Figure 5.1: Summary Tree for this Study

This tree represents a summary of the analyses in this study. Preference has been given to Bayesian
analyses and analyses of combined datasets. Consistently unresolved nodes are collapsed to polytomies.
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Conclusions

Only a few independent molecular datasets have been generated for a wide range of
metazoan taxa. The primary purpose of this study was to increase the number of nuclear
protein coding data available for deep metazoan phylogenetic analyses by sequencing
new nuclear protein coding genes from a wide variety of metazoan taxa and examining
their phylogenetic utility. The data generated in this study have added two more nuclear
protein coding genes (SERCA and G3PDH) to the general body of molecular evidence
that can be used to examine deep metazoan relationships. These genes are low copy
number in most species and display few confounding paralogous forms. Moreover, these
genes have been readily PCR amplified and sequenced from a variety of organisms
across Metazoa.

Both genes produced phylogenies that largely conformed to previous analyses
based on SSU data. The SERCA data produced topologies that were more highly
resolved and supported than either SSU or G3PDH. The G3PDH data did not usually
produce high support when examined alone, but they did increase support when added to
other datasets. Moreover, various combinations of these data greatly improved both the
resolving power and robustness of the phylogenetic analyses. Several phylogenetically
informative duplication and alternative splicing events have also been observed for the
protein coding genes. This type of higher level information is not available in SSU
analyses since all copies of SSU in an individual evolve by concerted evolution. Finally,
the protein coding data seem to have more equivalent rates of substitution across Metazoa
than SSU. However, it is possible that this effect is a byproduct of the improved

alignments for the protein coding genes.
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Most basal metazoan relations were weakly resolved, but Cnidaria was
consistently recovered as the sister group to Bilateria. A basal position in Bilateria was
recovered for Acoela with the SERCA and SSU genes. However, this position was
unstable and it remains to be seen whether this hypothesis is supported. It is possible that
members of Acoela are secondarily simplified and that their basal position is due to high
genetic divergence.

Within Deuterostomia strong support was found for the monophyly of both
Chordata and Ambulacraria. Most SSU based analyses have suffered from unequal rate
problems among members of Urochordata. However, the Urochordata protein coding
genes do not seem to suffer from long-branch problems. Within Urochordata a clade
comprising Aplousobranchia and Phlebobranchia was consistently recovered with high
support. Although this clade has been proposed by morphological analyses, long-
branched Aplousobranchia SSU sequences have confounded previous molecular studies.
A SERCA duplication was observed in this lineage that was not found in Stolidobranchia.
This duplication further supports a close Aplousobranchia-Phlebobranchia relationship.
Lineage specific duplications were also observed for both genes in Vertebrata and
Osteichthyes, providing further evidence of genome duplications among these clades.
Class relations in Echinodermata were largely unresolved but taxonomic sampling was
low, and it remains to be seen if these genes will improve resolution among these taxa.

The monophyly of Ecdysozoa was usually supported. Unequal rate effects were
seen for Nematoda in the G3PDH analyses, but substitution rates were more equivalent
for SERCA. Within Arthropoda, Pancrustacea was highly supported. Insecta grouped

strongly with Malacostraca. However, the monophyly of Hexapoda was not usually
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supported, and Collembola almost always grouped away from Insecta. The position of
Myriapoda was largely unresolved, but there was slightly greater support for the
Mandibulata hypothesis.

One result that differed greatly from most SSU based studies was high support for
the monophyly of Chelicerata. Chelicerate monophyly is strongly suggested by
morphology, but the position of Pycnogonida is unresolved in most SSU studies. It now
seems that this result was a SSU specific effect possibly stemming from unequal rate
effect.

A partial or complete genome duplication was suggested by the presence of
duplicate forms of both protein coding genes in L. polyphemus (Arthropoda, Chelicerata,
Merostomata). Duplicate forms were also found in D. tenebrosus (Arthropoda,
Chelicerata, Arachnida). However, since only SERCA sequences were obtained from
this species it is uncertain if this represents a separate duplication or if it is part of a more
general duplication in the Euchelicerata lineage.

Analyses of SSU data have been unable to resolve relations within
Lophotrochozoa and have often yielded polyphyletic phyla. The addition of the protein
coding data greatly improved resolution and support among clades in Lophotrochozoa.
The monophyly of Platyzoa was not well supported. Instead both Euplatyhelminthes and
Rotifera grouped separately near the Eulophotrochozoa base. The most commonly
recovered internal Eulophotrochozoa topology placed Nemertea as the sister group to a

clade comprising Annelida, Sipuncula, Lophophorata and Mollusca.
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Sipuncula and Oligochaeta (Annelida) grouped separately within Polychaeta
(Annelida). A further relation between Sipuncula and Annelida was suggested by a
shared splice variant type. A relationship between Oligochaeta and Sabellida was
recovered in most analyses. However, taxonomic sampling was low, and it is uncertain if
these groups actually comprise closely related sister taxa. A partial or complete genome
duplication was suggested by the presence of co-orthologous forms of both genes in
Oligochaeta. This duplication may be useful in future analyses for determining the sister
group of Oligochaeta within Polychaeta.

One unusual finding was the monophyly of Lophophorata. Although the
monophyly of Lophophorata has been postulated in many classic phylogenies, most SSU
based analyses have place Ectoprocta away from a Brachiopoda + Phoronida clade. A
clade comprising Lophophorata and Mollusca was recovered with high support in some
analyses. Palliophora is tentatively suggested as the name for this clade, based on the
proposed homology of the non-molted dorsal (except Phoronida = ventral) proteinaceous
chitinous (often calcified) covering of the organisms in this group.

The datasets generated in this study have allowed hypothesis testing in several
areas of Metazoa. The new nuclear protein coding genes, SERCA and G3PDH, have
demonstrated wide applicability for phylogenetic analyses and have increased support
and resolution among several taxa. Moreover, the PCR primers for these genes have
been able to amplify products from a variety of taxa and it is hoped that these genes will
find wide application in future phylogenetic studies. The high resolution obtained by the
SERCA + SSU and SERCA + SSU + G3PDH datasets within Lophotrochozoa is

unprecedented, and further taxonomic sampling should be performed in future analyses.
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Appendix A.1: Organismal Collection and Storage Information

Species Collection Site Specifications ID# Storage
Lumbricus terrestris Carolina Science, Burlington, NC Cat # RG-14-1620, Live Ann7Lte 4% Form. Soln.
Lumbriculus variegatus Carolina Science, Burlington, NC Cat # FR-14-1720, Live Ann8Lva 70% Ethanol
Chaetopterus Fort DeSoto Park, FL (North Beach) Longitude -82.741, AnnlCpa 70% Ethanol
variopedatus Latitude 27.637, Live
Podarke obscura South Lido Key Beach, Sarasota, FL Longitude -82.565, Ann4Pob 70% Ethanol
Latitude 27.300, Live
Sabella melanostigma Grassy Key, FL (Florida Bay Coast) Longitude -80.928, Ann5Sme 4% Form. Soln.
Latitude 24.775, Live
Serpula vermicularis Billie Swalla, Friday Harbor Live Ann6Sve 70% Ethanol
Laboratories, University of Washington
Pectinaria gouldi Gandy Boulevard Causeway, Tampa, Longitude -82.954, Ann9Pgo 70%Ethanol
FL (Northern Shore) Latitude 27.877, Live
Dolomedes tenebrosus Buckhorn Lake State Park, KY Longitude -83.450, Arth5Dte 70% Ethanol
Latitude 37.300, Live
Limulus polyphemus Mary Kimball, University of South Live, Trilobite Larval Arth1Lpo 70% Ethanol
Florida Stage
Pycnogonum littorale Gulf of Maine Marine Life Supply Co.,  Cat# AR025, Live Arth10Pli 70% Ethanol
Pembroke, ME
Emerita talpoida North Lido Key Beach, Sarasota, FL Longitude -82.577, Arth2Eta 70% Ethanol
Latitude 27.301, Live
Sphaeroma destructor Gandy Boulevard Causeway, Tampa, Longitude -82.954, Arth3Sde 70% Ethanol
FL (Northern Shore) Latitude 27.877, Live
Anurida maritima Gandy Boulevard Causeway, Tampa, Longitude -82.954, None NA
FL (Northern Shore) Latitude 27.877, Live
Lepisma saccharina Temple Terrace, FL (Colonial Grande Longitude -82.378, Arth7Lsa 70% Ethanol
Apartments) Latitude 28.032, Live
Lithobius sp. Abaddon God of Insects, New York, Special Order, Live Arth11Lith 70% Ethanol
NY
Pseudopolydesmus Laurel River Lake, KY Longitude -84.262, Arth8Pse 70% Ethanol
serratus Latitude 36.974, Live
Terebratulina Gulf of Maine Marine Life Supply Co.,  Cat# BR001, Live Brach3Tse 70% Ethanol
septentrionalis Pembroke, ME
Terebratalia transversa Billie Swalla, Friday Harbor Live Brach2Ttr 70% Ethanol
Laboratories, University of Washington
Glottidia pyramidata Gandy Boulevard Causeway, Tampa, Longitude -82.954, Brach1Gpy 70% Ethanol
FL (Northern Shore) Latitude 27.877, Live
Branchiostoma floridae Gandy Boulevard Causeway, Tampa, Longitude -82.954, Chord1Bfl 70% Ethanol
FL (Northern Shore) Latitude 27.877, Live
Aplidium californicum Billie Swalla, Friday Harbor Live Lab of Billie =~ NA
Laboratories, University of Washington Swalla, WA
Molgula occidentalis Fort DeSoto Park, FL (North Beach) Longitude -82.741, Chord2Moc 70% Ethanol
Latitude 27.637, Live
Mnemiopsis mccradyi Gulf Specimen Marine Laboratories, Cat # Ct-290, Live None NA
Inc. Panacea, FL
Luidia senegalensis South Lido Key Beach, Sarasota, FL Longitude -82.565, Ech4Lse Dried and 70%
Latitude 27.300, Live Ethanol
Henricia leviuscula Billie Swalla, Friday Harbor Live Lab of Billie =~ NA
Laboratories, University of Washington Swalla, WA
Mellita Fort DeSoto Park, FL (North Beach) Longitude -82.741, Ech6Mqu Dried and 70%
quinquiesperforata Latitude 27.637, Live Ethanol
Strongylocentrotus Billie Swalla, Friday Harbor Live Lab of Billie = NA
droebachiensis Laboratories, University of Washington Swalla, WA
Synaptula hydriformis Howard Park, Tarpon Springs, FL Longitude -82.806, Ech2Shy 70% Ethanol
Latitude 28.153, Live
Parastichopus Billie Swalla, Friday Harbor Live Lab of Billie = NA
californicus Laboratories, University of Washington Swalla, WA
Ophiothrix angulata Howard Park, Tarpon Springs, FL Longitude -82.806, Ech30an Dried and 70%
Latitude 28.153, Live Ethanol
Bugula neritina South Lido Key Beach, Sarasota, FL Longitude -82.565, EctlBne 70% Ethanol
Latitude 27.300, Live
Pectinatella magnifica Buckhorn Lake State Park, KY Longitude -83.450, Ect2Pma 4% Form. Soln.

Latitude 37.300, Live
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Appendix A.1 (Continued)

