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Chapterr 7 

Identification,, Characterization and Phylogenetic Signal of an 
Elongationn Factor-1 alpha Fragment in Demosponges (Metazoa: Porifera) 

D.. Erpenbeck, J.A.J. Breeuwer and R.W.M. van Soest 

Abstract t 

AA fragment of the elongation factor-1 alpha is characterized and tested for its suitability in 
phylogeneticc reconstructions of demosponges. Likelihood mapping elucidated phylogenetic signal 
off  particular clusters and revealed additional evidence for nonmonophyly of the demosponge order 
Halichondrida,, close relationship of Agelas (Agelasida) to Halichondrids and the non-monophyly of 
Dictyonellidae.. Furthermore, the investigated elongation factor fragment suggests a derived position 
off  keratose sponges in demosponge systematics. 
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7:: Identification, Characterization and Phylogenetic Signal of an Elongation Factor-1 alpha Fragment 

Introduction n 

AA sufficiently resolved phylogeny is based on the presence of informative characters and their 
unambiguouss homologization. In sponges suitable morphological characters are almost entirely 
skeletall  features (if present) such as their spicules (if present) and the architectural assemblage to a 
skeleton.. Due to their limited complexity the phylogenetic information of these characters is often 
restrictedd to resolve satisfyingly only few sponge groups. Hypotheses of sponge character evolution 
remainn unsupported, which leads to less resolved phylogenies especially in those sponge groups that 
lackk a highly organized skeleton or complex spicules types, such as microscleres. Basic questions are 
stilll  unanswered in demosponge phylogeny: e.g., are the spicule-lacking "keratose" sponges at the 
basee of the demosponge tree or are the spicules secondarily lost in the evolution? 

Off  special interest is the systematics of the demosponge order Halichondrida because this 
playss a pivotal role in demosponge classification. With the erection of the major demosponge 
subclassess (Tetractinomorpha and Ceractinomorpha; Levi 1951) halichondrid families were divided 
intoo different subclasses. In the past decades subsequent analyses by van Soest (1987, 1991) van 
Soestt et al. (1990) and Hooper (e.g. 1990) provided additional evidence for the recognition of a taxon 
Halichondridaa comprising the families Axinellidae, Bubaridae, Dictyonellidae, Desmoxyidae and 
Halichondriidae.. However, phylogenetic approaches have not demonstrated halichondrid monophyly 
andd internal phylogenetic relationships remain largely unresolved. Morphological attempts to resolve 
halichondridd phylogeny lack statistical support (van Soest et al. 1990) and molecular data even suggest 
thatt this order is a non-monophyletic assemblage of demosponges (Lafay et al. 1992; Chombard and 
Boury-Esnaultt 1999; McCormack and Kelly 2002). 

Inn Porifera molecular markers are not as established as in other metazoan taxa. Unique 
difficultiess in molecular sponge phylogenies are caused by a bewildering array of associated 
organisms,, which may inhabit all tissues. DNA-contaminations with these associates can occur easily 
particularlyy with unspecific primers. Recently, the systematics of several higher sponge taxa has been 
examinedd with molecular tools such as the Hadromerida (Kelly-Borges et al. 1991), "Sclerosponges" 
(Chombardd et al. 1997), Haplosclerida (McCormack et al. 2002), "Axinellida" (Alvarez et al. 2000) 
andd Calcarea (Manuel et al. 2003). Most are based on the small (18S) and large subunits (28S) of 
nuclearr ribosomal DNA. Several studies of these nuclear ribosomal markers display incongruence 
betweenn the molecular gene tree and morphological expectations at various taxonomie levels 
(Chombardd et al. 1998; McCormack et al. 2002). Alternative molecular tools are clearly needed to 
resolvee the phylogenies of a complex phylum such as the Porifera. Nuclear ribosomal markers underlie 
evolutionaryy phenomena such as concerted evolution (see Hilli s and Dixon 1991) and the phylogenies 
thatt are obtained from these may not be treated as independent. To get "alternative opinions" in 
phylogenyy we clearly need the comparison with independent markers such as mitochondrial genes 
orr nuclear proteins. Attempts to reconstruct phylogenies based on mitochondrial genes in sponges 
havee been made with variable success (Wörheide et al. 2000; Erpenbeck et al. 2002; Schroder et al. 
2003).. Sponge phylogenies, based on nuclear protein markers, were reconstructed to our knowledge 
onlyy by Schroder et al. (2003) with the intron-2 sequence of tubulin. Due to the slower evolutionary 
ratee compared to their mitochondrial counterparts, nuclear proteins in Metazoa are used to infer deep-
levell  phylogenies e.g. the status of Metazoa (Borchiellini et al. 2001) and the phylogenetic position 
off  sponges (an overview in Borchiellini et al. 2000). 

AA suitable nuclear protein to resolve halichondrid relationships might be the elongation factor-
11 alpha (EF-la), which is a frequently used nuclear protein marker to resolve deeper-level phylogenies 
inn Metazoa. EF-1 a is discussed to evolve slower than mitochondrial or ribosomal genes as it is involved 
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Species s Ordd Fam ZMAA Nr 

(POR-) ) 

origin n code e exon-intronn pattern 

11 11 E2 12 E3 13 E4 14 

AxinellaAxinella polypoides 

AxinellaAxinella polypoides 

AxinellaAxinella verrucosa 

CymbastelaCymbastela verspertina 

DragmacidonDragmacidon reticulata 

DragmacidonDragmacidon reticulata 

PtilocaulisPtilocaulis walpersii 

PtilocaulisPtilocaulis sp. 

ReniochalinaReniochalina sp. 

AcanthellaAcanthella acuta 

HigginsiaHigginsia mixta 

HigginsiaHigginsia mixta 

HigginsiaHigginsia mixta 

MyrmekiodermaMyrmekioderma granulata 

MyrmekiodermaMyrmekioderma granulata 

MyrmekiodermaMyrmekioderma sp. 

MyrmekiodermaMyrmekioderma sp. 

LiosinaLiosina paradoxa 

LiosinaLiosina paradoxa 

LiosinaLiosina paradoxa 

ScopalinaScopalina lophyropoda 

ScopalinaScopalina lophyropoda 

ScopalinaScopalina lophyropoda 

ScopalinaScopalina lophyropoda 

StylissaStylissa carter! 

StylissaStylissa carter! 

StylissaStylissa flabelliformis 

StylissaStylissa flabelliformis 

StylissaStylissa flabelliformis 

StylissaStylissa flabelliformis 

StylissaStylissa massa 

SvenzeaSvenzea devoogdae 

AmorphinopsisAmorphinopsis excavans 

AmorphinopsisAmorphinopsis excavans 

AmorphinopsisAmorphinopsis excavans 

AxinyssaAxinyssa ambrosia 

AxinyssaAxinyssa sp. 

HalichondriaHalichondria bowerbanki 

HalichondriaHalichondria panicea 

HalichondriaHalichondria panicea 

HalichondriaHalichondria cf. panicea 

HalichondriaHalichondria cf. panicea 

HalichondriaHalichondria cf. panicea 

HalichondriaHalichondria cf. panicea 

HalichondriaHalichondria cf. panicea 

HalichondriaHalichondria cf. panicea 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

