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Abstract

Three species of anemonésithopleura elegantissima, Anthopleura satad Anthopleura
xanthogrammicavere studied at nine sites along the Pacific Coatteobnited States to

determine the extent of genetic isolation amtvegdifferent species aranongpopulations of

the same speciedAt each site, a detailed morphological analysis was taken from a representative
group of each of the species presefissue samples for DNA analysi®re also taken from a
subgroup of thee Morphological distinctiveness was assessed by discriminant function analysis.
Phylogeretic relationships were examinbédsed on aequence analysis of a portion of the

Arginine Kinase gene which included exon and intron sectiohecusby-locus canparisons

were made among variable loci to determine the extent of differences among the species. Gene
flow amorg populations was assessed by AMO@®d F5r. Both morphological and genetic

analysis indicated th&. xanthogrammicés easily distinguishablfrom bothA. elegantissima

andA. sola,while the latter two were far more difficult to separatdthoughA. solaseems to
morphologically combine characteristics of the other two species, it had a number of unique
genetic polymorphisms not seen irheit of the other species stfindicated that there is a high
degree of gene flow among all populations but strong barriers to gene flow among all the species.
This indicates that thiiaree speciearefreely interbreeding within their respective popigdas

along the coast buatre distinct species whidikely diverged from a common ancestor recently.
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INTRODUCTION

Marine speciegalong the Northeast Pacific coast are distributed in such a way that
the region can be divided into three biogeographic provinces: the Aleutian Province, the
Oregon Province, and the California (or San Diego) provibzpending on the
authority, he Aleutian Province begirmywhere from Oregon the Alaska Peninsula
and spreads north to the Bering Strdihe Oregon Province stretches from #leutian
Provincesouth to Point Conception, CA. The northern boundary of tbgd@d province
has been disputed for some time, with some arguing that the true boundary lies between
northern Washington and southern British Columbia (Hartman and Zahary, 1983). The
southern boundary is generally accepted as Point Conception (HartchZataary,

1983), though some species ranges extend north or south past it. The California
Province which extend$rom Point Conception, CA south to tRacific coast of Baja
California, is a unique area where both northern and southern species mixs(Bregd).
It consists of warrtemperate waters which allow for a mix of both waend cold
derived species.

The segregation of species into these provinces can be better understood in
context of the currents along the Pacific coast of the United Staibesdominant current
in this region is the California current (Figuke which is part of the North Pacific Gyre.

As this gyre approaches the West coast of North America, it is referred to as the North
Pacific Current (Pickard and Emery, 1982). Thisrent comes ashore near the coast of
Northern Washington and there splits into two parts. One part turns north and forms the

Alaskan Gyre in the Gulf of Alaska. The other part turns south and forms the California



.

Figure 1. Average flow of the Califoia Current along the Pacific Coast of North America
(adapted from SFSC.noaa.gov




Current which stretches from the continental shelf to far offshibings southerflowing
portion of the current is where the Oregon biogeographic province is found.

Physcal features of the coastline in this region also have an impact on water flow.
The northern area skirted by the California Current has a fairly uniform coastline which
allows the current system to flow mostly uninterrupted. However, various capes along
the central region (including central Oregon, and northern and central California) can
interrupt water transport. The geometry of Cape Blanco in central Oregon results in
differential water flow north and south of this major capieiceet. al, 2000;US
GLOBEC, 2002). North of Cape Blanco nutrient rich water remains close to shore, but
as the water moves south, it eventually interacts with Heceta Bank and a jet of water is
diverted offshore. South of Cape Blanco, another jet of water is displacedeyetal
hundreds of kilometers offshorBigrceet. al, 2000;US GLOBEC, 2002). Cape
Mendocino in northern California contributes to stronger upwelling in central California
through Point Conception (Connolly and Roughgarden, 1R@8¢eet. al, 2000 US
GLOBEC, 1994). At Point Conception, the California Current veers offshore where it
eventually joins the North Equatorial Current (Pickard and Emery, 1988).
biogeographic region south of this point is the California province.

Coastal winds ande southward flow of the California Current often produce
upwelling. Upwelling occurs when surface waters move offshore, triggering a rise of
cold, nutrientrich water to the surface near shore. Upwelling is variable along the coast
due to wind and thehysical structure of the coéise. North of Cape Blanco, strong
winds contribute to moderate upwelling in the spring and summer and strong

downwelling in the winter (Strub and James, 2000; U.S. GLOBEC, 1994). The region
9



between Cape Blanco and Point Ception has the most seasonal variation in winds
with strong upwellingfavorable wind in the spring and summer, while in the winter,
storms drive the current poleward with downweltiagorable winds. South of Point
Conception, where winds are minimalwagdling is favored all yearound (Strub and
James, 2000; U.S. GLOBEC, 1994).

Aside from upwelling events, the California Current shows lagde seasonality
as well. From late spring through early fall, water flows strongly to the Sooxever,
in the winter net flow can be somewhat weak and variable (Marchesiello et al., 2003)
(Figure2). Variationalsoexists in the form of poleward flowing undercurrents. The
California Undercurrent is a poleward flowing, subsurface (250m deep) current which is
present most of the year. It does not exceed distances of approximately 100 km from the
coast (Lynn and Simpson, 1987; Pierce et al., 2000). The InSbargercurrent, also
known as the Davidson Current, consists of poleward flowing water near théncibes
winter north of about 33eN (Strub and Jame
stronger poleward component of the California Current system (Hayward, 1993).

This variability in current and upwelling along our coast could have important
implications for gene flow among populatioridost intertidal species, including
anemones, have a pelagic larval stage. Pelagic larvae are important for promoting
genetic exchange across broad geographic a
ranges.In general, larvae are too small to swim against a major current and so are carried
along in the direction the current is moving. The direction of current flow thus has a

strong impact on dispersal patterns of these organisms. Theflooutig California

10
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Current along the Washington, Oregon and California coast makes it easy for larvae to
disperse to the south. On a local scale, standing eddeted near many of the major
capesas well as local headlan@fgorganet. al, 2011;Marchesiello et al., 2003) can

favor recruitment of larvae into these areas. The California Undercurrent may allow
northward larval dispersal at times. However thigent is strongest in the winter, when
few larvae are dispersing. After El Nifio events and at certain locations where the
Davidson Current is strong, northward transport of larvae may occur. The net result of
these current systemsimcreased potentidbr species distribution all along the coast in
the Oregon province. Point Conception, where the California Current veers offshore,
tends to be the southern limit for many species in the Oregon province (Hartman and
Zahary, 1983).

As previously mentionedareas in the central region of the Oregon province tend
to have stronger upwelling and jets which disperse surface water offshore due to the
effect of wind in the area as well as the geometry of the various capes (US GLOBEC,
1994; US GLOBEC, 2002; Conngland Roughgarden, 1998). These regions tend to
have lower intertidal recruitment (Connolly et al., 2001), which could be explained by
larvae being swept offshore by these jets and upwelling instead of making it into the
intertidal zone to settle. Howex, these features (jets aoifishoresurface transport)
have only been studied in terms of their effects on local recruitment. The effects on
wide-scale larval dispersal and gene flow along the coast have not yet been investigated,
but they could poterdlly be interrupting this type of dispersal and gene flow as well.
Because larvae are being transported offshore in these areas, areas of upwelling and jets

could provide a partial barrier to gene exchange within the Oregon province.

12



Anemones of the gesiAnthopleuraare important intertidal speciegiich can be
found spanning all three Pacific Coast biogeographic provindéthin this genus, three
species are especially prominednthopleura elegantissimanthopleura solaand
Anthopleura xanthogramica(Figure3, Table 1)

Anthopleura elegantissim@randt, 1835) (Figur8a) is a small (8.5 cm
maximum diameter) anemonatlwarange extendg from Alaska to Baja California
(Hand, 1955; McFaddest.al. 1997). Besides reproducing sexua#lyproces which
involves a pelagic larvat also reproduces asexually by longitudinal fissidimis mode
of asexual reproduction does not involve any larval stage. The spaniég found in
asexuallyproduced aggregations numbering up to 100,000, thoughaggstgations are
much smaller (Hand, 1955; Pearse and Francis, 200@)legantissiméypically hasa
green column and pink or lavender tipped tentacles and obvious mesenterial insertions
visible as a color pattern on the oral disc (Hand, 1955) (Tlabl&s column is covered
with simple verrucae (verrucae are adhesive tubercles; compound verrucae are forked and
have several adhesive patches) along much of the column, but they become compound
near the collar of the anemone. Its verrucae are usualgrtical rows. It is host to
symbiotic zoochlorellae in the northern part of its range and to zooxanthellae throughout
its range (Pearse and Francis, 2000)elegantissimé commonly found on exposed
rocks and ledges fairly high in the intertidal 2and tends to prefer areas with high
wave action (Hand, 1955). Around San Franciscelegantissimeaeleasegametesnto
the water in late spring through early fall, and in Washington, in September and October

(Morris et al., 1980).

13



Figure 3. (a)Anthopleura elegantissim#b) Anthopleura xanthogrammicand (c)Anthopleura
sola(A. solaphoto by David Cowles).

14



Table 1. Distinguishing characteristics of the three Pacific Qoathbpleuraspecies in this

study.

A. elegantissima  A. sola A. xanthogrammica
Maximum Diameter 35 o5 20
(cm)
Mode of Reproduction Clonal, Sexual Sexual Sexual

Large clonal Solitary. ma
. aggregations of Y, may Solitary, may touch but
Sociality : touch but not .
tightly packed . not tightly packed
N tightly packed
individuals
Low intertidal, in
Tvpical Habitat High intertidal, Mid to low crevices and tidepools
yp exposed rocks intertidal below mussels protecte(
from dessication
Oral Disk:
. . .| Stripes at . .
Pattern Stripes at insertion| . : Plain green few stipes
of mesenteries Insertion (.)f or faint
mesenteries
. Often loose and Often loose and .
Lips frilly frilly Usually held tight
Tentacles:
Color of Base Green Green Green
Color of Tip Pink or Lavender | Pink or Lavender | Gray-Green or Blue
. : Somdimes
White Spots Sometimes Presen Present Usually Absent
Column:

Verrucae Pattern

Verrucae Type

Vertical Rows

Vertical Rows

Scattered

Mostly simple,
some compound

Mostly simple,
some compound

Many compound

Foot

near top of
near top of column
column
Expands well Expands well Similar diamter as

beyondcolumn

beyond column

column

15



Anthopleura solgPearse and Francis, 2000) (Fig8c¢ is found from Baja
California to just north of San Francisco Bay, California (Francis, 1979; McFat@én
1997). Itis on avexge much larger thah. elegantissimaand can grow to 205 cm in
diameter. Aside from sizé,. solais morphologically very similar té. elegantissima
and in fact up until it was designated a separate species in 2000 it was simply considered
to be a lage solitary form ofA. elegantissimaHowever,in the fieldit cangenerallybe
distinguished by ittargersize, lack of fission scars, solitary lifestyle, its habitat, and its
intertidal andyeographic range (Pearse and Francis, 2080%0lais morecommonly
found in relatively sheltered positions, often attached to rocks buried in the sediment so
that its column is partly or completely hidden (Hand, 1955; Pearse and Francis, 2000).
Zooxanthellae are typically found as endosymbiont.isolg while zoochlorellae have
never been documented in this species (Pearse and Francis, 30@@)this species has
only been recently identified, it is not specifically known when their gametes are
released, but it is likely safe to assume that they spa@stly during the summer as do
the other two species.

