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The origin of the Adhesion family of G
protein-coupled receptors — An evolutionary
study

Linn Wallér

Sammanfattning

Adhesion-familjen a&r medlem av superfamiljen av membranimangroteiner kallad G-protein
kopplade receptorer (GPCRer). GPCRer har ett gpattin av saval funktioner som ligander och
ar en av de mest studerade proteinfamiljerna iridk@rhedelsforskningeAdhesion-familjen
sarskiljs fran 6vriga medlemmar av att de har ereptlt lAnga aminosyra-sekvenser, som
stracker sig ut fran cellmembranet, innehallanadesiéngd doméaner. GPCR proteolytic site
(GPS) ar en typisk doman for familjen liksom donréswm har med mojlig vidhaftning till

andra celler eller proteiner att gora.

| den har studien forsokte ursprungetAitihesion-familjen urskiljas genom att forst hitta och
darefter studera repertoaren/dhesion-sekvenser i en mangd arter, av olika evolutionar
ursprung, med hjalp av fylogenetiska metoder. Met@dm anvandes var bland annat
konstruktion av trad med hjalp av neighbor-joininggximum parsimony och minimum
evolution.
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1. Introduction
It has previously been proven that G-protein codipéeeptors (GPCRs) are of ancient origin
with members in both plants [2] and animals [3,08-This would mean that they evolved prior
to the split leading to these two lineages, estoh&d have occurred for about 850 million years
ago [5]. In this study we aim at revealing a comrhatory of theAdhesion-family, which is part
of the GPCR superfamily. To find sequences witlarchelhesion affiliation, blastdatabases with
members from all relevant GPCR families represehtaaet been established and only sequences
fulfilling certain criteria, explained in materiadsd methods, were selected for further analysis.
With the intention of revealing the history of thdhesion-family, sequences frofdomo
sapiens, Mus musculus, Gallus gallus, Tetraodon nigroviridis, Drosophila melanogaster,
Caenorhabditis elegans, Dictyostelium discoideum, Monosiga brevicollis andArabidopsis
thaliana were included. New sequences were founteiraodon nigroviridis, Drosophila
melanogaster, Caenorhabditis elegans andDictyostelium discoideum. The subsequent analyses
were based on the seven transmembrane regionspiresdl GPCRs and trees were constructed
with the methods neighbor-joining, maximum parsigmand minimum evolution in Phylip 3.65
and Mega 3.1. In order to keep the families and¢keptors with the same name such as the
Secretin family and the secretin receptor all families demoted in italic and beginning with
capital letters.



1.1 Background
1.1.1 The superfamily of G-protein coupled recepte

Guanine nucleotide-binding protein-coupled receptwrG-protein-coupled receptors
(GPCRs) comprise one of the largest protein fagiiliehuman [11], and new members are
continuously being found [12, 13]. They are recagdiby their seven hydrophohiehelical
transmembrane regions (7TM) with an extracellulaenNninal and an intracellular C-terminal
[14]. The 7TMs are organised in a counterclockvassner within the cellmembrane and has
three loops on either side of it (fig 1) [15].
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Figure 1. Schematic picture over the 7TM arranged in a taraclockwise manner with C-terminal (COOH)
intracellulary and N-terminal (N}l extracellulary.

The name GPCRs is a consequence of the couplitigGvproteins apparent for most of the
members. Since not all GPCRs’ intracellular respaa®bviously mediated through G-proteins
other names such as serpentine-like receptorgnsstiembrane receptors or heptahelical
receptors have been used [16].

As sequences from several genomes are made pudiailable and updated, GPCRs have
been discovered in a variety of species ranging fneammals like human [12, 17] and mouse
[3] to plants such a&rabidopsisthaliana [2]. This inclines that the GPCR superfamily is of
ancient origin and since especially the 7TM domaiesan overall present trait, has essential
functions [12]. These functions are immensely digespanning from cellproliferation, brain
angiogenesis and immune response to the abilystern different flavours. In addition to the
functionality, the GPCRs are capable of interactuntp an immense span of ligands including;
nucleosides, nucleotides, peptides, amines, antiids,aC4*-ions, glycoproteins, phospholipids,
prostanoids, fatty acids, bitter and sweet tastaistons of light, pheromones and odorants



[18]. The vast functionality, the large numbetighnds and the connection between human
disease and dysfunctional GPCRs [18] contributeegharmaceutical interest in the family and
is most likely the reason why the GPCR family isns#l studied. Several of the present drugs
target this family and others will come. The diffity lies, amongst other things, in the
ambiguity of the structure since merely one of @CR'’s crystal structure has been disclosed,
the bovine rhodopsin [19].

Propositions have been made that the vast numbiamify members for GPCRs have
evolved as a result of whole genome duplicatioesgploidizations) [20], but providing no
common ancestor is revealed. Alternatively the faican likewise be a result of evolutionary
convergence.