Species Collection Site Specifications ID# Storage
Saccoglossus Billie Swalla, Friday Harbor Frozen at -80°C Lab of Billie =~ NA
bromophenolosus Laboratories, University of Washington Swalla, WA
Ptychodera bahamensis Gandy Boulevard Causeway, Tampa, Longitude -82.954, HemilPba 70% Ethanol
FL (Northern Shore) Latitude 27.877, Live
Crassostrea virginica Gandy Boulevard Causeway, Tampa, Longitude -82.954, MollCvi Shell Dried and
FL (Northern Shore) Latitude 27.877, Live 70% Ethanol
Donax variabilis Fort DeSoto Park, FL (North Beach) Longitude -82.741, Mol2Dva Shell Dried and
Latitude 27.637, Live 70% Ethanol
Carditamera floridana Grassy Key, FL (Atlantic Ocean Shore)  Longitude -80.928, Moll 1Cflo Shell Dried and
Latitude 24.775, Live 70% Ethanol
Corbicula fluminea Buckhorn Lake State Park, KY Longitude -83.470, Mol3Cfl Shell Dried and
Latitude 37.342, Live 70% Ethanol
Macrocallista nimbosa Fort DeSoto Park, FL (North Beach) Longitude -82.741, Moll5Mni Dried and 70%
Latitude 27.637, Live Ethanol
Mercenaria South Lido Key Beach, Sarasota, FL Longitude -82.565, Mol9Mca Shell Dried and
campechiensis Latitude 27.300, Live 70% Ethanol
Melampus coffeus Grassy Key, FL (Atlantic Ocean Shore)  Longitude -80.928, Mol12Mco Shell Dried and
Latitude 24.775, Live 70% Ethanol
Elysia clarki Grassy Key, FL (Florida Bay Coast) Longitude -80.979, Mol7Ecl 4% Form. Soln.
Latitude 24.749, Live
Katharina tunicata Cattle Point, San Juan, Island, WA Longitude -122.961, Moll6Ktu 70% Ethanol
Latitude 48.454, Live
Mopalia muscosa Cattle Point, San Juan, Island, WA Longitude -122.961, Moll7Mmu 70% Ethanol
Latitude 48.454, Live
Xiphinema index Steven Nadler, University of California, ~ Frozen on Dry Ice Lab of NA
Davis Steven
Nadler, CA
Neolineus sp. Picnic Island Park, Tampa, Florida Longitude -82.555, Nemer1Neo 70% Ethanol
Latitude 27.849, Live
Amphiporus ochraceus Marine Biological Laboratory, Woods Cat # 560, Live Nemer2Aoc 70% Ethanol
Hole, MA
Nemertopsis bivittata Gandy Boulevard Causeway, Tampa, Longitude -82.954, Nemer3Nbi 4% Form. Soln.
FL (Northern Shore) Latitude 27.877, Live
Phoronis psammophila Gulf Specimen Marine Laboratories, Cat # Lo-570, Listed as PhorlPps 70% Ethanol
Inc. Panacea, FL Phoronis architecta, Live
Phoronis Billie Swalla, Friday Harbor Live Lab of Billie =~ NA
vancouverensis Laboratories, University of Washington Swalla, WA
Childia groenlandica Marine Biological Laboratory, Woods Cat# 510, Live None NA
Hole, MA
Stenostomum sp. Connecticut Valley Biological Supply, Cat # L24A, Live None NA
Southampton, MA
Pseudoceros crozieri Grassy Key, FL (Florida Bay Coast) Longitude -80.979, Platy1Pcr 4% Form. Soln.
Latitude 24.749, Live
Stylochus frontalis Gandy Boulevard Causeway, Tampa, Longitude -82.954, Platy2Sfr 70% Ethanol
FL (Northern Shore) Latitude 27.877, Live
Bdelloura candida Fort DeSoto Park, FL (North Beach) Longitude -82.741, Platy4Bca 70% Ethanol
Latitude 27.637, Live
Dugesia dorotocephala Carolina Science, Burlington, NC Cat # FR-13-2970, Live Platy3Ddo 70% Ethanol
Stellata grubii Gulf Specimen Marine Laboratories, Cat # P-60, Live PorlSgr 70% Ethanol
Inc. Panacea, FL
Philodina sp. Carolina Science, Burlington, NC Cat # FR-13-3172, Live Roti2Phil 4% Form. Soln.
Brachionus plicatilis Florida Aqua Farms Inc., Dade City, FL  Cat# AB-R1S, Resting RotilBpl 70%Ethanol
Eggs-Cultured (Protocol
1))
Lecane sp. Carolina Science, Burlington, NC Cat# FR-13-3170, Listed  RotiLeca 4% Form. Soln.
as Monostyla sp., Live
Phascolion sp. Picnic Island Park, Tampa, Florida Longitude -82.555, Sip1Phasc 70% Ethanol
Latitude 27.849, Live
Phascolopsis gouldi Marine Biological Laboratory, Woods Cat # 1450, Live Sip3Pgo 70% Ethanol
Hole, MA
Hypsibius dujardini Sciento, Manchester, England Cat# Z151, Live- Tard1Hdu 4% Form. Soln.

Cultured (Protocol 2)

Organisms were collected from a variety of sources. The storage information and ID# refers to the Terry
G. Campbell Collection. “4% Form. Soln.” = 4% Formaldehyde solution saturated with sucrose and borax.
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Appendix A.2: Collection Sites

Figure A.1: Washington Field Sites
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Collections were made at Cattle Point, on San Juan Island, Washington.

Figure A.2: Kentucky Field Sites
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Three collection sites were used in Kentucky, two at Buckhorn Lake State Park and one at Laurel Lake.
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Appendix A.2 (Continued)

Figure A.3: Florida Field Sites
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There were nine collection sites in Florida, two on Grassy Key, two on Lido Key and one at each of the
other locations. These three maps (Figures A.1 - A.3) were created using Generic Mapping Tools Software
3.0 (Wessel and Smith, 1995)
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Appendix A.3: Diversity of Organisms Collected in this Study

Phylum Class Order Family Genus Species
Annelida Oligochaeta Haplotaxida Lumbricidae Lumbricus terrestris
Annelida Oligochaeta Lumbriculida Lumbriculidae Lumbriculus variegatus
Annelida Polychaeta Spionida Chaetopteridae Chaetopterus variopedatus
Annelida Polychaeta Phyllodocida Hesionidae Podarke obscura
Annelida Polychaeta Sabellida Sabellidae Sabella melanostigma
Annelida Polychaeta Sabellida Serpulidae Serpula vermicularis
Annelida Polychaeta Terebellida Pectinariidae Pectinaria gouldi
Arthropoda Arachnida Araneae Pisauridae Dolomedes tenebrosus
(Subphylum

Chelicerata)

Arthropoda Merostomata Xiphosura Limulidae Limulus polyphemus
(Subphylum

Chelicerata)

Arthropoda Pycnogonida Pantopoda Pycnogonidae Pycnogonum littorale
(Subphylum

Chelicerata)

Arthropoda Malacostraca Decapoda Hippidae Emerita talpoida
(Subphylum

Crustacea)

Arthropoda Malacostraca Isopoda Sphaeromatidae Sphaeroma destructor
(Subphylum

Crustacea)

Arthropoda Apteryigida Collembola Hypogastruridae Anurida maritima
(Subphylum

Hexapoda)

Arthropoda Apteryigida Thysanura Lepismatidae Lepisma saccharina
(Subphylum

Hexapoda)

Arthropoda Chilopoda Lithobiomorpha  Lithobiidae Lithobius sp.
(Subphylum

Myriapoda)

Arthropoda Diplopoda Polydesmida Polydesmidae Pseudopolydesmus  serratus
(Subphylum

Myriapoda)

Brachiopoda Articulata Terebratulida Cancellothyrididae Terebratulina septentrionalis
Brachiopoda Articulata Terebratulida Terebratellidae Terebratalia transversa
Brachiopoda Inarticulata Lingulida Lingulidae Glottidia pyramidata
Chordata Branchiostomatidae  Branchiostoma floridae
(Subphylum

Cephalochordata)

Chordata Ascidiacea Enterogona Polyclinidae Aplidium californicum
(Subphylum

Urochordata)

Chordata Ascidiacea Stolidobranchia ~ Molgulidae Molgula occidentalis
(Subphylum

Urochordata)

Ctenophora Tentaculata Lobata Bolinopsidae Mnemiopsis mccradyi
Echinodermata Asteroidea Platyasterida Luidiidae Luidia senegalensis
Echinodermata Asteroidea Spinulosida Echinasteridae Henricia leviuscula
Echinodermata Echinoidea Clypeasteroida Mellitidae Mellita quinquiesperforata
Echinodermata Echinoidea Echinoida Strongylocentrotidae  Strongylocentrotus  droebachiensis
Echinodermata Holothuroidea Apodida Synaptidae Synaptula hydriformis
Echinodermata Holothuroidea Aspidochirotida  Stichopodidae Parastichopus californicus
Echinodermata Ophiuroidea Ophiurida Ophiothricidae Ophiothrix angulata
Ectoprocta Gymnolaemata Cheilostomata Bugulidae Bugula neritina
Ectoprocta Phylactolaemata Plumatellida Lophopodidae Pectinatella magnifica
Hemichordata Enteropneusta Harrimaniidae Saccoglossus bromophenolosus
Hemichordata Enteropneusta Ptychoderidae Ptychodera bahamensis
Mollusca Bivalvia Ostreoida Ostreidae Crassostrea virginica
Mollusca Bivalvia Veneroida Donacidae Donax variabilis
Mollusca Bivalvia Veneroida Carditidae Carditamera floridana
Mollusca Bivalvia Veneroida Corbiculidae Corbicula fluminea
Mollusca Bivalvia Veneroida Veneridae Macrocallista nimbosa
Mollusca Bivalvia Veneroida Veneridae Mercenaria campechiensis
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Appendix A.3 (Continued)

Phylum Class Order Family Genus Species
Mollusca Gastropoda Archaeopulmonata  Ellobiidae Melampus coffeus
Mollusca Gastropoda Sacoglossa Elysiidae Elysia clarki
Mollusca Polyplacophora Neoloricata Mopaliidae Katharina tunicata
Mollusca Polyplacophora Neoloricata Mopaliidae Mopalia muscosa
Nematoda Adenophorea Dorylaimida Longidoridae Xiphinema index
Nemertea Anopla Heteronemertea Lineidae Neolineus sp.

Nemertea Enopla Hoplonemertea Amphiporidae Amphiporus ochraceus
Nemertea Enopla Hoplonemertea Emplectonematidae ~ Nemertopsis  bivittata
Phoronida Phoronidae Phoronis psammophila
Phoronida Phoronidae Phoronis vancouverensis
Platyhelminthes Turbellaria Acoela Convolutidae Childia groenlandica
(Acoelomorpha)

Platyhelminthes Turbellaria Catenulida Stenostomidae Stenostomum  sp.
(Catenulida)

Platyhelminthes Turbellaria Polycladida Pseudoceritidae Pseudoceros  crozieri
(Rhabditophora)

Platyhelminthes Turbellaria Polycladida Stylochidae Stylochus frontalis
(Rhabditophora)

Platyhelminthes Turbellaria Tricladida Bdellouridae Bdelloura candida
(Rhabditophora)

Platyhelminthes Turbellaria Tricladida Dugesiidae Dugesia dorotocephala
(Rhabditophora)

Porifera Demospongiae Astrophorida Ancorinidae Stellata grubii
Rotifera Bdelloidea Philodinidae Philodina sp.

Rotifera Monogononta Ploima Brachionidae Brachionus plicatilis
Rotifera Monogononta Ploima Lecanidae Lecane sp.

Sipuncula Golfingiidae Phascolion sp.

Sipuncula Phascolosomatidae ~ Phascolopsis  gouldi
Tardigrada Eutardigrada Macrobiotidae Hypsibius dujardini

Sixty-three species were collected for use in this study. These organisms span Metazoa and comprise
seventeen phyla and thirty-six major intraphyletic divisions.
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Appendix A.4: Culturing Brachionus plicatilis (Rotifera, Monogononta)

1.

Obtain resting eggs of the rotifer, Brachionus plicatilis; a micro algae disk of Nanochloropsis sp.,
Roti-Rich™ solution; Micro Algae Grow™ solution; 7.5 L plastic culture bags; a 53 um plankton
collector and a lab sized culture system for microalgae/ rotifers/ artemia from Florida Aqua Farms
(Dade City, FL).

Cover the algal plate with 3 mL of spring water, and pipette vigorously to remove algae from the plate.

Pour the supernatant from the plate into 2 L of spring water in a 7.5 L plastic culture bag. Add 3 mL
Micro Algae Grow™ to the culture bag.

Place the bag in the lab sized culture system for microalgae/ rotifers/ artemia, and incubate at room
temperature under constant light and aeration for two weeks. At this point a heavy growth of algae

should be obtained. Maintain the culture for later use.

Pour 100 mL of the algal culture into a small glass container. Add three sprinkles of rotifer resting
eggs and three drops of Roti-Rich™.

Incubate the rotifer eggs at room temperature with constant aeration for one week. At this point a
moderate growth of rotifers should be visible.

Pour the rotifer culture into the original bag of algae from step 4. Incubate at room temperature with
constant light and aeration for two weeks or until the algal culture noticeably clears. Add three drops
of Roti-Rich™ every three days.

Subculture as needed. Maintain as long as desired.

To collect the rotifers, filter them from the algae with a 53um plankton collector.
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Appendix A.5: Culturing Hypsibius dujardini (7Tardigrada)

1. Obtain cultures of the tardigrade, Hypsibius dujardini; and the alga, Chlorococcum sp.; from Sciento
(Manchester, England).

2. Open the cultures for aeration, and place them near a window out of direct sunlight.
3. Aerate the cultures for 10 min every two days.

4. Add 0.5 mL of algal culture to the tardigrade culture every two days.

5. Subculture as needed. Maintain as long as desired.

6. To collect the tardigrades, filter them from the algae with a 53 um sieve.
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Appendix B: Molecular Protocols and Information
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Appendix B.1: Extraction of mRNA with a MicroPoly(A) Pure Kit

All sample masses should be <50 pg. For calculations, all masses are treated as 50 pg. All tubes, pipette
tips and pestles should be RNase free. All refrigerator handles, bench space and equipment should be
treated with RNase Away (Ambion, Austin, TX) prior to use. Replace gloves any time an untreated surface
is touched.

1. A MicroPoly(A) Pure Kit (Ambion, Austin TX) contains: lysis solution, dilution buffer, oligo(dT)
cellulose, binding buffer, wash buffer, elution buffer, 5 M ammonium acetate, 5 mg/mL glycogen,
nuclease free water, spin columns, and 2.0 mL collection tubes. Ethanol (100%) is also required.

2. Freeze sample at -80°C for at least 24 h. Place sample on ice 5 min before extraction.

3. Heat~225 pL (25 puL excess) elution buffer to 70°C for later use.

4. Add 500 pL lysis solution (= 10 x mass pg) to the frozen sample, and homogenize with a 1.5 blue
pellet pestle (Kimble-Kontes, Vineland, NJ).

5. Add 1 mL dilution buffer (2 x original lysis buffer volume), and mix completely. Centrifuge 15 min at
12,000 x g. Transfer supernatant to a fresh 1.5 mL centrifuge tube.

6. Add one vial oligo(dT) cellulose to the supernatant, and mix well. Gently rock 1 h at room
temperature to bind mRNA. Centrifuge 3 min at 4000 x g, and discard the supernatant.

7. Add 1 mL binding buffer to the cellulose, and mix well. Centrifuge 3 min at 4000 x g, and discard
supernatant.

8. Repeat step 6 twice more.
9. Repeat step 6 three times with 1 mL wash buffer instead of binding buffer.

10. Add 400 uL wash buffer to the cellulose, and mix well. Transfer slurry to a spin column, and place the
spin column into a 2.0 mL collection tube. Centrifuge 10 s at 5000 x g, and discard eluant.

11. Add 0.5 mL wash buffer to the cellulose, and gently stir with pipette tip. Centrifuge 10 s at 5000 x g,
and discard eluant.