Anthopleura xanthogrammig8randt, 1835) (Figur8b) is found from Japan
through Alaskand dowrto southern California (Hand, 1955), but south of Point
Conceptiont is restricted to only a few areas wlavater temperature is cooler (Francis,
1979). It can grow to about 20 cm in diameter with its extended column reaching up to
25 cm in height (Hand, 1955); however it is usually closer #&3.6m across its oral
disc. Adults seem to mainly inhabit tteols and fissures in the lower intertidal, just

below the mussel zone. They show preference for areas of strong wave action (Hand,

16



1955). A. xanthogrammic# uniformly green, even on its tentacles, and rarely shows a
color pattern due to mesenterias@ntions on its oral disc (Hand, 1955; Pearse and
Francis, 2000) (Tablg). Unlike A. solaandA. elegantissimahe column oA.
xanthogrammicas covered in compound verrucae which areusotallydistributed in
longitudinal rows (Hand, 1955; Pearse &mencis, 2000). Some young specimend.of
xanthogrammicahowevermay have verrucae arranged in vertical rows on at least part
of the column. Despite their distinct morphological differenéesolais commonly
confused withA. xanthogrammic#& thefield; in fact they are so often misidentified that
Acaution is indicated in interpreAing ol de
xanthogrammicaeleasegametesnto the water in late spring through summer (Morris
et al., 1980).

A. xanthogranmicais characteristic of the northern portion of the Oregon
province,A. solaof the southern portion, aml elegantissimé easily found throughout.
However, several observations make this distribution pattern less clear. In Washington,
A. xanthogranmicais clearly distinguishable from other species in the area. Likewise,
solais easily distinguished in southern California. However, north of San Francisco, at
the central portion of the Oregon province, these speaiesometimes bmore difficut
to distinguish.SomeA. xanthogrammicandA. solaseem to have intermediate features,
which some reports (Francis, 1979) suggest could be due to hybridization. Others have
noted that eveA. elegantissimaan sometimes be difficult to distinguishtims area
(Cowles personal observationdue, for example, to unusually large size

Severalmodels ofspeciation may explain these observations. Firsthifee

species may beilly distinct everywhereAccording to this modelhere is minor

17



variation present within each species that has led to anecdotal confusion in the northern
California region. A second posilmodelmay be that introgression is occurring
betweertwo or more of the speci@s the central to northern California area. Finally, a
third modelis that the northern California area is a center of radiation for these species.
A. xanthogrammicaa northern branch, amd solg a southern branch, may have their
origin in northern Californiand be hard to distinguish ther&ccording tothis model,

the apparent species differences seen clearly to the north andnsgultiedue to clinal
variation along these trajectories. Both species may also be interbreedidg with
elegantissiman this area. All of these possibilities may be a#edby limited gene
exchange to the north caused by the net southward flow of the California Current and the
recruitment barriexposed by upwellingDistinct genetic divisions can occur within

widely distributed species, especially those that span biogeloig provinces

(Hedgecock, 1994). BotA. elegantissimandA. xanthogrammicaare widely

distributed organisms which could be influenced by this phenomédndhis paper |

propose to teshe hypothesis tha. xanthogrammica, A. sondA. eleganssimaare
indistinguishable across their range both genetically and morphologically. alsaill
determine if there are ampnsistentlefinable differences between populations of each

species by comparing their morphology and genetics at several domgslaeir range.

18



MATERIALS AND METHODS

Field Stes:

For this study | collected data froAmthopleuraanemones & sites ranging from
Dana Point, CA to Anacortes, WA (TalleFigure4). At each site | examined 10 to 15
individuals of each speciglr a total of 144 individuals (Table 3Yhirteen
morphological features were recorded for each indivi(llable4). These features were
chosen based on personal observations of variable features and on descriptions of the
speci es06 di stristtgflom thehlitenatgreAdditianelly, tissue samples
were takerfrom the foot of at least ddividuals of each speciefsom each sitéor DNA
analysis Tissue samples were codaccording to the pattern in Figuse Thefirst
anemondor analysisat each study sit@as chosen with the only qualifications being that
it wasable to be studied (tentacJe®lumn,and oral disc visible)and each successive
animal was chosen by walkirag least 1.3nmn any directionin order to minimize
collectionbiasandto sample over a larger aredhe first organisnbeyond 1.3mn that
direction which was appropriate for analysis (tentadekimn,and oral disc were
visible) was usedA. elegantissimaamples were chosen using this methuath the
additional equirement that they must appear to be from a separate clone. Distinctions
between clones were made based on systematic differences in anemone color or size, or a
distinct gap separating the individual&t each site, | also looked for any individuals
which did not fit the typical descriptions of the species and sampled those indiaduals
well.

Before any measurements were taken, each individual was photographed and the

photo numbers recorde&izemeasurements were determined to the nearest half
19
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Table 2 Location and species

present at each study site.

Site Abbreviation | Latitude | Longitude Species Present

Rosario Beach RB (1) 48e 2122e¢ A. elegantissima

Kalaloch KL (2) 47¢e 3 1l24e A. elegantissima, A. xanthogrammica
YaquinaHead YH (3) 44e 4 124e A. elegantissima, A. xanthogrammica

Seal Rocks SR (3) 44e 21124¢e A. elegantissima, A. xanthogrammica
Bodega Bay BB (5) 38e 1 123e A. elegantissima, A. xanthogrammica, A. sol
Moss Landing ML (6) 364835| 121c¢ A. elegantissima, A. xanthogrammica, A. sol
San Simeon SS (7) 35e 3 121e A. elegantissima, A. sola

Moss Beach MB (8) 33e 3 117e A. elegantissima, A. sola

Dana Point DP (9) 33e 2 117c¢ A. elegantissima, Aok




Table 3. Sample size for each analysis used in this study.

Number Used
Analysis A. Total
A. elegantissimg sola | A. xanthogrammica ota
Discriminant 60 49 35 144
Function
Maximum 36 9 22 67
Likelihood
Maximum 36 9 22 67
Parsimony
Fsr 31 12 21 64
Chi Square of 31 12 21 64
Variable Loci

21




Rosario Beach (1)

Kalaloch (2)

Yaquina Head (3)
Seal Rocks (3)

Cape Blanco

¥ Dana Poiftt (9)

Figure 4. Map of study sites along the coast and potential geographic barriers! ispermsal.
See Table 2or details.
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Table4. Summary of morphological measurements recorded for the fprecies of anemones. SPSS coding gives the numeric values used in SPSS for qualitative characteristics.

Feature

Anthopleura elegantissima

Anthopleura sola

Anthopleura xanthogrammica

SPSS Coding

Mean

Median

Minimum

Maximum

Mean

Median

Minimum

Maximum

Mean

Median

Minimum

Maximum

Oral Disc Diameter (mm)

26.9

24.0

12.0

63.0

87.0

88.0

36.0

134.0

83.8

83.0

37.0

125.0

Oral Disc Pattern

17

2.0

0.0

3.0

2.2

2.0

2.0

3.0

0.7

1.0

0.0

2.0

0: None

1: Faint

2: Moderate
3: Strong

Tentacle length (mm)

7.4

6.0

3.0

24.0

19.0

20.0

8.0

35.0

13.2

12.0

4.0

27.0

Tentacle Width (mm)

11

1.0

0.5

3.0

3.2

3.0

2.0

5.0

3.4

3.8

1.0

7.0

Tentacle Length:Width

7.2

7.0

3.0

18.0

6.0

5.8

3.3

9.3

4.2

3.8

1.8

10.0

Tentacle Tip Color

7.5

8.0

3.0

11.0

2.6

2.0

1.0

9.0

2.7

10

0.0

9.0

0: None

1: Grey

2: Grey/Brown
3: Brown or Tan
4: Blue

5: Blue/Green
6: Green

7: Purple/Grey
8: Pink

9: Purple

10: Pink/Purple
11: White

Tentacle Base Color

2.4

3.0

0.0

7.0

2.3

2.0

1.0

7.0

4.4

5.0

0.0

6.0

None

Grey
Grey/Green
Green

Lime
Blue/Green
Blue

Brown or Tan
Grey/Brown

ONORONRO

Column Height

9.7

8.0

3.0

30.0

29.7

29.0

10.0

54.0

35.6

315

10.0

73.0
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Table4 continued. Summary of morphological measurements recorded for the three species of anemones. §RfBf&sddnnumeric values used in SPSS for qualitative characteristic

Feature

Anthopleura elegantissima

Anthopleura sola

Anthopleura xanthogrammica

SPSS
Coding

Mean

Median

Minimum

Maximum

Mean

Median

Minimum

Maximum

Mean

Median

Minimum

Maximum

Column Color

2.9

3.0

1.0

3.0

1.9

2.0

1.0

3.0

3.0

3.0

3.0

3.0

0: Clear

1: Pale
green or
Grey

2: Grey to
Green/Grey
3: Green

4: Dark
Green

Debris Cover (%)

25.8

20.0

0.0

90.0

40.6

40.0

0.0

95.0

26.5

17.5

0.0

90.0

Verrucae Pattern

2.9

3.0

10

3.0

2.9

3.0

20

3.0

11

1.0

1.0

2.0

1: No
pattern
2: Some
Rows

3: Rows

Verucae Simple vs.

Compound

1.8

10

10

3.0

1.4

1.0

1.0

3.0

2.9

3.0

1.0

3.0

1: Simple
2: Both
Simple and
Compound
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Figure 5. Example of coding for tissue samples.
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millimeter using caliprs. | attempted to keep color degtionsconsistent between
species, sites and individugl®wever no standardized color chart was used. Oral disc
pattern waseparated intéour categories: none, faint, modetated strongTable4).

Oral disc width and foot spread were taken awluest point of the anemondn order

to keep the values consistent, all column height measurements were determined after
poking andharassing the anemone untifutly closed and contractedverrucae were
consideredo bein rows if most verrucae weraignedin groups otthree or more
arrangedn vertical rows. Verrucae were considered compounthé tip ofeachverruca

was divided into at least two segments with adhesive patches on each sdgpsent.

were considered Ol dysed siifol @&l louftlsaplee wéree a

only part of the | ips were vi si bflapgswereh ey

visible but the mouth was gaping rather than tightly closedascd assi fi ed as

mo u t Awcibsed mouth without he ri dge and no exposed
If the mouth was closed and thips were not exposed but a distinct ridge was visible
around the mouth, theaneméne | | e n svied e r eRebriSperaento\ed .
the columnwas estimate to the nearest 5% for each individual befihie anemone was
forcedto close. Finally, GPScoordinates wertaken for each individual usirgGarmin
GPSmap 78handheld GP®ith WAAS (Wide Area Augmentation System) enabled for
greater precision

Tissue samples were collected using a razor blade or scalpel and immediately
placedin 95% ethanol. Between samples of the same spaiciee same sitehe razor

blade/scalpel was cleanbg wipingwith rubbing alcohol or 95% ethanokeparate
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razor bladesr scalpels were used for the different specigssue amples were stored

in 95% ethano&t room temperature until they could be analyzed in the lab.