Previous attempts have been made with the prospecifolding a common evolutionary
ancestor to the GPCR family [2, 14]. Parallel tesi, studies with the intention of revealing
internal relations and species-specific expansidtesMethuselah in insects [9] and pheromone
receptors in rodents [3], have been made but ttenpal ancestor is still concealed. For the
characterizations, methods like Psiblast [2], pbgltetic studies [12] and clustering [21] have
been used, as well as similarities in receptor tsiken together with the ligands interaction
points [22] and high sequence similarity (>20%)hivitthe TM regions [23]. These different
courses of action have resulted in a few classiinasystems, the Ato F system [23] the 1 to 5
system [22] and the GRAFS system [12]. The systesasmble each other but categorize
potential GPCRs slightly different due to the diffiet classification methods used and the
available data at the time of the organizatiorthla study the GRAFS system will primarily be
used given that it incorporate recently discoveb®LCRs and has a relation to this study due to
the fact that it is the first classification pagifecretin andAdhesion GPCRs.

The GRAFS system is constituted of five famili@sitamate (G), Rhodopsin (R), Adhesion
(A), Frizzled/Taste2 (F) andSecretin (S) divided on the base of sequence similarityhe
transmembrane regions [12, 14, 24]. The systerenset from human GPCRs but gives a good
estimation of the possible separation in other iggeas well.

1.1.2Glutamate (G)

The family is also called C [23] or 3 [22] and aating to the GRAFS-system it is comprised
of 22 receptors involving gamma aminobutyric a&daptors (GABA), taste receptors,
metabotropic glutamate receptors, the calcium sgnsiceptor and a few orphan receptors [25].
The G-family also includes a vomeronasal recept@R) which is especially apparent in
rodents, where they have expanded the family widr @40 members [26]. This branch is
probably left out from the human related GRAFS sifasation since mostly pseudogenes of the
V2R [25] seems to remain.



Another group within th&lutamate family is the major excitatory glutamate neurosmaitter
receptors in the central nervous system [18]. THan@ly binds its ligands in a cleavage
between two lobes in the extracellular N-termimdljch by the time of binding undergo
conformational changes leading to the enclosutbeofigand [27]. A parallel response to the
conformational change is the consequential expasuaenino acid sequences, that can possibly
act as a ligand, and thereby be able to interatt tive extracellular loops of the 7TMs [18]. This
in turn initiates subsequent alterations in the ddviformation and activates the receptor [27,
28].

1.1.3Rhodopsin (R)

The Rhodopsin family is the largest of the GRAFS families with many as 659 components
in human [12, 29]. It is also referred to as fandilj23] or 1 [22]. Since the relations of such an
enormous group is difficult to disclose, furthebdivision has been made into 13 divisions
collected into four groups;, B, y andd. 388 out of the 659 Rhodopsins are olfactory remsp
[30] and are enclosed in thegroup [29]. They are separated mostly due todbethat they
show extremely high similarity and the noticealalekl of introns [12, 30, 31]. The other three
groups have been contrived through phylogenetaietu Thex-group is the largest and contains
amongst other the amine receptors, the melatonapters, the prostaglandin receptors and the
melanocortin/endoglin/cannabinoid/adenosine (ME@&peptor cluster. Groupincludes 36
receptors which all have peptides as ligands aag-tgroup involve the melanocyte-
concentrating hormone (MCH) receptors, the somatiosbpioid/galanin (SOG) receptor cluster
and the chemochine receptor cluster [32].

TheRhodopsin receptors differ mostly from the other familieslat most of them have short
N-terminals and preferably bind their ligands witlihe 7TMs. They also have the ability to be
activated through other approaches such as N-tatiinding domains, cleavage of the N-
terminal with the remaining part bound to domamshie extracellular loops, or absorption of
light [18].

The Rhodopsins are the only family with a crystallised structafea member, the bovine
rhodopsin [19]. It is also the most studied sinaestof the present drugs target the biogenic
amine receptors within this family. Several digsafor instance Parkinson’s disease, dystonias,
schizophrenia, drug addiction and mood disordecsimected to the signalling of monoamines
through these receptors [33, 34].



1.1.4FrizZed/Taste2 (F)

In Kowakalskis characterization tlkeizzled receptors were referred to the O-family (Other-
family) but was rewarded a group of their own wioee receptor was proven to couple with a
G-protein [35]. They were discoveredDmosophila melanogaster, when searching for the
responsible mutations for the disruption of polaiit epidermal cells [36, 37]. In mammals there
exists 10Frizzled and 1Smoothened receptors [38, 39] which slightly resemble seqesrfcom
family B [22] consisting ofecretin andAdhesion [21, 40]. The N-terminal is cystein-rich
forming disulfide bridges, shown to be importanttfee binding of their endogenous ligand
Whnts [41]. Recently another ligand for tReizzled family was revealed, indicating that Norrin, a
secreted protein, is able to interact with the nedti8D4 [42].

At present only inhibitors to the SMO receptor baen publicized [43]. It has however been
shown that SMO has the ability to interact witia @ Xenopus melanophores [44]. THerizzed
receptors are seemingly well conserved betweenespEdb], which is likely a result of their
functions such as proliferation, control of celiefand polarity [45].

