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ABSTRACT

DETECTION OF THE EsV-1 VIRUS AND SPECIES DETERMINATION
FOR ECTOCARPUS, ESPECIALLY FROM THE
NORTHERN GULF OF MEXICO
Christopher Robin Main

Previous investigators estimated the EsV-1 virus infected nearly 50% of the
worldwide populations of Ectocarpus siliculosus. In the present study, E. siliculosus was
collected from the northern Gulf of Mexico, purchased from culture collections, and
obtained from a previous investigator. The virus was detected using DNA extracts and a
probe for GP-1 from the protein coat, followed by PCR and electrophoresis techniques
and gene sequencing. In addition, all samples of Ectocarpus were observed
microscopically and cell dimensions measured for comparison with cultures of published
known species. ANOVA was applied to microscopic data. Alternatively, sequences for
both 18S rRNA and Ribulose 1,5-bisphosphate carboxylase/oxygenase (RUBISCO) large
subunit (rbcL) were used to separate species. Gene sequence alignments were made
using BioEdit and analyzed with the PAUP* software package. While phylogenetic trees
were somewhat confounding and microscopic data was limited, it appeared that all
collected and purchased samples were E. siliculosus, even one previously identified as E.
fasciculatus. None of the specimens from the Gulf of Mexico tested positive for the EsVviii

1 virus; however, for the first time, three samples from established culture collections
were reported as infected.

ix

CHAPTER I. INTRODUCTION
Ectocarpus (Figure 1) is a brown seaweed (Ectocarpales, Phaeophyceae)
commonly found along many temperate coasts having a wide range of salinities and
temperatures. Ectocarpus siliculosus is the type species for the order of Ectocarpales.
The Ectocarpales originally were thought to be primitive members of the Phaeophyceae,
but recent research shows that they are, in fact, more closely related to the larger and
more highly developed kelps of the Laminariales (Charrier et al., 2008; Rousseau & de
Reviers, 1999).
E. siliculosus has a small genome size, approximately 200 million base pairs. Its
adaptability to culture techniques and its short life cycle span make Ectocarpus a
desirable research organism. Recently, it was proposed that E. siliculosus served as a
model for brown algal genomics (Peters, Marie, Scornet, Kloareg, & Cock, 2004). With
the close relationship between the Ectocarpales and Laminariales, examination of the
genomics and development of E. siliculosus may provide insights into the larger, more
complex and commercially important kelps. The use of the uniseriate E. siliculosus as a
model organism may provide a basis for understanding the development of the
multiseriate thallus of the kelps and other brown seaweeds that evolved independently of
higher plants. Its reproductive pattern of alternation of generations between the haploid
gametophyte and diploid sporophyte plants is common to the Ectocarpales and
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(a)

(b)

Figure 1. Ectocarpus spp. Collected from the Greenshores Reclamation Site, Pensacola, FL.
(a) Ectocarpus spp. can reach upwards of 30 cm and is commonly epiphytic on other seaweeds and aquatic plants or attached to rocky substrates. (b)
Plurilocular sporangia release swimming cells that may behave asexually or sexually. These sporangia have not released their zoospores into the water column.
Whether this is a gametophyte or sporophyte plant is unknown. Taken at 200X magnification (Leica Model: DMLS).

Laminariales and represents a novel life cycle compared to other model organisms.
Critical examination of Ectocarpus may reveal both environmental and genetic factors
that induce and control reproduction (Peters et al., 2004). With the recent sequencing of
its complete genome (Wincker, 2008), E. siliculosus has become a viable candidate for
the role of model organism (Charrier et al., 2008).
The Species Concept
Over the years, numerous species are assigned to Ectocarpus based on
morphological data such as cell size and reproductive structures. Within the past several
decades, phycologists seem to agree there are but two species, although empirical
research to support this contention is incomplete (Braütigam, Klein, Knippers, & Müller,
1995; Russell, 1966). E. siliculosus is the type species for the genus and for the
Ectocarpales, an order which includes many of the smaller brown algae. E. fasciculatus
is commonly accepted as a second species within the genus based on morphological
characteristics (Russell, 1966). Several of the taxonomic keys list additional species of
Ectocarpus such as E. dasycarpus, E. elachistaeformis, and E. intermedius (Earle, 1969;
Schneider & Searles, 1991; Taylor, W. R., 1972), but none of these species have been
investigated fully. Current searches on the NCBI database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) for DNA sequences show only the two
aforementioned species, E. siliculosus and E. fasciculatus, as the focus for research;
however, there is one limited reference to of E. variabilis. Current thought is E.
siliculosus forms a species complex with extreme morphological plasticity. Cultures of
the same specimen under the different conditions have a different morphology when
3

examined under the microscope (Stache-Crain, Müller, & Goff, 1997). With the recent
completion of the sequencing for the E. siliculosus genome, it should be possible in the
near future to resolve questions about the number and distribution of valid species.
Microscopic examination is the most commonly used and easiest method for
species determination in the algae; however, taxonomic keys list differing descriptions
for E. siliculosus (Table 1). Unknowingly, these references lay the foundation for
interpreting E. siliculosus as a species complex with variable morphology. Indirectly,
they support the two species concept for Ectocarpus, the taxonomic strategy used for this
study.
Molecular methods, such as polymerase chain reaction (PCR), are becoming more
common in modern research. PCR is a method in which a sequence 20 to 30 base pairs
long is annealed to a gene within the host DNA of a specific organism. The DNA is
extracted and placed in a solution of nucleotides and Taq polymerase, an enzyme that at
high temperature elongates the sequence following the annealing of the primer. Several
iterations of this process results in a large number of copies of the gene sequence. Two
common gene sequences used for identification and phylogenetic work are 18S ribosomal
RNA (18S) and the Ribulose 1,5-bisphosphate carboxylase/oxygenase, large subunit
(rbcL) (Stefano G.A. Draisma, Reine, Stam, & Olsen, 2001; Freshwater, Frederiq, Butler,
Hommersand, & Chase, 1994; McCauley & Wehr, 2007; Sherwood & Sheath, 2000;
Stache-Crain et al., 1997; Tan & Druehl, 1993). Both sequences are highly conserved
and used for phylogenetic analysis of relationships between species, and both are used in
this study to identify and compare species with results obtained through microscopic
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Table 1
Physical Descriptions of Ectocarpus siliculosus from Several Published Sources.
Searles
Dawes (Dawes,
Taylor (W. R.
Earle (Earle,
(Schneider &
1974)
Taylor, 1972)
1969)
Searles, 1991)
Uniseriate
First attached, later
Attached or
Epiphytic,
filamentous,
often free floating,
later freeepizoic or
attached or free
branching below at
General
floating,
saxicolous
floating;
times
Description
branching
attached by
branching
pseudodichotomous
alternate or
prostrate
alternate or
but above alternate
unilateral
filaments
unilateral
or unilateral
Mature cells 40 Main axes 40 60 μm in
Maine axes 40
60 μm diameter,
diameter, four or
- 60 μm
Cells in lower part
4 - 5 diameters
five diameters
diameter, cells
Cell Size
40 - 60 μm, 4 - 5
long when
long when
1-5
diameters long
mature, shorter
mature, shorter
diameters
in younger
in younger
long
portions
sections
Usually
pedicellate,
Short stalked,
Sessile or on
Sessile or on short
elongate,
Unilocular
ellipsoide, 20short stalks, 20
stalks, 20 - 27 μm
conical 12 Sporangia
27μm by 30- 27 μm by 30 by 30 - 65 μm
50 μm wide,
65μm
65 μm
50 - 400 μm
long
Sessile or
usually shortSessile or usually
Oval, sessile
Sessile or short
stalked,
short-stalked,
or pedicellate,
stalked, typically
typically conicotypically
Plurilocular
20 - 50 μm
conical, 12 - 25
subulate, 12 - 25
conico-subulate,
Sporangia
wide, 30 - 140
μm by 50 - 600
12 - 25 μm by
μm by 50 - 600 μm
μm long
μm
long
50 - 600 μm
long

identification. Just how many species of Ectocarpus inhabit the northern Gulf of Mexico
is a question, as yet, unanswered.
One biochemical method of species determination for Ectocarpus is the detection
of Diacylglycerylhydroxymethyltrimethyl-ß-alanine (DGTA). DGTA is a membrane
betaine lipid with a carboxyl group near a N-trimethyl-ammonium group (Müller &
Eichenberger, 1994), that is restricted to algae containing both chlorophylls a and c
(Kato, Sakai, Adachi, Ikemoto, & Sano, 1996). The occurrence of DGTA in many of the
Phaeophyceae is shown to be partly reflective of the algal taxonomy within the group
(Dembitsky, 1996). In Ectocarpus, DGTA is present only in E. fasciculatus, while E.
siliculosus lacks DGTA (Müller & Eichenberger, 1994), making DGTA detection useful
for species determination provided the two species concept is correct.
Ecology
Ectocarpus is a cosmopolitan, brown seaweed that inhabits most temperate coasts.
It can survive in a wide range of salinities from freshwater in a river in Australia
(McCauley & Wehr, 2007) to brackish water in estuaries like Pensacola Bay, and to full
strength seawater in the Gulf of Mexico. Temperature and salinity play a role in the
reproduction of Ectocarpus (Bolton, 1983; Lüning, 1990), at least in some strains
(Charrier et al., 2008).
With completion of the sequencing of the Ectocarpus genome, it becomes easier
to analyze the effects that ecology has on gene expression and morphological variations.
The development of molecular markers permits examination of the life cycle and
alteration of generations under field conditions and facilitates examination of
6

morphological plasticity seen within Ectocarpus species and strains from around the
world. Methods for assessing temperature and salinity tolerance in the many different
strains (Charrier et al., 2008) of Ectocarpus may rely on molecular markers as well.
Life Cycle and Reproduction
Ectocarpus and other genera within Ectocarpales have a haplo-diplonic life cycle
characterized by an isomorphic alteration of generations, consisting of a haploid
gametophyte and a diploid sporophyte plant. The gametophyte and sporophyte plants are
identical morphologically making it difficult to distinguish between the generations.
Both the plurilocular and unilocular sporangia appear on the sporophyte plant, while only
plurilocular sporangia are found on the gametophyte plant. Unilocular sporangia produce
zoospores by meiosis that swim, settle, and give rise to the gametophyte plant. The
plurilocular sporangia on the sporophyte plant produce zoospores through mitosis that
give rise to another generation of the sporophyte plant (Lee, 1999; Müller, 1964).
The gametophyte plant of Ectocarpus has separate male and female forms.
Gametophyte plants produce only plurilocular sporangia that form either haploid
zoospores or gametes through mitosis. Zoospores released by plurilocular sporangia
settle and give rise to a new gametophyte plant. When gametes are released from female
plants may settle first, then release a pheromone, ectocarpene, that attracts male gametes
(Charrier et al., 2008; Lee, 1999). Other studies, however, indicate that the sexual
attractant of the female gametes is not the pheromone ectocarpene but a pre-ectocarpene
compound (Boland, Pohnert, & Maier, 1995; Müller, Jaenike, Donike, & Akintobi,
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1971). Fusion of male and female gametes gives rise to a swimming zygote that settles
on a substrate, loses its flagella, and by mitosis forms the diploid sporophyte plant.
Temperature plays a large role in development of sporangia for certain strains of
Ectocarpus. In relatively high external temperatures, approximately 20 °C, plurilocular
sporangia are prevalent on gametophyte and sporophyte plants. In temperatures lower
than 15 °C, diploid sporophyte plants usually form unilocular sporangia, especially
during the cooler winter months (Lee, 1999). However, many strains of Ectocarpus do
not exhibit temperature dependence for sporangia production (Charrier et al., 2008).
The EsV-1 Virus
E. siliculosus from certain locations is infected with a small marine virus, the
Ectocarpus siliculosus Virus (EsV-1; Müller, Kawai, Stache, & Lanka, 1990). Dense
populations of marine viruses are predicted to occur from a range of 3 x 10-3 viruses mL-1
in the deep ocean to 1 x 10-8 viruses mL-1 in coastal waters (Suttle, 2005). It is estimated
that infection of E. siliculosus by the EsV-1 occurs in approximately 50% of the world’s
population of Ectocarpus (Dixon, Leadbeater, & Wood, 2000; Müller & Stache, 1992;
Müller et al., 2000). For the United States, infection by the EsV-1 virus is reported for
the coast of North Carolina and the coast of California. As yet, no infections are reported
in the Gulf of Mexico (Sengco, Braütigam, Kapp, & Müller, 1996). Other worldwide
locations positive for the EsV-1 virus in E. siliculosus include a brackish river in
Germany, the coasts of Argentina, Australia, Chile, Denmark, France, the English
Channel, the Irish Sea, the coasts of Italy, Japan, Massachusetts, New Zealand, and
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Norway, the Atlantic and Pacific coasts of South America, and South Africa (Sengco et
al., 1996).
The EsV-1 infection occurs when the zoospores of Ectocarpus are released from
the sporangia. The zoospores are prone to infection because they lack a protective cell
wall. The viral DNA inserts itself into the host genome and through mitosis of the host is
copied into every cell of the plant (Delaroque, Maier, Knippers, & Müller, 1999). Viral
production occurs only in the reproductive structures of the plant so that timing of the
release of zoospores coincides with the release of viral particles, thus, ensuring a greater
chance of infection. It is estimated that EsV-1 loses viability after two to three days in
seawater, with temperature also playing a role in stability of the virus. Cooler water
promotes viral stability, while warmer water decreases the longevity of the virus (Müller,
1996).
The virus may lay dormant within the seaweed until an unknown trigger initiates
replication of viral particles. The infected sporangia become large and bulbous in shape
and when examined with the transmission electron microscope, the plurilocular sporangia
are filled with the icosahedral virus particles (Müller, Kapp, & Knippers, 1998; Müller et
al., 1990). Research indicates that the EsV-1 virus does not have an adverse effect on
Ectocarpus which shows no significant drop in photosynthetic capabilities in infected
samples (Campo, Ramazanov, Garcia-Reina, & Müller, 1997). Infected sporangia appear
on the same plant as uninfected, healthy sporangia (Müller et al., 1990). Additionally,
the virus is transmitted through meiosis, and subsequently, removed by Mendelian
segregation from the crossing of an uninfected female, or male, with an infected male, or
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female, thus, reducing the incidence of infection from 100% of diploid plants to 50%
haploid plants (Müller, 1991b).
The circular EsV-1 genome has approximately 231 encoding genes and a circular
DNA size of 335,000 base pairs, which is one of the largest known viral genomes
(Delaroque et al., 2001). A commonly studied protein encoded by EsV-1 is a
glycoprotein (GP-1) embedded in the viral coat. The GP-1 sequence is encoded on an
open reading frame of the viral genome, allowing for easy access for detection purposes
(Delaroque et al., 2001). GP-1 is used in this study for virus detection.
EsV-1 has intraspecific and intergeneric infection capabilities. Research shows
that the EsV-1 infects Feldmannia simplex (Ectocarpales, Phaeophyceae) zoospores but
will not multiply within the plant. However, the virus causes malformations in the
sporangia (Müller, Braütigam, & Knippers, 1996). Studies also show that EsV-1 is not
able to infect E. fasciculatus, but the virus found in E. fasciculatus, EfasV-1 (Ectocarpus
fasciculatus Virus), infects E. siliculosus and induces aberrant symptoms, but it does not
produce infectious particles (Müller et al., 1996).
Using knowledge gained from the complete sequence of the EsV-1 genome, it
may be possible in the future to use the EsV-1 virus as a vector for transformation of
Ectocarpus and other small filamentous brown seaweeds, analogous to the use of the
Tobacco Mosaic Virus in the transformation of land plants. As yet, how the EsV-1 virus
integrates its DNA into the host genome and the factors causing the virus to remain latent
for several years are unknown. With the recent sequencing of the Ectocarpus genome,
investigations into the point or points of insertion for the viral DNA and causes for
latency are feasible (Charrier et al., 2008).
10