HAL L 

AXI I 

AXI I 

AXI I 

AXI I 

AXI I 

AXI I 

AXI I 

AXI I 

AXI I 

DCT T 

DES S 

DES S 

DES S 

DES S 

DES S 

DES S 

DES S 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

DIC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

HLC C 

14093 3 

14093 3 

14590 0 

11006 6 

14388 8 

14388 8 

14327 7 

17687 7 

14633 3 

14589 9 

17678 8 

17677 7 

14495 5 

17688 8 

14530 0 

17689 9 

17689 9 

14478 8 

17664 4 

17665 5 

14434 4 

14434 4 

14434 4 

14434 4 

17666 6 

17666 6 

14486 6 

17668 8 

17668 8 

17690 0 

17669 9 

17681 1 

14627 7 

14627 7 

14627 7 

14311 1 

17673 3 

17683 3 

14125 5 

14125 5 

17691 1 

17691 1 

17692 2 

17692 2 

17693 3 

17693 3 

Roscoff/F F 

Roscoff/F F 

Blanes/E E 

Australia a 

Curacao o 

Curacao o 

Curacao o 

Sulawesi i 

Oman n 

Spain n 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Blanes/E E 

Blanes/E E 

Blanes/E E 

Blanes/E E 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Sulawesi i 

Oman n 

Oman n 

Oman n 

Curacao o 

Sulawesi i 

Netherlands s 

Roscoff/Fr r 

Roscoff/Fr r 

Alaska a 

Alaska a 

Alaska a 

Alaska a 

Alaska a 

Alaska a 

36E E 

36N N 

42M M 

73M M 

22M1 1 

22M2 2 

16M M 

8-17EE 1 

38MM

3EE & 

3-411 E 

4-26E E 

47E E 

3-3-3E E 

44E E 

3-30M1 1 

3-30M2 2 

45EE 1 

2-27EE | 

3-35E E 

26N N 

2 6 M 1 * * 

26E E 

26M2 2 

8-18M1 1 

8-18M2 2 

46M1 1 

5-47M1 1 

5-47M2 2 

5-48M1 1 

4-8M1 1 

5-40M M 

37E E 

37M* * 

37N N 

18M M 

5-10M M 

30M M 

8M1 1 

8M2 2 

161E E 

161N N 

122E E 

122N N 

113E E 

113N N 
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HymeniaddonHymeniaddon perievis HAL HLC 14140 Roscoff/Fr 

HymeniaddonHymeniaddon perievis HAL HLC 17676 Netherlands 

HymeniaddonHymeniaddon perievis HAL HLC 17676 Netherlands 

TopsentiaTopsentia halichondroides HAL HLC 8450 Sri Lanka 

TopsentiaTopsentia ophiraphidites HAL HLC 14312 Curacao 

12MM 1 

53EE I 

53MM 1 

61MM 1 

28MM 1 

AgelasAgelas nakamurai AGE AGL 17662 Sulawesi 8-33M 1 

LamellodysideaLamellodysidea herbacea DIC DYS 17696 Sulawesi 1-33E 1 

IrdniaIrdnia ramosa DIC IRC 17679 Sulawesi 7-19E | 

SphedospongiaSphedospongia vagabunda HAD CLI 17497 Sulawesi 

SphedospongiaSphedospongia vagabunda HAD CLI 17497 Sulawesi 

SphedospongiaSphedospongia vagabunda HAD CLI 17497 Sulawesi 

AaptosAaptos suberitoides HAD SUB 17698 Sulawesi 

AaptosAaptos suberitoides HAD SUB 17498 Sulawesi 

AaptosAaptos suberitoides HAD SUB 17498 Sulawesi 

AaptosAaptos suberitoides HAD SUB 17498 Sulawesi 

AaptosAaptos suberitoides HAD SUB 17498 Sulawesi 

SuberitesSuberites massa HAD SUB 14128 Roscoff/F 

SuberitesSuberites suberia HAD SUB 14124 Roscoff/F 

SuberitesSuberites suberia HAD SUB 14124 Roscoff/F 

SuberitesSuberites virgultosa HAD SUB 12969 North Sea 

CallyspongiaCallyspongia fibrosa HAP CAL 17699 Sulawesi 

HalidonaHalidona fasdgera HAP CHA 17700 Sulawesi 

HalidonaHalidona oculata HAP CHA 17501 Netherlands 

HalidonaHalidona oculata HAP CHA 17501 Netherlands 

BiemnaBiemna triraphis POE DEM 17701 Sulawesi 

lotrochotalotrochota purpurea POE I0T 17702 Sulawesi 

lotrochotalotrochota purpurea POE I0T 17702 Sulawesi 

CoelocarteriaCoelocarteria singaporensis POE ISO 17703 Sulawesi 

CoelocarteriaCoelocarteria singaporensis POE ISO 17704 Sulawesi 

ClathriaClathria cervicornis POE MIC 17705 Sulawesi 

MycaleMycale flagellifera POE MYC 17503 Sulawesi 

MycaleMycale flagellifera POE MYC 17503 Sulawesi 

MycaleMycale flagellifera POE MYC 17503 Sulawesi 

MycaleMycale flagellifera POE MYC 17503 Sulawesi 

2-8M11 1 

2-8M2** 1 

2-8EE 1 

3-8EE 1 

3-15M1** 1 

3-15NN 1 

3-15EE 1 

3-15M22 1 

9M11 I 

10NN 1 

10EE I 

75EE 1 

1-28EE 1 

1-30EE 1 

34M11 1 

34M22 1 

9-38E E 

2-30E E 

2-30E E 

4-311 E 

9-211 E 

7-2E E 

2-21E E 

2-21M1* * 

2-21M2 2 

2-21M3 3 

= = 

1 1 

1 1 

1 1 

1 1 

1 1 

I I 

1 1 
1 1 
::  . J J 

ill l 

— — 

l l 

ll l 
Tab.. 1: Species name, order and family assignment (Ord /Fam, cf. Hooper and Soest 2002), sample sites, voucher 
numberr referring to the Porifera collection of the Zoological Museum Amsterdam, sequence code and schematic 
vieww of the exon (E) / intron (I) patterns of the sequences obtained. The sequence code consists of the species number 
andd a letter ('M', 'E' or 'N'), which refers to the PCR primer pairs that amplified the particular fragment, see table 
22 for details. Sequence codes of identical sequences are boxed. Filled boxes represent the particular intron/exon 
presence.. Some sequences bear a 12 triplet deletion in exon 2. Identical intron stripes pattern represent identical or 
almost-identicall  intron sequences. Order abbreviations: AGE=Agelasida, AST=Astrophorida, DIC=Dictyoceratida, 
HAD=Hadromerida,, HAL=Halichondrida, HAP=Haplosclerida, POE=Poecilosclerida. Family abbreviations: 
AGL=Agelasidae,, AXI=Axinellidae, CAL=Callyspongiidae, CHA=Chalinidae, CLI= Clionaidae, DCT=Dictyonellidae, 
DEM=Desmacellidae,, DES=Desmoxyidae, DYS=Dysideidae, HLC=Halichondriidae, IRC=Irciniidae, ISO=Isodictyidae, 
IOT=Iotrochotidae,, MIC=Microcionidae, MYC=Mycalidae, SUB=Suberitidae. 
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7:: Identification, Characterization and Phylogenetic Signal of an Elongation Factor-1 alpha Fragment 

inn the binding of charged tRNAs to the acceptor site of the ribosome during the protein biosynthesis 
(Danforthh and Ji 1998). Recent studies revealed that in several taxa multiple copies of this gene exist 
(Danforthh and Ji 1998; Hedin and Maddison 2001). Few sponge EF-la and EF-2 sequences have been 
sequencedd and they were used to infer deeper metazoan phylogenies (Kobayashi et al. 1996; Rokas et 
al.. 2003), but further systematic applications are lacking. To date only two sponge EF-la sequences 
aree published: the mRNAs of the freshwater sponge Ephydatia fluviatilis (Haplosclerida, Kobayashi 
ett al. 1996) and of the marine sponge Geodia cydonium (Astrophorida, D49922). 

Ourr present study aims to identify and characterize a fragment of the elongation factor-1 alpha 
inn demosponges, establish a data set and display its suitability to reconstruct phylogenies and bring 
evidencee for monophyly or paraphyly of the order Halichondrida and its families. 

Materiall and Methods 

SamplesSamples and DNA extraction: 

Thee list of studied species and their sample location is given in table 1. Samples were either freshly 
collected,, or taken from collection material of the Zoological Museum Amsterdam (ZMA), where all 
voucherss for this investigation are kept. Freshly collected samples were transferred immediately into 
96%% ethanol that was exchanged several times to avoid dilution with intercellular seawater. For every 
specimenn we kept tissue for DNA and morphological work separately. Additionally, small chopped 
piecess of the sponge were imbedded in silica gel (0.0063-0.004 mm3 particle size) as alternative 
preservationn method for DNA-extraction (Alvarez et al. 2000). 

Totall  DNA was extracted from the choanosome to reduce the chance of amplifying DNA 
templatess from outside the sponge. We used standard protocols (see Erpenbeck et al. 2002) or used a 
DNAA extraction kit (Quiamp DNA Mini Kit, Quiagen) and followed the manufacturer's protocol. 