Morphological Analysis:

Morphological Features:

Morphological features which were counts or direetasurements were recorded
directly in an SPSS data sheet. Features which were categorical were numerically coded

for use in the data sheet (Ta#)e

Discriminant Function Analysis:

The morphology of the anemones was compared among the speciesoagd am
the sites along the coast in a series of several steps. First, to identify which individuals
could be unambiguously identified to species | chose calibration sites for each species.
The calibration sites were sites in which the species either wagd éxclusively, or if no
such sites existed | chose sites removed as far as possible from sites with individuals of
another species which could potentially be confused with the species of interest and
individuals which had weltlefined and distinctive feates. ForAnthopleura
elegantissimdhe calibration site was Rosario Beach, WA. Rothopleura
xanthogrammicahe calibration site was Kalaloch, WA. Fanthopleura soldhe
calibration sites were Dana Point and Moss Beach, CA. For the first disamimin
function analysis | identified the calibrated species only at these sites and left all other

individuals unknown, allowing the discriminant function to assign species identifications
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and probabilities to all the unknown individuals. Next, | accepserberectly identified
all individuals for which the discriminant function had assigned the correct species
definition with a 99% probability or greater. | thenres the discriminant function
analysis and considered all individuals which the analysglentified (assigned the
individual to the incorrect species) or correctly identified but with less than 99%
probability as potential hybrids or aberrant individualsorganisms whichhad

misidentified.

Molecular Analysis:

Treatment of Samples:

Approximately 25mg of tissue was used from each sample for DNA extraction.
Tissue wasninced m sterilized microscope slidesing a sterile razor blade that had
been run through a flame. Tissues wauefied according to the Qiagen DNe&y
protocol forpurification of total DNA from animal tissues. Samples were lysed with
Qiagen lysis buffer angdroteinase K for at least 3 hours (in some cases overnight) before
continuing with the purification protocol. Elution was performed with 100 pl of buffer
AE in order to maximize DNA concentratiof.o ensure DNAvas extracted properly
samples were visualized on 1%aaose gel containing ethidium bromide.

PCRprimersfor a partial coding sequence of tAgginine Kinasegene including
both exon and intron sectisweredesigned based on sequences found on GenBank
(Suzuki and Yamamato, 200@])able5). Primers were purchased from Integrated DNA

Technologies (idtdna.com). PCR reactions were prepared using 50ul PCR master mix,
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Table5. Primers used in this stydor isolating a
section of the Arginine Kinase geneAnthopleura
spp. Designed based GenBank DNA sequences
accession numbers AY531301.AY531352.1.

5 ® cagtaaccgtcgacgtctig3 6

5 0 agtgatgaatctttgaggcctic3 6
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2l DNA, 1pl of each primeand 46pl sterile BD. PCR parameters are showrnTiable
6. Following PCR, samples were purified usthg Fermentas PCR purification kit and
standard protocols. Samples were thessaleed and concentrated usitignicon® Ultra
centrifugal filtes. De-sdted samples wergent to Lone Star Labs (Islabs.com) for

sequencing.

Screening for Sequence Reliability:

Raw DNA sequences were tested for reliability usirgonline GUIDANCE server with
PRANK as the MSAmultiple sequence alignmeralgorithm(Pennet. al.,2010; Loytynoja,
2008. After an initial GUIDANCE analysisndividual DNA sequences with reliability scores
below 0.946 were removed from further analysis. Three sequences, all invehdokg were
eliminated for this reason.then ran GUDANCE on only the confidently aligned sequences
once more which allowed me to remove the unreliable loci from analysis. All columns in the
sequence which scored below 0.93 were removed from the datidgtsevensequences with
a total length o668loci were retained at the conclusion of this pro¢@sble 3) These

sequences were used for phylogenatid population genetics analyses

PhylogenetidApproach

Maximum parsimony and maximum likelihood trees were construct®ttga S®using
the GUDANCE aligned sequencaglaximum parsimony was computed using complete deletion

of gaps and closeeighborinterchange as the search methbdsed the default setting of 10
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Table6. PCR parameters used for isolating DNA from

Anthopleura spp.
Temp. Time
(eC) | (min)
Initial Denaturation 95 2
Replication: 35
Cycles Denaturation 95 1
Annealing 54 1
Extension 72 2
Final Extension 72 5
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initial trees for random addition. Because maximum parsinygigally results in several
equally parsirmanious trees (79 in this case), | computed a consensus tree witbfavaltie of
50% so that any clades occurring in less than 50% of the trees would be displayed as a polytomy.
| used bootstrapping as a test for phylogeny, with 2000 bootstrap reglicat

Maximum likelihood requires the use of an evolutionary modiiing Mega 5, |
determined the besit model for this data set to be T92+G with 108 paramgtersvas
recommended by MEGAT92 refers to Tamura (1992) which is a 2 parameter model which
takes into account both that substitution can occur at different rates and that transitions and
transversions may occur at different rates. Furthermore, this model adds a correction for
compositional bias If the ratios of bases differ from equal, iea into account these differences.
Finally, the 6Gbd6 refers to ¢erhma edids tdriiskt utiibant i
across site (Hall, 2011) | used clos@eighbor interchangas the heuristic method and set the
gaps/missing datatreame nt t o Oparti al del etiond with a 95

least 95% of the sequences did not have a base would be ignored.

Population Genetics Approach:

Molecular systematics approaches such as maximum likelihood and maximum
parsinmony work best for distinguishing groups which have substantial genetic separation
between them. For finescale detection of genetic isolation and potential crossbreeding
among the species and populations | calculated analysis of molecular variance (AMOVA
using Arlequin ® resulting in the fixation index# An Fst significantly different from
zero indicates a significant barrier to gene flow among the populations t€stetthis
analysis| discarded all invariant logfor the purposef this study will use loci or locus

to indicate a specific nucleotide positi@nd loci for which less than 90% of the
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anemones had sequence information. This process #atiable loci held in common
which were used for AMOVA. For this analysis | used onlynamees which had been
clearly identified to the correct species by the discriminant function analysis since
misidentified species could strongly distogthich left a total of 64 individuals for
analysis (Table 3).

Genetic variabilityamongall threespecies was tested using an Analysis of
Molecular Variance (AMOVA)withPAr | equi nds .ddvidedAl t settings
elegantissimanto three regions: North of Cape Blan@talaloch, Rosario Beach, Seal
Rocks) between Cape Blanco and Point Concepfigndega Bay, Moss Landing, San
Simeon) and South of Point ConceptifDana Pointjn order to determine if there was
any variation by region and if Point Conception or Cape Blanco were playing important
roles as barriers to gene flow. solawasdividedinto Northern Gan SimeonMoss
Landing and Bodega Bay) and Southern (Dana Point) populations to look for restriction
in gene flow based on geographical separatiwh Point ConceptionThe same was also
done toA. xanthogrammicausing a Northern (Yaquina He%seal Rocks and Kalaloch)
and Southern (Moss Landing and BgdéBay)grouping separated by Cape Blanco
Finally, | compared each speciestbhe@ othersn order to look at the genetic isolation

among thespecies.

Differences in allele frequency
To test for differences in allele fregncy among the species, all M@#iableloci

in 64 total individualsvere examine@Table 3) Fixed differences which occurred at any
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locus were notedWithin each species, applymorphic locus was notednd the

numbe of each of the possible nucleotides or gaps at the locusamasedfor each

species | then performed a chi square analysis on these records in order to determine if
the base pair ratios éf.degantissimaompared td\.soladiffered from what would &

expected within normal variation.
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RESULTS

Morphological analysis:

Morphological Features:

The three species of anemones varied in their range of features, but in many cases
these ranges had strong overlaps among the species 4J.ableould findno consistent
changes in the range of features within a species based on latitsitefor any of the

species.

Discriminant Function Analysis:

Most of the anemones could be assigned to a given species with at least 99%
confidence based on Discrimindfunction Analysis (Tabl@). When all these
individuals were inltided as known species, 93% [1832] of the total set of anemones
could be correctly identified by discriminant function analysis (Figra.
xanthogrammican generalwaswidely divergeat from the other two species based on
discriminant functions 1 and 2A. elegantissimandA. solg while clearly clustering
differently, were closer together and had more individuals with morphological overlap or
ambiguous species determination (Figbire Only7% [11/162] of the anemones were
misidentified or correctly identified but with low confidence (Table These
individuals, which could be potential hybrids, are described in Taaate shown in

Appendix A. Of particular interest in thisrgup are the 7 individuals which
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Table7. Accuracy of identification of individuals to species by Discriminant Function Analysis. Numbers are cour
Numbers of anemones under 'Used for Calibration' are the number of anemones at calibration sitgs for wh
identification was considered certain. Those in the '99% confidence' column were identified by DFA based on th
calibration individuals. Those in other columns were either identified correctly with less than 99% confidence or
identified incorretdy by DFA.

Correctly
Used for | identified by DFA Uncertain Incorrect
Calibration with 99%-+ Identification Identification
Confidence
Anthopleura elegantissima 10 63 4 6
Anthopleura sola 20 47 1 2
Anthopleura xanthogrammica 10 36 0 3
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Canonical Discriminant Functions

Standard for
Species at isolated
localities
4 —
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Function 1
Figure 6. Separation of the three species by discriminant functions 1 and 2, based on
morphological features. Most individuals could be clearly assigned to a correct species by

discriminant function analysis but several uncertain identifications odemitfications
remained
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Table8. Morphological features of anemones not easily distinguished or misidentified by discriminant function analysis. Muasslsrabuld be potential hybrids. Error code
M= Misidentified by discriminant function analysid= identified with less than 99% confidence by discrimanant function analysis, F= confusing identification in the field.
Photographs follow this table.
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were identified as the wrong species with over 85% confidence bysttrendnant

function analysis.

Molecular Analysis:

Phylogenetic Approach:

Maximum likelihood and maximum parsimony tregserated by MEGA are
shown in Figure§ and8 (respectively). On the maximum likelihood tree (Figdye
numbers on branch nodes are bootstrap reliability values. The maximum parsimony tree
(Figure8) is a consensus tree based on 79 equally parsimweas Branch values
represent the percentage of these 79 trees in which that branch is present. Both methods
generated approximately the same overall pict@@h methods clearly and distinctly
separated\. xanthogrammicérom A. elegantissimandA. sola,but they could not
separaté\. solafrom A. elegantissimajor could they separate individual populations of

any of the species.