Research Plan
This study focuses on species determination of Ectocarpus using both
microscopic and molecular techniques. Morphological features of specimens collected
from the northern Gulf of Mexico and areas around the Tampa Bay region are compared
to samples from worldwide culture collections and taxonomic keys and data are subjected
to ANOVA. For species determination at the molecular level, all samples are compared
using DNA extraction, PCR, and sequence analysis for 18S ribosomal RNA (18S) and
RUBISCO large subunit (rbcL). Phylogenetic trees are constructed based on these
sequences and compared to those of certain other species reported in the literature.
Infection by the EsV-1 virus is detected using primers for the GP-1 coat protein during
PCR procedures and followed by gel electrophoresis to reveal the expected DNA band at
692 bp. Thus, new information about the reliability of morphological parameters for
species determination, the number of species and species distribution along the northern
Gulf of Mexico, phylogenetic relationships, and the incidence of viral infection in
Ectocarpus are evaluated.
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CHAPTER II. MATERIALS AND METHODS
Field Samples and Culture Collections
Field samples of Ectocarpus spp. were collected from the northern Gulf of
Mexico in the Pensacola area and from the eastern Gulf Coast in the Tampa area. Other
living samples were obtained from culture collections including, Cambridge Culture
Collection (CCC), University of Texas Culture Collection, Culture Collection of Algae
(SAG) at the University of Göttingen, the Provasoli-Guillard National Center for Culture
of Marine Phytoplankton (CCMP), Carolina Biological Supply (Carolina), and Ward’s
Natural Science (W). An additional sample dried on silica was obtained from Dieter G.
Müller (Fakulät für Biologie der Universtät, Konstanz, Germany). This sample was
previously identified as E. siliculosus infected with the EsV-1 virus and was used as a
standard for viral infection (Müller et al., 1990).
Field sites (Figure 2) along the Gulf Coast near Pensacola included the
Greenshores Reclamation Site at the north end of the Three Mile Bridge (30º25’0.51”N,
87º11’39.53”W) in Pensacola Bay, Pensacola, Florida; Santa Rosa Sound at the Gulf
Coast Ecological Division of the Environmental Protection Agency on Sabine Island,
Gulf Breeze, Florida (30º20’22.97”N, 87º09’24.68”W); free floating specimens in the
Gulf of Mexico in the vicinity of Pensacola Beach, Florida (30º20’25.48”N,

12

Figure 2. Locations of collection sites around the Pensacola area.
1) Greenshores Reclamation Site at the north end of the Three Mile Bridge (30º25’0.51”N, 87º11’39.53”W) in Pensacola Bay, Pensacola, Florida; 2) Santa
Rosa Sound at the Gulf Coast Ecological Division of the Environmental Protection Agency on Sabine Island, Gulf Breeze, Florida (30º20’22.97”N,
87º9’24.68”W); 3) Santa Rosa Sound at Navarre, Florida, along the south side of the Navarre Beach Bridge (30º23’05.65”N, 86º54’45.51”W); 4) free floating
specimens in the Gulf of Mexico in the vicinity of Pensacola Beach, Florida (30º20’25.48”N, 87º04’34.32”W). Satellite map from Google Maps.

87º04’34.32”W); and Santa Rosa Sound at Navarre, Florida along the south side of the
Navarre Beach Bridge (30º23’05.65”N, 86º54’45.51”W). Several specimens were
collected from Tampa Bay by Dr. Peggy Winter; however, no physical parameters were
measured at the time those samples were recorded. Otherwise, physical data were
collected at each sampling site including, dissolved oxygen (DO) determined by Winkler
Titration (Strickland & Parsons, 1965) or DO Meter (Hach sensIon6, Loveland, CO),
depth, percent coverage, salinity using a refractometer, both ambient and water
temperature, pH, and substrate type. Samples were collected by wading or snorkeling
and transported to the lab on ice. Vegetative fragments from all sampling sites were
placed in culture.
Culture Techniques
Field collections of Ectocarpus were rinsed with one liter of filtered, site seawater
(GF/F pore size filter) mixed with 1mL of Triton X used to reduce surface tension and
remove epiphytes (Andersen, 2005). Subsequently, small, tip fragments of the collected
Ectocarpus were placed in a fresh, seawater-Triton X solution and stirred for
approximately 30 seconds with a magnetic stir bar. The seawater-Triton X solution was
changed several times, and samples were checked under the microscope for epiphytes.
An average of three solution changes were needed to remove epiphytes. Serial dilution
was used to remove dislodged epiphytes. Samples were passed through several dishes
containing filtered seawater; an average of seven dishes were needed.
Cleaned specimens and samples obtained from culture collections were
maintained in Provasoli’s Enhanced Seawater and Erdschreiber’s Media (Starr & Zeikus,
14

1993). Samples were transferred under a HEPA-filtered, continuous flow hood to
prevent contamination and cultured in 10 mL of culture medium in autoclaved Pyrex 175
mm x 22 mm cultures tubes, or in sterile 100 mm x 15 mm Petri dishes. Salinity of
filtered site water used in the media ranged from 23 to 25 ppt. Cultures were kept at 15
ºC or 25 ºC on a 14/10 hour, light/dark cycle. Culture solution was replaced
approximately every other week.
Field Sample and Culture Collection Labels
Environmental samples were named based on location and date of collection.
Months were abbreviated as follows: February (F), March (M), April (A), May (Ma), and
June (Ju). The Greenshores Reclamation Site was designated as GS; Navarre Beach as
N; the Gulf of Mexico as GM; Sabine Island as SI; and Tampa Bay as TB (Table 2).
Samples from culture collections were given names that corresponded with the acronym
for the culture institution followed by a number (Table 3).
Virus Detection
Microscopic examination of each of the field samples and culture collections was
performed to look for evidence of viral infection. The virus was detected visually by
inspecting the sporangia for an enlarged, bulbous or inflated appearance, as opposed to
the narrow conical appearance of healthy sporangia (Figure 1b). Sporangia filled with a
white mucous surrounding the brown cells of the zoospores was another indicator for
viral infection (Müller, 1996).
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Table 2
Collected Specimens and the Naming Scheme Used for Identification Purposes.
Greenshores Reclamation Site
Name
GSF1
GSM1
GSM2
GSA1
GSA2
GSA3
GSA4
GSMa1
GSMa2
GSMa3
GSMa4
GSJu1
Navarre Beach
Name
NF1
Gulf of Mexico
Name
GMJu1
Sabine Island
Name
SIJu1
Tampa Bay
Name
TB1
TB2
TB3

Date of Collection
2/2006
03/13/2006
03/13/2006
04/07/2006
04/14/2006
04/14/2006
04/28/2006
05/04/2006
05/10/2006
05/19/2006
05/26/2006
06/09/2006
Date of Collection
02/03/2006
Date of Collection
06/23/2006
Date of Collection
06/30/2006

Date of Collection
6/2006
6/2006
6/2006

Note: GS, Greenshores Reclamation Site; N, Navarre Beach; GM, Gulf of Mexico; SI, Sabine Island; TB,
Tampa Bay; F, February; M, March; A, April; Ma, May; Ju, June.

Table 3
Culture Collection Names and Related Culture Numbers Used for Identification Purposes
During Experiments.
University of Texas Culture Collection of Algae
ID #
Culture #
Genus species (Collection site)
UT1
LB1433
Ectocarpus sp. (Also in Cambridge Culture Collection 1310/236)
UT2
LB1636
Ectocarpus fasciculatus (Also in Cambridge Culture Collection
1310/1)
Culture Collection of Algae (SAG) at the University of Göttingen
ID #
Culture #
Genus species (Collection site)
SAG1
21.93
Ectocarpus siliculosus (female from Naples, Italy)
SAG2
22.93
Ectocarpus siliculosus (male from Naples, Italy)
SAG3
209.80
Ectocarpus siliculosus (unknown origin)
SAG4
210.80
Ectocarpus siliculosus (unknown origin)
SAG5
63.81
Ectocarpus siliculosus (from Werra near Hann. Münden)
Cambridge Culture Collection of Alga and Protozoa
ID #
Culture #
Genus species (Collection site)
CCC1
1310/3
Ectocarpus siliculosus (non viral infected female, San Juan, Peru)
CCC2
1310/4
Ectocarpus siliculosus (viral infected male, San Juan, Peru)
The Provasoli-Guillard National Center for Culture of Marine Phytoplankton
ID #
Culture #
Genus species (Collection site)
CCMP1 1930
Ectocarpus sp. (from Nantucket Sound)
Carolina Biological Supply
ID #
Culture #
Genus species (Collection site)
Carolina None
Ectocarpus sp. (unknown collection site)
Ward’s Natural Science
ID #
Culture #
Genus species (Collection site)
W1
None
Ectocarpus sp. (unknown collection site)
From Dieter G. Müller
ID #
Culture #
Genus species (Collection site)
NZ14
None
Ectocarpus siliculosus (infected with EsV-1 virus; from coast of
New Zealand, obtained from Dieter G. Müller)
Note: UT, University of Texas Culture Collection; CCC, Cambridge Culture Collection; SAG, Culture
Collection of Algae (SAG) at the University of Göttingen; CCMP, Provasoli-Guillard National Center for
Culture of Marine Phytoplankton; Carolina, Carolina Biological Supply; W, Ward’s Natural Science;
NZ14, Culture from Dieter G. Müller (Fakulät für Biologie der Universtät, Konstanz, Germany).

PCR amplification of GP-1 protein from the viral coat was selected as a molecular
marker because it was a precise measure of infection and structurally amenable to
binding with a primer. Primers for the GP-1 sequence (Braütigam et al., 1995) were
incubated with DNA isolated from the seaweed using times and temperatures determined
by Brautigam et al. (1995; Table 4). All PCR products were run on a 2% agarose gel at
80 V for approximately 1 to 1.5 hours in TAE buffer (242 g Tris-HCl, 57.1 mL glacial
acetic acid, 100 mL 0.5 M Sodium EDTA, pH 8.0, in 1 L H2O). Bands measuring 692 bp
and matching the bands produced from known infected samples, NZ14 and CCC2, were
used as indicators of infection.
Table 4
Protocols for Amplification of 18S, GP-1, and rbcL Using PCR and a Thermocycler.
Process
Temperature
Time
Initial Heat-up
94 °C
Denaturing
94 °C
1 min.
Annealing
For GP-1
52 °C
2 min.
For 18S and rbcL
56 °C
2 min.
Elongation
72 °C
2 min.
Final Elongation
72 °C
7 min.
Holding temperature
4 °C
∞