1.1.5Secretin (S)

The Secretin family was previously included in the 2- and B-fgnji22, 23], but was divided
into a group of its own with the publication of tB&RAFS system. As mentioned above the
members are rich in cysteins in the N-terminal #oedonly group without any orphans [12].
They bind rather large peptide-ligands which intewaith both the secondary structures in the
N-terminal formed by the the cysteinbridges as aslthe extracellular loops [46]. The
interaction causes modifications in the intracallukgions and as a consequence the receptors
are activated.

Within the family they share a highly conservedaasp acid, situated in the connection with
the second TM which is crucial for the recognitadnits ligand and activation of the receptor
[47]. That theSecretin family is of ancient origin is accentuated by finesence of the members
in various species lik@kifugu rubripes, Danio rerio, Caenorhabditis elegans, Drosophila
melanogaster and everCiona intestinalis [15].



1.1.6Adhesion (A)

The Adhesion family is the second largest group of GPCRs wghB8man members and was
recently separated from the family B/2 into theimogroup according to the GRAFS
classification [12]. Prior, they have been showasividuality within the B/2 clade by the
allotting of various names describing their peauiggology. EGF-TM7 was used since EGF-
module-containing mucin like hormone receptor 1 (ExnF4/80 and Cd97 was the first
sequences of this family to be cloned and sharadtitoents for epidermal growth factor (EGF)
and 7TM. Another name, LN-TM7 stressed the exisgtaifdhe large N-terminal (LN) and the
expansion to LNB-TM7, the connection to theeretin family [48]. TheAdhesion family also
has some members which demonstrate a hormone giddmain that is also present in all
Secretin receptorsand has conserved cystein residues in the ficssanond extracellular loops
in common with several other GPCR families [9]. Téveg N-terminal forms a rigid structure
sprawling out from the cell due to a number of mtldie regions rich in serin and threonin [49].
This and the several domains in the extracell@aninal with connection to adhesion-like
functions indicate that the function of tAdhesion family member might be to communicate
with other cells, membrane proteins on other a@ligroteins in the extracellular matrix [39, 48,
50]. The domains include among others epidermaktjrdactor (EGF), lectin, cadherin,
olfactomedin, thrombospondin or immunoglobulin a@ne unique for thé&dhesion [51]. The
domains previously confirmed to be involved in @@immunications are EGF which has one of
the widest expression patterns in animals [11538R, The protein module is involved in a range
of physiological processes such as fibrinolysiepllicoagulation, neural development and cell
adhesion [54]. The EGF-domain in Cd97 aids thegimah the binding process of CD55/DAF
(Decay accelerating factor) [55] which is expressedanost leucocytes. An EGF-domain shared
by both Cd97 and Emr2 has the ability to bind chioitish sulphate, a glycosaminoglycan which
is abundant on cellmembranes and in the extraeelioatrix and most often involved in cell-
interactions [56]. Possible ligands binding to E@&¥fmains in Emr2,3 and mouse Emr4 have
also shown possible cell-to-cell communication [SHe C4'-dependent cell to cell adhesion
domains, cadherines present in Celsrl-3, have resen to have adhesion-functionality in
epithelial cells [58]. The cadherines form cis-dimen the own cell which are then combined
with similar dimers from other cells in a trans-@inmode [18]. The ligands mentioned
previously together with transglutaminase2 (TG2)Gpr56 are the only ligands found for the
Adhesion family, the other receptors remain orphans.

Nonetheless various promising functions have beeeaaled; control of angiogenesis in the
brain (Bail-3), synaptic exocytose (Lecl-3), regalaof immune system (Cd97), definition of
cell polarity and synaptogenesis (Celsrl-3) [38, BBthe Bai receptors, expressed in both brain
and other tissues [59-62], motives with possibiétgto act together with thrombospondin type
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1 (TSP1) repeats and integrins have been foundr8lgproteins in the process of guidance cues
directing neuronal axons during neuronal develogntesid TSP1 [48]. Thé&dhesions are
expressed in numerous tissues and cells in the marmystem, in smooth muscle cells,
hematopoietic cells, lymphocytes, myeloid cells[é&]. The group was first believed to be
involved in the immune system due to the vast esgpo@ in cells connected to the immune
response. Cd97 is also most likely part of the imensystem since activation of the receptor
take place in inflammatory sites where it releatehl-terminal [39]. The cleavage is probably
mediated by the presence of the GPS located ektriacg in the near proximity of the first TM
[3]. The GPS is a trait characteristic for #hghesion family members, although there are
exceptions. The functionality of the GPS is stit totally clear but Krasnoperov and colleagues
have shown that it is intracellulary cleaved in pnenary parts of the golgi apparatus or in the
endoplasmic reticulum, resulting in a separatiothefN-terminal (NT) from the rest of the
receptor (TMC). They argue that this may be a @&tep in order to correctly fold the protein
or with the purpose of accurately transport theginoto the membrane [64]. The N-terminal is
then non-covalently bound to the TM regions [48, 8% can be released as for Cd97 [39] or be
used as a autocrine/paracrine regulator like farl®Gg@/lg-hepta which releases part of the N-
terminal to control lung, kidney and heart [66]Iywtski and colleagues mean that the NT and
TMC act independently on the plasma membrane wheseindividually function in signalling
and cell-surface reception. They further claim thath parts can re-unite and bind ligands to the
NT and thereby transduce signals via the TMC [&¥En though thé&dhesion family differ

quite remarkably from the rest of the GPCRs itlb@an revealed that overexpressed Cd97,
Emrl and Gpr64 iiXenopus melanphores interact with G-proteins/(&,) (Jayawickreme C.,
through [39]). Lecl also mediates signals throughr@eins (Ga) when bound withu-

latrotoxin protein which is a constituent of theneen from the black widow spider [68].