Population Genetics Approach:

Fsr
Fstvalues from comparing different groups of the anemones are shown in Table
9. There were highly significant barriers to gene flow among all 3 species. The barrier

betweenA. xanthogrammicand the other two species was very high, indicating very
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little gene exchange amongeth. The barrier betweeék solaandA. elegantissimavas

much less higlthough still highly significantsuggesting thatery limited gene exchange

may occasionally be taking place or that it may have done so in the recent past. Still, the
sharply higheFst values betweeA. solaandA. elegantissimas compared to thesr

values among populations of these species along the coast suggests that the barrier to
gene exchange between the two species is so great that there is potentially greater gene
exchangédetween individuals of the same species separated by the thondamdnge

along the coast represented by this study than betvesmiaandA. elegantissima

individuals in the same tide po@able9). About 2/3 of the total genetic variation in a
comparison of the three species was due to genetic differences among the species (Table
9). About 1/3 of the total variation was due to genetic variability within the three species.
However, virtually none of this genetic variability within the speciesduesto genetic
differences among the sites along the coast. No comparison of sites for any individual
species produced anywhere near a signifiEgn{Table9), suggesting that little

population structure exists and that, within species, genes aredxeimgnged frely up

and down the coast.

Differences in allele frequency

Of the 134 variable loci, there were many fixed differences betdatropleura
xanthogrammicand the other two species (Tak®. In sharp contrast, there were no
fixed nucleoti@ differences betweeh. elegantissimandA. sola However, Chi square

analysis indicated that at 11 of the418ci the ratio of nucleotides was significantly
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Table9. Fsrvalues comparing different groupsAfithopleuraanemones.

Percentof Total Variation

Groups Fsr Within Among Among | Significance
Populations populatlons Groups
within groups

All Species 0.66 34.10 0.78 65.13 0.0000
A. elegantissima vs A. sola 0.27 72.95 -0.06 27.12 0.0059
A. elegantissima vs A. xanthogrammica 0.80 19.82 0.37 79.81 0.0000
A. sola vs A. xanthogrammica 0.69 31.09 1.07 67.84 0.0000
A. elegantissimay Regior 0.03 97.27 -3.63 6.36 0.4057
A. solaN vs S populatiorfs -0.05 105.21 -14.01 8.79 0.7820
A. xanthogrammic&l vs S population’s -0.07 106.66 -2.31 -4.34 0.6569

'Regions forA. elegantissimalNorth of Cape Blanco, between Cape Blanco and Point Conception, South of Point

Conception

Regions forA. sola North of Point Conception, South of Point Conception
Regions forA. xanthogrammicaNorth of CapeBlanco, South of Cape Blanco




Table10. Fixed differences between anemone species. Number of
anemones involved in analysis: Blelegantissimal2A. solg 21A.
xanthogrammica.

A.
A. elegantissima| sola | A. xanthogrammica
A. elegantissima 0
A. sola 0 0
A. xanthogrammica 18 19 0
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different betweer. elegantissimandA. solg and at another 15 loci the difference in
ratio was highly significantllable11, Appendix G. In all, there were significantly or
highly significantly different raos of nucleotides betweéek solaandA. elegantissimat

26 of the 13 variable loci, which is about 20% of the loci.
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Table .. A comparison of the polymorphism A sola(A.s) to that inA. elegantissima (A.eandA.
xanthogrammica (A.x.). A. sobeing 'like' another speices means that all the nucleotides present
locus inA. solawere also present in the other speci@ssolabeing 'unique' means that at least dne

solahad a nucleotide present at the locus that was not seen inoéitherother two species.

Monomorphic Loci

Polymorphic Loci

A.s.
Locus | As.like A.e. | As.like AX. | unique Ae. | As. | Ax. | Ae. | As. | AX.
Totals: 33 5 96 103 38 116 31 96 18
% 24.6 3.7 71.6 769 | 284 | 86.6 | 23.1 | 71.6 | 13.4




DISCUSSION

This studymakes clear that although the three spesighopleura elegantissima
Anthopleura solandAnthopleura xanthogrammicae closely related, most individuals
can bereliably distinguishedo specie®oth morphologically and genetically at all points
along heir range.The distinction ofA. xanthogrammic&om the other species is
obvious while that betweeA. solaandA. elegantissim#s less distinct. The individual
populations of each species, on the other hand, show signs of strong gene flow among
themand show little if any subdivision to their genetic structure.

Discriminant function analysis based on morphological features mirtatr&émd
and reaffirms the relative difficulty of distinguishing sofesolafrom A. elegantissima
In the scatterlt of morphological discrimignt functions 1 and 2 (Figufg, mostA.
xanthogrammicare clearly distinct from the other species. WhAilesolaandA.
elegantissimalefinitely cluster separately from one another there is more overlap and
misidentification between those two specieBhe features which were most likely to
cause confusion in identification Af elegantissimare large oral disc, faint oral disc
pattern, grey tentacle base, green tentacle tips and compound verrucae. Confusing
features foA. solaincluded green or grey tentacle tips, compound verrucae and pursed
or unexposed lipsA. xanthogrammic¢hat were small in size, had narrow tentacles,
brown or tan tentacle bases or colored tentacle tips were more commonly confused
(Table8). Note that a number of these confusing characteristics are typically associated
with one of the otheAnthopleuraspecies which likely contributes to their

misidentification. An important question which this suggests is whether this
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morphological overlap isrpnarily a result of crossbreeding or is simply due to
overlapping ranges of features characteristic of the two species. Comparisons of the
clearly identified ersusquestionable individuals of both solaandA. elegantissimay
Fstshow that the abemaindividuals do not show a significant difference in their gene
pools as would be expected if the aberrant individuals contained introgressive genes from
the other species. Therefore the most reasonable explanation is that these two species are
naturally similar in features.

The molecular approaches tell a similar staiaximum likelihood and
maximum parsimonyre relatively coarse tools best suited to distinguishing species and
higher levels. Bth suggest tha. elegantissimgA. sola,andA. xanttogrammicaare
very similar genetically Moderateconfidence values on the maximum likelihood tree
indicate that thepecies araot sharplydistinct from one another, at least in thiginine
Kinase geneHowever,A. xanthogrammicg further removed frm bothA.
elegantissimandA. solg as both methods are able to separate ot all
xanthogrammicandividualswith high confidence (Figres 7, 8). Neither method was
able to clearly separafe solafrom A. elegantissimaMaximum likelihood lumped all
these individuals into a weakly branching tree with little confidence yptlauisions
among them. Mximum parsimony divided the two species into several subgroups with
high confidencebutthe subgroups did not correspond to any meaningful subdivision by
species or region and it is unclear what their significance is.

In order b distinguish species or populations which are so closely related it is
necessary to use tools such ggwhich subdivide on a finer scalk. this case, it is

valuable to be db to analyze more closely the genetics of the organisms we sampled.
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Using Fstto look at population genetics, it is clear that the individual speres a
definitely distinctin the sense of high barriers to gene exchange among(Tradie9).
When abemntA. elegantissimavere compred to those which were easilgfined by
morphological analysis, they showedstmnggenetic differences. Though soie
elegantissimaiesembléA. solain the field,for example by having an oral disc with a
diameter gre@r than 3.5 cnmthey are genetically distinétom A. solabut not from other
A. elegantissima

Other molecular comparisons, such as a comparison of nucleotide frequencies at
the polymorphic loci, also give evidence of the relative degree of sepaaaiong these
species (Tabkl10, 11). Groups which are freely exchanging genes should share the
same alleles and at similar frequencies. However, there were at least 17 loci géawhich
xanthogrammicdnad nucleotides we did not see in eitAesolaor A. elegantissima
This suggests that there are multiple fixed genetic differences befween
xanthogrammicand the other two species, though at least 100 individuals of each
species would normally need to be sampled before this cowldtbamined with high
confidence. Fixed genetic differences are regarded as powerful evidence for the lack of
interbreeding and that the groups with fixed differences are in fact separate @gdises
et. al.1996). While there were no fixed differences betwéersolaand A. elegantissima
in the loci | studied, the significant difference in nucleotide frequencies between the two
species at 26 different loci is strong evidence that these two species also are at least
largely genetically isolated from one another, althoiinghisolation may have been

recent and the differences are not yet great.
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In a comparison ahe polymorphic loci in all three species (Talblg, A. sola
stands out as being unique. Whildaes have strong sequence similarity to lmttine
otherspeces andends to have more in common wAhelegantissim¢ganwith A.
xanthogrammicaits pattern of polymorphism is clearly different from either of the other
species. 1 more than 70% of the cases where the nucleotide frequency differgjthe
threespecies it hasne or more nucleotides not seen thei of the other two species.
This is despite the fact that | had lIésssolasequences to analyze than | did for the other
two species, which would normallyad me to expedess diversity of sequens.
FurthermoreA. solahad far more polymorphidoci than eithelA. elegantissimar A.
xanthogrammicalid (Tablell). Together, lhese resultssuggest that genetic differences
in A. solaare notprimarily due to hybridization witlA. elegantissimar A.
xanthogrammidut insteadrom other outside influences\. solais genetically unique
and highly polymorphic in ways different from eitb®&rxanthogrammicar A.
elegantissima

When looking at individual gpulations of anemong$able9), a majoriy of the
variation withineachspecies is due to differences among individuals at a particular site
rather tharto differences between sites along the coast. Thegneortionallymore
variation between anemones of the same species in one speciity libead there is
betweerthe average characteristicsasfemones which may be separated from each other
by hundreds of miles. This indicates that larval dispersal is not beomnglyaffected by
any current systems or upwelling along the caastl thdgenetic exchange is taking
place among the populatian$his conclusion is interesting in light of the determination

by Sanders and Palumbi (2011) that there is strong biogeographic structuring of the algal
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symbionts ofA. elegantissimalong the Califonia coast. However, given the fact that

the sameéA\nthopleuraspecies along this coast harbors several different symbiont species
with different thermal tolerances at different latitudes (LaJeunesse and Trench, 2000;
Secord and Augustine, 2000; MuHeaker et al., 2007; McBride et al., 2009), it is
possiblethat the anemones themselves are largely panmictic while their symbionts are
more restricted in range.

The most likely model which could explairegedata isthatall three species are
distinct alomy their ranges. While there are strong similarigisengthe species both
genetically and morphologically, these similarities aretriksly due to recent
divergencdrom a common ancestor rather tharcontinuinghybridization. However, |
did not find any specific evidence of introgression among these anemones but rather only
of polymorphism. By testing the original sequences for heterozyggasity different
moleculartechnique®r using a completely different sequence it may be possible to
detectevidence of introgression among these spdtleiberget. al, 2002)

Previous studies on the relationships between these species of anemones have
been somewhat inconclusive, specifically with regards. telegantissimandA. sola
Smith and Potts @87) first argued that the solitary and clonal variation&.of
elegantissimavere virtually identically based on electrophoresis of enzymes and should
be considered a single species rather than be separated into two separate species as
recommended by Frais (1979). However, in 1997 McFaddest.al.reproduced the
study by Smith and Potts (1987) with an expanded range and sample size. They
concluded that the solitary and clonal form#\otlegantissimaepresented two separate

species which were only rextly isolated.In 2000,Pearse and Francis used this
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information as well as their own research to justify splithnglegantissimandA. sola

into two separate species. Theems to agree with our findings in both the

morphological and genetic asp&cA. elegantissimandA. solaare similar

morphologically, but are still able to be differentiated by discriminant function analysis.
Phylogenetic analysis based on the Arginine Kinase gene suggests that they are difficult
to differentiate on a broddvel, however when comparing the anemones nucleotide by
nucleotide differences betwedn elegantissimandA. solastand out more clearly.