PCRPCR with primer combinations 'E' and 'N': 

Noo sponge specific PCR primers are developed yet. To obtain PCR products from as many samples 
ass possible it was necessary to employ several different EF-la primers sets (table 2). DNA of certain 
sampless was amplified by the primer combinations 'E' and 'N' in a single step using the universal 

Primer r 
EF-599 9 
EFla-5F F 
EF-923 3 
EF-F140c c 
EF-R370C C 
EFla-200 0 
EF-R370c c 

direction n 
forward d 
forward d 
reverse e 
forward d 
reverse e 
forward d 
reverse e 

sequence e 
ATCC TCC GGA TGG CAC GGY GAC AA 
AARR AAR RTN GGN TAY AAY CC 
ACGG TTC TTC ACG TTG AAR CCA 
GGNN CAR ACN MGN GAR CA 
ATRR TGN GMN GTG TGR CAR TC 
TGGG WTG GMA NGG NGA YAA YAT G 
ATRR TGN GMN GTG TGR CAR TC 

origin n 
B.. Normark 
thiss paper 

combination/use e 

-- "I"E" ~\ 
__ J 1-N.. 

B.. Normark -1 

thiss paper 
thiss paper 
thiss paper 
thiss paper 

"11 -u» 
JJ M 

EF1-alph aa gene 

Tab.. 2: Primer name, direction, sequence, origin and combination with the individual codes. Below a schematic view of 
relativerelative positions of the three primer combinations. 
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forwardd primers EF-599 or EFla-5F with the reverse primer EF-923 under the following temperature 
regime:: 94°C 3min, 40 x (94°C 30 sec, 50°C 30 sec, 72°C lmin), 72°C 20 min or under a "touch-
down-PCR"" (94°C 3min, 20 x (94°C 30 sec, 54°C with 0.5°C less each cycle, 72°C lmin) followed 
byy 25 x (94°C 30 sec, 50°C 30 sec, 72°C lmin), 72°C 20 min. The volume of all PCR reactions 
wass 50pi\ which contained 3mM MgCl2, lu SuperTaq Polymerase (Promega) with reaction buffer 
followingg the manufacturer's suggestions, 2mM dNTPs (Gibco), 50 mM KC1 [pH 8.3], 0.03 mg BSA 
(Sigma),, lOng DNA template and primers to a final concentration of 4pmol each (Misof et al. 2000). 
Thee SuperTaq/H20 mix was added 1 minute after starting the initial denaturation. 

PCRPCR with primer combination 'M': 

DNAA was amplified in a double step approach. First: primary amplification was performed with 
thee primers EF-F140 and EF-R370c (94°C 3min, 40 x (94°C 30 sec, 53°C 30 sec, 72°C lmin), 
72°CC 20 min, table 2) with the above-mentioned reaction mix. The PCR product was re-amplified 
inn a consecutive step using the internal primers EF-F200 and EF-R350 under enhanced annealing 
temperaturee (55°C), no BSA and only half concentration of MgCl2. 

SequencingSequencing and alignment: 

Alll  PCR products were run on a 1.5% TAE gel and the bands excised. If multiple bands occurred, 
alll  of them were excised and sequenced. To the excised TAE gel block we added 4 volumes of a 
6MM guanidine thiocyanate, and melted it in a 65°C water bath. Some 5-7 pt\ silica/H20 mix (1:1) 
weree added after which the mixture was spun down and the resulting pellet cleaned with 80% EtOH 
threee times. The cleaned pellet was dissolved in 12-20/d water before it underwent cycle sequencing 
withh BigDye Terminator vl.1 (ABI) and sequencing on an ABI automated sequencer. Several PCR 
productss were cloned into E. coli prior to sequencing as described in (Erpenbeck et al. 2002). 
Sequencee management was performed with MacClade 4.03 (Maddison and Maddison 1992) and 
alignmentt with clustalX (Jeanmougin et al. 1998) under default settings and additionally controlled 
byy eye. Information on intron positions was obtained from (Wada et al. 2002). Introns were double-
checkedd for reading frames in BLAST (Altschul et al. 1990) and splicing positions conforming the 
'GT-AG'' rule of eukaryotic nuclear genes (Breathnach and Chambon 1981). 

TaxonomieTaxonomie validation: 

"Contiguouss MegaBLAST" searches (http://ncbi.nlm.nih.gov/blast/discontiguous.shtml) were 
performedd to check the taxonomie origin of our sequences. In addition we validated the poriferan 
originn of the obtained sequences against other eukaryotes in a cladistic approach as discussed in 
Erpenbeckk et al. 2002) as phenetic searches are insufficient (Erpenbeck et al. 2002). 

PhylogeneticPhylogenetic reconstructions: 

Phylogeneticc reconstructions were performed under the maximum-likelihood criterion with 
PAUP*4.10bb (Swofford 2002) and bayesian inference reconstructions with MrBayes 3.04b 
(Huelsenbeckk and Ronquist 2001). We used Modeltest 3.06 (Posada and Crandall 1998) as well its 
simplifiedd version MrModeltest (J. Nylander) to estimate the relative best-fitting nucleotide model for 
likelihoodd reconstructions. Bayesian inference analyses were performed under 1.000.000 generations 
andd four Metropolis-coupled Markow chains. 

110 0 
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7:: Identification, Characterization and Phylogenetic Signal of an Elongation Factor-1 alpha Fragment 

UnconstrainedUnconstrained likelihood mapping: 

Wee estimated and visualized phylogenetic signal with the likelihood mapping method in TREE-
PUZZLEE 5.0 (Strimmer and vonHaeseler 1997). Likelihood mapping has previously been used in 
phylogeneticc analyses (Liu et al. 2000) and genomic studies (Zhaxybayeva and Gogarten 2002). This 
methodd plots quantity and quality of the phylogenetic signal for all possible topologies of a four-taxon 
tree.. The analysis is based on multiple sets of four randomly chosen sequences (A,B,C,D = quartet) 
off  the data set. The phylogenetic relationships between these four sequences are reconstructed. In the 
followingg step it is estimated to what extend the (unrooted) quartet-tree harbours phylogenetic signal 
forr its three possible topologies (A,B)-(C,D), (A,C)-(B,D) and (A,D)-(B,C). A probability vector P 
(pi,, p2, p3) for the quartets is estimated and plotted on an equilateral triangle (Fig. 1 A). This triangle 
representss the tree space of a four-taxon tree with the three different topologies at the endpoints. The 
trianglee can be divided in three basins of attraction for the three topologies (Fig. 1 A: I, II , III ) and 
furtherr subdivided in seven basins of attraction including three basins of fully resolved trees (Fig. IB: 
1,, 2, 3), three basins where it is not possible to decide between two topologies (4, 5, 6), and a basin 
off  star-like phylogeny (7) (Strimmer and von Haeseler 1997). The puzzling of multiple randomly 
chosenn quartets results in a cloud of probability vectors. The vector distribution on the basins gives 
informationn on quantity and quality of phylogenetic information. The more vectors cluster in the 
endpointss of a triangle the better resolved is the resulting phylogenetic tree. 

Theree is discussion if the quartet puzzling as phylogenetic reconstruction method is 
sufficientlyy accurate as it is based on four-taxon trees and the most difficult to resolve (Hilli s et al. 
1996)) and the maximum-likelihood tree is not always found (Cao et al. 1998). However, quartet 
puzzlingg can be regarded as a phylogenetic reconstruction method equivalent to heuristic searches of 
maximum-likelihoodd trees (manual, referring to N. Goldman, and Strimmer et al. (1997). Strimmer 
andd vonHaeseler (1997) state that despite the "reasonable predictive power (...) it is certainly 
necessaryy to develop solid statistical tests, that provide evidence as to the significance of clusters or 
too a deviation from tree-likeness." 

x ::  *>-<• 
DD C C D 

AA B 
Fig.. 1: Triangular tree landscape for the four taxon trees. The corners represent areas of resolved tree for the 
particularr topologies. Modified after Strimmer and von Haeseler (1997). A: Tree landscape with the probability 
vectorr P = (p, p2 p3) of a quartet. The triangle is divided in three basins (I, II, and III) , which represent 
phylogeneticc signal for a particular tree topology. S is the point of a star-like topology. B: Tree landscape 
subdividedd in seven basins of attraction including three of fully resolved trees (1,2, 3), three where it is not 
possiblee to decide between two topologies (4, 5, 6) and one of star-like phylogeny (7). 
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ConstrainedConstrained likelihood mapping: 

Additionally,, TREE PUZZLE 5.0 allows to test whether an a priori given clustering of taxa finds 
phylogeneticc signal in the data. The taxa set can be divided in two, three or four clusters and the 
phylogeneticc probability-vectors of the resulting quartet trees plotted on the tree-space triangle. The 
endpointss of the tests are the following: Two cluster: (A,A)-(B,B) and 2x (A,B)-(B,A); three cluster: 
(A,B)-(C,C)) and 2x (A,C)-(B,C); four cluster: (A,B)-(C,D), (A,C)-(B,D) and (A,D)-(B,C) (see tops 
off  figs 4, 5 and 6). We applied the following settings in TREE PUZZLE 5.0: 10,000 quartet puzzling 
steps,, exact parameter estimates out of the data set based on quartet sampling and NJ-tree. The 
modelss of substitution and rate heterogeneity were estimated from Modeltest 3.06. 