Microscopic Examination and Species Determination
Microscopic examination evaluated both species determination and condition of
samples. Examinations were made using a Leica Model DMLS light microscope. All
measurements were taken at 200X magnification using a calibrated ocular micrometer.
Chloroplast condition was determined for specimens in culture using a scale of one to
five; one signified a transparent or dull chloroplast color, while a five represented a rich
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golden-brown color and the typical chloroplast shape. The ranks were used to evaluate
health within the culture medium, and samples with low numbers were transferred to
fresh medium.
Branch tips from field samples and culture collections were examined under the
microscope to determine presence or absence of epiphytes, vegetative cell size, and size
of the plurilocular and unilocular sporangia. Approximately 30 cells per branch were
measured for length and width, and results were expressed in micrometers.
Measurements were compared to values from published taxonomic keys (Dawes, 1974;
Earle, 1969; Schneider & Searles, 1991; Taylor, W. M. R., 1967; Taylor, W.R., 1972)
and used for microscopic identification to species. A one way ANOVA with an α-value
of 0.05 was applied to the means of the cell and sporangia lengths and widths and
compared to published values for known species.
DNA Extraction Methods
Several methods were used for DNA extraction from Ectocarpus spp. For all
procedures dried seaweed samples ranging from 30 mg to 1 g were used. Summaries of
methods for DNA extraction using Chelex 100, CTAB, and Extract-N-Amp are
described; however, most samples were extracted with Extract-N-Amp.
Chelex 100 Extraction
A volume of 200 to 300 μL of a 5% Chelex solution (Table 5) was pipetted into a
sterile microfuge tube containing the Ectocarpus sample. The Chelex 100 acted as a
grinding matrix facilitating cell breakage without DNA damage. A sterile micropestle
(022365622, Eppendorf Inc., Westbury, NY) was used to grind the tissue; micropestles
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were sterilized by rinsing in a 10% bleach solution or by autoclaving on the liquid cycle
for 30 minutes. The micropestle was propelled by hand or a high speed motor set at
medium speed for approximately 3 minutes. A small sample was removed and examined
under the microscope to determine whether the cells were crushed adequately.
Table 5
Buffers for Chelex 100 and CTAB Extraction Methods.
Buffer
Solution
5% Chelex 100 Resin w/v in sterile 90 mM Tris-HCl (pH 8.0) and
Chelex 100
50 uM EDTA
2% (w/v) hexadecyltrimethylammonium (CTAB) 0.1 mol/L TrisCTAB
HCl (pH 8.0) 0.2mol/L EDTA, 1.4 mol / L NaCl, 0.1 (w/v) sodium
dodecyl sulfate (SDS), 3.5mmol L DIECA, 1% w/v PVPP
Ground samples were incubated on ice for 30 minutes or in a water bath at 65 –
80 °C for 30 minutes. Tubes were spun on a centrifuge (Beckman, J2-HC, Fullerton,
CA) at 10,000 x g for 2 minutes at 4 °C to pellet plant debris. The supernatant was
transferred to a clean, sterile microfuge tube, and 10 μL of Proteinase K was added.
Tubes were incubated in a water bath at 50 °C for 50 minutes for protein degradation, and
subsequently placed in a water bath at a rolling boil for 10 minutes to degrade Proteinase
K activity. Samples were centrifuged at 10,000 x g for five minutes at 4 °C. The
supernatant containing the extracted DNA was transferred to a clean, sterile tube and
stored at -20 °C (Goff & Moon, 1993).
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CTAB Extraction
A modified CTAB method (Philips, Smith, & Morden, 2001) was used to extract
DNA from Ectocarpus to eliminate compounds, especially polyphenolic compounds that
contaminate DNA extraction in brown seaweeds. Samples were dried briefly on a sterile
paper towel autoclaved for 30 minutes on the liquid cycle and then weighed.
Approximately 1 g of dry seaweed was used for DNA extraction. The dried seaweed was
placed into a sterile mortar and pestle and ground under liquid nitrogen for 5 minutes.
Ground samples were transferred to sterile, screw top bottles containing 10 mL of
modified CTAB extraction buffer (Table 5) and were incubated at room temperature (25
°C) for 60 minutes on a platform shaker. Ten mL of chloroform was added to the tube
and mixed briefly. Samples were spun at 2500 x g for 10 minutes at 4 °C; the upper
aqueous phase was decanted into a clean sterile tube (Philips et al., 2001).
Samples were cleaned with 7 mL of ice cold isopropanol taken from a -20 °C
freezer and spun at 2500 x g for 10 minutes at 4 °C; the supernatant was poured off
retaining the pellet. The pellet was washed with 500 μL of 70% ethanol three times, and
after the third wash, it was allowed to evaporate to dryness. The pellet was resuspended
in 200 μL of TE buffer (10 mM Tris-HCl (pH 8.0) and 1 mM EDTA) and stored at -20
°C.
Extract-N-Amp
The Extract-N-Amp Plant PCR Kit (XNAP2, Sigma Aldrich, St. Louis, Missouri)
was designed for DNA extraction from higher plant tissue and was not tested previously
on algal samples prior to use with Ectocarpus. Normal protocol for higher plant
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extraction involved using a paper hole punch to remove tissue from the plant. To
compensate for the uniseriate filament of Ectocarpus, a 1 cm2 area was drawn on an
index card to approximate the size of the hole punch. A sample was dried on sterile
paper towel, placed over the area outlined on the index card, and the portion covering the
1 cm2 area was excised. The sample was weighed and placed in a sterile microfuge tube;
the 1 cm2 samples weighed between 1 mg and 10 mg.
A volume of 100 μL of the provided Extraction Buffer was added to the tube
containing the seaweed, but for larger weights more Extraction Buffer was used. The
tube was vortexed briefly and placed in a 95 °C hot water bath for 10 minutes. The tube
was removed, and an equal volume of Dilution Solution was added. Tubes were allowed
to cool to room temperature and then stored at -20 °C.
PCR Techniques and Yield Analysis
Regardless of the extraction method, all DNA samples were amplified using the
same PCR techniques. In all cases, Jumpstart REDTaq DNA (P0982 Sigma Aldrich, St.
Louis, MO), inactivated with an antibody designed to prevent non-specific binding below
temperatures of 90 °C, was used to obtain multiple DNA copies. Frozen samples were
thawed on ice until ready for PCR analysis. Twenty-five μL of the Jumpstart PCR mix,
which included a mixture of the 4 DNA nucleotides, were added to a clean, sterile PCR
tube, then 3 μL of extracted algal DNA and a total of 2 μL of forward and reverse
primers. In all, three primer sets were used, two for species determination and one for
viral detection in Ectocarpus; these included primers for 18S ribosomal DNA, the large
subunit of the Ribulose bisphosphate carboxylase/oxygenase gene (rbcL), and the GP-1
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protein coat of the EsV-1 virus, respectively (Table 6). A final volume of 50 μL was
achieved by adding proteinase-free, sterile water (Fisher Scientific, Pittsburgh,
Pennsylvania).
Table 6
Primers Used for Sequencing of Field Samples and Culture Collections.
Sequence Length
Source for Primer
Gene
Primer Sequence
(bp)
Sequence
cagaggtgaaattcttggat
18S
867
(Tan & Druehl, 1993)
gatccttctgcaggttcacctac
rbcL
GP-1

ttgaagctgcagcagctgttg
acaagtagatgctgctcgcagg
gcgcatctatctagaatccgtc
tgttgacagaatcgtcgtgtgg

1203

(Braütigam et al.,
1995)

692

(Braütigam et al.,
1995)

Amplification was performed using a thermocycler (GeneAMP, PCR System
2400, Applied Biosystems, Forester City, California). Sterile mineral oil was not needed
as the machine had a top heated lid that prevented condensation. The protocol that
provided the best results and adopted throughout the study was 30 cycles each consisting
of a 1-minute denaturing step at 92 °C, a 2-minute annealing step at 58 °C, and a 2minute elongation step at 72 °C for the 18S and rbcL primers (Table 4). For the GP-1
primer, the same denaturing and elongation protocols were followed but a lower
temperature of 54 °C was selected for annealing (Table 4). All PCR products were run
on a 2% agarose gel stained with 1mg/mL of Ethidium Bromide. Bands from PCR
products were compared to a 1000-base pair (bp) ladder with separations at every 100 bp
for through-size comparison and to determine whether DNA fragments for the three
genes were obtained.
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DNA Purification
Products from PCR were purified using the Wizard PCR Preps DNA Purification
System (A7170, Promega, Fitchburg, Wisconsin). Aliquots of 100 μL Direct PCR
Purification Buffer were added to sterilized 1.5 mL microfuge tubes. PCR products in a
volume of 50 μL were pippetted into each tube. Tubes were vortexed briefly, and 1 mL
of resin was added to each tube and vortexed three times over a 1-minute interval.
For each sample, a clean and sterile 3 mL Luer-Lok syringe was attached to a
Wizard® Minicolumn. The resin/DNA slurry was added to each syringe and pushed
through the minicolumn, followed by 2 mL of 80% isopropanol, likewise, pushed
through the column. The minicolumn was transferred to a clean, sterile 1.5 mL
microfuge tube and spun at 10,000 x g for 2 minutes. The minicolumn was then
transferred to a clean and sterile 1.5 mL microfuge tube. Nuclease-free and proteinasefree (Fisher Scientific, Pittsburgh, Pennsylvania) water was added, and the minicolumn
was allowed to soak for several minutes before being transferred to a third clean and
sterile 1.5 mL microfuge tube and centrifuged at 10,000 x g for 20 seconds. The
minicolumn was removed and discarded, and the collected and purified DNA was stored
at -20 °C in the microfuge tube.
Sequence and Phylogenetic Analyses
Purified PCR products were sent to High-Throughput Genomics Unit
(http://www.htseq.org/index.html, Department of Genome Sciences, University of
Washington, Seattle, Washington) for sequencing in the forward and reverse directions.
Triplicate samples for each PCR product were sequenced to assure accuracy. Sequences
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were edited and assembled in BioEdit (Hall, T.A., 1999) using the CAP contig assembly
program with a 20 minimum base overlap and 85 percent match minimum. Resulting
gaps were filled in manually with the consensus being used for the missing gap.
A nucleotide-nucleotide BLASTn (Basic Local Alignment Tool) search using the
National Center for Biotechnological Information (NCBI) website
(http://www.ncbi.nlm.nih.gov/BLAST/; Altschul, Gish, Miller, Meyers, & Lipman, 1990)
was done on field specimens collected from Greenshores, Navarre, Sabine Island, Tampa
Bay, and the Gulf of Mexico for both 18S and rbcL gene. These were used to identify
possible contamination and to compare already published data to sequences obtained
experimentally. Fucus spp. were used as outgroups for alignment, and several
Ectocarpus spp. were selected for comparison with field specimens and culture
collections (Table 7).
Table 7
Accession Numbers of Species Obtained Using the NCBI BLAST Search.
Genus species
NCBI Accession Number (18S)
Ectocarpus spp.
AY307399
L17015
Ectocarpus siliculosus
L43062
Ectocarpus siliculosus
AB011423
Fucus distichus
Genus species
Ectocarpus siliculosus
Ectocarpus siliculosus strain 3477
Ectocarpus siliculosus LB 1433
Fucus vesiculosus

NCBI Accession Number (rbcL)
X52503
AY307410
AY307411
DQ307680

Experimental sequences for both 18S and rbcL were aligned manually using
BioEdit (Hall, T.A., 1999) with sequences obtained from the BLAST search. Aligned
sequences were exported as a nexus file and imported into PAUP* (Swifford, 2002).
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Maximum parsimony was performed for each alignment using a heuristic search having a
tree bisection-reconnection branch swapping algorithm with 100 random additions
(PAUP* command: hsearch swap=TBR addseq=random nreps=100; Hall, B.G., 2004).
Fucus vesiculosus and F. distichus were set as the outgroup for 18S and rbcL,
respectively, for each heuristic search.
Neighbor-Joining (NJ) likelihood analyses were performed using the PAUP*
software and a heuristic search with tree bisection-reconnection branch swapping
algorithm and 100 replications (PAUP* command: set criterion=likelihood; hsearch
start=NJ swap=TBR nreps=100). Bootstrapping was performed for both maximum
parsimony and neighbor-joining with 1000 replicates each for both 18S and rbcL
alignments (PAUP* command: bootstrap nreps=1000 brlens=yes search=heuristic /
addseq=random; bootstrap nreps=1000 brlens=yes search=heuristic / addseq=random
start=nj;).
Bayesian analysis was performed on each alignment in MrBayes using the GTR
model (Huelsenbeck & Ronquist, 2001). Sample generations of 1,000,000 were used
with a sample frequency of 1000 using Markov chains Monte Carlo. Data were
partitioned by codon and unlinked during analyses. Log-likelihood values stabilized after
450,000 generations for 18S and 490,000 generations for rbcL. Posterior probabilities
were calculated with 750 trees, using 1000 trees but discarding 250 for burnin.
Phylogenetic trees produced by PAUP* and MrBayes were imported into TreeView and
exported for use in Microsoft Word.
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CHAPTER III. RESULTS
Ecology
Field samples were collected in a range of salinities and water temperatures with
temperatures between of 15 to 28 °C at Greenshores Reclamation Site, 30 °C at the Gulf
of Mexico, and 31 °C at Sabine Island. Greenshores Reclamation Site had a range of
salinity from 13 to 22 ppt, while the Gulf of Mexico, Navarre Beach, and Sabine Island
were 30 ppt. Dissolved oxygen values varied between 6.21 to 9.71 mL L-1 for all of the
collection sites. Free-floating samples were collected at the Gulf of Mexico, while
samples from Greenshores, Navarre, and Sabine Island were attached to Spartina
alterniflora, rocks, or Sargassum spp., respectively. Most samples were collected at
water depths ranging from 0.2 to 1.2 meters at mean high tide.
Species Determination by Microscopic Examination
Field and culture collection samples all had a uniseriate, branched thallus with the
upper, tip portions much branched. Microscopic examination showed the characteristic
ribbon-shaped chloroplasts having a golden-brown color positioned within rectangular
cells. Measurements were taken on cells from upper or tip portions of the thallus for all
specimens (Table 8). Field samples averaged 29.00±6.54 μm in cell width, while the cell
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Table 8
Cell Measurements from Field and Culture Collection Samples.
Field Specimens
GSA1
GSA2
GSA3
GSA4
GSMa1
GSMa2
GSMa3
GSMa4
GSJu1
GMJu1

Cell Size
Width
Length
29.17±7.59
81.35±23.6
22.76±7.44 79.66±31.84
35.31±5.07 93.59±27.13
22.97±8.06 61.76±16.99
23.27±4.74
55.20±20
40.94±6.89 73.44±20.89
22.17±5.54 75.65±21.49
34.59±7.06 80.31±24.88
26.57±7.45 73.86±20.04
32.21±11.44 96.73±32.96
Average 29.00±6.54 77.15±12.62

Ectocarpus siliculosus from Culture Collections
CCC1
SAG1
SAG2
SAG3
SAG4
SAG5
Average

Width
20.00
20.00
34.30±6.73
20.00
30.00
28.33±3.89
25.44±6.27

Length
47.14±14.90
76.39±18.05
76.50±13.69
74.38±15.48
69.33±23.92
70.42±18.76
69.03±11.13

Pluriloc
Present?

Pluriloc
Width
Length

Y

21.43±3.54

190.71±107.41

Y

25.00

115.00

Y

20.00±4.08

151.25±148.35

22.14±2.58

152.3±37.872

Pluriloc
Present?

Width

Length

Y

30.00

130.00

30.00

130.00
(Table 8 continues)

Table 8 (continued).
Unknown Ectocarpus spp. from
Culture Collections
CCMP1
W1
UT1
Carolina

ANOVA
Between Field Samples and Culture Collections
Between GMJu1 and Culture Collections
CCMP1 and Culture Collections
W1 and Culture Collections
UT1 and Culture Collections
Carolina and Culture Collections
E. fasciculatus from Culture Collection
UT2
ANOVA
Between E. fasciculatus and Culture Collections

Width
38.29±3.72
33.95±5.91
27.43±4.66
30.83±6.82

Length
83.82±10.6
75.00±20.55
55.27±13.33
69.70±15.63

Pluriloc
Present?