12. Repeat step 10 twice more.

13. Transfer the spin column to a fresh 2.0 mL collection tube. Add 100 uL of 70°C elution buffer to the
spin column, mix gently with a pipette tip, and centrifuge 10s at 5000 x g to elute the mRNA. Repeat
with another 100 pL of 70°C elution buffer.

14. Add 20 pL of 5 M ammonium acetate, 3 pL of Smg/mL glycogen and 550 pL of 100% ethanol to the
eluant, and mix well.

15. Store at -20°C for 18-22 h to precipitate mRNA (and glycogen).

16. Centrifuge 20 min at 16,000 x g to pellet the mRNA, and discard supernatant.

167



Appendix B.1 (Continued)
17. Centrifuge 30 s at 5000 x g, and discard supernatant.
18. Leave the tube open on ice for 15 min to dry the rRNA pellet.

19. Dissolve the rRNA pellet in 10 pL of nuclease free water.
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Appendix B.2: Extraction of mRNA with a MicroPoly(A) Purist Kit

Samples masses should be < 50ug. For calculations, all masses are treated as 50 pg. All tubes, pipette tips,
and pestles should be RNase free. All bench space, equipment and refrigerator handles should be treated
with RNase Away (Ambion, Austin, TX) prior to use. Replace gloves any time an untreated surface is
touched.

1. A MicroPoly(A) Purist Kit (Ambion, Austin, TX) contains: lysis solution, dilution solution, oligo(dT)
cellulose, lysate wash, 2X binding solution, wash solution 1, wash solution 2, THE RNA storage
solution, 5 M ammonium acetate, 5 mg/mL glycogen, nuclease free water, spin columns, and 2.0 mL
collection tubes. Ethanol (100%) is also required.

2. Freeze sample at -80°C for at least 24 h. Place sample on ice 5 min before extraction.

3. Heat~225 pL (25 puL excess) elution buffer to 70°C for later use.

4. Add 600 pL lysis solution (= 12 x sample mass pg) to the frozen sample, and homogenize with a 1.5
blue pellet pestle (Kimble-Kontes, Vineland, NJ).

5. Put300 pL of the mixture into a fresh 1.5 mL centrifuge tube. Add 700 uL dilution buffer (= 2.33 x
volume of lysis solution) to each tube. Centrifuge 15 min at 12,000 x g.

6. Transfer supernatant from one tube into a fresh 1.5 mL centrifuge tube, add one vial oligo(dT)
cellulose, and mix well. Rock for 15 min at room temperature to bind mRNA. Centrifuge 3 min at
4000 x g, and discard the supernatant. Using the same cellulose, repeat with the other tube of lysate

supernatant.

7. Add 1 mL lysate wash to the cellulose, and mix well. Centrifuge 3 min at 4000 x g, and discard
supernatant.

8. Add 600 pL lysate wash, transfer the slurry to a spin column, and place the spin column into a 2.0 mL
collection tube. Centrifuge 10 s at 5000 x g. Discard eluant.

9. Retain the collection tube, and transfer the spin column to a fresh collection tube.

10. Add 100 pL of 70°C THE RNA storage solution to the spin column, mix gently with a pipette tip, and
centrifuge 10 s at 5000 x g. Repeat with another 100 pL of 70°C THE RNA storage solution.

11. Suspend the cellulose in 200 pL 2X binding solution, and mix the slurry with the eluant from the
previous two spins.

12. Heat the slurry to 70°C for 5 min, then transfer it to the spin column. Place the spin column in the
collection tube saved in step 8. Centrifuge 10 s at 5000 x g, and discard the eluant.

13. Add 500 pL of wash solution 1 to the cellulose, centrifuge 3 min at 4000 x g, and discard the eluant.
Repeat twice more.

14. Repeat step 12 twice with 500 uL of wash solution 2 instead of wash solution 1.
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Appendix B.2 (Continued)

15.

16.

17.

18.

19.

20.

21.

Transfer the spin column to a fresh collection tube. Add 100 pL of 70°C THE RNA storage solution,
and mix gently with a pipette tip. Centrifuge 10s at 5000 x g to elute the mRNA. Repeat with another
100 pL of 70°C THE RNA storage solution.

Add 20 pL of 5 M ammonium acetate, 3 pL of (5 mg/mL) glycogen and 550 pL of 100% ethanol to
the eluant and mix well.

Store at -20°C for 18-22 h to precipitate mRNA (and glycogen).
Centrifuge 20 min at 16,000 x g, and discard supernatant.
Centrifuge 30 s at 5000 x g. Discard supernatant.

Leave the tube open on ice for 15 min to dry the pellet.

Dissolve the pellet in 10 pL of nuclease free water.
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Appendix B.3: Retrotranscription of mRNA using a RETROscript® First Strand Synthesis Kit for RT-

PCR

1. A RETROscript® First Strand Synthesis Kit for RT-PCR (Ambion, Austin, TX) contains: 10X RT
buffer, AINTP mix, RNase inhibitor and Moloney murine leukemia virus reverse transcriptase (MMLV-
RT).

2. Mix 10 pL of purified mRNA and 2 pL oligo(dT) primer.

3. Incubate 3 min at 85°C to denature secondary structure in the mRNA.

4. Add2 pL of 10X RT buffer, 4 pL dNTP mix, 1 uL RNase inhibitor and 1 pL MMLV-RT.

5. Incubate 1 h at 42°C to reverse transcribe mRNA, then 10 min at 92°C to denature the reverse
transcriptase.
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Appendix B.4: Polymerase Chain Reaction

1. Mix together the following reagents in a 200 pL reaction tube: 10 uL of 10X Reaction Buffer without
Mg®"; 5 uL of 10 uM forward primer; 5 uL of 10 pM reverse primer; 4 uL of 50 pM MgCl,; 2 uL of
dNTP mix (12.5 mM each dTTP, dCTP, dGTP, dATP); 1 uL of 10 mg/mL BSA; 1 uL of 1:10 cDNA;
0.5 uL IDProof DNA Polymerase and 71.5 uL nanopure water (Total = 100 uL). The 10X buffer,
polymerase, and dNTPs are from ID Labs Biotechnology Inc. (London, ON, Canada). The BSA is
from Promega (Madison, WI). Keep the tube on a cold block at all times.

2. Mix well and split into two, 50 puL reactions.
G3PDH Reaction Parameters:

Transfer tubes from cold block to a thermal cycler block preheated to 80°C. Immediately heat the block to
95°C and hold for 2 min. Run 45 cycles of the following: denature at 95°C for 15 s; anneal at 45°C for 30
s; extend at 72°C for 1.25 min. Run a final extension at 72°C for 7 minutes. Hold at 4°C.

SERCA Reaction Parameters:

Transfer tubes from cold block to a thermal cycler block preheated to 80°C. Immediately heat the block to
95°C and hold for 2 min. Run 45 cycles of the following: denature at 95°C for 15 s; anneal at 50°C for 1

min; extend at 72°C for 2.5 min. Run a final extension at 72°C for 7 min. Hold at 4°C.

Table B.1: Exceptions to Standard PCR Conditions

Species PCR Conditions
Henricia leviuscula G3PDH: 3uL DMSO instead of 1 pL BSA; Typnea = 50°C
Melampus coffeus G3PDH: GlyF2-GlyR6 reamplified with GlyF1-GlyR6*

Mercenaria campechiensis G3PDH: GlyF2-GlyR6 reamplified with GlyF1-GlyR6*
Pseudopolydesmus serratus G3PDH: GlyF1-R6X**

Corbicula fluminea SERCA: 1:0 cDNA
Hypsibius dujardini SERCA: SF3.5-SR6 reamplified with SF3-SR6*
Lecane sp. SERCA: 1:0 cDNA
Macrocallista nimbosa SERCA: 1:0 cDNA
Phascolion sp. SERCA: 1:0 cDNA
Pseudoceros crozieri SERCA: 1:0 cDNA

* These reactions were first set up using the standard reverse primer and a new forward primer positioned
5’ to the standard forward primer. The reactions were then run as normal. One microliter from each
reaction was used as template for another PCR using the set of standard primers. Underlined sections
contain HindIII and EcoRI restriction sites.

SF3.5 = GAATTCAAGCTTGMNGCNYTNMARGARTA

GlyF2 = CCGGAATTCAAGCTTTGYATHRTNGGNTCHGG

** This PCR reaction used a specially designed reverse primer, GlyR6X, instead of the standard reverse
primer, GlyR6. The underlined section contains HindIII and EcoRI restriction sites.

GlyR6X = GAATTCAAGCTTCATDSDYTCNGGRTG
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Appendix B.5: Amplicon Purification with a QIAquick Gel Extraction Kit

1. A QIAquick Gel Extraction Kit (QIAGEN, Valencia, CA) contains: Buffer QG, Buffer PE concentrate,
spin columns and 2.0 mL collection tubes. Ethanol (100%) is also required. Add 200 mL of 100%
ethanol to the 50 mL Buffer PE concentrate prior to use.

2. Place excised gel band into a 1.5 mL centrifuge tube, and add 750 pL Buffer QG (3 volumes of Buffer
QG to 1 volume gel; treat bands as 250 uL, which is an excess in most cases).

3. Heat the capped tube to 50°C for 10 min or until agarose dissolves. If the solution is purple or orange,
add 3 M sodium acetate drop wise until it turns yellow.

4. Transfer the dissolved gel solution to a spin column, and place the column into a collection tube.
5. Centrifuge 1 min at 17,000 x g, and discard eluant.
6. Add 0.5 mL Buffer QG to spin column. Centrifuge 1 min at 17,000 x g, and discard eluant.

7. Add 0.75 mL Buffer PE to the spin column. Incubate at room temperature 5 min. Centrifuge at
17,000 x g for 1 min, and discard the eluant.

8. Transfer the spin column to a fresh collection tube, and add 30 pL nanopure water. Incubate 5 min at
room temperature. Centrifuge 1 min at 17,000 x g. The eluant contains purified amplicon DNA.
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Appendix B.6: Cloning with a TOPO TA Cloning Kit for Sequencing

1. A TOPO TA Cloning Kit for Sequencing (Invitrogen, Carlsbad, CA) contains: pCR® 4-TOPO vector,
salt solution, SOC broth and TOP10 competent E. coli cells. The instruction manual calls for reactions
twice the size of the one described here; however, half reactions were used consistently with
satisfactory results.

2. Place 2 pL purified amplicon DNA, 0.5 pL salt solution and 0.5 uL pCR® 4-TOPO vector in a 0.2 mL
tube. Mix by gently pipetting up and down.

3. Incubate at room temperature. Larger amplicons require more time. Use 5 min for G3PDH (~1050
bp) and 30 min for SERCA (~ 2050 bp).

4. Transfer the reaction to a 1.5 mL tube. Add half a vial (~25 uL) TOP10 E. coli competent cells. Do
not stir in any way; adding the larger volume to the smaller volume allows effective mixing.

5. Incubate on ice 5 min for G3PDH and 30 min for SERCA.

6. Place the tube of cells in a 42°C water bath for 30 s to heat shock cells.

7. Remove the tube to room temperature. Add 125 uL room temperature SOC broth.
8. Incubate the cells 1 h at 37°C, shaking horizontally at 100 rpm.

9. Cells are ready to plate.
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Appendix B.7: Alkaline Lysis Mini-preparation of Plasmid with PEG Precipitation

1. Grow bacterial cultures in 10 mL LB broth (10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl) with
ampicillin (50 pg/mL) no more than 1 day prior to minipreps.

2. Make the following solutions fresh before starting the miniprep. Add 4 mg lysozyme to 1 mL alkaline
lysis buffer (50 mM glucose, 25 mM tris pH 8, 10 mM EDTA) to make lysis solution 1. Mix 240 uL
of 1 N NaOH, 120 pL of 10% (w/v) SDS and 840 uL nanopure water to make lysis solution 2.

3. Place 1.5 mL bacterial culture into a 1.5 mL centrifuge tube, and centrifuge at 16,000 x g for 1 min.
Discard supernatant, and retain cells. Repeat with another 1.5 mL of culture in the same centrifuge
tube.

4. Add 100 pL of lysis solution 1 to the pellet of cells. Pipette the solution up and down to mix, and
incubate 5 min at room temperature.

5. Add 200 pL lysis solution 2, and mix by gently inverting the tube 3 times. Incubate 5 min on ice.

6. Add 150 puL of 3 M potassium 5 M acetate solution, and vortex the tube upside down for 20 s.
Incubate on ice for 5 min. Centrifuge 5 min at 16,000 x g. Transfer supernatant to a fresh tube.
Discard the pellet.

7. Add 500 pL of water saturated phenol (pH 7.9)/chloroform/isoamyl alcohol (25:24:1) solution, and
vortex upside down for 20 s. Centrifuge 1min at 16,000 x g, and transfer the aqueous layer (top) to a
fresh 1.5 mL tube.

8. Add 1 mL of 100% ethanol, vortex upside down for 20 s, and incubate 20 min on ice. Centrifuge 15
min at 16,000 x g. Discard supernatant. Dry the pellet 5 min at low heat in a Savant SC110A Speed-

Vac Plus, concentrator system (Ramsey, MI)

9. Dissolve the pellet in 50 uL. TE RNase (3 pL of 10 mg/mL RNase A in 1 mL of 10 mM Tris, | mM
EDTA pH 7.5) solution, and incubate 20 min at 37°C.

10. Add 20pL PEG solution [30% (w/v) PEG 8000, 1.6 M NaCl], and mix by pipetting up and down.
Incubate 18-22 h at 0°C. Centrifuge 20 min at 16,000 x g, and discard the supernatant.

11. Dissolve the pellet in 50 uL nanopure water. Add 100 uL of 100% ethanol and 5 pL of 3 M sodium
acetate pH 6. Mix by gently pipetting up and down.

