sequences were isolated from all taxa, with the exception of C. armatus, which
was downloaded from Genbank (AP004444). Complete 12S rRNA DNA sequences
ranged between 946 and 960 bp upon removal of tRNA™ and tRNAY*, Alignment
was relatively straightforward following the proposed secondary structure models of
Wang and Lee (2002). Two ambiguously aligned regions of length 20bp and 49bp
were excluded from subsequent analyses, and were located in putative loop regions
near the 5° and 3’ end of the alignment, respectively. Nine-hundred and sixteen
aligned bases were included in the final alignment, of which 269 (29.4%) were
variable, and 179 (19.5%) were parsimony informative (Table 2). Putative paired
(stem) regions contained 464 nucleotide positions, of which 58 were parsimony
informative. Putative unpaired (loop, bulge) regions contained 452 nucleotide
positions, of which 121 were parsimony informative. Negligible base composition
bias was noted in the alignment. An elevated transition/transversion ratio (1.9 overall)
was estimated across the data set, a finding common among mitochondrial genes
(Saccone et al. 1999). No evidence of saturation was noted in paired regions (Figure
3). A minor amount of transitional saturation was noted in unpaired regions, although

not enough to warrant data exclusion or the use of an alternate character weighting
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scheme. Nucleotide sequence divergence between ingroup (i.e. echeneneoid) and
outgroup (i.e. non-echeneoid; P. saltatrix, N. pectoralis, C armatus) taxa ranged from
12.3-18.9% with a mean of 15.6% (SD = 0.045, n = 55). Nucleotide sequence
divergence within ingroup taxa ranged from 0.02-16.0% with a mean of 10.1% (SD =
0.019, n = 33). The lowest divergence values (0.02%) were found between E.
naucrates and E. neucratoides (Appendix 2).

Nearly complete 16S rRNA gene region sequences were collected from all
taxa. Sequences analyzed ranged between 1613 and 1660 bp upon removal of
tRNAY™ and tRNA™" fragments. Alignment was relatively straightforward following
the proposed secondary structure models of Orti et al. (1996) and Burk et al. (2002).
Two ambiguous regions of length 46bp and 44bp were excluded from subsequent
analyses, and were located in putative loop regions in the central and 3’ end of the
alignment, respectively. A total of 1599 aligned bases was included in the final
alignment, of which 589 (36.8%) were variable, and 426 (26.6%) were parsimony
informative (Table 2). Putative paired (stem) regions contained 718 nucleotide
positions, of which 121 were parsimony informative. Putative unpaired (loop, bulge)
regions contained 881 nucleotide positions, of which 305 were parsimony
informative. Slight anti-G bias was noticed in the final data set. A moderately
elevated transition/transversion ratio (1.3 overall) was estimated across the data set.
No evidence of saturation was noted in paired regions (Figure 4). As was found in the
12S rRNA data set, a minor amount of transitional saturation was noted in unpaired
regions, although not enough to warrant data exclusion or the use of an alternate

weighting scheme. Nucleotide sequence divergence between ingroup and outgroup
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taxa ranged from 17.1-22.6% with a mean of 19.1% (SD =0.014,n =55)).
Nucleotide sequence divergence within ingroup taxa ranged from 0.02-20.1% with a
mean of 13.2% (SD = 0.056, n = 33). As in the 12S data set, the lowest divergence
(0.02%) was found between E. naucrates and E. neucratoides (Appendix 3).

ND2 gene region sequences from all taxa totaled 1047bp in length. As there
were no amino acid insertions or deletions in the data set, adjustment of the alignment
~ was not necessary. Of the 1047 aligned bases 603 (57.6%) were variable, and 518
(49.5%) were parsimony informative (Table 2). As characteristic of protein coding
genes, the greatest amount of variation was found at the third position, followed by
the first, then second position (Nei, 1987).. One hundred and seventy-nine first
position sites, 87 second position sites and 337 third position sites were variable.
While no evidence of saturation was found at first or second positions, severe
transition saturation was noted in the third codon position (Figure 5). As a
conservative measure, third position data were excluded from further analyses to
reduce the possibility of misinterpreting true phylogenetic signal due to multiple
substitutions at the same position (homoplasy). Of the remaining 698 aligned bases,
266 (38.1%) were variable and 196 (28.1%) were parsimony informative. Slight A-C
bias was noticed in the first position, whereas relatively strong C-T bias was noted in
the second position. An elevated transition/transversion ratio was noted in both first
and second positions (2.5 and 2.3, respectively). Based upon first and second position
data alone, nucleotide sequence divergence between ingroup and outgroup taxa
ranged from 12.9-21.3% with a mean of 16.9% (SD = 0.025, n = 33). Nucleotide

sequence divergence within ingroup taxa ranged from 0.14-20.6% with a mean of
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12.5% (SD =0.067, n = 55 ). Lowest divergence values were found between E.
naucrates and E. neucratoides (Appendix 4).

ITS gene sequences were isolated from all taxa, with the exception of C.
armatus. Nuclear data from this species was not available to combine with the data
set (as was the case with the mitochondrial data). Two or three clones from each ITS-
1 gene region were assayed to account for allelic variation. In all cases, only minor
differences (base changes, insertions, deletions) existed between variants within an
individual. The clone with the highest sequence quality (i.e. cleanest sequence, fewest
ambiguities) was chosen for phylogenetic analysis. The final ITS alignment included
complete ITS-1 region sequences which ranged between 416 and 725 bp, and partial
flanking 18S and 5.8S region sequences which totaled 68 and 72bp, respectively. A
total of 1010 aligned bases was included in the final alignment, of which 572 (56.6%)
were variable, and 350 (34.7%) were parsimony informative (Table 2). Strong C-G
bias was noticed across the alignment. Base composition was skewed towards C and
G (30.3% and 33.6%, respectively). A chi-square test used to test base composition
homogeneity demonstrated highly significant heterogeneity (X*= 58.8, p < 0.01, df =
36). An equal number of transition and transversion mutations were noted (Ts/Tv
ratio = 0.99). A minor amount of transitional saturation was found, although not
enough to warrant data exclusion or the use of an alternate weighting scheme (Figure
6). Nucleotide sequence divergence between ingroup and outgroup taxa ranged from
28.1-33.8% with a mean of 31.0% (SD = 0.015, n = 22 ). Nucleotide sequence

divergence within ingroup taxa ranged from 0.6-32.6% with a mean of 21.5% (SD =
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0.087, n =55). Lowest divergence values were found between E. naucrates and E.

neucratoides (Appendix 5).

Partition Homogeneity Analyses

Two concatenated gene region alignments were assembled and tested for data
set congruence: a mitochondrial only and mitochondrial plus nuclear (M + N) gene
region alignment. Results of the partition homogeneity test indicated congruence
between data partitions in the mitochondrial only alignment (p = 0.362). On the
contrary, incongruence was found between data partitions in the M + N alignment (p
=0.001). ILD tests of data congruence have been shown to be inaccurate under
certain conditions (Cunningham, 1997; Yoder et al. 2001). Furthermore, it has been
argued that the combination of potentially incongruent (i.e. heterogeneous) data sets
may increase phylogenetic accuracy (reviewed in Barker and Lutzoni, 2002). For this
reason, despite the indication of potential incongruence within the M + N alignment,
both data sets were analyzed using maximum parsimony, maximum likelihood and
Bayesian inference methods. In essence, I took both an aggressive (i.e. “the more data
the better””) and a conservative (“incongruence may lead to phylogenetic inaccuracy”)
stance. Data set characteristics of each concatenated alignment are noted in Table 2

and Table 3.

Phvlogenetic Relationships — Combined

Parsimony (MP) analyses of the mitochondrial-only combined data set

resulted in a single most parsimonious tree of length 2458 (Consistency Index (CI) =
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-0.6452; Retention Index (RI) = 0.6220; Rescaled Consistency Index (RC) = 0.4014 ;
Table 3). Tree topology is shown in Figure 7. All nodes were supported by moderate
(60-85%) to strong (>85%) bootstrap support and moderate (70-90%) to strong
(>90%) posterior probabilities. The subfamilies Echeneiinae and Remorinae were
both monophyletic within a monophyletic Echeneidae. Rachycentridae +
Coryphaenidae formed a monophyletic sister group to the Echeneidae. A moderate
level of support (67%) was estimated for a Echeneoidea + C. armatus clade. Within
the Remorinae, R. australis was placed at the most basal position, whereas a R.
remora + R. brachyptera clade occupied the most derived position. Likelihood (ML)
analyses produced a tree of somewhat different topology (-In = 15270.2; Figure 7).
Differences include the placement C. armatus and the relationships within the
Remorinae. In this case, N. pectoralis and C. armatus form a monophyletic outgroup
to the Echeneidae. Within the Remorinae clade, a polytomy of R. albescens + R.
remora + R. australis + a weakly supported R. osteochir + R. brachyptera clade was
resolved. Bayesian (BN) analyses resulted in a 95% credible set of 3996 trees. A 50%
majority rule consensus of these trees was generated in PAUP*. Topology resembled
that of the parsimony tree, except that N. pectoralis and C. armatus form a
monophyletic outgroup to the Echeneidae, as was found in the likelihood tree.
Posterior probabilities of clade support were strong (>90%) at all nodes except at the
node containing R. albescens + R. remora + R. osteochir + R. brachyptera (86%)
and the most derived node within the Remorinae containing R. osteochir and R.
brachyptera (82%). As found in the parsimony tree, R. australis was the most basal

member within the Remorinae.
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‘Analyses of the M + N data set yielded congruent tree topologies to those

- generated by the mitochondrial only alignment (Figure 8). Using all three inference. -
methods, a monophyletic Echeneoidea was resolved with high bootstrap support
(100% MP; 100% ML) and high posterior probability (100% BN). Rachycentridae +
Coryphaenidae were resolved in all cases. Within a monophyletic Echeneidae,
subfamilies Echeneiinae and Remorinae were both monophyletic. In all trees, the
Echeneoidea + C. armatus were resolved with a moderate to strong level of bootstrap
support (67% MP; 84% ML) and high posterior probability (100% BN; Figure 8).
Parsimony analyses of these data resulted in a single most parsimonious tree of length
3500 (CI = 0.6452; RI = 0.6220; RC = 0.4526; Table 3). Tree topology was an exact
match of that found with the mitochondrial only data set, with slightly different
bootstrap support values. Relationships within the Remorinae differed between trees
generated using the three different inference methods. In all cases, however, R.
australis was found at the most basal position and R. brachyptera within a clade at
the most derived position. In all trees, R. albescens was alternately placed at

intermediary positions with the Remorinae.

Phylogenetic Relationships — Individual Gene Regions

Individual gene phylogenies differed somewhat depending on the gene region
examined and inference method used. 12S rRNA phylogenies agreed upon the
monophyly of the Echeneiinae within a monophyletic, but polytomic Echeneidae
clade (Figure 9). A monophyletic Rachycentridae + Coryphaenidae clade was

resolved in all trees, with low to moderate bootstrap (63% MP; 53% ML), but high
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posterior probability (99% BN) support. Relationships between ingroup + outgroup
taxa and within outgroup taxa differed between inference method. Parsimony -
analyses resolved a weakly supported (54%) Pomatomidae + Rachycentridae +
Coryphaenidae clade, whereas Bayesian analyses grouped Pomatomidae with the
monophyletic Echeneidae with moderate support (76%). Likelihood placed
Pomatomidae in at the root of the phylogeny.

16S phylogenies closely resembled the results of the combined data analyses,
with a few minor differences. A Rachycentridae + Coryphaenidae grouping was
resolved with strong support (100% MP; 100% ML; 100% BN) in all cases (Figure
10). Subfamilies Echeneiinae and Remorinae were both monophyletic within a
monophyletic Echeneidae. Parsimony analyses produced a topology identical to the
one found using the M + N data set, except C. armatus was not grouped with the
monophyletic Echeneoidea clade. Likelihood analyses resolved a Pomatomidae +
Echeneoidea clade, and an undefined relationship with the Echeneiinae. Unlike either
of the combined data sets, likelihood resolved a clear relationship within the
Remorinae: R. albescens at the basal position, and a R. osteochir + R. brachyptera
clade at the most derived. Results of the Bayesian analyses were identical to those
seen in the combined (mitochondrial only) data set, with the exception of the
arrangement of species with the Remorinae.

Analyses of 698 bases of the ND2 gene yielded three trees of differing
topology (Figure 11). In all case, however, the Echeneoidea were monophyletic. In
addition, a monophyletic Rachycentridae + Coryphaenidae clade was grouped sister

to a monophyletic Echeneidae. Topologies within the Echeneidae differed
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significantly among inference methods. A monophyletic, polytomic and polyphyletic
Remorinae was resolved using parsimony, likelihood and Bayesian inference,
respectively. A monophyletic Echeneiinae was resolved in all topologies.
Phylogenies based upon ITS data were in agreement with most of the
hypotheses generated using combined data (Figure 12). Each inference method
resolved a monophyletic Echeneoidea. A monophyletic Rachycentridae +
Coryphaenidae clade was resolved, sister to a monophyletic Echeneidae. The family
Echeneidae was defined by monophyletic subfamilies Echeneiinae and Remorinae.
Relationships within the Remorinae differed among inference methods. Parsimony
analyses placed R. australis in the basal position, and a clade containing R.
brachyptera and R. osteochir at the most derived. Likelihood analyses produced a
polytomic arrangement. Bayesian analyses placed R. brachyptera in the basal position

and a clade containing R. australis and R. remora at the most derived position.
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DISCUSSION

Echeneoid Phylogenetics

This study represents the first comprehensive molecular investigation into the
taxonomic relationships within the superfamily Echeneoidea. Hypotheses of the
evolutionary relationships within the Echeneoidea were based upon analyses of both
concatenated mitochondrial DNA sequences and concatenated mitochondrial +
nuclear DNA sequences. The hypotheses generated were largely consistent between
mitochondrial-only and mitochondrial + nuclear gene phylogenies, despite potential
incongruence between mitochondrial and nuclear data sets. Overall, the phylogenetic
hypotheses generated using three different optimatility criterion (parsimony,
likelihood, Bayesian) were largely congruent. Nodal support at the superfamily,
family and subfamily levels was very high, as measured by nonparametric
bootstrapping and posterior probability calculations.

The taxonomic relationships presented here, observed in both concatenated
mitochondrial-only and mitochondrial + nuclear phylogenies, corroborate the family-
level morphology-based hypotheses of Johnson (1984, 1993) and molecular
hypotheses of Reed et al. (2002). These results contradict the morphology and
behavior-based hypotheses of O’Toole (2002), and the molecular hypotheses of Miya

and Nishida (pers. comm.). Furthermore, the present results disagree with specific
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-aspects of alpha level taxonomy theorized by O’Toole (2002). Below are the relevant

findings, in reference to the six objectives outlined in the first section of this chapter:

1.

In agreement with the work of Johnson (1984, 1993) and O’Toole (2002),
the Echeneoidea were resolved as a monophyletic group. The Echeneidae,
Coryphaenidae and Rachycentridae were resolved together with strong
support in all cases.

The families Rachycentridae and Coryphaenidae form a monophyletic
group. This hypothesis agrees with Johnson (1984, 1993), who cites a
number of synapomorphies relating to neurocranial development, head
spination, mandibular structure and epithelial cell composition in support
of this relationship. This phylogeny also agrees with the hypotheses of
Reed at al. (2002) and the work of Ditty (1993) and Ditty and Shaw
(1992).

In agreement with the work of Lachner (1981) and O’Toole (2002), the
Echeneidae form a monophyletic group.

Subfamilies Echeneiinae and Remorinae were both monophyletic. These
data contradict the subfamily-level hypotheses of O’Toole (2002), who
found the subfamily Echeneiinae to be polyphyletic based upon analyses
of 138 putatively informative osteological characters. In his phylogeny,
the Remorinae + E. naucrates + E. neucratoides form a monophyletic
group. For this reason, O’Toole (2002) recommended the elimination of
subfamilial designations. Results of this study contradict O’Toole’s (2002)

hypotheses and validate their designation.
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5. The genus Remora is paraphyletic based upon the position of the
monotypic genus Remorina. These results agree with O’Toole’s (2002)
findings. To amend this situation, O’Toole (2002) recommended that
Remorina albescens be subsumed under the genus Remora, which yielded
a five-member monophyletic genus. Results of this study support this
recommendation.

6. The final objective, a clarification of the species-level relationships within
the Echeneidae, was not fully achieved using the genetic information
surveyed. This goal was not realized due to poor resolution within the
Remor;nae and potential discrepancies with the genus Echeneis (both

discussed below).

Unresolved Relationships

Two nodes were unresolved in the analysis of combined data: the node
defining the outgroups N. pectoralis and C. armatus and the node defining the
Remorinae. Carangoides armatus was alternately grouped with either a monophyletic
Echeneoidea or N. pectoralis. Freihofer (1978) united the five families Nematistiidae,
Carangidae, Echeneidae, Coryphaenidae and Rachycentridae based upon two
synapomorphies: an extension of the nasal canal surrounded by tubular ossifications
and cycloid scales. Johnson (1984) and Smith-Vaniz (1984) further clarified the
relationships with additional larval characters. The Carangidae were grouped with the
Echeneoidea based upon three characters: the lack of a bony stay posterior to the

ultimate dorsal and anal pterygiophores, presence of two prenasal canal units, and a
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lamellar expansion of the coracoid. Parsimony, likelihood and Bayesian phylogenies
of the combined (M +N) data set agree upon the placement of C. armatus as a sister-
taxon to the monophyletic echeneoid clade with a moderate (67%) to high (100%)
level of support. Parsimony analyses of the combined (mitochondrial only) data set
agrees with this relationship. On the contrary, likelihood and Bayesian analyses of
these data resolve a monophyletic N. pectoralis + C. armatus clade. The phylogenetic
relationships among these taxa were undefined by O’Toole (2002). In light of the
previous, uncontested work of Johnson and Smith-Vaniz, it seems highly likely that
the grouping of (Nematistiidae + (Carangidae + Echeneoidea)) is the most
phylogenetically accurate.

The second unresolved aspect of the proposed echeneoid phylogeny involves
the relationships within the Remorinae. Likelihood analyses of both combined data
sets produced an unresolved relationship among the five member taxa. Parsimony and
Bayesian analyses of both combined data sets (M only, M+N) agree upon the
placement of R. australis at the most basal position and R. brachyptera at the most
derived position along the branch. The relative positions of the remaining taxa varied
among data sets and inference methods used. As such, the relationships within this
subfamily are still unresolved. To address this issue, future work should involve
sampling a gene region that exhibits a higher rate of sequence evolution (e.g. the

mitochondrial control region).

Discrepancies within Echeneis

The level of genetic divergences between sister-species within the genus
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Echeneis is surprisingly low. Pairwise sequence divergence of 0.21% (12S rRNA),
0.25% (16S rRNA), 0.14% (ND2), and 0.66% (ITS) were estimated between the
sharksucker (E. naucrates), and whitefin sharksucker (E. neucratoides) specimens.
Cursory analysis of these data suggests that these two specimens are in fact, the same
species, as this level of divergence is comparable to that found between individuals of
the same species. For example, intraspecific sequence divergence between individuals
of R. brachyptera exhibited the following ranges: 12S (0.32-1.16%); 16S (0.18-
1.07%); ND2 (0.43-1.00%) (data not shown).

Two reasons could account for the observed levels of divergence between
Echeneis species. First, a sample could have been misidentified. Alternatively, these
two putative sister species could, in fact, comprise a species that simply demonstrates
a wider range in character states and alternate color morphs than other echeneids.
Debate currently exists as to whether Echeneis is monotypic (Collette, pers. comm.).
E. neucratoides exhibits a restricted geographic distribution (western Atlantic only),
whereas E. naucrates is found worldwide. These two species are nearly identical in
external appearance and many of the putative characters used to differentiate the two
species overlap. Only one putative sample of E. neucratoides was collected during
this investigation. The specimen was identified by two separate researchers (K. Gray,
B.B. Collette) using the keys of Lachner (1984) and Collette (2003), following
standard identification procedures (including x-ray analysis of skeletal elements). On
the basis of dorsal and anal fin coloration alone (as the other identifiable features fell
within the range of both species), this specimen was identified as E. neucratoides.

Although tree topology is unlikely to change, even if divergence values between these
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sister species were to increase to a level comparable to that seen between other

remora species, these results highlight the need for inclusion of additional individuals
to properly address this discrepancy. Moreover, multiple individuals of each member
of the superfamily should be included, to ensure consistent and accurate phylogenetic

interpretation.

Importance of Multiple Genes

In a molecular phylogeny of the Gasterosteidae, Mattern (2004) stressed the
importance of using multiple gene regions to identify the “true” organismal
phylogeny. In an analysis of stickleback taxonomy using mitochondrial 12S rRNA,
16S rRNA, cytochrome b, ATPase 6, and control region DNA sequences, Mattern
(2004) resolved significant topological differences among different gene trees. This is
surprising given that all of these gene regions are linked on the same mitochondrial
gene. One would expect the gene trees of different regions of the same gene to be
more congruent (i.e. more so than if multiple nuclear and mitochondria gene regions
were compared). Nonetheless, in combined analyses of all molecular data, Mattern’s
(2004) phylogeny very closely resembled that of a morphologic and behavioral based
study. She noted that if the scope of gene sampling had been more limited, her
phylogenetic interpretation might have led to a vastly different hypothesis of the
relationships among these fishes. Above all, this highlights the need for a diverse
genetic sampling regimen, preferably including numerous independent mitochondrial

and nuclear encoded genes, in order to infer accurate evolutionary relationships.
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The results of the present study lend support to Mattern’s observations to a
degree. The individual gene phylogenies varied somewhat among gene regions
sampled and inference methods used. Overall, each gene tree resolved most of the
major nodes (e.g. monophyletic Echeneoidea, Rachycentridae + Coryphaenidae,
Echeneidae and Echeneiinae clades), although the relationships between Remora and
Remorina were almost consistently unresolved. A polytomic Remorinae was resolved
using parsimony, likelihood and Bayesian analyses of 12S rRNA and ND2 data. On
the contrary, the relationships within the Remorinae were resolved with 16S rRNA
and ITS-1 data, although differing hypotheses were generated.

The observed range in phylogenetic performance among the gene regions is
most likely a product of the amount of phylogenetically informative data each data set
contained. The 12S rRNA and ND2 data sets contained 179 and 196 parsimony
informative sites, respectively (after exclusion of third position ND2 data), whereas
the 16S rRNA and ITS-1 data sets contained 426 and 350 parsimony informative
sites, respectively. Furthermore, due to differences in evolutionary rate, each gene
region comparison resolved different levels of interspecific divergence. Interspecific
divergence estimates were lowest in 12S rRNA and ND?2 data sets (after exclusion of
third position data), and ranged from 0.21 to 18.9%, and 0.14 to 21.3%, respectively.
The greater levels of interspecific sequence divergence estimated using 16S rRNA
and ITS-1 data sets (0.25-22.6%, and 0.66-33.8%, respectively), combined with a
greater amount of parsimony informative data overall, likely provided for a clearer

interpretation of the interspecific relationships within the Echeneoidea.
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Analyses of concatenated DNA sequence data facilitated the generation of
robust gene phylogenies that effectively addressed the objectives of this study. Over
3200 bp of mitochondrial sequence data and over 4200 bp of combined nuclear and
mitochondrial sequence data were effectively utilized to address family, genus and
species-level ambiguities within the superfamily Echeneoidea. Although minor
differences exist among concatenated and individual gene phylogenies, most of the
major nodes were defined in the phylogenies generated. As such, the taxonomic
hypotheses presented here appear well supported and potentially represent the “true”

echeneoid phylogeny.



Table 1. PCR and cycle sequencing primer sequences used to amplify complete
mitochondrial 12S rRNA, 16S rRNA, ND2 and nuclear ITS-1 DNA sequences in the
Echeneoidea.
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Gene Region Primer Sequence Reference Notes
PCR Amplification
128 rRNA Phe-5M13F 5' aaagcataacactgaagatgt 3' * d 5'MI13F tail
Phe-5.1F 5' aaagcrtaacactgaagatgat 3' d -
165-3MI13R 5'accagctatmacyaggtteg 3' * d 5'MI3R tail
163-3.1R 5' accagctatsacyaggttcg 3' d .
125A-L (1254-59 5' anartgggattagataccccactat 3' a
16SA-H (1654-3" 5' at gttt gataaacaggeg 3' a
165 rENA Val-5MI3F 5' gcawagcatytemcttacacyg 3' ¥ d 5'M13F tail
Va-5.1F 5' gerivteccttacacygagaagte 3' d -
Leu-3MI13R 5'rytgggragaggayttgaace 3' ¥ d 5'MI3R tail
Leu-3. 1R 5'rytggoagaggayttgaacc 3' d .
165-IAMI3F 5' agttartcaaarggggkacagc 3' * d 5' M13F tail
165-IBM13R 5' caartgattacgctacctthge 3' * d 5'MI13R tail
ND2 ND2B-LM13F 5'taagctttygggcecatac 3' ¥ b 5' MI13F tail
ND2B-L 5'taagctttygggeccatac 3' b -
ND2ZB-HM13R 5' crrttaggrotttgaagge 3' ¥ b 5'MI13R tail
NDZB-H 5' crrttaggretttgaaggc 3' b -
ITS-1 X183F . 5'cttgactatctagaggaagt 3' c
X285R 5" atatgcttaaattcagcggg 3 C
5.85R1 5' attcacaftagttctcgeageta 3' C
5.85R2 5' attgatcatcgacmyttcgaacgeac 3 C
Cycle Sequencing
MI13F 5' cacgacgttataaaacgac 3' -
MI13R 5' ggataacaatttcacacagg 3 - .

References:

* Modified from Palumbi, S.R 199§

b Modified from Broughton and Gold, 2000

© K Johnson thests
4 This Study



Table 2. Nucleotide sequence variation within mitochondrial 12S rRNA, 16S rRNA and
ND2 gene regions, and the nuclear ITS-1 region in the Echeneoidea.
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Table 3. Summary statistics of parsimony and likelihood analyses of 12S rRNA, 16S
rRNA, ND2 and ITS-1 DNA sequences in the Echeneoidea. Abbreviations: consistency
index (CI); retention index (RI); rescaled consistency index (RC); homoplasy index (HI);
log-likelihood (-1n).
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Figure 1. Incongruent hypotheses of the taxonomic relationships within the Echeneoidea
based upon (A) larval morphology (Johnson, 1984,1993; Smith-Vaniz, 1984) and (B)
adult osteology and behavioral characters (O'Toole, 2002). Diagram credit: Johnson,
G.D. 1984; O’Toole, B. 2002; LARVALBASE: http://www.larvalbase.org, 2005.
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Figure 2. Locations of PCR primers used to amplify DNA sequences from (A) the
mitochondrial 12S rRNA, 16S rRNA, and ND2 gene regions and (B) the nuclear ITS-1
gene region in the Echeneoidea. Mitochondrial genome diagram credit: MITOMAP: A
Human Mitochondrial Genome Database. http://www.mitomap.org, 2005.
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Figure 3. Nucleotide substitution patterns observed in pairwise comparisons of complete
12S rRNA gene region sequences in the Echeneoidea. Transitions (diamonds) and
transversions (triangles) observed (A) overall and (B) within putative paired and unpaired
regions were plotted against pairwise uncorrected sequence divergence (p-distance) to
explore sequence saturation.
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Figure 4. Nucleotide substitution patterns observed in pairwise comparisons of partial
16S rRNA gene region sequences in the Echeneoidea. Transitions (diamonds) and
transversions (triangles) observed (A) overall and (B) within putative paired and unpaired
regions were plotted against pairwise uncorrected sequence divergence (p-distance) to
explore sequence saturation.
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Figure 5. Nucleotide substitution patterns observed in pairwise comparisons of complete
ND2 gene region sequences in the Echeneoidea. Transitions (diamonds) and
transversions (triangles) observed (A) overall and within (B) first (C) second, and (D)
third codon positions, were plotted against pairwise uncorrected sequence divergence (p-
distance) to explore sequence saturation.
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Figure 5. (continued).
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Figure 6. Nucleotide substitution patterns observed in pairwise comparisons of complete
ITS-1 gene region sequences in the Echeneoidea. Transitions (diamonds) and
transversions (triangles) observed were plotted against pairwise uncorrected sequence
divergence (p-distance) to explore sequence saturation.
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Figure 7. Phylogenetic estimates of the relationships within the Echeneoidea, based upon
analyses of 3213 bp of concatenated mitochondrial 12S rRNA, 16S rRNA, and ND2 gene
region sequence data using (A) maximum parsimony, (B) maximum likelihood, and (C)
Bayesian inference methods. Nodal support was estimated using bootstrap proportions
(parsimony: 1000 pseudoreplicates, 1000 random sequence additional replicates;
likelihood: 100 pseudoreplicates, 10 random sequence addition replicates) and posterior
probability calculations (4 million generations sampled every 1000 generations).
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Figure 7. (continued).
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Figure 7. (continued).
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Figure 8. Phylogenetic estimates of the relationships within the Echeneoidea, based upon
analyses of 4223bp of concatenated mitochondrial 12S rRNA, 16S rRNA, ND2, and
nuclear ITS-1 gene region sequence data using (A) maximum parsimony, (B) maximum
likelihood, and (C) Bayesian inference methods. Nodal support was estimated using
bootstrap proportions (parsimony: 1000 pseudoreplicates, 1000 random sequence
additional replicates; likelihood: 100 pseudoreplicates, 10 random sequence addition
replicates) and posterior probability calculations (4 million generations sampled every
1000 generations). Diagram credit: FISHBASE: http://www.fishbase.org, 2005.
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Figure 8. (continued).
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Figure 8. (continued).
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Figure 9. Phylogenetic estimates of the relationships within the Echeneoidea, based upon
analyses of 916bp of 12S rRNA gene region sequence data using (A) maximum
parsimony, (B) maximum likelihood, and (C) Bayesian inference methods. Nodal support
was estimated using bootstrap proportions (parsimony: 1000 pseudoreplicates, 1000
random sequence additional replicates; likelihood: 100 pseudoreplicates, 10 random
sequence addition replicates) and posterior probability calculations (2 million generations
sampled every 1000 generations).
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Figure 10. Phylogenetic estimates of the relationships within the Echeneoidea, based
upon analyses of 1599bp of 16S rRNA gene region sequence data using (A) maximum
parsimony, (B) maximum likelihood, and (C) Bayesian inference methods. Nodal support
was estimated using bootstrap proportions (parsimony: 1000 pseudoreplicates, 1000
random sequence additional replicates; likelihood: 100 pseudoreplicates, 10 random
sequence addition replicates) and posterior probability calculations (2 million generations
sampled every 1000 generations). '
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Figure 11. Phylogenetic estimates of the relationships within the Echeneoidea, based
upon analyses of 698bp of ND2 gene region sequence data using (A) maximum
parsimony, (B) maximum likelihood, and (C) Bayesian inference methods. Nodal support
was estimated using bootstrap proportions (parsimony: 1000 pseudoreplicates, 1000
random sequence additional replicates; likelihood: 100 pseudoreplicates, 10 random
sequence addition replicates) and posterior probability calculations (2 million generations
sampled every 1000 generations).
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Figure 12. Phylogenetic estimates of the relationships within the Echeneoidea, based
upon analyses of 1010bp of ITS-1 gene region sequence data using (A) maximum
parsimony, (B) maximum likelihood, and (C) Bayesian inference methods. Nodal support
was estimated using bootstrap proportions (parsimony: 1000 pseudoreplicates, 1000
random sequence additional replicates; likelihood: 100 pseudoreplicates, 10 random
sequence addition replicates) and posterior probability calculations (2 million generations
sampled every 1000 generations).
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CHAPTER TWO. AN INVESTIGATION OF POPULATION STRUCTURING
WITHIN THE FAMILY ECHENEIDAE (PERCIFORMES: CARANGOIDEI)
INFERRED FROM MITOCHONDRIAL CONTROL REGION

DNA SEQUENCE ANALYSES.
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INTRODUCTION

Host-Symbiont Behavior

The Echeneidae (remoras) exhibit unique symbiotic interactions with a
diverse group of marine organisms. Facilitated by a modified dorsal fin in the form of
a transversely laminated cephalic suction disc, these fishes readily attach to an array
of hosts, including bony fishes, sharks, rays, marine mammals and reptiles. Most
echeneids attach to the external surface of their hosts, although some species are
known to enter the gill cavities (Cressey and Lachner, 1970). Possible benefits of this
behavior include protection from predators, access to food' resources (e.g. ecto-
parasites, food scraps), increased reproductive chances, and free transportation (i.e.
lower energy expenditure; O’Toole, 2002). It has been shown that the remoras exhibit
commensal, mutualistic and potentially parasitic interactions with their marine hosts
(Strasburg, 1959; Strasburg, 1962; Strasburg, 1967; Cressey and Lachner, 1970;
O’Toole, 2002). Assuming negligible ill effects to the host, the remora-host
association is considered commensal on the basis of the factors noted above. The
work of Strasburg (1959, 1967) and Cressey and Lachner (1970) demonstrated that
this association is often mutualistic given the relative contribution of parasitic
copepods (specifically family Caligidae) to the remora’s diet. The degree of

“dependence upon host parasites differs by species and level of development, often -

changing through ontogeny (Cressey and Lachner, 1970). The presence of
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unidentified fish scales in the stomachs of juvenile slender suckerfish, Phtheirichthys
lineatus (Gray, unpublished data), indicates the potential for parasitism. Scale eating
behavior (lepidophagy) is common to a number of fish taxa, including cichlids of the
genus Perissodus (Hori, 1993), Asiatic glassfishes, Chanda nama (Grubh and
Winemiller, 2004), and cleaner wrasse mimics, the fang tooth blennies of the genus
Plagiotremus (Moland and Jones, 2004). Pronounced recurved teeth present during
the juvenile stages of P. lineatus may function as scale removal implements.
Independent of the type of symbiotic interaction, it is evident that host-
association is an important behavioral element in the life history of the remoras. The
relative importance of host-association, and the degree of host-reliance during
development from larvae through adult are topics of great interest. The degree to
which host ecology might affect the ecology of the symbiont is completely unknown.
This last question is particularly intriguing in the light of the work of Strasburg
(1959), Cressey and Lachner (1970), and others who have demonstrated host
specificity in this family. In his summary of available host/remora occurrence records
published between 1959 and 1996, O’Toole (2002) reported that remoras exhibit a
considerable range in both the degree of host specificity and free-swimming behavior
(Table 4). Specifically, the members of the subfamily Echeneiinae demonstrate
generalized host association patterns and elevated free-swimming behavior,
particularly as adults. In contrast, the Remorinae exhibit moderate to highly specific
host association patterns, and low to moderate levels of free-swimming behavior.
Collectively, these characteristics indicate that host ecology may directly influence

the ecology of the symbiont. Specifically, structuring within remora populations
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(particularly the Remorinae) could be greatly affected, or driven by distribution and
movement patterns of their hosts. Moreover, the distribution of remoras that exhibit a
high degree of host specificity and depressed free-swimming behavior has the
potential to mirror that of their host.
The marlinsucker, Remora osteochir (Cuvier, 1829) is an ideal candidate that
.can be used to contrast host and symbiont population patterns. This “pelagic
specialist” (as defined by O’Toole), preferentially -associates with istiophorid
.billfishes (Cressey and Lachner, 1970; O’Toole, 2002). Of 495 host occurrence
records, 483 (97.6%) involved istiophorid billfishes (O'Toole, 2002; Table 4; Figure
13). The remaining 2.4% of host association records involve swordfish, Xiphias
gladius (Linnaeus, 1758), shortfin mako shark, Isurus oxyrinchus (Rafinesque, 1810),
wahoo, Acanthocybium solandri (Cuvier, 1832), dolphin, (Coryphaena sp.), ocean
sunfish, Mola mola (Linnaeus, 1758), and fishing gear (bait, buoys).
Population genetic structure in istiophorid billfishes has been noted between,
and in some cases within ocean basins (reviewed in Graves and McDowell, 2003).
Based upon studies utilizing allozymes, mtDNA restriction fragment length
polymorphism (RFLP) patterns, mtDNA, anonymous single copy nuclear DNA
(ascnDNA) sequences, and nuclear microsatellites, it has been demonstrated that both
blue marlin (Makaira nigricans, Lacepede 1802), and sailfish (Istiophorus
platypterus, Shaw 1792) exhibit significant levels of genetic partitioning between
- Atlantic and Pacific oceans. In both blue marlin and sailfish, two distinct evolutionary
lineages have been described: one lineage that is restricted to the Atlantic, and a

second "ubiquitous" lineage composed of both Atlantic and Pacific individuals.
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Significant heterogeneity has also been noted among sailfish collections within the
‘Indo-Pacific (McDowell, 2002). Based upon analyses of both allozymes and mtDNA
RFLP patterns (Graves and McDowell, 1994; Graves and McDowell, 2003) and
mitochondrial DNA sequences and nuclear microsatellites (McDowell and Graves,
unpublished) highly significant levels of population genetic structure within the Indo-
Pacific have been inferred in striped marlin (Tetrapterus audax, Philippi 1887).

Given their highly specific host-association pattern and depressed level of
free-swimming behavior, it is plausible that R. osteochir exhibit similar patterns of
geographic partitioning to that of their istiophorid hosts. To date, symbioses-
dependent structuring has not been explored in these (or any other) marine fishes. To
address this intriguing evolutionary question, samples of R. osteochir were collected
from seven sampling locations spread throughout Atlantic and Pacific oceans.

Genetic variability was assayed to infer phylogeographic patterns within this species.

Utility of Molecular Markers

Analyses of molecular markers provide a means to infer evolutionary history
(Avise, 1994). Using these markers, intraspecific genetic relationships can be
evaluated in a geographic context to determine if population structure exists. In light
of the forces that influence genetic variation (mutation, migration, selection and
genetic drift), these observations can be related to events and processes in the past, as
well as the present, to infer the factors likely influencing evolutionary change. In this
study, DNA sequence analyses of the hypervariable mitochondrial control region

were used to infer marlinsucker phylogeography.
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The mitochondrial genome is an ideal candidate for population-level analyses
for a number of reasons (reviewed in Avise, 1994; Stepien and Kocher, 1997; Avise,
2001; Hallerman, 2003). The mitochondrial genome is haploid, maternally inherited
and does not undergo recombination (crossing over). A single identical mitochondrial
genotype (haplotype) is found throughout the organism, except in the rare case of
paternal leakage (heteroplasmy) (Magoulas and Zouros, 1993; Avise, 2001). The
mitochondrial genome experiences a higher rate of nucleotide substitution than
nuclear DNA and has been estimated to approach a rate 5-10 times that of nDNA
(Brown et al. 1979; Saccone et al. 1999; Avise, 2001). Furthermore, it has been
demonstrated that the non-coding control region, which contains the transcription and
replication control elements for the genome, evolves 3-5 times faster than the
mitochondrial genome as a whole (Brown, 1993; Avise, 2001). Because the
mitochondrial genome is haploid and uniparentally inherited, it has been argued that
the mtDNA exhibits an effective population size one-quarter that of nuclear DNA. As
such, genetic divergence between isolated populations tends to accumulate more
rapidly, assuming an equal rate of mutation, selection, drift and gene flow
(Hallerman, 2003). Although debate exists as to the frequency of mitochondrial
recombination (Tsaousis et al. 2005), it is sufficiently rare that mtDNA can be used to
effectively evaluate historical events and processes. In sum, the mitochondrial
genome is quite sensitive to evolutionary pressure and can be exploited to detect
population genetic substructure.

Analyses of mitochondrial DNA (mtDNA) sequence variation have been

successfully used to address phylogeographic questions in a number of fish taxa.
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These include studies pertinent to stock management that have focused on pelagic
marine fishes such as swordfish, X. gladius (Reeb et al. 2000; Alvarado-Bremer et al.
2005), blue marlin, M. nigricans (Buonaccorsi et al. 1999), black marlin, Makaira
indica (Falterman, 1999), sailfish, I. platypterus (Graves and McDowell, 1995;
McDowell, 2002), white marlin, Tetrapterus albidus (Graves and McDowell, 2001;
Graves and McDowell, 2003), striped marlin, 7. audax (Graves and McDowell, 1994;
Graves and McDowell, 2003; McDowell and Graves, unpublished), bigeye tuna,
Thunnus obesus (Chow et al. 2000; Durand et al. 2005; Martinez et al. in press),
bluefin tuna, Thunnus thynnus (Carlsson et al. 2004; Alvarado-Bremer et al. 2005),
albacore tuna, Thunnus alalunga (Vinas et al. 2004), and wahoo, A. solandri (Garber

et al. 2004).

Objectives

This study builds upon our understanding of the intraspecific evolutionary
relationships within the Echeneidae. Using the marlinsucker, R. osteochir, as a case
study organism, genetic relationships among geographically distant collections were
elucidated. To test the null hypothesis that a single, panmictic population of R.
osteochir is distributed through Atlantic and Indo-Pacific oceans, DNA sequence
analyses of the hypervariable mitochondrial-encoded control region were performed.
Intraspecific variation within and among samples collected from geographically
distant locations within Atlantic and Pacific oceans was used to infer population
structure within this species. The results of this work help to better understand the

ecology of R. osteochir and the Echeneidae as a whole. A comparison of the



population genetic patterns between host and symbiont provide insight into the

factors potentially affecting remora phylogeography.
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MATERIALS AND METHODS

Sample Collection

Between August, 2002 and April, 2005, over 100 samples of marlinsucker
were collected. In all cases, samples were secured by pelagic longline or recreational
capture of their istiophorid hosts. Numerous academic, federal, commercial and
recreational fishing resources were exploited to sample from seven broad geographic
provinces within the marlinsucker’s geographic range (five Atlantic and two Pacific;
Figure 14). In this study, 71 specimens were used to test for geographic homogeneity.
Sampling locations include the following: the western North Atlantic (WNA; n = 6)
the Gulf of Mexico/Caribbean Sea (GOM; n = 15), the western Equatorial Atlantic
(WEA; n = 13), the eastern Equatorial Atlantic (EEA; n = 12), the central North
Atlantic (CNA; n = 5), the western South Pacific (WPAC) n = 8, and the eastern
Equatorial Pacific (EPAC; n = 12). Specific collection information is noted in
Appendix 1. Due to logistic constraints, it was not feasible to sample throughout the
entire marlinsucker range (e.g. Indian Ocean), although care was made to sample in
as wide a range of locations as possible.

Upon capture, whole specimens were placed on ice or immediately frozen to
prevent tissue degradation. In most cases, tissue samples were taken at capture and
stored in either DMSO tissue storage buffer (0.25 M disodium ethylenediamine-

tetraacetic acid (EDTA), 20% dimethyl sulfoxide (DMSO), saturated sodium chloride
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(NaCl), pH 8.0) or 95% ethanol. Samples were identified, photographed and
processed in the VIMS Fisheries Genetics Laboratory. Voucher specimens were
deposited at the Virginia Institute of Marine Science (VIMS) and the National

‘Museum of Natural History (USNM; Appendix 1).

DNA Extraction and PCR Amplification

Following the methods of Sambrook et al. (2001), total genomic DNA was
extracted from 0.03-0.10g skeletal and/or heart muscle. Tissue was digested at 37°C
over night with 15pl proteinase K (25mg/ml), 15ul RNAse (10mg/ml), 60ul 10%
sodium dodecyl sulfate (SDS) and 500ul isolation buffer (SOmM EDTA, 50mM Tris,
150mM NaCl, ph 8.0). Genomic DNA was isolated through a series of washes with
equilibrated phenol, phenol/isoamyl alcohol/chloroform (25:1:24) and isoamyl
alcohol/chloroform (1:24). DNA was precipitated using an equal volume of
isopropanol and 0.04x volume 5M NaCl and pelleted by high-speed centrifugation.
DNA was washed with 70% EtOH to remove salts, lyophilized to remove trace EtOH
and resuspended in 0.1X TE buffer, pH 8.0. Complete double-stranded nucleotide
sequences from the hypervariable mitochondrial control region were amplified
following standard polymerase chain reaction (PCR) methodology using 7ag PCR
Core reagents (Qiagen Corp. Valencia, CA) with published universal PCR primers
DloopK (5' AGCTCAGCGCCAGAGCGC CGGTC TTGTAAA 3'; Lee et al. 1995),
DloopL (5' AGTAAGAGCCCACCATCAGT 3'; Lee et al. 1995), 1CD-Loop(H1) (5"
TTGGGTTTCTCGTATGACCG 3'; Cronin et al. 1993) and echeneoid specific

primer DloopR1 (5' GCRGATACTTGCATGTCTAART 3'; this study). Primer
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locations are depicted graphically in Figure 2. Each 25u1 PCR reaction contained the
following: approximately 5-25ng purified gDNA, 2.5ul 10X PCR reaction buffer
(Tris-Cl, KCI, (NH4),SO4, 15 mM MgCl,; pH 8.7), 0.5u]1 10mM dNTP mix (dATP,
dCTP, dGTP, dTTP, 10mM each), 0.125ul Tag DNA polymerase @ 5 units/ul, 0.5ul
bovine serum albumin (BSA) @ 10mg/ml, 10pmoles of each primer. Negative (no
DNA) control reactions were set up alongside experimental reaction mixtures to
confirm that contamination via extraneous DNA did not occur. PCR amplification
conditions consisted of an initial denaturation of 4 minutes at 94°C, followed by 35
cycles of 1 minute at 94°C, 1 minute at 50°C, and- 1.5 minutes at 72°C, followed by a
final extension of 5 minutes at 72°C (with minor exceptions). All PCR amplifications
were performed using an MJ Research PTC-200 thermocycler (Watertown, MA).
Products were visualized using an ultraviolet-light transilluminator following
electrophoresis through an ethidium bromide stained agarose gel matrix. PCR
products were purified by column filtration (QIAquick PCR Purification, Qiagen
Corp., Valencia, CA), or by using EXOSAP (USB Scientific, Cleveland, OH) prior to

DNA sequencing.