Wee divided the sequencess of our data set in different taxonomie clusters and tested the 
phylogeneticc signal for their phylogenetic constellations. 

Too investigate and prevent potential taxon bias, which might be caused by the inclusion of 
manyy identical or nearly identical sequences in the particular clusters, we performed the likelihood 
mappingg analyses twice: First, with all the sequences available, and, a second analysis with only one 
sequencee per species if more sequences per species were in the taxa set. 

Results s 

Inn several cases PCR products from only one or two primer sets were received. In the following 
textt sequences obtained from primer combinations 'M', 'E' and 'N' (cf. table 2) will be called 'M-
sequences',, 'E-sequences', and 'N-sequences' and listed in table 1. Some PCRs resulted in multiple 
PCRR products. We sequenced and coded every sequence individually by primer combination (see 
tablee 1). The alignment of all sequences resulted in a data matrix of 1136 nucleotides. The sequences 
wil ll  be deposited in Genbank and the alignment in the EMBL data base. 

Intron/ExonIntron/Exon structure: 

Wee identified 4 introns, which separated 5 exons (table 1). The intron part of the data set was not 
unambiguouslyy alignable and therefore disregarded in the following phylogenetic analyses. All 
intronss conformed to the eukaryotic patterns of nuclear genes (exon,— GT-(intron)-AG—exon2, 
Breathnachh and Chambon 1981). 

Thee distribution of introns was not equal throughout all the taxa of the data set (see the 
schematicc overview in Tab.1). The 'E-', 'N-' and most 'M'-sequences of the same species were 
identicall  in all cases but in several samples (numbers 22, 8, 34,2-21,3-30, 8-18 and 5-47, tab. 1) we 
foundd sequences obtained from primer pair 'M' that were not identical with 'E'- and 'N'-sequences of 
thee same specimen (see tab. 1). Those 'M'-sequences, which were identical to 'E'-and 'N' sequences 
weree labelled with an additional asterisk e.g., 'Ml*' . 

'E-',, 'N'-, and 'M*' - sequences displayed with a few exceptions congruent intron / exon 
patternss throughout the taxon set: 

Intron-1,, a 'phase 0 intron' (cf. Wada et al. 2002) was only present in the E-sequences of 
HaliclonaHaliclona fascigera, with a length of 85 nucleotides (nt), Ircinia ramosa (53nt), Lamellodysidea 
herbaceaherbacea (48nt) and in Biemna triraphis (75nt). In the latter it originates as 'phase 0 intron' five 
tripletss further. 

Intron-22 is the largest intron in the data set. It is present in all 'E-', 'N-', and 'M* ' sequences 
withh the exception of Callyspongia fibrosa (1-28E), but absent in several other 'M'-sequences. The 
lengthh of this 'phase 1-intron' ranges from 45nt in Halichondria cf. panicea. (113E) to 217nt in 
AcanthellaAcanthella acuta (3E). 
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Severall  intron-2-lacking 'M-sequences' have a 36nt (=12 amino acid) deletion in exon-2 
comparedd to the other sequences. 

Intron-33 is present in only two sequences (both M2-sequences): 34M1, amplified from 
HaliclonaHaliclona oculata tissue, and 2-21M3 from Mycale flagellifera extracts. Those two introns display a 
highh degree of similarity as they differ in two nucleotide substitutions and one deletion. 

Intron-44 appears as 'phase 0' intron in three distinct patterns: First, it is present again in 
sequencess 34M1 and 2-21M3 (length 68nt, identical sequences); second, in the E-sequences of the 
keratosee sponges Ircinia ramosa (7-19E, length 54nt) and Lamellodysidea herbacea (1-33E, 53nt); 
third,, in the intron-2 lacking 'M-sequences' from Axinyssa sp. (5-10M), Axinyssa ambrosia (18M), 
MyrmekiodermaMyrmekioderma sp. (3-30M), Ptilocaulis fusiformis (68M) and Svenzea devoogdae (5-40M). 

Exon-55 harbours the position of the reverse primer of the 'N-' and 'E- sequences' (EF-923) 
whilee regions further downstream are still covered by the 'M'-primer pair. Thus we restricted our 
analysiss to exons 1-5 (853nt). 

TaxonomieTaxonomie validation: 

Thee 'E'-, 'N'-, 'M* ' and other 'M-sequences' with similar intron / exon pattern (e.g. presence of 
intron-2)) are of poriferan origin. 'M-sequences' lacking intron-2 or with the 36bp-deletion in exon-
22 probably originate from other DNA templates which are numerously present as associates. The 
followingg three analyses provided sufficient evidence for this opinion: 

(1)) Intron positions of 'E'-, 'N'-, and 'M* ' sequences displayed a high similarity to metazoan 
taxa.. To date unfortunately no other diploblast nuclear elongation factor-1 alpha sequence with intron 
informationn is published in Genbank. However, the presence and position of intron-2 is typical for 
Metazoaa (cf. Wada et al. 2002) and the position of intron-1 and -3 occurs in various metazoan groups 
ass well (Wada et al. 2002; Danforth and Ji 1998; Hedin and Maddison 2001). The presence of a 36nt/ 
122 amino acid gap in exon 3 is, to our knowledge, not reported for metazoans. 

(2)) Phenetic "Discontiguous megablast" searches revealed more similarities of the 'E', 'N' 
andd intron-2 bearing 'M-sequences' to metazoans. The other 'M'-sequences displayed in the BLAST 
searchh more similarities to non-Metazoa. 

(3)) We reconstructed a maximum-likelihood tree under incorporation of the published EFla-
mRNAss of Geodia cydonium and Ephydatiafluviatilis, and furthermore EFla-mRNA sequences of 
thee cnidarians Eugymnantheajaponica (Hydrozoa, Genbank accession number Z84545), Podocoryne 
carneacarnea (Hydrozoa, AJ549292), Hydra vulgaris (Hydrozoa, Z68181), Hydra magnipapillata 
(Hydrozoa,, D79977), the ctenophore Beroe cucumis (D49923), the placozoon Trichoplax adhaerens 
(AJ549225)) and the Bilateria Dugesia japonica (Platyhelminthes, D49924). Maximum likelihood 
reconstructionss were performed on the exon sequences with both inclusion and exclusion of the third 
codonn positions for comparative reasons. The 36-nucleotide region in intron-2, which is lacking in 
certainn 'M-sequences', was excluded from the analysis as well. Modeltest estimated the GTR+I+G 
modell  (Rodriguez et al. 1990, all codon positions) and the K80+I+G model (Kimura 1980, first 
andd second position) respectively as the relatively best-fitting maximum likelihood model. In the 
resultingg phylogenetic tree the sequences of both poriferan genbank sequences, Geodia cydonium 
andd Ephydatiafluviatilis cluster in a clade shared with exclusively 'E', 'N', 'M* ' and other intron-2 
bearingg 'M-sequences'. All other (intron-2 lacking) 'M'- and non-poriferan sequences cluster outside 
thiss clade. 