12. Incubate 30 min at -20°C. Centrifuge 20 min at 16,000 x g minutes, and discard supernatant.

13. Add 500 pL of 70% ethanol to the pellet. Centrifuge 5 min at 16,000 x g, and discard supernatant.
Dry the pellet 5 min at low heat in a Savant SC110A Speed-Vac Plus concentrator system (Ramsey,
MI)

14. Dissolve the pellet in 50 uL nanopure water.

15. The DNA is now ready for use.
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Appendix B.8: Mini-preparation of Plasmid Using an Eppendorf Perfectprep® Plasmid 96 Vac Direct

Bind Kit

10.

11.

12.

13.

14.

15.

A Perfectprep® Plasmid 96 Vac Direct Bind Kit from Eppendorf (Hamburg, Germany) contains:
solution 1 (RNase A solution), solution 2 (alkaline lysis solution), solution 3 (lysate precipitation
solution), DNA binding buffer, purification solution concentrate, nuclease free water, culture plates,
filter plate As, filter plate DBs, plate seals, culture plates and collection plates. An Eppendorf vacuum
manifold with plate adaptors, 100% ethanol and LB broth (10 g/L tryptone, 5 g/L yeast extract, 5 g/L
NaCl) with ampicillin (50 pg/mL) are also required.

Put 1.25 mL LB broth with ampicillin in each well of a culture plate. Incubate bacterial cultures in the
culture plate 18-22 h at 37°C shaking at 125 rpm.

Centrifuge the culture plate 5 min at 1900 x g to pellet the cells. Pour off the supernatants, and blot the
plate on a paper towel.

Add 150 pL solution 1 to each well, and vortex to mix.

Add 150 pL solution 2 to each well. Elevate one end of the plate, and gently tap it for 30 s to mix.
Rotate the plate 180°, and repeat the tapping.

Add 150 pL solution 3 to each well. Cover the plate with an adhesive seal, and invert 3 times to mix.
Remove seal.

Place a short adaptor plate in the manifold, and position a filter plate DB over the adaptor. Close the
manifold, and place a filter plate A into the lid of the manifold.

Pipette the contents of the culture plate into the corresponding wells of the filter plate A. Gently apply
vacuum at < 20 inches Hg until all the lysate is filtered. Discard the filter plate A.

Remove the filter plate DB and the short plate adaptor from the manifold. Do not allow the filter plate
DB to touch any surface. Place the empty culture plate in the manifold, and close the lid. Place the
filter plate DB in the lid.

Add 300 puL binding buffer to each well of the filter plate DB, and gently apply vacuum at < 20 inches
Hg until all the solution is filtered.

Mix one part purification solution concentrate with three parts 100% ethanol; make 40 mL per plate.
Add 400 pL diluted purification solution to each well, and gently apply vacuum at <20 inches Hg until
all the solution is filtered.

Remove the filter plate DB from the manifold, and blot it on a paper towel.

Remove the culture plate from the manifold, and discard the contents. Place a tall adaptor plate in the
manifold, and place a collection plate on top of it. Close the lid, and place the filter plate DB in the lid.

Add 70 pL nanopure water to each well, and allow the plate to sit for 5 minutes. Gently apply vacuum
at < 20 inches Hg until all the water is filtered. Discard the filter plate DB. The eluant contains
purified plasmid.

Remove the collection plate from the manifold, and place it in a 37°C incubator. Allow the plate to
dry overnight to remove any residual purification solution.
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Appendix B.8 (Continued)

16. Add 50 pL nanopure water to each well to dissolve the dried DNA.
17. Cover the plate with a plate seal.

18. The DNA is now ready for use.
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Appendix B.9: DNA Sequencing on a CEQ 8000 Genetic Analysis System with a Quick Start Kit, DTCS,

CEQ™

1. A Quick Start Kit, DTCS, CEQ™ (Beckman Coulter Inc., Fullerton, CA) contains: DTCS Quick Start
Master Mix, sequence loading solution and 20 mg/mL glycogen. Primers, 3M sodium acetate pH 5.2,
100mM EDTA pH 8.0, 100% ethanol and 70% ethanol are also required. The instruction manual calls
for reactions four times the size of the one described here; however, quarter reactions were used
consistently with satisfactory results.

2. Mix 3 uL purified plasmid DNA and 2 uL nanopure water in a 0.2 mL tube, heat for | minute at 96°C,
and place on ice.

3. Add 3 uL of 3.2 pMol/uL primer and 2 uL. DTCS Quick Start Master Mix to the tube. Mix
completely.

4. Run 30 cycles of the following: denature at 96°C for 20 s; anneal at 50°C for 20 s and extend at 60°C
for 4 min. Hold at 4°C after the 30 cycles.

5. Make a stop solution by mixing 2 uL of 3 M sodium acetate pH 5.2, 2 uL of 100 mM EDTA pH 8.0
and 1 uL of 20 mg/mL glycogen.

6. Add 5 uL stop solution and 60 wL of -20 °C ethanol (100% ) to the reaction, mix well, and centrifuge
15 min at 16,000 x g at 4 °C. Discard supernatant.

7. Add 200 uL of -20 °C ethanol (70%). Centrifuge 2 min at 16,000 x g at 4 °C. Discard supernatant.
8. Repeat step 7.

9. Dry the pellet 5 min at low heat in a Savant SC110A Speed-Vac Plus concentrator system (Ramsey,
MI)

10. Dissolve the pellet in 40 uL sequence loading solution.
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Appendix B.10: Internal Sequencing Primers for G3PDH

Name/Type GIF GIR
ACAL&ACAS GCT CTG CAG CAA CTTCT  GAT TGCAAT ACG GTG GA
AMA AAT CGG CTC ACA TGA TG~ ACA TCA TGT GAG CCG AT
BCA AGA AGT TAT TCC AGACG  TTC GAC ACT TCA TAT GC
BFL IL & BFLIS CTG TAG GAA TGA GGCTT  GAC CTC CTT AGC CAG GT
BFL IIL & BFL IIS GCT ACC ACT GTG GAGAT  CTA TTG TGG TCT CAC AG
BPLL & BPLS CTT GGT CTC ATG GAA GT ~ ACT TCC ATG AGA CCA AG
CVAI,CVAIIL, & CVAIIS TGT GAT GAC GAA CAGAC GGG GTC TGC ATT AAT TC
CVI GCC TGA TGG AAATGATC  AGC ATC TCG GCT TCA AG
DDO CCA ATT GTT TAC GGA GT ~ CGT AGT ATT AGA TCG GC
ECL CCA AGA TGA AACTGT AG  GCT CGT TAG CTA CCT CA
GPY L & GPY S TCT GAT GGG AGC CAATA  AAT CAC AGC CGC TTT GG
LPO1 CAG CAG AGA AGT TCTGT ~ GTG TGG ATA TCA TCG AC
LPO II CAG CAG AGA AATTCTGC  GTG TTC ATG TCA TCA CA
MNI TGA GGA CAC TGT AGA AC  ATA AGC CAT CTT CAC GA
MOC GGC TGT CAC AATTTG GA  TCG TCA ACG ACG CAT AT
NBI TGG ACG ATT CTA GGACT  AGG ACA TTT GCT GCC GA
OAN TGC TAC TGC TGT TGA AC  TGG GCT TCA AAT AGA TC
PCR CAG ACG GAT TAC TTC AG  TTT AAG GCC CCG CAC AA
PHASC IL, PHASC IS, & PHASC Il ATA CTT CAG GAT CGT GG~ CCA CGA TCC TGA AGT AT
POB I & POB II ACA CCG TAC TTC AGGAT  ATC CTG AAG TAC GGT GT
PVAL &PVAS GCT ACT GAA GGA CATGC  CAT ACC GTG GTT CAC GT
SFR ATC GGC TGC GCA AACTT ~ GTA ATC GGT CTG CAT GA
SHY GAA GTG GAT TCA TTC AG  CTG AAT GAA TCC ACT TC
STEN CAT GCA CTG AAACGCTT  ACA GCC AAC AGT GGC TT
TTR L GIF2 & GIR2 (Extra Internals) CTA ATG AGG TTG CAGCA  ACA GTT GTG CAT ATT CC
CAFL GCT AGG TTG GCC CCC AT
DVAII GCA AGA TTT GCC CCC AT
HLE GCT AGA TTA GCT CCC AT
KTU, M.OMU, & TTR S GCT ATA TTG GCT CCC AT
LTEI GCA ATG TTG GCT CCC AT
LTEII GCG ATG TTG GCT CCC AT
LUVAI GCG ATG TTG GCG CCC AT
LUVAII GCG ATG TTC GCA CCC AT
NEOL &S GCC AGG TTT GCT CCC AT
PCAL GCA ATA TTG GCT CCC AT
PEGO IL, PEGO IS, PEGO IIL, PEGO IIS GCA ATG TTG GCA CCC AT
PLI GCC AAG TTA GCG CCC AT
PPSL & PPS S GCC AGG TTA GCA CCC AT
SME I GCG ATG TTT GCT CCC AT
SME II GCG ATG TTG GCC CCC AT
Standard Primer TGY GGN YTN AAR AA TTY TTN ARN GCN CCR CA

Standard primers were used for all sequence types not listed in this table. Organism abbreviations are
found in Appendix B.12. IF = Internal Forward (Sense Strand). IR = Internal Reverse (Antisense Strand).
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Appendix B.11: Internal Sequencing Primers for SERCA

Name/Type SIF1 Name/Type SIR1 Name/Type SIR1

ACATI GCTGCTATC  ACAI& ACATI CCTTCG GGA  LUVAIIL LUVAIV, CCT TCT GGA
CCG GAG GG ATT GCC GC & LUVAV ATC GCA GC

ETAL &ETAS GCC GCC ATC ACATI CCC TCC GGG MMC I & MMC II CCC TCA GGG
CCT GAA GG ATA GCA GC ATA GCA GC

HDU GCC GCC ATC AMA, COFL, & CCT TCT GGG MNI CCCTCT GGG
CCC GAG GG LUVA VI ATG GCA GC ATA GCG GC

LECA GCT GCT ATT AOC & POB 1 CCCTCG GGG MOCI, MOCII, & CCT TCT GGT
CCG GAA GG ATA GCA GC SGR ATA GCT GC

LUVA I GCT GCA AGG  BFL (SIRIALT) GAT AAC GAC  MQU CCC TCT GGG
CCA GAA GG TCC ACT GC ATG GCT GC

MMC I GCTGCTATC  BNE CCTTCCGGG  NBI CCT TCA GGA
CCT GAG GG ATG GCA GC ATG GCC GC

NBI GCG GCC ATT BPL CCC TCC GGG NEO CCCTCT GGG
CCT GAA GG ATG GCG GC ATA GCA GC

PEGO IV GCT GCC ATC CAFL CCC TCA GGG PBA & PSE CCT TCA GGG
CCT GAG GG ATG GCA GC ATG GCA GC

PHIL III, PHIL GCTGCCATT  CGR & LUVAI CCTTCTGGG  PCAL & SDE CCT TCG GGG
1V, & PHIL V CCC GAG GG ATA GCT GC ATG GCA GC

POBII GCT GCC ATC CVA,DDO I, &« MCA  CCT TCT GGG PCR CCT TCA GGG
CCC GAG GG ATA GCA GC ATA GCG GC

HDU (SIF1.5) GAC CAT GAG CVI CCT TCT GGG PEGO I, PEGO 11, CCC TCA GGG
AAC CTG GT ATA GCC GC PEGO III, PEGO IV,  ATG GCA GC

& SDR

NBI (SIF1.5) CAT GTG TAA  DDOII (SIRIALT) AGA CGC TAC  PHASC CCT TCG GGA
CGA CTCCA ATT CGT GC ATG GCA GC

Standard Primer GCNGCNATH DTEI CCC TCA GGA PHGO & TSE CCT TCA GGG
CCN GAR GG ATG GCG GC ATA GCT GC

DTE II CCTTCTGGA  PHILI CCT TCC GGA
ATA GCT GC ATA GCC GC

DVA & LSAL CCTTCA GGG  PHILILPMAIL & CCC TCG GGA
ATA GCA GC PMA II ATG GCA GC

ETAL & ETA S CCTTCAGGG  PHILIIL PHILIV,&  TAG TAG ATA
ATG GCG GC PHIL V (SIRIALT) GCA CCA CG

GPY CCCTCG GGT PLI CCT TCG GGA
ATA GCT GC ATT GCA GC

HDU (SIR1ALT) GGTCGT TGA  POBII CCC TCG GGG
AGT GAC CA ATG GCA GC

LECA CCT TCC GGA SFR CCT TCC GGA
ATA GCA GC ATG GCG GC

LITH, OAN [, OAN CCTTCAGGA  STEN CCC TCA GGA
II, & SHY L ATA GCA GC ATA GCA GC

LPOIL CCT TCT GGA SVE CCC TCA GGG
ATA GCA GC ATG GCG GC

LPOIL LTEL, & LTE =~ CCTTCT GGA  TTRI CCT TCA GGT
il ATG GCA GC ATA GCT GC

LSE CCCTCT GGG TTR II CCCTCT GGA
ATG GCA GC ATG GCC GC

LTEV CCTTCCGGA  XINI CCT TCC GGG
ATA GCG GC ATA GCA GC

LTE VI (SIRIALT) CCAGTTCCA  XINII(SIRIALT) TGT TGA TGG
ATG ACG AT CCCACACA

LUVA I CCTTCT GGA  Standard Primer CCY TCN GGD
ATT GCA GC ATN GCN GC
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Appendix B.11 (Continued)