The Adhesion family has previously been parted in eight groupélll) on the basis of the
similarity in their 7TM-regions [3]. Group | — Leed and Etl, group Il — Emrl1-4 and Cd97,
group Il — Gprl23,124 and 125, group IV — CelsrIxup V — Gprl33 and 144, group VI —
Gprl1l0, 111, 113, 115 and 116, group VIl — Bailn8 group VIII Gpr56, 64/He6, 97, 112, 114,
126 and 128 (Bjarnadottir et al, 2004). Despitefttoe that the division was based on the 7TM
regions the receptors show common features in therminals for each group.

The Adhesion family is a complex group of sequences which sl i@ study as a result of
their size and high number of exons. The complexgssing steps, including the intracellular
cleavage at the GPS, are also contributing fattotiseir complexity.
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1.2 Species
1.2.1Tetraodon nigroviridis (Tn)

Tn is a small freshwater, green spotted puffer disthe teleost lineage which presently holds
one of the smallest sequenced genomes for verésbiaven so it contains roughtly almost as
many genes as the human genome and is a great faptted vertebrate system [69]. Metpally
and colleagues have previously stated thaTétr@odon nigroviridis genome incorporates
receptors from th&lutamate, Rhodopsin, Frizzled, Secretin and Adhesion families. 29 potential
Adhesion genes have been foundTetraodon nigroviridis under the criteria that they showed
specific GPCR patterns and had a 7TM domain [69].

The teleost lineage sprung from the tree or lifedf80 Million years ago (Mya) according to
molecular studies [70, 71] but fossil records rdygstimates the divergence to have occurred
for 410 Mya ago [1], see figure 3.

1.2.2Drosophila melanogaster (Dm)

The fruitfly Drosophila melanogaster’'s genome contains about 120 million base pair loitiv
it is estimated that 98% have been covered acaptdiflybase (www.flybase.orgprosophila
melanogaster has evolved independently for 993 Mya accordingntdecular studies [70, 71]
but the fossil records only show divergence of BB@& [1].

The Drosophila melanogaster genome is known to have at least fBdhesion-like genes
with similarities to the Celsr-family, Gpr56 andgvl respectively [9]. In the same study nine
putativeMethuselah genes were discovered showing sequence similawiteg the 7tm to both
Secretins andAdhesion [9].

1.2.3Caenorhabditis elegans (Ce)

The genome of the nemato@aenorhabditis elegans encloses approximately 100 million
base pairs and has been assembled by the Wormiogeset jwww.wormbase.org). According to
molecular studies the nematode lineage branchémt about 1177 Mya [70, 71]. Fossil records
show a reduced number with 760 Mya [1].

Harmar claim thaCaenorhabditis elegans has three potenti@dldhesion members which show
resemblance to Celsr, Gpr56 and the groups I,dN\dil respectively according to phylogeny

[9].
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1.2.4Dictyostelium discoideum (Dd)

Dictyostelium discoideum is a social amoebae with a AT-rich genome preditdancorporate
12500 proteins [8, 72]. It has the ability to ftion in both unicellular and multicellular forms
[8] and has become a superior model for cellular @gvelopmental studies [72, 73].

Eichinger and colleagues have recently found 55 &G theDictyostelium discoideum
genome [72] of which one wasSacretin-like receptor, lacking a GPS but with 7TM regions
most closely resembling that of tBecretins. This inclines that th&ecretin and possible also the
Adhesion family predates the divergence of animal and fy@pRi

Dictyostelium discoideum is a species that diverged before the divergeheeimals,
nonetheless it has been reported to have moraewmBGF-repeats in a single gene. Up to 61
predicted genes have been found with EGF/Laminmaios [8]. The divergence of
Dictyostelium discoideum is estimated to have occurred approximately theesamme as the
divergence of plants and before the split linkingdi and animals. Howev&ictyostelium
discoideum show less of a evolutionary distance to human thanan to yeast, partially due to

the yeasts higher evolutionary rate [73].

1.2.5 Historical interesting sequences

In order to follow the assumption that GPCRs hageramon ancestor, sequences from basal
species were included in the study. A sequence Momosiga brevicollis (Mb) was chosen due
to its apparent connections to #ahesion family [10] and the species position in the
evolutionary tree as a choanoflagellate, likel{péoan outgroup to the animal kingdom [74].
With the intention of covering the split linking isthokonts and plants [75] a sequence from
Arabidopsisthaliana (At), associated to GPCRs, was incorporated ak [2¢l
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2. Materials and Methods
2.1 Sequence retrieval/assembly

In order to retrieve the most complete set possfiflecies specific methods were used and
multiple verifications were conducted to ensurdiatfon to theAdhesion family.