While A. elegantissimandA. solaare genetically similar, the differences between them
suggest thah. solais reproductively isolated and is developing its own set of unique

nucleotide differences.

52



Acknowledgements

| would like to thank my committee members Dr. David Lindsey, Dr. James Nestler, and
Dr. Lisbeth Francis for their thorough analysis of my thast$ helpful advice along the

way. Their assistance was vital in making my thesis the best it could be. Many thanks to
Lizzy Kim and Megan Tan for their long hours of hard work during my field collection.
The nights were long and cold and the showexsaied far between, but they stuck with

it and maintained a great attitud8pencer Cutting was the most enthusiastic assistant
could have asked faluring all of my lab work, and was extremely valuable in helping

me get all of my DNA extractions and P@&actions completed in a timely manner.

Willard May and Yassi Khairolomour at the Long Beach Marine Institute in Long Beach,
CA were gracious in providing us with housiawgd other assistandeiring a portion of

field research. Jackie Sones at BodeggaMarine Lab (UC Davis) allowed use of their
facilities and beach access for data collection. | would like to thank the Biology
Department of Walla Walla University for not only funding my research, but for being

one of the most supportive groups of peophave ever been blessed enough to meet. |
could never express my gratitude enough to Dr. Cowles for the long hours of work he put
into this thesis with me, for pushing me when | was lagging behind, for being
encouraging and thoughtful and for helpingka me the budding scientist | am today.
Finally, withoutthe unending support ofiy family and friends | would never have been

able to complete this task.

53



Literature Cited

Briggs, JohMmarC.ne( ZovoM4pmyrimphyo

Connolly, SeanR.anlonat han RougdaitudinalGradiedtth9 8 ) .
NortheastPacific Intertidal Community Structure: Evidence for an
Oceanographially Based Synthesis of Mari@o mmu ni t y Theheor y o
AmericanNaturalist, Vol. 151(4), pp 31326.

Connolly, SearRr., Bruce A. Menge, and Joan Roughgarden (2001A L at i t udi
Gradient inRecruitment of Intertidal Invertebrates in the Northeast Pacific
Oc e a Rablogy, Vol 82(7), ppl17991813.

Excoffier, L.and H.E.LL i s ¢ h e r Arlecqqif Su@ie)ver 3.5t New Series of

nal

Programs to Perform Population Genetics

Molecular Ecology Resources, Vol. 10, pp4567.
Franci s, L i Gomtrast Betwéet Solitdry)and Cloiiafestyles in the Sea
Anemonéinthopleura elegani s s. iAmexiéan Zoologist, Vol. 19, pp 6631.
Hall, Barry G.( 2 0 1 Rhylogenetit Trees Made Easy: AHdw Ma n koarth 0
Edition. Sinauer Associates, IN®ublisers, Sunderland, Massachusetts, 282pp.
Hartman, Margaret J., and Robert G. Zalya ( 1 Bi@&8opraphyf Rrotected Rocky
IntertidalCommuni ti es of t h eBulktnroffMareea Sciernee, n
Vol. 33(3), pp 729735.
Haywar d, Th o nfaaiminary Olfsenatiorg pfthe 198P92 El Nifio in the

California Curren t. &alCOFI Report, Vol. 34, pp 229.

54

Pac



Hedgecock, D €emporakand(Spadied @epetic Strutture of Marine Animal
Popul ations i n t hGCalCQFaRepoft\Molr 35,ippr3-8tur rent . 0

Hellberg, Michael E., Ronald S. Burton, Joseph EgBleand Stephen R. Palumbi
(200@¢netinc Assessment of Connectivity .
Bulletin of Marine Science, Vol. 70(1), pp. 2230.

Hillis, David M., Craig MipledularSysteraaticd. Bar bar
Sinauer Assoctas, INC, Sunderland, Massachussets. Second Edition.

LaJeunesse, T. C. and R. K. Tren@Q00. fiBiogeography oTwo Species of
Symbiodinium (Freudenthaliphabiting thelntertidal SeaAnemone Anthopleura

elegantissima (Brandd) Biological Bulletin Vol. 199, pp. 126134

Loytynoja, A., anlhkBhyldgenyA@ard GhprRlacemén? Rrevehts . A
Errors in Sequence Al i gnrBeande,Valnd Evol ut

320(5883), pp 1632635.

Lynn, Ronald J. and ThaGal®mmia QGurrentSysimpTheo n ( 198 7
SeasonaVariabilityofi t s Physi cal Jama of &eophgsical st i cs. 0
Research, Vol. 92(C12), pp 9966.

Marchesiello, Patrick, James C. McWilliams, and Alexander Shchepetkin (2003).
fEquilibrium Structureand Dynam ¢ s of t he Cal i f dourmai a Cur
of Physcal Oceanography, Vol. 33, p53783.

McBride, Brooke Baldauf, Giséle Mullgtarker, and Hand Henrik Jakobsen (2009).
fiLow Thermal Limit of Growth &e of Symbiodinium californium (Dinophyta) in

Culture May Restrict theyBbiont to Southern Populations of its Hosiefmones

55



(Anthopleura spp.; Anthozoa, Cnidara)Journal of Phycologyol. 45 pp 855
863

McFadden, C. S., R. K. Grosberg, B. B. Cameron, D. P. Karlton and D. Secord (1997).
fiGengic Relationships Within and Between Clonal and Solitary Farfitke Sea
Anemoneéinthopleuraelegantissima Revisited: Evidence for the Existence of
Two Sp éMarineBofogy, Vol. 128pp 127239.

Morgan, Steven G., Jennifer L. Fisher, and Johb B.r g i e r Lafval Rdtehtjon, i
Entrainment, and Accumulation in the Lee of a Small Headland: Recruitment Hot
Spots Al ong LminaodgyandOaeansgraphy,¥ol. 56(1), pp 161
178.

Morris, Robert H., Donald P. Abbott, and Eugene C. Haderlle9 8 Itertidal i
Invertebratesof Ca | i f .oStanforcdUniversity Press, Stanford California.

Muller-Parker, Giséle, Jessie Pief€eavens, and Brian L. Bingham, 200fBroad
Thermal Tolerance of the Symbiotimbflagellate Symbiodinium muscagin
(Dinophyta) in the Sear®emone Anthopleura elegantissima (Cnidaria) from
Northern latitude®. Journal of Phycologyol. 43 pp 2531

Pearse, Vicki a nd Anthoplbueatsdia, ANewa 8pedieglitary 2 0 0 0 ) .
Sibling $ecies to thé&ggregding Sea Aemone, A. elegantissima (Cnidaria:

Ant hozoa: A c t i.rPioeeedings of the BialogicahSodiety afe ) 0
Washington, Vol. 113(3), pp 59&08.

Penn, Osnat, Eyal Privman, GiddyAlLandan, D

AlignmentConfidence Score Capturing Robustnessto Glidee e Uncer t ai nt

Molecular Biology and Evolution, Vol. 27(8), pp 173967.
56



Pickard, George L. a n Desciiptiie Physicah OckanogEaphg:r v (1
An Introductiod .Fourth Enlarged EditionPergamon Press Inc., New York.

Pierce, S. D. , R. L. Smith, P . M. CoHtiouwsty 0b |, J. A
the Poleward Undercurrent Along the Eastern Boundary of thelMtdude
Nor t h PhReepSéaiReseadch Il, Vol 47, pp 8829.

Roughgarden, Jonathan, Steven REaimeess, and
DynamicsnCo mp | e x L i ScienceCYot 24&(4862), pp 146066.

Sanders, Jon G., and PopulatprsefisymRiodiniBra | u mb i (2
muscatineiShow Strog Biogeographic Structuring in the Intertidal Anemone
Anthopleura elegantissina. Bi ol o gvbl.220| pp BORD8 et i n,

Secord, David and Leon Augustine, 20GiRiogeography and Microhabitataviation in
Temperate Algalnvertebrate Symbioses: Zookhellae and dochlorellae n
Two Pacific Intertidal Sea Aemones, Anthopleura elegantissima and A.
xanthogrammica. Invertebrate Biologyvol. 119, pp 139146

Smith, B.L. and D.C. Potts (1987)i C| onal and Solitary Anemone
WesternNdar h Amer i c a: Popul ati oMarin&eneti cs a
Biology, Vol. 94, pp 537546.

Strub, P. Ted, an dAltidaerderived&riabildyméBrfade2 00 0) .
Velocities inthe California Current System: 2. Seasonal Circulation and Eddy
Sat i s tDeepSeaResearch |IVol. 47, pp 831870.

Suzuki, Tomohi ko and Y &ene Stwature ofYfaDomamot o ( 2 0

Arginine Kinases from Anthopleura japonicas and Pseudocardium

57



sachalinensis . Comparative Bi oc hBVYiXRIi,ppy and P
513518.

Tamur a K, Peterson D, Peterson MNMEGSXx echer
Molecular Evolutionary Genetics Analysis Using»¥aum Likelihood,
EvolutionaryDi st ance, and Maxi muMuolecBlax Bidogymnony Me
andEvolution, Vol. 28 pp 27312739.

u. S. G L OB E Easterh Boantigry. Currenit Program: A Science Plan for the
California Currend .U.S. Global Ocean Ecosystems Dynamics, Report No. 11.

U. S. GL OB E CheGRABENortheastiPacific California Zent System

Pr o g r. @aeanographyol. 15(2), pp 36-47.

58



Appendix A: Anemones not easily identified to species

Figure A1 AeSSpl (topj misidentified by Discriminant Function AnalysiseSSp2 (bottom)
T misidentified by Discrirmant Function Analysis.
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Appendix A Continued.

Figure A2 AeSSp3 (top) identified with less than 99% confidence by Discriminant Function
Analysis. AeSSp4 (bottom) identified with less than 99% confidence by Discriminant Function
Analysis.
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Appendix A continued.

Figure A3 AeSSp5 (top) identified with less than 99% confidence by Discriminant Function
Analysis. AsSSp1 (bottom) misidentified by Discriminant Function Analysis.
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Appendix A continued.

Figure A4 AeMLp1 (top)i misidentified by Discriminant Function Analysis and contained
characteristics which were confusing in the fiefkeMLp2 (bottom)i identified with less than
99% confidence by Discriminant Function Analysis.
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AppendixA continued.

Figure A5 AeMLp3 (top)i contained characteristics which were confusing in the fiaeBBp1
(bottom)i misidentified by Discriminant Function Analysis.
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Appendix A continued.

Figure A6 AeBBp2 (top i misidentified by Discriminant Function Analysi®\sBBp1 (bottom)
T misidentified by Discriminant Function Analysis.
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Appendix A continued.