Name/Type SIF2 Name/Type SIF2 Name/Type SIR2
ACAT& ACATII GTC GGT GAA  MMC I & MMC II ATC GGA GAG ~ COFL TCG GTG GCT
GCG ACA GA CCT ACT GA TCA CCA AT
ACA T GTC GGA GAA  MNI GTTGGTGAG  ETAL TCA GTG GCC
GCG ACG GA GCC ACA GA TCA CCG AC
AMA (SIF2ALT) TGA GGG TGT ~ MOC1& MOC II GTGGGT GAG ~ LECA TCG GTG GCC
ACT GGA CA GCCACT GA TCA CCG AC
AOC GTITGGC GAG ~ MQU & DVA GTG GGTGAG  LTEI TCT GTT GCT
GCC ACT GA GCT ACA GA TCT CCA AT
BFL & LPO IL GTG GGT GAG ~ NBI (SIF2ALT) ATG AAA CAC  LTEII TCT GTC GCC
GCCACA GA GTG GCT GC TCT CCA AT
BNE GTA GGGGAG NEO & ETAL GTC GGT GAG  LUVAI TCA GTT GCC
GCT ACG GA GCC ACT GA TCG CCA AC
BPL & XIN I GTG GGC GAA  OAN1 GTCGGC GAG ~ LUVAV GAT GAG TTC
GCG ACC GA TCC ACC GA (SIR2ALT) CGT ACT GA
CAFL GTA GGT GAG OANII GTC GGC GAG MMCI& MMC  TCA GTA GGC
GCC ACT GA TCC ACT GA 1 TCT CCG AT
CGR GTG GGC GAA  PBA GTA GGT GAA  PMAI TCG GTG GCT
GCA ACT GA GCT ACCGA TCG CCG AC
COFL ATT GGT GAA PCAL GTG GGT GAG POBII TCG GTG GCC
GCC ACC GA GCT ACT GA TCT CCG AC
CVA GTT GGA GAG ~ PEGOL PEGOII, & GTG GGA GAA  SDE TCG GTA GCT
GCC ACA GA PEGO III GCC ACT GA TCG CCG AC
CVI GTA GGA GAG  PHGO GTT GGA GAA TSE TCA GTC GCC
GCT ACG GA GCT ACA GA TCG CCA AC
DDO1 GTC GGC GAA  PHILI (SIF2ALT) ATC GAC GAC  TTRII TCT GTC GGT
GCA ACA GA TGG TGG AT TCT CCA AT
DDOIL, PEGO1V,&  GTGGGA GAG  PHILII, PHIL III, GTTGGTGAA  PHILIV CAC TCC GAT
PHASC GCC ACA GA PHIL IV, & PHIL V GCT ACG GA (SIR2.5ALT) CAG CAC AG
DTEI GTC GGA GAG ~ PLI GTT GGC GAA  Standard Primer ~ TCN GTN GCY
GCC ACT GA GCT ACCGA TCN CCN AC
DTEII GTG GGT GAA  PMA1 GTC GGC GAA
GCA ACA GA GCCACCGA
GPY GTTGGTGAA  PMAII GTT GGA GAG
GCA ACC GA TCT ACA GA
HDU (SIF2ALT) GTATGTCCG  POBI&POBII GTC GGA GAG
CAT CAA CG GCCACCGA
LECA (SIF2ALT) TIGACCTCG  PSE GTG GGA GAA
AGG ACT CG GCT ACCGA
LITH GTG GGT GAG ~ SDE GTC GGC GAA
GCA ACT GA GCT ACCGA
LPO II GTG GGT GGA SDR GTC GGT GAG
GCT ACA GA GCG ACC GA
LSAL GTC GGT GAA  SFR (SIF2ALT) GAG ATC ATC
GCT ACA GA AAA CTG TG
LSE GTG GGC GAG SGR GTT GGT GAG
GCC ACT GA GCA ACT GA
LTEI& LTE VI ATT GGA GAA  SHY L & PCR GTT GGT GAA
GCA ACA GA GCC ACT GA
LTEII ATT GGA GAG  STEN GTT GGC GAG
GCG ACA GA GCT ACT GA
LTE III GTG GGA GAG ~ SVE GTT GGC GAG
GCG ACA GA GCG ACA GA
LTE IV GTG GGT GAG ~ TSE GTT GGC GAG
GCG ACG GA GCG ACT GA
LTEV GTT GGA GAG ~ TTRI GTA GGT GAG
GCCACG GA GCT ACA GA
LUVA I GTT GGC GAG ~ TTRII ATT GGA GAA
GCA ACT GA CCG ACA GA
LUVAILLUVAII,  GTAGGTGAA  XINI GTT GGA GAA
& LUVA IV GCA ACG GA GCG ACT GA
LUVA V (SIF2ALT) ~ CAATGA CTC ~ PHILIV (SIF2.5ALT)  AGT TTT CAC
CAC AGT TG GTG ATC GA
MCA GTG GGT GAA  Standard Primer GTN GGN GAR
GCCACG GA GCN CAN GA
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Appendix B.11 (Continued)

Name/Type SIF3 Name/Type SIR3
ETA L (SIF3ALT) GCC GTG AGT ACAT(SIR3ALT) TCG CCT CAG
TTG ACG AA ACT TCG AA
LPOIL ATT ACT GGT CVI TTG TTA TCT
GAC AAC AA CCT GTG AT
LUVAI ATC ACC GGA LECA TTG TTG TCA
GAT AAC AA CCA GTG AT
LUVA IV, LUVA V, & LUVA VI  ATC ACA GGA LTE III TTA TTG TCT
GAC AAC AA CCT GTG AT
MMC I ATT ACT GGT LUVAI TTG TTA TCT
GAT AAC AA CCG GTG AT
PCR ATC ACT GGT LUVAIV,LUVA V, & LUVA VI TTG TTG TCT
GAT AAC AA CCT GTG AT
SFR ATC ACT GGT MMC I & MMC I TTG TTA TCA
GAT AAC AA CCA GTA AT
Standard Primers ATH CAN GGN MOC 1 TTG TTA TYA
GAY AAY AA CCA GTG AT
OANI& OANII TTG TTG TCT
CCTGTA AT
PCR TTG TTA TCA
CCA GTG AT
PEGO III TTA TTG TCT
CCA GTG AT
PHIL I TTG TTA TCA
CCA GTG AT
PHIL 111, PHIL 1V, & PHIL V (SIR3ALT) GAT ACC AGC
ATT TCG AC
PMA I TTG TTA TCA
CCG GTT AT
SGR TTA TTA TCT
CCA GTTAT
Standard Primers TTR TTR TCN
CCN GTD AT

Standard primers were used for all sequence types not listed in this table. Organism abbreviations are

found in Appendix B.12. IF = Internal Forward (Sense Strand). IR = Internal Reverse (Antisense Strand).
ALT denotes a primer not in the standard position.
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Appendix B.12: Species Abbreviations Used for Type and Primer Denotations

Species Abbreviation Species Abbreviation
Amphiporus ochraceus AOC Mnemiopsis mccradyi MMC
Anurida maritima AMA Molgula occidentalis MOC
Aplidium californicum ACA Mopalia muscosa MOMU
Bdelloura candida BCA Nemertopsis bivittata NBI
Brachionus plicatilis BPL Neolineus sp. NEO
Branchiostoma floridae BFL Ophiothrix angulata OAN
Bugula neritina BNE Parastichopus californicus PCAL
Carditamera floridana CAFL Pectinaria gouldi PEGO
Chaetopterus variopedatus  CVA Pectinatella magnifica PMA
Childia groenlandica CGR Phascolion sp. PHASC
Corbicula fluminea COFL Phascolopsis gouldi PHGO
Crassostrea virginica CVI Philodina sp. PHIL
Dolomedes tenebrosus DTE Phoronis psammophila PSA
Donax variabilis DVA Phoronis vancouverensis PVA
Dugesia dorotocephala DDO Podarke obscura POB
Elysia clarki ECL Pseudoceros crozieri PCR
Emerita talpoida ETA Pseudopolydesmus serratus PSE
Glottidia pyramidata GPY Ptychodera bahamensis PBA
Henricia leviuscula HLE Pycnogonum littorale PLI
Hypsibius dujardini HDU Sabella melanostigma SME
Katharina tunicata KTU Saccoglossus bromophenolosus SBR
Lecane sp. LECA Serpula vermicularis SVE
Lepisma saccharina LSA Sphaeroma destructor SDE
Limulus polyphemus LPO Stellata grubii SGR
Lithobius sp. LITH Stenostomum sp. STEN
Luidia senegalensis LSE Strongylocentrotus droebachiensis ~ SDR
Lumbriculus variegatus LUVA Stylochus frontalis SFR
Lumbricus terrestris LTE Synaptula hydriformis SHY
Macrocallista nimbosa MNI Terebratulina septentrionalis TSE
Melampus coffeus MCO Terebratalia transversa TTR
Mellita quinquiesperforata ~ MQU Xiphinema index XIN
Mercenaria campechiensis  MCA

When more than one type variant was recovered for a species, Roman numerals were appended to the
abbreviation to denote the specific type. For size variants, L, S, and SS were added to the end of the
abbreviation to denote long (L), short (S) and super short (SS). These additions were also used in
combination with one another.

183



Appendix B.13: SERCA Sequences Used in this Study

Major Group Species AA DNA Notes
Annelida: Oligochaeta Lumbriculus variegatus 1 This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbriculus variegatus 11~ This Study This Study Both AA and DNA Used
Annelida: Oligochaeta Lumbriculus variegatus This Study This Study Only AA Used: Duplication Tree

I
Annelida: Oligochaeta Lumbriculus variegatus This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta ?zimbriculus variegatus V. This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbriculus variegatus This Study This Study Only AA Used: Duplication Tree

VI
Annelida: Oligochaeta Lumbricus terrestris 1 This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbricus terrestris 11 This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbricus terrestris 111 This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbricus terrestris IV This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbricus terrestris V This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbricus terrestris V1 This Study This Study Both AA and DNA Used
Annelida: Polychaeta Chaetopterus This Study This Study Both AA and DNA Used

variopedatus
Annelida: Polychaeta Pectinaria gouldi 1 This Study This Study Both AA and DNA Used
Annelida: Polychaeta Pectinaria gouldi 11 This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Pectinaria gouldi 111 This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Pectinaria gouldi IV This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Podarke obscura 1 This Study This Study Both AA and DNA Used
Annelida: Polychaeta Podarke obscura 11 This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Serpula vermicularis This Study This Study Both AA and DNA Used
Arthropoda: Arachnida Dolomedes tenebrosus 1 This Study This Study Both AA and DNA Used
Arthropoda: Arachnida Dolomedes tenebrosus 11 This Study This Study Only AA Used: Duplication Tree
Arthropoda: Artemia franciscana P35316 X51674 GenBank: Both AA and DNA Used
Branchiopoda
Arthropoda: Daphnia pulex JGI 219234 JGI_219234  Joint Genome Institute: Both AA and
Branchiopoda DNA Used
Arthropoda: Chilopoda Lithobius sp. This Study This Study Both AA and DNA Used
Arthropoda: Collembola  Anurida maritima This Study This Study Both AA and DNA Used
Arthropoda: Diplopoda Pseudopolydesmus This Study This Study Both AA and DNA Used

serratus
Arthropoda: Insecta Apis mellifera XP 393851 XM 393851 GenBank: Both AA and DNA Used
Arthropoda: Insecta Drosophila melanogaster ~ NP_476832 NM._057484  GenBank: Both AA and DNA Used
Arthropoda: Insecta Heliothis virescens AAD09820  AF115572 GenBank: Both AA and DNA Used
Arthropoda: Insecta Lepisma saccharina L This Study This Study Both AA and DNA Used
Arthropoda: Insecta Tribolium castaneum XP 975930 XM 970837 GenBank: Both AA and DNA Used
Arthropoda: Emerita talpoida L This Study This Study Both AA and DNA Used
Malacostraca
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Appendix B.13 (Continued)

Major Group Species AA DNA Notes
Arthropoda: Panulirus argus AAW22143 AY702617 GenBank: Both AA and DNA Used
Malacostraca
Arthropoda: Porcellio scaber AANT77377 AY158663 GenBank: Both AA and DNA Used
Malacostraca
Arthropoda: Procambarus clarkii AAB82290 AF025848 GenBank: Both AA and DNA Used
Malacostraca
Arthropoda: Sphaeroma destructor This Study This Study Both AA and DNA Used
Malacostraca
Arthropoda: Limulus polyphemus 11 This Study This Study Only AA Used: Duplication Tree
Merostomata
Arthropoda: Limulus polyphemus IL  This Study This Study Both AA and DNA Used
Merostomata
Arthropoda: Pycnogonum littorale This Study This Study Both AA and DNA Used
Pycnogonida
Brachiopoda Glottidia pyramidata This Study This Study Both AA and DNA Used
Brachiopoda Terebratulina This Study This Study Both AA and DNA Used

septentrionalis

Brachiopoda Terebratalia transversa  This Study This Study Both AA and DNA Used

Chordata: Branchiostoma floridae  This Study This Study Both AA and DNA Used

Cephalochordata

Chordata: Urochordata  Aplidium californicum1  This Study This Study Only AA Used: Duplication Tree

Chordata: Urochordata  Aplidium californicum This Study This Study Only AA Used: Duplication Tree

Chordata: Urochordata zléllplidium californicum This Study This Study Both AA and DNA Used

Chordata: Urochordata ICI%ona intestinalis 1 JGI_207981 JGI_207981 Both AA and DNA Used

Chordata: Urochordata  Ciona intestinalis 11 JGI_250190 Only AA Used: Duplication Tree

Chordata: Urochordata  Halocynthia roretzi BAC53586 AB098506 GenBank: Both AA and DNA Used