Width

Length

Y

25.00

130.00

p-value Cell size
Width
Length
0.827808
0.363066
0.116079
0.264364
0.780245
0.461982
Width
29.73±1.64

p-value Plurilocular Size
Width
Length

0.590338
0.069411
0.273174
0.640373
0.304397
0.957476
Length
65.41±20.49

p-value Cell size
Width
Length
0.554085
0.775435

Pluriloc
Present?
Y

0.118353

0.660481

Width
25.00±7.07

Length
157.50±137.89

p-value Plurilocular Size
Width
Length

Note: GSA, Greenshores Reclamation Site collected in April; GSMa, Greenshores collected in May; GSJu, Greenshores collected in June; GMJu, Gulf of Mexico
collected in June; UT, University of Texas Culture Collection; CCC, Cambridge Culture Collection; SAG, Culture Collection of Algae (SAG) at the University of
Göttingen; CCMP, Provasoli-Guillard National Center for Culture of Marine Phytoplankton; Carolina, Carolina Biological Supply; W, Ward’s Natural
Science; NZ14, Culture from New Zealand from Dieter G. Müller; Y for yes.

length was approximately 2.5 times the width or 77.15±12.62 μm. Measurements for
plurilocular sporangia were taken at the sporangium midpoint for plants with sporangia,
and they had an average width of 22.14±2.58 μm and an average length of 152.3±37.872
μm (Table 8). Known E. siliculosus samples from culture collections averaged
25.44±6.27 μm in width and 69.03±11.13 μm in length (Table 8). The plurilocular
sporangia averaged 30.00 μm in width and 130.00 μm in length. Unknown Ectocarpus
spp. CCMP1 cell size averaged 38.29±3.72 μm in width and 83.82±10.6 μm in length,
W1 averaged 33.95±5.91 μm in width and 75.00±20.55 μm in length, UT1 averaged
27.43±4.66 μm in width and 55.27±13.33 μm in length, and Carolina 30.83±6.82 μm in
width and 69.70±15.63 μm in length. Plurilocular measurements for W1 averaged 25.00
μm in width and 130.00 μm in length. The E. fasciculatus from UTEX averaged
measurements of 29.73 μm in width and 65.41 μm in length, with plurilocular sporangia
measurements of 25.00 μm in width and 157.50 μm in length (Table 8).
A one-way ANOVA between field samples from Greenshores and known species
from culture collections was performed for cell length and for cell width with a 95%
confidence interval. The p-value between cell widths of field collected samples and
culture collections was 0.827808256 (α-value of 0.05). This large p-value indicates there
was little difference between the field samples and culture collections. Cell length had a
slightly smaller p-value of 0.590337759 (α-value of 0.05). The p-value for plurilocular
length was 0.660481073 (α-value of 0.05), while the plurilocular width had a p-value of
0.118352719 (α-value of 0.05). Again, the difference between Greenshores field and
culture collection samples was not significant. Thus, indicating that the field samples
collected at Greenshores were E. siliculosus.
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ANOVA analysis was performed on GMJu1 and the known E. siliculosus culture
collection samples with a 95% confidence interval for cell length and width (Table 8).
The p-value for cell width was 0.363066 (α-value of 0.05). The p-value indicates there
was no significant difference between the samples for cell width. The p-value for cell
length was 0.069411 (α-value of 0.05). The p-value was close but not significant for cell
length, thus, indicating that for cell width and length GMJu1 was E. siliculosus.
ANOVA analysis of for each unknown Ectocarpus spp. and the known E.
siliculosus culture collections was performed with a 95% confidence interval on both cell
length and width (Table 8). The p-values for cell width and length for CCMP1 were
0.116079 and 0.273174, respectively (α-value of 0.05). The p-values were not
significant, indicating that CCMP1 was E. siliculosus. P-values for W1 were 0.264364
for cell width and 0.640373 for cell length. These large p-values indicated W1 was not
significantly different from the known culture collections and thus was E. siliculosus.
The p-values for UT1 were 0.780245 for cell width and 0.304397 for cell length, thus,
indicating that the samples were not significantly different and UT1 was E. siliculosus.
The p-values for cell length and width for Carolina were 0.461982 and 0.957476,
respectively. Thus, indicating that the samples were not significantly different and
Carolina was E. siliculosus. ANOVA was not performed between the plurilocular length
and width due to low number of counts.
ANOVA analysis between E. fasciculatus and the known E. siliculosus culture
collections was performed with a 95% confidence interval. The p-value for cell length
was 0.775435 (α-value of 0.05), while the p-value of cell width was 0.554085 (α-value of
0.05). The large p-value for both cell width and cell length indicates no significant
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difference between the samples. ANOVA was not performed on the plurilocular length
and width due to low sample size. Either cells near the branch tip was a poor indicator of
speciation or UT2 was not a valid representative of E. fasciculatus.
Virus Detection
Detection of the EsV-1 virus by means of PCR showed only 5 samples of the 33
from the field and from culture collections were infected (Table 9; Figure 3). The New
Zealand sample, NZ14, was used as a control since it was previously established as
infected (Sengco et al., 1996). The sample CCC2 from the Cambridge Culture Collection
was also a known infected sample collected from the coast of Peru. Infection of
Carolina, SAG4 and SAG5 was a new development. None of the field samples were
infected (Table 9).
Under microscopic examination, samples shown to be infected by PCR detection
did not exhibit the expected morphological signs of infection reported by others (Müller,
1991a; Parodi & Müller, 1994). Plurilocular sporangia were regular, elongated, cone
shapes containing cells filled with the normal cytoplasmic inclusions rather than the
partially vacant and bulbous sporangia filled with abnormal cell content reported
previously. Samples collected from the northern Gulf of Mexico and from Tampa Bay
along the eastern Gulf did not show signs of infection, either by PCR detection or
microscopic examination (Figure 3; Table 9).

32

Table 9
Determination of Infection for Field and Culture Collection Samples.
ID #
Species
UT1
Ectocarpus sp.
UT2
Ectocarpus fasciculatus
SAG1
Ectocarpus siliculosus
SAG2
Ectocarpus siliculosus
SAG3
Ectocarpus siliculosus
SAG4
Ectocarpus siliculosus
SAG5
Ectocarpus siliculosus
CCC1
Ectocarpus siliculosus
CCC2
Ectocarpus siliculosus
CCMP1
Ectocarpus sp.
Carolina
Ectocarpus sp.
W1
Ectocarpus sp.
NZ14
Ectocarpus siliculosus
GSF1
Ectocarpus sp.
GSM1
Ectocarpus sp.
GSM2
Ectocarpus sp.
GSA1
Ectocarpus sp.
GSA2
Ectocarpus sp.
GSA3
Ectocarpus sp.
GSA4
Ectocarpus sp.
GSMa1
Ectocarpus sp.
GSMa2
Ectocarpus sp.
GSMa3
Ectocarpus sp.
GSMa4
Ectocarpus sp.
GSJu1
Ectocarpus sp.
NF1
Ectocarpus sp.

Infected
+
+
+
+
+
-

Geographic Origin
Unknown
La Jolla, California
Naples, Italy
Naples, Italy
Unknown
Unknown
Werra near Hann. Münden, Germany
San Juan, Peru
San Juan, Peru
Harwich Harbor, Cape Cod, Massachusetts
Unknown
Unknown
New Zealand
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Greenshores Reclamation Site, Pensacola, FL
Navarre Beach, FL
(Table 9 continues)

Table 9 (continued).
ID #
GMJu1
SIJu1
TB1
TB2
TB3

Species
Ectocarpus sp.
Ectocarpus sp.
Ectocarpus sp.
Ectocarpus sp.
Ectocarpus sp.

Infected
-

Geographic Origin
Gulf of Mexico, Pensacola Beach, FL
Sabine Island, Gulf Breeze, FL
Tampa Bay
Tampa Bay
Tampa Bay

Note: (+) indicates that the sample is infected, (-) indicates a negative viral infection. GSF, Greenshores collected in February; GSM, Greenshores collected in
March; GSA, Greenshores Reclamation Site collected in April; GSMa, Greenshores collected in May; GSJu, Greenshores collected in June; GMJu, Gulf of
Mexico collected in June; NF, Navarre Beach collected in February; SIJu, Sabine Island collected in June; TB, Collected in Tampa Bay; UT, University of
Texas; CCC, Cambridge Culture Collection; SAG, Culture Collection of Algae (SAG) at the University of Göttingen; CCMP, Provasoli-Guillard National
Center for Culture of Marine Phytoplankton; Carolina, Carolina Biological Supply; W, Ward’s Natural Science; NZ14, New Zealand culture from Dieter G.
Müller.

Figure 3. Gel electrophoresis of selected samples from culture collections and field samples stained with 1 mg/mL Ethidium Bromide.
Bands for rbcL, 18S and GP-1 PCR products appear on the gel in the first, second and third lanes for each field and culture collection sample, respectively.
1000 bp markers with bands every 100bp were run in the three lanes labeled M. Lanes 1-3 NZ14, 4-6 Carolina, 7-9 SAG4, 10-12 SAG5, 13-15 CCC2, 16-17
NF1, 19-21 GSA1, 22-24 GSA4, 25-26 GSMa2, 27-29 GSMa3, 30-33 SIJu1, 34-36 TB3.

Gel electrophoresis was performed on all PCR products from field and culture
collection samples (Figure 3). Bands for rbcL, 18S and GP-1 PCR products appear on
the gel in the first, second and third lanes for each field and culture collection sample,
respectively. A 1000-bp marker ladder was run in the three lanes labeled M. Lanes 1-3
NZ14, from Dieter G. Müller from New Zealand a known infected sample; lanes 4-6
Carolina a newly identified infected sample; 7-9 SAG4 another newly identified infected
sample; lanes 10-12 SAG5 from Werra near Hann. Münden, Germany, identified as
infected; lanes 13-15 CCC2 from the coast of Peru, a known infected sample; lanes 16-17
NF1 from Navarre Beach; lanes 19-21 GSA1 from Greenshores Reclamation Site
collected on April 7th, 2006; lanes 22-24 GSA4 from Greenshores Reclamation Site
collected on April 28th, 2006; lanes 25-26 GSMa2 from Greenshores Reclamation Site
collected on May 10th, 2006; lanes 27-29 GSMa3 from Greenshores Reclamation Site
collected on May 29th, 2006; lanes 30-33 SIJu1 collected on Sabine Island on June 23rd,
2006; and lanes 34-36 TB3 collected from Tampa Bay area in June, 2006.
Electrophoresis of the PCR products discovered three previously unknown infected
Ectocarpus samples from Carolina, Werra, Germany (SAG5), and an unknown collection
site (SAG4).
Phylogenetic Analysis
The analysis of the 18S alignment (Table 10) resulted in two distinct clades
(Figure 4). Clade 1 had strong internal support, meaning there was a consensus between
the different analyses of Bayesian posterior probabilities, maximum parsimony bootstrap,

36

Table 10
18S Manual Alignment of Sequences.
W1
Fucus|distichus|AB011423
Ectocarpus|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1

10
20
30
40
50
60
70
80
90
100
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATGTTGAGGTTTAGATAACTTCCCTTCGCTAGTGCGCCGCGAAGCGCTCAAGTTCCGGTCCGGAATCTTCACCGAAACATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
AGACGAACTACTGACGAAGCATTTACCAAG--GATGTTTTCATTAATCA--AGAACGAAAGTTAGGGATCGAAGATATTAGATACATCTAGTCTTAACCA
GGAAGCATGAGGTTTAAGAAACTTCTTACGCCAAAAAACCCGTGAAGCGTATGCAACGGCACCCAGAATGTCCTCACGATGATCTATTTCACTAGAGGTG
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
GAAATGATGAGGTTTAAACAACTTTCACACCAGGAATCGCAAGAAAGCACGAGCTCCGCAGTCAGAGATTTTCACAAACCCATTCATCGAGTAGGTGCGA
TAAGAGATGAGGTATAAATAACTTTCCACAGCACAACCACC--GAGGCGGCGATGTCGCGGTCCGAGATTTTCACCGAATAATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAA-CGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAA-CGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
------AATACGTGCGAAGCATTCACCAAG--GATGTCTTCTTTAATCA--AGAACGAAAGTTGGGGATCGAAGATATTAGATACGTCTAGTCTTAACCA
GATAAGGCTGAGTTCGAGCAACTGTTCACAACAGGTTGTGCCAAACGCTCATGAGCCGCAGTCAGAGATTCTCTCCGAAACATTCTCGCGGAGTGTGCCA
AA-ATGATCAGGTCTAAACAACGTGTCTCACCTGGGTTGCCCGAAGGCATCCAACCCGCACTCCGAGATTCTCACCAAAACATTCAGTCGGTAGGTGCGA
GACAATGTTTTGTTCAAGTT-CTCGCTAGAGCTCTGTTGCCCTTAGCCA---AACCCGCAATCCCGAGACCTCACTAAACCATTCAATCGGTAGTAGCGA
TAAATCATGAGGTTTGGATGACTTCTCTCGTCGAAAACGCCGTGAAGCGTAAGCAACAAAATCCGAGATCCTCACCGAATGATTCAATCGGTAGGTGCGA
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CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATTAATATTTACAAAAATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
TAAACTATGCCGACTAGGATTGGCGGCGTAATTTAAGGACTCCGTCAGCAC---CTTCCGAGAAATCAGTC-TTTGGGTTCCGGGGG---GAGTA-TGGT
CGTACGGCGGGTACAGGGGGACGGACCATCATCAATGCAGACTGAGATGACTCATTTACTAGAAATTTCTCGATTCAGATCAATAGA-GCAATATGCAAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAACGCGAGCTGATGACTCGCATTTACTAGGAATTCCTCGTTCAAGATTCAAAATTGCAAAAATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAACGCAAGCTGATGACTTGCATTTACTAGGAATTCCTCGTTCAAGATAAATAATTGCAATAATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
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Table 10 (continued).

SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
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CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
TAAACTATGCCGACTAGGATTGGTGGTGTGTTTTCTACTCTCCCTTGGCCT---CTTAAGAAAAAAAACTT-TTTGGTCTCGGGGGG---GAATAGTGGT
CGGGCGGTGAGTACAAAG-CCAGGAACATAGTCAACGAGAGCTGATGACTCCTTTTTAGTAGAAGTTCCTCCTTCAAAGCTGACATATACAAATATCTAT
CGGGCGGGGTGTACAAAGGGCAGGGACATAATCAACGCGAGCTGATGACTCCCATTTCCTAGGAGTTCTTCGTTCAAAATTCAGAATTGCAAAAATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAACGCGATCTGATGAATCGCACTTACTAGGAATTCCTCGTTCAAGATCGAAAATTGCAAAGATCTAT
CGGGCGGTGTGTACAAAGGGCAGGGACGTAATCAATGCGAGCTGATGACTCGCGTTTACTAGGAATTCCTCGTTCAAGATCAATAATTGCAATGATCTAT
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CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAAAAGGTTACCCGGACCTTCCGGCCCAGGGAGATTGAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CGCAA---GGCTGAAACTTAAAGAAATTGACGAAGGGCACCACCGAGTGGAGCCTGCGCTTAATTTGACTCACGGGGAAACTACC-AGGT----CCGGAC
CCCTATCACGATAT-CACGACACAGATTATTCACACCTCTCGACCCAAGAAAAAGAA-ACTCGTCGCATGCAGCAGCGTAGTGCGCCCGCGACCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTAAGACGATACACATTTACAAGATTACCCGCACCCTTT---TCGAGACAAGGAGGACTCCTTGTAGTCATCATCGTAGTACGCGGGCGCCCCAGGAC
CCCTATCACGACACACATTTAAAAGATTACCCGGACCTTTCGG-CCAAG----GAGA-ACTCGTTGCGTGTGTCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
CGCGG---CGGTGAAACTTAAAAGAATTGAGGAGGGGGGCCCCCGAGGGGAGCCCGGGGTTTATTTTACTCCCCGGAAAAATACCCGGGC----CCGAAC
CCCCAGCAAGATACACA-AAACGAGATTACCCGGACCTAT------AAGACAACGGGTACTCGTTGGAGTTCAAGTTGTAGCGCGCGTGCCGCCCAGGAC
CCCTAGTACGATACACATTTACAAAATTACCCGGACCTTTCGG-ACAAG----GTGG-ACTCGTTGCGTGTATCATTGTAGCGCGCGTGCGGCCCAGGAC
CCCCAGCACGATGAGGTTTCAAAAGATTACCCACACCTTCCGGTGCAGGT--TGTAA-ACTCGCTGACCCCATCAGTGTAGCGCGCGTGCGGCCCAGAAC
CCCTATCACGATGCACGTTCAACAGATTACCCGGGCCTCTCGACCCAGGAAAAGTAAAACTCGTTGCATGCATCAGTGTAGCGCGCGTGCGGCCCAGGAC
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ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTTCGGTTAGTCACCGAAAGTCCCTCTAAGAAGCGAGTGCCTACGTAGAAACGTAAGCCCC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATAGT-GAGGATTACAGATTGAGAGCTCTTTCTTGAT-TCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTG-------GTGGAGTGATTTGTTGGTTAA
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GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
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ATCTTAGAACATCACAGCCGCCCTATGATCCCCAACATCCTCTGGTGGGTCACCACTAGTCCATCTTAGAAGCGAGGACCTACATTCAAAAAAGCATACC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
CTCTAAAGGTAACAAACGCCTGGTATTATCCCCCCCATCCTTTGNTTAGGCACCAAAACCCCCTCTCAAAAGGTAGCGCCAAAAACAAAGCATCACCCTC
ATATAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTTTGGTTAGTCACCAAAAGTCCCTCTAAGAAGCTGACGCCAATGCTAAGCATTCGCACAATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
ATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
TTATG-AGGGATGACAAAT-GGAAGATCTTTCTTGAT-TCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTG-------GTGGAGTGATTTGTTGGTTAA
ATCTAAGGGCATCACAGACCTGATATTGTCCCCCAACTCCCTTGGTCAGCCACCGAAAGTCCCTCTAAAAAGCTGA--CAAAATGAGAGGCATCAGATCC
ATCTAAGGGCATCACAGACCTGATATGGCCCCCAACTTCCTTTGGTTAGGCACCAAAAGTCCCTCTAAGAAGTTGACGCCAATGCTAGGAATTCGCTCAATCTAAGGGCATCACAGACCTGTTATTGCCTCAAACTTCCATCGACTGGATGTCGATAGTCCCTCTAAGAAGTTGTC--CAGGGTTCGAAAACCAAGTAATCTAAGGGCATCACAGACCTGTTATTGCCCCCAACTTCCTCTGGTTAGTCACCAGAAGTCCCTCTAAGAAGCGAGTACCTACGCAAAAGCGTAAGCCAC
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ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCCCCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
TTCCGTTAACGAACGAGACCCCCGCCTGCTAATAGTGTGGCTTACGCTTTAGGTACTCGCTTCTTAGAGGGACTTCTGGTGACTAACCAGAGGATTGGGG
CCCATATACTAGGTCGGGGTCTTTTCTGCTAGGAGTATTAACCAAATAAATCACTCCACCAACTAAGAGACGGCCCGCGCCCCCACCCATAAAATCTCGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
AATCTATACTATGCTCGGGTCTCGTTCGTTAACAGAATTAACAACACAAACCACTCCAACAACTAAGAAGGCCCATGCCCCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
TTCCGTTAACGAACGAGACCCCCACCTGCTAATAGT-TGGGGGAATTCTTTGGCTACTCCTTCTTAGAGGGACTTTTGGGGACTAACCAAGGGACCGGGG
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TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
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ACTATTTAGCAGGCGGGGATCTCGTACGTTAAAGCAATTAACCAGAAATTTCACTCCACCAAATAACGGAGACCCTGCACCACCACCCATAGAAACAATA
ACTATTTAACAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAAACAAATCACTCCACCAAAGAAGAACGGCCATGCACCACCACCCATAGAAACAAGA
ACTATTTAGTAGGTTAAGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
ACTATTTAGCAGGCGGGGGTCTCGTTCGTTAACGGAATTAACCAGACAAATCACTCCACCAACTAAGAACGGCCATGCACCACCACCCATAGAATCAAGA
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AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
GC-AATAACAGGTCTGTGATGCCTTAG-ATGTCTGGGCCGCGCTACATGATGCATGCAGAGTTTTACTTTTCCTGGGTCAGAGGCCCGGGTAATCTGTTG
AAGAGAGCTCAATATGTCACTCTCCTCAATGTCTGAGCTTGGTCCGTGTCCCCGTGGAGAAAAAAAATAGCTCGCAGTCTCCACTCCGGGGGGCCCTCTC
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAAATAAGCCGCAGGCTCCACTCCTGGTGGTGCCCCT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCCGGTAAGTTTCCCCGTGTTGAGTCAAAATAAACCGCAGGCTCCACTCCTGGTGGTGCCCCT
GAGACCTCTCAATCTGTCAATCCTCTATATGTCGGGCCCGGGAAAGTTTTCCCGTCGCGAGTAAAATAAAATTAAGGCCCGGGCTCCCGGGGGGCCCTTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCTGGACCTGGTAAGTTTTCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAAATAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGC-GCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGC-GCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
GA-AATAACAGGCCTGTGATGGCTTAG-ATGTCTGGGACGCGCGCCCCGACCCACAC----TGACACTTCTCTTTGACTATAGGCCCGGGCGATCTGTCT
AAGAGCTCTCAATCTGTCAATCCTCAATATGTCTGGATGTGGAAAGTTTTCCCGTGTGACGAAAAAAAAACACACAAGCCCCACTCCTGGCGTGCTGCCC
AAGAGATCAAAATCTGTCAATCCTCACTATCTCTGGACCTGGGAAGCTTTCCCGTGATGAGAAAAAAAAACCCACAGGCTCCACTCCTGCGGGCCCCCTC
AAGAGCTATCAATCTGTCAATCCTCACTATGTCTGGACCTGGTGAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
AAGAGCTCTCAATCTGTCAATCCTCACTATGTCCGGACCTGGTAAGTTTCCCCGTGTTGAGTCAAATTAAGCCGCAGGCTCCACTCCTGGTGGTGCCCTT
610
620
630
640
650
660
670
680
690
700
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTGTGAATAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
AACGTGCATGTGATAGGGAAGATCATTGCAATTATTGATGAACGAGGAATTCTACGCGAGATCAGCTCGCATGATTACCCCTGCCCTTTGTACACACCGC
ACATTATTT-CTATAGACTGCACCCTTGCGCCCCCATTCCCCCCCGAAAACAAAGATTTTGATTTCTGGGAATGAGGCGACGGAGACCTTCAAACAAACT
CCGTCAATTTCTTTAAGTTTCAGCCCTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTGAAATAACGA
CCGTCAATTTCTTTAAGTTTCAGCCCTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTGAAATAACGA
CCGTCAATTTATTAAAGTTTCACCCTTGCGCCCATACTCCCCTCGCAACCCAAACACTTTGATTTCTCATAAAGGGCTTGGAGGGAGACGGAACACACAT
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCATAAAGGTGCTGACTAGAGTCGTAAGAAACGT
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTGAAATAACGA

(Table 10 continues)

Table 10 (continued).

GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2
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CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTGAAATAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTGAAATAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
AATGTGTCTTTGATAGCGAACAT-GCTGGGGATATTTATGAATTATAAACTCAATGTTTCATCAACTTGAGCGATTACGCATGCCCTACGTACCTGCCCT
ATCTCTCTTATTTTAAATTACCCCCGTGCAACCATGCTCCCCCCCGGGCTAAACGACTTTTTTATCTCTCAGGCTGCCAGATGGGCGTCAAAACAAACAT
CCGACAATTCCTTTAAATTTCTCCCGTGCCACCATNCTCCCCCCCGACCCCAAAGAATCTGATCTCTCATAGGGGAGCGGATGGGAGTCAAAACAAACAT
CCGTCAATTCCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCAGAACCCAAAAACTTTATTTTCTCATAAGGTGCCAATGAGGTCGTAAAGAAAACAT
CCGTCAATTTCTTTAAGTTTCAGCCTTGCGACCATACTCCCCCCGGAACCCAAAGACTTTGATTTCTCGGAAGGTGCTGACGGAGTCCTTAAATTAACGA
710
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CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGT-CGCACCTAC-CGATTGAATCTTCGGTGAGATCTCGGATTTTGTTGCTTCCTTCACGGCGTTTTCGCGAGAGAAGTCATCCAAACTCATGATTTAG
CCGCCAATCCCTAGTCGGCATAGTTTATGGGTAAGACTACGAAAGTATCTAATCTCTTCGAATCCCCTAACATCCCCTCTTGATCAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCACCAATCCCCTATCGGCATAGGTTATGGTTAAAAAAAAGAGGGTATCTAATCATCTTAAATCCCCTAACTTTCGTTCTTGATTAAATAAAAAATCCAT
CAACCAATCCCTAGTCGGCATAGTTTATGGGTAAGACTACGATGGGATCTAATCTCT-TCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCTACTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
CCGTACACCCCGCC-CGATCGATGATACCGATTAATGTCTGACCGAGAC---TCCATCTCTGCGACTTCAGGTAGGAACTTGTGTAAGAACAGCACTGCT
ACACCAATCCCTAGTCGGCATAGATTATGGTTAAGACTACGACAGAAACTAAT-ATCTTCGATCCCCTAACTTCCCCTCTTGATTAATGAAAAAATCAAT
CCACCAAACCCTAGTCGGCATAGTTTATGGTTAAGACTACGACGGAATCTAATATCTCTCGATCCCCTAACTCACGTTCTTGATTAATGAAAACATCCAT
CCACTGATCCCTAGTCGGCATAGTTTATGGTTGAGACTACGACGGTATCTGATCTAT-TCGATCCCCCAACTTTCGTTCTTGATTAATGAAAAAAACCAA
CCGCCAATCCCTAGTCGGCATAGTTTATGGTTAAGACTACGATGGTATCTAATCATCTTCGATCCCCTAACTTTCGTTCTTGATTAATGAAAACATCCTT
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W1
Fucus|distichus|AB011423
E.|sp|AY307399
CCC1
GMJu1
GSA1
GSA2
GSA3
GSA4
GSF1
GSMa1
E.|siliculosus|L17015
E.|siliculosus|L43062
NF1
SAG1
SAG2
SAG3
SAG5
SIJu1
TB2
TB3
UT1
UT2

....|.
....|.
GGTAAA
GGTAAA
GGTAAA
AGGAAG
GGTAAA
GGTAAA
GGTAAA
AGAAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
GGTAAA
CACTAG
GGGTAA
GGAAAA
CCACCC
GGTAAA

Note: UT, University of Texas Culture Collection; CCC, Cambridge Culture Collection; SAG, Culture Collection of Algae (SAG) at the University of Göttingen;
CCMP, Provasoli-Guillard National Center for Culture of Marine Phytoplankton; Carolina, Carolina Biological Supply; W, Ward’s Natural Science; NZ14,
Culture from Dieter G. Müller; GS, Greenshores Reclamation Site; N, Navarre Beach; GM, Gulf of Mexico; SI, Sabine Island; F, February; M, March; A, April;
Ma, May; Ju, June.

Figure 4: Bayesian phylogenetic tree for the alignment of 18S sequences for field and
culture collection specimens and results from BLAST search.
Values at the branches indicate Bayesian posterior probabilities, maximum parsimony bootstrap, and
neighbor-joining bootstrap support, respectively; na indicates values < 50%. Red color depicts subclade
1a, Blue color subclade 2a, Green color subclade 2b.

and neighbor-joining bootstrap. Six of the culture collections, W1 (an unknown), SAG1,
SAG2, SAG3, SAG5 and UT2 (E. fasciculatus), were separated into a smaller subclade,
identified as 1a, and grouped with three sequences obtained from the BLAST search,
already designated as E. siliculosus. Alignment for UT2, which was previously identified
as E. fasciculatus, with known species of E. siliculosus from culture collections in highly
supported subclade 1a indicated either problems with the phylogenetic tree or the true
identity of UT2. Clade 1 also showed a correlation between several of the field samples
collected from Greenshores, the Navarre Beach, and the Gulf of Mexico samples (Figure
4) indicating the field samples were E. siliculosus.
Clade 2 did not have as strong of a consensus between the analyses as clade 1.
Field samples GSA3, GSA4, TB2, and TB3 separated out into a smaller subclade,
subclade 2a, that was supported mainly by Bayesian probabilities. All were unknown
Ectocarpus species. Samples CCC1 and SIJu1 separated into subclade 2b and were
strongly supported by all three of the analyses with UT1 being moderately supported, as
well (Figure 4). Based upon results of phylogenetic analysis of 18S, all field and culture
collection samples, even the culture previously identified as E. fasciculatus, were either
E. siliculosus, or perhaps, two species that separated at clades 1 and 2 with clade 1 being
E. siliculosus.
Analysis of the rbcL alignment (Table 11) resulted in two distinct major clades
(Figure 5). Clade 1 contained two of the BLAST sequences, AY307410, X52503, and all
of the field samples except for SIJu1. Subclade 1a included GSF1, GSA1, GSA2, GSA3,
GSA4, GSMa1, GSMa2, GSMa3, GSJu1, TB3, SAG1, SAG2 and SAG4; however, this
subclade had very low internal support between the three analyses. The only strong
44