2.1.1 Human, mouse and chicken data retrieval

Sequences from human, mouse and chicken were dadeddrom previously published
articles [3, 24].Global RPS-blast at www.ncbi.nlih.gov/BLAST/ was used against the
conserved domain database (CDD) to identify the ¥&ilons. Since there is no unique match
for theAdhesion genes, TM regions for tHaecretin family (7TM_2) were used to give guidance
as to where to cut and additional alignments witls@IW, were performed to confirm that the
entire 7TM region had been collected. The full-lngTM regions were later used as baits in
the assembly of genes in the remaining species.

Human sequences from the other GPCR families wesoecallected, in the same manner as
described previously, and used as a reference goowbe out false positives.

2.1.2 Identification and assembly oAdhesion genes inTetraodon nigroviridis

The 33 humardhesion GPCR sequences were used as baits. BLAT (BLASAl lEgnment
tool) was used globally at http://genome.ucsc.ggitim/hgBlat and the best hit from each
region in theTetraodon nigroviridis genome assembly Feb. 2004, was regarded as digbten
Adhesion gene. To proceed with the unique hit there hacetarbat least 80 bases long hit with
sequence identity above 60%. The genomic sequeticadditional 10000 bases down- and
upstream the actual hit was collected and the gesemanually assembled. This was done by
the usage of Editseq, a program part in the DNA stakage version 5.07 (DNASTAR,
Madison, Wisconsin, United States) and an alignmseatch with the collected sequence and its
bait using bl2seq with program tblastn at www.ndbi.nih.gov. The alternative matrices
BLOSUMA45, 62, 80 and PAM30, 70 where all used ddpenon which that gave the best
coverage of the exons for the gene.

A manual inspection was then performed and empédsin correctly spliced exons, that is
the genomic sequence is manually searched for AGHE&Ttly up- and downstream the
respective exons. When satisfactory boundariedbad found the exons also had to show a
continuous sequence which preserved the primangtsitie of the protein; the frames had to be
correct and not shifted. Occasionally exons weteliszovered by bl2seq. Complementary
searches were then made with the multiple alignmppesgram, ClustalW version 1.8 at
www.ebi.ac.uk/clustalw. The genomic part of intémgas subsequently translated into the three
possible frames and aligned to the exon of intefidst alignments were examined and the most

13



satisfactory one, if any, was investigated to $&eheld with correct reading frames and intron-
exon boundaries.

The complete 7TM's were assembled and the corrdgppprotein was compared to the
original human bait so that eventual false bourmdacould be detected and corrected in as great
extent as possible.

Complementary BLAST searches were executed |ocHflg. unmaskedetraodon
nigroviridis genome version 7.42 was downloaded chromosomefuise
www.ensembl.org/info/data/download.html. An in-heysogram in Python translated the
sequences into all six reading frames and used BLta$erform a search with the tblastn
method, which utilize a protein sequence agaitsreslated database. Tblastn is used since the
human baits are in protein form. The result wadedlof redundancy meaning multiple hits from
the same genomic location, and areas correspotalimgeviously found genes were discarded.
This gave additional hits of less obvious matchesifnew areas of the genome. They where
handled and assembled in the same manner as meshbove. Finally global BLAST searches
were made at www.ensembl.org/Tetraodon_nigrovittitbstview/BLA_XESEI8aNn, with
matrix BLOSUM®62 and otherwise default settings gading additional hits from unlocalized
areas of the genome.

To rule out all possibilities that some genes hagehboverlooked, an additional scan in BLAT
and BLAST was done with in-house data from theecletativeTakifugu rubripes (Fugu).
Comparisons to putativddhesion genes mentioned in Metpally’s article [69] wersoatarried
out to ensure complete coverage. When all possiektods to find putativAdhesion-genes had
been exhausted a complementary hmm study wasaaute An hmm-model was built based on
the 7TM ofAdhesion-sequences frorHomo Sapiens, Mus musculus andGallus gallus. The
successive hmm-searches confirmed presence of W&l $equences.

2.1.3 Identification of Adhesion genes inDrosophila melanogaster and Caenorhabditis
elegans

HumanAdhesion genes were used as baits against the proteonaelofspecies since both of
them are well studied model organisms and a numibgene-predictions are available. For this
purpose global BLAST was used at www.ncbi.nlm.rok.gvith blastp and target species set to
Caenorhabditis elegans andDrosophila melanogaster respectively. All hits regardless of E-value
were collected and only obvious nédhesion targets were removed, i.e. those annotated as a
proteins not corresponding to GPCRs. The same palged for hits with rps-blast results,
against the CDD, with high scores for completelyGRPunrelated domains. The remaining were
cut according to the 7TM_2 in rps-BLAST run agaitiet CDD. If no domain was found the
protein was shortened afterwards, according t@ligament of all species-specific genes that
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had been found, including only the 7TM_2 in thgmnent.