Chordata: Urochordata  Molgula occidentalis 1 This Study This Study Both AA and DNA Used

Chordata: Vertebrata Bos taurus XP_612129 XM_612129 GenBank: SERCA2: Both AA and
DNA Used

Chordata: Vertebrata Bos taurus 1 NP_001069235 GenBank: SERCAL: Only AA Used:
Duplication Tree

Chordata: Vertebrata Bos taurus 3 XP_589807 GenBank: SERCA3: Only AA Used:
Duplication Tree

Chordata: Vertebrata Canis familiaris NP_001003214 NM 001003214  GenBank: SERCA2: Both AA and
DNA Used

Chordata: Vertebrata Canis familiaris 1 XP_860010 GenBank: SERCAL: Only AA Used:
Duplication Tree

Chordata: Vertebrata Canis familiaris 3 XP_854556 GenBank: SERCA3: Only AA Used:
Duplication Tree

Chordata: Vertebrata Danio rerio NP_001025448 NM 001030277 GenBank: SERCA2: Both AA and

DNA Used
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Major Group Species AA DNA Notes
Chordata: Danio rerio 3 CAM15347 GenBank: SERCA3: Only AA Used: Duplication
Vertebrata Tree
Chordata: Danio rerio 11 NP_001007030 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata Tree
Chordata: Danio rerio 111 NP_001071001 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata Tree
Chordata: Gallus gallus AAA49066 GenBank: SERCA2: Both AA and DNA Used
Vertebrata
Chordata: Gallus gallus 1 NP_990850 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata Tree
Chordata: Gallus gallus 3 NP_990222 GenBank: SERCA3: Only AA Used: Duplication
Vertebrata Tree
Chordata: Homo sapiens NP_001672 NM 001681  GenBank: SERCA2: Both AA and DNA Used
Vertebrata
Chordata: Homo sapiens 1 NP_004311 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata Tree
Chordata: Homo sapiens 3 NP_005164 GenBank: SERCA3: Only AA Used: Duplication
Vertebrata Tree
Chordata: Monodelphis XP_001363869 GenBank: SERCA2: Both AA and DNA Used
Vertebrata domestica
Chordata: Monodelphis XP_001369144 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata domestica 1 Tree
Chordata: Mus musculus NP_033852 NM_ 009722  GenBank: SERCA2: Both AA and DNA Used
Vertebrata
Chordata: Mus musculus 1 NP_031530 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata Tree
Chordata: Mus musculus 3 BAC40903 GenBank: SERCA3: Only AA Used: Duplication
Vertebrata Tree
Chordata: Takifugu rubripes JGI_597459 JGI_597459  Joint Genome Institute: SERCA2: Both AA and
Vertebrata DNA Used
Chordata: Takifugu rubripes 3 JGI_603654 Joint Genome Institute: SERCA3: Only AA Used:
Vertebrata Duplication Tree
Chordata: Takifugu rubripes 11 JGI_751533 Joint Genome Institute: SERCA1: Both AA and
Vertebrata DNA Used
Chordata: Takifugu rubripes 111~ JGI_755354 Joint Genome Institute: SERCA1: Both AA and
Vertebrata DNA Used
Chordata: Xenopus laevis AAI33186 BC133185 GenBank: SERCA2: Both AA and DNA Used
Vertebrata
Chordata: Xenopus laevis 1 AAH44063 GenBank: SERCAL: Only AA Used: Duplication
Vertebrata Tree
Chordata: Xenopus laevis 3 AAHS84962 GenBank: SERCA3: Only AA Used: Duplication
Vertebrata Tree
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Appendix B.13 (Continued)

Major Group Species AA DNA Notes

Cnidaria: Anthozoa Nematostella vectensis JGI_160437  JGI_160437 Joint Genome Institute: Both AA
and DNA Used

Ctenophora Mnemiopsis mccradyi 1 This Study This Study Both AA and DNA Used

Echinodermata: Luidia senegalensis This Study This Study Both AA and DNA Used

Asteroidea

Echinodermata: Mellita quinquiesperforata This Study This Study Both AA and DNA Used

Echinoidea

Echinodermata: Strongylocentrotus This Study This Study Both AA and DNA Used

Echinoidea droebachiensis

Echinodermata: Parastichopus californicus This Study This Study Both AA and DNA Used

Holothuroidea

Echinodermata: Synaptula hydriformis L This Study This Study Both AA and DNA Used

Holothuroidea

Echinodermata: Ophiothrix angulata 1 This Study This Study Both AA and DNA Used

Ophiuroidea

Ectoprocta: Bugula neritina This Study This Study Both AA and DNA Used

Gymnolaemata

Ectoprocta: Pectinatella magnifica 1 This Study This Study Both AA and DNA Used

Phylactolaemata

Ectoprocta: Pectinatella magnifica 11 This Study This Study Only AA Used: Duplication Tree

Phylactolaemata

Hemichordata Ptychodera bahamensis This Study This Study Only AA Used: Duplication Tree

Mollusca: Bivalvia Corbicula fluminea This Study This Study Both AA and DNA Used

Mollusca: Bivalvia Crassostrea virginica This Study This Study Both AA and DNA Used

Mollusca: Bivalvia Macrocallista nimbosa This Study This Study Both AA and DNA Used

Mollusca: Bivalvia Mercenaria campechiensis This Study This Study Both AA and DNA Used

Mollusca: Gastropoda Lottia gigantea JGI_228340 JGI_228340 Joint Genome Institute: Both AA
and DNA Used

Nematoda Caenorhabditis briggsae CAE71397 CAAC01000088 GenBank: Both AA and DNA
Used

Nematoda Caenorhabditis elegans NP 499385 NM_066984 GenBank: Both AA and DNA
Used

Nematoda Xiphinema index 1 This Study This Study Only AA Used: Duplication Tree

Nematoda Xiphinema index 11 This Study This Study Both AA and DNA Used

Nemertea Amphiporus ochraceus This Study This Study Both AA and DNA Used

Nemertea Nemertopsis bivittata This Study This Study Both AA and DNA Used

Nemertea Neolineus sp This Study This Study Both AA and DNA Used

Platyhelminthes: Acoela Childia groenlandica This Study This Study Both AA and DNA Used

Platyhelminthes: Stenostomum sp This Study This Study Both AA and DNA Used

Catenulida

Platyhelminthes: Schistosoma mansoni 1 AAC72756 GenBank: Both AA and DNA

Used
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Appendix B-13 (Continued)

Major Group Species AA DNA Notes
Platyhelminthes: Schistosoma mansoni ~ AAA96714 GenBank: Only AA Used:
Trematoda 1 Duplication Tree
Platyhelminthes: Pseudoceros crozieri This Study This Study Both AA and DNA Used
Polycladida
Platyhelminthes: Stylochus frontalis This Study This Study Both AA and DNA Used
Polycladida
Platyhelminthes: Dugesia This Study This Study Both AA and DNA Used
Tricladida dorotocephala 1
Platyhelminthes: Dugesia This Study This Study Only AA Used: Duplication Tree
Tricladida dorotocephala 11
Porifera: Demospongiae Stellata grubii This Study This Study Both AA and DNA Used
Rotifera: Bdelloidea Philodina sp 1 This Study This Study Only AA Used: Duplication Tree
Rotifera: Bdelloidea Philodina sp 11 This Study This Study Both AA and DNA Used
Rotifera: Bdelloidea Philodina sp 111 This Study This Study Only AA Used: Duplication Tree
Rotifera: Bdelloidea Philodina sp IV This Study This Study Only AA Used: Duplication Tree
Rotifera: Bdelloidea Philodina sp V This Study This Study Only AA Used: Duplication Tree
Rotifera: Monogononta Brachionus plicatilis This Study This Study Both AA and DNA Used
Rotifera: Monogononta Lecane sp This Study This Study Both AA and DNA Used
Sipuncula Phascolion sp This Study This Study Both AA and DNA Used
Sipuncula Phascolopsis gouldi This Study This Study Both AA and DNA Used
Tardigrada Hypsibius dujardini This Study This Study Both AA and DNA Used
Choanoflagellata Monosiga brevicollis JGI_7291 JGI_7291 Joint Genome Institute: Both AA and

DNA Used
Fungi: Ascomycota Cryptococcus XP_572412 XM_572412 GenBank: Both AA and DNA Used
neoformans
Fungi: Basidiomycota Neosartorya fischeri XP 001257791 XM_001257790  GenBank: Both AA and DNA Used

These sequences were employed to generate various trees used in this study. Several amino acid sequences
were only used in the SERCA Multi-form Sequences Tree (Figure 4.6) in collapsed clades and thus do not
appear as named here. Sequences obtained from the Joint Genome Institution have had the letters JGI
appended to the beginning of the reference numbers for ease of identification.

188



Appendix B.14: G3PDH Sequences Used in this Study

Major Group Species AA DNA Notes

Annelida: Oligochaeta Lumbriculus variegatus 1 This Study This Study Only AA Used: Duplication Tree
Annelida: Oligochaeta Lumbriculus variegatus 11 This Study This Study Both AA and DNA Used
Annelida: Oligochaeta Lumbricus terrestris 1 This Study This Study Both AA and DNA Used
Annelida: Oligochaeta Lumbricus terrestris 11 This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Chaetopterus variopedatus This Study This Study Only AA Used: Duplication Tree

I
Annelida: Polychaeta Chaetopterus variopedatus This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta ICI';;aetopterus variopedatus This Study This Study Both AA and DNA Used

IS
Annelida: Polychaeta Pectinaria gouldi IL This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Pectinaria gouldi 1S This Study This Study Both AA and DNA Used
Annelida: Polychaeta Podarke obscura 1 This Study This Study Only AA Used: Duplication Tree
Annelida: Polychaeta Podarke obscura 11 This Study This Study Both AA and DNA Used
Annelida: Polychaeta Sabella melanostigma 1 This Study This Study Both AA and DNA Used
Arthropoda: Daphnia pulex JGI_212011 JGI 212011  JGI: Both AA and DNA Used
Branchiopoda
Arthropoda: Collembola  Anurida maritima This Study This Study Both AA and DNA Used
Arthropoda: Diplopoda Pseudopolydesmus serratus ~ This Study This Study Both AA and DNA Used
Arthropoda: Insecta Apis mellifera AAC14552 AF023666 GenBank: Both AA and DNA Used
Arthropoda: Insecta Bombyx mori BAD38675 AB164061 GenBank: Both AA and DNA Used
Arthropoda: Insecta Drosophila melanogaster 1 NP_476567 NM_ 057219  GenBank: Both AA and DNA Used
Arthropoda: Insecta Drosophila melanogaster 11~ NP_732726 GenBank: Only AA Used:

Duplication Tree

Arthropoda: Insecta Drosophila melanogaster AAL90169 GenBank: Only AA Used:

1 Duplication Tree
Arthropoda: Insecta Drosophila pseudoobscura AAB02947 Only AA Used: Duplication Tree
Arthropoda: Insecta IDrosophila pseudoobscura XP_001358732 GenBank: Only AA Used:

1 Duplication Tree
Arthropoda: Insecta Drosophila pseudoobscura XP_001360397 GenBank: Only AA Used:

1 Duplication Tree
Arthropoda: Insecta Lepisma saccharina This Study This Study Both AA and DNA Used
Arthropoda: Insecta Locusta migratoria AADO05301 AF083952 GenBank: Both AA and DNA Used
Arthropoda: Insecta Tribolium castaneum XP_975007 XM 969914  GenBank: Both AA and DNA Used
Arthropoda: Emerita talpoida This Study This Study Both AA and DNA Used
Malacostraca
Arthropoda: Sphaeroma destructor This Study This Study Both AA and DNA Used
Malacostraca
Arthropoda: Limulus polyphemus 1 This Study This Study Only AA Used: Duplication Tree
Merostomata
Arthropoda: Limulus polyphemus 11 This Study This Study Both AA and DNA Used
Merostomata
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Appendix B.14 (Continued)

Major Group Species AA DNA Notes
Arthropoda: Pycnogonum littorale This Study This Study Both AA and DNA Used
Pycnogonida
Brachiopoda Glottidia pyramidata L. This Study This Study Only AA Used: Duplication Tree
Brachiopoda Glottidia pyramidata S~ This Study This Study Both AA and DNA Used
Brachiopoda Terebratulina This Study This Study Both AA and DNA Used

septentrionalis
Brachiopoda Terebratalia This Study This Study Only AA Used: Duplication Tree
transversa L
Brachiopoda Terebratalia This Study This Study Both AA and DNA Used
transversa S
Chordata: Branchiostoma This Study This Study Only AA Used: Duplication Tree
Cephalochordata floridae IL
Chordata: Branchiostoma This Study This Study Both AA and DNA Used
Cephalochordata floridae 18
Chordata: Aplidium californicum This Study This Study Both AA and DNA Used
Urochordata L
Chordata: Aplidium californicum This Study This Study Only AA Used: Duplication Tree
Urochordata S
Chordata: Ciona intestinalis JGI_206145 JGI_206145 Joint Genome Institute: Both AA and
Urochordata DNA Used
Chordata: Molgula occidentalis This Study This Study Both AA and DNA Used
Urochordata
Chordata: Vertebrata Bos taurus AAIO5514 BC105513 GenBank: G3PDH: Both AA and DNA
Used
Chordata: Vertebrata Bos taurus GL XP_592315 GenBank: G3PDH-Like: Only AA
Used: Duplication Tree
Chordata: Vertebrata Canis familiaris XP_850380 XM_845287 GenBank: G3PDH: Both AA and DNA
Used
Chordata: Vertebrata Canis familiaris GL XP_542745 GenBank: G3PDH-Like: Only AA
Used: Duplication Tree
Chordata: Vertebrata Danio rerio NP_999918 GenBank: G3PDH-Like: Only AA