Table 11
rbcL Manual Alignment of Sequences.
10
20
30
40
50
60
70
80
90
100
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ectocarpus|siliculosus|X52503
TGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
Ectocarpus|siliculosus|AY307410 TGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
Ectocarpus|siliculosus|AY307411 TGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCC
CCC1
CTCCATAAGTGAAGTA--TGAATAACAAATAAAAAATCCATACATAATCATTATATGAGCAAGATCATGAGC-TACTCTGCACGTTCACACATTTGCTCCCC2
--CCATACTTTGAATTGCTGTATAACCAATAACAAATC-GATCATAACAATAAGA--ACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
Fucus|vesiculosus|DQ307680
AGCCATACTTTGAATTGCTGTATAACCAACAACTAAATCAATCATACAAATTACACTACCGATAGCATGAGAGTATTCAGCACGTTCATACATATTTTCC
GMJu1
TGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATGTGCTCC
GSA1
AGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSA2
ATCCATACTTTGAATTGCTGTATAACTG-CATAAA--CTATCGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSA3
GACCATACTTTGAATTGCTGTATAACCAATAACAAGACGATCGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSA4
AGCCATACTTTGAATTGCTGTATAACCAATAA----ACTATCGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSF1
AGCCATACTTTGAATTGCTGTATAACCAATAGCCT-ACTATCGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSJu1
GTCCATACTTTGAATTGCTGTATAACCAATAAC------ATCGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSMa1
ATCCATACTTTGAATTGCTGTATAACCAATACATA----ATCGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSMa2
AACCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
GSMa3
CCCCACAGTTC-ATTTGTTGAATGCGTTACAAAAAAATAAATCGCAACTAATGTG--AGCATGAGCATGGCTCTGTTTCACGATCTTACATCTTCACTTC
GSMa4
TGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
NF1
TGCCATACTTTGAATTGCTGTATAACCAATAACTAAATCGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
NZ14
TGCCATACTTTCAATTGCTGTATAACCAATAATCTAAATAATCATAACAATAGCTGAACCACATACATGAGCATACTCTGCAGCTTCATACATTTGCTCT
SAG1
AGCCATACTTTGAATTGCTGTATAACCAATGTAATACTATCG-ATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
SAG2
AGCCATACTTTGAATTGCTGTATAACCAATA--GTACTATCGGATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
SAG3
TCCCATACTTTGAAGTGATGTATAACCAATAAAAAACCTGATCATAACAATAAGAGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
SAG4
TGCCATACTTTGAATTGCTGTATAACCAATA----ACTATCG-ATCATAACAATG-AACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
SAG5
AGCCATACTTTGAATTGCTGTATAACCAATAACAAATCGGATCATAACAATAACTGAACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
SIJu1
TGCCATAATTTGAATTGCTGTATAACCAATAAAAA-TTCATTCATTAACAATATAGAACCAATTACATGAGCATACTCTGCACGTTCATACATTTGCTCT
TB3
AGCCTTTACTTAGATAGCTGGACGCCCAAAAAA------ATTGATCAAAAAAATGCAACCACAGGGGAGAATAAGCTTGACACGTTCTCAAATTTGCTTC
UT1
GTCCAT-CTTTGAATTGTGTAATACA-TATAACATACTCGTGCATAACAAAAACTGGACCAAGAGCAGGAGCAGG-TGTGCACGTTCACACATTTGCTCT
UT2
TGCCATACTTTGAATTGCTGTA-AGCCAATAACAAATC-GATCATAACAATAAGA--ACCAATTGCATGAGCATACTCTGCACGTTCATACATTTGCTCT
110
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Ectocarpus|siliculosus|X52503
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
Ectocarpus|siliculosus|AY307410 ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
Ectocarpus|siliculosus|AY307411 ATAGTTGCAGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCTCGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
CCC1
ACATTTGCA-CTGT-GTG-TGAGA-A-AAACCTTTAACTTCAC-TGTTGCAGCTGCA-GCCGGGTAACACCT-CCATACAGTATAAGAAACGT-CCTCCC
CCC2
ACAGTTGCAGCTGTGATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
Fucus|vesiculosus|DQ307680
ATTGTTGCTGCGGTAACATTAAGATAAGAACCTTTAACTTCACCAGTTGCAGCAGCAGCACGGTTAACACCTTCCATACAATATAAGAAACGTTCTTTCC
GMJu1
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCCGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSA1
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
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GSA2
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSA3
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSA4
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSF1
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSJu1
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSMa1
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSMa2
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
GSMa3
TCAGCGGCGGCTGTAATATGAAAA-AAAAACCTTCAACTTCACCAGGTGCAGCCTCGGCACGGTTAACACCTCCCATACAGAATAAAAAACGTTCTTTCC
GSMa4
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
NF1
ACAGTTGCGGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCTTTCC
NZ14
GGCATTGCAGCCGTAATATTAAGAAAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCCCGGTTAA-GCCCACCATACAGTATAAGAGGCGTTCCTTCC
SAG1
ACAGTTGCAGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCCCGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
SAG2
ACAGTTGCAGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCCCGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
SAG3
ACAGTTGCAGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCCCGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
SAG4
ACAGTTGCAGCTGTAATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCCCGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
SAG5
ACAGTTGCAGCTGTGATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
SIJu1
ACAGATGCGGCGGTAAGGTTAAGATAAAAACCTTTAATTTCCCCCGTTGAAGCTGCACGAGGGTTAACACCTACCATACCAGTAAAGAAAAGTTCCTTCC
TB3
ACAGGTGCGGGGGTAATGATAAAATAAGAACCTTTAACTTCACCTGTGGCAGCGGCAGCACGGTTAACACCTTCCACACAATAAAAGAAACGTTCTTTCC
UT1
ACAGTAGCAGCTGGGATGGTAAGATAAAAAACTTTAACTTCACCTGTTGCAGCAGCAGCACGGGTAACACCCTCCATACAGTAAAAGAAACGTTCCTTCC
UT2
ACAGTTGCAGCTGTGATGTTAAGATAAGAACCTTTAACTTCACCTGTTGCAGCTGCAGCACGGTTAACACCTTCCATACAGTATAAGAAACGTTCCTTCC
210
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Ectocarpus|siliculosus|X52503
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
Ectocarpus|siliculosus|AY307410 AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
Ectocarpus|siliculosus|AY307411 AACGCATAAATGGTTGTGAATTAATATTTTCATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGTCCATAGTTTTACCAGAA
CCC1
CACGCATAAAGGGTGGAGAATTAATATTTTCTTCTCCCT-AAGGAAG-CAAAACCCCCAGTTAA-CCTTCCTAAACAACACGGCCTTATTTTT-CCCAAA
CCC2
AACGCATAAATGGTTGTGAATTAATATTTC-ATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
Fucus|vesiculosus|DQ307680
AACGCATGAAAGGTTGTGAATTAATATTTTCATCATCTTTAAGAAAATCAAGACCACCTGTTAAACCTTCATAAACAACACGCCCATAGTTTTACCTGAA
GMJu1
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSA1
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSA2
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSA3
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSA4
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSF1
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSJu1
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSMa1
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSMa2
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
GSMa3
AATGCAAAAAAGGGGGGGAATTAA-AATTTCATCATCTTTTAAGAAGGCAACACCATCAGTTATACTTAAATAAACAACACGACCATTTTTCTACCAAAA
GSMa4
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
NF1
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCTTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGACCATAGTTTTACCAGAA
NZ14
AACACATAAAGGTTGGTGAATTAATATTTTCATCATCCCTGAAGAAGTCAAGACCACCAGTTAAATCCTTATAAACAACACGGCCATAGTTTTACCAGAA
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....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
SAG1
AACGCATAAACGGTTGTGAATTAATATTTTCATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
SAG2
AACGCATAAACGGTTGTGAATTAATATTTTCATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
SAG3
AACGCATAAACGGTTGTGAATTAATATTTTCTTCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
SAG4
AACGCATAAACGGTTGTGAATTAATATTTTCATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
SAG5
AACGCATAAATGGTTGTGAATTAATATTTTCATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
SIJu1
AACGCACAAAGGTTGGTGAATTAATATTTTCATCATCTTTAAGAAAG--AAAAACCCAAGTTAATCCTTCATAAAAAAAACAACCTTATTTTTACAAGAA
TB3
AACGCAAAAAAGGGGGGGAATTAATATTTTT-TCATCTTTAAAGAAGTCCAGACCCCCAGTTAAACCTTCATAAACAACACGACCATATTTTTCCAGAAA
310
320
330
340
350
360
370
380
390
400
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
UT1
AACCCAAGAATGGGTGGGAATTAA-AATTTCATCATCCTTATAGAAGTCAAAACCA-CCGTTAAACCTTCATAAAAAACACGGCCATAGTTTTCCCAAAA
UT2
AACGCATAAATGGTTGTGAATTAATATTTC-ATCATCCTTAAGGAAGTCAAGACCACCAGTTAAACCTTCATAAACAACACGGCCATAGTTTTACCAGAA
Ectocarpus|siliculosus|X52503
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
Ectocarpus|siliculosus|AY307410 AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
Ectocarpus|siliculosus|AY307411 AGACCTAATTTAGGTTTTACAGTAGCTCCAATAAAGGACGGCCAAATTTATCTAATCTTTCTCTTTCTACAACCACACCTGTTGCTGGGCCTTGGAAAGT
CCC1
AGAACC-AATTTGGTTTTCCAG-AATCCCAAAA-AGGAGAACCAA-TTTATCTAAC-TTTTTTTTTTCTC-ACCCCCCCCGTGGTGGGGCCTGGGAAGGT
CCC2
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAA--GGACGACCAAA-TTTTCTAAC--TTTCCTTTCCACAACCACACCTG-GCTGGGCCTT--GAAAGT
Fucus|vesiculosus|DQ307680
AGACCTAATTTAGGTTTTACAGTAGCTCCAATAAAGGACGTCCAAATTTATCTAATCTTTCTCGTTCTACAATTACACCTGTAGCAGGACCCTGGAAAGT
GMJu1
AGACCTAATTTAGGTTTTACAGTAGCCCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSA1
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSA2
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSA3
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSA4
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSF1
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSJu1
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSMa1
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSMa2
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSMa3
AGACCTAGATTTGGTTTTGCACTACCTCCAAAAAAGGAAGACCAAATTTATCTAATCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
GSMa4
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
NF1
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
NZ14
AGACCATAATTTGGTTTTACAGTAGCCCCAAGAAGGGACGACCAAATTTATCTAACTTTCTTCTTTCCACAACCACACCCGGCTGGGGGCCTTGGAAGTT
SAG1
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
SAG2
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
SAG3
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTTCCTTTCCACAACCACACCTGTGCTGGGGCCTTGGAAAGT
SAG4
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
SAG5
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAATTTATCTAACCTTTCTCTTTCCACAACCACACCTGTTGCTGGGCCTTGGAAAGT
SIJu1
CAAACTTATTTAGGTTTTCCAGTTATTCCGAAAAAAGAAAGCCAAAATTTTCTTTCCTTTTTCTTTCCCCCACCACCCCCGTGGCTGGGCCGGGGAAAGT
TB3
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAAAAGGACGACCAAAATTATCTAACCTTTCTCTTTCCACAACCACACCTGGGGCTGGGCCTAGGAAAAT
UT1
ACACCTAATTTAGGTTTTACAGGACCTCCAAAAAAGGACGACCAAATTTTTCTAACCTTTTTCTTTCCACAACCACACCTGTTGCGGGGCCTCGGAAAGT
UT2
AGACCTAATTTAGGTTTTACAGTAGCTCCAAAA--GGACGACCAAA-TTTTCTAAC--TTTCCTTTCCACAACCACACCTG-GCTGGGCCTT--GAAAGT

(Table 11 continues)

Table 11 (continued).
410
420
430
440
450
460
470
480
490
500
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ectocarpus|siliculosus|X52503
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
Ectocarpus|siliculosus|AY307410 TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
Ectocarpus|siliculosus|AY307411 TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGAGGCTGTTAAGTTAGCAA
CCC1
TTTTAAATAA-CATAAGAATTCTCATTTCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCA-TAATAAA-GGTGGTTAATTAGCAA
CCC2
TTTTAAGTAAGCATAAGGATTT-CATATTTCT-AAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATA-ATGCTGTTAAGTTAGCAA
Fucus|vesiculosus|DQ307680
TTTTAGGTAAGCGTAAGAATCCTCATATCTTCTAAACGTAATGCTTTAACAGCTTTAAAACCAAATACATTACCAATGATAGATGCGGTTAAGTTAGCAA
GMJu1
TTTTAAATAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSA1
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSA2
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSA3
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSA4
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSF1
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSJu1
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSMa1
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSMa2
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
GSMa3
TTTTAAGTAAGAATAATTATTCTCATATCTTCAAAACGTAACAATTCAGCAGCTTAGAATCCAAAGACGTAACCCCCAATGGATGCTGTTAAATAACCTA
GSMa4
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
NF1
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAATTAGCAA
NZ14
TTTTTGCTAAGCATAAAGCATCTCATATCTTCTAAACGTAACTGTTACACAGCTTTGAAATCGAAAACGTTACCACCAATAGATGCTGTTAAATTAGCAA
SAG1
TTTTAAGTAAGCATAAGAATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAGTTAGCAA
SAG2
TTTTAAGTAAGCATAAGAATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAGTTAGCAA
SAG3
TTTTAAGTAAGCATAAGGATTTTCATATTTCTTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAGTTAGCAA
SAG4
TTTTAAGTAAGCATAAGAATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAGTTAGCAA
SAG5
TTTTAAGTAAGCATAAGGATTCTCATATCTTCTAAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGATGCTGTTAAGTTAGCAA
SIJu1
TTTTTACAAACCGAAAGGATTCTCATATCTTCTAAACGGTATGGTTTAACCGCTTTGAATCAGAAAACGTTAACAAAAATGGATGCTGTTGAAAAAGCAA
TB3
TTTTAAGTAAACATAAGGATTTTCATATCTTCTAAAAGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATAGAGGCTGTTAAATTAGCAA
UT1
TTTTAAGTAAGCACAAGGACTCTCATATCTTCAAAACGTAACGCTTTAACAGCTTTGAATCCAAAAACCCCACCAATAATAGATGCTGTTAAATCAGCAA
UT2
TTTTAAGTAAGCATAAGGATTT-CATATTTCT-AAACGTAACGCTTTAACAGCTTTGAATCCGAAAACGTTACCAATAATA-ATGCTGTTAAGTTAGCAA
510
520
530
540
550
....|....|....|....|....|....|....|....|....|....|....|....
Ectocarpus|siliculosus|X52503
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
Ectocarpus|siliculosus|AY307410 GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
Ectocarpus|siliculosus|AY307411 GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATGTAAGCAAAGAATTGATCACTT
CCC1
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGAAAAAAAGAGATCACTT
CCC2
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
Fucus|vesiculosus|DQ307680
GAGAACCTTCTTCAAATAAATCACATTCATAAGCAATGTATGCAAAATATTGATCATTT
GMJu1
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GSA1
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GSA2
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GSA3
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GSA4
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT

(Table 11 continues)

Table 11 (continued).