DNA Sequencing and Sequence Analyses

Purified PCR products were sequenced in forward and reverse directions
following dideoxynucleotide chain termination sequencing methodology developed
by Sanger et al. (1977). Samples were sequenced using BigDye Terminator v3.1
Cycle Sequencing reagents (Applied Biosystems, Warrington, UK) with minor

modifications of the manufacturer's recommendations. Sequencing reactions were
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composed of 10-50ng template DNA, 0.25ul sequencing primer, 0.25ul BigDye
master mix, 1pl 5x reaction mix and milli-q water to a final volume of Sul. Cycle
sequencing conditions consisted of an initial denaturation of 1 minute at 96°C,
followed by 25 cycles of 10s at 96°C, 5s at 50°C, and 4 minutes at 60°C. Primers used
for'cycle sequencing were identical to primers used in original PCR amplification
reactions. Amplification products were electrophoresed using an ABI 3100 or ABI
3130 DNA sequencer equipped with either a 50cm or 80cm capillary loaded with
POP7 or POP4 gel matrix, respectively. Results were analyzed using Sequencing
Analysis v. 5.1.1 software (Applied Biosystems, Warrington, UK). Standard
chromatogram format (SCF) curves were exported for subsequent analyses.
Consensus sequences from multiple SCF sequence files were cfeated using
Sequencher 3.0 (Gene Codes Corp., Ann Arbor, MI). Preliminary alignments of
consensus sequences were generated using the Clustal W algorithm in MacVector 7.2
(Accelrys Inc., San Diego CA), with default parameters. Minor adjustments were
made to align consensus sequences on the basis of conserved sequence motifs.
Sequence characteristics including base composition and number of substitutions (as
well as relative contribution by transitions, transversions, indels) were calculated in
Arlequin v 2.0.4 (Schneider et al. 2000). A different haplotype designation was given

to each unique DNA sequence.

Population Genetic Analyses

An estimate of molecular diversity within each collection was calculated using

Arlequin. This includes haplotype diversity (), which represents the probability of
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encountering a unique haplotype on repeated draws from the same sample collection,
and nucleotide sequence diversity (), which represents the average number of
differences per site between two sequences sampled from the same collection (Nei,
1987). Divergence between populations was estimated using pairwise nucleotide
sequence divergence (8), which represents the average number of differences per site
between two sequences sampled from separate collections. Nucleotide sequence
divergence values were used to generate an unweighted pair group method with
arithmetic mean (UPGMA) (Sneath and Snokal, 1973) tree to visualize
phylogeographic patterns within this species. The control region sequence of the
slender suckerfish, P. lineatus, was used to root this analysis. Sequence divergence
values were used to evaluate geographic structuring of molecular variance.
Hierarchical analyses of molecular variance (AMOVA) was employed to partition
variation between ocean basins, among collections within ocean basins, and among
individuals within collections. Population pairwise ®st values (Excoffier et al. 2002),
which are analogous to Wright's F-statistics (Wright, 1978), were calculated and used
as a proxy of gene flow. All analyses were performed using the Tamura-Nei model of
character evolution. For AMOVA and ®st calculations, the probability of significance
was assessed using 10000 permutations of the data. Neutrality tests were performed
to infer violation from the neutral theory of molecular evolution (Kimura, 1983).
Mismatch distributions (Harpending et al. 1994) were generated using the graphing
function in Microsoft Excel using absolute pairwise differences between haplotypes.

Neutrality statistics including 1, 8, 0,, Harpending's raggedness index (Harpending et
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al. 1993), Tajima's D (Tajima, 1989), and Fu's Fs (Fu, 1997) were estimated in
Arlequin using 1000 replicates.

Interclade divergence estimates were used to estimate time since separation
and putative secondary colonization of Atlantic marlinsucker using two different
methods: a simple back-calculation based upon nucleotide sequence divergence (9)
and an estimated rate of mutation (i), and a more complex formula based upon
coalescence theory. The first formula estimates the time since divergence (T) using
‘the equation T = 6/2p. The second formula estimates of the amount of time since
divergence from a common ancestor (coalescence time, t) using the formula t = t/2v,
where v.= mp. Estimates of T were calculated with Arlequin using 1000 replicates.
Mutation rate per haplotype (v) was defined by the product of m, the total aligned
sequence length, and p, the estimated mutation rate (Harpending et al. 1993). A
mutation rate of 3.6% per million years, which was estimated using control region
variation in amphi-Panamic geminate pairs of snook (Donaldson and Wilson, 1999),
was implemented in all analyses. This mutation rate estimate falls between the
commonly cited whole mtDNA mutation rate of 2% per million years (Brown et al.
1979), and an empirical estimate based upon the transition (Ts):transversion (Tv)
ratio of the hypervariable 5' end of the control region (McMillian and Palumbi, 1997).
The empirical estimate was based on a Ts/Tv ratio of 4.3 observed in a 300bp region
encompassing the hypervariable region in the marlinsucker, which corresponds to a

"moderate" mutation rate (~5% per million years).
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RESULTS

Sequence Variation

Complete mitochondrial control region sequences were collected from 71
individuals of R. osteochir, and ranged from 952 to 959 base pairs (bp) in length. A
final alignment of 971 bp exhibited 223 polymorphic sites (23%), which included 160
transitions, 59 transversions and 32 indels. Sequence variability was unequally
distributed across the control region. The 5° (tRNA™) region demonstrated the
highest degree of polymorphism, although additional highly variable segments were
spread throughout the gene region, interspersed between segments that exhibited high
sequence conservation (Figure 15). Transition:transversion ratio across the entire
control region was estimated at 2.8. Average nucleotide composition was biased
towards adenine and thymine. Relative contribution of each nucleotide was
approximately 32.9% A, 20.8% C, 13.8% G, and 32.5% T. Seventy-one unique
haplotypes were observed in the 71 samples examined. The absolute number of
differences between haplotypes ranged from 2 to 62 (mean = 34.34, SE = 0.26) and
nucleotide sequence divergence between haplotypes ranged from 0.21 to 6.71%

(mean = 3.49%, SE = 0.02; Table 5, Appendix 6).
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Genetic Diversity

High levels of haplotype (#) and nucleotide sequence diversity (B) were
estimated at each of the seven sampling locations (Table 5). Given that 71 unique
haplotypes were found, haplotype diversity was unity at all locations. Nucleotide
sequence diversity, which better captures the amount of genetic variation at each
location, ranged from 1.95 to 3.76% (overall mean = 3.67%, SE = 0.0003; Table 5).
The lowest level of sequence diversity was found in the CNA collection, which
coincidentally had the smallest sample size (n = 5). The mean number of pairwise
differences between individuals collected in this region was also low (18.6) compared
to the other sampling locations (mean = 26.3). The highest level of diversity was
found in the GOM sample, in which the mean number of pairwise differences
between haplotypes was 36.1. Within the Atlantic, corrected nucleotide sequence
divergence between sample locations ranged from zero to 0.82% (GOM:CNA; Table
6). In the Pacific, average corrected nucleotide sequence divergence between samples
collected in eastern and western sampling locations measured 0.58%. Between
Atlantic and Pacific collections, the lowest corrected nucleotide sequence divergence
was found between CNA and WPAC (0.00%), and the highest level of divergence

was found between GOM and WPAC (0.89%; Table 6).

Clade Distribution

Evidence of structuring was noted in the UPGMA tree generated from
pairwise nucleotide sequence divergence values (Figure 16). Although tree topology

could not resolve a clear relationship between sampling location and genetic
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relatedness, two distinct lineages were resolved: one lineage (Clade I) was composed
of only Atlantic specimens, whereas the other lineage (Clade II) was composed of
both Atlantic and Pacific samples. Clade I included 24 haplotypes from four Atlantic
sampling locations (no Clade I haplotypes were found at the CNA sampling location).
Clade II included 47 haplotypes represented in all seven sampling locations (27
Atlantic and 20 Pacific; Table 7). Relative contribution of Clade I and Clade 11
haplotypes at each sampling location is depicted graphically in Figure 17. When all
haplotypes were considered, roughly equal estimates of nucleotide sequence diversity
were calculated for Clades I and II (2.46 and 2.44%, respectively; Table 5). Between
clades, average corrected nucleotide sequence divergence was 2.30% (4.75%
uncorrected), and a ®@st of 0.485 (p < 0.0001) was estimated.

Based upon clade organization, three subgroups were defined to further
evaluate the level of differentiation between haplotypes: Atlantic-1 (Atlantic samples
found in Clade 1), Atlantic-1I (Atlantic haplotypes found in Clade II) and Pacific.
Corrected nucleotide sequence divergence between Atlantic-1I:Pacific groups was
estimated at 0.11%, whereas divergence between both Atlantic-I: Atlantic-1I and
Atlantic-I:Pacific pairs was nearly twenty times as great (2.31 and 2.35%,
respectively; Table 7). Within the Atlantic, neither Atlantic-1 nor Atlantic-1I
haplotypes demonstrated significant genetic differentiation by sampling location
(Table 8). ®st values between Atlantic-I haplotypes binned by sampling location
ranged from —0.0704 to 0.0346 (p >> 0.05). ®st values between Atlantic-11

haplotypes binned by sampling location ranged from —0.1262 to 0.0605 (p >> 0.05).
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AMOVA analyses resolved 100% of the variance within sampling locations (Table

9):

Phylogeography and Population Structuring

Analyses of molecular variance demonstrated significant genetic
heterogeneity between Atlantic and Pacific collections (Table 9). When haplotypes
were binned into Atlantic and Pacific groups, a highly significant proportion
(14.88%) of the variance was calculated between ocean basins (p = 0.0001). When
haplotypes were binned into collections nested within ocean basins (Atlantic n=5,
Pacific n=2), 14.66% of the variance was estimated between ocean basins (p <
0.0001). A minor amount of the variance (0.64%, p < 0.001) was accounted for by
differences between collections within ocean basins. The majority of the variance
(84.7%) was partitioned among individuals within collections.

Population pairwise ®st analyses resolved significant levels of population
differentiation between both the Atlantic and Pacific samples and one sub-region pair
within the Atlantic (Table 8). Elevated ®@st values (0.1137-0.2105, p < 0.05) were
estimated between all Atlantic and Pacific collections, with the exception of
CNA:WPAC and CNA:EPAC pairs. Both CNA-Pacific pairwise ®st values were
negative and non-significant (p > 0.5409). Pairwise ®st values among Atlantic
sampling locations ranged from -0.0550 to 0.1707. All values were non-significant,
except between CNA and GOM, where a @st of 0.1707 (p = 0.0243) was estimated.
No evidence of structure was noted between eastern and western Pacific collections

(Dst =-0.0245, p = 0.7998).
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No evidence of structuring in the Atlantic was resolved when marlinsucker
samples were binned by istiophorid host (Figure 18). Since only one blue marlin and
one swordfish-marlinsucker pair were observed, only three host classes were
specified (white marlin, WHM; sailfish, SAI; and spearfish, SPR). Population
pairwise ®@st values in all pairwise comparisons were negative and non-significant
(Table 10). Analyses of molecular variance (AMOVA) resolved 100% of the variance

within collections (Table 11).

Neutrality and Population Demography

Significant differences were observed in the mismatch distributions estimated
from pairwise comparisons of marlinsucker haplotypes. Overall, a bimodal mismatch
distribution was resolved when Atlantic and Pacific haplotypes were binned together
(Figure 19). When binned by clade, Clade I haplotypes demonstrated a ragged,
multimodal distribution, whereas Clade II haplotypes exhibited a broad unimodal
distribution. Both Atlantic-I and Pacific haplotypes demonstrated broad multimodal
mismatch distributions, whereas Atlantic-II haplotypes exhibited a nearly unimodal
distribution. Estimates of t differed significantly by haplotype binning strategy: when
binned by ocean basin, clade, and clade within ocean basin, the lowest values of ©
were estimated in Pacific, Clade II and Atlantic-II subgroups, respectively. Large
differences between 0y and 6; were noted in all combinations of marlinsucker
haplotypes. Both Harpending's raggedness index and Tajima's D estimates were non-
significant (p > 0.08) for all binned haplotype classes. Fu's Fs values were negative

(-6.2212 to -24.1513) and highly significant in all cases (p < 0.008; Table 12).
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Cladogenesis and Putative Recolonization

Using a mutation rate of 3.6% per million years (Donaldson and Wilson,
1999), cladogenesis was estimated to occur between 0.33 and 0.46 million years ago
using Atlantic-I and Pacific t estimates (t = 31.891 and 23.204, respectively). Based
upon corrected nucleotide sequence divergence () between Atlantic-1 and Pacific
haplotypes (0.02353), cladogenesis occurred approximately 0.33 million years ago
(Table 13). Putative recolonization of the Atlantic was estimated to occur 0.22 million
years ago using the t value estimated from Atlantic-II haplotypes. In contrast,
recolonization was estimated to occur 16 000 thousand years ago using corrected
nucleotide sequence divergence (0) estimated between Atlantic-II and Pacific

haplotypes (0.00114).
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DISCUSSION

Sequence Variation

The mitochondrial control region of the marlinsucker, R. osteochir, displayed
sequence characteristics similar to those examined in other fish taxa. The size of the
non-coding region (952 to 959bp) is slightly larger than that noted in swordfish
(835bp; Rosel and Block, 1996), bluefin tuna (820-860bp; Carlsson et al. 2004),
wahoo (889-894bp; Garber et al. 2005) and sailfish (839-855bp; McDowell, 2002),
but falls within the range noted in Percidae (888-1223bp; Faber and Stepien, 1997).
Consistent with the observations of Saccone et al. (1999), average nucleotide
composition was biased towards adenine and thymine, which together accounted for
65.4% of the total nucleotide usage. As with the mtDNA of other vertebrates
(reviewed in Meyer, 1995), there was a transitional bias. A transition:transversion
ratio of 2.8 was estimated over the entire control region, which is consistent with
observations in brook charr, Salvelinus fontinalis (2.3; Bernatchez and Danzmann,
1993) and red drum, Sciaenops ocellatus (3.4; Seyoum et al. 1999). Nucleotide
sequence variability was not equally distributed across the entire control region. The
region of highest variability was located in the 5' (tRNA"™) region, which is
congruent with observations in swordfish, Xiphias gladius (Reeb et al. 2000; Rosel
and Block, 1996), white sturgeon, Acipenser transmontanus (Brown et al. 1993),

wahoo, A. solandri (Garber et al. 2005), and ninespine stickleback of the genus
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Pungitius (Takahashi and Goto, 2001), Overall, the level of nucleotide polymorphism
(23%) across the entire marlinsucker control region is comparable to that seen in
partial control region sequences analyzed from red snapper (22%; Garber et al. 2004),
and red drum (22%; Seyoum et al. 1998) and slightly lower than the degree of
polymorphism observed in swordfish (30%; Alvarado-Bremer et al. 1995) and
albacore tuna (35%; Vinas et al. 2004). Both the level of polymorphism and the
magnitude of divergence noted between haplotypes indicate that the control region

contains sufficient genetic variation to infer population heterogeneity in this species.

Genetic Diversity

All sampling locations displayed extremely high levels of haplotype diversity
and moderate levels of nucleotide diversity. Haplotype di\./ersity estimates of unity at
all locations were unexpected, although not unrealistic for the control region.
Analyses of control region sequences from other cosmopolitan pelagic fishes
including swordfish (Alvarado-Bremer et al. 1996; Rosel and Block, 1996), bluefin
tuna (Carlsson et al. 2004; Alvarado-Bremer et al. 2005), albacore tuna (Vinas et al.
2004), and wahoo (Garber et al. 2005), have also revealed high levels of haplotype
diversity (2 = 0.99). Population-wide nucleotide diversity estimates in marlinsucker
(1.95 to 3.76% at seven sampling locations, 3.67% overall), are also consistent with
~ observations in other species, including swordfish (3.45%; Rosel and Block, 1996),
bluefin tuna (1.5%; Carlsson et al. 2004; 4.3%; Alvarado-Bremer, 2005), albacore

tuna (5.4%; Vinas et al. 2004), and wahoo (5.3%; Garber et al. 2004).
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On the basis of elevated haplotype and mean nucleotide sequence diversities
across all sample collections, (with the exception of the CNA collection, which shows
a moderate level of nucleotide diversity) it is unlikely that either Atlantic or Pacific
populations were recently colonized. High % and high & patterns are indicative of a
long time interval since the split from a common ancestral haplotype (Hallerman,
2003). A recent colonization event is usually characterized by large number of
haplotypes (high £) that differ from each other by only a few base pairs (low &) and
often exhibit a star shaped haplotype phylogeny (Slatkin and Hudson, 1991; Avise,
2001). Observations from this study do not follow these patterns, namely the high
estimates of both / and &, large absolute number of differences between haplotypes
(range = 2 — 62, mean = 34.34), and the distribution of haplotypes in the UPGMA

phylogenetic tree.

Clade Distribution

The most intriguing result of the present study was the resolution of two
distinct marlinsucker mtDNA linéages: Clade I composed of samples restricted to the
Atlantic, and Clade II composed of both Atlantic and Pacific samples. These
observations are congruent with observations in Atlantic populations of blue marlin
(Graves and McDowell, 1995; Buonaccorsi, 2001), sailfish (Graves and McDowell,
1995; McDowell, 2002), bigeye tuna (Chow et al. 2000; Durand et al. 2005; Martinez
et al. 2005) and swordfish (Alvarado-Bremer et al. 1996; Rosel and Block, 1996;
Alvarado-Bremer et al. 2005). Within the Mediterranean, this pattern has also been

demonstrated in albacore tuna (Vinas et al. 2004). In this study, nearly equal numbers
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of Clade I and Clade II haplotypes were resolved overall (24 Clade I, 27 Clade 1I),
although a homogeneous distribution of haplotypes by sampling location was not
observed. Within the Atlantic, the relative contribution of Clade II haplotypes at each
sampling location ranged from 40% to 100%, although no significant geographic
pattern to the haplotype distribution was found.

Potential explanations for the presence of two mitochondrial lineages in
highly vagile, cosmopolitan fishes such as swordfish, billfish and tunas have been
offered by a number of authors. Theories used to explain this pattern include
mitochondrial introgression (Manchado et al. in press) and stochastic extinction of
haplotypes (Vinas et al. 2004). The most frequently used explanation in fishes (and
perhaps the most logical explanation for the patterns seen in marlinsucker), involves
vicariant isolation during the Pleistocene (Graves and McDowell, 1995; Chow- et al.
2000; Buonaccorsi et al. 2001; Durand et al. 2004; Alvarado-Bremer et al. 2005;
Martinez et al. in press), secondary contact of populations that have evolved in
allopatry, followed by subsequent isolation.

Three vicariant events that occurred during the last 20 million years have been
postulated to be responsible for the isolation between tropical and subtropical marine
fishes of the Atlantic and Pacific: the closure of the Tethys Seaway (15-20mya), the
rise of the Isthmus of Panama (3.1-3.5mya) and the development of the Benguela
upwelling system off South Africa (2.0-2.5mya) (Bermingham et al. 1997; Bowen et
al. 2001; Rocha et al. 2005). Recent studies have shown that the Benguela upwelling
is somewhat permeable, and that contact between Atlantic and Indian Ocean fauna

has occurred since its inception (Graves and McDowell, 1995, 2003; Vermeij and



87

Rosenberg, 1993; Chow et al. 2000; Buonaccorsi et al. 2001; McDowell, 2002;.
Peeters et al., 2004; Durand et al. 2005; Martinez et al. 2005). Secondary contact
involving unidirectional migration across the Benguela upwelling barrier has been
used to explain the presence of two separate mtDNA lineages in a number of pelagic
fishes in the Atlantic (Chow et al. 2000; Buonaccorsi et al. 2001; McDowell, 2002;
Graves and McDowell, 2003; Durand et al. 2005; Martinez et al., in press).

Periods of secondary contact likely occurred during warm interglacial periods,
when tropical/subtropical marine habitat was less constricted and the cold Benguela
upwelling barrier was somewhat more permeable (Bowen et al. 2001; Graves and
McDowell, 2003; Rocha et al. 2005). Westward traveling warm-water eddies that
develop at the mixing zone between the Benguela current of the South Atlantic and
the Agulhas current of the western Indian Ocean likely provided a vector for eggs,
larvae, juvenile and adult fishes to be introduced into the South Atlantic (Bowen et al.
2001; Peeters et al. 2004; Rocha et al. 2005). During the last 2 million years, glacial-
interglacial cycles have occurred on the order of every 100,000 years (with multiple
transient heating/cooling events in between), suggestive of numerous potential inter-
ocean contact periods between isolated populations of pelagic fishes of the Atlantic
and Pacific (Fennel, 1999; Petit et al. 1999; Peeters et al. 2005; Rocha et al. 2005).

Results of the present study support the theory that Atlantic marlinsucker were
isolated from their Pacific conspecifics, and subsequently brought back into contact in
the relatively recent geological past. Furthermore, these results support the hypothesis
that the Atlantic population was secondarily colonized by Indo-Pacific individuals,

although it is it unclear when these event(s) occurred. This hypothesis is supported by



88

several lines of evidence. Overall, the level of genetic diversity estimated in the
Atlantic samples (t = 0.0346) was substantially more than that estimated in the
Pacific samples (rt = 0.0273). Two significantly different mitochondrial lineages ﬁ
(Clades I and II) were resolved in the Atlantic (@st =0.485, p < 0.0001), only one of
which was found in the Pacific. The level of divergence between collections of
Atlantic-II (putative Atlantic recolonists) and Pacific haplotypes (6 = 0.11%, p =
0.0055; dst = 0.044, p = 0.0041) was significantly lower than that measured between
collections of Atlantic-I and Pacific haplotypes (6 = 2.35%, p < 0.0001; ®st = 0.472,
p < 0.0001). Furthermore, the level of divergence between collections of Atlantic-IT
and Pacific haplotypes was significantly more than the level of divergence resolved
between Pacific sampling locations (8 =-0.01%, p = 0.7262; ®st =-0.0245, p =
0.7998). Analyses of Atlantic-II haplotypes resolved a nearly unimodal mismatch
distribution curve, whereas broad multimodal mismatch distributions were resolved in

analyses of both Atlantic-I and Pacific haplotypes.

Phylogeography and Population Structuring

Patterns of genetic differentiation between samples of marlinsucker collected
from seven locations in the Atlantic and Pacific indicate that marlinsucker exhibit
significant levels of population structuring between ocean basins, but negligible
geographic heterogeneity within ocean basins. Both population pairwise fixation
indices and hierarchical analyses of variance indicate a significant level of genetic
differentiation between marlinsucker collections from different ocean basins. ®st

estimates between Atlantic and Pacific samples resolved a "moderate” to "strong"
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level of fixation (as defined by Wright, 1978) between all sampling locations (st =
0.1137-0.2105, p < 0.05), with the exception of pairwise comparisons involving
CNA. These results are congruent with AMOVA analyses, which estimate a highly
significant portion of the total genetic variance partitioned between collections from
different ocean basins. When haplotypes were binned by ocean basin (two
collections), 14.88% of the total variance was partitioned between ocean basins.
When haplotypes were binned by sampling location within ocean basins (seven
collections), 14.66% of the total variance was partitioned between ocean basins.
These results are consistent with observations in several other cosmopolitan pelagic
fishes (Graves and McDowell, 1995; Alvarado-Bremer et al. 1996; Rosel and Block,
1996; Chow et al. 2000; Buonaccorsi et al. 2001; McDowell, 2002; Durand et al.
2005; Alvarado-Bremer et al. 2005; Martinez et al., in press). On the basis of DNA
sequence variability in a 300bp fragment of the control region, Rosel and Block
(1996) estimated a ®@st of 0.153 between Atlantic and Pacific samples and AMOVA
analyses partitioned 15.6% of the total variance between samples. Using RFLP
analysis of whole molecule mitochondrial DNA, McDowell (2002) demonstrated
significant levels of genetic partitioning between sailfish collected from different
ocean basins. When haplotypes were binned by ocean basin, 32.53% of the total
variance was partitioned between samples from different ocean basins, corresponding
to an ®st estimate of 0.325. In agreement with the work of Graves and McDowell
(1995), Alvarado-Bremer et al. (1996), Rosel and Block, (1996), Chow et al. (2000),
Buonaccorsi et al. (2001), McDowell (2002), Durand et al. (2005), Alvarado-Bremer

et al. (2005), Martinez et al. (in press), the levels of interocean divergence estimated



90

between Atlantic and Pacific marlinsucker samples suggest a significant barrier to
gene flow between ocean basins.

‘No evidence of geographic structuring was found in marlinsucker collections
within the Pacific Ocean. The ®@st estimate between eastern and western Pacific
collections was negative and non-significant (p = 0.7998), suggesting basin-wide
genetic homogeneity. These results parallel observations in blue marlin, where
negligible levels of structuring were resolved within the Pacific using cytochrome b
DNA sequencing (Finnerty and Block, 1992), allozyme and anonymous single copy
nuclear DNA(ascnDNA; Buonaccorsi et al. 1999) and whole mtDNA restriction
fragment length polymorphism (RFLP) analyses (Buonaccorsi et al. 2001). In
contrast, the results of the present study differ from the observations made in a
number of other pelagic fishes with which marlinsucker associate. Significant levels
of population structuring within the Pacific Ocean have been described in striped
marlin (Graves and McDowell, 1995; Graves and McDowell, 2003; McDowell and
Graves, unpublished), sailfish (McDowell, 2002), and swordfish (Reeb et al. 2000).
Although the results of the preseat study suggest that a significant amount of gene
flow occurs between distant sampling locations, further sampling is required to
evaluate these observations with moderate statistical power. In this study, samples
were collected from only two sampling locations (eastern Australia and southwestern
Panama) and totaled 8 and 12 individuals, respectively. A broader geographic
sampling regimen with increased sample sizes will be required to reevaluate the

levels of differentiation measured.
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The interpretation of the genetic relationships among geographically distant
collections in the Atlantic was less clear than that of the Pacific. When Atlantic
marlinsucker haplotypes were binned by sampling location, a highly significant
amount of genetic differentiation was observed between CNA and GOM
marlinsucker collections (®st = 0.1707, p = 0.0243), which is indicative of restricted
gene flow. In contrast, @st estimates in all other intraocean comparisons were not
significant (p>0.0762), implying negligible structuring between sampling locations.
The observed divergence between the CNA and GOM collections is most likely a
product of the small sample size in the CNA collection (n = 5). As such, the
interpretation of these data could be flawed due to type 1 error. The CNA sample
consisted exclusively of Clade II haplotypes, whereas the relative proportion of Clade
II haplotypes at all other Atlantic sampling locations ranged from 40 to 58%. Due to
the low sampling effort in this location, it is possible that the local genetic diversity
was not adequately sampled.

To more effectively evaluate intraocean substructuring, AMOVA and ®st
analyses were performed by separately binning Atlantic-I and Atlantic-1I haplotypes
by sampling location. Results of these tests indicated a lack of intraocean structure:
®st values between all Atlantic sampling locations were not significant for either
Clade T or Clade II samples; 100% of the variance was partitioned within collections
for both Clade I and Clade II haplotypes. These observations do not reject the
hypothesis of panmixia, and thus indicate that a significant amount of gene flow

exists between Atlantic sampling locations.
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Cladogenesis and Putative Recolonization

Estimates of cladogenesis and putative recolonization of the Atlantic by Indo-
Pacific marlinsucker are similar to estimates in other pelagic fishes exhibiting this
intriguing two-clade mtDNA pattern (Buonaccorsi et al. 2001; McDowell, 2002;
Graves and McDowell, 2003; Alvarado-Bremer et al. 2005; Martinez et al. in press).
In the present study, cladogenesis was estimated to have occurred between 0.33 and
0.46 million years ago. These values are roughly consistent with divergence time
estimates between Atlantic and Pacific stocks of blue marlin (0.6 million years;
Graves and McDowell, 1995; Buonaccorsi et al. 2001,), sailfish (0.37-0.66 million
years; McDowell, 2002), bigeye tuna (0.32-0.43 million year; Martinez et al., in
press) and swordfish (0.7 — 3.0 million years; Alvarado-Bremer et al. 2005). Results
suggest that contact between Atlantic and Pacific marlinsucker persisted long after
- the rise of the Isthmus of Panama and the development of the Benguela upwelling
system. Based upon 1 estimates from Atlantic-1I haplotypes and the level of
divergence measured between Atlantic-II and Pacific haplotypes (0.11%, p = 0.0055),
the putative recolonization of the Atlantic by Indo-Pacific marlinsucker could have
occurred between 16 000 and 220 000 years before present. Althou gh‘ coalescent and
divergence-based estimates disagree upon a definitive point in time when
recolonization most likely occurred, these results suggest that Atlantic and Pacific
marlinsucker stocks were separated for a period of at least 100 000 years prior to
secondary contact. Furthermore, the most recent contact between Atlantic and Pacific
stocks could have occurred near the end of the Pleistocene. It should be noted,

however, that the conversion of genetic distances into geologic time should be
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approached with caution. Mutation rate heterogeneity has been described at the
nucleotide position, gene region, gene and organismal level (reviewed in Hillis et al.
1996; Avise, 1994) making this methodology somewhat contentious. A more
conservative approach would be to use relative, rather than absolute distance. As
such, it would appear that secondary colonization occurred in the “relatively recent™
geological past. A low, but highly significant level of fixation (®st = 0.0442, p =
0.0041) between Atlantic-1I and Pacific samples suggests that sufficient time has
passed for genetic divergence to develop between these samples. As such, it appears
that contemporary gene flow between Atlantic and Pacific marlinsucker is not

occurring.

Neutrality and Population Demography

Distinct signatures of past population expansion were noted in mismatch
distribution analyses of marlinsucker control region haplotypes. In the present study,
long-term population stability was inferred in Pacific and Atlantic Clade I samples,
based upon broad, multimodal mismatch distributions. In contrast, Atlantic Clade II
samples (putative Atlantic Ocean recolonists) demonstrated a roughly unimodal
distribution, suggestive of rapid population growth. Harpending’s index, which
estimates the probability of deviation from a rapid population expansion model, was
insignificant in all haplotype comparisons. Fu’s Fs, which can be used to evaluate
population growth (or alternatively selection), was significant in all binned haplotype
analyses. Taken together, these data indicate that both Atlantic and Pacific

populations of marlinsucker experienced rapid population growth in the past. A
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significant amount of time may have passed, however, for the ancient population

- growth signature to be lost in the mismatch distribution analyses of Atlantic-I and
Pacific haplotypes. These observations are consistent with the hypothesis that Indo-
Pacific marlinsucker colonized and subsequently proliferated in the Atlantic Ocean in

the recent geological past.

Host-symbiont Phylogeography

The intimate association between marlinsucker and the fishes of the family
Istiophoridae has important implications to the ecology of R. osteochir. Barriers to
genetic homogenization that commonly affect free living (i.e. not host-associating)
marine fishes, are likely circumvented by attaching to istiophorids. Based upon the
highly migratory nature of their hosts, marlinsucker are not likely to be isolated by
distance, which represents a reduction in gene flow due to increased geographic
distance between individuals (Avise, 2001). Tagging data demonstrate that a number
of istiophorids (e.g. blue marlin, black marlin; Ortiz et al. 2003) are capable of long-
distance migration, including cross-ocean excursions. These observations support the
hypothesis that barriers to dispersion, such as the eastern Pacific barrier, may not be
significant obstacles to the marlinsucker. Localized spawning and recruitment, which
promotes genetic isolation, also does not appear to be a controlling factor. Ripe male
and female marlinsucker pairs have been observed cohabitating on the same
istiophorid host (Cressey and Lachner, 1970; Collette, pers. obs.; Gray, pers. obs.),
suggesting the potential for repeated spawning events between cohabitating fishes,

and a wide distribution area for their progeny given the highly migratory nature of
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their hosts. In this study, structuring was not revealed in the Atlantic when
marlinsucker were binned by istiophorid host. This suggests that while marlinsucker
selectively associate with istiophorid billfishes generally, they are not selective of a
particular species of billfish, at least in the Atlantic. The combination of these factors
provides a strong homogenization force that potentially reduces (or prevents)
intraocean population structuring in the marlinsucker.

Given the stochastic nature of dispersal in cosmopolitan marine fishes
(Graves, 1998), it seems plausible that at a maximum, the levels of population
structure observed in marlinsucker should reflect the level of structure of the least
structured host. Patterns of interocean genetic differentiation observed in
marlinsucker are strikingly similar to patterns observed in blue marlin and sailfish
(Graves and McDowell, 1995; Buonaccorsi et al. 2001; McDowell, 2002; Graves and
McDowell, 2003), and include significant levels of genetic divergence and the
presence of two mitochondrial lineages in the Atlantic Ocean. Consistent with
observations in white marlin (Graves and McDowell, 2001), sailfish (McDowell,
2002) and blue marlin (Buonaccersi et al. 2001), no evidence of intraocean
structuring was resolved among Atlantic collections of marlinsucker. Consistent with
observations in black marlin (Falterman, 1999) and blue marlin (Buonaccorsi et al.
1999; Buonaccorsi et al. 2001), and in contrast to observations in sailfish (McDowell,
2002) and striped marlin (McDowell and Graves, unpublished), no evidence of
population structuring was resolved among collections in the Pacific. Overall, the

patterns of genetic differentiation in marlinsucker most closely resemble the patterns
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seen in blue marlin, the istiophorid species that exhibits the least amount of
intraocean structure.

The nature of the two-clade mtDNA pattern in marlinsucker is intriguing in
light of similar observations made in blue marlin and sailfish (Graves and McDowell,
1995; Buonaccorsi, 2001; McDowell, 2002). Vicariant isolation during the
Pleistocene, followed by secondary contact and subsequent isolation has been used to
explain the two-clade pattern found in Atlantic collections of these two species.
Congruence between the mtDNA patterns observed in marlinsucker, blue marlin and
sailfish suggests that marlinsucker were either secondarily introduced into the
Atlantic in association with one (or more) of these species, or colonization occurred
in parallel, independent of host association. Given that these two fishes account for
nearly one-third of the present day host association records, it is plausible that
marlinsucker were associated with blue marlin or sailfish when the putative
recolonization occurred. Ultimately, it is impossible to discern which of these two
alternative explanations is correct. Three independent colonizations (e.g.
marlinsucker, blue marlin, and sailfish) could have occurred in the same time period,
and the genetic signature would still appear the same.

Intraspecific and interspecific relationships within white marlin and striped
marlin, which collectively account for 36.4% of marlinsucker host association
records, have been recently evaluated by McDowell and Graves (unpublished). Based
upon analyses of control region mtDNA, McDowell and Graves (unpublished) found
that the magnitude of divergence between these two species is similar to the level of

divergence observed between mtDNA clades in blue marlin and sailfish. Furthermore,
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it appears that these two species diverged during the late Pleistocene, likely when
mtDNA clades in blue marlin and sailfish diverged (McDowell, pers. comm.) The
lack of significantly different mtDNA lineages within either white marlin or striped
marlin suggests that secondary contact between these two species has not occurred
(contrary to blue marlin and sailfish). As such, it appears that if secondary contact in
marlinsucker was host-dependent, it is unlikely that white marlin and striped marlin
were the vectors. Likewise, given the lack of significantly different mtDNA lineages
within each of the three Atlantic spearfish species, the longbill (Tetrapturus
pfluegeri), Mediterranean (Tetrapterus belone), and roundscale (Tetrapterus georgei),
and the one Indo-Pacific species, the shortbill (Tetrapterus angustirostris), it is
unlikely that spearfish acted as vectors (McDowell, pers. comm.). Furthermore, given
that black marlin are mainly restricted to the Pacific, it is unlikely that this species
contributed to the patterns of interocean genetic differentiation in marlinsucker.

Results of the present study demonstrate clear similarities between host and
symbiont phylogeography. It is unclear, however, whether the congruent
phylogeographic patterns in marlinsucker are a direct result of host ecology or
parallel evolution that occurred in response to past vicariant events. On one hand, the
congruent patterns of genetic differentiation between these species highlight the
possible effect that tight linkage between host and symbiont may have upon the
geographical distribution of the symbiont. As such, these patterns potentially
demonstrate how host natural history may directly affect the evolutionary trajectory
of the symbiont. Morphological evidence supports this theory: the marlinsucker is

engineered for host association, not free swimming behavior. The disc in
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marlinsucker may command up to 40% of the total length and may extend beyond the
maximum body width, implying that this species is well equipped to remain attached
‘to highly mobile pelagic hosts such as the istiophorids. Furthermore, given their
general body design, marlinsucker are more suited for burst swimming, rather than
the continuous, high-speed swimming behavior exhibited by their hosts.

' Alternatively, since correlation does not denote causation, the congruent
phylogeographic patterns between host and symbiont may simply indicate parallels
between two divergent groups of pelagic fishes that have been influenced by similar
events and processes in the distant past. Most likely however, remora phylogeography
is ultimately a product of both of these factors. The patterns of genetic differentiation
observed in marlinsucker are likely a result of both host-dependent effects (e.g.
habitat preference, migration patterns) as well as parallel evolutionary forces (e.g.

vicariant isolation, selection, genetic drift) affecting both the host and symbiont.

Sampling Concerns

The interpretation of these results requires critical examination in light of two
relevant concerns: specimen and gene region sampling. In the present study, genetic
variation was surveyed in 71 marlinsucker specimens collected from seven different
sampling locations (two Pacific, five Atlantic). Between 5 and 15 samples were
-analyzed from each sampling location. Within the Atlantic, geographic sampling
range was primarily concentrated in the North Atlantic (~39°N to ~9°S and ~87° W
to ~21°W). Within the Pacific, a broader geographic range was sampled (~8° N to

~32°S and ~153°E to ~79°W), although only two sampling locations were included in
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this study. From the level of genetic variability assayed in these 71 individuals,
interpretations were made concerning present day geographic structuring and the past
events that may have shaped these observations. While the results were statistically
significant, it could be argued that both sample size and breadth of geographic
coverage are too low to accurately infer geographic structuring. Overall, statistical
power was low, especially in the intra-ocean comparisons. However, low sample
sizes are more likely to reveal a lack of structure, rather than the presence of
structure. As such, the inferences regarding structure are likely valid, although the
underlying phylogeographic signal may not be fully explored. The results of this
study must be considered preliminary until both a broader sampling range and large
number of samples per location are included.

The second area of concern pertains to the gene reéion sampled.
Phylogeographic patterns were inferred from DNA sequence variation in the
mitochondrial control region. Because the mitochondrial genome is maternally
inherited, the observations made here may not fully describe the evolutionary history
of the marlinsucker population. Phylogeographic analyses inferred from mtDNA
variation capture only the female component of the broader population demography.
If males and females exhibit similar life history traits, it is possible that mtDNA
variation may be used to accurately describe the evolutionary history of the species.
However, if life history differences exist between sexes (such as the case of male or
female philopatry), inferences made from mitochondrial genealogies will not
accurately represent the "true” evolutionary history of the species. Although no

evidence of sex biased dispersal in marlinsucker has been documented to date, the
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phylogeographic interpretations made in this study must be viewed in light of the
inherent limitations of this molecular marker.

To most effectively infer marlinsucker phylogeography, genetic variation
should be assayed using multiple unlinked (mitochondrial and nuclear) molecular
markers. Inclusion of additional molecular markers, such as single nucleotide
polymorphisms (SNPs), rapid amplification of polymorphic DNAs (RAPDs),
amplified fragment length polymorphisms (AFLPs), and microsatellites would
provide a means to evaluate the mitochondrial-based hypotheses generated in this
study. Additional markers would afford a more accurate measure of geographic
distribution of genetic variation in marlinsucker and lend greater statistical support to

phylogeographic hypotheses generated.
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CONCLUSIONS

The present study represents the first comprehensive molecular investigation
-into the interspecific taxonomic relationships within the Echeneoidea. Results of this
study agree with the family-level hypotheses of Johnson (1984,1993), and specific
aspects of the alpha taxonomy described by O'Toole (2002). In agreement with both
authors, the Echeneoidea were resolved as a monophyletic group. Consistent with the
classification based upon larval characters (and in contrast with that based on
osteology and behavior), a monophyletic Rachycentridae + Coryphaenidae was
resolved with high support. In agreement with the work of O’Toole (2002), the
Echeneidae form a monophyletic group. In contrast, however, the subfamilies
Echeneiinae and Remorinae were each monophyletic, indicating that both subfamily
designations are valid. As described by O'Toole (2002), the genus Remora was
paraphyletic based on the position of the monotypic genus Remorina, suggesting that
taxonomic revision is necessary. Overall, the relationships within the Remorinae were
not well resolved in this study. Future work should include nuclear or mitochondrial
loci that exhibit a higher degree of sequence variability to more accurately infer the
taxonomic relationships within the Remorinae. Furthermore, analyses of multiple
specimens of each species would lend greater support to the hypotheses generated.

Phylogeographic structuring in the marlinsucker, R. osteochir, was evaluated

using nucleotide sequence data from the hypervariable mitochondrial control region.
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Based upon the geographic distribution of genetic variation, the null hypothesis that

, maflinsucker constitute a single, global panmictic population was confidently
rejected. Significant levels of population structuring were resolved among
marlinsucker collections from the Atlantic and Pacific oceans. In contrast, there was
no evidence of structuring among collections within ocean basins. Based upon inter-
haplotype divergence, two evolutionary lineages were described, one composed of
Atlantic-only individuals, the other composed of both Atlantic and Pacific
individuals. The presence of two marlinsucker mtDNA lineages in the Atlantic is
consistent with a period of vicariant isolation during the Pleistocene, secondary
contact involving unidirectional migration from the Indian to Atlantic Ocean,
followed by a subsequent period of isolation. Patterns of genetic differentiation in
marlinsucker are congruent with patterns observed in thei.r istiophorid hosts
(particularly blue marlin, M. nigricans, and sailfish, I. platypterus). These findings
highlight the possibility that marlinsucker phylogeography is ultimately governed by
host dispersal. Alternatively, these observations suggest that these pelagic fishes have
been influenced by similar vicariant events and processes in the distant past. Future
work should aim to augment the existing marlinsucker collection by broadening
geographic sampling coverage and intensifying sampling at each collection location.
Additional molecular markers, particularly nuclear (i.e. microsatellites) should be

used to evaluate the observed levels of genetic differentiation.



Table 4. Echeneid host-symbiont occurrence records compiled from literature sources.
Data modified from O’Toole (2002) and augmented with samples from this study.
Diagram credit: FISHBASE: http://www fishbase.org, 2005.


http://www.fishbase.org
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Table 5. Mitochondrial DNA diversity estimates within collections of marlinsucker, R.
osteochir, based upon complete mitochondrial control region sequence data.
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Table 6. Matrix of corrected average nucleotide sequence divergence (8) and associated
p-values among collections of marlinsucker, R. osteochir based upon complete
mitochondrial control region sequence data. Haplotypes were binned by (A) sampling
location, and (B) ocean basin, clade, and clade within ocean basin.
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A

Population Pairwise Divergence (§)

WEA EEA GO WNA EPAC WPAC

CNA 0.05634 0.07673 0.02059 0.15673 0.29604 0.58317
WEA 0.00663 0.95743 0.81356 0.00198 0.00485
EE4 0.00393 -0.00066 047277 0.65525 0.00238 0.00851
GOM 000817 -0.00138  -0.00030 63248 0.00178 0.00168
WNA 0.00364 -0.00189 -0.00120 -0.00110 001762 0.01950
EPAC 0.00039 0.00693 000489 0007312 000378
WPAC -0.00044 000821 000495  0.008942 000528 -0.00054

Ahbove Diagonal: P-values. Tests signicant < 0.05
Below Diagonal: Divergence values

B

Population Pairaise Divergence (6)
Divergence Pvalue
Atlantic/Pacific 0.00581 0.00010
Clade If Clade II 0.02300 0.00000
Atlantic-I/Panfic 0.02353 0.00000
Atlantic-II/Pacific 0.00114 0.00554
Atlantic-I/Atlantic-11 0.02310 0.00000

Tests signicant < 0.05



Table 7. Distribution of marlinsucker, R. osteochir, Clade I and Clade II mitochondrial
haplotypes among seven geographic sampling locations.



_ Distribution of Haplotypes
Locality Clade I Clade I Total

Central North Atlantic (CN &) 0 5 5
Woestem North Al anti c (WHA) 3 3 6
Gulf of Mexico (GOM) 9 6 15
Western Equa orial Atl anti c (WE&) 7 ] 13
EasternEqudorial Aflantic (EEA) 5 7 12
Atl antic S ubtotal 24 27 51
Western P acific (WPAC) 0 8 8
EasternP acific (EPAC) 0 12 12
Pacific Subtotd 0 20 20

T otal 24 47 71
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Table 8. Matrix of pairwise ®@st values and associated p-values among collections of
marlinsucker, R. osteochir, based upon complete mitochondrial control region sequence
data. Haplotypes were binned by (A) sampling location, (B) ocean basin, clade, and clade
within ocean basin, and (C, D) both sampling location and clade within ocean basin.



A

Population Pairwise ©st values:

Atlanticand Pacific Subpopulati ons
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Locality
CNA
WEA D.1613
EEA 0.0842
GOM 8.1707
WNA 0.1048
EPAC -0.0091
WPAC -0.0292

-0.0085

-0.0550 0.0348
0.1800 0.1298
0.2105 0.1300

Above Diagonal: P-values. Tests sighicant < 0.05

B elow Diagonal: & st values

Population Pairwise ®st values:

bst. P-value
Atlanti o/Pacific 0.14880 0.0001
Clade I/ Clade II 0.48450 < 0.0000
Aflantic-I/Pacific 0.47022 < 0.0001
Atlantic-II/Pacific 0.04420 0.0041
Atlantic-FAtlantic-1I]  0.50051 < 0.0001

Tests signicant < 0.05

WEA FEA GOM WNA EPAC WPAC
0.1014 0.0243 0.1632 0.5409 0.6520

5760 0.9655 0.7871 0.0020 0.0051

04786 0.6678 0.0024 0.0105



Table 8. (continued).



Population Pairwise $stvalues: Atlantic Clade | haplotypes

Locality EEA GOM TWNA
WEA 0.4157 0.6449 0.3305
EEA 0.0195 0.8602
GOM 0.0385 -0.0545
WHNA -0.0027 -0.0704

Above Diagonal: P-values. Tests signicant < 0.05
Below Diagonal: st values

Population Parwise $stvaues: Atlantic Clade IT haplotypes
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Locality GOM WHNA
CNA 0.7948 0.9092
WEA . 0.5142 0.6951
EEA 0.0069 -0.0001 0.2827
GOM -0.0549 -0.0144
WHNA 0.1262 -0.0707

Above Diagond: P-values. Tests signi cant < 0.05
Below Diagonal: <$st values



Table 9. Analyses of molecular variance (AMOVA) among collections of marlinsucker,
R. osteochir based upon complete mitochondrial control region sequence data.
Haplotypes were binned by (A) ocean basin (B) sampling location, (C) clade within
ocean basin, and (D, E) both sampling location and clade within ocean basin.
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Table 9. (continued).
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Table 10. Matrix of pairwise ®st values and associated p-values among Atlantic
collections of marlinsucker, R. osteochir, based upon complete mitochondrial control
region sequence data. Haplotypes were binned by istiophorid host: white marlin (WHM);
sailfish (SAI); spearfish (SPR).