Chordata: Vertebrata

Chordata: Vertebrata

Chordata: Vertebrata

Chordata: Vertebrata

Chordata: Vertebrata

Chordata: Vertebrata

Danio rerio 1

Danio rerio 11

Homo sapiens

Homo sapiens GL

Mus musculus

Mus musculus GL

NP_001017709

NP_956000

NP_005267

NP 055956

AAHO05756

BAD32164

NM_001017709

NM_005276

BC005756

Used: Duplication Tree

GenBank: G3PDH: Both AA and DNA
Used
GenBank: G3PDH: Only AA Used:

Duplication Tree

GenBank: G3PDH: Both AA and DNA
Used

GenBank: G3PDH-Like: Only AA
Used: Duplication Tree

GenBank: G3PDH: Both AA and DNA
Used

GenBank: G3PDH-Like: Only AA
Used: Duplication Tree
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Appendix B.14 (Continued)

Major Group Species AA DNA Notes

Chordata: Vertebrata Takifugu rubripes 1 057656 U72484 GenBank: G3PDH: Both AA and DNA

Chordata: Vertebrata Takifugu rubripes 11 JGI_749663 }{)Slfl(g Genome Institute: G3PDH: Only AA
Used: Duplication Tree

Chordata: Vertebrata Takifugu rubripes GL JGI_621982 Joint Genome Institute: G3PDH-Like:
Only AA Used: Duplication Tree

Chordata: Vertebrata Xenopus laevis AAHT77965  BCO077965 GenBank: G3PDH: Both AA and DNA
Used

Chordata: Vertebrata Xenopus laevis GL AAHA47958 GenBank: G3PDH-Like: Only AA Used:
Duplication Tree

Cnidaria: Anthozoa Nematostella vectensis 1 JGI 156868 JGI_156868 Joint Genome Institute: Both AA and DNA
Used

Cnidaria: Anthozoa Nematostella vectensis 11 JGI_240847 Joint Genome Institute: Only AA Used:
Duplication Tree

Echinodermata: Henricia leviuscula This Study This Study Both AA and DNA Used

Asteroidea

Echinodermata: Mellita quinquiesperforata  This Study This Study Both AA and DNA Used

Echinoidea

Echinodermata: Strongylocentrotus This Study This Study Both AA and DNA Used

Echinoidea droebachiensis

Echinodermata: Parastichopus californicus ~ This Study This Study Both AA and DNA Used

Holothuroidea

Echinodermata: Synaptula hydriformis This Study This Study Both AA and DNA Used

Holothuroidea

Echinodermata: Ophiothrix angulata This Study This Study Both AA and DNA Used

Ophiuroidea

Hemichordata Saccoglossus This Study This Study Both AA and DNA Used

bromophenolosus

Mollusca: Bivalvia Carditamera floridana This Study This Study Only AA Used: Duplication Tree

Mollusca: Bivalvia Corbicula fluminea 1 This Study This Study Only AA Used: Duplication Tree

Mollusca: Bivalvia Corbicula fluminea 11 This Study This Study Both AA and DNA Used

Mollusca: Bivalvia Crassostrea virginica This Study This Study Both AA and DNA Used

Mollusca: Bivalvia Donax variabilis This Study This Study Only AA Used: Duplication Tree

Mollusca: Bivalvia Macrocallista nimbosa This Study This Study Both AA and DNA Used

Mollusca: Bivalvia Mercenaria campechiensis  This Study This Study Both AA and DNA Used

Mollusca: Gastropoda Elysia clarki This Study This Study Both AA and DNA Used

Mollusca: Gastropoda Lottia gigantea 1 JGI_94037 JGI_94037 Joint Genome Institute: Both AA and DNA
Used

Mollusca: Gastropoda Lottia gigantea 11 JGI_164484 Joint Genome Institute: Only AA Used:
Duplication Tree

Mollusca: Gastropoda Melampus coffeus This Study This Study Both AA and DNA Used

Mollusca: Katharina tunicata This Study This Study Both AA and DNA Used

Polyplacophora
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Appendix B.14 (Continued)

Major Group Species AA DNA Notes

Mollusca: Polyplacophora  Mopalia mucosa This Study This Study Both AA and DNA Used
Nematoda Caenorhabditis briggsae ~ CAE65098 CAAC01000045 GenBank: Both AA and DNA Used
Nematoda ICaenorhabditis briggsae  CAET71830 GenBank: Only AA Used:

1 Duplication Tree
Nematoda Caenorhabditis elegans1 ~ NP 499188  NM_066787 GenBank: Both AA and DNA Used
Nematoda Caenorhabditis elegans NP 493454 GenBank: Only AA Used:

1 Duplication Tree
Nemertea Amphiporus ochraceus This Study This Study Both AA and DNA Used
Nemertea Nemertopsis bivittata This Study This Study Both AA and DNA Used
Nemertea Neolineus sp L This Study This Study Only AA Used: Duplication Tree
Nemertea Neolineus sp S This Study This Study Both AA and DNA Used
Phoronida Phoronis psammophila L~ This Study This Study Only AA Used: Duplication Tree
Phoronida Phoronis psammophila S~ This Study This Study Both AA and DNA Used
Phoronida Phoronis vancouverensis ~ This Study This Study Both AA and DNA Used
Phoronida Is’horonis vancouverensis  This Study This Study Only AA Used: Duplication Tree
Platyhelminthes: I.S:tenostomum sp This Study This Study Both AA and DNA Used
Catenulida
Platyhelminthes: Schistosoma japonicum1 ~ AAW27117 GenBank: Only AA Used:
Trematoda Duplication Tree
Platyhelminthes: Schistosoma japonicum AAW27631 GenBank: Only AA Used:
Trematoda 1 Duplication Tree
Platyhelminthes: Schistosoma mansoni AAV65746  AY653161 GenBank: Both AA and DNA Used
Trematoda
Platyhelminthes: Pseudoceros crozieri This Study This Study Both AA and DNA Used
Polycladida
Platyhelminthes: Stylochus frontalis This Study This Study Both AA and DNA Used
Polycladida
Platyhelminthes: Bdelloura candida This Study This Study Both AA and DNA Used
Tricladida
Platyhelminthes: Dugesia dorotocephala This Study This Study Both AA and DNA Used
Tricladida
Rotifera: Monogononta Brachionus plicatilis L This Study This Study Both AA and DNA Used
Rotifera: Monogononta Lecane sp This Study This Study Both AA and DNA Used
Sipuncula Phascolion sp 11 This Study This Study Only AA Used: Duplication Tree
Sipuncula Phascolion sp IL This Study This Study Only AA Used: Duplication Tree
Sipuncula Phascolion sp 1S This Study This Study Both AA and DNA Used
Sipuncula Phascolopsis gouldi L This Study This Study Only AA Used: Duplication Tree
Sipuncula Phascolopsis gouldi S This Study This Study Both AA and DNA Used
Fungi: Ascomycota Cryptococcus XP_567088 XM_567088 GenBank: Both AA and DNA Used

neoformans 1
Fungi: Ascomycota Cryptococcus XP_569542 GenBank: Only AA Used:

neoformans 11

Duplication Tree
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Appendix B.14 (Continued)

Major Group Species AA DNA Notes
Fungi: Neosartorya fischeril ~ XP_001265436 XM 001265435  GenBank: Both AA and DNA Used
Basidiomycota
Fungi: Neosartorya fischeri XP_001260336 GenBank: Only AA Used: Duplication
Basidiomycota 1 Tree

These sequences were employed to generate various trees used in this study. Several amino acid sequences
were only used in the G3PDH Multi-form Sequences Tree (Figure 4.7) in collapsed clades and thus do not
appear as named here. Sequences obtained from the Joint Genome Institution have had the letters JGI
appended to the beginning of the reference numbers for ease of identification.
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Appendix B.15: SSU Sequences Used in this Study

Major Group Species Accession# Database
Annelida: Oligochaeta Lumbriculus variegatus AF20945 ERDB
Annelida: Oligochaeta Lumbricus terrestris AJ272183 ERDB
Annelida: Polychaeta Pectinaria regalis AY040698 NCBI
Annelida: Polychaeta Sabella spallanzanii AY436350 NCBI
Annelida: Polychaeta Serpula vermicularis AY732224 NCBI
Annelida: Polychaeta Chaetopterus luteus DQ209220 NCBI
Annelida: Polychaeta Ophiodromus pugettensis ~ DQ790086 NCBI
Arthropoda: Arachnida Misumenops asperatus AY210445 NCBI
Arthropoda: Branchiopoda  Artemia franciscana AJ238061 NCBI
Arthropoda: Branchiopoda  Daphnia pulex AF014011 NCBI
Arthropoda: Chilopoda Lithobius obscurus AF334271 NCBI
Arthropoda: Collembola Hypogastrura dolsana 726765 ERDB
Arthropoda: Diplopoda Polydesmus coriaceus AF005449 ERDB
Arthropoda: Insecta Apis mellifera AY703484 NCBI
Arthropoda: Insecta Bombyx mori DQ347470 NCBI
Arthropoda: Insecta Drosophila melanogaster ~ M21017 ERDB
Arthropoda: Insecta Lepisma saccharina X89484 ERDB
Arthropoda: Insecta Locusta migratoria AF370793 NCBI
Arthropoda: Insecta Lymantria xylina DQ179248 NCBI
Arthropoda: Insecta Tenebrio molitor X07801 ERDB
Arthropoda: Malacostraca Emerita emeritus AY583971 NCBI
Arthropoda: Malacostraca Panulirus argus Ul19182 ERDB
Arthropoda: Malacostraca Porcellio scaber AJ287062 NCBI
Arthropoda: Malacostraca Procambarus clarkii AF436001 NCBI
Arthropoda: Malacostraca Sphaeroma serratum AF255694 NCBI
Arthropoda: Merostomata Limulus polyphemus L81949 ERRDB
Arthropoda: Pycnogonida Pycnogonum diceros DQ389939 NCBI
Brachiopoda Glottidia pyramidata Ul12647 ERDB
Brachiopoda Terebratalia transversa AF025945 ERDB
Brachiopoda Terebratulina retusa U08324 NCBI
Chordata: Cephalochordata  Branchiostoma floridae M97571 ERDB
Chordata: Urochordata Ciona intestinalis AB013017 ERDB
Chordata: Urochordata Distaplia dubia AB211068 NCBI
Chordata: Urochordata Halocynthia roretzi AB013016 ERDB
Chordata: Urochordata Molgula occulta L12430 ERDB
Chordata: Vertebrata Bos taurus DQ222453 NCBI
Chordata: Vertebrata Canis familiaris NW878652 NCBI
Chordata: Vertebrata Danio rerio NW001513878 NCBI
Chordata: Vertebrata Gallus gallus AF173612 ERDB
Chordata: Vertebrata Homo sapiens K03432 ERDB
Chordata: Vertebrata Monodelphis domestica AJ311676 NCBI
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Appendix B.15 (Continued)

Major Group Species Accession # Database
Chordata: Vertebrata Mus musculus X00686 ERDB
Chordata: Vertebrata Scophthalmus maximus EF126038 NCBI
Chordata: Vertebrata Xenopus laevis X02995 ERDB
Cnidaria: Anthozoa Nematostella vectensis AF25438 NCBI
Ctenophora Mnemiopsis leidyi AF293700 NCBI
Echinodermata: Asteroidea Henricia ohshimai ABO084555 NCBI
Echinodermata: Asteroidea Luidia maculata AB084548 NCBI
Echinodermata: Echinoidea Encope aberrans 737126 ERDB
Echinodermata: Echinoidea Strongylocentrotus purpuratus L28056 ERDB
Echinodermata: Holothuroidea  Holothuria arenicola AY133475 NCBI
Echinodermata: Holothuroidea Leptosynapta inhaerens AY133468 NCBI
Echinodermata: Ophiuroidea Amphipholis squamata X97156 ERDB
Ectoprocta: Gymnolaemata Bugula neritina AF499749 NCBI
Ectoprocta: Phylactolaemata Cristatella mucedo AF025947 NCBI
Hemichordata Ptychodera bahamensis AF236802 ERDB
Hemichordata Saccoglossus bromophenolosus ~ AF236801 ERDB
Mollusca: Bivalvia Callista chione AJ007613 ERDB
Mollusca: Bivalvia Corbicula fluminea AF120557 NCBI
Mollusca: Bivalvia Crassostrea virginica X60315 ERDB
Mollusca: Bivalvia Mercenaria mercenaria AF106073 ERDB
Mollusca: Gastropoda Diodora graeca AF120513 NCBI
Mollusca: Gastropoda Ellobium chinensis AF190452 NCBI
Mollusca: Gastropoda Elysia viridis AY427499 NCBI
Mollusca: Polyplacophora Katharina tunicata AY377650 NCBI
Mollusca: Polyplacophora Mopalia muscosa AY377648 NCBI
Nematoda Caenorhabditis briggsae U13929 ERDB
Nematoda Caenorhabditis elegans X03680 ERDB
Nematoda Xiphinema index AY687997 NCBI
Nemertea Amphiporus hastatus AY928344 NCBI
Nemertea Cerebratulus lacteus AY145368 NCBI
Nemertea Emplectonema gracile AY928347 NCBI
Phoronida Phoronis psammophila AF025946 NCBI
Phoronida Phoronis vancouverensis U12648 ERDB
Platyhelminthes: Acoela Childia groenlandica AJ012529 ERDB
Platyhelminthes: Catenulida Stenostomum leucops U70084 ERDB
Platyhelminthes: Trematoda Schistosoma mansoni X53986 ERDB
Platyhelminthes: Polycladida Pseudoceros tritriatus AJ228794 ERDB
Platyhelminthes: Polycladida Stylochus zebra AF342801 NCBI
Platyhelminthes: Tricladida Bdelloura candida 799947 ERDB
Platyhelminthes: Tricladida Dugesia mediterranea U31084 ERDB
Porifera: Demospongiae Geodia neptuni AY737635 NCBI
Rotifera: Bdelloidea Philodina acuticornis U41281 ERDB
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Appendix B.15 (Continued)