~degect '«-r-"‘_‘
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s
LA 2 t
- .t

Figure A7 AsBBp2 (top)i identified with less than 99% confidence by Discriminant Functio
Analysis. AeYHp1 (bottom)i misidentified by Discriminant Function Analysis.
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Appendix A continued.

Figure A8 AxYHp1 (top)- misidentified by Discriminant Function Analysi&\xxYHp2 (bottom)
T misidentified by Discriminant FunctioAnalysis
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Appendix A continued.

Figure AQ AeSRpl (top) contained characteristics which were confusing in the fialeiSRp2
(bottom)i contained characteristics which were confusing in the field.
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Appendix A continued

Figure A10 AxSRpl (top) contained characteristics which were confusing in the field.
AeKLp1l (bottom)i contained characteristics which were confusing in the field.
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Appendix A continued.

Figure A1l AeKLp2 (top)i contained characteristics which were confusing in the field.
AxKLp1 (bottom)i misidentified by Discriminant Function Analysis.
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Appendix B- Loci in Arginine Kinase gene used in molecular analysis

Loci used in this analysis. Numbers are locus numbers from GU IDANCE align
Key:
All lines:
\ =abreak in the sequence to trim out a section of unreliable bases
First line:

1 = alocus in which A. xanthogrammica has a fixed difference from A. elegantissima
but not from A. sola (none exist)
2=alocusin which A. xanthogrammica has a fixed difference from A. sola but not
from A. elegantissima (1 found)
3 =alocus in which A. xanthogrammica has a fixed difference from both A.
elegantissima and A. sola (17 found)
Second line:
U = unvarying locus
V = varying locus
Lines 3 -5: Locus number, keyed to position in Guidance_align.txt (read vertically)

The sections below divide the bases into blocks of 60 for ease in printing:
Bases 472 to 644:

\' 3 \
VVVWVVVVVWWM VWWWVYW\ UUUVVUUVUUUUVVUUUUUUUUUUUUUUUUUUuUuUuUuU

4 \ 5 \' 6 6 6 6
8 \ 7 V1 2 3 4
0o \ o0 \ 0 0 0 0

Ae- DP- 02 TGGACGAAGAG \ TACTAA\ GTGCTAACCTCATACAAATTCTTGCATAAAGATTTG
Ae- DP- 03 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae-DP- 05 TGGACGAAGAG \ TATTAA\ GTGCCATCTCATACAAATTCTTGCATAAAGATTTG
Ae-DP- 06 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- DP- 07 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- DP- 04 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae-SS 03 T GGACGAAGAEG TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
Ae- SS 01 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- SS 02 TGGACGAAGAG \ TATTAA\ GTGCTAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- SS- 04 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATITKGCATAAAGATTTG
Ae- SS 05 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
Ae-ML- 04 - \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- M- 01 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
Ae- ML: 05 TGGACGAAGAG \ TATTAA \ GTGCTAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- ML- 02 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
Ae- BB-03 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae-BB-02 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- BB-05 TGGACGAAGAG \ TATTAA\ GTGCTAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- BB-04 TGGACGAAGAG \ TATTAA\ GTGCCAACCTCAAACAAATTCTTGCATAAAGATTTG
Ae- SR 03 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- SR 05 TGGACGAAGAG \ TATTAA\ GTGCCAATTCATACAAATTCTTGCATAAAGATTTG
Ae- SR 01 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- SR 02 TGGACGAAGAG \ TATTAA\ GTGCTAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- SR04 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae-RB- 03 TGG ACGAAGAG TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- RB-01 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- KL- 03 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- KL- 05 TGGACGAAGAG \ TACTAA\ GTGCTAACCTCATACAAATTGUATAAAGATTTG
Ae- KL- 04 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ae- KL-01 TGGACGAAGAG \ TACTAA\ GTGTCAACCTCATACAAATTCTTGCATAAAGATTTG
Ae- KL- 02 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Aeg- ML- 06 TGGACGAAGAG\ TATTAA \ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
Aeg- SR 02 TGGACGAAGAG\ TACTAA\ GTGCCAACCTCAAGCAAATTCTTGCATAAAGATTTG
Aeq- SR 04 TGGACGAAGAG\ TACTAA\ GTGCTAACCTCATACAAATTCTTGCATAAAGATTTG
Aeg- KL- 01 TGGACGAAGAG\ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
Aeq- KL- 02 TGGACGAAGAG\ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTAG
As-DP- 04 TGGACGAAGAG \ TATTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
As- DP- 03 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
As-DP-01 TGGACGAAGAG \ TACTAA\ GTGCCAACTATACAAATTCTTGCATAAAGATTTG
As- SS- 02 AGGACGAAAAG \ TACTAA\ GTGCCAACCTCAAGCAAATTCTTGCATAAAGATTTG
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Bases 472 - 644 continued:
VVVVVVVVVWM VWV UUUVvVUUvVUUUuUvvUUUUUuuuuuuuuuvuuuuuuuuU

4 \ 5 \' 6 6 6 6
8 \ 7 V1 2 3 4
0O \ o0 \ 0 0 0 0

As- SS 05 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
As- ML- 05 TGGACGAAGAG \ TATTAA \ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
As- ML- 01 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCAAGCAAATTCTTGCATAAAGATTTG
As- BB-04 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCAAACAAATTCTTGCATAAAGATTTG
As- BB-03 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCAAGCAAATTCTTGCATAAAGATTTG
As-BB-01 TGGACGAACAG \ TACTAA\ GTGCCAACCTCATACAAATTCTTGCATAAAGATTTG
As- BB- 05 TGGACGAACAG \ TACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
As-BB- 02 TGGACGAAGAG \ TACTAA\ GTGCCAACCTCAAGCAAATTCTTGCATAAAGATTTG
Axg- SR 01 TGGACGAAGAG\ AACTAA\ GTGCCAATCTRIACAAATTCTTGCATAAAGATTTG
AXx-ML- 04 - V- \' GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- ML- 01 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax-ML: 02 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- ML: 05 TGGACG AAGAG\ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- ML: 03 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax-BB-05 TGGACGAAGAA \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- BB-03 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGBAAGATTTG

Ax- BB-01 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- BB-04 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- YH 03 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- YH 02 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- YH 01 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- SR 01 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- SR 02 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax-KL-02  ----memeee- \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- KL- 06 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- KL- 07 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- KL- 01 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATCAAATTCTTGCATAAAGATTTG
Ax- KL- 05 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- KL- 03 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
Ax- KL- 04 TGGACGAAGAG \ AACTAA\ GTGCCAATCTCATACAAATTCTTGCATAAAGATTTG
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Bases 645 to 704:

3
uUuuvvuuvuuuuuuvuuUvuuUvuUUuuUvuUuUVvVVvuUUUUUUUUvuvuuUuvuvuuvuuuuuuuuU

6 6 6 6 6 7

5 6 7 8 9 0

0 0 0 0 0 0
Ae- DP- 02 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- DP- 03 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae-DP- 05 ACA ACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- DP- 06 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- DP- 07 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- DP- 04 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATEIAIAATTCTATTC
Ae- SS- 03 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- SS- 01 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SS- 02 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SS- 04 ACAACTTTCACTCACTGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SS- 05 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- ML- 04 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- ML- 01 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- ML= 05 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- ML= 02 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- BB- 03 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- BB- 02 ACAACTTTCACTCACTGGGATGCATCTTAGAGRCCCATGTAAGCTGCAATTCTATTC
Ae- BB- 05 ACAACTTCCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- BB- 04 ACAACTTTCACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- SR 03 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SR- 05 ACAAC TTTCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SR- 01 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SR 02 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- SR 04 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAEZBTTCTATTC
Ae- RB-03 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- RB-01 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- KL- 03 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- KL- 05 ACAACTTTCACTCACTGGGASCATCTTCGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- KL- 04 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ae- KL- 01 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Ae- KL- 02 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Aeq- ML- 06 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Aeg- SR 02 ACAACTTCCACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Aeq- SR- 04 ACAACTTTCACTCACTGGGATGCATCTTCGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Aeg- KL- 01 ACAACTTTCACTCACTGGGATGCATCTTAGAGEEETTGTAAGCTGCAATTCTATTC
Aeg- KL- 02 ACAACTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
As- DP- 04 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
As- DP- 03 ACAACTTTCACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As-DP- 01 ACATCTT TCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- SS- 02 ACAACTTACACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- SS- 05 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- ML- 05 ACAACTTTCACTCACTGGGATGCATCTTAGAGAAATCCCATGTAABRTBITATTC
As- ML- 01 ACAACTTACACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- BB- 04 ACAACTTTCACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- BB- 03 ACAACTTACACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As-BB-01 ACAACTTTCACTCAATGTGATGATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- BB- 05 ACAACTTACACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
As- BB- 02 ACAACTTCCACTCAATGTGATGCATCTTAGAGAAATCCCTTGTAAGCTGCAATTCTATTC
Axg- SR 01 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- ML- 04 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- ML- 01 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- ML 02 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- ML= 05 ACAATTTTCACTCAATGTGATGCATCTTAGAGAABTBTGTAAGCTGCAATTCTATTC
Ax- ML= 03 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- BB- 05 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- BB- 03 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- BB- 01 ACAATTTTC ACTCAATGTGATGCATCTTAAAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- BB- 04 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- YH 03 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- YH 02 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTECRATTC
Ax- YH 01 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- SR 01 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC

72



Bases 645 to 704 continued:

3
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5 6 7 8 9 0

0 0 0 0 0 0
Ax- SR 02 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- KL- 02 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- KL- 06 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- KL- 07 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- KL- 01 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- KL- 05 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
Ax- KL- 03 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTEGCRATTC
Ax- KL- 04 ACAATTTTCACTCAATGTGATGCATCTTAGAGAAATCCCATGTAAGCTGCAATTCTATTC
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Bases 705 to 764:

3 2
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1 2 3 4 5 6

0 0 0 0 0 0
Ae- DP- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATGITTTCCCATT
Ae- DP- 03 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- DP- 05 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- DP- 06 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- DP- 07 CCCATTCGCCGTGAATCAGATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- DP- 04 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SS- 03 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Ae- SS- 01 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SS- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SS- 04 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SS- 05 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Ae- ML- 04 CCCATTCGCCGTGAATCAGATATAATCCCATABGTAATAATCCAATGTTTTCCCATT
Ae- ML: 01 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Ae- ML- 05 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- ML- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Ae- BB- 03 CCCATT CGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- BB- 02 CCCATTCGCCGTGAATCATATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- BB- 05 CCCATTCGCCGTGAATCGGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ae- BB- 04 CCCATTCGCCGTGAATCGGATATAATCCCATTCCAAGGAATAATGTTAIICCCATT
Ae- SR 03 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SR 05 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SR 01 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SR 02 CCCATTCGCCGTGAATCAGATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- SR 04 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- RB-03 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- RB-01 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- KL- 03 CCCATTCGCCGTGAATCATATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Ae- KL- 05 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Ae- KL- 04 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCAATGTTTTCCCATT
Ae- KL- 01 CCCATTCGCCGTGAATCAGATATAATCCCATTCGBAATAATCCCATGTTTTCCCATT
Ae- KL- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Aeg- ML- 06 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCAATGTTTTCCCATT
Aeg- SR- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Aeq- SR 04 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Aeg- KL- 01 CCCATTCGCCGTGAATCATATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
Aeg- KL- 02 CCCATTCGCCGTGAATCGGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As- DP- 04 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATACRAITGICATT
As- DP- 03 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As-DP- 01 CCCATTCGCCGTGAATCATATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As- SS- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As- SS- 05 CCCATTCGCCGTGAATCATATARTCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As- ML- 05 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCAATGTTTTCCCATT
As- ML- 01 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As- BB- 04 CCCATTCGCCGTGAATCGGATATAATCCCATTCCCTCGAATGATCCCTTGCTTGCCCATT
As- BB- 03 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As-BB-01 CCCATTCGCCGTGAATCGGATATAATCCCATTCCAAGGAATAATCCCATGTTTTCCCATT
As- BB- 05 CCCATTCGCCGTGAATCGGATATAATCCCATTTCAAGGAATAATCCCATGTTTTCCCATT
As- BB- 02 CCCATTCGCCGTGAATCAGATATAATCCCATTCCAXGBATCCCATGTTTTCCCATT
Axg- SR 01 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- ML- 04 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- ML- 01 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- ML 02 CCCGTTCGCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- ML 05 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- ML- 03 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- BB-05 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCAITGEITATT
Ax- BB- 03 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- BB-01 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- BB-04 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax-YH 03 CCCGTTCGCCGTGAATCAGATATRACCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- YH 02 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- YH 01 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
Ax- SR 01 CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
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Bases 7 05 to 764 continued:

Ax- SR- 02
Ax- KL- 02
Ax- KL- 06
Ax- KL- 07
Ax- KL- 01
Ax- KL- 05
Ax- KL- 03
Ax- KL- 04

CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
CCCGTTCGCCGGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATTITATT
CCCGTTCGCCGTGAATCAGATATAATCCCATTCCAAGTAATAATCCCATGTTTTCCCATT
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Bases 765 to 824:

33333333333
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7 7 7 8 8 8
7 8 9 0 1 2
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Ae- DP- 02 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACABCTGCTAAAACG

Ae- DR 03 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- DR- 05 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- DP- 06 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- DP- 07 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- DP- 04 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SS- 03 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SS- 01 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SS- 02 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SS- 04 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SS- 05 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- ML- 04 TCAGACCAC GCTTGAGTAGTTTTTGTAATGACAACGCCTGCTAAAACG
Ae- ML: 01 TCAGACCAC GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- ML= 05 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- ML= 02 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- BB- 03 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- BB- 02 TCAGACCAG GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- BB- 05 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- BB- 04 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACIEIITAAAACG

Ae- SR 03 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SR- 05 TCAGACCAG GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SR 01 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SR 02 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- SR 04 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- RB- 03 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- RB- 01 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- KL- 03 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- KL- 05 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- KL- 04 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG
Ae- KL- 01 TCAGACCAG--------- GCTTGAGTAGTTTTTGTAATGACAACGCCTGCTAAAACG
Ae- KL- 02 TCAGACCAG--------- GCTTGAGTAGCTTTTGTTTAATGACAACGCCTGCTAAAACG

Aeg- ML: 06 TCAGACCAG--------
Aeg- SR 02 TCAGACCAG--------
Aeg- SR 04 TCAGACCAG---------
Aeg- KL- 01 TCAGACCAG---------

GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
GCTTGAGTAATTTTTGTTTAATGACAACCCCTGCTAAAACG

As- DP- 04 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGOTRBAACG

As- DP- 03 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATAACGCCTGCTGCTACAACG
As- DP- 01 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- SS- 02 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- SS- 05 TCAGACCAG--------- GCTTAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- ML= 05 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- ML- 01 TCAGACCAG GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- BB- 04 CCTTACCAA---------- GCTGGATTAAGTATTGTTTAATGACTGACCCCGCCAGCACG
As- BB- 03 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- BB- 01 TCAGACCAG--------- GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- BB- 05 TCAGACCAG GCTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
As- BB- 02 TCCTACCCC---------- GCTTGAGTAATTTTTGTTAAGCCATCCCCTGCTAAAACC

Axg- SR 01 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- ML- 04 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- ML- 01 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- ML= 02 TCAGACCACTAACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- ML= 05 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- ML- 03 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- BB- 05 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCOVANCTIG

Ax- BB- 03 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- BB- 01 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- BB- 04 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- YH 03 TCAGACCACTCACCATCTAGGTTGME&TTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- YH 02 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- YH 01 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
Ax- SR 01 TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
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Bases 76 5 to 824 continued:

Ax- SR- 02
Ax- KL- 02
Ax- KL- 06
Ax- KL- 07
Ax- KL- 01
Ax- KL- 05
Ax- KL- 03
Ax- KL- 04

TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCQYRECTA
TCAGACCACTCACCATCTAGGTTGAGTAGTTTTTGTTTAATGACAACGCCTGCTAAAACG
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Bases 825 to 885:

Ae- DP- 02
Ae- DP- 03
Ae- DP- 05
Ae- DP 06
Ae- DR 07
Ae- DP- 04
Ae- SS- 03
Ae- SS 01
Ae- SS- 02
Ae- SS- 04
Ae- SS- 05
Ae- ML- 04
Ae- ML- 01
Ae- ML= 05
Ae- ML= 02
Ae- BB- 03
Ae- BB- 02
Ae- BB- 05
Ae- BB- 04
Ae- SR- 03
Ae- SR- 05
Ae- SR- 01
Ae- SR- 02
Ae- SR- 04
Ae- RB- 03
Ae- RB- 01
Ae- KL- 03
Ae- KL- 05
Ae- KL- 04
Ae- KL- 01
Ae- KL- 02

333\
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8 8 8
3 4 5
0 0 0

TAATTATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTAAATTCTACHE-
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATTATATCATAATATGTCTCAAATTCTAGTF
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATA TCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGTTATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAATTCTACT-
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATTATATCATAATATGTCTCAAATTCTAGTF
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATTATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT

Aeg- ML= 06 TAATGTTATCATAATATGTCTCAAATTCTAGT
Aeq- SR- 02 TAATTATATCATAATATGTCTCAAATTCTAGT
Aeq- SR 04 TAATGATATCATAATATGTCTCAAATTCTAGT
Aeg- KL- 01 TAATGATATCATAATATGTCTCAAATTCTAGT
Aeg- KL- 02 TAATGATATCATAATATGTCTCAAATTCTAGT

As- DP- 04
As- DP- 03
As- DP- 01
As- SS- 02
As- SS- 05
As- ML- 05
As- ML- 01
As- BB- 04
As- BB- 03
As- BB- 01
As- BB- 05
As- BB- 02

TAATGATATCATAATATGTCTCAAATTCTAGT
TGATGTCATGTTACTATGACTS TTCCACT-
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAAGATGCCAS TACTACT--
TAATGATATCATAATATGTCTCAARTCTACT--
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
AACTGATATCTATCTATGTATCCACTTCTAEGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
TAATGATATCATAATATGTCTCAAATTCTAGT
CCATGTTATCTTAATTTCTCTCCACTTCTAGT
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8 8

7 8

0 0
GATGACACGTETTAAAATGA

GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGEBTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGGYAAATGA
TCTGATCCGAGGATTAGAGTGA
GATGACACGTGGCTTAAAATGA
TCTGATGCCTCGCTTATTATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
AATGACGCGTGACTAAGAAAGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACGTGGCTTAAAATGA
GATGACACCTGGCTTAACAAGA

AXxQg- SR 01 TAATGATATCATAATATGTCTCAAATTCTACTCEAGATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCT RN GA

TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATITACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA

Ax- ML- 04
Ax- ML= 01
Ax- ML= 02
Ax- ML= 05
Ax- ML= 03
Ax- BB- 05
Ax- BB- 03
Ax- BB- 01
Ax- BB- 04
Ax- YH 03
Ax- YH 02
Ax- YH 01
Ax- SR- 01
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Bases 825

Ax- SR- 02
Ax- KL- 02
Ax- KL- 06
Ax- KL- 07
Ax- KL- 01
Ax- KL- 05
Ax- KL- 03
Ax- KL- 04

to 885 continued:

TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTARASA

TAATGATATCATAATATGTCTCAAATTCTACTCGA GATGACACGTGGCTTAAAATGA
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Bases 886 to 913:

3
VUVUUUVVVVUVVUVVVVVVUUUUVVVV

8 9 9
9 0 1
0 0 0

Ae- DP- 02 GAGAACGTTACTCCCAAGTTACTGCTTG
Ae- DP- 03 GAGAACGTTACTCCCAAGTTACTGCTCG
Ae- DP- 05 GAGAACGTTCCTCCCAAGTTACTGCTTG
Ae- DP- 06 GAGAACGTTCCTCCCAAGTTACTGCTCG
Ae- DP- 07 GAGAACGTTACGCCCAAGTTAGHG