Population Pairwise ®st values: Host Analyses
Host |  WHM Sal . SPR

WHM 0681z 0.9505
SAI -0.01657 07703
SPR -0.04258  -0.02369

Above Diagonal: P-values. Tests signicant < D.US
B dow Diagonal: & st values
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Table 11. Analyses of molecular variance (AMOV A) among collections of marlinsucker,
R. osteochir based upon complete mitochondrial control region sequence data when
haplotypes were binned by isitiophorid host.
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Analysis of Molecular Varnance (AMOVAY: Atlantic haplotypes binned by host association

Source of Varnation df Sumof Squares Variance Pe:rcerlmalge of P-value F”@mn

C omp onents Variation Indices
Amongpopulations 2 21.248 -0418 -2500 0.9053 FST: -0.0250
Within populations 45 770.580 17.124 102.500

Total 47 791.828 16.706




Table 12. Neutrality and mismatch distribution statistics estimated within collections of
marlinsucker, R. osteochir based upon complete mitochondrial control region sequence
data.
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Table 13. Divergence and recolonization estimates in marlinsucker, R. osteochir inferred
from coalescence and nucleotide divergence based analyses. Calculations assume a
mutation rate of 3.6% per million years after Donaldson and Wilson (1993).



E stimate of time since divergence/recol onization
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Coalescence Theory 6 B ased Theory
Location T t'age Regional Pair .Cnrrected Ew'age
estimate Divergence ()  estimate
Atlanti c-1 31.891 456159 Atlantic-1/Pacific 0.02353 326778
Pacific 23.204 331903 Aflantic-II/Pacific 0.00114 15341

Atliantic-Il 15485 271493




Figure 13. Patterns of host association between marlinsucker, R. osteochir and istiophorid
billfishes, N = 580 records. Diagram credit: FISHBASE: http://www.fishbase.org, 2005.


http://www.fishbase.org
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Istiophorus plalypte rus (Sailfish)

- i - S W”’
9 ’ 27.5% . % .
Tetrapte rus albidus (White Marlin) Makaira indca (Black Marlin)
19.8% 18.9%

Tetrapte rus audacc (Striped Marlin) Makaira nigricans (AfL Blue MaTlin)
16.6% 63%

Tetrapterus pfluegen (Long]n]l Spearﬁsh)‘ )
45%



Figure 14. Marlinsucker, R. osteochir, sampling locations in the western North Atlantic
(WNA), central North Atlantic (CNA), Gulf of Mexico (GOM), western equatorial
Atlantic (WEA), eastern equatorial Atlantic (EEA), western Pacific (WPAC), and eastern
Pacific (EPAC).
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Figure 15. Sequence variation across 971 aligned base pairs of the complete
mitochondrial control region in marlinsucker, R. osteochir.
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Figure 16. UPGMA trees of complete mitochondrial control region DNA sequences
amplified from marlinsucker, R. osteochir. (A) Phylogenetic tree rooted with slender
suckerfish, P. lineatus. (B) Unrooted phylogenetic tree with geographic sampling

location information: western North Atlantic (WNA); central North Atlantic (CNA); Gulf |
of Mexico (GOM); western equatorial Atlantic (WEA); eastern equatorial Atlantic

(EEA); western Pacific (WPAC); eastern Pacific (EPAC). Dark and light boxes indicate
presence or absence each haplotype in Atlantic and Pacific Oceans. Trees derived from
pairwise nucleotide sequence divergence estimated using the Tamura-Nei model of
character evolution.

i
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Figure 17. Graphical representation of the distribution of marlinsucker, R. osteochir,
Clade I and Clade II mitochondrial haplotypes among seven geographic sampling
locations: western North Atlantic (WNA); central North Atlantic (CNA); Gulf of
Mexico/Caribbean Sea (GOM); western equatorial Atlantic (WEA); eastern equatorial
Atlantic (EEA); western Pacific (WPAC); eastern Pacific (EPAC)
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Figure 18. UPGMA trees of complete mitochondrial control region DNA sequences
amplified from marlinsucker, R. osteochir. Unrooted phylogenetic tree demonstrating
host association. Black boxes indicate the host from which the marlinsucker individual
was collected: white marlin (WHM); spearfish (SPR); striped marlin (STR); sailfish
(SAI); blue marlin (BUM); swordfish (SWO); unknown (UNK). Trees derived from
pairwise nucleotide sequence divergence estimated using the Tamura-Nei model of
character evolution.
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Figure 19. Mismatch distributions observed in pairwise comparisons of complete
mitochondrial control region DNA sequences amplified from marlinsucker, R. osteochir.
Pairwise comparisons were performed using (A) the entire data set; n = 71, (B) Clade I
haplotypes; n = 24, (C) Clade II haplotypes; n = 47, (D) Atlantic Clade I haplotypes; n =
24, (E) Atlantic Clade II haplotypes; n = 27, and Pacific haplotypes; n = 20.
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Figure 19. (continued).
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APPENDICES
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Appendix 1. Sample collection and voucher information.
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Collection Date Species Tisue ID Latitade  Longitade Geographic Locstion / Notes Host Voucher ID
211004 P, sadatrin Atl. Pom 1 N/A HiA Chesapeale Bay, VA HiA
2/28405 M pectoralis Pac . Nem. 1 ~8°N  ~78°30'W Pinas By, Fananm HiA
C. armatus CGenbark Accession # AP004444 N/A
R canodion Al Rach. 1 Jon Franks cobiatisme sanple B7 N/&
‘312404 C. Fmppuris Atl. Cor. 1 Bayside Seafood, Hayes, V& HiA
802 C. equiselis At]l Cor. 4 H. Atlantic - Shoyo Mara Leg 2 H/a SMBGG
5013704 P Rnecus Pac.Rem 4 «18°06'N ~1583°34'W Hywaii, 5W of Big Island baitfkh
AT F nawraks Pac . Rem. 28 .32°45'S &152°30FE Poxt Stephens, Australia T audax
('81'3."03‘. A ;geucmtmdes Al Rema. 7 w39° 31'N ~69° 32'W MAB- Hudk on Cargon C. lappn s
98203 R remora Al Rem 1 «39° 23'N ~71° 11'W MAB- Hudson Canyon X gladus
9411402 R Bmackhyprra SM105 ~8°8'5 ~24°24'"W Eq 5. Athntk - Shoyo Mam Leg3 Ipilaypterss HNMFS0546
9/4/03 R osteoclar Atl.Rem 3 ~39°32°N 71" W MARB- Hudon Cargron T albidus
671005 R. austrabs 510-0532 -'-;19 3°H w1565 W Kona ,Hawaii neuston towr SI0-0532
22705 R aldescens Pac. Rein 37 ~32°45'S 152°3CE Poit Stephens, Australia G. cuvier



Appendix 1. (continued).
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Ocean Basin  Collection Date  Sample Funber Ticoe ID Latimde Longitnde Geographic Location Host Voucher ID
8502 CHA1735 ShBO04 AN 46°10'W Shovro Mara Les 2 - N. Atlatic T, altndus -
A Yardic 3R/N02 CHALT30 SME0S 40N 467 10°W Shoyo M Leg 2 - N Athotic T, aldidbas -
&/16/02 CNAL740 SMEB013 31*50'N 27 53'W Shoyo Maru Leg 2 - N. Athatic M. rigvicans
/17502 CHAL741 SMB017 THN 28°42'W Shayo Maru Leg 2 - H. Sthotic T e g
817202 CNA1742 SMBO1S DM H 28°42°W Shoro Mara Leg 2 - N Athrtic T e ger?
8203 WHALZ47 A1 Rem 8 PeSTH 6938 W MAB - Hudsay Caryon T altidus
8803 WHALL48 Al Fem 9 PCSIH 69°50'W MAE - Hudsa: Cargun T alindus
813/03 WHALZ49 Al Rem 10 P°07HN T2°37W MAB - Hudsan Canyon X gatius
9403 WHALB46 A1 Fem. 3 53N T1I°153W MAE - Hudsan Cargron T alinidus
811204 WHALZS1 Al Rem 44 Eastern Shore NC T, aldndus
8711704 WHAI914 Al Rem 43 Eastem Shore ,HC T aitdus
320/04 GOMI756 Al Rem 57 nAN w82 W GuX of MexicoF1 Straizhts Iplayveerus
20004 GOMI757 A1) Rem 58 ~ 3N ~82° W GuX of MexicofF1 Straights Ipviapperus
320104 GOMITS8 Al Rem 59 ~M°H ~82° W Gu of Mexico/F1 Straidhts Iplapperus
58 0456/04 GOMIZS52 Al Rem 33 ~21°H w87 W El hujeres Mexico Iplaypierus
58045604 GOMI353 At Rem 34 »21°N w87 W Eh M eres Mexico Iplaypterus
5AN45604 GOMIZ54 Al Rem 35 ~3°H ~87° W El Mgeres hlexico Iplapypterus
58045604 GOMI3SS Al Rem 35 ~ATH. ~87TW El DAsieres Mexico Iviotvoterus
58045604 GOMI356 Al Fem 46 =21°H w87 W Eh Migeres Mexico Iplayperus
558045604 GOMI357 Al Rem 47 ~21°H 87 W Ela Mo eres \Medico Iplayprrus
550456/04 GONM2027 Al Rem 43 =21°N w87 W EL Miojeres  Mexico Iplaypterus
55045604 GO MIN028 Afl. Fem 49 ~31° N w87 W Ela Dbuj eres Mesdco Iniatvpterus
58045504 GONI029 Al Bem 30 ~A'H g7 W Eh Wy eres Meico Iplappterus
58045604 GO 030 Afl. Rem 51 w21*H w37 W El Mhgeres Mexico Iyhypterus
55045504 GOMZ] 4] Fem 52 w21* N 8T W Eh My eres Mexico Iplapyperus
580456104 GOM2032 Afl. Rem 53 21N w37 W Eh Mugjeres Mexico Ipiapperus
¥30/02 WEA1340 L48-1-1 S 29°39'W  ShovoMaruLez 4-FEa. S. P.thru: A roericans
9/30/02 WEL1341 L48-1-2 XS 290°39'W  Shorobhfmilez 4- En. 5. Athrtic M. yEgricans
10/1/02 WEA1342 L45-15-1 8°2I'S 29°40'W  ShorohlmiLez 4- K. 5. Athntic P pfluegeri
104102 WEAL1343 L43-16-2 g 2l'S 29°40''W  Shovobhmalez 4- Fo. 5. fthrtic T vl el
104102 WEA1749 L48-4 2°2l'S 29°40'W  Shayobhruleg 4- E. 5. Athntic I plluegr:
10/1/02 WEAL750 L48-13-14L48-13) & 21'S 29°40'W  ShovobMhmLeg 4 - Ey. . Athotic T &y
10/1/02 WEA1751  L481324148-13-1) 8°21'S 29°40'W  ShoyolMimleg 4- Fn. S. Athatic T dids
10/1/02 WEA1752 L48-17-VL48-17) §°21'S 29°40'W ShoyobhhruLegz 4 - En. S. Athrtic T d¥ds
10/1/02 WEAL753  L4517-24148.17-1) 8°21'S 29°40'W  ShoyobbmuLeg4- Ey. S. Athrtic T d¥ds
10/3/02 WEA1344 L#-81 9°05' S 29°42'W  Swwobbrulez 4- En. 5. Athntic T, allndus
10302 WEA1345 L3-82 905 S 29°42'W  SwyobhmuLeg 4- Ey. 5. Athic T albidus
1048702 WEAL754 L52-8 3*30'N 40°30'W  Shovo MauLeg 4 - Eq. M. Atlandic I e g
10/9/02 WEMLTSS L53-1 344N 40°29''W  Shovo MaruLeg 4 - Eq. N. Atlandic Iplaypterus -
9102 EEA1334 Sn032 43BN 22°18'W  Shoyo MaruLeg 3 - Eg. N. Atlardic Iplapprrs  HMFS 0500
9102 EEA1335 ShID33 43BN 2°12'W  ShwovoMauLeg % - Eq. H. Atlandic Iplapperus HMFS 0507
9702 EEA1336 SMI0T74 73S 21'6'W  ShovoMamLeg 3- Fn. 5. Athotic Ipboyperus  HMFS0517
9702 EEA1337 SMN?7? 7% S 2I°6'W  Shovoblmlez 3- En. S. Athrtic N/m& HMF5 0520
97702 EEA1338 SMI073 P38 21T 6YW Svrro hiru Leg 3 - Fy. S. Athrtic T altndus NMFS 0521
971002 EEA1339 SM07e 73S 21°6"W  Shovolhrulez 3- En. §. Athrtic T, altncdus HIMFS 0522
9802 EEA1743 ShI0S3 ars 21°11'W  ShoyobhmLeg3- En. S Athotic T e gt NMFS 0528
9802 EEA1744 SMOS? RS 21°15'W  Shwrobbmlez3- En. §. Athrtic I pfluegri  HMFS0531
91302 EEA1746 SMI1Z0 T®ES D°8'W  Swwobhmulez 3- En. 5. Athortic Iviavvetrrus  NMF30555
913402 EEA1748 ShI139 1S 21°36'W  ShoyolhruLeg 3- K. S. Athrtic T pflue gt NMFS 0577
91402 EEA1852 ShIl43 7°3%'S 21I°0'W  ShovoMamuLez 3- En. 5. Athotic T pfuegri  HMFS50560
9711402 EEA2026 ShI10S £85 2424W  ShaovolMimLeg 3- Fy. 5. Atkotic Iviappers  HMF50548
Packi M WPAC1525 Pac. Rem 35 ~26°40'S ~153°20'E Malookba Soxstralia T gt s -
Hia WPAC1526 Pac. Rem 26 ~26740'5 #1537 20'E Maloohba fAxtralis T et s
2104 WPAC1523 Pac. Rem 33 ~32°45'5 «152°30'E Pat Sephere ,Sustralis M rEgvieans
2104 WPAC1524 Pac. Rem 34 n32°45 8 «152°30'E Pat Qephere  Australis M. weevicans
227405 WPAC1519 Pac. Rem 29 ~32°45'5 »152°30°'E Pat Sephere  Ausiralis T audax
22705 WPAC1520 Pac. Rem 30 w32°45'8 w152°30'E Pat Sephere fnstrali T, audax
3605 WPAC1521 Pac. Rem 31 w32745'5 w152°30'E Pat Qephere  Australia T audox
3605 WPAC1522 Pac. Rem 32 32455 W152°30'E Pat Jephers Mstralia T augox
1/05 EPAC1512 Pac. Rem 22 w8*H  «78° 30 W Pinas Bay,Panana Ivlatypierus
1705 EPAC1513 Pac. Rem 23 ~8" N 78 30W Pinas Bay, Panatha Ipiapptrus
1705 EPAC1514 Pac. Rem 24 ~2° N 7830 W Pinas Bay, Panama Iplapperus
1405 EPACI1515 Pac. Rem 25 wE8*N  W78° 30 W Pinas Bay, Pamama Iplayperus
105 EPAC1516 Pac. Rem 26 W8N W78° 30 W Pinas Bay, Panama Iplapperns
105 EPAC1517 Pac. Rem 27 ~8" N 7830 W Pimas Bav. Panaomna Ivianpterus
2200542005 EPAC1759 Pac. Rem 41 ~3° N 78° 30 W Pinas Bay, Panvama N4
2200542005 EPAC1760 Pac. Rem 42 ~3" N 787 30 W Pinac Bay, Panama Na
2200 5-4 2005 EPAC1761 Pac. Fem 43 w3 N 78730 W Pinas Buay, Panamna i
220054 2005 EPAC1762 Pac. Rem 44 wS*H  78°30 W Pinas Bay, Panama Hia
2°200 5-4 2005 EPAC1763 Pac. Rem 45 w3 H 7830 W Pinas Bay , Panama N
2200542005 EPAC1764 Pac. Rem 46 w8 H W78 30 W Pinas Bav . Panama N/
Cratzroup 5/13/2004 P Mnwatss Tac. Rem. 4 18° 06' N 158° 3¢ W Hawaii SW of Biz s rd baitfi



Appendix 2. Pairwise nucleotide sequence divergence estimates between echeneoid
specimens based upon complete mitochondrial 12S rRNA DNA sequence data.
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Appendix 3. Pairwise nucleotide sequence divergence estimates between echeneoid
specimens based upon partial mitochondrial 16S rRNA DNA sequence data.
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Appendix 4. Pairwise nucleotide sequence divergence estimates between echeneoid
specimens based upon complete mitochondrial ND2 DNA sequence data.
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Appendix 5. Pairwise nucleotide sequence divergence estimates between echeneoid
specimens based upon complete nuclear ITS-1 DNA sequence data.
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Appendix 6. Pairwise nucleotide sequence divergence estimates between specimens of
marlinsucker, R. osteochir, based upon complete mitochondrial control region DNA
sequence data.
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Appendix 6. (continued).
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Appendix 6. (continued).
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Appendix 6. (continued).
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Appendix 7. Aligned mitochondrial 12S rRNA DNA sequence data collected from
echeneoid specimens analyzed in the present study.



P.saltatrix
N._pectoralis
C.armatus

R . —canadum
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P.-lineatus
E._naucrates

E. neucratoides
R._australis
R.-albescens
R.remora
R._osteochir
R.-brachyptera

P.saltatrix
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C. hippurus
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P._lineatus
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R._australis
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R._osteochir
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P.saltatrix
N._pectoralis
C._armatus

R «.canadum
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C._equiselis
P._lineatus

E. haucrates

E. heucratoides
R.—australis
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R._remora
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N.-pectoralis
C._armatus
R._canadum

C. hippurus
C._equiselis
P.-lineatus
E..naucrates
E. neucratoides
R._australis
R.albescens
R..remora
R._osteochir
F._brachyptera

P. saltatrix
N._pectoralis
C._armatus

R ._canadum
C._hippurus
C._equiselis
P._lineatus

E. naucrates
E. neucratoides
R._oustralis
R._albescens
R._remora
R._osteochir
R._brachyptera
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18 26 38 48 Sa 68 7a =] 96 100
CARRGGCTTGGTCCTGACTTTTCTATCAGCTCTAGCTAGART TACACAT GCARGTATCCGCGGCCCTGTGAGARTGCCCTGACAGTTTTCTGCA--TGAR
CARRGGTTTGGTCCTGACTTTACTGTCGGCTTTAGCTAGACT TRACACATGCAARGTATCCGCCCGCCCGTGAGGATGCCCATAGT-~TCCCTGTT--TGGG
CRRAGGTTTGGTCCTGACTTTACTGTCAGCTTTAGCTAGATT TACACATGCARGTATCCGCCCCCCTGTGAGARTGCCCTTAGT-—GCCCTTAT—-TGAG
CRAAGGCTTGGTCCTGACTTTACTGTCARCTTTAGCTAGACTTACACATGCARGTATCCGCGACCCTGTGAGARTGCCCCRCAGT-TTTCCG-CCC~-GAA
CRAAGGCTTGGTCCTGACTTTACTGTCAGCTTTAGCTATACTTACACRTGCAAGTATCCGLCCCCCOGTGAGARTGCCCTTACT—~CTTCTTGCACTGRA
CRAAGGTTTGGTCCTGGCTTTACTGTCAGCTTTAGCTAARARCT TRCACATGCARGTATCTGCCCCCCGGTGAGGATGCCCTTACT-—~CTTCTTACCCTGAR
CAARGGCTTGGTCCTGACTTTACTGTCTGCTTTAGCTATATTTACACATGCRAGTATCCGCGCCCCTGTGAGARTGCCCATATT--CTCCTGTA--TGGA
CRARGGCTTGGTCCTGACTTTACTGTCTGCTTTAGCCATATTTACACATGCARGTATCCGCACCCCTGTGAGARTGCCCATATT-~CTCCTGTR--TGGA
CRAAGGCTTGGTCCTGACTTTACTGTCTGCTTTAGCCATATTTACACATGCAAGTATCCGCACCCCTGTGAGARTGCCCATATT——-CTCCTGTR--TGGA
CARAGGCTTGGTCCTGACTTTRCTGTCTGCTTTAGCCATATTTACACATGCARGTATCCGCCCCCCTGTGRGARTGCCCATATT-—-CTCCTARR--TGGA
CARAGGCTTGGTCCTGACTTTACTGTCTGCTCTARCCATATTTACACATGCAAGTATCCGCCCTCCTGTGAGRATGCCCATATC——CTCCTTTA--TGGA
CAARGGCTTGGTCCTGACTTTACTGTCTGCTTTAGCTATATTTACACATGCARGTATCCGCCCCCCTGTGAGRATGCCCATATT--CTCCTGTA-~TGGA
CAARGGCTTGGTCCTGACTTTACTGTCTOCTTTAGCCATATT TACACATGCARGTATCCGCCCCCCTGTGAGARTGCCCATATT--CTCCTGTA--TGGA
CARAGGCTTGGTCCTGACTTTACTGTCTGCTTTARCCATATTTARCACATGCARGTATCTGCCTCCCCGTGAGARTGCCCATATC-~CTCCTATA--TGGA

1180 128 130 140 158 160 176 180 1968 288
ARCARGGAACTGGTATCAGGCACCCCTA-———~| ARCTTTTTGCCCACGACGCCTTGCTCTTAGCCACACCCTCARGGGARCCCAGCAGTGATARACTTTA
ARTARGGAGCTGGTATCAGGCGCACACCTATTTGTATTTGAGCCCACTACACCTTGCT—-CAGCCACACCCCCARGGGTATTCAGCAGTGATARGCATTA
CACAAGGAGCCGGTATCAGGCACACAAC-———— ATACGTTAGCCCACGACACETTGCT--TAGCCACACCCCCAAGGGAATCCAGCAGTGATARAATATTA
RACARGGAGCCGGTATCAGGCACACCCA-———— ACTARTARGCCCATGACGCCTTGCT--TAGCCACACCCTCARGGGARCTCAGCAGTGATARACCTTA
GRTAAGGRGCTGGTATCAGGLACACARG—————————1 CTCAGCCCACARCACCTTGCT--AAGCCACACCCCCARGGGAACCCAGCAGTGRTARATTTTA
GRTAAGGAGCTGGTATCAGGCACACARR-——————~— TTCAGCCCACAACACCTTGCT~-ARGCCACACCCCCANGGGAACCCAGCAGTGATARATTTTA
GATARGGAGCTGGTATCAGGCACACARC———-—- TCTTGTAGCCCATAACACCTTGCT—-TAGCCACACCCCCARGGGAATCCAGCAGTGATARRTATTA
GATARGGAGCTGGTATCAGGCACACAAC—————= TCTTGTAGCCCATRACACCTTGCT--TAGCCACACCCCCARGGGAACCCAGCAGTGATAARTATTA
GATAAGGRGCTGGTATCAGGCACACAAC-————- TCTTGTAGCCCATARCACCTTGCT—-TAGCCACACCCCCARGGGARCCCAGCAGTGATARATATTA
GATAARGGRGCTGGTATCAGGCACACTTR—~————- CTTAGTAGCCCACAACACCTTGCT--TAGCCACACCCCCARGGGAAT TCAGCRGTGATARATATTA
GGCARGGAGCTGGTATCAGGCACACAART ————~— TAT-GTAGCCCATGACACCTTGCT--TAGCCACACCCCCAAGGGAGTCCAGCAGTGATAARRTATTA
GATAARGGAGCTGGTATCAGGCACACT TA~——~—— ACCGGTAGCCCACAACACCTTGCT--TAGCCACACCCCCAAGGGAATCCAGCAGTGATARATATTA
GRTARAGGAGCTGGTATCAGGCACACT TA—~———— ACCAGTAGCCCACARCACCTTGCT--TAGCCACACCCCCRAGGGAATCCAGCAGTGATAAATATTA
GACAARGGAGCTGGTATCAGGCACACT TR-————— TTTAGTAGCCCACARCACCTTGCT——TAGCCACACCCCTARGGGAATTCAGCAGTGATARATATTA

210 220 23@ 248 258 266 270 280 298 368

AGCTATAARGTGAARRCTTGACTTAGT TRARGCTART TAGGGCCGGTAARACTCGTGCCAGCCACCGCGGT TATACGAGAGGCCCARGT TGACAGATACCG
AGCCATRAGTGARARRCT TGACTCAGT TRARGC TARG-AGGGCCGGTAGAACTCGTGCCAGCCACCGCGGT TRTACGRGAGGCCCAAGT TGACAGACAGCG
AGCCRTARGTGARARRCTTGACTTAGT TARRGC TAAG-AGAGCCGGTARAACTCGTGCCAGCCACCGCGG T TRTACGRGAGGCTCARGT TGACAGACARCG
AGCTATARGTGCAARCTTGACTTAGT TARRGCTARG-AGGGCCGGTARRACTCGTGCCAGCCACCGCGGT TATACGAGAGGCCCARGT TGACAGACATLG
AGCCATARGTGAARACTTGACTTAGT TARGGCTAART TAGGGT TGGTARATTTCGTGCCAGCCACCGCGGT TAGACGARTGACCCARGT TGACAGAATACG
AGCTATGAGTGTARACTTGACTTAGT TARGGLTAATTAGGGT TGGTARATTTCGTGCCAGCCACCGCGGT TAGRCGRARTGACCCARGT TGACAGARCACG
RGCCATARGTGARARCTTGARCT TRGT TAARAGC TARG-AGGGCCGGTARAGCTCGTGCCAGCCACCGCGGTTATACGAGAGGCCCARGT TGACAGACARCG
ARGCCATARCTGARAGCTTGACTTAGT TRRAGCTARG~AGGGCCGGTARARCTCGTGCCAGCCACCGCGGT TATACGAGAGGCCCGAGTTGACAGATARCG
AGCCATARGTGAARARCTTGACTTAGT TRARGCTARG-AGGGCCGGTARRACTCGTGCCAGCCACCGCGGT TRTACGAGAGGCCCGAGT TGRCAGATARCG
AGCCATGAGTGARARCT TGRCTTAGT TRARGCTARG-AGGGCCGGTARRRCTCGTGCCAGCCACCGCGGT TATACGAGAGGCCCARGT TGACAGARARACG
AGCCATARGTGARARCT TGACTTAGT TARGGT TARG-AGGGCCGGTAARRCTCGTGCCAGCCACCGCGGTTATACGAGAGGCCCARGT TGACRGACARCG
AGCCATGAGTGAARACTTGACTTAGT TARGGC TARG-AGGGCCGGTARAACTCGTGCCAGCCACCGCGGTTATACGAGGEGCCCARGTTGACAGATARCG
AGCCATARGTGARARACTTGACTTAGT TRRGG T TRAG-AGGGCCGGTARARARCTCGTGCCAGCCACCOLGGT TATACGAGAGGCCCARGT TGACAGACARCG
RGCAATRAGTGAAARCTTGACTTAGT TRARGGT TARG—AGGGCCGGTRRAACTCGTGCCAGCCACCGCGGTTRTACGAGAGGCCCARGT TGRCAGACAACG

31e 32@ 330 348 350 368 378 3808 398 408
GCGTARAGAGTGGT TARGGAARGCCTGARACTRARGCCGARTACCT TCAGAGCAGT TATACGCATCCGARARCAC—GARGCCCTACCACGRAAGTGGCTT
GCGTARAGAGTGGT TARGGAARACAGARRACTARAGCCGARACGCT TACAGGACTGTTATARGTGTCTGARARGTAA-GAAGCCCATTCACGARAGTGGCTT
GCGTARAGARGTGGT TARGGGAAARTACATARC TARAGCGGAACACCCTCACAGCTGT TATACGCT TCCGAGGGEAT-GAACCACGACTACGARAGTGGLTT
GCGTAAARGCGTGGT TAAGGAARART TTA-AACTARAGCCGARCACCT TCAGGGCAGT TATACGCATCCGARGGCAC-GRAGCCCCACCACGAARGTGGCTT
GCGTARAGGGTGGT TAGGGAATAT TAAR-TACTAARGCCGARCACCT TCCARGCTGT TATACGCT TATGARG—ARC TGARGCACAACTACGAARRGTGGCTT

' BCGTARAGGGTGGT TAGGGAATATAART-AACTARAGCCGARCACCT TCCARGCTGT TATACGCTTATGARG-ARCTGARGCACARCTACGARAGTGGCTT

GCGTARAGCGTGGTTAARGGGTATCCTA-AACTARAGCCGARCATCTCCAGGACTGTTATACGTTTCCGGGGAARC—GRAGATCARCTACGARAGTGGCTT
GCGTARAGCGTGGTTARGGGTGTCCTA-ARCTARAGCCGARTATCTCCAGGACTGT TATACGT TTCCGGAGAARC-GAAGATCAACTRCGAARGTGGCTT
GCGTARAGCGTGGTTARGGGTGTCCTA-ARCTARRGCCGARTATCTCCAGGACTGTTATACGTTTCCGGAGARRC-GARAGATCAACTACGAARGTGGCTT
GCGTARAGCGTGGTTARGGACART TCA-ARCTARAGCCGARCACCT TCAGGACTGT TATACGTT TCCGARGGARCTGAAGCCCAACTACGARRAGTGGCTT
GCGTAARGAGTGGT TAGGGATAATTTA-AACTARRGCCGARTATTTCCAGGACTGT TATACGT TTCCGGAAGRAC-GARGCCCARACTACGRARGTGGCTT
GCGTARARGCGTGGT TAGGGGTAARCCTR-AACTARRGCCGARTACCT TCAGGACTGT TATACGT TTCCGARGGRAT-GAAGCCCARCTACGARRGTGGCTT
GCGTARARGCGTGGT TRAGGRCAATCCA-AACTARAGCCGARCACCCTCAGGACTGTTATACGTTTCCGAGGARAT-GAAGCCCARCTACGARRGTGGLTT
GCGTARAGTGTGGT TAGGGGARGT TTA-AACTAARGCCGARTGCTCTCAGGACTGT TATACGTTTCCGAGAGTAC-GARGCCCGACTACGAAAGTGGCTT

418 420 438 440 458 466 479 480 498 566
TACCATTCCTGACCCCACGARAGCTATGATACARACTGGGAT TAGATACCCCACTATGCTTAGCCGTARRCATTGATAGARTAGTACATCCCATCTATCC
TACATTACCTGRACCCACGAGAGC TAAGARACARACTGGGATTAGATACCCCACTATGCTTAGTCCTAARCATTGATCTCATACCACACCT~ACATATCC
TACATCACCTGARACCCACGARARGCTARGRARRCARARCTGGGAT TAGATACCCCACTATGCTTAGCCTTARACATTGATTATTTACCACATTT--AARCATCC
TATGACTCCTGACCCCACGAARGCTATGACACARACTGGGAT TAGATACCCCACTATGCTTAGCCTTARACATTGATCATTTATTACAT——ARARACATCC
TRARARCACC TGAARCCCACGRARGC TAAGARARCARACTGGGATTAGATACCCCACTATGCTTAGCCCTARARCATTGRCTGTTTATTACAT-—~ARACATCC
TAARTTCACCTGAATCCACGAARRGC TARGARACARACTGGGATTRGATACCCCACTATGCTTAGCCCTAARCATTGAATGTTTATTACAT———ARARCATCC
TATAARRCC TGAATCCACGARAGCTARGARRCARACTGGGAT TAGATACCCCACTATGCTTAGCCCTAARCATTGATTGTTTAARTACATC——ARACATCC
TATARARCCTGAATCCACGRAAGCTARGARARCAAACTGGGAT TAGATACCCCACTATGCTTAGCCCTARRCATTGATTGTTTARTACATC--ARACATCC
TATRARRRCCTGRATCCACGARRGC TARGARACARARACTGGGAT TAGATACCCCACTATGCTTAGCCCTARARCATTGATTGTTTARTACATC——ARACATCC
TATARRACCTGAACCCACGARAGC TARGARACARACTGGGAT TAGATACCCCACTATGCTTARGCCCTARACTTTGARTTGTTTAATACACT-—-AARRCATCC
TATARAARCC TGAACCCACGARAGCTARGAARCARACTGGGAT TAGATACCCCACTATGCTTAGCCCTAARCATTGATTGTTTCATACRCC——ARACATCC
TACARARCCTGACTCCACGARAGCTAAGARRCAARACTGGGAT TAGATACCCCACTATGCTTAGCCCTARRCATTGATTGTTTTATACACC--ARACATCC
TATARAAGCCTGARCCCACGARRGC TARGARACAARACTGGGATTAGATACCCCACTATGCTTAGCCCTARACATTGATTGTTTTATACATC——ARACATCC
TARCARAACCTGAATCCACGARARGC TAAGAARRCARACTGGGAT TAGATACCCCACTATGCTTAGCCCTARACATTGATTGTTTTATACART--ARACATCC
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P._saltatrix
‘N._pectoralis
C._armatus -~
R . —cahadum -
C. hippurus
C.equiselis
P._-lineatus
E._naucrates
E.neucratoides
R._oustralis
R._ailbescens
R._remora
R._osteochir
R.-brachyptera

P..saltatrix .
N._pectoralis
C._armatus

F . canadum

C. hippurus
C._equiselis
P._lineatus

E. naucrates
E.-neucratoides
R.oustralis
R._albescens
R.remora
R.osteochir
R.-brachyptera

P.—saltatrix
N._pectoralis
C._armatus

R« —canadum

C. hippurus
C.equiselis
P._lineatus
E._haucrates
E._neucratoides
R.qustralis
F._albescens
R..remora
R._osteochir

R ._brachyptera

P.saltatrix
N._pectoralis
C..armatus

R ._canadum

C. hippurus
C._equiselis
P._lineatus
E..haucrates .
E._neucratoides
R.australis
R._albescens
F._remora
F.-osteochir
F.brachyptera

P._saltatrix
N._pectoralis
C.armatus

R ._canadum

C. hippurus
C._equiselis
P.-lineatus

E. naucrates

E. neucratoides
R.—oustralis
R._albescens
R.remora
R..osteochir
R._brachuptera
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518 1520 -530 548 556 560 570 588 598 608
GCCGGGGTACTACGAGCACCAGCT TGRARCCCARAGGACTTGGCEGTACTTTAGATCCCCCTAGAGGAGCCTGTTCTGTARCCGATACCCCCCGTTTARC
GCCCGGGARTTACGAGCACTAGTTTGARACCCARAGGACT TGGCGGTGLTTARCT TCCACCTAGRGGAGCCTGTTCTATAARCCGATARCCCCCGTTTAAC
GCCTGGGAATTACGARCACTAGTTTAARACCCARAGGACTTGGCGGTGCTTARCATCCACCTAGAGGAGCCTGTTCTAGAARCCGATARCCCCCGTTARAC

' BCCTGGRAARTTACGAACGTCAGT TTAARRACCCAAAGGACT TGGCGGTGCTTARCATCCACCTAGAGGAGCCTGTCCTATARCCGATARCCCCCGTTCARC
+ GCCTGGGRACTRCGAACATTAGTTTRARRCCCARAGGACT TGGCGGTGCTTARTATCCACCTAGAGGAGCCTGTCCTATARCCGATARTCCCCGTTARRC

GCCTGGGRACTACGAACAT TAGT TTRARACCCARRGGACT TGGCGGTGCT TRARTATCCACCTRGAGGAGCCTGTCCTATARCCGATARTCCCCGT TAAAC
GCCCGGGGATTACGAARCATCAGT TTARARCCCARAGGACT TGGCGGTGCTTTACATCCACCTAGAGGAGCCTGTTCTAGARCCGATAARCCCCCGTTTARC
GCCCGGGRATTACGRACATCAGT TTARAACCCARAGGACT TGGCGGTGCTT TACATCCACCTAGAGGAGCCTGTTCTAGAACCGATRACCCCCGTTTARL
GCCCGGGRATTACGRACATCAGT TTARRARCCCARARGGACTTGGCGGTGCTTTACATCCACCTAGAGGAGCCTGTTCTAGAACCGATAACCCCCGTTTAAC
GCCCGGGAAT TACGARCATCAGTTTARARCCCARAGGACT TGGCGGTGCTTTACATCCACCTAGAGGAGCCTGTTCTAGARCCGATARCCCCCGT TARAC
GCCTGGGAATTACGRACATCRGTTTARRACCCARAGGACT TGGCGGTGCTTTACATCCACCTAGAGGAGCCTGT TCTAGAACCGATARCCCCCGTTAARL
GCCCGGGARATTACGARCATTRGT TTARRACCCARAGGACT TGGCGGTGCTTTACATCCACCTAGAGGAGCCTGTTCTAGARACCGATAACCCCCGTTCARC
GCCCGGGRATTACGARCATCAGT TTARRACCCARRGGACTTGGCGGTGCTTTATATCCACCTAGAGGAGCCTGTTCTRGAACCGATARCCCCCGTTCAAC
GCCCGGGTATTACGAACATTAGT TTARARCCCARAGGACTTGGCGGTGCTTTATATCCACCTAGAGGAGCCTGTTCTAGARCCGATARCCCCCGTTCARC

518 62a 638 648 656 668 678 688@ 698 786
CTCACCCTCCCTCTCTCCTC~-TGTCTATATACCGCCGTCGTAAGCTTACCCTGTGRGGG-TCTARTAGT TAGCARART TGGCACAGCCCAGARCGTCAG
CTCACCCCCTCTTGTTTCCCACCGTCTATATACCGCCGTCGTCAGCT TACCCTGTGARGG-CCARATAGTGAGCAAGAT TAGCATATCCCAGAACGTCAG
CTCACCCTCTCTAGTTTARTACCGCCTATATACCACCGTCGCCAGCT TACCCTGTGARGG-CCTARTAGTARGCACART TGGCATAGCCCARARCGTCAG
CTCACCTTTTCTTGTRAATTT-CAGCCTATATRCCACCGTCGCCAGCTTARCCCTGTGAAGG-ATTRGTAGTARGCACART TGGCAATGCCCAGTACGTCAG
CTCACCTTCTCTCGCARTAT~CAGCCTATATACCGCCGTCGCCAGCT TACCCTTTGARGG-ACTARCAGTARGCACART TG TACARCCCAARTACGTCAG
CTCACCTTCTCTTGCRARCAT~CAGCCTATATACCGCCGTCGCCAGCTTACCCTTTGAAGG-ACTRATAGTARGCACAART TGGTARRRCCCAATACGTCAG
CTCACCCTCCCTTGTTTTTT-CCGCCTATATACCACCGTCGTCAGCT TACCCTGTGARGG-TCTAATAGTARGCARAAT TGGTARRARCCCAGAACGTCAG
CTCACCCTCCCTTGTTTTTT-CCGCCTATATACCACCGTCGTCAGCT TRCCCTGTGAAGGGCCTARTAGTAAGCARART TGGTAARRRCCCAGARCGTCAG
CTCACCCTCCCTTGTTTTTT~-CCGCCTATATACCACCGTCGTCAGCT TACCCTGTGARAGG-CCTARTAGTARGCARAART TGGTARARRCCCAGAACGTCAG
CTCACCCTCCCTTGTTTATT~CCGCCTATATACCACCGTCGTCAGCT TRCCCTGTGARGG-TTTAATAGTARGCAARAT TGGTARARCCCAGARCGTCRAG
CTCACCCTCCCTTGTTTGTC~CCGCCTATATACCACCGTCGTCAGCT TACCCTGTGARGG-TTTARTAGTARGCARAAT TGGTARRARCCCAGAACGTCAG
CTCACCETCCCTTGTTTATT~CCGCCTATATACCACCGTCGTCAGCT TACCCTGTGAAGG-CC TARTAGTAAGCARAAT TGGTARRACCCAGARCGTCAG
CTCACCCTYCCCTTGTTTACC-CCGCCTATATACCACCGTCSTCAGCT TRCCCTGTGAAGG-CTTARTAGTAAGCAARAT TGGTARARCCCAGAACGTCAG
CTCACCCTCCCTTGTTTATT-CCGCCTATATACCACCGTCGTCAGCTTACCCTATGRAGG-ACTARTAGTAARGCARAAT TGGCARARCCCAGRACGTCAG

Eal’ 720 738 746 758 76a 770 788 Joa 268
GTCGAGGTGTAGCATATGGGRGGGGAAGARCAARTGGG-CTACATTCGCTARTGA--AGCGARC~ACGAR-TGGTGCACTGARRACTGTGCCCTCTGARGG
GTCGAGGTGTAGTGCATGARGAGGGGARAGAA——ATGGG-CTACATTCGCTART TA-TAGCGAAR—ACGAA-TGACACGT TGARRA-CATAG-TATTGARGG
GTCGAGGTGTAGTGCATGGOAGGGGARGAA-—ATGGG-CTACATTCGCTGTCTGCCAGCGAAC-ACGAA-TGACGCAT TGARA--CATGC-AGCTGAAGE
GTCGAGGTGTAGCATARTGARRAGGGAAGAG-—ATGGG-CTACATTCGCTARARA-TAGTGAAT-ACGAAR-TAARTACATTGAAR--CATGT-ATCTGAAGG
GTCGAGGTGTAGCCTATGAGAARGGGARGARG-—ATGGG-CTACATTCACTAARCA--TAGTGART-ACGAR-TAGTATATTGAAR--CATAT-ACT TGARAGG
GTCGAGGTGTAGCCTATGAGRAGGGAAGAG--ATGGG-CTACATTCACTARATG--TAGTGAAT-ACGAR-TAGTATAT TGARR—-CATAT-ACTTGARGG
GTCGAGGTGTAGTGCATGAGRGGGGAAGAR-—ATGGG-CTACATTCACTAART TA-TAGTGAARC-ACGAA-TGARGTAT TGARR--TATARC-TTCTGAAGG
GTCGAGGTGTAGTGCATGAGAGGGGAAGAA--ATGGGGC TACATTCACTART TA-TAGTGAACARCGARATAAAGTAT TGARR--TATAC-TTCTGAAGG
GTCGAGGTGTAGTGCATGAGAGGGGAAGAR--ATGGG-CTACATTCACTART TA-TAGTGARC-ACGAR-TARAGTAT TGARA--TATAC-TTCTGAAGG
GTCGAGGTGTAGCACATGAGAGGGGARGAA—-ATGGG-CTACAT TCRCTAAT TG-TAGTGAAC-ACGAR-TGGGATATTGAAR-—TATAT-CCCTGAARGG
GTCGAGGTGTAGCGCATGAGAGGGGAARGAR-—ATGGG-CTACAT TCGCTRACTA-TAGCGAAC-RCGAA-TGGGATGT TGARA--TACAT-TCCGGARGG
GTCGAGGTGTAGCGCATGAGAGGGGAAGAR--ATGGG-CTACATTCGCTARTTG-TAGCGARC-ACGAR-TGGGGTATTGARR--TATAC-CCCTGAAGG
GTCGAGGTGTAGCGTATGAGRGGGGAAGAA~~ATGGEG-CTACATTCGCTAAT TA-TAGCGART-ACGARA-TAAGGTAT TGRAAR-—TATAC-CCTTGAAGG
GTCGAGGTGTRGCGCATGGARGGGGARGAA-~ATGGG-CTACAT TCRCTAATTG-TAGTGAAT-ACGAR-TGAGATATTGRAR--TATAT-TTCTGARGG

818 520 830 840 850 86a 878 850 898 aea
TGGATTTAGCAGTARGTGAGARATAGAGAGTCCCACTGARGCCGGCTCTAARGTGCGCACACACCGCCCGTCACTCTCCCCARGCCCGARGCCCAGATTT
AGGATTTAGCAGTAAGCAGGGAARCAGAGTGCCCTACTGAATTCGGCTATTARGCACGCACATACCGCCCGTCACCCTCCCCGAGC-CATGGATCCAARTA
AGGATTTAGCAGTARGCAGAARACAGAGTGTTCCGCTGAARACCGGCTCTTAAGCGCGCACACACCGCCCGTCACCCTCCCCARGCACCTGRGACCTARRTT
AGGATTTAGCAGTARGT TGGAARTAGAGTGTCCCACTGAAGCCGGCTCTTAAGCGTGCACATACCGCCCGTCACCCTCACCGAGC-CCCACTTGTTTATT
AGGATTTAGCAGTAAGCAGGRAATAGRGTGTTCTGCTGARGCCGGCTCTTARGCGCGTACATACCGCCCGTCACCCTCGCCARGC-CCTRCCARTTATTT
AGGATTTAGCAGTARGCAGGARATAGAGTGT TCTGCTGARGCTGGCTCTTARGCGCGTACATACCGCCCGTCACCCTCGCCARGC-CCTACCARTTAARTT
AGGATTTAGCAGTARGTGGSARRTAGAGAGTCCC TCTGAARATGGCTCTRRAGCGCGCACACACCGCCCGTCACCCTCCCCARGCACCCARCA--CCCCT
AGGATTTRGCAGTAAGTGGGAAATAGRGAGTCCCTETGARR-TGGCTCTARRGCGCGCACACACCGCCCGTCACCCTCCCCARGCACCCAACA——CCCCT
AGGATTTAGCAGTAAGTGGGRARTAGAGAGTCCCTCTGAARATGGLTCTARRGCGCGCACACACCGCCCGTCACCCTCCCCARGCACCCAACH~-CCCCT
AGGATTTAGCAGTARGTAGGAAGTAGAGTGTCCCACTGARARATGGCTCTARAGCGCGCARCACACCGCCCGTCACCCTCCCCAAGCACCAARATTCCATCTT
RGGATTTAGCAGTAARTGGGRARTAGAGAGTCCCGCTGAARATGGCTCTARRGCGCGCACARCACCGCCCGTCACCCTCCCCARAGCACCTARCT—~AACCC
AGGATTTAGCAGTARGTGGOARGTAGAGTGTCCCCCTGARARTGGC TCTARAGCGCGCACACARCCGCCCGTCACCCTCCCCARGCACTTARCCARRCCCT
RGGATTTAGCAGTRAGTAGGARATAGAGTGTCCCACTGAARRTGGCTCTARRGCGCGLACACACCGCCCGTCACCCTCCCCARGCACCCARTG——-ACCCT
AGGATTTAGCAGTAAGTAGGRARTAGAGTGTCCAACTGAATATGGC TCTARRGCGCGCACACACCGCCCGTCACCCTCCCCAGGCATCAGACC—~GCCTT

91@ 920 930 948 95a 66 97a a36
ACATTARCGCTA-—~————— ARARCG-TGA-AGGGGAGRCARGTCGTARCATGGTARGCGTACCGGAAGGTGCGCTTGGARTARTAT
AT-TCAAGCCCC-~--TACAGTAGCGA--AGGTGAGGRARGTCGTARCATGGTARGTGTACCGGARGGTGTACTTGGTCT-AC——
TTCTTARACCTA-~-—-AARCRACCGCGR--AGGAGAGGAARGTCGTARCATGGTRAGCGTRCCGGARGGTGCGCTTGLTTARAC——
TAARCTARACCAACATATTTTTATGCT--ARGGAGARGGARAGTCGTARCATGGTARGCGTACCGGAAGGTGTGCTTGGA-TAATC-
TTTCTAAATCAC-~~--TTATAARAGCT~-ARGGAGAGGARAGTCGTARCATGGTARGCGTACCGGARGGTGTGCTTGGA-TRATC—
TTTCTAARTCAC-~—--TTATAAAGCT-—-ARGGAGAGGARAGTCGTARCATGGTARGCGTACCGGARGGTGTGLTTGGA-TAATC-
TARCTARRTTGT-~--ACCAACCGCTAC-AGGAGAGGARARGTCGTARCATGGTARGCGTACCGGARGGTGCGCTTGGAATARC——
TRAACTARARCTAT-~--ACCGACCGCTAC-AGGAGAGGARAGTCGTARCATGGTARGCGTACCGGARGGTGCGCTTGGRATARC——
TAARCTARACTAT-~--ACCGACCGCTAC-ARGGAGAGGARAGTCGTARCATGGTARGCGTRCCGGRAGGTGCGCTTGGAATARC——
TAACTTAARARAT---—ATCACCCGCTCTTAGGGGAGGAARGTCGTAACATGGTAAGCGTACCGGARGGTGCGCTTGOAATARC—
TTATTTARARGT-~~—-GCCCCCCGCTAC-AGGAGAGGAARGTCGTRACATGGTARGCGTACCGGARGGTGCGCTTGGARTAAC——
TARCTARARGTAC-~--ATCARCCGCTGC-AGGGGAGGARAGTCGTARCATGGTARGCGTACCGGAAGGTGCGCTTGGARTART ——
TAACTARARAAT-~~-—ATTGACCGCTAT-AGGAGAGGARAGTCGTARCATGGTRAGCGTACCGGARGGTGCGLT TGGARTARC—
TAACTARARTAT-~——ATTAACCGCTAT-AGGAGRGGARAGTCGTAACATGGTARGCGTACCGGAAGGTGCGCTTGGAARTART ~—



Appendix 8. Aligned mitochondrial 16S rRNA DNA sequence data collected from
echeneoid specimens analyzed in the present study.