GSF1
GSJu1
GSMa1
GSMa2
GSMa3
GSMa4
NF1
NZ14
SAG1
SAG2
SAG3
SAG4
SAG5
SIJu1
TB3
UT1
UT2

510
520
530
540
550
....|....|....|....|....|....|....|....|....|....|....|....
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
CGCAACCTTCTTCAAAAAACTCACATTCATAAGCT-TGTAAGAAAACAAAGGATCACCT
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCCTTCAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT
AAGACAAATCTTCAAATAAAACACATCAATAAGACATATAAGCAATAAACACTTGATCT
GAGACCCTTCTTCAAATAAATCACATTCGTAAGCTATATAAGCAAAGAATGGATCACTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAAAAAAGAATGGATCGCTT
GAGAACCTTCTTCAAATAAATCACATTCATAAGCTATATAAGCAAAGAATTGATCACTT

Note: UT, University of Texas Culture Collection; CCC, Cambridge Culture Collection; SAG, Culture Collection of Algae (SAG) at the University of Göttingen;
CCMP, Provasoli-Guillard National Center for Culture of Marine Phytoplankton; Carolina, Carolina Biological Supply; W, Ward’s Natural Science; NZ14,
Culture from Dieter G. Müller; GS, Greenshores Reclamation Site; N, Navarre Beach; GM, Gulf of Mexico; SI, Sabine Island; F, February; M, March; A, April;
Ma, May; Ju, June.

Figure 5: Bayesian phylogenetic tree for the alignment of rbcL sequences for field and
culture collection specimens and results from BLAST search.
Values at the branches indicate Bayesian posterior probabilities, maximum parsimony bootstrap, and
neighbor-joining bootstrap support, respectively, na indicates values < 50%. Red color depicts subclade
1a, Blue color subclade 2a, Green color subclade 2b.