Thee combination of all three results provided sufficient evidence that the 'E' and 'N' sequences 
ass well as the intron-2 bearing 'M'-sequences derived from sponge origin. The other 'M' sequences 
aree probably contaminants of non-sponge DNA templates, such as associates or indigested material 
whichh are abundant inside and around sponges. 
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7:: Identification, Characterization and Phylogenetic Signal of an Elongation Factor-1 alpha Fragment 

Wee analysed the substitution ratios of the different sequence types. The distribution of 
(parsimonyy informative) variable sites among the codons was unsuspicious for pseudogenes: Codon 
positionss of the 'E ', 'N' 'M* ' and other intron-2 bearing 'M-sequences' evolved in the ratio of 1.7 : 
11 : 6.3 for first, second and third position respectively. Codon positions of the intron-2 lacking 'M-
sequences'' evolved in the ratio of 1.7 : 1 : 3.5 ('M-sequences' with 36nt deletion) and 1.5 : 1 : 4 ('M-
sequences'' without 36nt deletion). If the sequences would not code for a protein but evolve freely, 
moree equal ratios would be expected. Base composition of the exons (A: 0.27, C: 0.23, G: 0.27, T: 
0.23)) differed from the introns (A: 0.24, C: 0.16, G: 0.22, T: 0.37). 

PhylogeneticPhylogenetic reconstructions: 

Modeltestt calculated the TrNef+I+G model (Tamura and Nei, 1993, with equal base frequencies) 
ass the relatively best fitting for the full character set. Maximum likelihood and bayesian inference 
methodss resulted in trees with supported higher branches but an unsupported backbone structure. 

too o 
82 2 

_Sfi_ _ 

_22_ _ 

99 9 
_LM_ _ 

J20_ _ 

inn n 

.Si . . 
_LM_ _ 

100 0 

JffiL L 

100 0 

100 0 
T T 

Ord.. Fam. species s 
-HALL HLC Halichondria cf. panicea 113N 
-HALL HLC Halichondria cf. panicea 122E.N 
-HALL HLC Halichondria cf. panicea 161N 
-HALL HLC Halichondria bowerbanki 30M 
-HADD SUB Suberites suberia 10N.E 
-HADD SUB Suberites virgultosa 75E 
-HADD SUB Aaptos suberitoides 3-15M1.NJE 
-HALL DCT Liosina paradoxa 3-35E 
-HALL DCT Liosina paradoxa 45E 
-HALL DCT Liosina paradoxa 2-27E 
-HALL DES Higginsia mixta 4-26E 
-HALL DES Higginsia mixta 47E 
-HALL DES Higginsia mixta 3-41E 
-HALL DES Myrmekioderma granulata 3-3E 
-HALL DES Myrmekioderma granulata 44E 
-HAPP SPO Ephydatia fluviatilis GenBank 
-HALL HLC Hymeniacidon perlevis 53E 
-HALL HLC Hymeniacidon perlevis 12M 
-AGEE AGL Agelas nakamurai 8-33M 
-HALL DCT Stylissa flabelliformis 5-47M1 
-HALL DCT Acanthella acuta 3E 
-HALL AXI Ptilocaulis sp. 8-17E 
-HALL AXI Axinella polypoides 36N,E 
-HALL DCT Scopalina lophyropoda 26MI,E,N 
-HALL HCL Amorphinopsis excavans 37M,N,E 
-ASTT GEO Geodia cydonium Genbank 
-DICC DYS Lamellodysidea herbacea\ -33E 
-DICC IRC Ircinia ramosa 1-19E 
-HAPP CHA Haliclonafascigera 1-30E 
-HADD DCT Spheciospongia vagabunda 2-8M.E 
-POEE ISO Coelocarteria singaporensis 4-3IE, 9-2IE 
-POEE MYC Mycaleflagellifera2-2lMl,E 
-Eugymanthea-Eugymanthea japonica GenBank 
-Anemonia-Anemonia erythraea GenBank 

Fig.. 2: Phylogenetic tree based on bayesian inference with posterior (2,000,000 generations sampled 
15,5000 trees after burn-in), four markov chains, TrNef+I+G model. Probability values plotted on the 
branches.. Only branches with a posterior probability higher than 80 are retained. Orders: AGE=Agelasida, 
AST=Astrophorida,, DIC=Dictyoceratida, HAD=Hadromerida, HAL=Halichondrida, HAP=Haplosclerida, 
POE=Poecilosclerida.. Families: AGL=Agelasidae, AXI=Axinellidae, CHA=Chalinidae, CLI = Clionaidae, 
DCT=Dictyonellidae,, DES=Desmoxyidae, DYS=Dysideidae, GEO=Geodiidae, HLC=Halichondriidae, 
IRC=Irciniidae,, ISO=Isodictyidae, MYC=Mycalidae, SPO=Spongillidae, SUB=Suberitidae. 
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Thee long terminal branches combined with short internodes resulted in topologies highly sensitive 
too inclusion and exclusion of taxa and indicated conflicting data rather than low phylogenetic signal. 
Ass a precaution we excluded two sequences with exceptional intron/exon patterns: Biemna triraphis 
(9-38E,, exceptional position of intron-1) and Callyspongia fibrosa (1-28E, missing intron-2) and 
repeatedd the analyses. We restricted the resolution of the tree to clades with a posterior probability 
>> 80% (Fig. 2). Tree resolution was low. Supported clades combined Halichondria spp, Acanthella 
acutaacuta with Ptilocaulis sp. (all Halichondrida), the hadromerid Suberitidae Aaptos suberitoides 
withh Suberites spp, Stylissa fiabelliformis (Halichondrida) with Agelas nakamurai (Agelasida) 
andd Ephydatia fluviatilis (Haplosclerida) with Myrmekioderma granulata (Halichondriidae). The 
poeciloscleridd Mycalina (Coelocarteria singaporensis and Mycale flagellifera) clustered at the root 
off  the demosponges of this taxon set. 

Thee phylogenetic analysis supported neither monophyly of the order Halichondrida nor 
monophylyy of its families Halichondriidae (Amorphinopsis, Halichondria, Hymeniacidori), 
Dictyonellidaee (Stylissa, Liosina, Scopalina) Desmoxyidae (Higginsia, Myrmekioderma) or 
Axinellidaee (Axinella, Ptilocaulis), but supports a clustering of Agelasida with halichondrid taxa. 

UnconstrainedUnconstrained likelihood mapping: 

TREE-PUZZLEE was employed to visualize the phylogenetic signal of the demosponge ingroup. For 
thee all-codon position analyses we used the following parameters as estimated by TREE-PUZZLE 
forr the TrN model: Transition / transversion ratio (t) = 1.25, Y-R transition ratio (r) = 2.21, fraction 
off  invariable sites (i) = 0.05, 8 gamma rates with gamma distribution parameter (a) = 0.32. Clathria 
cervicorniscervicornis (7-2E) did not pass the nucleotide frequency test under these parameters (p=3.23) and was 
subsequentlyy excluded from the particular analyses. However, it passed the test in analyses with the 
thirdd codon position excluded (HKY model (Hasegawa et al. 1985), 8 gamma rates (t) = 0.57, (i) = 
0.055 (a) = 0.20). 

Unclusteredd likelihood mapping (fig. 3, test 1) revealed the tendency to unresolved 
phylogeniess (conforming to the phylogenetic tree, fig. 2). The probability vectors clustered in the 
centrall  basin and the axes instead of the corners of the triangle. We investigated the phylogenetic 
signall  for monophyletic orders- and families and other phylogenetic constellations with the two- (fig. 
4),, three- (fig. 5) and four-cluster-analyses (fig.6). 