Posaitotrix
Hopastoralis
Comprmatus

R comedum
Couhippurus
Co-apsizaliz
F.-lineatus
E.rmucrates

E vonvgssratoides
F.ougtralis

R. Qlbezcens

R uremara

B oateachin
B, brochyptera

P..saltatrix

6 _Js i ;ag::wus
Comtguiselis
Po-lineatus

E ntuerates
E.unegcratoides
B opgteal iz
R..albescens

Bl o ecrd
Bontstanchir

R« trachyptera

F.-saitatrix
H..pectoralis
G trpatug

B« osanyiiam
C..hippurus
Cautrgpiinel in
.1 ineatug

E ..younrates
E..neusratoides
Boaztralis
Buaibascens
B« remora
B.uoztacchis
R.-brazhyptera

P.-saltatrix
He.pectoralis
[ L

B o copmpdum

. hippuras
C.agiiselis

P o inoatug
E..noucrates

E . reucratoides
Bo.onstraliz
. 0lbezoans
E.remora
B..osteochir

B brashyuptera

F..gattatrix
H.pectaralis
Counrantus

B v s

L. hippurus
C..equiselis
Fowd irmcitis

B noumrates
E..neucratoides
R..Gizstralis
R.-aibascensy

R . remora
R.ogteochir

B udiraehyp tera
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18 28 38 48 2] 68 7@ 38 o8 1aa
“CHELCARCRAGC TRBCCCATCL~-CCRCARARRLARCRAT TCRACAT TRATARCC CCACATACRL~ACCTCLCCLRLT TRARTARATLAT TCTCOC-CCC
~YGCTRACTAGATRGCCCLICCCCUARCARARACARCARACCCCOATARAT TARCCL-CARA TAC-ACRRARCCACAT ARAC TRARCCATYAT TOL-CTC
= THCCTART TAGCTRECCCOCTC~RARCYARACT TARCRAGTARCTATGRAT-ARCCC-CARRRGC-AC TRAAC T TRT TCRARCARARCAT TTTTOLTCOC
~CHLCRRATAGCTRECCCTRAC~~~CCCARCCCCARCRATACACART T TRTARCCCCTRAATACARCCACARACAC -~ CARATCARATCRTTTTATTTTCC
CROCTAATTAGC TRGLC TACC T ~ARCARCCCRATCRA-RTRCT TCTARCTAACCCCTRARTACACTARFRATAT T~-~CRRLTRABACCAT TCATCTTCCE
TRGCTRAT TAGC TROCCTRCCT - -RRCARCCCART CRAR-ATACTACTACTARCCOCCTRATARCACTRATRFAACAT - T TRACTAAACOAT TCRTTTTCCC
~RGCCARCLAGC TROCCCTRAT—~-RLTARRT TCARCRACCARATRY TRRTARACCCTRART TRCTATAA-AACTR-~TRRRTAARACATTTTGLA-CCC
~“RGCCARACLAGC TRGCCCTART—~-~RLTHARRTTCHACARCLARRTAT TAATAAACCC TRAATCRCCATER-AALTR-~TRARATAARACAT TTTGLAR-CCC
“RFCCHACCRGLTRGLECTART == - AL TARAT TCHACHRCCARATATCARTARALCCTARA TCRCCATRA-ARC TR TRARTRPARCAT T TTOLR-COC
~GOCCARCTAGC TRECCCRRAR-—-RLTAARTTCRATATT TCCACAT TACTRARCCCRTACTCACTART T--ACAT T TCARRTARARCRT TTRATCTTCCC
~RECCARCTAGC TABLECCRRAR-——RUTRANT TCRRCARCCCCALAT TACTRARCCCALAC TCACTRCACCARCTCT T TRRATARARRCAT TCLCLC-TCC
“SGLCRALTRECTRECCCRIAA-<«RCTARAT TCARCRARCCCCATATTACTARARCCORCACTCRL TG TAT TARGARBLCARRTAARACART TCTLLT-TCC
~GOECARLLAGC TAGCCORGAA-~-RLTARR TTCARCARCCCCREATCACTARACCORCAC TORCTACHTCART TRTCCARATARRACART TCCTLC-TCC
~COCCARTCAGC TRGCCORRAR-~~RCTAAT T TCAGCRRACCCROAT TAC TRRACCCCARTCCAC TACATCACE ~—~CORRATRAARCRT TCCCOLTOCE

118 138 130 148 150 166 178 189 193 288
TC~--AGTRTHGGOGACAGRARAGGRCCTAT TEGRGCORTAGARARR-RGTRLLBTRAGGGAARAGE TBARRGAGARATSARRTARLCCAGTG~RAGLCTARR
TLCTACTATAGGLCATALARRAGAGEC TCOTCORGLARTROARRR-BE TARCLUTARGECAACACTRARAIAGAGATEARRCAGLCLAG TG~ ARGUALARRA
TomBGETRTEGGLOACABRRAAGORCCT TCHGECOCARTAGAACA-AG TRCCOCARGESHRRGCTSARABAGPANTCARATARBCCRGTR-ARGCTARAR
CC—RGTRTAGGLGRTAGRRRAGGARL ~C T TREAGL TRLAGRAMA ~-RG TACCBCARGEORACGC Y BARRBROAGAHTOARRR-CARCCAGTA-AAGCCTARA
T=~~RGTATAGGLOAT AGRRAAGGART ~ARRRGARCCARCAGATATCAG TACLECARGECARAGL TERARGASAGE TGARARRGACCARTR~RAGCTARGA
T BG THTHGGOERTACARARGOAR--AGAAUAGCARCAGACAT TAS THCCOCARGEORARGC T CARRAGRGH TERARRREACCARTA-RABLTRGAR
T 1~-RGTATAGGROATAGRRRAGGRRTATARGGAGCARTAGARRA-AGTALCOCAREOGRARGL Y SARRGAGACGATOARRRRECCCRG TG~ ARBCTTART
T1--AGTATAGGREAT AGRARAGGRATAT ACGGAGCARTAGARRR-AGTACCELARGBGARAGL T RARGAGAGATGARRARGLCCAGTA-ARGCCTAAT
TY==AGTATAGGRGRTAGAARACGARTRTALGRAGCARTAGHARA-AS TROCOCARGGLARPGLT BARATAGAGRTOBRARABCCCAGTA-ARGCCTAAT
C-==AGTRLAGGOEATROARARGGARCTARTCHAGCARTAGARAR-ACTACCOCARGGERARGC Y OARRGAGAGATORAR TRECCCAGTA~ARGCLTAAT
TT--AGTATRGECGATAGRAARGGRRC TARTHOAGCCRTABARAA-AGTACCODARGEGRARGL T ORARGAG TGRTSAARCAGLCCAGTATARGLLTGRT
CL-~AGTATAGGCERT AGRRARGGARCT AGLGEEACCARTAGRARA-AGTACCELARGEHARAGLT GARRGAGAGATEARACABCLCCAGTA-ARGCTTAGT
T 1=-=AG TATAGGCEA T RGRAAAGCRRCTA-CHEALCARTADARAR-AGTACCOCHAGCOARACC Y CAARGAGAGATEARATAGCLCAN TA-ARGLCT TAT
L-—-ABTATAGGTORTAGRARAGGRRATAT TRGRGCARTRGARAR-AGTACCBLARGEORRRCLY SRARGAGAGATSAARTRGTCORGTRA-ARGLT TARC

219 228 238 2498 256 260 278 238 29 206
RARBCAGAGAT TTTACCTCOTRCCTTTTGCATCATGRT T TAGCTRBTAT TRCCCARGTRARBAGCACT T TRGT T TEROACCOCORARCTRC -BTERGCTA
BAAGCAGAGAT TRRRCCTCOTACLTT TTGLATORTGRCC TAGCCAGARCAT T TCARGLARAGAGRAL TTTART T TGRTACCLLGRARC TAR-GTHAGLTA
BRABCAGRGAT TTICCCTCOTACCT TETECATCRATGAT TYRGCORGTAC-CT TCARGUARRGAGAGCT TTRGTT TORAACCLCOARACTEC-BTRRGCTA
PRAGCAGREAT TTLTCCTCSTRCCTTYTGCATCATORT TTRGCORGTAC-LOT TRAGCAARGRECCET TTAGTT TRRCACCCCOARAC TRSCO TORGLTA
RAAGCAGRGAT TROCCCTCGTACLT T T YGCATCATGRT T TRGC TRBCAR-CRT TRRGCSARGRGCACT T TRGT T TRATACCLCGAARCTAGCGTGAGETA
FHACCAGRGRTARLCCCTCOTRUCT T TTECATCRTGRT T TRGCCRGCAR-LAT TARGLAARGAGCALT TTAGT T TARTACCLCORPACTAGTGTRABCTA
FRAGCRBREATATRCCCTCOTACCTTY TGCRTCATGART YAGCORGTRA-AACTRRGCARAGRECCCT TRAGTT TRGTACCLCOARRCTAG-GTEAGCTA
RARGCABRGATATRCCCTLBTACCTTYTGEATCATGRART TAGCCAGTRA-ARCTAABTAARGRECCCT TRAGT T TRGTACCLCGARRCTRG-CTOAGLTA
ARRGCRGRGATATRCCC TOTACC T TY TGCATCATGRRAT TAGCCRG TAA-ARC TRRGCARAGRGCCCT TRRGT T TRETRCCLCBARRC TAS~GTRAGCTA
ARAGCAGRGLTATATCCTCOTACCT TYTGCATCATGRAT TAGC TRETAR-AACTRAGCAARGRECLCT TRAGTT TROCLCCCLOARMPBLTAG-GTEAGCTA
AEABCABRGT TATRCCCTCOTRCCTTY TGCATORTGRAT TAGCTRBCAT-RRCTAABTARAGROCCCT TRRGT TTROCACCCCORARCTAS~-CTHAGLTA
RRAGCAGAST TATACCCTCGYACCT YT TGCATCATGRAT TAGC TRETAR-RARC TRRGCCRAGRGLEC T TRAGT TTRGCACCCCGARACTAG~GTBAGCTA
REABCAGAGT TRRADCCTOGTALCT T T TRCATORTGART TRGCTAGLAN-AT T TRARGLABAGAGLLCT TEAGT T TRRTACCCOBARARCTAG-GTEALCTA
ARAGLARRGT TATRCCCTCOTRCC T T T TBCRTCRTGRAT TAGC TR TAR-ARC TAABCARAGRECACT TRRGT TTRGCACTCCOARACTAS~-GTEABCTA

e 328 T30 348 358 8 378 86 398 468
CYCCRABRCAGTCTRTCAATACOBCRRACCLGTLTC TOTCOCARRAGAGTOOORRCABLT TTORGTAGREGTBRCABACC TRLCORACCTAST TRTAGET
CICCARGACAGUCTARTAATAGGGLCARCCCGTCTCTGTSGCARRAGAG TGOGARGAGLT T TORGTAGGGETGACAGACCTATCGRACT TAGTTATAGLT
CYCCARBACABLCTAT T TATAGCOCARACCCETCTCTRTCUCARRAGAG TOEORAGARGCT TUCRGTAGGEGTOACAGACC TATCBARCLCAB T TATABLT
CYCCARBRCAGCCTAT T -REAGHGCRARCCOSTLTCTET THCARAAGAG TOOORAGRSC T TOORETAGAGS TOACROARCC TRTCORACCTAST TRTAGCT
CYCCARGALAGLCTAT T-ATRGGGOARACCCETC TC TGTAGLRAARAGAG TEOGRAACRGLT T TORETRGRRGTOACAGACCTATCORACCTAGT TATAGLY
CICCARBACAGCC TRTC-ATAGGGORRACCCGTCTC TR TRGCARARCAG TEEERARGRELT TTORETAGRAGTCRCRGACC TATCHARCCTAGT TATAGCT
CICCARGRCAGCCTATT-RARGCOCARACCCO T TC IO TCOCRAARBAG TROORAGARGLT TCORDTAGCEGTOAAGALC TRLCORALCTAG TRATAGCT
CYCCARGRCAGCCTAT T -RAAGSGCRRACCCRTCTC TR TCACARRABRG TRCSRAGRBLT TCORATRGCGETORCAGACT TARCCORACCTAGTRATAGCT
CICCARGACAGCCTAT T-RRAGGGUARACCCETCTCTETGECARRAGAG TRCGRAGAGLT TCORE TRGCEGTORORBACC TRLCGARCCTAGTRATAGCT
CYTCARGALAGCCTRTL-ATABCLUARMLCCOTCTC TOTGOCARRRGAS TREOARGRGLT TCARGTRGLAG THACAGRCC TRCCOARCCTAGT TRTAGCT
CYTCARGRCAGCCTRTA-T TRGGGLARRCCCOTCTC TRTGOCRARAGAG TROGAABARGET TCRRGTRGLOGTORCABACC TRCCGRACCTRAG TARTAGET
LCYTCARGACAGCCTAT T-ATAGGGLARACCCATCTCTOTGOCRARAGRG TROOARGARELT TCRRGTRGUGGTORCAGACT TRCCBARCCTRGTARTAGCT
LT TCARGRTAGCLTAT T-RTAGGLUARRCLCLTCTC TH TGECARRAGAG THGLARGAGL T TCARGTAGLBGTORCREBACC TRCCGARCCTAGTARTAGCT
LY ECARGRCAGCCTATC-ATRGBECABACCCOTCY TR TR CARRRBAG TCOMRAGAECT TCRAG TRECHHTORCAGACC TRCCOARCCTAGT TRTAGCT

410 420 $38 Gk 458 {58 478 488 4% S8
LUTTGCCTORABAGHTOBATABGAGTTCABCCTTTSBG- Y TCTC I T TORLm mmmmw e~ == TROAAT TTAT TCTTAT TRC TORORT TCRARGARGLCCA
GHTTGCCTCAGARCTOGATAGARGT TCRGCTTCOTAR-CYCCTCOAT TCATCTTTCCYTGACCARCATCY TOGCCOOTETGEATATCTLASRGGRAT TAT
B6TTGCCLGHGRRCTEORTABARGT TLAGCCTTRTAG-CY TCTCCT TTOAT~~w e AL TRRTRCTARATACCGAAC GATAA~ < ~~BAAGARACTEY
GHTTGCLTOTORABACOGATARARGT TCABCCICLYGH-CYTCTORRT T CATE  cm e mame w= [ RBAACABRTY GCRCTCARCGATAT -~ T TRAACARALCAR
GOTTGCLTGTBARATOARTAGAAGT TCABCCTLLCAG-LY TCTCTCTTCACL T Am s mmem e T Y G TACRCRCARARCAATGAT ~—»~T TRGRGRAACTGT

GRYTRCCYGTGRRRTOARTAGARGT TCAGCCTTLCCG-CT TCTCYCT TCACLTA~—~~~=~<TTGT TCARRCAARRTART GAT-~~~TTAGAGRRACTOT
G TGCLYGAGHARTGORTATARGT TLABCCCTRTAATLY TR TTTCT TORAT R v CAT T~ TALTTCATTRAAT GATCR - CARGEARTTHT
G6TTHRCOTORGARGTOGRTATARAGT TCABCCCTGTART T Y TLTTTCT TCRATRAm mom aomwcm e YHT T TACTTCOT TRAATBATCA»—r ~CARGRRAT TAT
GO TRCLTORGARGTGOATATARGT TCABCCCTRTRATT T FCTTICTTCATR—— —~————TRT T-TRCTTCCT TRAATGRTC A~ ——~CAARGRRAT TAT
GHTTACCTGAGHRRTGORTATARG T TCAGCLCCRCARTLT TCTLORAT CATG -~~~ e s a -~ TCLT~ TATAACAT TT TRAGAT TG~ ~~~LARGRART TG
GO TRACCTOAGARGTOGATHTRAGT TCASCCCTARCAAT T T YO TLCLLT ORI o e s FOLTCTRLGATACCTHARGACT Ao~ =L ARGRART TAT
GO TACLTORGRRGTSOATATARGT TCABCLCTRCBATT T TC TLCTETCATR— e = LY L= TROCCC TCRATGRT T A~~~ TARGARAT TAC
GHTTACLTGRGARRTGOATATARGT TCAGCCCLACARCLY TCTLCCY TCATR -~ ————~——TGCT-TATAT TRCTCRACGAT T G~-—LOAGTAGT TGT

GOTTRCLTGAGARRTGRTRTRAGT TCASCCCUBTRATT T T TTCTSTTCATA v s s sawn TOC T« TRRARTATCCAATGHTAR -« TORGARGT TAC
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TGGAGT TAGTCARRGGGGGRACAGCCCLT T THRGACARGRTACARCT TT TLCAGGRECETARAGATCRTRATARC TRARGGCRACARTELLC THHTOHGL
GRORGT TRGTCARRGOGOHTACAGCCLCTT TORATATRCACACARLT 1T T TLAGRRGINTRARGL T TARRATAGRCCAAGORRA-AATE T TLTORTEGEC
RAGRGT TRGTCARRGSGGETRCAGCCLCT TTORATAARRGRCACRRCT TTTCTABGRGCATARRGATCATART T T-TCAAGCLAR-RACGT TYTGHTEGRN
GRGAGT TARTCARRGEOGGEACAGCTLCT TTGRTACARGACACRAC T TTT T TRAGRGCGTARAGATCATR-TTTT TRAAGGTRA-AATGTCTCAGTOEGC
GRGACT TAGT CAARCERGGAACAGC TLCT T TCAARCARGATACABLT TTT TTARCTCOGTRRAGARTCATA-TTAT T TRARG TRA-APBRTCTCAGTGHGC
RAGAGT TRGT CRARGOAGRAACAGLTLCT T THRARCARGATACRACT TTTTTAAT TOOETARRGRTCATA-GTART TRARGTAR-ARRATCTLABTEGGC
REGAGT TRGTCARRRGBGATACAGCCCT T T TEARTCARGRTACRACT TTATAABORGGEARTAGATCATA-BTAC TRAAGCTAA-ARTGT TTTRGTGEGC
RGOAGT TABTCARRRGGGRTACAGCCLT TT THRACCARGRT ALARLT T TATRAGORGLETATAGRTCATA-BTAC TRAAGG TRA-ARTSTT T TRAGBTLGGE
ACGAGT TRGTCARRARBGOHTRCAGCCLT TTTEARCCARGATACARCT T TATRAGORCEGARTRIRT CATA=HTAC TRAAGETA-RATGT TTTABTGLOC
BEARGT TRETCARRAGGGE TACAGCCLT T T TCATATARGATRCARLT TTATARSOABGETRRRGRTCATACT TTATRARGETRA-ARTEY TCTRETHEGE
REGAGT TRATCARRRGGGG TRCAGCCCT T T TGATRAARGACACRRC T TTACRAGGAGGETAATGRTCATA-TTRATRAAGG TRA-ARTGT TLTRGTGGGC
ROGAGT TROTCARRAGGGE TRCAGCCCT T T TOATRRARGRTACARCTT TATARGGRGEETARRGATCATA-CTT TTARAGGETAR-ARTGY TCTGLTHELM
RGOAGTTROTCARRAGSOGTRCAGCCCT T TTEATATRGEATACARCT TTRCARGOAGCG TRARGATCATR-ATT TTRAAGATAA-ARTET TCTRBTOGGT
REOAGT TRETCARRBAGGOGTACAGCCCT T TTGAT TTRRGATACARCT T TECRAGLAGESTRARGATCATS-TTTTTCARGETAR-ARTGT TCTRGTGAGT

H1& G20 836 648 650 HHG &78 880 e kL]
CTRARAGCAGCCRCCT T TACAGRARGTST TRCABCTCARGCRT TATACCTTARCCCATATAT TTAGATRARRCAAATCCCARCCCCCTARCAT T-ATCAGE
CIRACAGLAGCCATCCA~ATROAARGLOT TRRABC TCORRLATERELC ~«LLTCCC-COTAT TCLTATABACCAGLCTTAATCLCCTACT TT T-ROCAGG
CIAARABCAGCCRTCOCARCAGARRGCAT TRARRGC TORRALGTLOLCCCARCLTCLC-TATATCCTOATHICCTRATCT TARTCCCC TRRTATT~RLCGGE
CTRAAGRECASCORCCCA-ARROARAGRLGT TRRAGC TCAGACT TRRTRAATACARCCATRTATCCTBATATCABARTC Y TATOCCCC TRECCRT TRACAGS
CTGARAGCAGCCRCLOA-RAAGRARGLET TRARGC TCAGRTACRORAAP-~-ARC TATTTRT TTRGATARARCCARTC T TRBCCDCT TRECCT TTRACGHG
CYSARABCAGCCRCLCA-RBAGARAGCAT TRARGCTDRERTRCATARAR-~-AALTAT T TAT TTACATARACCARTCT TARCLLCT TRBCLCT -AACGHD
CYAARRGCAGCORCCTARA TACHRRGCST TATRECTOAGACATARAART TTRAACCT TARATCRRBATARL~AATTCTCARCOLCCTRRCCAT ~ARCAGE
CTRAARRGCABCCRCCTARRTAGARAGLGT TATARGCTCREBACATARAAT TCTRARCC Y TRAATCARGATRAC-AAT TCTCARCCCCCTARCCAT-RACAGG
CYARPAGCRGCOARCTTARATAGARAGCG T TRTRGC TCAGACATARARAT TCTRAACCTTRAATCARGATARC-ART TCTCARCCLLCTRRCCAT -BACAGE
CYARARGLAGCOACCORARTRGAARGLAT TATRGCTCRAGACAT~ATATT T--GRACCTTAGAT TRCCATRAT TAACTCYTARRLLCCO TOLLOAT ~RREAGG
CYARARGCABCOATCCAARTAGRARGLET TATRGCTCAGRCATCARARCC—AACC TTARAAT TRRGRATRRCCATC TCACARCCCCC TROCEGT-RACAGG
CTARRRGCAGCCACCCRARATARARAGLG T TATRGLT TRGACATCCAART TT-ARCCTCRART TRAGATRRTATT T TLCARRCCCCC TRCCLAT -ARCAGE
CHARARGLAGLOALCCRARTRGRARGLGT TATRECTCRGALAT CARGACC-~ARCL T TRGAT TRAGALARCCAAGTLCORRCLCCCTOCLCAT -ARACAGE
CYARARGCAGCCACCLTGROAGAARRGLET TATABCTCREACATRLTART ~—ARCC T TARAT TRAGATRART TRAT TCOGRATCCAC TRACCAT~-AACAGE

719 k- . T Tag 50 ki 78 788 TR 800
CCGTCTCRTGCRARCAT GRGAB TECARLATGC TRATATOAGTRATARGAGAGCACC -~ TBCCTCTCTCCTTCLRCACE TG TART TCGGRATSARCIL LR
CCETCLCATOLARRCATGLGAACGATRATGL TRGAATGAETAA TRAGAGAGCARRAALCCCTCTC TECACGLALACG TG TAPATLGGAGLBGRACLAALTA
LCYCCCCRYCORCLCATGUHECORUTCTOCTARRATEAG TR TRASHGHBCATA=~~CCCTC CTRECACATLT GTARGTCGGRALGHRCTARCER
CLOTTCCRTGCCRRCATGBRAGTORTAATSC TARRATOAGTARTRACAGAG-~~TCCRBACTCIC T CCRARGCACACGTOTRUATCOGRAABGRCCARTCA
CCGTTCORTACTAT TRTGGARGTGRT TRTGC TRARATGAGTRATAAGAGRGC—-TTRRGGCTCTLTCC TGGLACARGTGTRRACCGLRRAGOACT TCLCG
COGTTCORTRCTRLTATGRARG TOAT TATGLC TARAATGAGTRATRABAGAGL-~ T TRAGGCTCTLTCCTIGCRUATGTATARRLCHLRRAGGRCTTLCTA
CLCTCCCATGU TRRCATOBGRATORTRATCC TAGTATGRETARA TRAGAGAG--ATRCCOACCCTCTCCOTOCCOATOTGTATRTUGURRCOOACRAALCA
CCCTCCORTGU TRRCAT GGOAATGRTARTGLTARTATGAGT AATRAGAGRG-~ATACCGACCCICTCCCTGLCCATOTOTATATLGRRRCGGATRARLCA
CCCTCCORYGCTRACATGLORATGATRRTGCTARTATGRETRATRAGAGRG-~ATRCLGACCCTCTCCOTGCLCATE TG TRTATCHGRACGGRUAAARCTA .
TCLTCCCRTGC THRRCATLOORRTOAARTGC TRATATCAGTRATRAGAGHARTATCOABACCCTCTCCOLGCCOATL TG TATETCGOARLGLALICACCA
TCCTCOLATGOCARCATGOERAT CRTAATGC TAGTATORETRATRAGAGRG-T TTTLAAGLCCICTCCCTGLCOATO TR TRTGTCOGRROGBACCCALCRA
TCTTCCCATBCCORCATRGHRATOATART G TARTATGRO TARTRRGAGGRARTATTTAARCC-TCTCCCTBCCOACETRTRTGTCOGARCOGACCTACCA
TETTCCCATGCLUACATGOERATORTART GLTABTAT AL TRATRAGAGGARTAT T TARACCC TETCCCTRCLCATETGTATETUGGRRLGGACLCACCE
TLCTCCOCRTGCCCATATHCEAATORTRA TG TRATATGAS TRATAAGAGS TRCAT TTACERCCTLTCLCOGLCOGLE TOTRTLT COORRCOGACCLHCCH
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CLEAGALTTRACKET CCCARRCRARGAGBATARTCARCRRCARRT T -~ACCA-ACCRBAARACCACCOARCARARCAACCOT TARTCCLACHCTORTGTE
CLGARCCT TRACGGLCCTARACARRGREGGARTTGRGARALGAT TTCELCCA-RLCREACARCCLCCCARTRTARCC-COGT TRACCCTRCACTGARTGTE
CCORATAATARUGELCCORRACHBRGRGSEARC TGORLAACGLALHART TECAC TRERABATCG TCC TAAR-AT TR-CCO T TARTCRCRCACTORTETE
CCGARRRT TRARCCTCCCCARRARARGAGGGCATTOORTCT T-C TRBCARACT-RURRGAAAATART CORCARTARCA-CCOTTRACCCTACACRBGIGTH
CCGOARAT TRRCGTCCCCRARARRIAGRAEGEART TGRAGTACT-T TREAARRC T-RCRAGARGRCTAC TCRAAAT TRAR-CCGT TRACCLCYACACRGGARGTG
CCGOARATTARCGTCCCCRRARCARGRGERRCTGOGTAT T-T TAGARPACT-ACARGRRRRC TRCCC TRACTRARR-CCG T TARCCCTACACAGHAGTG
CLORCLATTRRLGTCCLCARALARRGAGOBCHT TARACAL CATCT TRARACL-AC TROBARACTST T TRRRA-ATAR-ACOT TAACCLCACACTORTGRG
CCBACCAT TARCCLOCOCARACRARGRSGGCAT TARRCATCATCTTARRACC~ACTRGARAACLET T TRAAA~ATRR-GLGT TRRCCCCRCACTORTORG
LCGACCAT TARCGLCCOCRRACARRGRGGECAT TRARCATCATCTTARRALC -AC TRGAARACLST T TRRAR~ATAR-GCGT TARCCCCACACTLATGAG
LCORTTATTARCGTCCCCERATABRGAGOG TRCTAATCAT TAT TTT T TARCT-RCTAGHARACCHT T TEATA-ATAR-ACGT TRRACCCACAL TORTGAG
CCHRTTATTRACGTCLOCHAARTORRGRGGOTAT YAATCRY TATTTTATARCT-AC TREAAARCLGT T TRRGACATAR-ALGT TAACCLCACACTEOTGRG
CCOAT TRTTAACGLCCCCRARRLGARGROGB TRTTRATCACTAT T TTATRACT -AC TREARRACLG T T TRRARAGRRR-GLGTTRACCOCACACTRGTOAG
LOGATTATTARCOTCCCURARTGRAGRGLGRRT TBATLACT~TTTYRTARCC AL TAGAARACCSTT TRAGARNARA-~CETTAACCCCACACTORTGAG
LCGAT TRTTARCETCUCCRART THRGRGGG TR TARTCACT -G T TRGAAT T-ACTREPAGARCLST TTEREARGARE--COTTRRCCOCACACTRRTORG

210 228 §39 Pa8 58 266 978 9ag o] 1600

LL==COTRAGHARRGAC THARAGARTRASARBGARCTCOGCARRCACE ~~~~-ARAGCCTCGUCTET T TRECAAPRALATCOCCTCT TRCRAAR-TRAARGT

CC-~CTTRAGGRRAGAC TRARAGRARRAGARGGAAC TCORCARRCACATR--AAGCCTCGCCTET T TRCCAARRRCATCGCLTCY TH-RAAR-COARACRA
CO-=TRCTAGGRRAGAC TRARAGARRGAGARGEAAC TCOBCRARCARAT TCCARGCCTCBCCTGTT TRUCRARAACATCGCLTET TEORAAR-CLARAGR
Ch=aT T TRAGGARRGAC TREAAGAARDAGARGERAC TCOGCAAA=-BAT - BAGCLTCHCCTOT Y TRTCAARRACATCOCCTCT TOCARAR-TTAA-GA
CTCT T TTRAGGARRGAC TRARAGRARGOAGARGEAACTCAOLARR-AC - AAGCLTOGOCTET TTRCLCARAARCATOGCCTCT TRORARA-RTARAGA
CLETTTTRAGGRARGAC TRARAGARGGALARGERAC TCEELAAR-AL————- AAGCCTCBOCTGT TTACCAARARACATCOCCTC T TOORAAR-CTARAGRA
CH-~TRCAGGOARRGACTARIAGARTCAGARBURALTCOBLARRCALAT ~~BRAGCCTCGCCTETT TRCCAARARCATCOCCTL Y TOCARARATCAR-GA
Ci-~TACAGGGRARRGAC TRRRRGARTOACARMIAAL TCRGLRABCACAT-~SARGCLTCOOCTCT T TRCCARRRRCATCGLCTCT TOCRRAFAATCAARGR
CR-—TRCAGSGARARGAC TRARAGAATCAGARGERAC TCHGCARRCACAT —RRAGCLTCOCCTGT T TRCCRARARCATCGCCTL T TGLRARRRATORAAGA
CR-~CCUAGEGARRGAC TARPAGARTORGARGLAAL TCHGLARPCACAL~~TRAGCCTCECCTGTT TRCCAARARCATEGLCTLT TGOARAA-TORARGA
Cl-~CTURGGGARRGALTARRAGAR TCACARGEAACTULECARRCACAT —BRABCLTCGCCTET T TRCLARBRRCATCOLCTCT THCRABA-TCRARGH
CR-~CCORGHORRRGACTRARBAGARATEAGARGOARC TCRECARRCRCAT ~—~TARGCLTCBCCIGT TTAC -ARRARCRTCOLCTO T TRCHRARA-CCARAGA
CR--CTLRGGGATREALTRAR-GAGTGAGARGGAAC TCBBLARRCACAT~—~RARGCCTCBCLTGT T TRCCARARRCATCGLCTLT TGCARAA-CCARAGH
CH--CCOABGOPRREACTA TRAGAGCOREARGEARCTEOSCAARCACATA- TARGCCTOOCCTGT TTRCCAARARCART COLCTCT TGCRARA-LOARAGH




Appendix 8. (continued).



P. saltatrix
N. pectoralis
C._armatus

R . _canadum
C..hippurus
C._equiselis
P._lineatus
E._nhaucrates
E._neucratoides
R._australis
R._albescens
R._remora
R.—osteochir
R._brachyptera

P. saltatrix
N..pectoralis
C._armatus

F ._canadum

C. hippurus
C.equiselis
P._lineatus
E.-naucrqates
E.neucratoides
R..australis
F._albescens
R._remora
F._osteochir
R..brachyptera

P. saltatrix
N._pectoralis
C._armatus

R . _canadum

C. hippurus
C._equiselis
P._lineatus
E._naucrates
E._neucratoides
R._australis
F._albescens
R.remora
R._osteochir
R.-brachyptera

P._saltatrix
N._pectoralis
C._armatus

R . _canadum

C. hippurus
C.equiselis
P._lineatus
E..naucrates
E._neucratoides
R._australis
Fi._albescens
R. remora
R._osteochir

F. brachyptera

P. saltatrix
N._pectoralis
C._armatus

R .—canadum

C. hippurus
C._equiselis
P._lineatus

E. naucrates
E.neucratoides
R._australis
R..albescens
R.remora
R._osteochir
R.-brachyptera

143

1e1a@ 1620 1830 1840 1850 1968 1678 1880 189a 1188
ATAAGAGGTCCARCCTGCCCAGTGACTATA-GGTTCRACGGCCGCGGTATTTTARCCGTGCARAGGTAGCGTAATCACTTGTCTCY TARATGGGGACCCG
—~TRAAGAGGTCCTGCCTGCCCACTGATAR-ATGATTCAACGGCCGCGGTATTTTGRCCGTGCGARGGTAGCGTARTCACT TGTCTTT TARRTGAAGACCCG
ATARGAGGTCCOGCCTGCCCAGTGACAATATGGT TCARCGGCCGCGGTATTTTGACCGTGCARAGGTAGCGTARTCACTTGTCTTTTAARTGAAGACCTG
ATAAGAGGETCTTACCTGCCCAGTGACA~—CTCGTTTARCGGCCGCGGTATCCTARCCGTGCARRGGTAGCGTAATCATTTGTCTTTTARATAGGGACTAG
ATARGAGGTCCCACCTGCCCGGTGACA--CCAATTTARCGGCCGCOGTATCCTOACCGTGCGAAGGTAGCGTARTCATTTGTCTTTTARATGGGGACTTG
ATARGAGGTCCCACCTGCCCGGTGACA-—CCAATT TARCGGCCGCGETATCCTGRCCGTGCGARGGTAGCGTAARTCATTTGTCTTTTARATGGGGACTTG
ATAARGAGGTCGCGCCTGCCCAGTGACAR-TTAGT TTARCGGCCGCGGTATTTTGACCGTGCTARGGTAGCGTARTCACTTGTCTTTTAR-TGARGACCTG
ATAARGAGGTCGCGCCTGCCCAGTGACAR-TTAGT TTARCGGCCGCGGTATTTTGACCGTGCTARGGTAGCGTARTCACTTGTCTTTTARATGARGACCTG
ATAARGAGGTCGLGCCTGCCCAGTGACRA-TTAGTTTARCGGCCGCGGTATTTTGACCGTGCTARGGTAGCGTARTCACTTGTCTTTTARATGARGACCTG
ATAAGAGGTCGCGCCTGCCCAGTGACRA-CTAGTT TAACGGCCGCGGTATTTTGACCGTGCTARGGTAGCGTARTCACTTGTCTTTTARATGARGACCTG
ATAAGRGGTCGLGCCTGCCCAGTGACAA-CTCGT TTAACGGCCGCGGTATTTTGRCCGTGCTARGGTAGCGTARTCACTTGTCTTTTAARRTGARGACCTG
ATAAGAGGTCGCGCCTGCCCGGTGACAAR-CTAGTTTARCGGCCGCGGTATTTTGACCGTGCTARGGTAGCGTARTCACTTGTCTATTAARATGARAGACCTG
ATARGAGGTCGCGCCTGCCCAGTGRACAAR-CTAGT TTAARCGGCCGCGGTATTTTGACCGTGCTARGGTAGCGTAATCACTTGTCTTTTARATGARGACCTG
ATARGAGGTCGCGCCTGCCCAGTGACAR-CTAGTTTARCGGCCGCGGTATTTTGRCCGTGCTARGGTAGCGTAATCACTTGTCTTTTARATGAAGACCTG
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TATGARTGGCACARCGAGGGCTTAGCTGTCTCCTTTTTCCGGTCAGTGARRTTGATCTCCCCGTGCAGAAGCGGGGATAGARCCATARGACGAGARGACC
TATGARCGGCARGACGAGGGCTTARCTGTCTCCTTTTTTAAGTCARTGARATTGATCTCCCCGTGCAGARGCGGGGATCAGACCATARGACGAGAAGACT
TATGAATGGCATARCGAGGGCT TARCTGTCTCCTCTCTCCAGTCARTGARATTGATCTCCCCGTGCAGARGCGGGGATATTTACATARGACGAGARGACT
TATGRATGGTGTGACGAGGGCTTARCTGTCTCCTCTCTCCGGTCARTGARARTTGATCTCCCCGTGCAGAAGCGGGGATARGC TCATAARGACGAGAAGACC
TATGAATGGTATAACGRGGGCTTARCTGTCTCCTCCCTCTTGTCARTGAAATTGATCTCCCCGTGCAGARGCGGGGATACTCTCATARGACGAGARGACT
TATGAATGGTATARCGAGGGCTTAARCTGTCTCCTCCCTCTTGTCAATGRARTTGATCTCCCCGTGCAGARGCGGGGATACTC TCATAAGACGAGARGACT
TATGAATGGTATGACGAGGGCTTAARCTGTCTCCTCACTCTAGTCARTGAARTTGATCTTCCCGTGCAGAAGCGGGAATARGTACATARAGACGAGARGACC
TATGAATGGTATGACGAGGGCTTARCTGTCTCCTCARCTCTAGTCARTGARATTGATCTTCCCGTGCAGARGCGGGAATARARTACATARAGACGAGAAGACC
TATGARTGGTATGACGAGGGCTTARCTGTCTCCTCACTCTAGTCARTGARATTGATCTTCCCGTGCAGARGCGGGARTARATACATAAGACGAGARGACC
TATGRATGGTATGACGAGGGCTTGACTGTCTCCTCCCTCCAGTCARTGAARTTGATCTCCCCGTGCAGAAGCGGGGATARGRACATARGACGAGRAGACC
TATGARTGGTATGACGAGGGCTTARCTGTCTCCTCTCTCTGGTCARTGRART TGATCTCCCCGTGCAGARRGCGGGGATATACACATARGACGAGAAGRCT
TATGAATGGTATGACGAGGGCTTGACTGTCTCCTCCCTCCAGTCAATGAAATTGATCTCCCCGTGCAGARGCGGGGATARGARCATAAGACGAGAAGACC
TATGARTGGTATGRCGAGGGCTTGACTGTCTCCCCCCTCCAGTCARTGARATTGATTTCCCCGTGCAGARGCGGGGATARARRACATARGACGAGAAGACC
TATGAATGGTATGACGAGGGCTTGACTGTCTCCTCACTCCAGTCAATGARATTGATCTCCCCGTGCAGAAGCGGGGATARRARCATAAGACGAGAAGACC

1218 -1228 1238 1248 1258 126@ 127@ 1280 1208 13008
CTRTGGARGCTTRAGACACCARGGCATATCATGTTARRCACCCC-AAGATARRGGACTGRACTGAGTGAATTA---TGCCCCTRTGTCTTTGGTTGGGGCG
CTRATGGAGCTTTAGACACCATGACAGACCATGTTGAGARCCTCCTTACACACAAGGACTC-TTTAARTGACCACTACTGTCCAGATGTCTTCGGTTGGGGEG
CTATGGAGCTTTAGACACCARGACAGCCCATGT TARACACCCTGRACACAACAGCCCARACTTARTGGCTTC--CTGTCCTAATGTCTTCGGTTGGGGLG
CTATGGAGCTTTAGATACTARGGTAGACTAGATTARATTACT TCACARCARAGARACTARAARTCATCAC-—CACCCTACCCCTATATCTTCGGTTGGGGCG
CTATGGAGCTTTAGATACTAAGGTAGACCATATTCCATAACCCCTTGTTAARRGGAGTARATCTA-TGCT-AATCCTACCCCTATATCTTCGGTTGGGGCG
CTATGGAGCTTTAGATACTAAGGTAGCCCATATTCAATGAACCCTTGCTARAGGATTARRTCTA-TGGT-RACCCTACCCCTATATCTTCOGTTGGGGCG
CTATGGAGCTTTAGATACTAGARTAGACCATGT TARTAARTTCTARAT TARARGATCTGAACCTARTGG--ARTACTATTTTTATATCTTCGGTTGGGGCG
CTATGGAGCTTTAGRTACTAGAATAGACCATGT TAATAARACTCTAAAT TAARARGAAT TGARCCTAATGG-—ARTACTATTTTTATATCTTCGGTTGGGGCG
CTATGGAGCTTTAGATACTAGAATAGACCATGT TARTARACTCTARAT TARAGAAT TGRACCTAATGG——ARTACTATTTTTATATCTTCGGTTGGGGCG
CTATGGAGCTTTAGATACTAGAARTAGACCATGTTTARGAR-CATAAAT TARRATACAARACATARTGA-ATATCCTATTCCTATATCTTCGGTTGGGGLEG
CTATGGRGCTTTAGATARCTAAACCAGACCATGT TARAGAA-TATARATTAARAATACARARCCTAATGA-ATATCCTGGTCTTATATCTTCGGTTGGGGCE
CTATGGAGCT TCAGACGC TAGARACAGACCATGTARARGARA—-CATARART TARARTACAARRRCCTAGTGATATATCCTGTTCCTATGTCTTCGGTTGGGGCG
CTATGGAGCTTTAGATGT TAGAACAGRCCATGTTAARRGAR-CATARAT TRRAARTATARARACCTAATGA-GTACCCTGTTCCTATGTCTTCOGTTGGGGLG
CTATGGAGCTTTAGACGCTAGAATAGACCATGT TARRGAR-TACGGAT TARARGTACARARCCTARTGA-GTATACTGTTCCTATGTTTTCGGTTGGGGCE

1318 1320 1338 1340 1350 1368 1378 1380 13908 1400
RACCACGGGAGGAACARARAACCCCCACGCGGACTGGGGH - ~~TACARTCA TATCCTTACAARCCARGAGCT
RCCCTGGG-GARACARATRACCCCCGTGTGGACTGGGAGCAATTGRATTTACCCGGATATTCCTTATCTACCATCTCTCTCCTCCCACARTTA-AGAGCC
ACCATGGG-GARGCACARRACCCCCATGCGGARTAGGAG~————~—=———~~—~GACAACCC~--ACTATCTTCCCCCTCCTCCCACARGCA-AGAGTT
ACARTGGG-GAR-CRARAATCCCCCATGCGGARCGGGAGCARA-—~————| ACCCTGRAATATCACTTTCACTATCARACTTCCTCCTCAAATTAAGAGTG
ACARTGGG-GARATARARATCCCCCATGCGGARCGGGARARTTT—~——— TATCTAAGAARTTATTCTTACCATAAAGCTACTTCCC-CARATTARGAGTG
ACAATGGG6-GARATARARAATCCCCCATGCGOARCGGGARAAT TT—~—-TATTTARGARAACTATTCTTACCATARARCTACT TCCC-CAARTTARGAGTG
RCCATGGG-GAAATATAARACCCCCACGTGGAGTAAGAGAAC ——-~—=~~<=~~—~TA-ACCCATARTCAR-—~——~———| ACCTCTTAARARTATAGAGCC
ACCATGGG-GARATATARARACCCCCACGTGGARTARGAGAAC————~-----—--~CA-ACCCATAATCAR——~————-— CCCTCTTRARARCATAGAGCC
ACCATGGG-GAARTATARRACCCCCACGTGGAATARGAGARC ——-~——~—-—-~~TA-ACCCATARTCAR~-~————-- CCCTCTTARARACATAGAGCC

ACCATGGG-GARARTACARRACCCCCACGTGGAATGAGAGAAC ———~-——-———-—~TAGACCCCCTAATGA-—~—————— TCCTCTTRTAARTATAGAGCC
ACCATGGG-GARATACAAARRCCCCCACGCAGAATGAGAGAARC—— ~——-—CTCTCCCACARGCACAGAGCC
RACCATGGG-GAARTACARRRACCCCCACGTGGRATGAGAGAAC—~— ————ACCTCTCACAAARTACAGAGCC
RACCATGGG-GAARTACAARRACCCCCACGTGGAATGAGAGAAC—~—~-———-———~TCCTCCCCTCAARCAR-—~————-- CCCTCTCARCARRCACAGAGCC
ACCATGGG-GAAGTACARARACCCCCACGTGGARTGAGAGAAC———~—~-—————~TCCTTCCCTTAARTAR——~—————~— CTCTCTCACAARACACAGAGTT