To rule out all nomdhesion genes, an alignment with all humadhesion genes as well as a
few Secretin members, as an outgroup, was conducted. All petdiits that did not cluster
within the Adhesion group were ignored during further studies. Thea@mg hits were
manually inspected, with focus on splice sitegshamsame manner as described previously.
Obtained hits were then used as baits againsetpective species’ genomes.

In Drosophila melanogaster a complementary study was carried out with foqus o
Methuselah genes. As baits sequences from Harmar [9] were aisé the same methods
described previously were performed.

2.1.4 Identification of Adhesion genes inDictyostelium discoideum

For Dictyostelium discoideum the same approach as for fruitfly and nematodeusad with the
exception that all hits were kept until furtheatsi with stricter criteria described hereafter. The
Dictyostelium discoideum sequences is of great interest since they représemiost basal
species involved in this study and giving the theit it has the most divergent genome the
criteria for several method has been more or lesgpcomised. Whenever the criteria have been
meddled with, it is mentioned in the method in dues For instance in the in-house program
where the potentiaddhesion sequences has to have the first three hifglassion as well as an
overall of five out of terAdhesion hits.
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2.2 Purge of initial set with further verification tests

All previously inspected sequences were colleategla file (initial set) with the entire
GPCR repertoire from all other GPCR families in lamgin-house dataset). A temporary
neighbor-joining (NJ) tree was constructed usirggRIMYLIP software version 3.65 with a
bootstrap of 100, methods described later. All sagas with an obvious relation to another
family thanAdhesion were removed. Thereafter the family relations warther scrutinized
with an in-house program described below. All hurGCRs together with additional
sequences frorrosophila melanogaster andDictyostelium discoideum, covering the
Methuselah [9] and thecAMP family [8] were gathered and used as input togetlit the initial
set. The program transformed the human GP@®R#uselah andcAMP into a blastdatabase
with the formatdb command from the blast packagktha initial set was searched against it.
All sequence names were converted into the farailyhich it belonged according to the
GRAFS classification. This was done with the ini@mf getting a clearer overview of the
belonging of each putativsdhesion sequence. In order for a sequence to be keptdegas a
potentialAdhesion sequence the first 3 and an overall of 5 out effitst ten hits had to be
Adhesion.

The sequences from the initial set that satistiesidriteria were then subjected to
phylogenetic analysis. Since the set did not cosepai stable set, the phylogenetic trees did not
display a consistent topology. To cope with th&ipplementary clustering analysis was
performed, described hereatfter.
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2.3 KalleClust

With the aim of moderating a stable set, an in-bequegram (KalleClust) using an ISOdata
method of clustering was applied. The clusterindeipendent of sequence similarities between
all possible combinations of genes. Sequence gsitieawere calculated with respect to
pairwise global alignments using the Needleman-Whidgorithm and then normalized
according to length. If sequences demonstratedasihistance behaviour to all others they were
clustered. The clustering was done 1000 times thighintention of revealing the consistency of
each group. Clusters were considered to be sthidennembers belonged to it in 75% of the
cases.

Promiscuous sequences that did not fulfil the gatehat is, kept changing clusters, were
removed from the set and phylogenetic studies wéiated.
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2.4 Phylogenetic analysis

The set that was produced as described earlieputatirough a quantity of phylogenetic
scrutiny. With ClustalW version 1.83 the sequengere aligned after which the Phylip package
version 3.65 and MEGA version 3.1 were used.

2.4.1 Clustalw

The multiple alignments produced by ClustalW argelolaon a distance matrix formed by
pairs of aligned sequences. The matrix is then tséarm an initial neighbor-joining tree on
which the subsequent multiple alignment rely. Thétiple alignments are hereafter constructed
by aligning the closest sequences which are tleatetld as one when the remaining sequences
are added one by one. This also happens to beothresitie of ClustalW since an initial error in
the neighbor-joining tree will propagate in theienalignment. Otherwise the program has
several methods to construct the best alignmertilples Different weight matrices including
both PAM and BLOSUM variants are used dependingawm closely the sequences are related.
This is intended to avoid dominance of stronglated sequences. The gap penalties also differ
depending on sequence and position giving a lowealpy for areas where gaps are prominent
and for hydrophilic areas, which tend to be logsguences of different lengths and similarities
are hereby aligned in an advantageous mode [7G)eTan adequate format to continue with the
phylip format had to be activated under output farrithe multiple alignments were conducted
in a slow/accurate manner [77].

2.4.2 Phylip 3.65
To get a desired number of replicas the Phylip mnogsegboot was used and subsequently
protdist and parsprot were used respectively tdywre neighbor joining and maximum

parsimony trees.