Ae- DP- 04 GAGAACGTTCCGCCCAAGTTAG---

Ae- SS- 03 GAGAACGTTACTCCCAAGTTACTG

Ae- SS- 01 GAGAACGTTCCTCCCAAGTTACTGCTCC
Ae- SS- 02 GAGAACGTTACGCCCAAGTTAGHG

Ae- SS- 04 GAGAACGTTACGCCCAAGTTAGHS

Ae- SS- 05 GAGAACGTTACTCCCAAGTTACTG

Ae- ML- 04 GAGAACGTTACTCCCAAGTTACHG

Ae- ML: 01 GAGAACGTTACTCCCAAGTTACTGCTTG
Ae- ML= 05 GAGAACGTTACGCCCAAGTTAGHS

Ae- ML= 02 GAGAACGTTACTCCCAAGTTACTG

Ae- BB- 03 GAGAACGTTCCGCCCAAGTTAGTG

Ae- BB- 02 AAGAACGTTACTCCCAAGTTACTG

Ae- BB- 05 GAGAACGTTACGCCCAAGTTAGHS

Ae- BB- 04 GAGAACGTTACTCCAAGTTACTG-

Ae- SR 03 GAGAACGTTCCGCCCAAGTTAGTG

Ae- SR 05 GAGAACGTTACGCCCAAGTTAGHS

Ae- SR- 01 GAGAACGTTCCGCCCAAGTTAGTG

Ae- SR 02 GAGAACGTTCCGCCCAAGTTAGTG

Ae- SR 04 GAGAACGTTACTCCCAAGTTACTG

Ae- RB- 03 GAGAACGTTCCGCCCAAGTTAGTG

Ae- RB-01 GAGAACGTTCCGCCCAAGTTAGTG

Ae- KL- 03 AAGAACGTTCCGCCCAAGTTACTGCTCG
Ae- KL- 05 GAGAACGTTACTCCCAAGTTACTGCTTG
Ae- KL- 04 GAGAACGTTCCGCCCAAGTTAGTG

Ae- KL- 01 GAGAACGTTACTCCCAAGTTACHG

Ae- KL- 02 GAGAACGTTCCGCCCAAGTTAGTG

Aeg- ML- 06 AAGAACGTTACTCCCAAGTTAGHS

Aeg- SR- 02 GAGAACGTTACTCCCAAGTTAGHFS

Aeq- SR- 04 GAGAACGTTACTCCCAAGTTACTGCTTG
Aeg- KL- 01 AAGAACGTTACTCCCAAGTTAGTG

Aeg- KL- 02 GAGAACGTTACTCCCAAGTTAGHFG

As- DP- 04 GAGAACGTTACTCCCAAGTTACHG

As- DP- 03 TAGAACGATACACCCAAACTN G---

As- DP- 01 AAGAACGTTACTCCCAAGTTACTG

As- SS- 02 TAAAACAACACTCCTCCCAAACTG

As- SS- 05 AAGAACGTTACTCCCAAGTTACTG

As- ML- 05 GAGAACGTTACTCCCAAGTTACHG

As- ML- 01 GAGAACGTTACTCCCAAGTTACFG

As- BB- 04 AAGAACCTCCCTCCCAA ACTGCTCG
As- BB- 03 GAGAACGTTACTCCCAAGTTACFHG

As- BB- 01 GAGAACGTTACTCCCAAGTTACHG

As- BB- 05 GAGAACGTTACTCCCAAGTTACHG

As- BB- 02 GAAAACTTTACCCCGAAGTTACTG

Axg- SR 01 GAGAACGTTACGACCAAGTTAGTG

Ax- ML- 04 GAGAACGTTACGACCAAGTTACTHG

Ax- ML- 01 GAGAACGTTACGECAAGTTACTG-

Ax- ML 02 GAGAACGTTACGACCAAGTTACTG

Ax- ML 05 GAGAACGTTACGACCAAGTTACTG

Ax- ML= 03 GAGAACGTTACGACCAAGTTACTG

Ax- BB- 05 GAGAACGTTACGACCAAGTTACTG

Ax- BB- 03 GAGAACGTTACGACCAAGTTACTG

Ax- BB- 01 GAGAACGTTACGACCAAGTTACTG

Ax- BB- 04 GAGAACGTTACGACCAAGTTACTG

Ax- YH 03 GAGAACGTTACGACCAAGTTACTG

Ax- YH 02 GAGAACGTTACGACCAAGTTACTG

Ax- YH 01 GAGAACGTTACGACCAAGTTACTG

Ax- SR 01 GAGAACGTTACGACCAAGTTACTG



Bases 886 to 913 continued:

Ax- SR- 02
Ax- KL- 02
Ax- KL- 06
Ax- KL- 07
Ax- KL- 01
Ax- KL- 05
Ax- KL- 03
Ax- KL- 04

GAGAACGTTACGACCAGTTACTG--
GAGAACGTTACGACCAAGTTACTHG
GAGAACGTTACGACCAAGTTACTG
GAGAACGTTACGACCAAGTTACTG
GAGAACGTTACGACCAAGTTACTS
GAGAACGTTACGACCAAGTTACTHS
GAGAACGTTACGACCAAGTTACTG
GAGAACGTTACGACCAAGTTACTG
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Appendix C1 Chi Square Analysis of Variable Loci in Arginine Kinase
Gene.

Total variable loci examined in this analysis: 134
Loci at which A eleg & A sola had significantly different nucleotide rgti ®): 11
Loci at which the difference in nucleotide ratios were highly significantly diffépat.01) 15
Total number of loci in which the ratios were significantly different: 26

Only two nucleotide variations present:

--Counts-- Chi Signif Signif
Locus T C Total df Square 0.05 0.01
572 Aeleg 24 7 31 1 13.35734 Yes Yes
AeExp 18.74 12.26
A sola 2 10 12
AsExp 7.26 4.74
Total 26 17 43
--Counts-- Chi Signif dgnif
Locus T C Total df Square 0.05 0.01
613 Aceleg 6 25 31 1 2.699215 No No
AeEXxp 4.33 26.67
A sola 0 12 12
AsEXxp 1.67 10.33
Total 6 37 43
--Counts-- Chi Signif Signif
Locus T C Taal df Square 0.05 0.01
616 Aeleg 23 8 31 1 8.75801 Yes Yes
AeExp 18.74 12.26
A sola 3 9 12
AsExp 7.26 4.74
Total 26 17 43
--Counts-- Chi Signif Signif
Locus A T Total df Square 0.05 0.01
621 Aceleg 1 30 31 1 10.64743 Yes Yes
AeExp 4.33 26.67
A sola 5 7 12
AsEXxp 1.67 10.33
Total 6 37 43
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Locus
622

Locus
659

Locus
662

Locus
673

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeEXxp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsExp
Total

--Counts--

A G

31 0

28.12 2.88

8 4

10.88 1.12

39 4
--Counts--
A C

1 30

6.49 2451

8 4

2.51 9.49

9 34
--Counts--
T G

1 30

6.49 2451

8 4

2.51 9.49

9 34
--Counts--
A C

21 10

23.79 7.21

12 0

9.21 2.79

33 10

Chi Signif Signif
Total df Square 0.05 0.01
31 1 11.39316 Yes Yes
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 21.03915 Yes Yes
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 21.03915 Yes Yes
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 5.043988 Yes No
12
43
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Locus
684

Locus
722

Locus
723

Locus
742

Locus
751

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeEXxp
Asola
AsEXxp
Total

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsExp
Total

A eleg
AeExp
A sola
AsExp
Total

--Counts--

A T
23 8
18.02 12.98
2 10
6.98 5.02
25 18
--Counts--
A G
29 2
27.40 3.60
9 3
10.60 1.40
38 5
--Counts--
T G
2 29
2.88 28.12
2 10
1.12 10.88
4 39
--Counts--
T G
22 9
15.86 15.14
0 12
6.14 5.86
22 21
--Counts--
A C
22 9
17.30 13.70
2 10
6.70 5.30
24 19

Chi Signif Signif
Total df Square 0.05 0.01
31 1 11.76361 Yes Yes
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 2.896477 No No
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 1.069961 No No
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 17.43779 Yes Yes
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 10.3434 Yes Yes
12
43
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Locus
829

Locus
835

Locus
895

Locs
910

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeEXxp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsExp
Total

--Counts--

T G

4 27

2.88 28.12

0 12

1.12 10.88

4 39
--Counts--
A T

31 0

28.84 2.16

9 3

11.16 0.84

40 3
--Counts--
A C

18 13

20.91 10.09

11 1

8.09 3.91

29 14
--Counts--

C gap

8 23

6.49 2451

1 11

2.51 9.49

9 34

Chi Signif Signif
Total df Square 0.05 0.01
31 1 1.707196 No No
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 8.33125 Yes Yes
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 4.448561 Yes No
12
43
Chi Signif Signif
Total df Square 0.05 0.01
31 1 1.595992 No No
12
43
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Three nucleotide variations present:

Locus
652

Locus
767

Locus
794

Locus
809

Locus
812

A eleg
AeExp
A sola
AsEXp
Total

A eleg
AeEXxp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsExp
Total

A eleg
AeExp
A sola
AsExp
Total

Counts
A T C
0 30 1
2.88 26.67 1.44
4 7 1
1.12 10.33 0.56
4 37 2
Counts
A T C
31 0 0
29.56 0.72 0.72
10 1 1
11.44 0.28 0.28
41 1 1
Counts
T C G
13 18 0
17.30 12.98 0.72
11 0 1
6.70 5.02 0.28
24 18 1
Counts
A T G
31 0 0
29.56 0.72 0.72
10 1 1
11.44 0.28 0.28
41 1 1
Counts
T C G
0 0 31
0.72 1.44 28.84
1 2 9
0.28 0.56 11.16
1 2 40

Total
31

12

43

Total

31

12

43

Total

31

12

43

Total

31

12

43

Total

31

12

43

86

df

df

df

df

df
2

Chi
Square
12.30424

Chi
Square
5.418699

Chi
Square
13.38452

Chi
Square
5.418699

Chi
Square
8.33125

Signif
0.05
Yes

Signif
0.05
No

Signif
0.05
Yes

Signif
0.05
No

Signif
0.05
Yes

Signif
0.01
Yes

Signif
0.01
No

Signif
0.01
Yes

Signif
0.01
No

Signif
0.01
No



Locus
847

Locus
849

Locus
864

Locus
870

Locus
880

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeEXxp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsExp
Total

A eleg
AeExp
A sola
AsExp
Total

Counts

A C gap
31 0 0
28.12 1.44 1.44
8 2 2
10.88 0.56 0.56
39 2 2
Counts
A C gap
31 0 0
28.12 1.44 1.44
8 2 2
10.88 0.56 0.56
39 2 2
Counts
A T G
0 0 31
0.72 1.44 28.84
1 2 9
0.28 0.56 1116
1 2 40
Counts
A C G
31 0 0
28.84 0.72 1.44
9 1 2
11.16 0.28 0.56
40 1 2
Counts
A T G
31 0 0
28.84 0.72 1.44
9 1 2
11.16 0.28 0.56
40 1 2

Total
31

12

43

Total

31

12

43

Total

31

12

43

Total

31

12

43

Total
31

12

43

87

df

df

df

df

df
2

Chi
Square
11.39316

Chi
Square
11.39316

Chi
Square
8.33125

Chi
Square
8.33125

Chi
Square
8.33125

Signif
0.05
Yes

Signif
0.05
Yes

Signif
0.05
Yes

Signif
0.05
Yes

Signif
0.05
Yes

Signif
0.01
Yes

Signif
0.01
Yes

Signif
0.01
No

Signif
0.01
No

Signif
0.01
No



Locus
886

Locus
903

Locus
905

Locus
912

Locus
913

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeEXxp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsEXxp
Total

A eleg
AeExp
A sola
AsExp
Total

A eleg
AeExp
A sola
AsExp
Total

T G
2 0 29
3.60 1.44 25.95
3 2 7
1.40 0.56 10.05
5 2 36
Counts
C G
0 0 31
0.74 0.74 29.52
1 1 9
0.26 0.26 10.48
1 1 40
Counts
T gap
0 31 0
0.72 29.56 0.72
1 10 1
0.28 11.44 0.28
1 41 1
Counts
C gap
4 4 23
2.88 3.60 2451
0 1 11
1.12 1.40 9.49
4 5 34
Counts
G gap
1 7 23
0.72 577 2451
0 1 11
0.28 2.23 9.49
1 8 34

Total
31

12

43

Total

31

11

42

Total
31

12

43

Total

31

12

43

Total
31

12

43

88

df

df

df

df

df
2

Chi

Square
9.007781

Chi
Square
5.918182

Chi
Square
5.418699

Chi
Square
2.037808

Chi
Square
1.665026

Signif
0.05
Yes

Signif
0.05
No

Signif
0.05
No

Signif
0.05
No

Signif
0.05
No

Signif
0.01
No

Signif
0.01
No

Signif
0.01
No

Signif
0.01
No

Signif
0.01
No