1418 1420 1430 1448 1450 1460 1478 1486 1490 156a
GCACCTCTRAAGTAACAGARATTTCTGACCARRCATGATCCGGCARC-GCCGATCAACGGACCGAGT TACCCTAGGGATAACAGCGCAATCCCCTTTTAGA
GCAACTCTAGCTAGCAGAR-CCTCTGACCTACCATGATCCGGCAARR-GCCGATCARCGGACCARGT TACCCTRGGGATAACAGCGCARTCCCCTTCTAGA
ACARCTCTAGCTARCAGAR-CTTCTGACCCTATATGRTCCGGCTTCTGCEGATCARCGGACCARGT TACCCTARGGGATARCAGCGCAARTCCCCTTTTAGA
ACARCTCTARGT TACAGTA-CTTCTGACCACAARTGATCCGGCAAT-GCCOAT TAACGRACCARGT TACCCTAGGGATARACAGCGCARTCCCCTTTTAGA
ACAACTCTARATTACAGTA-TTTCTGARCCATARATGATCCGGCATTTGCCGAT TARCGGACCARGTTACCCTAGGGATARCAGCGCARTCCCCTTTTAGA
ACAACTCTARGT TRCAGTA-TTTCTGACCATARATGATCCGGCGCT TGCCGATTARCGGACCARGT TACCCTARGGGATARCAGCGCARTCCCCTTTTAGA
ACACCTCTARTTAGCAGAR-CTTCTGACCAARARTGATCCGGCART-GCCGATCARCGGACCAAGT TACCCTAGGGATARCAGCGCARTCCCCTTTTAGA
ACACCTCCART TAACAGAR-CTTCTGACCAARARTGATCCGGCART-GCCGATCARCGGACCARGT TRCCCTAGGGATARCAGCGCARTCCCCTTTTAGA
RCACCTCCAART TARCAGAR-CTTCTGACCARARATGATCCGGCART-GCCGATCAACGGACCARGT TACCC TAGGGATARCAGCGCAATCCCCTTTTAGA
ACACCTCTAATTATCAGAAR-CTTCTGACCAARCAGTGATCCGGCAAC-GCCGATCAACGGACCARGT TACCCTRGGGATARCAGCGCARTCCCCTTTTAGA
ACACCTCTAATTARCAGAR-CTTCTGACTRATAARTGATCCGGCARC-GCCGATCAACGGARCCAAGT TACCCTAGGGATARCAGCGCARTCCCCTTTTAGA
ACACCTCTAAT TACCAGAR-TCTCTGACCARTGATGATCCGGCART-GCCGATCARCGGACCAAGT TACCCTAGGGATAARCAGCGCAATCCCCTTTTAGA
RCACCTCTARTAACCAGAR-TTTCTGACCARRARTGATCCGGCARC-GCCGATCARCGGACCARGT TRCCCTAGGGATAARCAGCGCARTCCCCTTTTAGA
ACATCTCTARTTACCAGAAR-TTTCTGRCCAGCTATGATCCGGCARAC-GCCGATCAACGGACCARGT TACCCTAGGGATAACAGCGCARTCCCCTTTTAGA
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Poosal tateix
Hewpectoral iz
G omtirimatys

R . carnadum
Couhippuris
ComOiiget in
Pl ineotus

£ . naucrates

£ ouneucratoides
Rempustraliz
R.-nlbescens

B ofenora
Reatstoochir

R . brachipters

Po-saltotrix
Hopectoralis
L cntirmtus

B o mardiim
C.-hippurus
LTeequisalis
Fowlineaiug

£ .haucrates
£..neucratoides
R..oustralis
R.olbegonng

R famore
R._osteochir
B.braehyptera

144

1519 1520 1538 1548 1558 1568 1578 1588 1508 1500
GCCCTTATLOACARGGHGETT TRLBALC TLGATGT TCGATCRGBACATOCTAGTGETECARCCECTAC TEAGORTTCGT T THT TCRACGAT TARAGTCCT
GLCCATATCORCARBGLOGTT TALOACC TCOMTGT TUGATCRECACATCLTAATGECGCARCCGLTAT TRAGGE T TCOTTTOT TOARCHAT TARKGTOCT
GCCLATATCORCARBGOGOTT TRCOACCTLOATOT TOOATCAGEACATCCTARTGETOCAGCLOGCTAT TARGGRT TCOT TTETTCARCOATTARRGTLCT
GCCCBCATCRRCARGRGRGT TTRCGACC TOBATRT TBRATCAGGACATCCTARTGGTORRRCCOC TATTRAGGGT TCGTTTHT TCARCGATTRRAGTCCT
GOCCACATCRACAAGEGEET T TRLOACCTCORTGT TREATCRGGACATCOCTAT TOETECAGCCCL TAT TARGGRT TCOTTTHT TCARCLAT TRRAGTLCT
GLCCADATURRCARGHOGATT TACGACCTCORTRTTROATCRBGACATLLYAT TR TECACLLOLTAT TARGGAT TCAT TTCT TCRRCBARTTARRGTCCT
BCOCTTATCRACARGOOGST TTRCOADCTCGATET TRSATCRGGACATOCTARTOGTECARCCOL TAT TRAGGGT TCGTT TET YTCRALGAT TARARGRTCCT
GCCCTTATORACAAGGGEST TTRCGRCCTCOATGT TBGATCRGGACHTLCTRATGGTOCARLCGCTAT TRAGGL T TOGT TTGT TCARCGAT TARRGTCCT
GLCCT TATCRACARGGULGTT TRCGACCTCORTG T TROATCAGERCATICTAATGETOCARLCOLTAT TRAGGGTTCOT TTGT TCRRCBAT TAARRGTCCT
GCCCYTATORACGAGLOEOT T TRCOACCTCOATOT TECATCRGGACATLCTARTOCTOCAGLCOCTAT YAAGRGT TCOT TTEY YCRADGAT TARRGTCCY
GCCCYTATCRACBAGBCEATT TRCORCCTCORTET TOGATURCERCATOLTRATBG T TRGLOGC TAT TRAGRGTTCOTTTCY TCARDGAT TARAGTCCT
GCOCTTATCRACGRGGEEGT T TRCOACCTCGATHT TRGATCRGRACATLCTARTGGTELAGLLOLTAT TRAGGG T TCST T TGI TCARCGATTARRGTCLT
BOLCT TATCRALBAGGHEST TTRCORCCTCOAT BT TEOATCRGEACATUCTAATSE IS TAGLCECTAT TRAGGGTTCOT TTGT TCARLGAT TRARGTCCT
BECCYTATCRACGAGGEGET T TRIGRCCTCORT DT TBORTCAGGACATOCTRATGRYSTAGLCGC TAT TRRGGG TTCOTTIGT TCARCOAT TRRRGTOCT

1616 1628 1538 1540 1656 1650 1678 1680
ACGTOATCTHRGT TCABRLCORRGTRATCLARGTCAGT T TCTRYCTATERCAT -GT YETT TTCTRGTACGARARGACCGORRAGOAGHRE
RCGTGATCTGART TCAGACCOGRETARTCLAGGTCRGT TTCTRICTATAARATGRRTCT T TTCTAGTARLOARAGEALCGERRASAAGREG
ACGTOATCTORGT TUAGRLCCORGTRATLOAGE TCAGT TTC TRTCTATCAAGL ~RRTLT TTTCTAG TACGARAGOALCGARRAGARGAT
RCGTCATCTERGT TCABALCGRARTARTCLAGB TCART T TCTRYICTATGTART-RARCT T T TCCAGTRCCARABGALCGRGRAGAAGRE
HCGTGRTCTORET TCRBRLCGERETRATCLAGS TLRGT TTCTRICTATSTRGT ~RT ICTT TTCTAGTRCGARAGGRLCORRRAGARGRG
RCGTGATCTORBT TCRGALCGGAGTARTLORGS TCAGT T TCTRTCTATGTAGT-AT LT TTICTAGTALGARRG-ALCHARRAGARARG
ACGTGATCTGRGT TCRGRLCGEAGTRATCCAGGTLART Y TCTRTLTATCRAAT <RETCTT T T TAG TRCCARAGCACCGARRAGRAGAL
ACGTCATCTORGTTCAGALCGORBTARTCCAGS TORGT TTCTRTCTRTSRAAT-ARTCTT TTCTAGTRACOARRBOACCORARAGARGARG
RCGTEATCTORGT TCRGRCCGOAGTRATLCAGSTCAGT T TCTRTCTATERAAT ~ARTCT TTTCTRGTRCSARRGEACCHARRBAGARGRG
ACGTGATCTGRET TCRGRCCGGRGTAATCCRGGTUAGT T TCTRTCTATGRART~RRTCTTT TCTAG TRCGARRGGRCCGARRAGRAGRG
ACGTGATCTRRGT TCACALCGOAGTARTLCAGLTCABT TTCTATCTATERART -ARTCT T TTATAGTRLCAARCEACCOARRACANGEE
ACOTEATCTBAGTTCRGRCCGORETARTCCAGSTCAGTTICTRICTATEAAAT ~-ARTCTT TTCTABTROGAARGHRCCORRRAGARGRG -
ACGTGATCTGROT TCRGRECOORBTRATLCAGGSTCABT TTCTRICTATOAART ~RATCT TTTCTAGTRCGAARGERACCGARRAGARGRG
ACGTERTCTORAGT TCRGRCTOCRGTAATUCASETCAGT TTCTRTCTATGAGAT AR TLT T TTUTRG TRCGAARGEACLGARARATARGRAE



Appendix 9. Aligned mitochondrial ND2 DNA sequence data collected from echeneoid
specimens analyzed in the present study.



P._saltatrix
H._pectoralis
C..armatus
R._canadum
C._hippurus
C..equiselis
P._lineatus

E. _naucrates
E._neucratcides
R._australis
R._albescens
R._remora
R._osteochir
R._-brachyptera

P._saltatrix
N._pectoralis
C._armatus

R« —canadum

C. hippurus
C.equiselis
P._lineatus

E. naucrates
E._neucratcides
R._australis
R._albescens
R._remora R
R._osteochir
R._brachyptera

P. saltatrix
M. _pectoralis
C._armgtus
Fi._canadum
C..hippurus
C._equiselis
F._lineatus
E._nhaucrates
E. neucratoides
F.australis
R._albescens
R._remora
RB._osteochir
R._brachyptera

altatrix
ectoralis
matus
nadum
ippurus
C..equiselis
P._lineatus
E._naucrates
E. neucratoides
R._australis
R..albescens
R._remora
R._osteochir
R._brachyptera

P.=
N._p
C.ar
R._ca
C.-h

P._saltatrix
H._pectoralis
C._armatus

R . canadum

C. hippurus
C._equiselis
P._lineatus
E.naucrates
E._neucratoides
R.-australis
R._albescens
R._remora
A..osteochir
R._brachyptera

145

18 28 30 48 58 60 78 8o =15} 188
ATGAGCCCCTATATCTTAGCCGCCCTCCTATTAGGCCTAGGCT TGGGAACGACAGT TACATTCGCARGCTCTCACTGACTACTTGCATGARTAGGACTAG
ATGAACCCTTATATCCTAGCTACCCTGCTATTCAGCCTAGGCCTAGGGACCACTACCACCTTTATTAGCTCCCACTGACTACTCGCCTGARTAGGARCTCG
ATGARCCCTTACATTCTAGCTGTCCTGTTGTTTGGTTTAGGCCTAGGGACCACAAT TRCATTCGCARGCTCACACTGACTCCTTGCCTGAATAGGCCTAG
ATGAGCCCTTACATCTTAGCCATCTTCCTARTARGCT TRGGACTAGGTACTACCATCARCATT TGCGAGCTCCCATTGAT TACTTGCATGAATGGGCCTAG
HTGARTCCCTATGTATTAGCCATCCTCCTATTTAGCCTAGGGT TAGGARCTACTATCACATTTGCTAGCTCACACTGACTACT TGCGTGARTAGGCCTGG
ATGARTCCTTATGTTTTAGCTATCCTCTTATT TAGCTTAGGGT TAGGAACTACTATTACAT TTGCTAGCTCGCACTGACTTCTTGCGTGAATAGGCTTAG
ATGARTCCCCTTATCTTAACCATTCTGCTCTTTGCCCTTGGCCTAGGTACCACTATTACGTTCATARGCTCACACTGGTTATTTGCTTGARTGGGCTTAG
ATGARTCCCCTTATCTTARCCATTTTACTCTTTGCCCTTGGCCTAGGTACCACTATTACATTTATARGCTCACACTGATTATTTGCTTGAATAGGCTTAG
ATGARTCCCCTTATCTTARCCATTTTACTCTTTGCCCTTGGCCTAGGTACCACTATTACATTTATARGCTCACACTGATTATTTGCTTGARTAGGCTTAG
ATGARTCCCCTTATCATATCCATCCTACTCTTTGCCCTCGGCCTAGGARCCACCATTACCTTTATGAGCTCCCATTGGCTACT TGCCTGARTAGGCCTAG
ATGAACCCCCTCATCCTARCTACACTACTCTTTGCTCTCGGCCTAGGGACCACARTTACATTTATAARGCTCCCACTGATTACTAGCCTGAATAGGCCTAG
ATGARTCCTCTTATCCTARCCATCCTACTCTTTGCCCTTGGCCTAGGARCCACTATTACCTTTATAAGCTCCCACTGATTACTTGCTTGAATAGGTTTAG
ATGRATCCCCTTATCCTARCCATTTTACTCTTTGCCCTCGGCCTAGGGACCACTATTACATTCRTARGCTCCCACTGATTACTTGCTTGRATAGGTTTAG
ATGAARTCCTATTATTCTARCCCTTCTACTCTCTGCCT TAGGCT TAGGCACCACCATARCCTTTARTARGCTCCCACTGATTGCTTGCTTGARTAGGACTAG

110 128 138 148 158 168 178 18@ 198 200
ARATARRTACCCTAGCCATTCTTCCACTARTGGCACAARACCACCACCCTCGRGCAGTAGAAGCARCCACCARRTACTTCCTCACTCAGGCCACCGCAGT
AARTCARTACCCTTGCTATCCTTCCCCTTATAGCCCAGCACCACCACCCTCGAGCAGT TGAAGCRACCACTARATACTTCCTCACARCAAGCCGCCGCGGL
ARARTTARCACCCTTGCCATTATTCCTTTARTAGCCCAACACCACCACCCCCGAGCAGT TGARGCCACCACAAAARTACTTTCTTACCCARGCTACAGCTGL
AAARTTAARTACACTAGCCATCATCCCACTTATAGCACGACACCATCACCCTCGTGCARCAGAGGCAGCCACARARTATTTTCTAACCCARGCARCTGCAGL
ARAATCARCACCCTGGCTATTATTCCGTTGATARCACAARCACCATCACCCTCGTGCCACAGAAGCAGCTACTARATACTTCTTARCTCARAGCTACCGCAGC
HAATTAATACGCTGGCCATTATTCCGTTAATARCTCAGCATCACCACCCCCGTGCTACAGAGGCGGCTACTARRTACTTCTTGARCTCARGCTRCCGCAGT
ARATTARTACCCTCGCCATTATTCCGTTARTAACACARCATCACCACCCACGGTCAACAGAAGCCGGAACARARTATTTTCTAGCACAGGCCACTGCGGC
ARARTTRATACCCTCGCCATTATTCCATTARTARCACAACATCACCACCCACGATCARCAGARGCCGGARCARAATATTTCTTAGCACAAGCCACTGCAGE
ARRTTAATACCCTCGCCATTATTCCATTAATARCACAACAT CACCATCCACGATCAACAGARGCCGGAACARARTATTTCTTAGCACARGCCACTGCAGT
AARTTARTARCCCTTGCCATTATTCCCCTAATARCACRACACCATCATCCCCGATCTACAGARGCAGGAACARARTATTTTCTCACCCARGCTACTGCTGL
AGATCARCACCCTTGCCATCATCCCCTTARTARCACAACACCACCACCCACGATCGACAGAAGCTGGRACAARRRTATTTTCTTACCCARGCCACTGCAGC
ARATCARCACCCTCGCCATCATCCCCTTGATARCACARCARCATCATCCACGRGCCACAGAARGCGGGCACARRRTATTTTCTCACCCARGCARCTGCCGL
ARATCAATACCCTTGCCAT TATTCCCCTGATARCACARCACCACCACCCCCGATCAACGGAAGCAGGCACARRATATTTTCTTACCCARGC TRCTGCCGC
AGATTARTACCCTTGCTATTATTCCGTTARTGACACAACACCACCACCCACGGTCARCAGRAGCGGGTACARAARTACTTTTTARCCCARGCCACTGCAGC

21@ 2268 230 248 2508 260 270 280 2908 300
TGCCATACTARTATTTGCCAGCACCACCAACGCTTGACT TACCGGACAARTGARGCAT TGARCARATAACCCACCCTCTTCCARCTACAATGATCATTTTA
CGCCATGCTCCTGTTCGCTAGCATARCCARTGCCTGACTCACAGGACARTGAGATATTCAARCARATATCTCACCCCCTTCCCATCACTATTATTATATTT
CGCCGTGCTTCTCTTTGCTAGCACARCCARCGCTTGACT TRCAGGCCAARTGAGACATCCTACARATGTCACACCCACTTCCCACCACARTAATTACCCTC
CGCTACACTCCTATTCGCCACCATTTCTAACGCATGACTGACTGGRACARTGAGARAT TCRACARCTARRATCATAATATTTCARTTACARTCTTTACCATC
TGCGATGATTCTCTTTGCTGCTATCTCARATGCATGAT TARCAGGCCARTGAGAGAT TCARCAGCTCACARACGAGATTTCARTTGCTATGTTCACCTTG
TGCCATARTTCTCTTTGCTGCTATCTCAAATGCATGAT TRRCAGGCCARATGAGAGARTCCRACARCTCACGARTGAGATTTCARTTGLCTATATTTACTTTG
TGCARTATTACTTTTTGCGAGCGTRACTAATGCATGACTARCCGGACARTGAGACATCTTACARATATCTCATCCCCTCCCAGCCACGATARTCACCCTT
TGCARTATTACTTTTTGCARGCGTRACTARTGCATGAT TARCCGGRCARTGAGACATCTTACARATATCCCATCCCCTTCCARCCACARTARTTACCCTT
TGCARTATTACTCTTTGCARGCGTARCTAARTGCATGAT TARCCGGACAATGAGRCATCTTACARRTARTCCCATCCCCTTCCARCCACARTAATTACCCTT
CGCARTRCTTCTCTTCGCCAGCGTARCCAARTGCCTGATTARCAGGACARTGAGATATCTCACARATATCTCACCCGCTTCCTTCTGCTATAATTACCCTT
CGCAARTACTACTCTTCGCTAGCGTAACARATGCATGAT TARCAGGACAATGAGATATTCTACARATATCTCACCCCCTCTCCACTACCATARTTACCCTT
CGCGATACTACTCTTTGCARGTATARCARACGCATGAT TRRCAGGACARATGAGATATTTTACARARTATCCCACCCCCTCCCCTCGACTATGATTACCCTT
CGCCATACTACTCTTTGCAARGCGTGACCARTGCATGACTARCAGGACARTGGCATATTTTACAARRTATCTCACCCCCTCCCTTCCACTATGATCACCCTT
CGCARTACTACTCTTTGCAAGTGTGACTARTGCATGAT TRRCAGGACARTGAGATATTCTTCRARATATCTCACCCCCTCCCGTCCACCATGCTTACCCTC

31. 3208 330 348 358 368 378 380 298 408
GCCCTCGCACTARARGTCGGCETAGCCCCAGT TCACGCGTGARCTACCTGAAGTACTCCAAGGTCTAGATCTCACTACGGGACTTATCTTATCCACTTGAC
GCCTTAGCACTARAARTAGGACTTGCCCCCATGCACTCCTGATTARCCTGACGTTCTCCAARGGGT TARGACTTARCTACAGGACTARTCCTCTCCACCTGAC
GCCCTAGCCCTTARAATTGGGCTCGCCCCARTACACTCATGACTCCCCGARGTTCTCCARGGCCTGGACCTRACCACCGGCCTGRTTCTCTCTACATGAC
GCCATGGCCCTCARARTCGGACTTGCCCCCGTACACTCCTGACTTCCAGAGGTCCTTCAAGGTTTAGRCT TAARRCACAGGACTAATCCTTTCARCTTGAC
GCARTAGCATTRARARGATTGGTCTTGCTCCTGT TCACACATGGCTCCCAGARGTTCTCCAGGGGT TRGATCTARCTACTGGACTCATCCTCTCGACATGAC
GCRATAGCACTGAAARATTGGACTTGCGCCTGTTCATACATGACTCCCAGAGGTACTCCARGGGTTAGACCTARCTACCGGCCTCATCCTCTCAACATGGE
GCACTTGCCCTARRAAT TGGGCTAGCCCCCTTGCACTCTTGATTACCAGAGGTCCTACARGGAT TAGACCTTACCACTGGTCTARTTCTCTCARCATGAL
GCACTCGCCCTARAART TGGRCTRGCCCCCCTACACTCTTGATTACCAGARGTCCTACARGGACTAGACCT TACCACCGGCCTRATTCTCTCGACATGAC
GCACTCGCCCTARARATTGGRACTAGCCCCCCTACACTCTTGATTACCAGARAGTCCTACARGGACTAGACCT TACCACCGGCCTART TCTCTCGACATGAC
GCACTAGCCCTAARARTTGGACTCGCCCCCCTTCACTCATGAT TACCAGAAGTTCTACARGGACTAGACCTCACCACAGGCCTTATCCTCTCCACATGAC
GCACTTGCCCTTARARAT TGGACTCGCCCCCCTCCACTCCTGACTACCAGARGTCCTACARGGAT TAGACCTTACCACGGGCCTCATCCTCTCAACATGAC
GCACTTGCCTTAARAAT TGGRCTCGCCCCCCTCCACTCATGATTACCAGAAGTTCTTCAARGGAT TRGACCTTACCACTGGCCTCATTCTTTCTACATGAC
GCTCTCGCCCTARARART TGGRCTTGCCCCCCTCCACTCCTGAT TACCAGAARGTCCTACAGGGGT TAGACCTTACCACGGGCCTCATCCTTTCCACATGAL
GCGCTCGCCCTAARGGTGGGACTTGCCCCCTTGCACTCCTGATTGCCGGAGGTCCTCCARGGACTAGACCTTACTACAGGCCTCATTCTGTCCACATGGE

418 4208 438 440 450 460 478 488 408 o866
ARRARCT TGCCCCATTCGCCCTACTATTARCAARARTTCACCCAGCARRCCCARRTATCCTTATTGCTTTAGGCCTAATATCTACACTCATCGGTGGCTGGGG
ARARACTCGCCCCATTCATTGTCCTTCTCCARRTACAGCCARCCARTCCAGCCGTCCTTATCCTGCTTGGCTTRAGCATCCACCCTAGTTGGCGOCTGAGG
ARARAACTTGCTCCCTTCGCCCTATTCCTCCARCT TCARCCTARTARTCCARCCCTCTTRATTATCCTTGGCLTTTCCTCCACCCTTATTGGAGGCTOAGS
ARAARACTAGCTCCCCTAGCACTTTTATACCARGTTGATATARCCAACTCARRGATCCTTACTTTATTTGCARTTACTTCTGCACTTGTGGGGGGCTGAGE
AGAARTTAGCTCCTATAGCCCTTCTTGTCCARGTCARCARTARCCARCCCATTAATTCTTATTTTATTAGCAGT TGCCTCARCCCTAGTAGGGGGCTGGGE
ARRRACTGGCCCCTATGGCTCTTCTTGTTCARGT TARTATAACCARCCCATTRATTCTTATTCTACTGGCCGTTGCCTCGACCTTGGTAGGAGGGTGAGG
AARAACTAGCACCATTTGCACTGTTGCTTCAGATTARCCCCACAARCCCTACARTCCTCARTTATACTAGGCGTCGCTTCARCACTTATTGGAGGCTGRGG
ARARRCTAGCACCATTCGCACTATTACTTCAAATTAACCCCACAAACCCCACAGTCCTCATTATATTARGGCATCGCTTCARCACT TGTTGGAGGTTGAGG
ARAARARCTAGCACCATTCGCACTATTACT TCARATTARCCCCACARRCCCCACRGTCCTCATTATATTAGGCATCGCTTCARCACTTGTTGGAGGT TGAGG
AGARACTCGCACCCTTCGCCCTCCTCCTCCAGATCARTTCTGCARRCTCARCTATCCTTATTATTTTAGGCATTACCTCARCCCTTGTAGGAGGCTGARGE
RAARRACTTGCACCCTTCGCACTTCTCCTCCARATTARCTCCGCAGGCTCARTTATCCTCGTCGTTTTAGGCGCAARCCTCARCCCTGATCGGAGGTTGAGS
AARAACTTGCACCCTTCGCCCTCCTCCTTCAARCTAGTTCTARCAARRCTCARCTATCCTCATCATTCTAGGCGCCACCTCARCCCTARGTCGGAGGCTGAGE
ARAARRCTTGCACCTTTTATTCTCCTCCTTCARATTAGCCCTGCAAACCCTACCATTCTTATGGTACTCGGCGCTCTTTCARCCCTTGTTGGTGGCTGAGE
AGARAARCTTGCGCCATTCGCATTARCTCCTCCAARCTACCCCTGARAACTCARATATTCTTGTTCTTCTGGGCGCARCCTCARCCCTTATTGGGGGGTGGGE
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P.saltatrix
N._pectoralis
C._armatus

R ._canadum

C. hippurus
C.equiselis
P._lineatus
E._naucrates
E._neucratoides
R._australis
R.qalbescens
R._remora
R._osteochir

R ._brachyptera

P. =altatrix
N._pectoralis
C._armatus

R« —canadum
C.-hippurus
C._equiselis
P._lineatus
E._naucrates’
E.neucratoides
R._oustralis

R .-albescens
R._remora
R._osteochir
R.-brachyptera

P. saltatrix
N.pectoralis
C._armatus

F ._canadum
C..hippurus
C._equiselis
P._lineatus
E._haucrates
E. neucratoides
F._australis
R._albescens

F .remora
R._osteochir

R ._brachyptera

P.saltatrix
N.pectoralis
C._armatus

R« ccanadum

C. hippurus
C._equiselis
P._lineatus

E. naucrates
E.neucratoides
F.qustralis
F._albescens
R._remora
F.-osteochir
R.-brachyptera

P._saltatrix
N._pectoralis
C._armatus

R «—canadum
C.-hippurus
C._equiselis
P._lineatus
E.haucrates
E.neucratoides
R._australis
F._albescens

R ._remora
R._osteochir
R._brachyptera

146

518 528 538 548 558 56@ 578 586 598 680
TGGACTTAATCAGACCCAATTACGARRRATCCTCGCCTACTCTTCTATTGCACACCTCGGGTGAARTGATTTTAGTCCTACAATTCTCCCCATCCCTGACH
CGGCCTARRCCARACTCAACTGCGARRAATCCTTGCCTACTCCTCARTTGCCCACT TAGGCTGAATAGCGTTAGTCATTCAATTTTTCCCATCCCTCGCC
GGGGCTARACCARACACARC TACGAARRATCCTCGCATACTCCTCCATCGCCCACT TAGGATGAATAACCTTGATTATCCAARTTCTCCCCCTCTCTTACT
CGGARCTGARCCARACACARCTACGTARRRTCCTAGCCTACTCCTCCARTTTCCCACT TRGGATGARTRATCTTARTTCTCCAATTCTACCCCTCCCTARCE
AGGCTTGAATCARRCCCAACTGCGGARAGT TCTTGCATACTCCTCAARTCTCTCACT TAGGCTGAARTAATCTTAGTTCTTCACTTTTCACCCTCCCTCTCT
GGGCTTRARACCARACTCAARCTACGGAAAGT TCTAGCATATTCCTCARTCTCCCATCTGGGGTGAATGATCTTAGTATTGCATTTTTCACCTTCTCTCTCT
AGGTCTARACCAGACGCAACT TCGARARATCCTTGCTTACTCATCGATTGCACACCTTGGC TGGATGGCCCTGATCCTTCCATTCTACCCCTCCCTARCE
AGGCCTARACCARACCCAACT TCGARARATCCTCGCTTACTCATCARTTGCACACCTTGGT TGARTAGCCCTARTCCTTCCATTCTACCCCTCCCTAACC
AGGCCTARARCCARACCCARCT TCGARRRATCCTCGCTTACTCATCAAT TGCACACCTTGGTTGAATAGCCCTARTCCTTCCATTCTRCCCCTCCCTAACC
GGGCTTARATCARACTCAARCTCCGAARARTCCTTGCCTACTCATCTATTGCACACCTCGECTGARTAGCTTTARTTCTCCCTTTCTACCCCTCTCTGACT
AGGCCTARACCARACACARCTCCGGAAARARTTCTTGCCTACTCATCAATTGCTCACCTTGGCTGGATAGCTTTRATTCTCCCATTTTATCCTCCTCTARCC
GGGCCTRAARTCARACCCAARCTTCGRAARARATTCTTGCCTATTCATCTATTGCCCACCTAGGCTGGATAGCCTTRATTCTCCCATTTTACCCCTCACTAACC
CGGTCTRARTCAGACACARCTCCGRARGATTCTTGCCTACTCATCCATCGCACACCTGGGCTGRATGGTCTTGGTCCTCCCATTCTACCCCCCACTCACA
CGGCTTARACCAGARCACARCTCCGAAARATTCTTGCCTATTCATCART TGCACATCTCGGCTGARTGGTTTTARTTCTTCCCTTCTACCCCTCATTGACT

618 626 63a 648 658 668 678 684 690 760
CTACTCACCCTTCTCACCTATTTTGTCATGACATTTTCARCATTTCTGGTATTTARRCTCARTARAGCAACARATATCARCACACTTGCCACCTCCTGGA
ATCTTARCTTTGCTARTATATTTTAT TATARARCATCCTCARCATTCCTTGTATTTARRCTGARCARATCARCARARTGTCARCTCCCTRGCTACCTCCTGAA
TTATTARCCCTCCTTACCTACTTCATTATARCCTTTTCARCATTCCTTGTATTCARARTAAACARRGCGACARRCGTCARCTCCCTGGCAGTCTCCTGAG
ATARTARCCCTTTGARTTTACATCGCCATAARCATCTTCARCCTTCCTCATCTTTAARCTARGCAARGCAACCAACATTRACTCACTAGCARTATCATGAG
ATGATAACACTAGTTATTTACATCATTATAARCCTCATCATTGTTTTTTATCTTCARGT TARRCAARRACAACAARCARTCARTTCGCTAGCTARCCTCTTOAG
ATGATARCCCTCATCATTTATATCGTCATGACATCATCATTGTTCTTTATCTTTAARGT TGRACARAGTARCCACAGT TARTTCGCTAGCTACTTCCTGAG
CTGCTTGCCCTATTARCCTACCTTATCATGRCTTTCTCTACATTTCTAGTGTTTAARCTGARTARRGCGACGRATATTARTACTCTTGCCATCTCATGAT
CTACTTGCCCTATTARCCTATCTTATTATARCCCTCTCTACATTTCTRGTGT TCAAGCTRRATAARGCARCARATATTARTACCCTTGCCATCTCATGAT
CTACTCGCCCTATTARCCTATCTTATTATAACCCTCTCTACATTTCTAGTGTTCARARCTARATARAGCAACAAATATTRRTACCCTGGCCATCTCATGAT
ATACTTGCTTTARTTACTTATCTTATCATRACCTTCTCARCCTTCCTTGTATTCARGCTARRTAARRGCARCARACATTARCTCACTGGCTATCTCTTGAG
CTCCTGGCTTTGTTARCTTATCTCATCATARCATTCTCAACTTTCCTTGTATTTAARAT TARTARAGCARCARACAT TARCTCCCTTGCCATCTCTTGGT
ATCCTTGCCTTATTAARCATACCTTATTATARCATTCTCGACCTTCCTTGTATT TAARATARACAARGCAACARCTATTARTTCACTAGCTATTTCATGAT
CTACTTGCTCTCCTAACTTATCTCATTATAARCCTTCTCAARCCTTCCTTGTATTTARAAT TRARTARARGCRARCARGTATTRARTTCCCTCGCTATCTCATGAT
CTCCTTGCGCTGTTARCTTACCTTATTATAACATTTTCARCCTTCCTTGTGTTTAARGCTARATARAGCCACCARCATTARTTCCCTCGCTATCTCTTGET

Al 728 730 74a 750 768 7 780 798 808
CARARGCCCCTGCGCTTATATCCCTTACCCCCCTTATTCTCCTCTCACTAGGAGGCCTCCCCCCGCTARCAGGCTTCATGCCARRATGACTARTTCTGCA
CARARARCCCCGCCCTTACATCCCTTACACCCTTTATTCTACTCTCATTAGGAGGCCTCCCCCCACTTTCAGGCTTCATGCCARARRTGACTCATTCTGCA
CTAARACACCGGTTATTACCTCCCTGGCCCCCCTGATTTTACTCTCCCTAGGAGGCCTCCCCCCATTARCTGGTTTTATGCCARRATGACTTRTTCTTCA
CAARATCACCTATTTTAGCAGCCATTACGCCCTTAGTGTTACTGTCACTAGGAGGCCTGCCCCCTCTARCAGGCTTTCTCCCTAARTGATTTATTCTCCA
TTARRAACCCCACATTRACATACTTAATGCCCTTAGTTTTATTCTCATTAGGGGGACTCCCCCCACTTACTGGCTTCATCCCTAARGTGRATGATTTTARA
TGARARRACCCTACGCTAACTTACCTTATACCTTTGGTCTTGTTCTCATTAGGGGGTCTCCCCCCACTCACCGGATTTATCCCTARATGAATAATTCTARA
CCAARACACCCATTATCACCACACTARCACCATTGCTCTTATTATCATTAGGCGGGCTCCCTCCCCTARCAGGGTTTATACCAARRRTGGTTTATTTTACA
CTARRACACCCATTATCACCACACTARCACCATTACTCTTACTATCACTAGGCGGACTCCCTCCTCTAARCAGGAT TTATACCARAATGGTTTATTTTACA
CTAAARACACCCATTATCACCACACTARACACCATTACTCTTACTATCACTAGGCGGACTCCCTCCTCTARCAGGAT TCATACCARARTGGTTTATTTTACA
CCARARCARCCTATTATTACTGCTTTARCCCCCCTTCTTCTTCTATCCCTCGRCGGCCTCCCTCCTCTCACAGGT TTTRTACCCARRTGGTTTATTCTACA
CCAARRACACCCGTTATTACCACCCTARCTCCCCTCCTTCTCCTATCCCTTGGAGGCCTTCCTCCCCTGACCGGATTTATACCARARTGGTTTATCTTACA
CCAARACACCTATTGTTACTACTCTARCACCCCTTCTCCTTTTATCCCTTGGTGGCCTTCCTCCCCTCACAGGTTTCATACCAARRRTGATTTATTCTGLA
CCARRACACCARTTATTACCACCCTRACACCCCTTCTCCTTCTATCCCTTGGTGGCCTTCCCCCCCTTACAGGATTTATGCCARAGTGATTTATTCTACA
CCARARCACCTATTATTACTACCCTTACACCCCTTCTCCTTTTATCCCTTGGTGGACTACCTCCCCTTACGGGATTTATACCARAGTGATTTATTTTACH

818 828 830 840 858 a6l g7e 8ga 898 980
AGAACTTACTARACARGAACTCGCCCCCCTAGCCACTTTAGCCGCCCTCACAGCCCTTCTCAGCCTCTACTTCTACCTACGATTGTCCTACGCAATARCC
AGAACTARCTARRCARGACCTAGCCCTTCTAGCCACACTAGCCGCATTARCCGCCCTCCTTAGCCTATACTTTTACCTTCGTCTCTCGTATGCAATGACT
AGAGCTCACTAARCARGATCTTCCAGTARCTAGEEARCCATGGCCGCACTAACCGCCTTACTARGCCTATACTTCTACCTTCGCCTCTCCTACGCAATARCT
TGARCTARCTAARCRARATCTACTTTTATTRGCCCTATTAARTAGCGTTCACCGCCCTACTCAGCCTATTCTTCTACGTACGACTAGCATATGCTATARCA
TGRACTTRCCTCARRTAACTTGCCAGCCTTAGCCATRCTARCGGCACTARCTGCGCTTCTARGCTTGTACTTTTATGTACGACTATCTTACGCTATGACA
TGAGCTCACATCCARTARCCTTCCGGCCCTAGCCATACTGACAGCACTARCTGCCCTCTTARGCTTATACTTCTATGTCCGACTATCTTATGCTATARCA
AGAGCTTACRARGCARRRCCTCCCACTATTGGCARCGTTTACCGCACTCACTGCCCTCTTAAGCCTATACTTTTATCTCCGCCTCTCATACTCCATAACCT
AGAGCTCACARARCARRACCTCCCATTATTAGCARRCATTTACTGCACTCACTGCCCTTTTAARGCCTATACTTTTATCTCCGCCTCTCATACTCCATGALC
AGAGCTCACARARCAARACCTCCCATTATTAGCARCATTTGCTGCACTCACTGCCCTTTTARGCCTATACTTTTATCTCCGCCTCTCATACTCTATGACC
AGAACTTACTARACAGAACCTCCCCCTCATTGCAARCACTCACTGCCCTCARCTGCACTACTTAGCCTGTACTTTTRCCTCCGTCTTTCCTACTCCATARCE
AGAGCTTACCARACAGAACCTCCCCCTCCTAGCAACTCTCGCTGCCCTTACAGCCCTCCTCAGCCTATACTTCTARCCTTCGCCTCTCCTACTCCATGACT
AGAACTAACCARACARRATCTTTCCGTCCTAGCARACATTTACCGCCTTARCCGCACTCCTTAGCCTATACTTTTACCTTCGCCTTTCCTACTCTATARCT
AGARCTTACTARACAGGACCTCCCTTTACTAGCGACATTCACTGCCCTTACTGCTCTTCTCAGCCTGTATTTCTATCTCCGCCTTTCCTACTCCATAACE
AGAGCTTACCAAGCAGAATCTCCCCCTCTTAGCRRCATTCACTGCCTTGACCGCCCTCCTCAGCCTCTATTTTTATCTACGCCTATCCTATTCARTARCC

918 920 a3a 940 956 acea ave 988 998 1688
CTARCCATATCCCCCAATARCCTCCCTGGTATCARCCTCATGACGTCTTCCATCCATCCARCACACGCTTCCTCTGGGCCGTGTCCGTCGTGGCTRCCTTA
CTARCCATATTCCCCARTACCCTCACCGCARCCATCTCCTGGCGCTTCCCTTACTCTCARCTCTCCCTCCCACTAGCCATTTCAACCACAGCTACAARTCT
CTAACAATATTTCCARACAACCTAATAGGAACAGCCCCCTGACGCTTCCATACCCCTCARCTTARCCTCCCACTAGCCATCTCARCTTCTGCTARCTATTC
CTRACCTCCTTCCCCRACACCACCACAGGTGTARCACCTTGACGATTCCCCTCTARTCARCACTCACTCCCAATCGCCATATTARTCATGGTCTCARTCT
CTAACCTCCTTCCCCAARTACTATTACTAGCACAGCCTACTGACGGTTCCTACCTARTCARGCCTCTTTCCCTCTGTCAARTATTTATGAGTGGCACAATTC
CTTRCGTCTTTCCCTAATACTGTGACCAGCACGGCCTACTGGCGATTCTTGCCTARCCARGCCTCTTTCCCCCTTTCAGTGCTTATARAGTGGCACTATCT
CTCACCATGTTCCCARATAATCTAATGGGTACARCCCCTTGACGATTCTTTACACAATCGACATCCCTCCCTCTAGCCCTCTCGATCTCGATAGCCATTG
CTTACCATATTTCCARATAACCTARTAGGTACTACTCCATGRCGGTTCTTTACACARTCARCATCCCTCCCTCTAGCTCTCTCARTCTCAATAGCCATTG
CTTACCATATTTCCARATARCCTARTAGGTACTACTCCATGACGGTTCTTTACACAATCARCATCCCTCCCTCTAGCTCTCTCARTCTCARTAGCCATTG
CTCACTATATTTCCARATARTCTAART TGGCACCACTCCATGACGCTTCTTCACARGCTCARCCTCACTTCCTCTTGCCCTCTCARCTTCAATAACTATTT
CTCARCCATGTTTCCARATARCCTAACCGGCACTGCCCCCTGACGTCTCTTTACARACTCATCATCACTTCCTCTGGCCCTTTCAGTTTCARTAACAATTC
CTCACTATGTTTCCARACAACTTAGCTGGCACCGCCCCCTGACGTTTCTTCACCARCTTGACCTCCCTTCCACTAGCCCTCTCARTTTCARTAACGATTT
CTCACCATATTTCCARACART TTAACAGGCGTCACACCTTGACGTTTTTTCCCARACTCAACCTCACTTCCCCTTGCACTTTCTATTTCCATAARCCATTC
CTTACTATGTTCCCTARTARTTTGACGGGARCTACCCCGTGACGCTTCTTTATARRCTCARACTCGCTCCCCYTAGCCCTCTCGRCTTCGATARCTATTT



Appeﬁdix 9. (continued).



P._saltatrix

N. pectoralis
C._armatus

R ._canadum

C._ hippurus
C..equiselis
P._lineatus
E._nhaucrates
E._neucratoides
R.australis
R._albescens
R._remora
R._osteochir
R._brachyptera

1818 1820 1830 1048
GCCCTCCTACCCTCACCCCAGCCATTACGGCCCTTTTGACCCTCTAR
CCCTACTACCCCTAARCCCCTGCCGCAGCCTCCCTCCTCGCCTCCTAR
TCCTTCTTCCCCTTACCCCTGCTATCACAGCCTTACTTACCCCCTAG
CACTCCTACCARTCGCTCCGACTCTGATGACCCTCTTCCATTCTTGA
TACTCCTTCCTGTTACACCAGCCATCGTTGCCCTTTTCTATCTCTAG
TTCTTCTCCCTATCACACCAGCCATCGTTGCCCTTTTCTACCTCTAG
CCCTACTCCCCCTTGCCCCCGCTATARTAGCCCTCCTTACCCCCTAR
CCCTACTCCCCCTTGCCCCTGCTATARTAGCACTCCTTACCCCCTAR
CCCTACTCCCCCTTGCCCCTGCTATAATAGCACTCCTTACCCCCTAR
TATTGCTTCCTCTAGCACCCGCTGTAATAGCCCTATTATCCCCATAR
TGCTCCTTCCCTTRAACCCCCGCTGCARTAGCACTCTTGAGCCCCTAR
TTCTACTCCCECTCGCCCCTGCTGCARTAGCCCTTTTARGCCCCTAA
TACTTCTCCCGCTAGCCCCCGCTGCCATRGCCCTCTTAGGCCCTTAR
TRCTCCTCCCCCTGGCTCCCGCCGTARTAGCCCTCTTGAACCCGTAR

147



Appendix 10. Aligned nuclear ITS-1 DNA sequence data collected from echeneoid
specimens analyzed in the present study.