243 MEGA3.1

MEGA functions in a similar way as Phylip with gpaeate alignmentmodule using, amongst
other alignment methods, clustalw. Then eitheraliplylogenetic trees or bootstrap can be
chosen. The file returned from ClustalW to MEGA htigave to be controlled for the success of
subsequent analysis. All sequences are then of Egdh and any gaps, that is space or similar,
will result in error. To cope with this the gapsbdo be replaced with (-) and the file re-saved.
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2.4.4 Seqgboot

The .phy file was conveyed to the segboot prografhylip which resamples the input data
set into multiple data sets. In my study | usedeuolar sequences which were bootstrapped 100
times by regular sampling fraction. The other sgiwere left default, meaning that no weights
of characters or categories of sites were set.

Seqboot produces replicas of the initial datasesrogll alterations of the initial set. Assuming
that the characters evolve independently posslt#eations are deletions and duplications which
finally forms sequences of equally lengths as tigirals [78]. These sets can then be used to
calculate bootstrap values for the branches iréee which is a measure of the support for each
branch or clade.

2.4.5 Protdist/Neighbor-joining

The output from segboot was then passed on toiptattiich uses the sequences to calculate
a distance matrix [78]. In our case multiple datmseere analyzed resulting in 100 distance
matrices calculated using the Jones-Taylor-Thorfddi) matrix for amino acid replacement.
The JTT is a revised version of the Dayhoff PAM mxabased on a larger dataset than the one
used by Dayhoff [79].

In the protdist program in Phylip one categoryabstitution rates were used and since we
did not have the alpha-parameter which is neededltulate the coefficient of variation of
substitution rate among positions, the gamma bigion rates among positions were not
selected. Otherwise the remaining settings weré d&fault with the same values as for segboot.

The distance matrices were then used to constaighbor-joining trees with the neigbor
program in Phylip. The only setting changed wasiyme multiple data sets, which was set to
100 corresponding to the number of replicas chassergboot. The remaining settings were kept
as default. The neighbor-joining method starts witinodes sprung from one node. Internal
branches are then introduced between pairs witktbgest distance. In each step the tree length
is recalculated and finally the pairs are conneatatithe tree with the minimum length of
internal branches is presented as an output t&e [7

In MEGA 3.1 the analysis was executed with phylggeatonstruction, all substitutions were
included and the JTT substitution model was utiliZzéqually to the Phylip trees a bootstrap
value of 100 was applied.
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2.4.6 Protpars/Maximum parsimony

The segboot file was also used as input in therparogorotpars in Phylip, which calculates
maximum parsimony trees with a method that is agromise between the methods used by
Eck and Dayhoff, 1966 [80] and Fitch, 1971 [81]eTirst method permits all amino acids to be
replaced by all others counting the amount of ceangeeded, which however is not possible
with regard to the genetic code. The other metlorditucted by Fitch counts the number of
nucleotide substitutions needed, including sultsbiig which do not change the aminoacid.
Protpars resembles Fitch method in that it is ctest with the genetic code, however it also
allows intermediate steps required to attain aiipemnmino acid. The program assumes that
separate sites and lineages are independent hduages between branches are relatively global
throughout the entire tree and that synonymousgdshave a higher probability than
nonsynonymous [78].

Maximum parsimony is a discrete character methatirarranges an initial tree to the tree
which requires the minimum amount of mutations sTikidone repeatedly with different initial
trees and the tree with the least amount of mutati® finally chosen [76].

Protpars was set to search for the best tree walinary parsimony, the genetic code was
maintained Universal and the remaining settings &efault.

MEGA has developed an algorithm of their own foxmaum parsimony which uses a
heuristic approach for large number of sequencd#trerwise uses branch and bound. Branch
and bound (BaB) investigate all possible treegrstantly rejects trees with clearly longer
lengths. The initial state of this method is a ¢hleaves tree conformed by the sequences with
highest diversity. A tree with three leaves carydrd combined in one topology. The additional
leaves are then adjoined under the criteria tlattimnimum-length tree is aquired. The heuristic
approach resembles BaB but inspect fewer trees [82]

The analysis was conducted with the same settmfizraNJ. The MP search options were set
to one level of close-neighbor-interchange (CNY #re initial trees to random addition trees

with 10 replications.

2.4.7 Minimum Evolution

Minimum evolution uses pair-wise distances to daleuscores between sequences. The
method assumes that all possible pairs are posasiblealculate the branchlength for all of
them. The lengths of the branches can be approadriat different methods; one that has been
used is the Fitch and Margoliash’s method [83]. M&embles maximum parsimony in that it
creates a number of initial trees and swaps thechis to get the shortest distance. The returned
tree is then the one with the minimum sum of braealgth [82].

In this study the minimum evolution was used wittoatstrap of 100 and with phylogeny
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reconstruction. The initial tree was constructedbighbor-joining, maximum number of trees
set to one and for the consistency of the study;was used as substitution model.

2.4.8 Consensus

For each method in Phylip that is protpars anddsbthe outfile gave 100 trees since
segboot had been set to produce 100 replicasdbr tw combine these and to get bootstrap
values of the branches the consensus program \eds ajgplying the majority rule of consensus.
The trees were treated as unrooted and no speatiizoup was selected. The resulting trees
were depicted in TreeView (Win32) version 1.6.6 vehthe internal edge labels were set to be
shown. The trees were then arranged using Can@ast8.make the view clearer.