Major Group

Species

Accession #

Database

Rotifera: Monogononta
Rotifera: Monogononta
Sipuncula

Sipuncula

Tardigrada
Choanoflagellata
Fungi: Ascomycota

Fungi: Basidiomycota

Brachionus plicatilis
Lecane bulla

Phascolion strombi
Phascolopsis gouldi
Hypsibius sp

Monosiga brevicollis
Cryptococcus neoformans

Neosartorya fischeri

U49911
DQ297698
AY210449
AF342796
793337
AF100940
L05427
U21299

ERDB
NCBI
NCBI
NCBI
NCBI
ERDB
ERDB
NCBI

These SSU sequences were employed in various combinations to generate the trees used in this study. The
accession numbers come from the databases containing the sequences. NCBI = National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov). ERDB = European Ribosomal RNA Data Base
(http://bioinformatics.psb.ugent.be/webtools/rRNA). The ERDB sequences are obtained pre-aligned

according to secondary structure.
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Appendix B.16: Single and Combined Dataset Taxon Names

Major Group SERCA G3PDH SSU Combined
Datasets
Annelida: Oligochaeta Lumbriculus variegatus Lumbriculus variegatus Lumbriculus Lumbriculus
variegatus variegatus
Annelida: Oligochaeta Lumbricus terrestris Lumbricus terrestris Lumbricus terrestris Lumbricus terrestris
Annelida: Sabellida Sabella melanostigma Sabella spallanzanii Sabella spp. *
Annelida: Sabellida Serpula vermicularis Serpula vermicularis Serpula vermicularis *
Annelida: Terebellida Pectinaria gouldi Pectinaria gouldi Pectinaria regalis Pectinaria spp.
Annelida: Spionida Chaetopterus Chaetopterus Chaetopterus luteus Chaetopterus spp.
variopedatus variopedatus
Annelida: Phyllodocida  Podarke obscura Podarke obscura Ophiodromus Hesionidae
pugettensis
Arthropoda: Dolomedes tenebrosus Misumenops Araneae
Arachnida asperatus
Arthropoda: Artemia franciscana Artemia franciscana Artemia franciscana
Branchiopoda
Arthropoda: Daphnia pulex Daphnia pulex Daphnia pulex Daphnia pulex
Branchiopoda
Arthropoda: Lithobius sp. Lithobius obscurus Lithobius spp.
Chilopoda
Arthropoda: Anurida maritima Anurida maritima Hypogastrura Hypogastruridae
Collembola dolsana
Arthropoda: Pseudopolydesmus Pseudopolydesmus Polydesmus Polydesmidae
. serratus coriaceus
Diplopoda serratus

Arthropoda: Insecta

Arthropoda: Insecta

Arthropoda: Insecta

Arthropoda: Insecta

Arthropoda: Insecta

Arthropoda: Insecta

Arthropoda: Insecta

Arthropoda:

Malacostraca

Arthropoda:

Malacostraca

Arthropoda:

Malacostraca

Arthropoda:

Malacostraca

Arthropoda:

Malacostraca

Arthropoda:

Merostomata

Apis mellifera

Drosophila
melanogaster
Heliothis virescens

Lepisma saccharina
Tribolium castaneum
Emerita talpoida
Panulirus argus
Porcellio scaber
Procambarus clarkii

Sphaeroma destructor

Limulus polyphemus

Bombyx mori
Locusta migratoria
Apis mellifera

Drosophila
melanogaster

Lepisma saccharina
Tribolium castaneum

Emerita talpoida

Sphaeroma destructor

Limulus polyphemus

Bombyx mori
Locusta migratoria
Apis mellifera

Drosophila
melanogaster
Lymantria xylina

Lepisma saccharina
Tenebrio molitor
Emerita emeritus
Panulirus argus
Porcellio scaber
Procambarus clarkii

Sphaeroma serratum

Limulus polyphemus

Bombyx mori **
Locusta migratoria
Apis mellifera

Drosophila
melanogaster
Lepidoptera **

Lepisma saccharina
Tenebrionidae
Emerita spp.
Panulirus argus
Porcellio scaber
Procambarus clarkii

Sphaeroma spp.

Limulus polyphemus
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Appendix B.16 (Continued)

Major Group SERCA G3PDH SSU Combined
Datasets
Arthropoda: Pycnogonum littorale Pycnogonum littorale Pycnogonum diceros Pycnogonum spp.
Pycnogonida
Brachiopoda Glottidia pyramidata Glottidia pyramidata Glottidia pyramidata Glottidia pyramidata
Brachiopoda Terebratulina Terebratulina Terebratulina retusa Terebratulina spp.
septentrionalis
septentrionalis
Brachiopoda Terebratalia transversa Terebratalia transversa Terebratalia transversa  Terebratalia
transversa

Chordata: Branchiostoma floridae Branchiostoma floridae Branchiostoma floridae  Branchiostoma
Cephalochordata floridae
Chordata: Aplidium californicum Aplidium californicum Distaplia dubia Aplousobranchia
Urochordata
Chordata: Ciona intestinalis Ciona intestinalis Ciona intestinalis Ciona intestinalis
Urochordata
Chordata: Halocynthia roretzi Halocynthia roretzi Halocynthia roretzi
Urochordata
Chordata: Molgula occidentalis Molgula occidentalis Molgula occulta Molgula spp.
Urochordata

Chordata: Vertebrata
Chordata: Vertebrata
Chordata: Vertebrata
Chordata: Vertebrata
Chordata: Vertebrata
Chordata: Vertebrata

Chordata: Vertebrata
Chordata: Vertebrata
Chordata: Vertebrata

Cnidaria: Anthozoa

Ctenophora
Echinodermata:
Asteroidea
Echinodermata:
Asteroidea
Echinodermata:
Echinoidea
Echinodermata:
Echinoidea
Echinodermata:
Holothuroidea
Echinodermata:

Holothuroidea

Bos taurus
Canis familiaris
Danio rerio
Gallus gallus
Homo sapiens

Monodelphis domestica

Mus musculus
Takifugu rubripes
Xenopus laevis

Nematostella vectensis

Mnemiopsis mccradyi

Luidia senegalensis

Mellita
quinquiesperforata
Strongylocentrotus
droebachiensis
Parastichopus
californicus

Synaptula hydriformis

Bos taurus
Canis familiaris

Danio rerio

Homo sapiens

Mus musculus
Takifugu rubripes
Xenopus laevis

Nematostella vectensis

Henricia leviuscula

Mellita
quinquiesperforata
Strongylocentrotus
droebachiensis
Parastichopus
californicus

Synaptula hydriformis

Bos taurus
Canis familiaris
Danio rerio
Gallus gallus
Homo sapiens

Monodelphis domestica

Mus musculus
Scophthalmus maximus
Xenopus laevis

Nematostella vectensis

Mnemiopsis leidyi

Henricia ohshimai

Luidia maculata

Encope aberrans

Strongylocentrotus

purpuratus

Holothuria arenicola

Leptosynapta
inhaerens

Bos taurus
Canis familiaris
Danio rerio
Gallus gallus
Homo sapiens

Monodelphis
domestica
Mus musculus

Percomorpha
Xenopus laevis

Nematostella
vectensis
Mnemiopsis spp.

Henricia spp. ***

Luidia spp. ***

Mellitidae

Strongylocentrotus

spp.

Aspidochirotacea

Synaptidae
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Appendix B.16 (Continued)

Major Group SERCA G3PDH SSU Combined Datasets
Echinodermata: Ophiothrix angulata ~ Ophiothrix angulata Amphipholis squamata Ophiurida
Ophiuroidea
Ectoprocta: Bugula neritina Bugula neritina Bugula neritina
Gymnolaemata
Ectoprocta: Pectinatella Cristatella mucedo Plumatellida
Phylactolaemata magnifica
Hemichordata Saccoglossus Saccoglossus Saccoglossus

bromophenolosus bromophenolosus bromophenolosus ****
Hemichordata Ptychodera Ptychodera bahamensis  Ptychodera bahamensis
bahamensis HAAK
Mollusca: Bivalvia Corbicula fluminea Corbicula fluminea Corbicula fluminea Corbicula fluminea
Mollusca: Bivalvia Crassostrea Crassostrea virginica Crassostrea virginica Crassostrea virginica
virginica
Mollusca: Bivalvia Macrocallista Macrocallista nimbosa Callista chione Venerinae
nimbosa
Mollusca: Bivalvia Mercenaria Mercenaria Mercenaria mercenaria ~ Mercenaria spp.
campechiensis campechiensis

Mollusca: Gastropoda
Mollusca: Gastropoda
Mollusca: Gastropoda
Mollusca:
Polyplacophora
Mollusca:
Polyplacophora

Nematoda
Nematoda

Nematoda

Nemertea

Nemertea

Nemertea
Phoronida

Phoronida

Platyhelminthes:
Acoela
Platyhelminthes:
Catenulida
Platyhelminthes:
Trematoda
Platyhelminthes:
Polycladida

Lottia gigantea

Caenorhabditis
briggsae
Caenorhabditis
elegans
Xiphinema index

Amphiporus
ochraceus
Nemertopsis
bivittata

Neolineus sp

Childia
groenlandica

Stenostomum sp
Schistosoma
mansoni

Pseudoceros

crozieri

Elysia clarki
Melampus coffeus
Lottia gigantea
Katharina tunicata

Mopalia muscosa

Caenorhabditis
briggsae
Caenorhabditis elegans

Amphiporus ochraceus

Nemertopsis bivittata

Neolineus sp

Phoronis psammophila

Phoronis
vancouverensis

Stenostomum sp

Schistosoma mansoni

Pseudoceros crosier

Elysia viridis
Ellobium chinensis
Diodora graeca

Katherine tunicata

Mopalia muscosa

Caenorhabditis
briggsae
Caenorhabditis elegans

Xiphinema index

Amphiporus hastatus

Emplectonema gracile

Cerebratulus lacteus

Phoronis psammophila

Phoronis
vancouverensis
Childia groenlandica

Stenostomum leucops

Schistosoma mansoni

Pseudoceros tritriatus

Elysia spp.
Ellobiidae
Limpet

Katherine tunicata

Mopalia muscosa

Caenorhabditis briggsae
Caenorhabditis elegans

Xiphinema index

Amphiporus spp.

Emplectonematidae

Lineidae

Phoronis psammophila

Phoronis vancouverensis

Childia groenlandica

Stenostomum spp.

Schistosoma mansoni

Pseudoceros spp.
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Appendix B.16 (Continued)

Major Group SERCA G3PDH SSU Combined
Datasets

Platyhelminthes: Stylochus frontalis Stylochus frontalis Stylochus zebra Stylochus spp.
Polycladida
Platyhelminthes: Bdelloura candida Bdelloura candida Bdelloura candida
Tricladida
Platyhelminthes: Dugesia Dugesia Dugesia mediterranea  Dugesia spp.
Tricladida dorotocephala dorotocephala
Porifera: Demospongiae Stellata grubii Geodia neptuni Astrophorida
Rotifera: Bdelloidea Philodina sp. Philodina acuticornis Philodina spp.

Rotifera: Monogononta
Rotifera: Monogononta
Sipuncula

Sipuncula

Tardigrada
Choanoflagellata

Fungi: Ascomycota

Fungi: Basidiomycota

Brachionus plicatilis
Lecane sp.
Phascolion sp.
Phascolopsis gouldi
Hypsibius dujardini
Monosiga brevicollis

Cryptococcus
neoformans
Neosartorya fischeri

Brachionus plicatilis
Lecane sp.
Phascolion sp.

Phascolopsis gouldi

Cryptococcus
neoformans
Neosartorya fischeri

Brachionus plicatilis
Lecane bulla
Phascolion strombi
Phascolopsis gouldi
Hypsibius sp.
Monosiga brevicollis

Cryptococcus
neoformans
Neosartorya fischeri

Brachionus plicatilis
Lecane spp.
Phascolion spp.
Phascolopsis gouldi
Hypsibius spp.
Monosiga brevicollis

Cryptococcus
neoformans
Neosartorya fischeri

Some taxa did not match perfectly among the combined datasets. In most cases the lack of available SSU
sequences caused the mismatches and the taxonomically closest and most complete SSU sequences were
used instead. Most of the SERCA and G3PDH sequences were generated by the current study. Therefore,
only four cases occurred in which the taxa for these genes did not corresponded exactly and could only be
matched at the Class-Order level. When this sort of mismatch occurred, the SERCA + G3PDH and total
combined datasets used the name of the lowest level taxon for which the sequences matched. Moreover,
the total combined datasets used the corresponding SSU taxon with the shorter branch length.

* Annelid order Sabellida: SERCA = Serpula vermicularis, G3PDH = Sabella melanostigma, and SSU =

Sabella melanostigma.

** Arthropod (Insecta) order Lepidoptera: SERCA = Heliothis virescens, G3PDH = Bombyx mori, and

SSU = Bombyx mori.

*** Echinoderm Class Asteroidea: SERCA = Luidia senegalensis, G3PDH = Henricia leviuscula, and SSU

= Henricia ohshimai.

**x* Hemichordata Class Enteropneusta: SERCA = Ptychodera bahamensis, G3PDH = Saccoglossus
bromophenolosus, and SSU = Ptychodera bahamensis.
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