P._saltatrix
N._pectoralis
R .—canadum

C.. hippurus
C._equiselis
P..lineatus
E.naucrates
E._neucratoides
R._qustralis
R._albescens
R._remora
R.-osteochir
R.-brachyptera

P.saltatrix
N._pectoralis
R._canadum
C.-hippurus
C.equiselis
P._lineatus
E.naucrates
E._neucratoides
R.australis
P._albescens

R ._remotra
R._osteochir
R._brachyptera

F._saltatrix
N._pectoralis
R._canadum

C. hippurus
C._equiselis
P._lineatus

E. naucrates
E._neucrataides
R.qustralis
F._albescens

F . remora
R._osteochir

R .-brachyptera

P.saltatrix
H.pectoralis
R..canadum
C._hippurus
C._equiselis
P._lineatus
E. naucrates
E.. reucratoides
"R.gqustralis
R._albescens
R._remora
R.-osteochir
R.-brachyptera

P.saltatrix
N._pectoralis
R . _canadum

C. hippurus
C._equiselis
P._lineatus
E._naucrates
E. neucratoides
R._aqustralis
R._albescens
R._remora
F._osteochir
R._brachyptera
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10 c2e 38 48 =15} =15} Ta sa g 188
RTTCACATTAGTTCTCGCAGCTAGCTGCGTTCTTCATCGACGCACGAGCCGAGTGATCCACCGCTARGAGTTGTCACARCTTTTT--TTTTGTT~--TTTC
ATTCACATTAGTTCTCGCAGCTAGCTGCGTTCTTCATCGACGCACGAGCCGAGTGATCCACCGCTAAGAGTTGTCACTGTTTTGG~~TTTGGTT--TTTT
ATTCACATTAGT TCTCGCAGCTAGCTGCGT TCTTCATCGARCGCACGRGCCGAGTGATCCACCGCTARGAGT TGTCARGGTTTGGA-—TTTT-—~—= TCTG
ATTCARCATTAGT TCTCGCAGCTAGCTGCGTTCTTCATCGACGCACGAGCCGAGTGATCCACCGCTRAGAGTTGTCTAGGTTTGGT~~TTTTT-~—=TTTC
ATTCARCATTAGTTCTCGCAGCTAGCTGLGTTCTTCATCGACGCACGRGCCGAGTGATCCACCGCTRAGAGTTGTCARGGTTTTTT-—TTTCG-~—-TTTC
ATTCACATTAGTTCTCGCAGCTAGCTGCGTTCTTCATCGACGCACGRGCCGRGTGATCCACCGCTAAGAGTTGTC-ARGTTTT————TTTTGTT--TTTT
ATTCACATTAGTTCTCGCARGCTAGCTGCGTTCTTCATCGACGCACGAGCCGAGTGATCCACCGCTAAGAGTTGTC-ARGTTTT———-TTTAR-T--TTTT
ATTCACATTAGTTCTCGCARGCTAGCTGCGTTCTTCATCGACGCACGAGCCGAGTGATCCRCCGCTARGAGTTGTC-AAGTTTT————TTTRAAT--TTTT
ATTCACATTAGTTCTCGCARGCTAGCTGCGTTCTTCATCGACGCACGAGCCGAGTGATCCACCGCCAAGAGT TETC-GAGTTTT————-T—————~—-| GCTT
ATTCACATTRGTTCTCGCRGCTAGCTGCGT TCTTCATCGACGCACGAGCCGAGTGRTCCACCGCTARGAGTTGT T-AGGT TTTARC~TTTCCAGCAAGTTT
ATTCACATTAGTTCTCGCAGCTAGCTGCGTTCTTCATCGRCGCACGAGCCGAGTGATCCACCGCTARGAGTTGTTGAGGTTTT-———TTTGGTTTGOTTT
ATTCRCATTAGTTCTCGCAGCTAGCTGCGTTCTTCATCGACGCACGAGCCGARGTGATCCACCGCTARGAGTTGTT-AGGTTTTTTGCTTTCAGTAAGCTT
ATTCACATTAGTTCTCGCAGCTAGCTGCGTTCTTCATCGACGCACGARGCCGAGTGATCCACCGCTRAGAGTTGTT-GGGTTTTTTTITTTTIT--TATTTTT

118 1208 138 140 150 168 178 180 198 200
AGCTTTCTCCGGTTTTTTRCACCGCGARAGGG——GTTTCGCCAARGT TCCARRGACAR-—~-ACGGG———————~—— TTTTGCGAAR~———~—~ GGGGGARCG
TCCATTTTTC--TTTTCCGGGGARRAARARARCAGAGAGGCCACAGT TTCGGAGACAAGGRATTGG TTT-GAGA GTGGGAC-
—-TTGGT: TTCC GGCCARAR-——-R-———-~ GAR-AR—————— G GTT: CT-GGGAG-~~———~== AGGTTTG
==TACGTCT-———- TTCT--—-G6GCCARACTTC~AR----CCGA-GA G TTT: CC-GGGAR TTCCG
GTTTCGTCG———== TTCC----GGCCARARGTC-A CCAR-GA G TTT CC-TGG TTCCG
CATCCGTTTCC-AGTTCC--—~-GGCCARACCT————————~——| A= GHT-—TGTG C-~TTT TTCTGTT-——~—————- TGTT-CG
=-TCCGTTTC--GGTTCC—~--GGCCARACCT A-GR G G—~TTT TT-TGTC-—~=————==TGTT-TG
~=TCCOTTTC~~GGTTCC~—-~-GGCCARACCT A-GH G G--TTT TT-TGTC———m—mmm TGTT-TG
==T-CTTTT————- TCCC-——--GGCCARGCCTT-TTCTTTCCGACGGTGTTTGGTTTGG-~TTTGGTTTGGTTCGTTT-TGTTGTTTTCCGCCCGTGGCG
==T-C-TTT—~=—~ TCCC----GGCCRAGTCTT-TTCTTTCCAR-GAGARGAGAGG~--G--TTT—————————~—— T--TGTGG—~—————~| CGTGACA
-—=T-C-CTT-———~ TCCC~—--GGCCARGCCTT-TTCTTTCCGA-GAGAGAGAGG--AG-~TT T-————~~——~—~= TC-TGTGG-—~----—-CGTGACG
==T-CTTTT————= TCCC--~~GGCCARGCCTT-TTCTTTCCGA-GG AG TTT TT-TGTGG-—~-———--CGTGACA
=-CACACTT-——~~ TCCGTAAGGGCCAGGCCTT-TC--TCCCGT~G~—————| AG TTT TT-TGTGG——~~————~ CGTGACA

21@ 220 238 248 256 260 270 280 298 300
A== CAGARCCCGGCGGGCGCTCCGTCCCOCT ———m—— CGGCCCGCCCCCCCCGOAGAGGGGGGAGE————~ CCGGGCGGG-GGGGGAGACATTGARAC
A== C~GARACCCGTCGGGCGCTCCATCCCGCTARGCCCCGGCCCOACCCCCCCGGARGGG6GAGAGCGGGGTCAGAGCGGG-GTAGGAGRCATTGAAC
A--CTCGTGRGACTTCCGAA-—————— ACCCGCG——————~ AGC--GCTCC--CC——--GTCCCC—--C-—-GCCGGGGCGEGTTGGGGAGACATTAAARC
A--TCCGAGAGAC~--CGTR-—————— ACCCGLG—————-~ AGC~-GCTCC~-LC-———~G-———C---C-—-TTT-——-CGGC-AGGGGAGACATTARRC
A--TCAGAGAGAC---CGTA---—-—~ RCCCGCG-—————~ AGC--GCTCC--CCC-—-BGRCCC---C——-TTT-—--CGGGGAGGGGAGACATTRARAC

AGC—-GCTCCTGCCG——-GGGTTTTCTG-~-TCC--—-CGGC——~~GGRGACATTAARAC
AGC-—GCTCCTGCCG-——-GGBTTTC-————- TCC----CGGC---~GGAGRCATTAARAC
—==~AGC--GCTCCTGCCG——-GGGTTTC-————- TCC-—---CGGC-—-~GGAGACATTAARC

AGC—-GCTCCC-CCG-—-AGGTTT——-C-—-CCC--—-CGGC————GGAGACATTARAC
AGC--GCTCC--CCG~--AGGTTT---C—--CCC—---CGGC---~GGAGACATTARAC

A-——-ACGARAATCA-CGGR-—————- TCCCGLG——————~| AGC--GCTCGG-CCG-—-AGGTTTTTCC-——CCC--—-CGGC-——~GGAGACATTAARRAC
RA----AAGARARTCA-CAGH~—————- CCCCGCG-—————~| AGC-~GCTCCC-CCG---AGGGTTT-CC~---CCC~~--CGGL---~GGAGACATTAAAC
A----AARGAARATCA-CAGA-———-—- CCCCGLG——————~| AGC--GCTCCC-CCG~-—-—AGGTTTC-AC-—-CCC-~—-CGGC——-—~GGAGACATTRARC

316 320 236 348 358 364 378 286 39@ 488
CCCCCGCCTCCCTCCGARGGAGAGAGGAGAGT TOGGTACCCGCGGGCGCGCGEAGGECGECCGHAGL————— CGCCGCGCCGCGETGOAGGT--TARGGT

CCCCCGCCTCCCTCCGAAGGAGRGAGGAGAGT TGGGTACCCGCAGGCGCGCGGAAGGCGGCCAGEGLGAGGLCGCCGCACCGCGCTTGAGGT——TAAGGT
CCCCCGCCTCCCTCCGABGGAGAGAGGAGAGT TGGETGCCCGCGGGCGCACGGCAGGCGGCCAGGECGAAGCCGCCGLGLCGCGLTGGGGTTTG-GCOGT
CCCCCGCCTCCCTCCGGRAGGAGAGAGGAGAGT TOGGTGCCCGCGGGLGCGCGECAGGCGGCCAGGGCGAGGCCGCCGCGLCGCGCTGGGAGTTGTGCAGT
CCCCCGCCTCCCTCCGARGGAGAGAGGRGAGT TEGGTGCCCGCGELCGCGCGECCEGCGGCCAGGELGAGGCCGLCGCGCCGCGCTGGEGGTTGTGAGET

CCCCCGCCTCCCTCCGGRABGAGAGRGGAGAGT TGGGTACCCGCGGG-GCECGCGA--~-G6GCC~——~T———=TTTCT CGAGGC
CCCCCGCCGCCCTCCGGAGGRGAGAGGAGAGT TEEGTACCCGLGGG-GCGCGCGA-—-GGCCCTTTT———-TTTTTT--CTTTTTG~———- TGGCACGGC
CCCCCGCCGCCCTCCGGRGGAGAGAGGAGAGT TGGGTACCCGCGGG-GTGCGCGA———GGCCCTTTT———-TTTTT-—CTTTTTG~~——= TGGCACGGC
CCCCCGCCGCCCTCCGGAGGRGAGAGGAGGGTTGGGTACCCGLGGEG~GCECGELC——--66CCC-66C-~~-C660~-—-C66G0———~~————~—-| CCGGC
- CCCCCTCCGCCCTCCGGAGGAGAGAGGAGAGT TEGGTACCCGCGEGG-6CGCGCC——--66CC——66C————-TGGC GG GC
CCCCCGCCGCCCTCCGGAGGAGAGAGGARGAGTCGGGTACCCGCGGG-RCGCGLC——--G6CC--GGC----CGGCCSGCCGGETGGCTGGCTGGCCLGER
CCCCCGCCTCCCTCCGGCGGAGAGAGGARGAGT TGGGTACCCGCGGG-GCGCGCC-—--6G6GCC--GGC--~—C66C-——~TGG6C———~—~—~ CGGCCCGGT
CCCCCGCCTCCCTCCGGAGGAGAGRGGAGAGTCOGGTACCCGCGGG-GCGCGCC~---G6CC--G6C~—---C66C-—--CAG————~~—————————- GC
418 420 438 440 458 468 478 488 498 Sea
TCCGARG—~—-——-TG-G-CGGTCCAGGL-————~————— CCGG-CG--CRCCGGAC TCGG---G GCGGGG666CCCCE—————- GGT
TCCGAA-~-~——-TG-GGCGGGCCAGGL~—————~————— CCGGGTGT-CACCGGACAAGGCCCCCCGACCCGCCTCCGCGAGCGCGCCCCGCCGTCAGET
TCCGRAG CT6TG-—-GGACCGGGCCCGTGAGT-CGCCGGACAT-CGGC-CTCCTCCCCTGCCCT---GT—-~-~GCGAGCGCGCCCGA-COTCARGE

TCCGRGG~--TGCTBTG--GGGCCAGGCCCGTGGGTTCGCCGGACATTCGGARCTCCGCCGCAGCCG T --—GC---~GCGAGCGCGCCCGA-CGTCGAGE
TCCGAGGGGGTGCTGTG--G6GCCCGGLCCGTGOGTTCGCCGGRCATCCGCC-CTCCGCCGCCGCCET ——-6C———-GCGAGCGCGCCCGAR-CGTCGAGE

CCCGLGC~————~ TTC--CGCTT GA-—=G————- ACCAG-GTAGGTTC-TTTT—-TT
CCCGCGC—~ ~=TTC--CGCTT GA-~=G————~ RCCAG-GTAGGTTC-TTT-———~
CCCGCGC~— TTC—-CGCTT GR—--G————-| ACCAG-GTAGGTTC-TTT-———~
GCTGGGT~=---GGTG-G——GTTCCGGGGGTTTCCTG- CTTTTTTTTTTTTTTGGTTTTCTCCGTTTGH--—G ————— ACGAG-GGGACCGR-CCGG--TC
GCTGGGT~-——CGTG-G—-GTTCCOG6————==~————= TTTT-TGTTT GA-—~G-———= HCGAG-GGGAGCCG-TGAG--TC
GCTGGGT~---G6TG-G--BTTCCGO6——————~——===TTTT-COTTTT———————————— === G————- ACGAG-GCGA-———- CGRG--TC
GCTGBGGT---GGTGCG--GTTCCGGG6- (E ACGAG-GGGGTC-T~-TAAG~-TC
GCTGGG6--—-G6TG-G--GTTCCGE6————~—~==—~— G=———f ACCAG-GGGAGC-G-CGAGGGCT
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P.saltatrix
N._pectoralis
R . canadum

C. hippurus
C.-—equiselis
P._lineatus
E._naucrates
E..neucrqtoides
R._austratis
R._albescens
R._remora
R._osteochir

R . brachyptera

P.—=saltatrix
H._pectoralis
R . —canadum
C.-hippurus
C._equiselis
P._lineatus
E._naucrates
E._neucratoides
R._australis
R._albescens

R ._remora
R._osteochir
R._brachyptera

P. saltatrix
N._pectoralis
R ._canadum
C.hippurus
C._equiselis
P._lineatus
E._naucraqates
E._neucratoides
R.qustralis
R.—albescens
R.remora
R._osteochir
F._brachyptera

P._saltatrix
N._pectoralis
R ._canadum
C._hippurus
C._equiselis
P._lineatus
E._naucrates
E.neucratoides
F._australis
R._albescens

R ._remora
R.-osteochir
R.brachyptera

P. saltatrix
M._pectoralis
R .—canadum
C..hippurus
C..equiselis
P._lineatus

E. naucrates
E._neucratoides
R._australis
R._albescens
R._remora
R._osteochir
R.-brachyptera
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o518 D26 330 540 o556 5668 570 580 098 660
CCG———G——~—— TCGG——~————~| GACGAGG—=—=—=—- TC~C~---AGACARAGGGGGTGGT~GCGCGCGCCGCAGCCGCCGCCGCEGCCTC~C-GCCT
CCGTCAGC~~CCTCGGAGCAGGCCGACGAGGC———-~6CGTCGCT T TGGG6TE6AGRGGETGG-~GAG-GC—CCGGARGCGTC-CGGTCGGGAC—GAGGLC
CCGTCTT--GGCCCTCG~~————— GAGCAGGCCGGCGGGACGCGTLGCGGTGGLGGGAGGCGGEGAGGLLGTTGGGTGCGTC-CGGEGEGGAC-GAGGLC
CCCTCTGRAGGCCCTAG———————! GGOACGGCCGGLGGGACGLGTLGLAGCGGLGEH GAGTTCG GTC-CGGCGGGGAC-GGGGCT
CCCTCTGC-GGCCCTAG—~~———-1 GGGACGGCCGGCGGGACGCGCCGCAGCBGLGGG: GAGGTCG GTC-CGGCGGGGACTGGGGCC
TCCTC CTCC G-CCTCGCTC-~-CGAGGAGCBG--6GG6TCGG6———~~~-6G66-~A~~—————— A----GARARAGGG-AARRAR--
--CTC: CTCC G~-CCTCGC GAGGAG GGG--R A GARARAGG~-—ARA--
-=-CTC CTCC G-CCTCGC GAGGAG GGG--A A GARRARAGG--—ARA--
CCCTCG: CTCC GACCAGGCCC--TCGACCCTTT--CGGGTCGGG - GCGG--G A GACGGAGAG-~AGA--
CCCTCG CTCC GACCAGGCCCCCTCGACTCTTT--TGGGTCGARG GCGG--A A GAGGGAGAG--AGA-—
CCCTCG CTCC GACCAGGCCC—-TCGACACTTTGTTTTTTCGGG TCG---A G GTGGAAGAG-—AGA—-
CCCTCCT CTCC GACCAGGC G GAR——==~——= GAG A GAG--AGAG--AGA--
CCCTGGT----CTCC GACCAGGC G GAAR-———---GAG A GAAARRRGAG--AGA--

618 620 630 648 650 660 678 6806 690 768
CC-GCCGAGGRGGAG————~———-1 GAGGAGG—~AGG———-ACTGACGGAC——————~ GGACGGCC————~ GGCCGG—--C6C-GC6CGL—————~~ GCCTCG
CT-GACTAGGAGTGGT-—~-GGTGGGGAGACARGGC~~GCCGCCAGACCGCGCAAGGGCAACC ~———— G-CCGGGTCCGCCGCACGCA-————— GCCTCC
CC-GACTGGCAGCGGTGGAGAAR-AGGAGG---GAGAGAGAGAGAGAGAG—AGAGAAARARG--~-AGRGAGT GAGAGAGTCAGACGA————— CTACTCCT
CC-GACTGGLGG-GGAGARGAGAGAGGGGGGGAGAGAGAGAGAGAGGGGA—~AGGGGCAGAGGCAGAGGGAGAGAGAGAGAAGCGCGGGAGCGCTCCCLTT
CCCGACTGGARGG-AGAGARGAGCGAGGGG6G—--GAGAGGCGGCGAGGCEG—AGGLGCGGAGE——————! GTTAGAGGGAGGTGCGCGG—--C-CTCCCCTT
~==GACA——~———————————m C-GGACGG—--CGG CGRGCC GAGGGGGGG——--ACTCGC————- CAGCTCG-

CGRGCCC: GAGGGGGGGG6G--ACTCGE———~~ CGGCTCG-
~==BACA-—~——————— = C~GGACGGG-CGG: CGAGCCC: GAGGGGGGGGGG-RCTCG~———~ CGGTTCG-
~—=GRGAGAGAG-A---GAGRGA-GGGACG——-G: GCCC GGACG-GG CcC-C GCCC——
~==GAGAGAGAG-ACGGGAGGGL-GGGCCGGCCGGCTGOCTGGETGGCTG~GCTGBCCGAACC~————! GACCGTAGA-————-1 CCGCT----TGGCCTAC
~—-GR C-GGGCCGATCG—-T AACC GACCGTAGA—————~ CC-Cr—m———nf GCCT——
~==GA C-GGGCC GA ARCC-———- GACCGTAG————- GCCCGCA--—-CGGTCCCG
~—=GR C-GGGCCG-CCGA AARCC~~~—- GGCCGTAGAACCGGCCCGCG——--CGGCCCGE

718 726 730 748 758 - 768 776 788 79@ go6a
GGTGGGGGTGG6GGA-GCAR-CG-ACGACCCCTCTCT————— CCCCGACGGGG-AG: AGGGH GGCGRG GGGAR-CCCCC—————- GCC
GGGGAAGGAGGACGACGGR-CGGACGOACGTCGRCGAGAGGCCCAGGCGACG-AG-———-ACGGAC—~———~ GGCGCGCCTCGGGA-GACCC———~—=- GCC
A---CCACT~————-! CCTC-CT--CCTCCTCCTCC—————— TCCTCCTCCTCC—--CTCCCGGCCTCGGGAGACACG-CACGGGA--ACCCAT-CC-GCC
C~--CCGCCGTGCGTCCGCACC~-CTTCCTCCTGC—~———~ TGCTGCTGCTGCAG-CTCCCGCCCTCGT~---CGC~—CTCGGGA-GACGCGCGCCCRCC
————— CGCC~--~——CC—~-CC~-TTTCCACCGCC~~-—--TGC-GCTCCCG--6-CTCCCCGLCTCTT ~—~-CGC--CTCGGGRCGACGCGCGCC-GCT
~==TCCGACG~-——— CCT--CG--GG6ACGLC-~——~———--=CCGGCG-T~-G6 GCC: GGAGC GGGC--GCCCCC-TARGCG
~--TCCGRCG~———~ CCT~-CG-~GGGACGCLCGG6~—--GCGCCOGCECT--C6~————=—1 GCC—————~ GACGCC-GCCGGAT-AGCCCCC-TARGCG
~--TCCGACG~—---CLT~-CG--6G6GACGCCCOG6-——-6GC6GCC6GCGCT--C6-——————GCC—————- GACGCC-GCCGGAT-AGCCCCC-TAAGCG
------ GACG——-—-CCT~-CG~~-GG-AGGCCCOC—~————~GCCGGTTTT--TGC TCCC GGCGC GGGA-GACCCCCCTAAGCT
~G~—~AGGCG5————CCTGCCT--GC-CTGCCTGCCTGC-CTGCCTGCCTCCCTGCCTGCCTGCCTGCC T-GACGCC—- TCGGGA-GGCCC-—~-GoGCT
------ GACG—~---CCT~-CG--GG-AGGCCCGC—~————~GCCGGTTTTCGGGE——--G—~-GCC————--66CGC—~---GGGA-GACCC~--TAAGCT
~--TCTGACG~~———| CCT~-CG~-GG-AGGCCCGC—~————~ GTCGGCTTCGGGG GCC GGCGC GGGA-GACCC-—~TARGCT
CACTCTGACG-————CCT--C6--GG-AGGCCCGC—~————— GCCGR------AG GCC: GGCGC GGGA-GACCC——-TAAGCT

81@ s2e 830 848 85@ 266 gve 8386 298 aBa
CT T CCCTCGG-~CATC——CGGAG--GGCOAGCGT-TG CG CGCGCC C-CTG
CCGGGGGTGGE6GCGGGAGACCCTARG-~CGTC--COGAGACGGC-AGTTT-TTT~=TTTCGA—~—~—~ CCCACCAH GGC-CTG
TG---G6ACGG66A————~ CCCBAGA-~C—————- GGGAGRCCCTAAGE -—-A-~—ATCCG6-AGACT-GTGLGGAAR———~————=———= CCGAC--TC
GG———GGG CGG-A-~CG CGAGAGACCCTAAGC—~-G~~-GTCCGG-GGRCTGGGTCGGRARRR—— CCGGC--TC
G66---GGGGGGTGAR-ACCCCCGGGA-~C6—-—-CGRAGAGGCCCTARGC T--6T~-GTCCG6-66-—--GACCGGAAAAR-—~——————-—~ CCGGC--TC
RA-—-GGTGG-T CCGGAGA! CARAGACGACGAR—~———- G CCG: G A
RAA---GGTGGGT-—————~ CCGGAGA—~~————-| CARAGACGACGA——-——- G CCGC C GCCGTG
AAR---GGTGGGT: CCGGAGA CARAGACGACGA G CCGC: C GCCGTG
CG——-GOT—~——m—mm——~ CLCGGAGA-~CGACCGCGAGCGCOGLGG————— CGG~---COGC~~G6CGGG GGCGCGT
G GCT TTGGGGGGCCGGC-GLGGGAGACCETAR-GCTCGG~-TCCGG-—AGACGAGGACCACC————~————————~——| GCCACTA
C-—-GGT-—~————-———~ CCGGAGA-~CGACAGCGAGCACCGCC~—-GC-CBG~—TCCCGTTRAA-GAGAGCTTTTTG GGCTCTC
C-——-GGT CCGGRGA CGACCACCG: CCG GCTCTC
CA-—-G6T—~=————=——=| CCGGAGA-~CGACGGCGACGACCACCGACGR-CGACCTCCCGT-GGAAGAGAGCTTTTGATTTTCACCTCARRAGGCTCTC

918 aze 938 948 958 266 a7e 9808 j=le ] 16880
CGAC—————~ AGG--G-CGG6G————-1 CA-——————| AACCGGTARTGATCCTTCCGCAGGTTCACCTACGGARACCTTGTTACGACTTTTACTTCCTCTA

CGARCCC---~RCGTCG-CGGGG-~GCCATGACGGGEAACCGGTRATGATCCTTCCGCAGGT TCACCTACGGARACCTTGTTACGACTTTTACTTCCTCTA
CGAGCC-CCGAGGGGGLCGEGC-G6CT~C-—CoA-—AR-CGGTAATGATCCTTCCGCAGGT TCACCTACGGARACCTTGTTACGRCTTTTACTTCCTCTA

CGG————— CTGTGGGGCCGGGC-G6CT~C--CoA-—ARACGGTAARTGATCCTTCCGCAGGTTCACCTACGGARACCTTGTTACGACTTTTACTTCCTCTA
CGG————- CGGGGGTGCCEGEC-GECTTC~~CoA--ARACGGTARTGATCCTTCCGCAGGTTCACCTACGGRAACCTTGTTACGACTTTTACTTCCTCTA
CGGGC——==~—=—m—— CGGG---GCCOT--CGG——AATCGGTRATGATCCTTCCGCAGGT TCACCTACGGARARCCTTGTTRCGACTTTTACTTCCTCTA
CGGGG————~——————~ CGGGCAGGCCGT--CGC-—ARTCGGTAATGATCCTTCCGCAGGTTCACCTACGGRRACCTTGTTACGACTTTTRCTTCCTCTA
CGGGC: CG GCCGT-—CGC-~AATCGGTARTGACCCTTCCGCAGGT TCRCCTACGGARACCTTGTTACGACTTTTACTTCCTCTA
CGCOT-———~——————~ CGCGT--CGCGT—-CG-——AA-CGGTARTGATCCTTCCGCAGGTTCACCTACGGARACCTTGTTACGACTTTTACTTCCTCTA
CGCGT-———~ GGGGAG—-TG6-—-GGTGT--CA-——AR-CGGTARTGATCCTTCCGCAGGTTCRCCTACGGARACCTTGTTACGACTTTTACTTCCTCTA
CGCGC—-—-~ BGGGEGG--GAGC--6GTGT--CG———AA-CGGTAATGATCCTTCCGCAGGTTCACCTACGGARACCTTGTTACGACTTTTACTTCCTCTA

CGCCCGGAGCGGGGGGGTGRGCGGEGTGT--CG——-AA-CGGTARTGATCCTTCCGCAGGTTCACCTACGGARRACCTTGTTACGACTTTTRCTTCCTCTA
CGCGCAGTGGGGGGGGT TGAGCGGGGTGT-—C6G——AA-CGGTARTGATCCTTCCGCAGGTTCACCTACGGARACCTTGTTACGACTTTTACTTCCTCTA
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1819
P. saltatrix GATAGTCAAG
N._pectoralis GATAGTCAAG

Fi . _canadum GATAGTCAAG
C.-hippurus GATAGTCAAG
C._equiselis GATAGTCARG
P._lineatus GATAGTCARG

E._naucrates GRATAGTCARG
E.neucratoides GATAGTCAARG
R._australis GATAGTCARG
F..albescens GRATAGTCARG
R._remora GATAGTCAAG
F._osteochir GATAGTCARAG
F.-brachyptera GRATAGTCARG

150



Appendix 11. Aligned mitochondrial control region DNA sequence data collected from
marlinsucker specimens analyzed in the present study.



CHATIZY
OHAI TS
CRAY 746
ENat74E
CHAT 242
LR 346
WA 347
WHE 398
HNAY 349
WA 351
HHAI9TS
B3OM1382
GOMI353
GOM1354
GOMI2ss
GOMH1356
GOMIBS?
GON1 P56
GOMI s
GOMITES
GOMZ2830
Gopzeat
GOvzaRy
GOMZe23
GOM2829
GOrzasz
HER1340
HER1341
HER1342
HEA1243
HEAT344
UEA1345
HERY 749
HER 1750
HEF1751
HER1 752
HEMT 9532
HERT 754
HER1 755
EER1334
EEM1325
EER1336
EERT1337
EER1338
EERT339
EERI P43
EERI 744
EER1 746
EERTME
EEMI1852
EEA2EZ6E
HPRCISIQ:
HPRCIS20
UPARLIS21
WPALIS22
HPRLI522
HPRLT 524
HPRCES25.
HPAL1526
ERALISI2
EPACISIS
EFRCIST4.
EPACISIS
EPRCISIA
EPRCISIY
EPRCI?S9
EPECT 768
EPRCY 761
EPRCI762
EPRCEIER
EPHCT 64
Pag, FRem. 4
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| ARAGTACATRTATRCATICT TTACTAATRACTATT TR-ARTA TARATATOCRTORT TORRCARTAT T TATG~TATRAT TRRLATTARCTTATATTACTCOR

RRAGTACATATRTRCAT TCTTTACTARTRACTAT TTA-RATATRRATATLCRTGAT TGRECARTATTTATG~TATRATCARCRT TRRCT TATATTACCCA
RRAGTACATATATRCATTCTTTACTARTARCTAT T TR-ARTATARATATGCATEAT TORGCAATATTTATG-TATARTCRRCAT TRRCTTATATTACTCA
ARAGTRCATRTATACATTCT TTACTEATRACTATT TA-ARTATARRTATCCATORTTCROCBATAT TIRTG- TATRATCRACAT TARCT TATATTALCCA
ARRGTACATRTATARCATTCT TTRCTAATRACTATT TR-ARTATARATATOCATORTTGRGCARTATTTATG- TATAAT TRRCATTARTCTATATTRLTCA
ARASTRCATATRTACATICTTTRCYARTRRCTAT T TR-ARTATARATATOCATGAT TORGCARTATTTATG- THTARTCRALATTRACT TATATTALLCA
ARABTACATATATRCATTAT T TRCTAATARLTATT TR-AATATRARATATGCATEAT TGRGCARTAT TTRTG- TRATARTCARRLAT TRRCTTRTAT TALCCR
ARRGTACATATATACATTCT TTRCTARTRALTAT T TR-ARTATRAATATOCATEAT TEGRECARTAT T TAT G- TATAATCRBLATTAGT T TATATIRLTCA
ARAGTACATATATRCATTCTTTRCTARTARCTAT T TR-AATATRAARTATGCRTOAT TGROCAATATTTRTG- TRTAART TRBLAT TRRTCTRTAT TRCTCA
ARRGTRCRTRTATACRTTCTT TRCTAATARCTAT T TR-ARTATARATATGCATEAT TERBCAATAT I TRTG-TRTAATCARLAT TRACT TATATTRLLEA
BARGTACATRIATACATICT TTRCTAATRACTRT T TRA-RATATARRTATGLRTOAT TORGLARTAT Y TATG-TRTAATUARCAT TRACTTATATTRCCCA

| RARGTACATATATACRT TCTT TRCTARTARCTAT TTR-ARTATARRTATGUATCAT TGROCAATATTTRTG-TRTAATCARLAT TRRCTTATAT TACTCA
| ARAGTACRTATATACRTTCTTTRCTAATARCTAT TTR-RATATARATATGCATOAT TRRGCARTATY TRTG-TRTARTOARCAT TRACT TRTAT TRCCCA
| ARRGTRCATRIATACRTTCTTTRCTAATARCTAT T TA-ARTATARRTATGCATOATTGRECARTATT TRTG-TRTRATCARCAT TRRCTTATATTARCCER
| RRRGTACHTRIATACATTUT T TRCTRATARCTAT TTA-ARTATARATATGUATOAT TEAGLARTAT T TATG-TATART TARCAT TRALTIRTATTACLLA

RRAGTACRTATATACATTCTT TRCTAATARCTATTTA-RATATRRATATGLATOAT TOARCCARTATT TATG-TATAATCARCAT TRRCT TRTATTRCLCA

| ARRGTRCATATATACATTCTT TRCTAATARCTRT T TA-AARTATRRATATGCATGAT THTGLARTATY TATO-TRTAATCARCATTARCTTRATATTRCTCA
| ARAGTRCATRATATACATTCT T TRCTARTARCTRT TTR-ARTATARATATGLRTOAT TERGLARTAT T TRTG~TATHATCARCAT TRATTTATATTACTCA

ARAGTACHTBTATACATICT TTRCYARTABCTART T TR-ARTATARATATGCATOAT TERRCARTAT T TATG-TATAAT TARCAT TRATCTATATTRCTCA

| RRAGTACATATATACATICTTTRCTAATARCTATT TR~ARTATARATATOCATEAT TORGCARTAT T TATO~TATAATCARCATTARCTTATATTRCTCA

ARAGTACATRTATRCATTCTTTRCTARTRACTAT T TR-ARTATRRATATCCRTGAT TGRECARTATTTATG-TATARTCRARCAT TARCTTATATTACLCA
ARAGTACATRTRTACAT TCT TTACTAATRRCTATT TR-AATATABATATGCATERT TORGCARTAT T AT TATARTCARLAT TRACT THTATTALTCA

| ARAGTACATATATACATTCT TTACTAATARCTAT T TA-AATATARATATCCRTGAT TORSCARTAT T TATO~-TATARATCARCAT TRRCT TATATTACCCA

ARAGTACATRTATRCATTCTTTRCTARTRACTAT TTRA-ARTATARATATECATGAT TGRGCARTAT TYATG-TATAATCRACRT TARCTTRTATTRLCCRA
RRAGTACATATATRCATTCTTTRCTARTARCTAT T TR-AATATRARATATGCATGRT TBAGCARTRATTTATG-TATARTCRARCATTARCTTATATTACLCA
ARAGTRCATATATACATTCTTTRLTARTARCTAT T TR-AHTATAARTATOCATGRT TGRGLAATATIT THT G- TATARTCARCAT TRRCTTATATTALLCA
ARAGTACATRTATRCATTCT TTRCTARTAACTAT Y TR-ARTATARRTATCCRTGAT TGRGCARTATTTAT G- TRTARTCRBLAT TAGCTTATAT TALCCA
ARAGTRCATATATACAT TCT TTRCTARTARCTATT TR-RRTATRRATATGCRTEAT TCRECARTATT TATG - TRTARTCRARCAT TRRCTTATATTRLLCA
ARAGTACATRTATRCATTCT TTRCTAATHRLTATT TR-RATATARATATGCATOAT TORGCARTAT TTATG-TATARATCARLATTRRCTTATAT TALLCA
BRRGTACATRTATACATTICTTTRCTARTAACTAT T TA-FRTRTRRATATCURTEAT TGRECAATAT TIRTC-TRATAATORACAT TARCT TATATTALCCAH
ARAGTRCATATATACRT TCTT TR TRATARCTAT TTR-FATATARRTATCCATOAT TGRECARTAT T TATG-TRTARTCRRCAT TRACTTATATTACTCA
FRRGTRCATATATACRT TCTT TRETAARTARCTAT TTR-AATATARATATGCATOAT TERGCAATAT T TATG-TRTAATCARCAT TRRCT TRTATTACTCA
AARGTACATRTATACATTCT TTRCTARTRRCYAT T TA-BATATRARTATGURTGAT TGRELARTATT TRTG-TRTARTCARCAT TRRCTTATATTRCCCA

| ARAGTACATRTATACATTCTT TRCTAATARCTAT TTR-RATATARATATGUATEAT TGAGLAATAT T TRTO~TATAATCARLAT TRACTTATAT TARLCCH

ARAGTACRTRTATACATTCTTTRCTAATARCTATT TA-RATATARRTATGCRTOAT TORGCRATAT Y TRTO- TRTART TARCAT TRATCTATATTRCTCA
AARGTRCATATATACATTCTTTRCTAATARCTRTT TA-RATATRRRTATGCATSAT TGRCCARTATTTRTG-TATRATCARCAT TRACTTRTATTARCCCA
ARAGTACRTATATACATTCT T TRCTARTARCTATT TH-ARTATARRTATGUATGAT TRRGLAATAT TTATG-TATAATCARCAT TRALTTATAT TRCCLA
ARASTACHTRTATACATTCT TTRCTAATARCTATT TR-AATATARRTRYT GLRTOAT TORECRATATY TATS~ TATRATCARCAT TRACTTATATTRCLCA
ARRGTACATATATACATTCTTTRCYTRATRACTAT T TR-ARTATRRRTATCIRTOAT THARCCARTATTTRTS- TATARTCARCAT TRRCTTRTATTRCTICA
ARAGTRCATRTATACATTCTTTACTARTRRCTAT T TR-ANTATRRATATGCRTGAT TGRGCAATAT T TATG - TATAATCARCAT TRACTTATRATTRCCCA
ARAGTACATRTATALATICTT TACTAATRRCTATT TR-ARTATARATATGCRTCAT TOABCAATAT T TATS- TRTARTCRACHT TRRCTTATATTRCCCA
ARAGTACATRTATACATICT TTRACYARTRACTATT TA-AATATARRTATGCRTOAT TORGCARTRT T TATG~ TRTAATCRRCATTRACTTATATTACCCA
RRAGTRACATATATRCATTCTTTRCTARTRRCTATT TR-AATATRRATATGCRTGAT TORGCARTATT TATG-TATAATCRRCAT TARCTTATATTRLCCA
ARAGTACATATATACATTCTTTACTARTRARCTATT TR-FATATRRATATGCRTGAT TGRECARTATTTATG-TRTARTCRACAT TRACTTATATTACLCA

| ARAGTACATATATACATTCT TTACTAATALCTAT T TR-BATRTARATATOCATGAT TORRCARTATTIATG - TATARATCARCAT TRRCTTRTATTACTCA

ARRGTACATATATRCATTCTTTRCTARTRACTAT T TR-ARTATRRATATCCRTGRT TEAGCARTATT TATG-TRTARTCARCAT TARCT TATATTACCCA
ARAGTACATATATARCATTCT TTRCTARTRACTAT TTR-AATARTRRARTATGLRTGAT TGRGCARTATTTATG-TRTARTCRRCAT TRACTTATATTACLCA
ARAGTACATRTATACHTICT TTACTARTHALTATT TA-BATATARRTATGLATOAT TCRECARTAT TTRTG-TRTARTCARCAT TARTTTATATTACTCA
ARAGTACATRTATACATTCT TTRCTARTAALTATT TR-ARTATRAARTATRCRTGAT TERGCARTAT TTRTO~ TRTARTCARCAT TARCT TATATTRLCCA

| ARAGTRACATRTATACATTLTTTRCTAATARCTAT T TA-FATATRRRTATGCATGAT TCRECARTAT T TATG- THTART TRECAT TARCTTATATTRCTCA

AARGTACATRTATACATTCTTTRCTAATARCTAT TTA-RATATARARTATGCRTGAT TGROCARTAT T TRTG-TRTAARTCRRCAT TRACT TATATTALCTA
ARRGTACATRTRTRCATTCT TTRCTARTRACTAT T TH-BATATRAATATGORTGAT TCAGLARTAT Y TRTG-TATAATLARCAT TRBCT TATATTRCCCA
ARRGTRCATATATACATTCT T TRCTRATARLTATT TR-AATATARRTATCORTGAT TORGUAATAT TTATG~ TRTAAT TARCAT TARTTTATATTACTCA

| ARAGTRCATRTATACRT T T TTRCTRATARCTAT TTR-RATATARRTATGCRTGAT TRRECARTAT T TATG-TRTARTCARCAT TRRCTTATATTACTCA

ARRGTACATRTATACAT TCTTTRCTAATRACTATTTA=-AATATRARTATGCATEAT TGRECARTAT TTATG-TRTRAT TRRCAT TRACTTRATRTTRCTCA
ARRGTACATRTATACRT TCTT TRCTAATARCTAT T TR-AATATARATATGURTOAT TCROLAATAT T TAT G- TRTAATOARCAT TRACT TATAT TRCCLA
ARAGTRACATATATACATTCTTTRCTAATARLTAT TTA-AATATARATATGCATOAT TORGCARTAT T TATO- TRTAATTRRCAT TRACT TATATTRCCCA
ARRGTACATATATACRTTCTTTRCTAATARCTAT T TR-ARTATRRATATGCATEAT TRRACARTAT T TATG - TRTRAT TARCATTRACTTATRTTRCCCA
ARG TRCATHTATACAT TCTT TRCTAATARCTAT T TR-ARTATRAATATGCRTGHT TBRGLARTATT TRTG- TATAHART TARCAT TRACTTATATTACTCA
ARADTACATRTATACATTCTTTRCTAATARCTAT T TR-RATATREATRTGURTOAT TORGLARTAT T TATG~ THTAAT TRECATTRACT TATATTHCTCA
ARRGTACATATATACATTCT TTRCTARTARCTRT T TA-AATATARATHTGCATOAT TBRGCARTATTTATG~ TATAAT TRRCAT TRATCTRTATTACTCA

1 ARAGTACATRTATRCATTCTTTRCTARTRRTTAT T TR-AATATRAATATGCATBAT TGRGCARTAT T TATG-TATAATCRACATTARTTTATATTALTCA

ARAGTACATRTATACATTCT T TRCTARTARCTAT TTR-BATATARATATGCRTGAT TORBCAATAT T TRAGGTRTARTCRBCATTRACT TATATTALTCA

 ARAGTACATATATACATTC T T T ACTARTRACTATT IR-AATATARATATOCATCAT TOAGCAATAT TYATO~ TATART TRRCATTARCT TATATTACTCA

RAAGTACATATRTRCATTCTTTRCTARTRACTAT T TR-ARTATRAATATGCRYGAT THRGLCARTAT T TATG-TATART TARCAT TARCTTATATTACTCA
ARAGTACATRTATRCATTCTTTRCTARTARCTAT T TR-ARTATRRARTATGCRTGAT TGAGCARTATTTAT G- TRTARTCRARCAT TARCTTATATTACCCA
ARAGTHCATRTRTRCATTCT TTRLTARTRACTAT T TA-ARTATRRATATGLATOAT TCRBCARTATTTATG- THTAAT TRRCATTARTTTATATTALLCA
ARAGTACATRTATACATICT T TACTARTARCTATT TA-ARTATARATATOCRTGAT TGROCARTRT Y TRTG-TATRAT TARCATTARCTTATATTALTCRA
ARAGTRCATATRTARCATTC Y TTACTARTRRCTAT T TR-FATRTARATATGCRTGART TGRGCRATATTTATG- TRTARTCRRCATTARCTTATATTALLCRA
RRRGTACATATATRCATTCT TTRCTAATARCTATT TH-AATATARATATGLATEAT TGRBCHATATTIATG-TRTRATCARCAT TRRCTTATATTRLLCA
BARGTACATRTATACAT TCTTTRCTARTRACTATTIA-RNTATARATATGORTOAT TERECHRTATT TAT G- TRTANTCRRCAT TRBCTTATATTRLCCA
RRYBTRCHYATATGARTTTTTTRCTAATRT TTAT TTRCAATATARRTATCORTERT TRATCCARTART TRATG- TRTTATCARCAT TCATTTATAT TRCACA

ERRRERRRE BB RSB RRRRNEEREENBEERRRRLRERRERARERARENAE8RE8R 88888,
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CNA1735
CHA1736
CNA1748
CNA1741
CNA1742
WNA1346
WHA1347
WNA1348
HNA1349
WNA1351
WHA1914
GOM1352 -
GOM1353
GOM1 354
GOM1335
GOM1356
GOM1357?
GOM1756
GOM1757
GOM1 7?58
GOMzZB83a
GOM2831
GoMzaz?
GOM2e28
GOMze29
GOM2832
WEA1348
WEA1341
WER1342
HER1343
WEA1344
WEA1345
HWEA1749
WER1750
WEA17?51
WER1752
WEA1753
WER1754
HEAR1755
EER1334
EER13235
EEA1336
EER1337
EEA1338
EER1339
EER1743
EER1744
EEA1746
EER1 7?48
EEA1852
EERZOZ6
WPAC1519
LPRC1526
WPARC1521
WPAC1522
WPAC1523
WPAC1524
WPAC1525
WPAC1526
EPAC1S12
EPARC1513
EPAC1514-
EPAC1515
EPAC1S516
EPRC1317?
EPAC1759
EPAC1760
EPAC1761
EPAC1762
EPAC1763
EPRC1764
Pac. Rem. 4