Fig.. 3: Visualization of the phylogenetic signal of the data set (exons). The middle triangle shows the of the 
probabilityy vector distribution of the 10,000 sampled quartets in the tree landscape. The more vectors occupying 
thee corners of the triangle (the less vectors cluster in the middle or on the axes), the higher is the resolution of 
thee tree. In the left and right triangle is the basin occupancy 1-7 (cf. fig. IB) translated in percentage values 
underr all codon positions (right) or only the first and second position (left). The columns on the left of the 
particularr triangles display the basin occupancy basins I, II, III, (cf. fig. 1 A). 
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A .. . B 

Test t 
No. . 

basinn occupancy 
1"" and 2nd position (%) 

Clusterr (sequence number) basinn occupancy 
Alll codon positions (%) 

4-1 1 
A A 42.6 6 

28.3 3 

III: : 
29.0 0 

A:Orderr Halichondrida 
(37E,, 36E, 113E, 121E, 
161E,, 53E,12M,44E,47E, 
3-41E,, 30M, 3-35E.4-26E, 
3-3E,, 3E, 8-17E, 5-47M.26E, 
2-27E,, 45E) 

B:: Rest 
(alll sequences per species) 

42.2 2 

II : : 
29.0 0 

III: : 
28.8 8 

39.3 3 

II : : 
30.0 0 

III: : 
30.7 7 

A:Orderr Halichondrida 
(37E,, 36E, 113E, 53E, 
30M,, 3-35E.4-26E, 3-3E, 3E, 
8-17E,5-47M,26E) ) 

B:: Rest 

(onee sequence per species) 

39.7 7 

II: : 
29.8 8 

III: : 
30.5 5 

4-2 2 
A A 55.9 9 

II: : 
22.3 3 

II I I 
21.8 8 

A:: Fam. Halichondriidae. 
(37E,, 113E.A13E, 161E, 
122E,, 30M, 12M.53E) 

B:: Rest 

(alll sequences per species) 

59.4 4 

II: : 
20.3 3 

III: : 
20.3 3 

59.0 0 

II: : 
20.2 2 

III: : 
20.8 8 

A:: Fam. Halichondriidae. 
(37E,, 113E, 53E) 

B:: Rest 

(onee sequence per species) 

64.1 1 

II: : 
17.3 3 

III: : 
18.7 7 

4-3 3 
A A 46.0 0 

II: : 
26.6 6 

III: : 
27.4 4 

A:Fam.. Dictyonellidae 
(3-35E,, 45E, 2-27E, 
3E,, 5-47M, 26E) 

B:: Rest 

(alll sequences per species) 

41.2 2 

II: : 
29.7 7 

III: : 
29.1 1 

33.8 8 

II: : 
33.4 4 

III: : 
32.8 8 

A:Fam.. Dictyonellidae 
(3-35E,, 3E, 5-47M, 26E) 

B:: Rest 

(onee sequence per species) 

26.5 5 

II: : 
37.8 8 

III: : 
35.7 7 
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Test t 
No. . 
4-4 4 
A A 

B B 

4-5 5 
A A 

B B 

/ i i i i k k 
1: : 
76.8 8 

I I : : 
11.6 6 

I I I : : 
11.7 7 
I: : 
59.9 9 

II : : 
21.2 2 

II I : : 
20.9 9 
I: : 
81.1 1 

II : : 
9.7 7 

II I : : 
9.2 2 
I: : 
76.1 1 

II : : 
11.7 7 

II I : : 
12.3 3 

basinn occupancy 
1stt and 2"" position (%) 

/ 6 6 

/ l 1 1 

/ 5 5 

A A 

'T>'T> / \ 3 \ 
// 18 \ 

1 1 

/34 \ \ 

/ 5 // \ 5 \ 
// 32 \ 

1 1 

/ 7 0 \ \ 

A // \6\ 
77 6 V 

1 1 

/65\ \ 

A // \7\ 
// 7 \ 

1 1 

6 \ \ 

1 2 \ \ 

6 \ \ 

7 \ \ 

Clusterr (sequence number) 

A:Fam.. Desmoxyidae 
(3-3E,, 47E, 44E, 4-26E, 
3-41E) ) 

B:: Rest 

(alll sequence per species) 

A:Fam.. Desmoxyidae 
(3-3E,, 4-26E) 

B:: Rest 

(onee sequence per species) 

A:Fam.. Axinellidae 
(36E,, 8-17E) 

B:: Rest 

(alll sequence per species) 

A:Fam.. Axinellidae 
(36E,, 8-17E) 

B:: Rest 

(onee sequence per species) 

/ I I II IK 
I: : 
62.9 9 

II : : 
18.4 4 

I I I : : 
18.8 8 
I: : 
38.6 6 

I I : : 
30.8 8 

II I : : 
30.6 6 
I: : 
66.6 6 

II: : 
17.1 1 

I I I : : 
16.3 3 
I: : 
58.7 7 

I I : : 
20.7 7 

II I : : 
20.6 6 

basinn occupancy 
Alll codon positions (%) 

/ z // \ 2 \ 

// / 2 5 \ \ 

/99 f 1 I 8 \ 

/A//A/ W 
// / 4 2 \ \ 

/I55 f 1 15\ 

/y/y \ 8 \ 
// / 23 \ \ 

// 8 1 9 \ 

/y/y \$\ 
// / 19 \ \ 

/122 1 12\ 

Fig.. 4: Results of the two cluster tests. Above the table: triangular tree landscape with the ten basins (1-7 
andd I, II , III ) with the three phylogenetic trees in the corners. The column "Cluster" displays the sequences 
belongingg to each cluster. In the left and right triangle of each test is the basin occupancy 1-7 (cf. fig. IB) 
translatedd in percentage values under all codon positions (right) or only the first and second position (left). 
Thee columns on the left of the particular triangles display the basin occupancy basins I, II, III, (cf. fig. 1A). 
Testss were occasionally performed twice, (a) with all sequences of a particular taxon, (b) with only one 
sequencee per taxon. 

ConstrainedConstrained likelihood mapping: Order Halichondrida 

Signall  for a monophyletic assemblage of the halichondrid taxa was not obtained (fig. 4, test 4-1). 
Moree probability vectors clustered in the basins of the two alternative hypotheses (a,b)-(a,b) at the 
basee of the triangle than in the basin of the halichondrid monophyly in the top. 

ConstrainedConstrained likelihood mapping: Family Halichondriidae 

Phylogeneticc signal was present for a monophyletic clustering of the Halichondriidae of the data 
sett (Halichondria panicea, Halichondria bowerbanki, Amorphinopsis excavans and Hymeniacidon 
perlevis,perlevis, fig. 4, test 4-2). 

Theree is signal that Hymeniacidon is not the sister genus of Halichondria. (fig. 5, test 5-1). 
Four-cluster-analysess elucidate more signal for an Amorphinopsis I Halichondria than Halichondria 
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A .. , c 

basinn occupancy 
I s 'andd 2"" position (%) 

Clusterr (sequence number) 

^.Halichondria^.Halichondria spp. 
(161E,, 122E, 113E, 30E) 

B:B: Hymeniacidon perlevis 
(53E,, 12M) 

C:: Rest 

(alll sequences per species) 

k.Halichondriak.Halichondria spp. 
(161E) ) 

&\&\ Hymeniacidon perlevis 

(53E) ) 
C:: Rest 

(onee sequences per species) 

HymeniacidonHymeniacidon perlevis 
(53E,, 12M) 

++ Amorphinopsis excavans 
(37E) ) 

HalichondriaHalichondria spp. 
(161E,, 122E, 113E, 30E) 

C:: Rest 
(alll sequences per species) 

HymeniacidonHymeniacidon perlevis 
(53E,, 12M) 

++ Amorphinopsis excavans 

(37E) ) 

HalichondriaHalichondria spp. 
(161E,, 122E, 113E, 30E) 
Rest t 

(onee sequence per species) 

A:: Halichondria spp. 
(161E,, 122E, 113E, 30E) 

B:: Suberites spp. 
(75E,, 10E) 

++ Aaptos suberitoides 
(3-8E&3-15E) ) 

C:: Rest 
(alll sequences per species) 

HalichondriaHalichondria spp. 
(161E) ) 

SuberitesSuberites spp. 
(75E,, 10E) 

++ Aaptos suberitoides 
(3-8E&3-15E) ) 

Rest t 
(onee sequence per species) 
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Test t 
No. . 
5-4 4 

5-5 5 

5-6 6 
A A 

B B 

5-7 7 
A A 

B B 

5-8 8 

/mik k 
1: : 
82.0 0 

II: : 
9.2 2 

III: : 
8.8 8 
1: : 
46.5 5 

II: : 
27.0 0 

III: : 
26.4 4 
1: : 
61.7 7 

II: : 
19.0 0 

III: : 
19.3 3 
I: : 
54.0 0 

II: : 
23.2 2 

III: : 
22.8 8 
I: : 
79.0 0 

II: : 
10.3 3 

III: : 
10.7 7 
I: : 
78.2 2 

II: : 
10.6 6 

III: : 
11.2 2 
I: : 
14.1 1 

II: : 
43.4 4 

III: : 
42.5 5 

basinn occupancy 
1stt and 2nd position (%) 

/ 3 // \ 3 \ 

77 7 29 V \ 
/ 33 0 [3 \ 

77 7 32 \ \ 

/ l 5 || 1 |15\ 

/ 4 1 \ \ 

A/A/ \5\ // / 28 \ \ 

/ I PP 1 |10\ 

A/A/ \6\ 
// / 30 \ \ 

/12 || 1 |12\ 

AA 7 W 
// / 23 V \ 

/ 44 f 0 3 \ 

/ 4 // \ 3 \ 
// / 22 \ \ 

// 4 1 [ 4 \ 

// 3 / \ 3 \ 
// 7 41 V \ 

/ 2 2 || 6 [ 2 2 \ 

Clusterr (sequence number) 

A:: Suberites spp. 
(75E,, 10E) 

B:: Aaptos suberitoides 
(3-8EE & 3-15E) 

C:C: Rest 

A:: Suberites spp. 
(75E,, 10E) 
++ Aaptos suberitoides 
(3-8E&3-15E) ) 

B:: Spheciospongia 
vagabundavagabunda (2-8E) 

C:: Rest 

A:: Higginsia spp. 
(4-26E.47E,, 3-41E) 

B:: Myrmekioderma granulata 
(3-3E,, 44E) 

C:C: Rest 

(alll sequences per species) 
A:: Higginsia spp. 