support was between SAG1, SAG4, and SAG2, both SAG1 and SAG2 were collected in
Naples, Italy, while SAG4 was of unknown origins. Clade 2 (Figure 5) did not have
strong internal support between the analyses. The smaller subclade 2a, containing CCC1,
SIJu1, and NZ14 did have strong support, which was similar to what was seen in the 18S
analysis for CCC1 and SIJu1 (Figure 4). The culture collection UT2, previously
identified as E. fasciculatus, showed a strong correlation with CCC2, which was similar
to the 18S alignment (Figure 4), and along, it with SAG3 formed subclade 2b. CCC2 and
SAG3 were previously identified as E. siliculosus. Again, the viability of UT2 as E.
fasciculatus was in doubt. The only sequence that did not fall within either clade 1 or
clade 2 was the BLAST sequence of AY307411, even though this sequence was reported
as UT1 (McCauley & Wehr, 2007). The UT1 from this study sorted into clade 2 for rbcL
and for 18S (Figures 4 & 5). There was a strong consensus between the analyses for the
separation of both clades from the outgroup, Fucus vesiculosus.
Based on the phylogenetic tree for rbcL sequences two species were present
signified by the two clades; however, segregation of field and culture samples was
inconsistent when phylogenetic trees for 18S (Figure 4) and rbcL (Figure 5) were
compared. Apparently, these two gene sequences were not good indicators of speciation,
microscopic examination indicated all specimens were a single species, E. siliculosus.
Because the presumed sample of E. fasciculatus was not separated from E. siliculosus by
either microscopic examination or phylogenetic analysis, the accuracy of its identification
was questioned.
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CHAPTER IV. DISCUSSION
Virus Detection
Several samples were found infected by the EsV-1 virus; however, symptoms of
viral infection were not evident in the plurilocular sporangia. Unilocular sporangia were
not evident in any of the cultures or field collected specimens. The plurilocular sporangia
were reported to occur at temperatures above 20 °C, while the unilocular sporangia occur
below 15 °C (Lee, 1999). Field samples were collected at temperatures ranging from 15
to 28 °C, with Ectocarpus disappearing around 28 °C. At all temperatures, plurilocular
sporangia were observed but no unilocular sporangia. It was possible but unlikely that
the local flora was dominated by gametophyte plants that formed only plurilocular
sporangia.
Characteristics of viral expression in plurilocular sporangia, such as large and
bulbous sporangia, were not observed during the study. Others have observed sporangia
with signs of infection on the same plant with healthy sporangia (Müller & Stache, 1992),
so it was possible that infected sporangia were overlooked, but DNA analysis confirmed
the absence of infection. Although stained samples or transmission electron microscopy
were more accurate visual procedures for revealing sporangia filled with icosahedral viral
particles, they were not needed in the current study.
Cultures were kept at 25 °C and 15 °C but did not show evidence of unilocular
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sporangia. The visible plurilocular sporangia did not show any sign of viral infection.
Even examination of known, infected samples, NZ14 and CCC2, did not reveal abnormal
sporangia. Most likely the virus was dormant in these two cultures. As yet, mechanisms
controlling expression of the latent virus are unknown.
Previous studies indicated that viral genetic information was passed to progeny
during meiosis and mitosis, and healthy Ectocarpus in populations of infected samples
(Müller, 1991b). In other studies, infection only appeared in samples put into culture,
indicating that viral expression was rare or occurred only under stressful conditions
(Müller & Stache, 1992). Thus, microscopic investigation of EsV-1 was somewhat
unpredictable. Molecular methods, on the other hand, were successful when the virus
was active or latent.
As molecular methods became common place, studies investigating viral infection
were more frequent and reliable (Braütigam et al., 1995; Klein, Lanka, Müller, &
Knippers, 1994). The major advantage for DNA and PCR methods was the ability to
detect infection even when there was no visual sign of infection under the light
microscope or when the virus was latent. The GP-1 sequence was an excellent indicator
of viral infection because it was part of a single stranded, open reading frame region of
the EsV-1 genome (Klein et al., 1994). DNA extraction and amplification with PCR and
GP-1 primers confirmed infection in CCC2 and NZ14, two samples previously identified
as infected. With confirmation of the two known samples, GP-1 was used with certainty
as a positive identifier of viral infection. Samples SAG4, SAG5, and Carolina all showed
positive viral infection (Figure 3) and were previously unknown as infected. All other
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samples did not show any indication of viral infection, confirmed by the absence of a
band at approximately the 692-bp position on the gel (Figure 3).
Previous studies showed EsV-1 infection of Ectocarpus from several areas around
the world. Infected specimens were found in Argentina, Australia, California, Chile,
Denmark, English Channel, France, Irish Sea, Italy, Japan, Massachusetts, New Zealand,
North Carolina, Norway, Peru, and South Africa. Samples collected from the eastern and
western Gulf of Mexico, Tampa, Florida, and Port Aransas, Texas, did not show any
evidence of infection (Sengco et al., 1996) when analyzed for viral DNA in 1996.
Although more than a decade passed, EsV-1 infection still was absent from the Gulf of
Mexico in 2006. In view of the situation in Hann. Müden , Germany, where one isolate,
SAG5, was infected and sister isolates were not (Sengco et al., 1996), additional
sampling must occur in additional locations to establish that EsV-1 is absent from the
Gulf of Mexico.
Samples collected from the northern Gulf of Mexico, in Pensacola and the
surrounding area, did not show evidence of infection based on PCR methods (Figure 3)
nor did specimens collected from Tampa Bay, Florida (Figure 3, Lanes 34 -36). EsV-1
had a known survival time of two to three days in seawater, and variations in the
temperature, salinity, culture conditions, axenic or xenic culture conditions did not affect
the survival time. The same study showed that when infected samples that had viral
symptoms were mixed with healthy populations, healthy zoospores became infected and
gave rise to new infected plants (Müller, 1996; Müller & Frenzer, 1993). The two to
three day survival period made viral particles appear unstable in the natural environment,
and laboratory observations supported this, but because release of viral particles was
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timed with the release of zoospores, there was little need for stability. Warm
temperatures, higher than 20 °C, adversely affected the ability of viral particles to infect
Ectocarpus, while cooler temperatures, near 12 °C promoted viral stability (Müller &
Frenzer, 1993). This short survival time and the negative effects of warmer temperatures
may explain why infection did not spread to the Gulf of Mexico
Ectocarpus occurred throughout the Gulf of Mexico, the Caribbean Sea, the U.S.
Atlantic coast, and Atlantic Ocean near Barbados, Bermuda, and French Guiana (Earle,
1969; Taylor, W.R., 1972). Specimens from these coasts have yet to be examined for
infection with the EsV-1 virus. How common Ectocarpus was in the warmer Caribbean
Sea was also unknown. Ectocarpus appeared to prefer cooler, non-tropical water
temperatures and vanished from the northern Gulf of Mexico during the summer months
when temperatures exceeded 28 °C. While the main explanation for the disappearance of
Ectocarpus in summer was an increase in water temperature, it was possible the
competition from other species for substrate accounted for its disappearance in warmer
months. Based on current studies, viral infection was not a viable explanation for the
disappearance of Ectocarpus from July until November. Although a hypothesis that
proposed that the die off prevented viral infection seemed appropriate, similar die offs
were reported for North Carolina (Schneider & Searles, 1991) where infected plants were
discovered.
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Species Determination
Microscopic Examination
Microscopic examination of culture collection specimens known to be Ectocarpus
siliculosus, including all samples from the Culture Collection of Algae (SAG) at the
University of Göttingen, both samples from the Cambridge Culture Collection of Algae
and Protozoa, and the sample from New Zealand provided by Dieter G. Müller, did not
show similar measurements to those from published sources (Dawes, 1974; Earle, 1969;
Taylor, W. M. R., 1967; Taylor, W.R., 1972; Table 8) because measurements in this
study were taken near branch tips, while those reported in taxonomic keys came from
basal portions of the thallus (Table 1). Thus, statistical analysis was not applied to
compare experimental data to published data from keys. However, on the basis of data
generated by the current study, ANOVA analysis demonstrated cell sizes for field
samples and known species from culture collections were not significantly different.
Cells from field samples averaged 29 µm in width and 77 µm in length, while culture
collections average 25 and 69 µm, respectively. Even the size of plurilocular sporangia
were not significantly different between field and culture collection specimens (Table 8).
Cell and plurilocular sporangia measurements indicated that all field samples were E.
siliculosus.
Two microscopic characteristics used to distinguish E. siliculosus and E.
fasciculatus were cell and plurilocular sporangium sizes. E. fasciculatus was the smaller
plant and had cells near its base measuring 10 to 18 µm wide and 10 to 72 µm long
(Schneider & Searles, 1991). In the current study, cell sizes near branch tips for culture
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UT2, previously identified as E. fasciculatus, averaged 30 µm wide and 65 µm long. The
published values were for the larger basal cells, and the experimental values were for the
smaller tip cells; thus, the discrepancy in cell size was troublesome. ANOVA between
known cultures of E. siliculosus and the UT2 culture of E. fasciculatus showed cell sizes
were not significantly different (Table 8). Comparison of sizes for plurilocular sporangia
revealed a similar trend. Sizes for sporangia from published taxonomic keys (Dawes,
1974; Schneider & Searles, 1991; Taylor, W. R., 1972) for E. fasciculatus were 18 to 40
µm wide and 70 to 150 µm long compared to a range of 12 to 50 µm wide and 50 to 400
µm long for E. siliculosus. The plurilocular sporangia observed in field and culture
collections (Table 8) average 30 µm wide and 130 µm long for E. fasciculatus and 22 µm
wide and 152 µm long for E. siliculosus. Both species were within the published size
ranges; however, ANOVA performed on experimental data showed that the sporangium
size for E. fasciculatus in culture UT2 was not significantly different from the sizes for
known culture collections previously identified as E. siliculosus (Table 8). Based on
comparisons of microscopic data for cell and sporangium sizes, the identification of UT2
as a good specimen of E. fasciculatus was questionable.
Microscopic measurements of cell size for unknown Ectocarpus spp. from culture
collections, CCMP1, W1, UT1, and Carolina, were compared using ANOVA to known
culture collections and were not significantly different (Table 8), giving a strong
indication that all the field and unknown culture collection samples were E. siliculosus.
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Use of PCR for Species Determination
With the advent of PCR, there were enumerable efforts to use molecular
techniques for species determination. Two commonly used genes for examination of
species and phylogeny were 18S and rbcL (Bailey & Freshwater, 1997; Cho, Lee, & Boo,
2004; Draisma, Olsen, Stam, & van Reine, 2002; Freshwater et al., 1994; McCauley &
Wehr, 2007; Müller, Sheath, Vis, Crease, & Cole, 1998; Sherwood & Sheath, 2000; Tan
& Druehl, 1993). In land plants, rbcL was used to distinguish relationships between
family, order and genera. However, the highly conservative nature of rbcL made it
difficult to successfully distinguish between species of land plants. Divergence of rbcL
was used to determine relationships at the species level within the red and other algae
(Freshwater et al., 1994). In comparison, the 18S rRNA sequence was used to evaluate
species for many other algae (Müller et al., 1998; Sherwood & Sheath, 2000; Tan &
Druehl, 1993). Previously published data showed rbcL produced better results for
speciation in the red algae than 18S. The convergence of rbcL occurred at a much fast
rate than the apparently more conservative 18S gene (Sherwood & Sheath, 2000).
Although rbcL and 18S continued as preferred sequences, some alternate DNA regions
such as a RUBISCO plastid-encoded spacer, the small subunit of ribosomal RNA, and a
nuclear-encoded internal transcribed spacer (ITS) were used (Antione & Fleurence, 2003;
Bailey & Freshwater, 1997; Stache-Crain et al., 1997). A general dissatisfaction with
rbcL and 18S as separators for species triggered experimentation with other DNA
fragments.
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18S Ribosomal RNA and Phylogeny
The phylogenetic tree for the 18S sequence (Figure 4) produced two distinct
clades and three subclades. The high consensus between the three analyses for clade 1
indicated that the grouping of the alignments were very close. The smaller subclade 1a
containing several of the culture collections and the three BLAST sequences did not have
as high a correlation, indicating separation of the subclade from the rest of the alignments
in clade 1 was probably not valid. The grouping within clade 1 indicated that the
unknown species from Ward’s Biological Supply (W1) was Ectocarpus siliculosus, and
this conclusion was reinforced by its grouping with the three known species of E.
siliculosus from the BLAST search and the known SAG culture collections (Figure 4).
An interesting occurrence in clade 1 was the group associated with UT2, the only
sample identified as E. fasciculatus (Figure 4). It was expected that UT2 would occupy
its own distinct clade, or occur near the bottom of the tree. This same aberrant pattern
was repeated in the phylogenetic tree produced for rbcL sequences (Figure 5). It could
be concluded that the highly conserved nature of both 18S and rbcL was apparently not
sensitive enough to separate Ectocarpus species (Stache-Crain et al., 1997). However, an
alternate conclusion was E. fasciculatus was not a true species. Statistical analysis of
morphological data supported the conclusion that culture UT2 identified as E.
fasciculatus was not different from E. siliculosus (Table 4 & 8).
The high consensus of the grouping of GSA1 and GSA2 within subclade 1
(Figure 4) indicated that these field samples were related, an expected outcome because
the plants were collected within a week of each other at the same site. The other samples
collected at Greenshores were not grouped together as expected (Figure 4); however,
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these field samples did group with several specimens from culture collections and the
BLAST search, all of which were already identified as E. siliculosus. The groupings also
indicated that the field samples from Greenshores, the Gulf of Mexico, and Navarre
Beach were all related (Figure 4).
The subclade of clade 2, subclade 2a, showed a strong correlation between the
field samples TB2, TB3, and GSA3. This strong consensus indicated that the samples
were highly related, even though the collection sites were several hundred miles apart.
The consensus between these three specimens and GSA4 was not as strong, although it
was assumed, that as within clade 1, the specimens collected within one week of each
other were most likely the same species.
The lower consensus between the three analyses in clade 2 (Figure 4) did not
indicate a decent grouping within it. There was high consensus within subclade 2b,
between CCC1 and SIJu1. Because CCC1 was already identified as E. siliculosus it was
assumed that SIJu1 was E. siliculosus. The specimen from the University of Texas
Culture Collection, UT1, was also grouped with CCC1 and SIJu1. UT1 was an unknown
species of Ectocarpus. A recently published study identified UT1 as E. siliculosus
(McCauley & Wehr, 2007), and its grouping with CCC1 in the current study also
supported the identification of UT1 as E. siliculosus.
The phylogenetic analysis of sequences for the 18S ribosomal subunit agreed with
the data collected by microscopic examination. These data indicated that the samples
collected from northwest Florida, including Greenshores Reclamation Site, the Gulf of
Mexico, Navarre Beach, Sabine Island and the eastern Gulf from Tampa Bay were all the
same species. In addition, field samples were closely related to culture collections
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previously identified as Ectocarpus siliculosus. The only anomaly in the phylogenetic
tree was culture specimen UT2, that was previously identified as E. fasciculatus but
grouped with known species of E. siliculosus (Figure 4). The highly conservative nature
of the 18S ribosomal sequence, perhaps, confounded the separation of Ectocarpus species
by segregating seemingly similar samples into two clades. Interpretation of the clades as
tribes or varieties was also problematic. Previous studies of 18S rRNA showed for the
red algae, Hildenbrandia, similar problems with separation of species (Sherwood &
Sheath, 2000), as did another study on brown seaweeds (Phaeophyceae; Draisma et al.,
2001).
rbcL and Phylogeny
Two distinct clades were evident for the phylogenetic tree based upon the rbcL
sequence (Figure 5). Clade 1 had very little internal support among the three analyses.
The only strong consensus was a smaller subclade, subclade 1a, that consisted of three
specimens from the SAG culture collection, an association very similar to what was seen
for alignments of 18S (Figure 4). All of the field specimens, except for SIJu1 collected at
Sabine Island, were grouped in clade 1. Two of the BLAST sequences were also grouped
into clade 1. The low consensus among the three analyses made it difficult to claim the
field samples were E. siliculosus. Even though grouped with the two BLAST sequences,
it was difficult to claim the field specimens were E. siliculosus because of the weak
support from the three types of analyses.
The second clade for rbcL, as with the first, did not have a strong consensus
between the analyses (Figure 5). A smaller subclade containing CCC1 and SIJu1,
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subclade 2a, showed a strong consensus that made it possible to conclude SIJu1 was E.
siliculosus because CCC1 was a known species of E. siliculosus. There was also a high
correlation between NZ14 and both CCC1 and SIJu1 (Figure 5), further supporting SIJu1
as E. siliculosus. Another subclade of clade 2, subclade 2b, contained CCC2 and UT2, E.
fasciculatus, and had a strong consensus among the three analyses. As with the 18S
phylogenetic tree, UT2 was grouped with an identified specimen of E. siliculosus
(Figures 4 & 5), raising, yet again, a question about whether UT2 was identified correctly
as E. fasciculatus.
One interesting anomaly with the phylogenetic tree for rbcL was the separation of
one of the BLAST sequences, previously identified as E. siliculosus, from the rest of the
field and culture samples. The consensus for the arrangement of the two clades before
they split was strong but did not include AY307411, a sequence obtained from a BLAST
search for a sample from the University of Texas Culture Collection, LB1433, and
identical to sample UT1 in the current study. Examination of the alignment for rbcL for
AY307411 (Table 11) did not show any unusual areas that did not match the rest of the
sequences. As yet, it is unclear why the sequence for AY307411 was separated from the
rest of the sequences.
The bootstrapping for the maximum parsimony took over 100 hours to complete,
producing a large file of several thousand trees. This long computational time probably
introduced false positives into the search for a proper fit of the alignments and introduced
errors into the phylogenetic tree. The sequence for rbcL, as with the sequence of 18S,
was highly conserved, yielding very few mutations over enumerable generations.
Because of this low variation it was difficult to determine differences at the species level.
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Unlike the 18S phylogenetic tree, the rbcL trees were not very successful in identifying
field and unknown samples at the species level because of the low consensus between the
three analyses.
One possible alternative for future studies is to use a different PCR primer set for
rbcL. The primer sequences used were developed in 1995 (Braütigam et al., 1995).
More recently developed primers may bind specifically to rbcL, thus, improving the
purity of the PCR product. With better product and sequences, errors are eliminated in
the phylogenetic tree and the three supporting analyses, Bayesian posterior probabilities,
maximum parsimony bootstrap, and neighbor-joining bootstrap. Previous studies of the
biogeography of Ectocarpus showed use of the RUBISCO spacer sequence was too
conserved to differentiate on the species level. Part of the rbcL, the RUBISCO spacer
showed similar results as this study including the difficulty of differentiating between E.
siliculosus and E. fasciculatus (Stache-Crain et al., 1997).
For future studies, new genes or DNA fragments, should be examined for species
determination. Recent research has favored the use of the small subunit of ribosomal
RNA (SSU). A popular sequence in previous studies was of the ITS (Antione &
Fleurence, 2003; Stache-Crain et al., 1997). Another focus of speciation in the algae has
been the RUBISCO spacer, though for Ectocarpus it was too conservative to be effective
(Stache-Crain et al., 1997). A better DNA indicator of speciation is needed for
Ectocarpus. Perhaps, genome sequencing will reveal a less well conserved region of
DNA.
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Comparison of Outcomes from Microscopic and Molecular Studies
Historically, microscopes were used for species identification and morphological
examinations. Microscopic examination was advantageous for species determination
because the equipment needed was usually available to scientists and relatively
inexpensive. The skills needed for microscopic identification were rather simple.
Perhaps, the most complicated skill was measuring the size of cells and reproductive
structures.
With the creation of numerous false species, Ectocarpus was difficult to identify
with accuracy at the species level. Only specimens put into culture were reliably
identified morphologically (Russell, 1966). The difference between E. siliculosus and E.
fasciculatus in terms of cell size was very minute and overlapped somewhat (Dawes,
1974; Earle, 1969; Taylor, W. R., 1972). One important morphological feature for
determining species was examination of the reproductive structures, mainly the
plurilocular sporangia, which often were not present in field samples. Plurilocular
sporangia for E. siliculosus were reported as wider and longer than E. fasciculatus in
taxonomic keys. Sporangia for cultures identified as E. siliculosus and E. fasciculatus
were not significantly different in size. Examination of additional specimens identified
as E. fasciculatus will resolve whether the size of the sporangium is a good indicator of
speciation.
The increasing use of molecular methods in taxonomic analyses in biology
redefined many species. Use of DNA extraction, PCR, and sequencing greatly improved
the ability to determine differences between species of many organisms. Several
methods for DNA extraction were used during this study. The most common method for
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DNA extraction in the plants and algae was the CTAB method (Rogers & Bendich,
1985).
The polyphenols produced by the brown seaweeds interfered with the purity of
DNA extractions. A slight modification to the CTAB extraction buffer permitted
extraction of DNA from the brown seaweeds (Philips et al., 2001) and eliminated
polyphenol contaminants. However, in this study the modified CTAB buffer was not the
best protocol for extracting DNA. Another method used Chelex 100, a reagent
commonly used to extract DNA from sperm and in the forensic lab (Walsh, Metzger, &
Higuchi, 1991). The protocol for the extracting DNA from algae with Chelex developed
(Braütigam et al., 1995) was not as successful as the modified CTAB buffer.
The Extract-N-Amp method for DNA extraction was the most successful and
gave the most favorable results when visualizing DNA on a gel. According to SigmaAldrich, this Ectocarpus study was the first study to try the Extract-N-Amp with
seaweed. One major advantage of the Extract-N-Amp method was the ease of use; it
took approximately 30 minutes from weighing the sample until the extraction was
complete and ready for PCR; thus, it was more efficient in handling specimens. Another
advantage was the very small amount of seaweed needed for extraction, usually 10 mg
dry weight. This procedure was advantageous for samples from culture collections for
which there was a limited amount of material, and research was delayed while cultures.
The only major disadvantage of using the Extract-N-Amp method was the proprietary
extraction buffer, thus, eliminating the opportunity to know its ingredients. Fortunately,
the chemicals were fairly inexpensive.
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An expected advantage to techniques using PCR coupled with DNA sequencing
for species identification was accuracy and discrimination. DNA for a species was fairly
constant over time, whereas cell size of a single plant varied greatly, and changes in
environmental conditions caused additional variations. Once DNA extraction and
subsequent PCR techniques were complete, sequencing and gels were run multiple times
quickly and easily.
The major disadvantage of PCR and sequencing methods was both methods
required specialized equipment and expensive reagents. The microfuge and thermocycler
were much less expensive than the DNA sequencer. Samples were sent to specialized
sequencing labs for analysis because the on site cost of a sequence was prohibitive.
Thus, routine taxonomic investigations would find the cost of molecular methods
prohibitive for smaller labs or institutes.
Analysis of sequencing results and constructing phylogenetic trees required a
precise knowledge of several computer programs. A simple error led to inaccurate
answers that remained undetected until far into the analysis. Time was another major
factor. Analyses, such as maximum parsimony bootstrapping and neighbor-joining
bootstrapping, took from several hours to upwards of several days to complete.
Between the two methods examined in this study for species determination,
microscopic examination and phylogenetic analysis, it was difficult to determine which
method was better or more accurate. Both had advantages and disadvantages. Overall, it
was better to have a combination of the two methods because microscopic examination
permitted quick species determination, while phylogenetic analysis required more time
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but was expected to give a more definitive determination. Thus, a combination of the
two methods was recommended as the best choice, although more skill was required.
Other Methods for Species Determination
One method of species determination not examined in this study specific for
identification of Ectocarpus was lipid analysis and the detection of DGTA. DGTA is a
membrane betaine lipid with a carboxyl group near a N-trimethyl-ammonium group
(Müller & Eichenberger, 1994) and is restricted to algae containing both chlorophylls a
and c (Kato et al., 1996). The occurrence of DGTA in many Phaeophyceae was useful in
algal taxonomy within the group (Dembitsky, 1996). For Ectocarpus, the presence of
DGTA occurred only in E. fasciculatus, while E. siliculosus lacked DGTA (Müller &
Eichenberger, 1994), thus limiting the use of DGTA to separation of one species from all
others. Examination of the betaine lipid content for Ectocarpus was not carried out in
this study. Future studies ought to use the presence of DGTA to confirm identification of
E. fasciculatus in conjunction with microscopic examination and sequence analysis.
Conclusions
The specimens of Ectocarpus collected around the northern Gulf of Mexico and
around the Tampa Bay area were not infected by the EsV-1 virus, which agreed with
results from a previous study in Tampa Bay, Florida, and Port Aransas, Texas (Sengco et
al., 1996). Because viral particles have a survival time of only two to three days in cool
water and an even shorter time in warm waters, the Gulf of Mexico may not provide
optimum conditions for infection. Geographically, the closest known infected sample
was collected from the North Carolina coast (Sengco et al., 1996). Collections from the
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Atlantic shores of Florida in the and further north to the coast of Georgia and South
Carolina are needed to ascertain whether there was a southern limit for infection by the
EsV-1, and whether water temperature was a factor. Other collections from the western
Gulf of Mexico, especially the coasts of Texas and Louisiana, also are needed to more
accurately describe the distribution of the EsV-1 virus.
Microscopic examination and sequence analysis of the specimens collected from
the northern Gulf of Mexico and Tampa Bay area showed that all specimens were likely
Ectocarpus siliculosus. Unexpectedly, phylogenetic trees were less conclusive than
microscopic examinations. Microscopic data and to a certain extent phylogenetic trees
were unable to support culture UT2 as a species of E. fasciculatus. UT2 appeared to be
E. siliculosus. While sequence data in the present study pointed to just one species, rbcL
and 18S were too highly conserved to easily distinguish E. siliculosus from E.
fasciculatus (Stache-Crain et al., 1997). Other sequences need to be examined in the
future for more definitive separations between Ectocarpus species.
Both microscopic examination and DNA sequencing analysis were important in
species determination. Both methods had their advantages and disadvantages.
Microscopic examination required very few skills, but it was difficult to distinguish
between species with certainty because cell and sporangia sizes overlapped. Sequence
analysis required more time, reagents, and equipment, but it had the potential to be more
accurate. The use of less conservative sequences of DNA may be needed to absolutely
distinguish between E. siliculosus and E. fasciculatus.
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