=)
ag
Qg9
a9
a9
99
Qg
99
99
93
a9
Qg
Qg
a9
ag
ag
a9
99
ag
a9
99
ag
g
99
==}
a9
Qg
99
]
99
99
el
99
Q9
a9
99
29
99
99
aa
ag
ag
99
99
a9
99
ag
99
99
aq
99
99
Qg
Qg
ag
ag
aa
99
9
93
ag
=)
188
99
a9
9g
99
Q9
a9
k]
ag
186
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T-GGATATTCTTGGACTTAGRTCATGARTGTATACATGAACCAT TA———ARTGTTTRATCCCATGATAARTCCCTCARARATAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACTCAGRTCATGAARTATATACATGARCCATTA-——AARTGTTTRRTCCCATGATARCCCCTCAARATAGTCGTTTATCACATTGETT
T-GGATATTCTTGGACT TAGRTCATGAATGTATACATAARCCATTR—-—AATGTTTARTCCCATGACGATCCCTCARARTAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGRATATATACATGARCCAT TA—~~ARTGTTTAATCCCATGATATTCCCTCARARTAGTCGTTCATCACATTGCTT
T-GGATATTCTTGGACCTAGATCATGAATGTATACATAARTCATTA———AATGTTTAATCCCATAATGATCCCTCARRATAGTCGTTTATCACATTGCTT
T-GARTATTCTTGAGTTTAGATCARGAACATATACATAARCCAT TA———AATGTTTAATCCCATAARTARTCCTTCARAATGGTCGTTTATCACATTGCTT
T-GGRTATTCTTGGACT TRGATCATGAATATATACATARRCCAT TA—~—ARTGTTTARTCCCATGATARTCCCTCARRATAGTCGTTTATCACATTGCTT
T-GARTATCCTCGGGTCTAGATCARGARTGTATACATARACCAT TA-——ARTGTTTAATCCCATA-TARTCCTTCGARATGGTCGCTTATCACATTGCCT
T-GGATATTCTTGGACCTAGATCATGRATGTATACATAARRCCATTA———ARTGTTTARTCCCATGATGATCCCTCGARATAGTCGTTTACCACATTGETT
T-GGATATTCTTGGACTCAGATTATGARTGTATACATARACCATTA--—ARTGTTTRATCCCATGATAARTCCCTCARARATAGTCGTTCATCACATTGCCT
T-GAATATCCTTGAGCCTAGATCAGGARTATATACATARACCATTA--—ARTGTTTGGTCCCATAATAATCCTTCARAATGGTCGTTTATCACATTGTTT
T-GARTATCCTTGAGTGTAGRTTARGGATATGTACATARARCCAT TA-~-AATGTTTAATCCCATARTARTCCCTCARAARTAGTCGCTCACCACATTGCTT
T-GRATATCCTTGAGTTTAGATCAAGRACATATACATARACCAT TA--—-AATGTTTAATCCCATARTARTCCTTCARAARTGGTCGCTCATCACATTGTTT
T-GARTATCCTTGAGTTTAGATCARGAGCATATACATARACCAT TA-—-ARTGTTTAATCCCATAARTAATCCTTCGARARTGGTCGCTCATCACATTGCTT
T-GGRTATTCTTGGACTTAGATCATGARTGTATACATGAACCATTA-~-AARTGTTTARTCCCATGATAATCCCTCAAARTAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGAATGTGTGCATGAACCATTA-—-ARTGCTTARTCCCATGATAARTCCTTCRAARTAGTCGTTTACCACATTGCTT
T-GGATATCCTTGAGTCCAGATTARGGATATATACATARACCATTA~~—ARTGTTTAATCCCATAATARTCCTTCARARTAGTCGCTTATCACATTGCTT
T-GAATATTCTTGAGTTTAGATTAARGAGTATATACATTAARTCAATA-~-ARTGTTTAARTCCCATARTARTCCTTCGARATAGTCGTTTRTCACATTGCCT
T-GGATATTCTTGAACCTAGATCATGARTGTATRCATARATCAT TA——-AATGTTTARTCCCATARTGATCCCTCARARTAGTCGTTTACCACATTGCTT
T-GGATATCCTTGAGTCCAGATCAAGGATATATACATARATCAT TA-~-AARTGTTTARTCCCATAATARTCCTTCAARARTAGTCGCTTATCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGAATATATACATGRACCAT TA-~~GARTGTTTARTCCCATGATAARCCCCTCRARRTAGTCGTTTATCACATTGCTT
T-GORTATTCTTGGACTTAGATCATGAATATATGCATGRACCATTA-—-ARTGTTTRATCCCATGATARTCCTTCARAARTAGTCGCTTATCRCATTGETT
T-GAATATCCTTGRGTTTAGATCARGAACATATACATARACCATTA-~—ARTGTTTAARTCCCATARTAARTCCTTCARAATGGTCGCTCARTCACATTGTTT
T-GAATATCCTTGRGTTTAGATCAARGARCATATACATARACCAT TA—~-ARTGTTTAATCCCATARTAATCCTTCARRATGGTCGCTCATCACATTGTTT
T-GGATATTCTTGGGCTTAGATCATGARTATATACATARACCAT TA——-AATGTTTARTCCCATGATARTCCCTTARARRTAGTCGTTTACCACATTGCTT
T-GARTATCCTTGAGTTTAGRTCAAGAARCATATACATAARRCCAT TA-~~AATGTTTARTCCCATAATAATCCTTCARAARRTGGTCGTTTATCACATTGCTT
T-GAATATCCTTGAGCCTAGATCARGARCATATACATARACCATTG——-ARTGTTTGATCCCATATTARTCCTTTARARATGGTCGTTCARCCACATTGCCT
T-GAATATCCTTGAGTTTAGATCARGARCATATACATARACCATTA-~-ARTGTTTRARTCCCATARTAARTCCTTCAARARTGGTCGCTCRATCARCATTGTTT
T-GAARTATCCTTGAGTTTAGATCARGAACATATACATARACCATTA-~-ARTGTTTRATCCCATARCAARTCCTTCARARATGGTCGCTCATCACATTGTTT
T-GAATATTCTTGGACTTAGATCATGARTGTATACATGAACCATTA-~—ARTGTTTAATCCCATGATAARTCCCTCAARRTAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGRCTCAGATCATGARTATATACATGAACCATTR—~-ARTGTTTAATCCCATGATAARCCCCTCARRATAGTCGTTTATCACATTGCTT
T-GGATATTCTTGAGCTCAGATCATGARTGTATARCATGAACCAT TA——-AARTGTTTRAATCCCATGATAATCCCTCARRARTAGTCGTTTATCACATTGCTT
T-GGATATTCTTGARCTCAGATCATGARTGTATACATGAACCAT TA—~-AATGTTTARTCCCATGATARTCCCTCARARTAGTCGTTTATCACATTGCCT
T-GRATATCCTTGAGTTTAGARTCARGACCATATACATARACCATTA-——ARTGTTTAATCCCATARTARTCCTTCARRATGGTCGCTCATCACATTGTTT
T-GGATATTCTTGGACCTAGATCATGAATGTARTACATARATCATTA———ARTGTTTARTCCCATGATGATCCCTCARARARTAGTCGTTTACCACATTGCTT
T-GAATATTCTTGGACT TAGATCATGAATGTATACATGAACCATTA-~—-AARTGTTTRAATCCCATGATARTCCCTCARAATAGTCGTTTATCACATTGCTT
T-GARTATCCTTGAGTTTAGATCARGARCATATACATARACCATTA-——ARTGTTTARTCCCATARTARTCCTTCAARRATGGTCGCTCATCACATTGTTT
T-GGATATCCTTGAGTCCAGATTARGGATATATACATARACCATTA—~-ARTGTTTARTCCCATARTARTCCTTCARRATAGTCGCTTATCACATTGCTT
T-GGATATCCTTGAGTCCAGATTARGAATACATACATARRCCATTA-~—AATGTTTARTCCCATAATARTCCT TCAAARRTAGTCGCTTATCACATTGCTT
T-GAATATCCTTGAGTTTAGATCARGAGCATATACATARACCATTA-~-AARTGTTTARTCCCATARTARTCCTTCARARTGGTCGCTCATCACATTGTTT
T-GAATATTCTTGGARCTTAGATCATGAARTGTATACATGAARCCAT TA-~-ARTGTTTARTCCCATGACAARTCCCCCARAATAGTCGTTTATCACATTGCTT
T-GGATATCCTTBGACT TAGATCATGARTGTATACATGAACCATTA—~-AATGTTTAARTCCCATGATARTCCCTCARRATAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGAATGTATACATGRACCATTA—~-ARTGTTTARTCCCATARTARTCCCTCGARATAGTCGCTTATCACATTGCTT
T-GGATATCCTTBAGTCCAGATTARGGATATATACATARACCATTA-~—AATGTTTARTCCCATAATARTCCTTCAAARARTAGTCGCTTRTCACATTGCTT
T-GGATATTCTTGGACTTAGATCATGAGTGTATACATGRACCATTA-~-ARTGTTTAARTCCCATARTARTCCTTCGAARTAGTCGTTCATCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGRATGTATACATGARCCATTA-~-AATGTTTARTCCCATGATARTCCCTCARAARTAGTCGTTTATCACATTGCTT
T-GAATATTCTTGAGT TTAGATCARGRACATATACATARACCAT TA—~-AATGTTTARTCCCATARTAATCCTTTARARTGGTCGTTTATCACATTGCTT
T-GAATATTCTTGAGCTTAGATTARGAGTATATACATTARTCARTA-~—ARTGTTTRATCCCATARTARTCCTTCGARATAGTCGTTTATCACATTGCCT
T-GRATATTCTTGAGTTTAGATCARGARCATATACATARACCATTA-~-AARTGTTTAATCCCATARTAATCCTTCAARATGGTCGTTTATCACATTGCTT
T-GGATATCCTTGGACTTAGATCATGRATGTATACATGRACCATTA-~—-ARTGTTTAARTCCCATGATARTCCCTCAAARRTAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGARTATATACATGAACCAT TA-~—AARTGTTTAARTCCCATGATAACCCCTCARARATAGTCGTTTATCRCATTGCTC
T-GARTATTCTTGGACTCAARTCATGARTGTATACATARRCCATTA-~—-AATGTTTARTCCCATGARCARTCCCTCAARATAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGACCTAGACCATGRARTGTATACATGAACCAT TA—~-AARTGCTTRARTCCCATGATGATCCCTCAARATAGTCGTTTATCACATTGLTT
T-GGATATTCTTGGACTCAGATCATGAATATATACATGAACCATTA—~—AATGTTTRATCCCATGATARTCCTTCAARATAGTCGTTTARCCACATTGLTT
T-GGATATTCTTGGACTTAGATTATGARTGTATACATARACCATTA——-—ARTGTTTRATCCCATGATAARTCCCTCARARTAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACTTAARTCATGAARTATATACATGAACCATTA—~—ARTGTTTARTCCCATGACAATCCCTCARARTAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACTTRAGATCARGARTGTATACATGAACCATTA—~—ARTGTTTAATCCCATGATAATCCCTCARARTAGTCGTTCACCACATTGCTT
T-GGATATTCTTGGRCCCAGATCATGARCGTATACATGAACCATTG—~—ARTGTTTAATCCCATGATARTCCCTCARARTAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGACTTAGATCATGAATCTATACATARACCATTAR-~—AARTGTTTRAATCCCATGATARTCCCTCGARATAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGACTTAGATTATGARTGTATACATARACCATTA—~-AATGTTTAARTCCCATGATARTCCCTCTARATAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACCTAGATCATGARTGTATACATARATCAT TA—~-AATGTTTRATCCCATGATGATCCCTCARARTAGTCGTTCACCACATTGCTT
T-GAATATTCTTGGACT TAGARTCATGARTGTATACATARACCAT TA-~—ARTGTTTARTCCCATARTAATCCTTCARARTAGTCGCTCATCACATTGCTT
T-GGATATTCTTGGACTCAGATCATGAATATATGCATARACCATCA---ARTGCTTARTCCCATGATAATCCTCCARRATAGTCGTTTATAGGATTGCTT
T-GGATATTCTTGGACTTAGATCATGAATGTATACATGAACCATTA—~-AATGTTTAATCCCACGATAATCCCTCAARATAGTCSTTTATCACATTGCTT
T-GGATATTCTTGGACTTAGATTATGAARTGTATACATAARCCAT TA———-RATGTTTAARTCCCATGATAATCCCTCARARTAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGACTTAGATCATGARTATATACATARACCATTA--—ARTGTTTARTCCCATGATARTCCCTTARAATAGTCGTTTACCACATTGCTT
T-GGATATTCTTGGRCCTAGARTCATGAARTGTATACATARACCATTA~~—ARATGTTTAARTCCCATGATARTCCTTCARARCAGTCGTTTATCACATTGCTT
T-GGATATTCTTGGACCCRGATCATGAATATATACATAARARCCAT TA-~-ARTGTTTRATCCCATGACARTCCCTCARRATAGTCGTTTATCACATTGLTT
T-GGATATTCTTGGACTCARATCATGAATGTATACATRAARCCATTA---AATGTTTARCCCCGTGACAATCCCTCAARARTAGTCGTTTACCACATTGCTT
T-GGATATTCTCGGACTTAGATCATGAATATATACATARACCATTA—--ARTGTTTARTCCCATGATARTCCTTCAARRATAGTCGTTCGCCACATTGCTT
T-GGATATTCTTGGACTCARRTCATGARTGTATACATARACCATTA---ARTGTTTAATCCCATGACARTCCCTCARRATAGTCOGTTTACCACATTGLTT
TTRGATTATATTGGARATATTARAGGTTTRATSTACATARACCATTAGTTARTACTARTTCCACCGACTGTCAATTRARACAGRAGATTCTCACATTGCCC
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CNR1733
CHA1736
CNA1748
CNA1741
CNA1742
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WNA1347
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LWNA1340
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CAGCACGACGATCARCAT TCCARATATATACCAGGACTCAACAACCTCRA-TARGGTARGCRATTTRATGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACGGCGATCARCATTCCGRATATATACCAGGACTCARCAACCCTAAR-CARGGCAARARCAGT TTARTGTAGTARAGARCCTACCATCAGTTGATTTCTT
CAGCACGARCGARTCARCATTCCARATATATACCAGGAC TCARCAACCCTAR-CARGGCARGCAATTTARTGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACAT TCCARATATATACCAGGACTCARCARCCCTAR-CARGGCARGCARTTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACGACAATCAACATTCCARATATATACCAGGACTCARCARCCTCAR-CAAGGCARGCARTTTARTGTAGTAARGAARCCTACCATCAGTTGATTTCTT
CAGCACAARTARTTARCATTCCARATATATACCAGGAT TCARCAACCCTAR~TAARAGCAR-CART TTAATGTAGTARGAARCCTACCATCAGTTGATTTCTT
CAGCACGACAATCARCATTCCARATATATACCAGGACTCARCARCCCTAA-CAAGGCARGCART TTRATGTAGTARGAACCTACCATCAGTTGATTTCTT
CAACACAGTRATTARCATCCCRAATATATACCAGGACTCARCAACCCTAR-TARAGCAR-CAATTTARTGTAGTAAGARACCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARATATATACCAGGACTCARCARCCTCAR-CARGGCARGCARTTTARTGTAGTARGAACCTRCCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARATATATACCAGGACTCARCARCCCTAR-CARGGCARGCAATTTARTGTAGTARGAACCTACCATCAGTTGATTTCTT
CARCACARTARTTARCATTCCARATATATARCCAGGATTCARCARCCCTAA-TARGGCAR-CAARTTTARTGTAGTARGAACCTACCATCAGTTGATTTCTT
CAACACAGTAGTCARGACTCCARRTATATACCAGGAT TCARCAACCCTAR-TARRRCAR-CART TTARTGTAGTARGAARCCTACCATCRGTTGATTTCTG
CAGCACAATGGTCARCATTCCARATATATACCAGGAT TCAACAARCCCTAA-TRAAGCAR-CAATTTARTGTAGTAARGARCCTACCATCAGTTGATTTCTT
CAGCACAATAARTCARCATCCCARATATATACCAGGATTCARCAACCCTAR-TARAGCAR-CAATTTARTGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARATATATACCAGGACTCARCARCCTCAR-CARGGTARGCART TTARTGTAGTAARGARCCTACCATCAGTTGATTTCTT
CAGCACGAT-ATCAARCATTCCARATATATACCAGGACTCARCARCCCCAR-CAAGGCARGCARTTTAATGTAGTAARGAGCCTACCATCAGTTGATTTCTT
CARCACAGTARTCAAGGCTCCOGARTATATACCAAGAT TCARCARCCCTAR-TARARCAAR-CARTTTARTGTAGTARGAACCTACCATCAGTTGATTTCTC
CAGCACAGCAARTCRAGATTCCARATATATACCAGGAC TCARCAARCCCTARA-TARAGCAAR-TAATTTARTGTAGTAAGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARATATATACCAGGACTCARCAACCTCAAR-CARGGCARGCAACTTARTGTAGTARGAACCTACCATCAGTTGATTTCTT
CARCACAGTARGTCARGACTCCAAARTATATACCARGATTCAARCRACCCTAA-TARRGCAR-CAATTTARTGTAGTARGAACCTRCCATCAGTTGATTTCTC
CAGCACGACGATCARCATTCCGARTATATACCAGGACTCARCAACCCTAA-CAAGGCARGCAGTTTARTGTAGTARGAACCTACCATCAGTTGATTTCTT
CAGCACRACTATCAACATTCCARATATATACCAGGRCTCARCARCCCCAR-CARGGCARGCARTTTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACAATGATCARCATTCCARRTATATACCAGGAT TCARCARACCCTARA-TRARAGCAA-CAATTTARTGTAGTARGARCCTARCCATCAGTTGATTTCTT
CAGCACAATGATTAACATTCCARATATATACCAGGAT TCAACARCCCTAR-TARAGCAR-CAATTTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACTGCAATCAACATTCCARRTATATACCAGGACTCAARCARCCCTGA-CARGGTARGCAARTTTARTGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACAARCARATTARCAT TCCARATATATACCAGGAT TCARCARCCCTAAR-TAARRGCAR-CARTTTAATGTAGTARGAACCTACCATCAGTTGATTTCTT
CAACACAATARTTAACATTCCARATATATACCAGGATTCARCARCTCTAA-TAAGACAR-CARTTTAATGTAGTARGAACCTACCATCAGTTGATTTCTT
CAGCACAATGATTAARCATTCCARATATATACCAGGAT TCARCAARCCCTAAR-TARAGCAR-CAARTTTAATGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACAATGGTCAACATTCCAARRTATATACCAGGRT TCAACAARCCCTAR-TARAGCAR-CARTTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACATTCCARATATATACCAGGAC TCARCARACCCTRA-CARGACARGCARATTTARTGTAGTARGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCGRAATATATACCAGGACTCARCARCCCTAR-CARGGCARACAGTTTRATGTAGTARGRACCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACAT TCCARRTATATACCAGGACTCARCARCCCTAAR-CARGGCARAGCART TTRATGTAGTARGRACCTACCATCAGTTGATTTLTT
CAGCACGACGATCAACAT TCCARATATATACCAGGACTCARCARCCCTAA-CAAGGCARGCAATTTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACAARTAATTAARCAT TCCARATATATACCAGGART TCARCARCCCTAR-TRAAGCAR-CAATTTARTGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACAT TCCARRTATATACCAGGACTCAACAACCTCAAR-CARGGCARGCAATTTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCCACATTCCARARTATATACCAGGACTCRACARCCCTAR-CARGGCARGCART TTARTGTAGTARGARCCTACCATCAGTTGAYTTTCTT
CAGCACARTCATTARCATTCCARATATATACCAGGAT TCAACARCCCTAR-TARAGCAA-CAATTTAATGTAGTARGAACCTACCATCAGTTGATTTCTT
CRACACAGTAGTCAARGACTCCARRTATATACCAGGACTCAARCAACCCTAA-TARARCAR-TARATTTARTGTAGTAAGARACCTACCATCAGTTGATTTCTC
CARCACAGTAGTCARGACTCCARATATATACCAGGAT TCARCARCCCTAA-TAAAGCAA-TART TTRATGTRGTAAGARCCTACCATCAGTTGATTTCTC
CAGCACARTARTCARCATTCCARATATATACCAGGACTCARCAACCCTARA-TARAGCAAR-CAATTTARTGCAGTARGAACCTACCATCAGTTGATTTCTT
CAGCACGATGATCCACATTCCARATATATACCAGGACTCARCAACCCTAR-CARGGCAAGCARTTTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CRGCACGACGATCAAGGTTCCARATATATACCAGGACTCAACARCCCTGA-CARGACARGCARTTTAATGTAGTARGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACATTCCARATATATACCAGGACTCARCARCCCTAR-CARGACARAGCARTTTAATGTAGTARGAARCCTACCATCAGTTGATTCCTT
CAARCACAGTAGTCARGACTCCARATATATACCAGGATTCARCARCCCTAR-TARARCAR-TAARTTTRATGTAGTAAGAARCCTACCATCAGTTGATTTCTC
CAGCACGACGATCARCGTTCCARATATATACCAGGACTCARCARCCCTARATAAGATAGGCAATTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCGT TCCARATATATACCAGGRCTCAACAACCCTAR-CARGACARGCAATTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACARTAATTARACAT TCCARATATATACCAGGAT TCAACAACCCTAR-TARRGCAA-CAATTTAATGTAGTAARGARCCTACCATCAGTTGATTTCTT
CAGCACAGCAATCARGAT TCCARATATATACCAGGACTCAACARCCCTAA-TARAGCAR-TAARTTTRATGTAGTARGARCCTACCATCAGTTGATTTCTT
CARARCACARATAARTTAARTAT TCCRAATATATACCAGGAT TCARCAACCCTAA-TARAGCAR-CAATTTAATGTAGTAAGAGCCTACCATCAGTTGATTCCTT
CAGCACGACGATCAACAT TCCARRTATATARCCAGGACTCAACARCCTCAR-TRAGGTAARGCARATTTARTGTAGTHAGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACAT TCCGARTATATACCAGGACTCAARCAACCCTAR-CARGGCAARGCAGTTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARRTATATACCAGGACTCAACARCCCTAR-CAAGGTAAGCART TTAATGTAGTARGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARRCATATACCAGGAC TCARCARCCTCAA~CARGCCARGCAAT TTARTGTAGTAAGAACCTACCATCAGTTGATTTCTT
CAGCACGACTATCAACAT TCCARATATATACCAGGACTCARCARCCCCAG-CARGGCARGCAATTTARTGTAGTAAGRACCTACCATCAGTTGATTTCTT
CAGCACGACAATCARGGTTCCARATATATACCAGGACTCARCARCCTCAR-CARGACAAGCAAT TTARTGTAGTAAGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCARTATTCCARRTATATACCAGGAC TCARCARCCCTAA-CARGGTARGCAAT TTARTGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACGATGATCAACATTCCARATATATACCAGGARCTCAARCAACCTCAR-CARGGTARGCARTTTAATGTAGTAAGRACCTACCATCAGTTGATTTCTT
CAGCACAARC-ATCARACAT TCCARARTATATACCAGGAC TCAARCARCCTCAR-TARGGTARGCARTTTARTGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCARTATTCCARRTATATACCAGGACTCAACAARCCTCRA-CAAGGCARGCAAT TTAATGTRGTAARGARCCTACCATCAGTTGATTTCTT
CAGCARCAACAATCAACACTCCARATATATACCAGGACTCARCARCCLCAR-CAAGGTARGCAATTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCARCATTCCARATATATACCAGGACTCARCARCCTCAR-CARGGCARGCAATTTAATGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCRCAGTAGTCAARRAC TCCARATATATACCAGGACTCARCARTCCTAR-CARGATRAACAAT TTAATGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACGAT TATCARACAT TCCARATATATACCAGGAC TCAACRACCCTAR-CAAGGCARGCAART TTRARTGTRGTARGRACCTACCATCAGTTGATTTCTT
CRGCACGACGATCAACAT TCCARATATATACCAGGACTCARCARCCT TAR-CARGACARGCAAT TTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACGACAARTCARCAT TCCARATATATACCAGGACTCARCARCCCCAR-CARGGTARGCRAT TTAATGTAGTARGARCCTACCATCAGTTGATTTCTT
CAGCACTGCGATCAARCATTCCARATATATACCAGGACTCARCAACCCTGA-CAAGGTAAGCRATTTARTGTAGTARGAARCCTACCATCAGTTGATTTCTT
CAGCACGGCGATCAACATTCCARATATATACCAGGACTCARCAACCTCAA-CAAGGTARGCART TTARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCACGACGATCAACATTCCARATATATACCAGGACTCAACARCCTCAR-CARGGTARGCARTTTAARTGTAGTRAGAACCTACCATCAGTTGATTTCTT
CAGCACGACGATCAARCATTCCARARTATATACCAGGACTCARCAARCCCTRA-CARGGTARGCAATTTARTGTAGTRAGARCCTACCATCAGTTGATTTCTT
CAGCACTGCGATCAACGT TCCARRTATATACCAGGACTCARCAACLCTGA-CAARGGTARGCAATTTARTGTAGTARGARACCTACCATCAGTTGATTTCTT
CAGCACGACARTCARCATTCCAARTATATACCAGGRCTCAACAACCCTAAR-CAAGGTARGCAATTTAARTGTAGTAAGARCCTACCATCAGTTGATTTCTT
CAGCRCGATAATCCATARAGCAATGTTATACCAGGGCTCAATTACCCTGGGTCTTAATG-CACATTARTGTAGTAAGRGACCACCATCAGTTGATTACTG
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CNA1735
CNR1736
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ARTGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGARCTATTCCTGGCATTTGGT TCCTRCT TCAGGRACATGCAT-TT
ARTGRTARCTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTAACACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
ARTGATARCTCTTATTGATGGTCAAGGACAGTTATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACT TCAGGAACATGCAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACT TCAGGAARCATGCAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGARTTRTTCCTGGCATTTGGTTCCTACTTCAGGAACATGGAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTTAGTGAACTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAARTTATTCCTGGCATTTGGT TCCTARCTTCAGGAACATGCAT-TT
ARTGATARCTCTTAT TGATGGTCARGGACAGT TRTTAGTGGGGGTARCACTTAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGRACATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGTTATTAGTGGGGGTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGARCATGGAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRAARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGRACATGTAT-TT
AATGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACCTCAGGRACATGTGT-TT
ARTGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTCACACTCAGTGRATTATTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
ARTGATARCTCTTATTGATGGTCAAGGACAGTTATTAGTGGGGGTARCACTTAGTGAATTATTCCTGGCAT TTGGT TCCTACCTCAGGAACATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGTTATTAGTGGGGGTARCACTTAGTGAATTATTCCTGGCAT TTGGT TCCTACCTCAGGAACATGTGT-TT

ARTGATAARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRACACTCAGTGRATTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT

AATGATARCTCTTATTGATGGTCARGGACAARTTATTAGTGOGGGTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
AATGATARCTCTTATTGATGGTCARGGARCAGT TATTAGTGGGGGTCACACTCAGTGART TATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCARCCTAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGRARCATGTGT-TT
AATGATAACTCTTATTGATGGTCAARGGACAGTTATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGARCATGGAT-TT
RATGATAACTCTTATTGATGGTCARGGACAGTTATTAGTGGGGGTCACACTCAGTGAATTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGRATTATTCCTGBCATTTGGTTCCTACT TCAGGRACATGCAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGARCATGCAT-TT
ARTGATARRCTCTTATTGATGGTCARGGACAGTTATTAGTGGGGGTARCACTTAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGARARCATGTGT-TT
ARTGATARCTCTTATTGATGG TCARGGACAGT TRTTAGTGGGGGTARCACTTAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAARTTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACT TAGTGRACTATTCCTGGCATTTGGTTCCTACCTCAGGRACATGTGT-TT
AATGATARCTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTRACACTTAGTGARTTATTCCTGGCATTTGGT TCCTACCTCAGGAACATGTGT-TT
ARTGATAARCTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTARCACTTAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
AATGATAACTCTTATTGATGGTCAARGGACAGTTATTAGTGGGGGTARCACT TAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGRARCATGTGT-TT
RATGATAACTCTTATTGATGGTCARGGACAGT TATCAGTGGGGGTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGCAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
AATGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACCTCAGGRACATGCAT-TT
AATGATARACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGRACATGTAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACT TAGTGAATTATTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
AATGATAACTCTTATTGATGGTCARGGRCAGT TATTAGTGGGGGTRACACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGRACATGGAT-TT
ARTGATRAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRACACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
AATGATAARCTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTAACACTTAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
RATGATAACTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTCACACTCAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGRACATGTGT-TT
RATGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTCACACTCAGTGAART TRTTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
AATGATRACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRACACTCAGTGAAT TATTCCTGGCATTTGGTTCCTACCTCAGGRACATGTGT-TT
ARTGATARACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGAARCATGCAT-TT
AATGATAARCTCTTATTGATGGTCAARGGACAGT TATTAGTGGGEGGTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTCACACTCAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACCCAGTGARCTARTTCCTGGCATTTGGTTCCTACTTCAGGRACATGTAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TRTTAGTGGGGGTARCACTCAGTGAARTTRTTCCTGGCATTTGGTTCCTACTTCAGGRACATGCAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRACACTTAGTGARCTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
AATGRTAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTAACACCTAGTGAARTTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGTGT-TT
RATGRTRRCTCTTATTGATGGTCARGGACAGT TRETAGTGGGGGTARCACT TAGTGARCTATTCCTGGCATTTGSTTCCTACCTCAGGAACATGTGT-TT
ARTGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGARCTATTCCTGGCATTTGGTTCCTACTTCAGGARCATGCAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TRTTAGTGGGGGTARCACTCAGTGAARTTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
AATGATARCTCTTATTGATGGTCAAGGACAGT TRTTAGTGGGGGTARCACCCAGTGART TATTCCTGGCATTTGGTTCCTACCTCAGGARCATGCAT-TT
AATGATAACTCTTATTGATGGTCAARGGACAGT TATTAGTGGGGGTARACACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGARCATGCAT-TT
ARTGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTAARCACCCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGTAT-TT
AATGATARACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGOTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTRCCTCAGGARCATGCAT-TT
AARTGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACCCAGTGARTTRTTCCTGGCATTTGGTTCCTACCTCAGGARCATGTAT-TT
AARTGARTARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGARTTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGEAT-TT
ARTGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGAACTATTCCTGGCATTTGGT TCCTACTTCAGGARCATGCAT-TT
ARTGATARCTCTTATTGATGGTCAARGGACAGT TRTTAGTGGGGGTAACACTCAGTGAART TRTTCCTGGCATTTGGTTCCTACTTCAGGARCATGCAT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRACACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGARCATGCAT-TT
AATGATAARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCARCTCA-TGAATTATTCCTGGCATTTGGTTCCTACT TCAGGAACATGGAT-TT
RATGATAARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACCTAGTGARTTATTCCTGGCATTTGGTTCCTARCTTCAGGARCATGTAT-TT
RRTGATARCTCTTATTGATGGTCARGGACART TATTAGTGGGGGTARCACTCAGTGAARTTATTCCTGGCATTTGGTTCCTACT TCAGGRACATGCAT-TT
ARTGATAARCTCTTATTGATGGTCAAGGACAGT TRTTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGTTCCTACTTCAGGAACATGCAT-TT
ARTGATAACTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTTAGTGAAT TATTCCTGGCATTTGETTCCTACTTCAGGARCATGCAT-TT
ARTGATARCTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTRACACTCAGTGARTTATTCCTGGCATTTGGTTCCTACCTCAGGARCATGTGT-TT
AATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTRRCACTTAGTGARTTATTCCTGGCATTTOGTTCCTACTTCAGGARCATGCAT-TT
AATGATAARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTTAGTGAATTATTCCTGGCATTTGGTTCCTACCTCAGGAACATGCAT-TT
RATGATARCTCTTATTGATGGTCARGGACAGT TATTAGTGGGGGTARCACTCAGTGART TATTCCTGGCATTTGGTTCCTRCCTCAGGAACATGCAT-TT
ARTGATARCTCTTATTGATGGTCAAGGACAGT TATTAGTGGGGGTARCACTCAGTGAATTATTCCTGGCATTTGGT TCCTACCTCAGGAACATGTAT-TT
ARTGATARCTCTTATTGATGGTCAARGGACAGT TATTAGTGGGGGTRACACCCAGTGARTTATTCCTGGCATTTGGTTCCTRCCTCAGGAACATGCAT-TT
AARTGTTRACTCTTATTGATGGTCAGGGACAGARATC-GTGGGGGTCACACTTATTGARTTATTCCTGGCATA-GGTTCCTACTTCAGGARCATTACTATT
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392
302
392
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392
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302
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391
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CNA1?35
CNA1736
CNA1748
CNA1?41
CNA1742
WNA1346
WNA1347
WNA1348
WNA1349
WHA1351
WNA1914
GOM1352
GOM1353
GOM1354
GOM1355
GOM1356
GOM1357
GOM1756
GOM1757
GOM1752
GOM2@a36e
GOM2031
GOM2827?
GOM20828
GOM2829
GOM2a32
WEA1348
HWEA1341
WEA1342
WER1343
WEA1344
HER1345
WEA1749
WEA1758
WEA17?51
WEA1752
WER1753
WERA1754
HEA1755
EER1334
EEA1335
EEA1336
EEA1337
EEA1338
EEA1339
EER1743
EER1744
EER1746
EEA1748
EEA1852
EEAZ@26
WPAC1519
WFAC1528
WPRC1521
WPAC1522
WPAC1523
WPAC1524
WPAC1525
WPAC1526
EPAC1512
EPAC1513
EPAC1514
EPAC1515
EPAC1516
EPAC1517
EPAC1759
EPAC1768
EPAC1761
EPAC1762
EPAC1763
EPAC1764
Pac. Rem.

4

393
393
393
393
393
392
393
391
393
393
392
392
392
392
3493
392
302
392
393
392
393
393
392
392
393
392
392
392
392
393
393
393
393
392
393
393
392
392
392
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393
3092
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392
392
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393
393
393
393
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293
393
392
393
393
392
393
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393
393
393
393
393
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155

AGARTRCTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAR
ARGATACTCCCCACTCATTCATCGACGCTCGCATARGT TARTGGTOBCGRCCAGA-CTCCTCGTTACCCAGCARGCCGAG—CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATAAGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGTTARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCGTTCATTGACGCTCGCATARGT TAATGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TAATGGTGGCGACCAGA-CTCCTCGTTACCCAGCAAGCCGAG-COTTCCTTCCAGCGGG-TAR
AGATACTCCCCGCTCGTTCATTGARCGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-COTTCCT TCLAGCGG6-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TAATGGTGGCGACCAGA-CTCCTCGT TACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATCGACGCTCGCATAAGT TAATGGTGGCGRCCAGA-CTCCTCGT TACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCGTTCATTGACGCTCGCATAAGT TRATGGTGACGRCCAGAR-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TRRTGGTGGCGACCAGAR-CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCGTTCATTGACGCTCGCATARGTTARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCGTTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCAAGCCGAG-CATTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TRATGGTGGCGACCAGA-CTCCTCGT TRCCCAGCARAGCCGARG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TRATGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGGG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATAAGT TRATGGTGGCGACCAGA-CTCCTCGT TRCCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATATTCCCTGCTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTEGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCAARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGTTARTGGTGGCGACCAGA-CTCLCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TRATGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TAATGGTGGCGRCCAGA-CTCCTCGT TACCCAGCARGCCGAG-COTTCCTTCCAGCGGG-TARA
AGATACTCCCCACTCATTCATTGACGCTCGCATAAGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCGTTCATTGRCGCTCGCATARGT TARTGGTGGCGATCAGAR-CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTOACGCTCGCATARGT TARTGGTGGCGACCGGA-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGAGGG-TAA
AGATACTCCCCACTCGTTCATTGACGCTCGCATAAGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAR

‘AGATACTCCCCACTCGTTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA

AGATACTCCCCACTCGTTCATTGACGCTCGCATARGT TRAATGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG6-TAA
AGATACTCCCCACTCGTTCATTGACGCTCGCATAAGT TARTGGTGGCGACCGGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAHA
AGATACTCCCCACTCATTCATTGARCGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGEGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TARA
AGATACTCCCCACTCATTCATCGACGCTCGCATARGTTARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCGCTCGTTCATTGACGCTCGCATARGTTARTGGTGGCGATCAGA~CTCCTCGT TACCCAGCARGLCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGTTARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TAATGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCGTTCATTGACGCTCGCATAARGT TARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA~CTCCTCGTTACCCAGCARGCCGGG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TRRTGGTGTCGACCAGA~CTCCTCGT TACCCAGCAARGCCGAG-CGTTCCTTCCAGCGGG-TRA
AGATACTCCCCACTCGTTCATTGACGCTCGCATAAGT TRATGGTGGCGACCAGA-CTCCTCGTTACCCAGCAAGCCGGG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGTTAATGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATCGACGCTCGCATARGTTAARTGGTGGCGACCAGA~CTCCTCGTTACCCAGCAAGCCGAG-COGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATCGACGCTCGCATAAGTTARTGGTGGCGACCAGA~CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGRTACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATATTCCCCACTCATTCATTGACGCTCGCATARGTTARTGGTGGCGACCAAA-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCARAGCCGGG-COGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCGTTCATTGACGCTCGCATARGTTAATGGTGGCGACCAGAR~CTCCTCGTTACCCAGCARGCCGGG-CATTCCTTCCAGCGGG-TAR
RGATATTCCCTGCTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA~CTCCTCGT TACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TARA
AGATACTCCCCACTCGTTCATTGACGCTCGCATAAGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCAARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCGCTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-COTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TAATGGTGGCGATTAGAACTCCTCGT TACCCAGCARGCCGAG—CGTTCCTTCCAGCGGGGTAA
AGATACTCCCCGCTCATTCATTGACGCTCGCATARGT TAATGGTGGCGACCAGA~CTCCTCGTTACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATCGACGCTCGCATAARGT TARTGGTGGCGACCAGA~CTCCTCGT TACCCAGCAAGCCGGG—-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATCGACGCTCGCATARGT TARTGGTGGCGACCAGA~-CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGR~CTCCTCGT TACCCAGCRRGCCGGG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCGCTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA~-CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGARTACTCCCCACTCATTCATTGACGCTCGCATAAGT TAATGGTGGCGACCAGA-CTCCTCGT TRCCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGLCGACCAGA~CTCCTCGTTACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGATCAGR~CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGA~CTCCTCGT TACCCAGCARGCCGOBGGCGT TCCTTCCAGCGGG-TAAR
AGATACTCCCCACTCATTCATTGACGCTCGCATAR-TTARTGGTGGCGACCAR--CTCCTCGTTACCCA--ARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATATTCCCCACTCATTCATCGACGCTCGCATARGT TRATGGTGGCGACCAGA~CTCCTCGT TACCCARGCARGCCGAG-CATTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATCGACGCTTGCATARGT TARTGGTGGLGACCAGA~-CTCCTCGTTACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAA

'AGATACTCCCCACTCATTCATTGACGCTCGCATARGTTARTGGTGGCGACCAGA-CTCCTCGTTACCCAGCARGCCGRG-CGTTCTCTCCAGCGGG-TAA

AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TRATGGTGGCGACCAGA~CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA

[AGATACTCCCCACTCATTCATTGACGCTCGCATAAGTTAATGGTGGCGACCGGA~CTCCTCGT TACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TARA

AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGRCCAGA-CTCCTCGT TACCCAGCAAGCCGAG-CGTTCCTTCCAGCGGG-TAR
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TARTGGTGGCGACCAGAR~CTCCTCGT TACCCAGCARGCCGGG-CGTTCCTTCCAGCGGG-TAA
AGRTACTCCCCGCTCATTCATTGACGCTCGCATARGT TAATGGTGGCGACCAGA-CTCCTCGT TACCCAGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
AGATACTCCCCACTCATTCATTGACGCTCGCATARGT TAATGGTGGCGACCGGA-CTCCTCGTTACCCAGCARGCCGAG-CGTTCCTTCCAGCGGG-TAA
AGATACTCCCCGCTCATTCATTGACGCTCGCATAAGT TARTGGTGGCGACCAGA~CTCCTCGTTACCCARGCARGCCGAG-CATTCCTTCCAGCGGG-TAA
ATATATTCCCTCCACGTTCATCGACGCTTGCATARGTTARTGGTGTTARACATA~CTCCTCGTTACCCACCARGCCGGG-CGTTCACTCCAGCOGG-TCA
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CHNA17?35
CHA1736
CHA1748
CHA1741
CNA1742
WHA1346
HHA1347
HNAR1348
HWMA1349
HNA1351
HHA1914
GOM1352
GOM1353
GOM1354
GOM1355
GOM1356
GOM1357
GOM1 756
GOM17257
GOM1758
GOM2D38
GOM2e31
GOorzez?
GoMze2e
GOM2e29
GOM2832
LER1348
WER1341
HWER1342
HEA1343
HER1344
WER1345
WEA1749
LEER1758
WER17S1
HWERA1752
HEA17532
WER1754
WEA1 7?35
EEA1334
EER1335.
EER1336
EERA1337
EER1332
EEA1339
EEA1742
EERA1744
EER1745
EER1748
EER1852
EEA2626
WPAC1519
WPAC1520
WPAC1521
WPAC1522
WPAC1523
WPAC1524
WPAC1525
WPAC1526
EPAC1S12
EPRAC1513
EPAC1514
EPRC1515
EPAC1516

EPACISI?