(4-26E) ) 
B:: Myrmekioderma granulata 

(3-3E) ) 
C:: Rest 

(onee sequence per species) 
AA Higginsia spp. 

(4-26E.47E,, 3-41E) 
B:: Stylissa flabelliformis 

(5-47M) ) 
AgelasAgelas nakamurai (8-33M) 

C:C: Rest 

(alll sequences per species) 
AA Higginsia spp. 

(4-26E) ) 
B:: Stylissa flabelliformis 

(5-47M) ) 
AgelasAgelas nakamurai (8-33M) 

C:C: Rest 

(onee sequence per species) 
A:: Haliclona fascigera 

(1-30E) ) 
B:: Ephydatia fluviatilis 

(D49925) ) 
C:C: Rest 

/niiX X 
I: : 
79.3 3 

II: : 
10.6 6 

III: : 
10.1 1 
I: : 
39.1 1 

II: : 
30.5 5 

III: : 
30.4 4 
I: : 
38.6 6 

II: : 
30.3 3 

III: : 
31.1 1 
I: : 
37.6 6 

II: : 
31.1 1 

III: : 
31.2 2 
1: : 
79.8 8 

II: : 
10.2 2 

III: : 
9.9 9 
I: : 
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Test t 
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Fig.. 5. Results of the three cluster tests. Above the table is the triangular tree landscape with the ten basins (1-
77 and I, II , III ) with the three phylogenetic trees in the corners. The column "Cluster" displays the sequences 
belongingg to each cluster. In the left and right triangle of each test is the basin occupancy 1-7 (cf. fig. IB) 
translatedd in percentage values under all codon positions (right) or only the first and second position (left). The 
columnss on the left of the particular triangles display the basin occupancy basins I, II, III , (cf. fig. 1A). Tests 
weree frequently performed twice, (a) with all sequences of a particular taxon, (b) with only one sequence per 
taxon. . 

// Hymeniacidon relationship (fig. 6, test 6-1). A Hymeniacidonl Amorphinopsis clade as sistergroup 
too Halichondria lacks clear signal either (fig. 5, test 5-2). 

ConstrainedConstrained likelihood mapping: Hadromerida 

Evidencee could be found for a relationship of Halichondria to the family Suberitidae (Hadromerida) 
(fig.. 5, test 5-3). Additionally there was signal for the monophyly of the Suberitidae (fig. 5, test 5-4) 
butt not for the monophyly of the order Hadromerida (fig. 5, test 5-5), as the position of Spheciospongia 
vagabundavagabunda remains unclear. 
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Test t 
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(53E,, 12M) 

D:: Rest 
(alll sequences per species) 
A:: Halichondria spp. 

(161E) ) 
B:: Amorphinopsis excavans 

(37E) ) 
C:C: Hymeniacidon perlevis 

(53E) ) 
D:: Rest 
(onee sequence per species) 
A.AcanthellaA.Acanthella acuta 

(3E) ) 
B:: Ptiloculis sp. 

(8-17E) ) 
C:: Axinella polypoides 

(36E) ) 
D:: Rest 

A:: Clathria cervicornis (7-2E) 
B:: Coelocarteria 

singaporensis singaporensis 
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C:: Mycale flagellifera (2-21E) 
D:: Rest 
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Fig.. 6. Resultss of the four cluster tests. Above the table is the triangular tree landscape with the ten basins (1-7 
andd I, II, III) with the three phylogenetic trees in the corners. The column "Cluster" displays the sequences 
belongingg to each cluster. In the left and right triangle of each test is the basin occupancy 1-7 (cf. fig. IB) 
translatedd in percentage values under all codon positions (right) or only the first and second position (left). The 
columnss on the left of the particular triangles display the basin occupancy basins I, II, III, (cf. fig. 1A). Tests 
weree frequently performed twice, (a) with all sequences of a particular taxon, (b) with only one sequence per 
taxon. . 

121 1 



7:: Identification, Characterization and Phylogenetic Signal of an Elongation Factor*  1 alpha Fragment 

ConstrainedConstrained likelihood mapping: Family Dictyonellidae 

Inn contrast, there was strong evidence against monophyly of the members of the family Dictyonellidae 
{Acanthella{Acanthella acuta, Liosina paradoxa, Scopalina lophyropoda and Stylissa flabelliformis, fig. 4, test 
4-3)) caused by the sistergroup relationship of Stylissa flabelliformis (Halichondrida:Dictyonellidae) 
withh Agelas nakamurai (Agelasida:Agelasidae) (tree, fig. 2). This constellation contributes to the 
paraphylyy of the order Halichondrida. 

ConstrainedConstrained likelihood mapping: Family Desmoxyidae 

Inn the phylogenetic tree (fig. 2) the freshwater - haplosclerid Ephydatia fluviatilis clusters in a 
constellationn with Myrmekioderma spp. (Halichondrida: Desmoxyidae) and influences the phylogenetic 
signall  for a monophyletic family Desmoxyidae (Myrmekioderma spp. and Higginsia spp.) in this data 
set.. Fig. 5, test 5-6 indicates more signal for a desmoxyid Myrmekioderma I Higginsia constellation 
iff  the third codon position is disregarded. Nevertheless, the two-cluster analyses for desmoxyid 
monophylyy (fig. 4, test 4-4) demonstrates occasional taxon size sensitivity of such test and justifies 
ourr double approach analysing constellations with all taxa and only one sequence per taxon: If a high 
numberr of sequences is included in a constellation to test for (here: monophyletic Desmoxyidae) then 
thee likelihood of a third taxon (here Ephydatia fluviatilis) to join a quartet decreases (fig. 4, test 4-4A 
againstt 4-4B). There is additional signal for a relationship between Higginsia and the Stylissa I Agelas 
cladee (fig. 5, test 5-7). Myrmekioderma clusters in the phylogenetic tree with the freshwater sponge 
EphydatiaEphydatia fluviatilis (Haplosclerida). 

ConstrainedConstrained likelihood mapping: Haplosclerida 

Thee Ephydatia fluviatilis sequence displays unique features such as a one-codon deletion, but it 
remainedd in the data set as one of the two reference sequences for demosponge elongation factor-
11 alpha. However, there was no signal for a close relationship between the freshwater Ephydatia 

fluviatilisfluviatilis and the other haplosclerid, the marine Haliclona fascigera (fig. 5, test 5-8). Haliclona 
fascigerafascigera even displays a closer relationship to Myrmekioderma sp. (Desmoxyidae: Halichondrida) 
(fig.. 5, test 5-9). 

ConstrainedConstrained likelihood mapping: Family Axinellidae 

Thee present elongation factor fragment bears signal for Ptilocaulis sp. (Halichondrida: Axinellidae) 
inn a closer relationships to Acanthella acuta (Halichondrida: Dictyonellidae) than to other Axinellidae 
(Axinella(Axinella polypoides, fig. 6, test 6-2), although some signal for a close relationship between Axinella 
polypoidespolypoides and Ptilocaulis sp. is present (fig. 4, test 4-5). 