EPAC1759
EPRAC176@
EPAC1761
EPRAC1762
EPAC1763
EPAC1764

490
490
490
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GGGGTTCCTTTITTTTTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGTTTTAGCTGA~CAARGGTTGARCATTTTCC-TTGCGAGGAGTARTAAAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACATTACAGAGCGCATACAGTTTTAGCTAA-CARGGTTGAACATTTTCC-TTGCGAGRAAGTARTAARRT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTAR~CARGGTTGARCATTTTCC-TTGCGRGAGGTARTAAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TRCAGAGCGCATACAGT TTTAGCTAR~CARGGTTGAARCATTTTCC-TTGCGAGARGTAATARAT
GGGGTTCCTTTTTTTTTTTITCCTTT-CACTTGACATTACAGAGCGCATACAGT TTTAGCTAR-CARGGTTGAACAT TTTCC-TTGCGAGRAGTAATAAART
GGGGTTCCTTTTTTTTTTTITCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA~CAARGGTTGARCATTTTCC-TTGCRAGA-GTARTRAAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGTTTTRGCTAAR~CAAGGTTGAARCAT TTTCC-TTGCGAGARG-TAATARG
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGT TTTAGCTGA-CARGGTTGARCATTTTCC-TTGCARGA-GTARTARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACTTTACAGAGCGCATACAGTTTTAGCTAR~CARGGT TGARCATTTTCC-TTGCGAGARGTARTARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTRACAGAGCGCATARCAGTTTTAGCTAA~-CAAGGTTGARCATTTTCC~-TTGCGRGAARGTAATARAC
GGGGTTCCTTTTTTTTTTITTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGAARCATTTTCC-TTGCAAGGAGTAATAAGT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TRCAGAGCGCATACAGT TTTAGCTGA~CARGGT TGRARCATTTTCC-TTGCAAGG-ATGATARRT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTCTTAGCTGA~CARGGTTGARCAT TTTCC~-TTGCARGA~-GTARTARAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGT TTTAGCTGA-CARGGTTGACCATTTTCC-TTGCAAGA-GTARTARAT
GGGGTTCCTTTTTTTITTITTCCTTT-CACCTGACAT TACAGAGCGCATACAGTTTTAGCTAR~-CARGGT TGRACATT TTCC-TTGCGAGARGTARTARART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAAARGCGCATACAGT TTTAGCTAR~CARGGTTGAACATTTTCC-TTGCGAGARGTAATAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGT TTTAGCTGA~CARGGTTGAACATTTTCC-TTGCAAGA-GTARTGAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGTTTTAGCTGA~CARGGTTGARCATTTTCC-TTGCARGA-GTAATAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGT TTTAGCTAR-CAAGGTTGAARCATTTTCC-TTGCGAGAAGTAARTAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTT TAGCTGA~-CARGGTTGRACATTTTCC-TTGTAARGA-GTAATARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTAR~CARGGTTGAACATTTTCC-TTGCGAGARGTAATARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTRCAGAGCGCATACAGT TTTRGCTAA~CARGGTTGARCATTTTCC-TTGCGAGARGTARTRART
GGGGTTCCTTTTTTTITTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGT TTTAGCTGA~CARGGTTGARCATTTTCC-TTGCARGAAGTARTAARRT
GOGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGT TTTAGCTGA~-CARGGTTGARCATTTTCC-TTGCAAGA-GCARTARRAT
GGGGTTCCTTTTTTTTTTTT-CCTTTCATTTGACAT TACAGAGCGCATACAGTTTTAGC TAR~CARGGTTGAACATTTTCC-TTGCGAGARGTRATAARRT
GGGGTTCCTTTTTTITTTTTTCCTTT-CATTTGACAT TACAGRGCGCATAC-GTTTTAGCTGA~CAAGGT TGRAACATTTTCC-TTGCAAGA-GTARATRART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGTTTTAGCTGA~-CAAGGTTGAACATTTTCC~-TTGCARGA-GTARTARGT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGTCTTAGCTGA~CARGGTTGARCATTTTCC-TTGCARGA-GTAATARGT
GGGGTTCCTTTTTTTTTTTTCCTTTTCATTTGACATTRCAGAGEGCATACAGTCTTAGCTGA~CARGGTTGARCATT TTCC-TTGCAAGA-GTARTARRT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTAR-CARGGTTGARCATTTTCC-TTGCGAGARGTARTAART
GGGGTTCCTTTTTTTTTTTITCCTTT-CACTTGACATTACAGRGCGCATACAGT TTTAGCTAR~-CAARGGT TGARCATTTTCC-TTGCGAGAAGTARTARART
GGGGTTCCTTTTTTITTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTAR-CAAGGTTGRACATTTTCC-TTGCGAGARGG-TAATAAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTGGACAT TACAGAGCGCATACAGTTTTAGCTAR~CARGGTTGAACATTTTCC-TTGCGAGARGTARTARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCSCATACAGT TTTAGCTGA-CAAGGTTGARCATTTTCC-TTGCARGA-GTARTARRT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGTTTTAGCTAR~CAAGGTTGARCATTTTCC-TTGCGAGAAGTARTARRT
GGGGTTCCTITTTTTTTTTITCCTTT-CATTTGACAT TRCAGAGCGCATACAGTTTTAGCTAR~CAARGGTTGRACATTTTCC-TTGCGARGARGTARTAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTCT TAGCTGA~CARGGT TGARCATTTTCC-TTGCARGA-GTAATARAT
GGGGTTCCTTTTTTTTTITTITCCTTT-CATTTGACAT TRCAGAGCGCATACAGTTTTAGT TGA~CAARGGTTGAACATTTTCC-TTGCARGG-GTARTAARC
GOGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CAAGGTTGAACATTTTCC-TTGCAAGA-GTARTAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGT TTTAGCTGA-CARGGTTGRACATTTTCC-TTGCARGA-GTARTARAT
GGGGTTCCTTTTTTTTTTITTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTAAR-CAAGGTTGARCATTTTCC-TTGCGAGARGTAARTAAAT
GGGGTTCCTTTTTTTTTTTTCCTTTTCATTTGACAT TACAGAGCGCATACAGT TTTAGCTGA-CARGGTTGAACATTTTCC-TTGCGAGARATARTARAT
GGGGTTCCTTTTTTTTTTITCCTTT-CACTTGACAT TRCAGAGCGCATACGGTTTTAGCTAC-CARGGTTGAACATTTTCC-TTGCGAGAARGTARTAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGAACATTTTCC~TTGCARGA-GTARTARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACAT TACAGRGCGCATACAGTTTTAGT TGA-CARGGTTGAACATTTTCC-TTGCARGA-GTAARTAAAT
GGGGTTCCTTTTTTTTTTITTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGAACATTTTCC-TTGCGAGAAGTARTAAAT
GGGGTTCCTTTTTTTTTITTCCTTT-CATTTGACAT TRCAGAGCGCATACAGT TTTAGCTOAR-CARGGTTGAACATTTTCC-TTGCARGA-GTAATAAAT
GGGGTTCCTTTTTTTTTTITTCCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGARCATTTTCC-TTGCAAGA-GTARTARAT
GGGGTTCCTTTTTTTTTTIT-CCTTT-CATTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGAACATTTTCC-TTGCARGA-GTARTARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACAT TACAARGCGCATACAGTTTTAGCTGA-CAAGGTTGAARCATTTTCC-TTGCGAGGAGTARTAART
GGGGTTCCTTTTTTTTITTTCCTTT-CRCTTGACAT TRCAGARGGGCATACARGT TTTAGCTRAR-CAAGGTTGARCATTTTCC-CTGLGAGARGTRATARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATCTGACAT TACAGAGCGCATACAGT TTTAGCTAR-CARGGTTGAACATTTTCC-TTGCGAGAGG-TRATARC
GGGGTTCCTTTTTTTTTTITTCCTTT-CACTTGACAT TACAGAGCGCATACAGTTTTAGCTGR-CARGGTTGAACATTTTCC~TTGCGAGAARGTARTAARART
GGGGTTCCTTTTITTTTTTTCCTTT-CATTTGACAT TACAGAGCGCATACAGT TTTAGCTAR-CARGGTTGAACATTTTCC-TTGCGAGARGTARTAART
GGGGTTCCTTTTTTTTTTTTCCTTT-CACT TGACAT TRCAGAGCGCATACAGTTTTAGCTAR-CARGGTTGARCATTTTCC-TTGCGAGRAGTAATARAT
GGGGTTCCTTTTTTTTTITTTCCTTT-CATYTGACAT TACARAGCGCATACAGTTTTAGCTAAR-CARGGT TGAACATTTTCC-TTGCGAGAGG-ARNARAC
GGGGTTCCTTTTTTTTTTTTCCTTT-CACCTGACAT TACAGRGCGCATACAGT TTTAGCTAR-CARGGTTGRACATTTTCC-TTGCGAGARGTARTARRT
GGGGTTCCTTTTTTTITITTCCTTT-CACTTGACATTACARAGCGCATACAGTTTTAGCTGA-CAAGGTTGARCATTTTCCCTTGCGAGGAGTAATARRT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGT TTTAGCTGAR-CARGGTTGARCATTTTCC-TTGCGRGAAGTARTAARRT
GGGGTTCCTTTTTTTITTTTTCCTTT-CATTTGACAT TRCAGAGCGCATACAGTTTTAGCTAAR-CARGGTTGAARCAT TTTCC-TTGCGAGARGTAATAAART
GGGGTTCCTTTTTTTTTTT—-CTTTTCCT T TGARAT TACARAGCGCATHNNNNNNMNNNNNN~HNNNNNNHNNNNHNNNNH—HMHNHNHNNHNNNNNHNN
GGGGTTCCTTTTTTTTTTTTCCTTT-CATCTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGARACATTTTCC~TTGCTRARARAGCARTARATT
GGGGTTCCTTTTTTTTTTTTCCTTT-CATTTGACATTACAGAGCGCATACAGTTTTAGCTAR-CARGGT TGRACAT TTTCC-TTGCGAGARAGTARTARAT
GOGGTTCCTTTTTTITTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGTTTTAGCTAR-CAAGGTTGAACATTTTCC-TTGCGAGAAGTARTAARA
GGGGTTCCTTTTTTTTTITTCCTTT-CACTTGACAT TACAGAGCGCATACAGTTTTAGCTAR-CARGGTTGARCATTTTCC-TTGCGAGARGTARTAART
GGGGTTCCTTTTTTTTTTITTCCCTTTCATTTGACAT TACAGAGCGCATHCAGTTTTAGCTGAR-CARGGTTGARCATTTTCC-TTGCGAGAARGTARTARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGT TTTAGCTAR-CAARGGTTGRACATTTTCC~-TTGCGAGRAGTAATAARAT
GGGGTTCCTTTTTTTTTTTTCCTTT-CACTTGACAT TACAGAGCGCATACAGTTTTAGCTGA-CARGGTTGAACATTTTCC-TTGCGAGAAGTARTAARAT
GGSGTTCCTTTTTTTTTTTTCCTTT-CATCTGACAT TACAGAGCGCATACAGT TTTAGCTAA-CARGGTTGARCATTTTCC-TTGCGAGAGGTARTAR-C
GGGGTTCCTTTTTTITTTTTTCCTTTCATTTGACAT TACAGAGCGCATACAGTTTTAGCTAR-CARGGTTGARACAT TTTCC-TTGCGRGAAATARTARAT
GGGGTTCCTTTTTTTTTITTTCCTTT-CATCTGACAT TACAGAGCGCATACAGT TTTAGC TRR-CAARGGTTGRACATTTTCC-TTGCGAGRAGTAARTAA-C
GGGGTTTCCTTTTTTATTTTCCTTT-CARCTTGGCATTTCAGAGCGCATACAGTTTAGCAGARTCARGGTAGTTCATTTTCC-TTGCTAGTGTAARTA——-
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CNRT17?35
CNA1735
CNA1748
CNA1741
CNRA1742
WNA1346
WNA1347
HNA1348
WHA1349
WHA1331
WHA1914
GOM1352
GOM1353
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A-TGTARTG-ATTGAATGACATATA--CCTCTTGARCCACATTRTATACCTTCARGTACATAARCAGTATCACT TTTTATCARG-~AATARCCTGAGGTTT—
AATGTARTG-ATTGAATGRCATATA--CTTCTTGAACCACATTATATARCCTTCAARGTACATAACAGTATCACTTTTTATCAAG--AATACCTGAGGTTT-
AATGTARTG-ATTGAARTGRCATACA--CCTCTTGAACCACATTATATACCTTCARGTACATAACAGTATCACT TTTTATCARG--ARTACCTGAGGTTT—
ARTGTARTG-ATTGAATGACATATA--CCTCTTGARCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
AATGTAGTG-ATTGAATGACATATA--CCTCTTGARCCACATTATATACCTTCARGTACATARCAGTATCACTTTTTATCARG-—~ARTACCTGAGGTTT-
ARTGTAARTG-ATTGARTGACATATA--CTTCTTARRCCACACTATATACCTTCARGTACATAARCAGTATCACTTTTTATCARG——ARTACCTGAGGTTT-
TRTGTARTG-ACTGAARTGACATATA-—-CCTCTTGARCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG-—-ARTACCTGAGGTTT-
ARTGTAARTG-ATTGAATGACATATA--CTTCTTAARRCCACACTATATACCTTCARGTACATRACAGTATCACTTTTTATCARG--AATACCTGAGGTTT-
ARTGTAGGG-ATTGARTGACATATATACCTCTTGARCCACATCATATACCTTCARGTACATARCAGTATCACTTTTTATCAAG--ARTACCTGAGGTTT—
GATGTAATG-ATTGARTGACATATA--CTTCTTGARCCACATTATATACCTTCAAGTACATARCAGTATCACTTTTTATCARG-—ARTACCTGAGGTTT-
AATGTARTG-ATTGARTGACATATA--CTTCTTARACCARCATTATATACCTTCARGTACATARCAGTATCACTTTTTATCARG-—-ARTACCTGAGGTTT-
ARTGTAARTG-ACTGAATGACATATA--CTCCTTGAATTARCATTATATACCTTCARGTACATARCAGTATCACTTTTTRTCARG--ARTACCTGAGGTTT-
ARTGTAATG-ATTGAATGACATATA--CTTCTTARRCCACATTATATACCTTCAARGTACATAARCAGTATCACTTTTTATCARG-—-ARTACCTGAGGTT-C
RATGTAGTG-ATTGAATGACATATA--CTTCTTARRCCACACTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG--AARTACCTGAGGTTT-
A-TGTARTG-ATTGARTGACATATA——CTTCTTGARCCACATTATATACCTTCAAGTACATAACAGTATCACTTTTTATCARG--AARTACCTGAGGTTT-
AATGTAARTG-AT TGARTGACATATA--CCTCTTAARCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG-—ARTACCTGAGGTTT-
AATGTARTG-ACTGAATGARCATATA--CCCCTTAARCCACATTATATACCTTCARGTACATRARCAGTATCACTTTTTATCARG——ARTACCTGAGGTTT-
ARTGTARTG-ACTGAATGACATATA--CTTCTTARACCACATTATATACCTTCARGTACATARCAGTATCACTTTTTATCAAG--AATACCTGAGGTTT-
A-TGTARTG-ATTGAATGACATATA--CCTCTTGRACCACATCATATACCTTCAARGTACATAACAGTATCACTTTTTATCARG--AATACCTGAGGTTT-
RARTGTARTG-ACTGARTGACATATA--CCCCTTAARCCACATTATATACCTTCARGTACATARACAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
RATGTARTG-ATTGRRTGRCTRATA-CCTTCTTGARCCCCACTATATRCCTTCARGTACATARCAGTATCACTTTTTATCARG-—AATACCTGAGGTTT-
ARTGTARATG-ATTGARTGACATATA--CCTCTTARRCCACACCACATACCTTCARGTACATRACAGTATCACTTTTTATCARG--AATACCTGAGGTTT-
AATGTARTGARATTGARTGRCATATA--CTTCTTARRCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG--ARTACCTGRGGTTT-
AARTGTARTG-ATTGAATGACATATA--CTTCTTARARCCARCATTATATACCTTCARGTACATAACAGTATCACTTTTTATCAAG--ARTACCTGAGGTTT-
ARTGTAARTG-ATTGRATGACATATA--CTTCTTGARCCACATCATATACCTTCARGTACATARCAGTATCACTTTT-ATCARG——ARTACCTGAGGTTT-
AATGTARTGGACTGRATGACATATA--CTTCTTAARCCACACTTTTARCCTTCAAGTACATRACAGTATCACTTTTTATCARG-GAARTACCTGAGGTTT-
ARTGTARTG-ATTGARTGACATATA--CTTCTTAARCCACACTATATACCTTCAAGTARCATAACAGTATTACTTTTTATCAARG--AATACCTGARGGTTT—
ARTGTARTG-ATTGARTGACATATA-~-CTTCTTARACCACATTATATACCTTCARGTACATRAACAGTATCACTTTTTATCAARG--ARTACCTGAGGTTT-
ARTGTARTG-ATTGAATGARCATATA--CTTCTTAARCCACATTATATACCTTCARGTACATARCAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
AATGTARTG-ATTGARTGACARTATA--CCTCTTGARTCACATTATATACCTTCARGTACATRACAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
AATGTARTG-ATTGARTGACATATA--CTTCTTGAACCACATTATATACCTTCARGTACATRACAGTATCACTTTTTATCAARG--AATACCTGAGGTTT-
ARTGTAARTG-ATTGARTGACATATA--CCTCTTGARCCARCATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG--ARTARCCTGAGGTTT-
ARTGTAARTG-ACTGAARTGACATATA--CTTCTTGAARCCACATTATATACCTTCARGTACATRACAGTATCACTTTTTATCARG-—ARTACCTGAGGTTT-
AATGTARTG-ATTGARTGACATACA--CTTCTTAARARCCACACTATATACCTTCARGTACATARCAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
AATGTAGTG-ATTGAATGACATATA--CTTCTTGAARCCACATCATATACCTTCARGTACATRACAGTATCACTTTTTATCARG-—ARTACCTGAGGTTT-
ARTGTARTG-ACTGARTGACATATA~-CCTCTTGARCCACATTATATACCTTCARGTACATRACAGTATCACTTTTTATCARG--ARTRCCTGAGGTTT-
ARTGTARTG-ATTGAARTGACATATA--CTTCTTARRCCACATTATATACCTTCAARGTACATAACAGTATCACTTTTTATCAAG-—AATACCTGAGGTTT-
ARTGTARTG-ATTGARTGACATATA--CTCCTTARARCCACATTATATACCTTCAAGTACATARCAGTATCACTTTTTATCAAG-—ARTACCTGAGGTTT-
RATGTARTG-ACTGARTGACATATA--CTTCTTAARCCACATTATATACCTTCARGTACATARCAGTARTCACT TTTTATCARG-—ARTACCTGAGGTTT-
AATGTAGTG-ATTGARTGACATATA--CTTCTTARACCACARCTATATACCTTCARGTACATAARCAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
AATGTAATG-ACTGAATGACATATA--CCTCTTGARCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCAARG--AATACCTGAGGTTT-
ARTGTAATG-ACTGARTGACATATA--CCTCTTGAACCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCAAG--ARTACCTGAGGTTT-
AATGTARTG-ACTGAARTGACATATA-—-CCTCTTGARCCACATTATATACCTTCAAGTACATAARCAGTATCACTTTTTATCAAG-—-AARTACCTGAGGTTT-
ARTGTAATG-ATTGAATGACATATA--CTCCTTARRCCACATTATATACCTTCARGTACATRACAGTATCACTTTTTATCARG-—ARTACCTGAGGTTT-
ARTGTAATG-ACTGARTGACATATA--CTTCTTAAGCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG-—RATACCTGAGGTTT-
ARTGTARTG-ACTGARTGACATATA--CCTCTTGAACCACATTATATACCTTCARGTACATAACAGTATTACTTTTTRTCAAG--ARTACCTGAGGTTT-
RATGTAARTG-ATTGARTGACATATA--CTTCTTARARCCACACTATATACCTTCARGTACATAACAGTATCACTTTTTATCAAG-—AATACCTGAGGTTT-
ARTGTARTG-ATTGARTGACATATA-~CTTCTTAARCCACATTATATACCTTCARGTACATARCAGTATCACTTTTTATCAAG--ARTRCCTGAGGTTT-
AATGTARTG-ACTGAATGACATATA--CTTCTTARACCACACTATATACCTTCAARGTACATAACAGTATCACT TTTTATCARG--ARTACCTGAGGTTT-
A-TGTRARTG-ATTGARTGACATATA--CTTCTTGARCCACATTATATACCTTCAAGTARCATRACAGTATCACTTTTTRTCARG-—-ARTACCTGAGGTTT-
ARTGTARTG-ATTGAATGACATATA--CTTCTTGARCCACATTATATACCTTCARGTACATRACAGTATCACTTTTTATCAAG-—AATACCTGAGGTTT-
AATGTARTG-ACTGARTGACATATA--CCTCTTGAARTCACATCATATACCTTCARGTACATRACAGTATCACTTTTTATCARG-—-ARTACCTGAGGTTT-
ARTGTAARTG-ACTGAATGACATATA--CCTCTTGAARCCACATCATATACCTTCARGTACATARCAGTATCACTTTTTATCARG--AARTACCTGAGGTTT-
ARTGTARTG-ATTGARTGACATATA-~CCTCTTARACCACATCATATACCTTCARGTACATAACAGTATCACTTTTTATCARG-—AATACCTGAGGTTT-
A-TGTARTG-ATTGARTGACATATA--CCTCTTGARCCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCAARG-~AATRCCTGAGGTTT—
ARTGHARTG-ACTGAATGACATATA--CCTCTTGAARYCACATNAWANACCYTCCAGTACATARYAGTWTCACTTTTTATCAAG--AARTACCYGAGGTTT-
A-TGTARTG-ATTGARTGACATATA--CCTCTTGAACCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG——ARTACCTGAGGTTT-
A-TGTARTG-ATTGARTGACATATA--CCTCTTGAACCACATTATATACCTTCARGTACATARCAGTATCACTTTTTATCAARG——-AARTACCTGAGGTTT~
A-TGTAATG-ATTGARTGACATATA--CCTCTTGARCCACATTATATACCTTCARGTRCATARCAGTATCACTTTTTATCARG-—AARTRCCTGAGGTTT-
A-TGTRATG-ATTGAARTGARCATATA--CCTCTTGARCCACATTATATACCTTCARGTACATARCAGTATCACTTTTTATCAARG-—-AATACCTGAGGTTT-
NNNNNNNNN-NNMNNNNNNNNNNNN == NNHNMHMNENNNNNNNNNNNNNNNNNNNNNENNNNNNEENNNNNNNNNNNENNNNN == NNNNNNNNNNNNNN-
ARTGTARTG—-ATTGARTGACATATA--CTCNNNNNNNNACATTACATACCTTCARAGTACATARCAGTATCACTTTTTATCARG--AATACCTGAGGTTT-
AATGTAATG~ATTGAARTGARCATATA--CCTCTTAARCCACATCATATACCTTCARGTACATARCAGTATCACTTTTTATCAAG--ARTACCTGAGGTTT-
TATGTARTG-ATTGARTGACATATA--CCTCTTGARCCACATTATATACCTTCAARGTACATAARCAGTATCACTTTTTATCARG——AATACCTGAGGTTT-
A-TGTARTG-ATTGAATGACATATA--CCTCTTGAACCACATTATATACCTTCARGTACATAACAGTATCACTTTTTATCARG——ARTACCTGAGGTTT-
AATGTARTG-ACTGAATGACATATA--CCTCTTGARCCACATCATATACCTTCAARGTACATAACAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
RATGTARTG-ATTGAATGACATATA--CCTCTTGARTCACATCATATACCTTCARGTACATAACAGTATCACTTTTTATCARG——AATACCTGAGGTT-C
ARTGTAARTG-ATTGARTGACATATA--CCTCTTGAACCACATTATATACCTTCARGTACATARCAGTATCACTTTTTRTCARG~~ARTACCTGAGGTTT-
ARTGTRATG-ACTGARTGACATATA--CCTCTTGAARTCACATCATATACCTTCAAGTACRTARCAGTATCACTTTTTATCARG--ARTACCTGAGGTTT-
ARTGTAARTG-ATTGAATGACATATA--CCTCTTGAARCCACATCATATACCTTCARGTACATAACAGTATCACTTTTTATCAARG——ARTACCTGAGGTTT-
ARTGTAARTG-ACTGAATGACATATA--CCTCTTGARTCACATCATATACCTTCARGTACATAACAGTATCACTTTTTATCAARG--AATACCTGAGGTTT-
AGTATAATG-ATTTARAGACATATA--CTTGCTTARCCACATTATATGGAARTCTTATGCATAAGTATTTAACCTCTTA-CARG--ARTACCTTGGATTTA
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CNA1733 68@
CHA1736 631
CNA1746 681
CNA1741 681
CNA1742 681
WNA1346 679
WNA1347 680
HNA1348 678
WNA1349 683
WNA1351 . 631
WNA1914 688
GOM1352 679
GOM1353 679
GOM1354 679
© GOM135S 686
GOM1336 686
GOM1357 679
GOM1756 679
GOM17S? 686
GOM1758 679
GOM283a 682
GOM2631 681
GOM2827 681
G0OM20828 679
GOM2B29 688
GOM2e32 628
WER1348 679
WER1341 679
HERA1342 688
WEA1343 681
WEA1344 681
LERA1343 68@
WEA1749: 631
WER17568 679
WER1751 681
WER1752 681
WEA1753 679
WER1754 679
WER1755. 1679
EER1334" )
EER1335" 681"
EER1336 622
EEA1337 61
EEA1338 679
EER1339 681
EEA1743 . 6381
EER1744 679
EERA1746 679
EEA1748 78
EER1852 628
EEA20826 683
WPAC1519 626
WPAC1528 681
WPRC 1321 681
WPAC1522 688
HWPAC1523 634
WPRAC1524 626
WPAC13525 688
WPAC1526 6o
EPAC1512 681
EPAC1512 675
EPAC1514 . " '681
EPACIS1S 682
EPRC1316 - 681
EPAC1517 680
EPRC1759 682
EPAC1768 631
EPAC1761 621
EPAC1762 658
EPAC1763 682
EPRC1764 686
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CCCCCTGGGG———-- TGTATATACGT TRRACCCCCCC-RCCCCCATARCTCCTARGTAATCTTTATTCCTGARARCCCCCCGGARACAGGRAAGACTACTA
CCCCCTGGGG————— TGTATATACGTTARACCCCCCC-ACCCCCATARCTCCTAAGTAATCTTTATTCCTGARRACCCCCCGGARACAGGAAGARCTACTA
CCCCCTGG6G—~——- TGTATATACGTTARACCCCCCC-ARCCCCCATARCTCCTARAGTARTCTTTATTCCTGARARCCCCCCGGARRCAGGAAGACTACTA
CCCCCTGGGG————~ TGTATATACGT TARACCCCCCC-ACCCCCATAACTCCTAARGTARTCTTTATTCCTGRARRCCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG————- TGTATATACGTTARACCCCCCC-ACCCCCATAACTCCTARGTARTCTTTATTCCTGARAARCCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG——-—- TGTATATACGT-ARACCCCCCC-ACCCCCATAACTCCTARGTARTCTTTATTCCTGARRRCCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG————- TGTATATACGT TRAARCCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGARRACCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG————— TGTATATACGT TAARCCCCCCC-ACCCCCATARCTCCTARAGTARTCTTTATTCCTGARRACCCCCCGGRARCAGGARAGACTACTA
CCCCCTGGGG-———-- TGTATATACGT TRRACCCCCCC-ACCCCCATARCTCCTRAGTARTCTTTATTCCTGARARCCCCCCGGARRCAGGARGACTACTA
CCCCCTGGG6——---TGTATATACGT TARACCCCCCC-ACCCCCATRACTCCTARGTARTCTTTATTCCTGARARCCCCCCGGARACAGGARAGACTACTA
CCCCCTGG66————- TGTATATACGT-ARACCCCCCC~-ACCCCCATAACTCCTARGTARTCTTTATTCCTGARARCCCCCCGGARACAGGRAGACTACTA
CLCCCTGGGG——~-=~TGTATATACGT TARACCCCCCC-ACCCCCATARCTCCTARGTAARTCTTTATTCCTGARAACCCCCCGGARRCAGGARGACTACTA
CCCCCTGGGG-———- TGTATATRCGT-ARACCCCCCC~ACCCCCATARCTCCTRAGTARTCTTTATTCCTGAARRCCCCCCGGARACAGGAARGACTACTA
CCCCCTGGGG————— TGTATATACGT-ARACCCCCCC-ACCCCCATRACTCCTAAGTARTCTTTATTCCTGARARCCCCCCGGARRCAGGARGACTACTA
CCCCCTGGGG———— TGTATATACGTTARRCCCCCCC-ACCCCCATAACTCCTAAGTAARTCTTTATTCCTGARAARCCCCCCGGARACAGGARAGACTACTA
CCCCCTGGOG-———- TGTATATACGT TARACCCCCCC-ACCCCCATAARCTCCTARGTAATTTTTATTCCTGRARARCCCCCCGGARACAGGRAGACTACTA
CCCCCTGGGG———~ TGTATATACGTTARRCCCCCCC-ACCCCCATARCTCCTARGTARTCTTTATTCCTGARRACCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG-———~ TGTATATACGTTAARRCCCCCCC-ACCCCCATARCTCCTAAGTAATCTTTATTCCTGRARACCCCCCGGARRACAGGARGACTACTA
CCCCCTGOGG——~—= TGTATATACGT TARRCCCCCCC~ACCCCCATAARCTCCTAAGTARTCTTTATTCCTGARARCCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG———- TGTATATACGT TARRCCCCCCC-ACCCCCATARCTCCTARGTAARTCTTTATTCCTGARRACCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG————— TGTATATACGTTARACCCCCCC-ACCCCCATRACTCCTARGTAARTCTTTATTCCTGARRACCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG————- TGTATATACGTTARACCCCCCCCACCCCCATAACTCCTARGTAATCTTTATTCCTGAARACCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG————- TGTATATACGT-ARACCCCCCCCACCCCCATAACTCCTAAGTRATCTTTATTCCTGAAARCCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG————- TGTATATACGT—ARACCCCCCCCACCCCCATAACTCCTAAGTAATCTTTATTCCTGARARCCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG-———-TGTATATACGT TRARCCCCCCC-ACCCCCATARCTCCTARGTARTCTTTATTCCTGARRARCCCCCCGGARACAGGRAGACTACTA
CCCCCTGGGG————- GGTATATACGT-ARRCCCCCCC-ACCCCCATAACTCCTARGTAATCTTTATTCCTGARRACCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG————- TGTATATACGTTARACCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGARARRCCCCCCGGRARCAGGAAGACTACTA
CCCCCTGGGG~---- TGTATATACGT-ARACCCCCCC-ACCCCCATAACTCCTAARGTAATCTTTATTCCTGAARARCCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG————— TGTATATACGT-ARACCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGARARRCCCCCCGGARACAGGRAGACTACTA
CCCCCTGGGG————- TGTATATACGT TARACCCCCCC-ACCCCCATRACTCCTAAGTAATCTTTATTCCTGARARCCCCCCGGARACAGGRAGACTACTA
CCCCCTGGGG-———— TGTATATACGT TRRACCCCCCC-ARCCCCCATARARCTCCTAARGTARTCTTTATTCCTGARARCCCCCCGGARACAGGRAGACTACTA
CCCCCTGOGG——~—- TGTATATACGT TRARACCCCCCC-ACCCCCATAARCTCCTAAGTARTCTTTATTCCTGAARRACCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG————- TGTATATACGTTARACCCCCCC-ACCCCCATAACTCCTARGTAATCTTTATTCCTGAARRACCCCCCGGARACAGGARAGACTACTA
CCCCCTGGGG~———~- TGTATATACGT-ARACCCCCCC-ACCCCCATRACTCCTAAGTARATCTTTATTCCTGARRRCCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG————- TGTATATACGTTAARCCCCCCC-ACCCCCATAACTCCTARGTAARTCTTTATTCCTGARRACCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG—-—~~ TGTATATACGT TRARCCCCCCC-RCCCCCATAACTCCTARGTARTCTTTATTCCTGARRACCCCCCGGAAACAGGARGRCTACTA
CCCCCTGOGG————— TGTATATACGT-ARACCCCCCC-ACCCCCATARCTCCTAAGTAATCTTTATTCCTGARRACCCCCCGGARARCAGGRAGACTACTA
CCCCCTGGGGG-——-TGTATATACGT TARACCCCCCC-RCCCCCATARACTCCTARGTAATCTTTATTCCTGAARRARCCCCCCGGARRCAGGAAGACTACTA
CCCCCTGGGG-—-——~ TGTATATACGT TARACCCCCCC-ACCCCCATARCTCCTRAGTARTCTT TRTTCCTGRARARCCCCCCGGARACAGGRAGACTACTH
CCCCCTGGGG—-——— TGTATATACGT-ARACCCCCCC-ACCCCCATRACTCCTRAGTARTCTTTATTCCTGARRACCCCCCGGARACAGGRAGRCTACTA
CCCCCTGGGG—~——- TGTATATRCGTTARRCCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGAARRACCCCCCGGAARCAGGAAGACTACTA
CLCCCTGOG6————— TGTATATACGT TAARCCCCCCC-ACCCCCATARCTCCTARGTARTCTTTATTCCTGARRACCCCCCGGARRCAGGRAGACTACTA
CCCCCTGGGG~-——— TGTATATACGT TARACCCCCCC-ACCCCCATARCTCCTARGTAARTCTTTATTCCTGARARARCCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG-————- TGTATATACGT TARACCCCCCC-ACCCCCATRACTCCTARGTAATCTTTATTCCTGRARACCCCCCGGARACRGGARAGARCTACTA
CCCCCTGOGG-——~= TGTATATACGT-ARAACCCCCCCACCCCCATARCTCCTAAGTAATCTTTATTCCTGARARCCCCCCGGAAACAGGAAGACTACTA
CCCCCTGOGG————— TGTATATACGTTARACCCCCCC-ACCCCCATARACTCCTARGTAARTCTTTATTCCTGAARRACCCCCCGGRARCAGGARGACTARCTA
CCCCCTGGGG————- TGTATATRCGT-AAARCCCCCCC-ACCCCCATARCTCCTARGTAARTCTTTATTCCTGARRACCCCCCGGARACAGGARRGACTACTA
CCCCCTGEGG-——— TGTATATACGT TARRCCCCCCC-ACCCCCARTRACTCCTARGTARTCTTTATTCCTGARARCCCCCCGGARACAGGRAGACTACTA
CCCCCTGGGG————- TGTATATACGT-ARACCCCCCC-RCCCCCATARCTCCTAAGTAATCTTTATTCCTGARARCCCCCCGGARACHGGRAAGHCTACTA
CCCCCTGOGG————- TGTATATACGTTARACCCCCCC-ACCCCCATAACTCCTAAGTAARTCTTTATTCCTGRARACCCCCCGGARACAGGAAGACTACTA
CCCCCTGGGG~———~ TGTATATACGTTARACCCCCCCCACCCCCATAACTCCTARGTARTCTTTATTCCTGAARRACCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG-———- TGTATATACGT TARACCCCCCC-ACCCCCATARCTCCTARGTAARTCTTTATTCCTGARRACCCCCCGGARACAGGRAGACTACTA
CCCCCTGGGG—-———~ TGTATATACGT TARACCCCCCC-ARCCCCCATATCTCCTARGTAATCTTTATTCCTGAAARCCCCCCGGAAACAGGAARGARCTACTA
CCCCCTG6GG-———- TGTATATACGT TARACCCCCCC-ACCCCCATARACTCCTARGTARTCTTTATTCCTGRARACCCCCCGGARRCAGGARGRCTACTA
CCCCCTGGGG————— TGTATATACGT TARACCCCCCC-ACCCCCATAACTCCTAAGTARTCTTTATTCCTGARRACCCCCCGGAARCAGGAAGACTACTA
CCCCYTGGG6————= TGTAHAKUNCGT TARACCCCCCC~ACCCCCATAACTCCTAAGTARTCTTTATTCCTGARRRCCCCCCGGARACAGGARGACTACTA
CCCCCTGGGG-~——— TGTATATARCGTTAARCCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGAARACCCCCCGGARRCAGGAAGACTACTA
CCCCCTGGGG————— TGTATATACGTTARARCCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGARARCCCCCCGGARRCAGGAAGACTACTA
CCCCETGGG6————- TGTATATACGT TARRCCCCCCC-ACCCCCATAACTCCTRAGTAATCT TTATTCCTGRARACCCCCCGGARRCAGGRAGACTACTA
CCCCCTGGGG~———— TGTATATACGTTARACCCCCCC-ACCCCCATARCTCCTAAGTAATCTTTATTCCTGRARRACCCCCCGGAARCAGGARGACTACTA
NNNNMNHNMN=——--| NHNNNNMNNNNNNNNNCCCCCCCACCCCCATARCTCCTRAGTARTCTTTATTCCTGRARRCCCCCCGGAARCAGGRAGACTACTA
CCCCCTGGGG————- TGTATATRCGTTARARCCCCCCC-ACCCCCATARAACTCCTARGTARTCTTTATTCCTGRARRCCCCCCGGARRCAGGRAAGACTACTA
CCCCCTGOGG————— TGTATATACGT TARRCCCCCCC-ACCCCCATARACTCCTARGTARATCTTTATTCCTGARARCCCCCCGGARACAGGARGACTACTA
CCCCCTGOGG~———— TGTATATACGT TRAACCCCCCC-ACCCCCATARETCCTARGTARTCTTTATTCCTGARRACCCCCCGGARRCAGGARRGACTACTA
CCCCCTGGGG-———- TGTATATACGT TARACCCCCCC-ACCCCCATAACTCCTAAGTAATCTTTATTCCTGAARACCCCCCGGRARCARGGRAGACTACTA
CCCCCTGOGG————~ TGTATATACGT TARACCCCCCC-ACCCCCATRARCTCCTARGTAATCTTTATTCCTGRARACCCCCCGGARRCAGGRAGACTACTA
CCCCCTGOGG~~——- TGTATATACGTTAARCCCCCCC-ACCCCCATARCTCCTARGTARTCTTTATTCCTGARARACCCCCCGGARARCAGGRAGACTACTA
CCCCCTGGGG-———— TGTATATACGT TARACCCCCCC-ACCCCCATAACTCCTARGTARTCTTTATTCCTGARRACCCCCCGGARRCAGGAAGACTACTA
CCCCCTGGLG———-— TGTATATACGTTARACCCCCCC-ACCCCCATAACTCCTARGTARTCTTTATTCCTGAARRCCCCCCGGARARCAGGAAGACTACTA
CCCCCTGGGG-——-- TGTATATACGTTARACCCCCCC-ACCCCCATARCTCCTARGTAATCTTTATTCCTGAARARRCCCCCCGGARACAGGRAGACTARCTA
CCCCCTGGGG~———- TGTATATACGT TAAACCCCCCC~ACCCCCATAACTCCTARGTRATCTTTATTCCTGARARCCCCCCGGARACAGGARGACTACTA

CCCCCTGCGGAGCTTAAARTTATTCGCGTARRCCCCCCTACCCCCTARACTCCTARAGAARRCCGCGTTCTCGLARACCCCCCGGARACGAGRCCATTTCTG
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GCARTCTTAARTTATGTGTTATTTCAATATTARATATATTARTTATGTATRCTGGGGTATCCCTGGACCAARRCCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTAATTARTGTGTTATTTCARTAT TARATATAT TARTTATGTATACTGGGGTATCCCTGGRCCARRCCCT TCCCAGRAGGTATATTTCAGTCTTT
GCAARTCTTARTTATGTGTTATTTCAARTATTARARTATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGAAGGTATATTTCAGTCTTT
GCARTCTTAARTTATGTGTTATTTCARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARARCCCT TCCCAGARGGTATATTTCAGTCTTT
GCRATCTTAARTTATGTGTTATTTCARTATTRARTATARTTART TATGTATRCTGGGGTATCCCTGGACCARACCCTTCCCARGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARRTATATTARTTATGTGTACTGGGGTATCCCTGGACCARATCCTTCCCAGARGGTATATTTCAGTCTTT
GCAATCTTRARTTATGTGTTATTTCAARTATTARATATATTAARTTATGTATACTGGGGTATCCCTGGACCAARCCCTTCCCAGARRGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCAARTATTRARTATATTAAT TATGTGTACTGGGGTATCCCTGGACCARACCCTTCCCAGAAGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCAATARTTARRTATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGRAGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCAATATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCARTATTAARTATATTARTTATGTGTRCTGGGGTATCCCTGGACCARACCCTTCCCAGAARGGTATATTTCAGTCTTT
GCAARTCTTAATTATGTGTTATTTCARTATTRAARATARATATTARTTATGTGTACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARARTATATTARTTATGTGTACTGGGGTATCCCTGGACCARRCCCTTCCCAGRAGGTATATTTCAGTCTTT
GCARATCTTAATTATGTGTTATTTCAARTATTARATATATTARTTATGTGTACTGGGGTATCCCTGGACCAARCCCTTCCCAGAAGGTATATTTCAGTCTTT
GCARTCTTRATTATGTGTTATTTCARTATTARARTATATTAARTTATGTARTACTGGGGTATCCCTGGACCARRCCCTTCCCAGAAGGTATATTTCAGTCTTT
GCARTCTTRATTATGTGTTATTTCARTATTARRTATATTAATTATGTARTACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATRTATTAARTTATGTGTACTGGGGTATCCCTGGACCARRCCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCAARTATTARATATATTARTTATGTGTACTGGGGTATCCCTGGACCARRCCCTTCCCAGAAGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTAT TARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTGTACTGGGGTATCCCTGGACCARRCCCTTCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARRTATATTAARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCAATCTTAATTATGTGTTATTTCARTATTAARTATATTAAT TATGTGTACTGGGGTATCCCTGGACCARARCCCT TCCCAGARGGTATATTTCAGTCTTT
GCAARTCTTAATTATGTGTTATTTCARTATTARRTATATTAARTTATSTGTACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTAARTATATTAARTTATGTGTACTGGGGTATCCCTGGACCARARCCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTAARTTATGTATACTGGGGTATCCCTGGACCAARCCCTTCCCAGAARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARRTATATTARTTATGTGTACTGGGGTATCCCTGGACCARRCCCTTCCCAGAAGGTATATTTCACTCTTT
GCARTCTTAATTATGTGTTATTTCARTATTRARTATATTARTTATGTGTACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTETTT
GCARTCTTARTTATGTGTTATTTCAATATTARRTATATTAATTATGTGTACTGGGGTATCCCTGGACCARRCCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARRTATAT TAATTATGTGTACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTAATTATGTGTTATTTCARTATTARATATATTARTTATGTRTACTGGGGTATCCCTGGACCAAACCCTTCCCAGARGGTATATTTCAGTCTTT
GCAATCTTAARTTATGTGTTATTTCARTATTAARTATATTARTTRATGTATACTGGGGTATCCCTGGARCCAARCCCTTCCCAGRAGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARRTATATTAATTRTGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCAATATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTGTACTGGGGTATCCCTGGRCCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAARTTATGTGTTATTTCARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGARCCARARCCCT TCCCAGARGGTATATTTCAGTCTTT
GCAARTCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAARTTATGTGTTATTTCARTATTARATATATTAARTTATGTGTACTGGGGTATCCCTGGACCARARCCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCAATATTAARRTATATTAARTTATGTGTACTGGGGTATCCCTGGRCCAARCCCT TCCCAGAAGGTRTATTTCAGTCTTT
GCARTCTTARTTARTGTGTTATTTCARTATTARATATATTART TRTGTGTACTGGGGTRTCCCTGGACCARRCCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCAATATTAAATATATTARTTATGTGTACTGGGGTATCCCTGGACCARARCCGT TCCCAGARGGTATATTTCAGTETTT
GCAATCTTARTTATGTGTTATTTCAATATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTAATTATGTGTTATTTCAATATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARRCCCTTCCCAGRAGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARRTATATTAATTATGTATACTGGGGTATCCCTGGACCAAACCCTTCCCAGRAGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTAATTATGTGTACTGGGGTATCCCTGGACCARACCTTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTGTACTGGGGTATCCCTGGACCARRCCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCAARTATTARATATATTART TATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCRATATTARATATATTARTTRTGTGTACTGGGGTATCCCTGGACCARRCCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCAATATTARATATATTATTTATGTGTACTGGGGTATCCCTGGACCAACCCCT TCCCAGAAGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTAT TARATRTATTAARTTATGTGTRCTGGGGTATCCC TGGACCARACCCTTCCCAGRAGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCARTATTARRTATATTAARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTRATATTTCAGTCTTT
GCRATCTTARTTATGTGTTATTTCARTATTARATATATTAATTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCAARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGRAGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGAAGGTATATTTCAGTCTTT
GCAATCTTAARTTATGTGTTATTTCARTARTTRARTATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGAAGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARATATATTAARTTATGTATACTGGGGTATCCCTGGARCCAAACCCTTCCCAGAAGGTATATTTCAGTCTTT
GCAATCTTAATTATGTGTTATTTCAARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARRCCCT TCCCAGARGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTRATTTCARTAT TARRTATATTAATTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCAATATTARATATATTAATTATGTRTACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATATTTCAGTETTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGRAGGTRTATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARATATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGRAGGTRTATTTCAGTCTTT

GCARTCTTAATTATGTGTTATTTCAATATTRARTATATTARTTRTGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGRAGGTRTATTTCAGTCTTT

GCARTCTTARTTATGTGTTRATTTCARTATTAARTATATTARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGAARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARATATATTAARTTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARRTATATTAARTTATGTATACTGGGGTATCCCTGGACCARRCCCT TCCCAGAAGGTATATTTCAGTCTTT
GCAATCTTARTTATGTGTTATTTCARTATTARATATATTARTTRTGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGRAGGTATATTTCAGTCTTT
GCARTCTTAATTATGTGTTATTTCARTATTRAATATATTAARTTATGTATACTGGGGTATCCCTGGRCCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCAATATTARATATATTAATTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGARGGTATATTTCAGTCTTT
GCRATCTTARTTATGTGTTATTTCARTATTARATATATTAATTATGTATACTGGGGTATCCCTGGACCARACCCT TCCCAGRAGGTATATTTCAGTCTTT
GCAATCTTAATTATGTGTTATTTCARTATTAARRTATATTAARTTATGTRTACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATATTTCAGTCTTT
GCARTCTTARTTATGTGTTATTTCARTATTARRTATATTAATTATGTATACTGGGGTATCCCTGGACCAARCCCTTCCCAGARGGTATATTTCAGTCTTT
GCRAATCTTARTTATGTGTTATTTCARTATTARATATARTTAATTATGTATACTGGGGTATCCCTGGACCARACCCTTCCCAGARGGTATARTTTCAGTCTTT
TTTATG—AATCAT---CTATTTTAATATTARRTATATTAATTTTAATTTRTGAGCCACCTCAGGACTARGACARARCTC——AAGC—————— CACAC-—-
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CNA1736
CHA1 740
CNA1741
CHA1742
WNA1346
WNA1347
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TATATTCCTARTTARATTTAATTCTARARCCCCAARCTAGATACTAGT TTARARCACACCTATTTARATATTGTARTAT---ARAC
TATATTCCTARATTAARRTTTARTTCTAARRRCCCCAACTAGATACTAGTTTARARTACACCTATT TARATATTGTARTAT---AAAC
TATATTCCTARTTARARTTTART TCTARARCCCCAACTAGATACTAGTTTAARRATARCACCTATTTARATATTGTARTAT-——~ARAC
TTTATTCCTARTTAARRTTTARTTCTARARCCCCAACTAGATACTAGT TTAARRARTRCACCTATTTARATATTGTARTAT---ARAC
TATACTCCTARTTAARRTTTART TCTARARRCCCCARCTAGATACTAGT TTRARACACACCTATTTAARTATTGTARATAT---ARAC
TATATTCCTAATTRAATTTARTTCTARARCCCCAARCTAGATACTAGTTTRARARTACACCTATTTAARTATTGTRATAT---ARAC
TATATTCCTAATTAAATTTARTTCTARARRCCCCAACTAGATACTAGT TTAARATACACCTATTTAAARTATTGTARTAT-——ARAC
TATATTCCTAATTAARTTTAATTCTARRRCCCCARCTAGATACTAGTTTRARATACACCTATTTARATATTGTARTAT-—-ARAC
TATACTCCTRATTAAATTTARTTCTAARRACCCCAARCTARGATACTAGTTTAARACACACCTATT TARATATTGTARTAT---ARAC
TRATATTCCTAATTRARTTTARTTCTAARRCCCCAARCTAGATACTAGTTTARAATACACCTATT TARATATTGTARTAT-—-ARAC
TATATTCCTAATTAARTTTRATTCTARRACCCCARCTAGATACTAGTTTRARATACACCTATTTARATATTGTAATAT---AARAC
TATATTCCTAATTAAGTTTAARTTCTARRRCCCCAACTAGATACTAGTTTARAATACACCTATTTARATATTGTAATAT——~ARRC
TATATTCCTAARTTARRTTTAAT TCTARARCCCCAACTAGATACTAGTTTARRATACACCTATTTARRTATTGTARTAT-—-ARAC
TATATTCCTAARTTARATTTARTTCTARARCCCCARCTAGATACTAGTTTARRATACACCTATTTARATATTGTAATAT——-ARAC
TATATTCCTAATTAARTTTART TCTAARRRCCCCARCTAGATACTAGTTTRAARACACACCTATT TAARRTATTGTARTAT~--AARAC
TATATTCCTRATTARATTTARTTCTARRARCCCCARCTAGATACTAGTTTARAATACACCTGTTTARATATTGTAARTAT-—-ARAC
TATATTCCTAATTAARTTTAATTCTAARACCCCARCTAGATACTAGTTTARAATACACCTATT TARATATTGTARTAT-—-ARAC
TATATTCCTAARTTAARTTTAATTCTRARARCCCCAACTAGATACTAGT TTARARTACACCTATTTARATATTGTAATAT—~—AARAC
TATACTCCTARTTARATTTRATTCTAARARCCCCAACTAGATACTAGTTTRARRCACACCTATTTARARTATTGTAATAT-—-—ARAC
TATATTCCTAARTTAARARTTTARTTCTARARCCCCARCTAGATACTAGTTTRAARTACACCTATTTARATATTGTARTAT——-ARAC
TATATTCCTAATTARATTTAATTCTARARCCCCARCTAGATACTAGTTTARARTACACCTATTTARATATTGTARTAT-———ARAC
TATATTCCTARTTAAATTTARTTCTARRACCCCARCTAGATACTAGTTTARARTACACCTGTTTARATATTGTAARTAT~~—ARAC
TATATTCCTAARTTARRTTTARTTCTARARRCCCCARCTAGATACTAGTTTARAATACACCTATTTARATATTGTAATAT-——ARAC
TATATTCCTRATTAAATTTAARTTCTAARRACCCCARCTAGATACTAGTTTARARTARCACCTATTTARATATTGTRATAT-——ARAC
TATATTCCTARATTAARTTTARTTCTAAGRCCCCAACTAGATACTAGTTTAARRTACACCTATTTAARTATTGTAATAT——-ARAC
TATATTCCTAARTTAARTTTRATTCTAARRACCCCAACTAGATACTARGTTTARRRTACACCTAT TTAARATATTGTAARTAT-—-RARC
TATATTCCTARTTARARTTTAATTCTARARCCCCRACTAGATACTAGTTTRAARATACACCTATTTRAARTATTGTARTAT---AARAC
TATATTCCTAARTTARARTTTAATTCTAAARRCCCCAACTAGATACTAGT TTAARATACACCTATTTRAARTATTGTARTAT---ARAC
TATATTCCTAARTTARATTTAATTCTARARCCCCARCTAGATACTAGT TTARARTACACCTATTTARATATTGTAATAT-——-ARARC
TATATTCCTAATTARATTTARTTCTARARCCCCARCTAGATACTAGTTTARAATACACCTATT TARATATTGTARTAT———ARAC
TATATTCCTAATTAARTTTAARTTCTAARARCCCCAACTAGATACTAGTTTARARTACACCTATTTARATATTGTARTAT——-AARAC
TATATTCCTAATTAARTTTAATTCTARARCCCCARCTAGATACTAGTTTARAARTACACCTATTTRARTATTGTAATAT-——ARAC
TATATTCCTAATTAARTTTAATTCTAARARCCCCAACTAGATACTAGT TTAAARATACACCTATTTAARTATTGTARTAT———AARRC
TATATTCCTARTTARARTTTAATTCTRARACCCCAACTAGATACTARGTTTAARATACACCTATTTARATATTGTAATAT---ARARC
TATACTCCTARTTAAATTTAATTCTAARRARCCCCRACTAGATACTAGTTTARARCACACCTATTTARATATTGTRATAT-~—AARAC
TATATTCCTARTTAARATTTARTTCTARARCCCCAACTAGATACTAGT TTARARTACARCCTATTTARATATTGTARTAT—--AAARC
TATATTCCTARTTARATTTARTTCTARARCCCCARCTAGATACTAGTTTARARTACACCTATTTARATATTGTAATAT---AAARC
TATATTCCTAARTTARATTTART TCTARARCCCCARCTAGATACTAGTTTARAATACACCTATTTARATATTGTARTAT——ARRC
TATATTCCTAATTRARTTTARTTCTAAARCCCCARCTAGATACTAGTTTARRATACACCTATTTARATATTGTARTAT—-—AARAC
TATATTCCTAATTAAARTTTAARTTCTARRRCCCCAACTAGATACTAGTTTRAARTACACCTATTTAARTATTGTAARTAT—~-AAARC
TATATTCCTAATTAARARTTTAATTCTARAACCCCAACTAGATACTAGTTTAARATACRCCTATTTAARTATTGTARTAT-——AARC
TATATTCCTARTTARATTTRATTCTAARAARCCCCRACTAGATACTAGTT TARAARTACACCTATTTARATATTGTARTAT-—-AARC
TATATTCCTARTTARARTTTRATTCTARARCCCCAACTAGATACTAGTTTARARTACACCTATTTARATATTGTARTAT~--AARRC
TATATTCCTAARTTARATTTAATTCTARAACCCCARCTAGATACTAGTTTARAATACACCTATTTARATATTGTARTAT——-AAARC
TATATTCCTAATTAARATT TART TCTARARCCCCARCTAGATACTAGTTTARARTACACCTATTTARATATTGTAATAT——-AARAC
TATATTCCTAATTARATTTARTTCTARARCCCCARCTAGATACTAGTTTAARATACARCCTATTTARATATTGTAARTAT——-ARAC
TATATTCCTAATTAARTT TART TCTARARCCCCARCTAGATACTAGCTTARRATACACCTATTTARRTATTGTARTAT-—-AARC
TATATTCCTARTTARRTTTAATTCTARRACCCCAARCTAGATACTAGT TTARRATACACCTATTTARATATTGTARTAT-——AARAC
TATATTCCTARTTARATTTARATTCTARARARCCCCARCTAGATACTAGT TTARARTACACLTATTTARATATTGTARTAT——~ARAC
TATATTCCTARTTAARTTTARTTCTARARRCCCCCACTAGATRCTAGTTTARARCACACCTATTTARATATTGTAATAT-—-~AARC
TATATTCCTARTTARATTTARTTCTARARCCCCARCTAGATACTAGTTTARARTACACCTATTTARATATTGTAATAT———ARAC
TATATTCCTAARTTAARTTTART TCTARARCCCCARCTAGATACTAGT TTARRATACACCTATTTARATATTGTARTAT-~-AARAC
TATACTCCTAATTARATT TART TCTARARCCCCAARCTAGATACTAGTTTAARRACACACCTATTTARATATTGTARTRT-—-AAARC
TATATTCCTAATTARARTTTART TCTARRRCCCCARACTAGATACTAGT TTAARATACACCTGTTTARATATTGTARTAT-——AAAC
TATATTCCTAATTAARTTTART TCTAARACCCCAARCTAGATACTAGTTTAARRACACARCCTATTTRARTATTGTARTAT~——ARRC
TATATTCCTAATTAAATTTARTTCTAARACCCCAACTAGATACTAGT TTARRATACACCTATTTARATATTGTARTAT-—-ARAC
TATARTTCCTARATTARARTTTAATTCTARARCCCCAACTAGATACTAGTTTARARCACACCTATTTARATATTGTARTAT———AARC
TATATTCCTARTTAARTTTART TCTAARRACCCCARCTAGATACTAGT TTARARCACACCTATTTARATATTGTAATAT-——~AAAC
TATATTCCTARTTARARTT TAART TCTARARCCCCAARCTAGATACTAGTTTARRACACACCTATTTARATATTGTARTAT-—-AAAC
TATATTCCTAARTTAART TTART TCTARRRCCCCARCTAGATACTAGT TTARRACACACCTATTTAARTATTGTAATAT-—-AAAC
TATACTCCTAATTAAATTTART TCTAARRACCCCAACTAGATACTAGT TTRARACACACCTATTTARATATTGTARTAT-—-AAARC
TATATTCCTAATTAARTTTART TCTAARARCCCCAACTAGATACTAGT TTRARATACACCTATTTARATATTGTARTAT-—-ARARC
TRTATTCCTARTTAAATTTAATTCTARRACCCCAACTAGATACTAGT TTARARTACACCTGTTTARATATTGTAATAT-——AAAC
TATATTCCTARTTARATTTRATTCTRAARACCCCAACTRGATACTAGTTTARRARCRCARCCTATTTARATATTGTARTAT——-ARAC
TATATTCCTAATTARRTTTAARTTCTARARCCCCAACTAGATACTAGTTTAARARCACACCTATTTAARTATTGTARTAT---AARAC
TATATTCCTAATTARATTTARTTCTARGACCCCAACTAGATACTAGT TTAARRATACACCTATTTARATATTGTARTAT-—-AAAC
TATATTCCTARTTAARTTTART TCTARRACCCCAACTAGATACTAGT TTARRACACACCTATTTARATATTGTARTAT—--ARAC
TATATTCCTAATTARRTTTAATTCTAAARGCCCCAACTAGATRCTAGT TTARARCACACCTATTTARATATTGTARTAT-——-RAAC
TATARTTCCTARTTAARTTTARTTCTARARARCCCCAACTAGATACTAGTTTARARTACACCTATTTARATATTGTRATAT———AAARC
TATATTCCTARTTARATTTRATTCTARARCCCCARCTRGATACTAGTTTARARTACACCTATTTAARTATTGTARTAT—--AAARC
TATATTCCTAATTARATTTAATTCTARARCCCCARCTAGATACTAGTTTARAARTACACCTATTTRARTATTGTARTAT-——-RARC
--TATTA-TATTTATTGAGCATATACARACCC AARRATATGCTTATTTCARTATTATARTATTACAGGC
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