ConstrainedConstrained likelihood mapping: Poecilosclerida 

Estimatingg phylogenetic signal for all Poecilosclerida of the data set was not possible as Clathria 
cervicorniscervicornis failed the base homogeneity test for the all-codon analysis (the all-codon position analysis 
inn fig. 6, test 6-3 was performed with re-inclusion of Clathria cervicornis and should be regarded 
withh care). There is strong signal for a mycaline Coelocarteria singaporensis I Mycale flagellifera 
assemblagee as additionally observed in the phylogenetic tree (fig.2). 
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ConstrainedConstrained likelihood mapping: Dictyoceratida 

Thee keratose (spicule lacking) sponges Lamellodysidea herbacea and Ircinia ramosa show their 
expectedd close relationship (fig. 5, test 5-10). For test 5-11 (fig. 5) we included the cnidarian sequences 
off  Eugymnanthea japonica (Z84545), and Ammonia erythraea (D49922) to infer phylogenetic 
polarityy in the likelihood mapping. We estimated the new parameters for the analysis with the two 
additionall  taxa: TrN model, 8 gamma rates (t) = 1.19, (y) = 1.19, (i) = 0.31 (a) = 0.41 for all three 
codonn positions; TrN model, 8 gamma rates (t) = 0.60, (Y) = 1.08, (i) = 0.82 (a) = 0.22) for the first 
andd second codon position). The result clearly denies phylogenetic signal in this fragment for a basal 
clusteringg of the keratose sponges in congruence to the phylogenetic tree (fig.2). Identical conclusions 
derivedd from the use of the elongation factor fragment of the choanoflagellate Monosiga brevicollis 
(AY026074)) as outgroup taxon. 

Discussion n 

SuitabilitySuitability of elongation factor-1 alpha for demosponge phylogeny 

Whenn a new gene is sequenced for the phylogenetic reconstruction of a molecularly less studied 
groupp such as the sponges, the strength of its phylogenetic signal needs to be assessed. For example, 
thee evolutionary rate of the obtained sequence may be too low to resolve a particular phylogeny or 
tooo high, and it may mask the phylogenetic signal with long branches (Felsenstein 1978). Additional 
pitfallss are disadvantageous exon/intron ratios in nuclear genes, if the introns are unalignable and 
tooo variable too contribute to the phylogenetic reconstruction. Often, a high amount of unalignable 
intron-characterss has to be excluded, leaving the amount of remaining informative exon-characters 
low.. Nevertheless, although supported phlyogenetic trees cannot be reconstructed in such cases, 
phylogeneticc signal can be visualized and analyzed. 

Thee present analysis provides a guideline for assessing the usefulness of novel DNA fragments 
inn demosponge molecular phylogenetic analysis. The abundantly occurring contaminations from 
otherr endosymbiontic or otherwise ingested DNA-templates demand great caution in the usage of 
thee taxon set. Furthermore, several taxa were omitted after they either displayed unusual structural 
featuress or failed the criteria for the most complex model in the likelihood mapping analysis. If these 
taxaa would have remained as non-sponge entities in the data set, they would have caused an erroneous 
effectt on all downstream phylogenetic reconstructions. 

Thee majority of the character positions from introns could not be unambiguously aligned and 
hadd to be subsequently removed from the data set. The resulting low informative-character content 
didd not lead to well-supported phylogenetic reconstructions. However, the present phylogenetic 
signall  clearly was present but masked by low amount of informative characters. Likelihood mapping 
enabledd us to visualize the phylogenetic signal and to draw preliminary conclusions. The sequenced 
elongationn factor-1 alpha fragment clearly bears phylogenetic information but has to be extracted 
fromm a longer fragment by combination with other, preferable independent genes. 

PhylogeneticPhylogenetic implications 

Thee phylogenetic reconstruction and the phylogenetic signal analysis underline previous findings of 
28SS data (Erpenbeck et al., in review, chapter 2; chapter 3) and cytochrome oxidase data (Erpenbeck 
ett al., chapter 6): 

Ourr results provide evidence, that the order Halichondrida as defined by van Soest and Hooper 
(2002)) is not monophyletic but may be paraphyletic. 
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28SrDNAA data (Lafay et al. 1992; Chombard et al. 1997) and secondary metabolite content 
(e.g.. Braekman et al. 1992; Costantino et al. 1996; van Soest and Braekman 1999) suggest a close 
relationshipp between Halichondrida and Agelas (order Agelaida). In the present gene tree Agelas 
clusterss with Stylissa, which is in congruence to own results of 28SrDNA and COl (Erpenbeck et al. 
inin review, chapter 2, and chapters 3,4 and 6). 

Thee 28SrDNA data of Chombard and Boury-Esnault (1999), McCormack and Kelly (2002) 
andd Erpenbeck et al. (in review, chapters 2 and 3) favour a closer relationship of several hadromerid 
familiess and Halichondriidae. Morphological (and biochemical) synapomorphies still remain 
speculative,, because they are based on a single gene fragment and lack morphological explanation 
orr biochemical support. Phylogenetic signal for such constellation might be present in the elongation 
factorr fragment, but fails to result in supported clades. 

Thee halichondrid family Dictyonellidae is mainly defined by presumed secondary loss of 
morphologicall  characters (van Soest et al. 2002). This is not a preferable way to classify taxa, but 
unfortunatelyy no other morphological characters are available in sponges in general. It is thus not 
surprisingg that the elongation factor data cannot provide support for this weakly defined assemblage 
off  genera. It appears to be non-monophyletic (Erpenbeck et al. in review, chapter 2, 3 and 6). 

Theree were only two species of the family Axinellidae (sensu Alvarez and Hooper 2002) 
inn the data set: Axinella polypoides and Ptilocaulis sp. Although Ptilocaulis sp. clusters together 
withh the dictyonellid Acanthella acuta, phylogenetic signal for a close relationship of the two is 
presentt confirming various other molecular studies on 28S data (Erpenbeck et al. in review, chapter 
3).. Further axinellid and dictyonellid relationships must be investigated in adjacent analyses. This 
appliess equivocally to the Desmoxyidae, whose phylogenetic signal for monophyly in this data set is 
stilll  ambiguous. 

Thee three species of the order Haplosclerida display major heterogeneities, all unique in the 
dataa set: (a) Haliclona fascigera bears an intron-1, (b) Callyspongia fibrosa is the only 'E-sequence' 
withoutt intron-2 and (c) Ephydatia fluviatilis, as obtained from Genbank, has a one-triplett deletion 
inn exon 1. The freshwater sponge Ephydatia fluviatilis belongs to a different suborder (Spongillina) 
thann the marine genus Haliclona (Haplosclerina: Chalinidae) and Callyspongia (Haplosclerina: 
Callyspongiidae).. Erpenbeck et al, (in review) observed major structural and evolutionary inter- and 
intra-ordinall  differences in the LSU of Haplosclerida, which might affect a convincing phylogenetic 
reconstructionn of a LSU tree (McCormack et al. 2002). Such intra-ordinal differences may be present 
inn the elongation factor fragment and result in the morphologically unexpected clustering with 
Myrmekioderma.Myrmekioderma. Further haplosclerid samples are needed to elucidate the origin of these patterns. 

Thee 'keratose' sponges, which are represented by Lamellodysidea herbacea and Ircinia 
ramosaramosa in our analysis, obtain a special place in the demosponges as they lack a mineral skeleton. 
Untill  present there is no agreement, whether the loss of spicules is a primitive feature or occurred 
secondarilyy during demosponge radiation. The 18S (SSU) data of Manuel et al. (2003) find the 
'keratose'' Hippospongia and Aplysilla at the base of the demosponges. The elongation factor data 
suggestt an alternative that poecilosclerids are at the base of the demosponges and that the loss of 
spiculess is a derived state, as assumed e.g., for the non-keratose spicule lacking demosponge Dactylia 
(Haplosclerida).. However, final cladistic support from robust phylogenetic analyses are still needed 
underr inclusion of sequences of the other poriferan classes Calcarea (calcareous sponges) and 
Hexactinellidaa (glass sponges). 

Likelihoodd mapping provided insight in the phylogenetic signal of our data set, which was 
tooo weak to reconstruct robust phylogenies, but which might be suitable as additional character set 
inn combination with other, preferably independent evolving genes such as nuclear ribosomal genes 
(Erpenbeckk et al. in review, chapters 2, 3) and mitochondrial proteins (e.g., Erpenbeck et al., chapter 
6). . 
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