2.5 Re-insertion of sequences

To progress, the sequences removed from the stabsecording to KalleClust, were re-
installed one by one, on condition that no majarm@ngement of the subsequent neighbor-
joining tree occurred. When a stable tree involuimg most sequences had been established
further inspections were performed. In Phylip batheighbor-joining and a maximum
parsimony tree was produced in the same manneeasaned above and in MEGA version 3.1
one of each was also created see figure 7-10. Aniackl tree with the method minimum
evolution (ME) was also created (Fig 6).

2.6 Domain search

All sequences included in the consensus tree${8)were searched for domains in their N-
terminal with rps-BLAST with CDD — 12589 PSSMsyatw.ncbi.nim.nih.gov/BLAST. For
Tetraodon nigroviridis the domains had to be assembled in the same maserthe 7TMs but
with use of the corresponding full-length humanusgge. When no continuous extracellular
terminal could be found, another human sequenegeckto the original bait was used. For the
remaining specief)rosophila melanogaster, Caenorhabditis elegans andDictyostelium
discoideumthe full-length genepredictions acquired througihgbarch with the 7TM were
inspected for correct splicesites. With the intemiof revealing distantly related domains a high
cutoff value, 0.1, for accepting domains was get.additional control of the domains was
conducted using InterProScan at www.ebi.ac.uk/r&EBcan. The advantage of InterProScan is
its combination of several signature-databasesntmnaedundant characterization of family
relations, protein domains and functional sitetedrated databases are PROSITE, PRINTS,
Pfam, ProDom, SMART, TIGRFAMSs, PIR superfamily, SEFFAMILY, Gene3D and Panther
[85]. The domains for relevant species are depigtdg an alteration of the figure made by
Bjarnadottir [3] (fig 11). The figure only displayise domains found with rps-blast since
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InterproScan is based on hmm-searches [85] andlherot as stringent as rps-blast. Rps-blast
is calibrated against the number of domain pregemtihe database and the amount is constantly
growing with the downside that previous found damatan be lost in later versions of the

database [86].
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3 RESULTS

Previous studies have been made to characteri2dt@sion GPCR in human, mouse and

chicken resulting in a set of 33 human, 31 mousk22chickemdhesion-genes [3, 24]. Since

human enclose the most extensive set, these wedetaigxplore thA&dhesion repertoire in

Tetraodon nigroviridis (Tn), Drosophila melanogaster (Dm), Caenorhabditis elegans (Ce) and

Dictyostelium discoideum (Dd).

Downloading previously published

[Adhesion GPCRs from Homo sapiens
(Human), Gallus gallus (Chicken) and
Mus musculus (Mouse) [3, 24]

Truncating human sequences
to only include 7tm,which are
to be used as baits in other
species

BLAT and BLAST

searches with baits
against Tefraodon
nigroviridis genome

human, mouse and
chicken sequences

Confirming local BLAST
hits with hmm built from

Downloading published
Methuselah sequences
from [9].

|

Additional searches
for Methuselah in
Drosophila
melanogaster

BLAST searches with

baits using blastp in
Caenorhabditis elegans and
Drosophila melanogaster

Confirming hits with
phyologenetic studies
using Secretin and
Methuselah sequences|
as a reference group

Searching articles and
comparing sequences
[9, 69]

Downloading historically
interesting sequences
[2,10]

Assembling sequences
and verifying correct
splicing

BLAST searches with

human baits using blastp in

A4
Initial set consisting of all previously
inspected sequences from Homo sapiens,
Mus musculus, Gallus gallus, Tetraodon
nigroviridis, Drosophila melanogaster,
Caenorhabditis elegans, Dictyostelium
discoideum. Including other families from
GPCR from human to sort out sequences
not grouping with the Adhesion family.

Dictyostelium discoideum

Moderating complete set to
an initial stable set according

Additional purging using
in-house program with

to KalleClust described in
materials and methods

criteria described in
materials and methods

Phylogenetic analysis:

minimum evolution in MEGA

Maximum parsimony and Neighbour-joining
in Phylip and MEGA with additional

Minor leaf rearrangement between
two consecutive Neighbour-joining
trees, within groups accepted

Assembling all possible
domains for Tetraodon
nigroviridis

Constructing pictures over
domains, found with
rps-BLAST

Promiscuous sequences
added one by one as long
as criteria holds

J

Final tree expected when
original groupings within

the trees were not contained

Analyzing trees
J

Figure 2. Flowchart of the analysis routine used in thiglgtiin common for (1) and (2) are the assembling of
sequences and the verification of correct splicing.
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All of the included species are included in an atiohary tree depicted in figure 3 and all steps
performed during the study are represented inéi@uin a flowchart.

The Adhesion sequences are known to have bulky N-termini wighous domains and
lengths. They also display the characteristic 7TMch is apparent throughout the entire
superfamily of GPCRs. As a result of this the hurs@guences were truncated to only involve
the 7TM which were then used as baits. Differeqragches were taken in order to find the
most complete set in each species. As seen indWeliart (Fig 2 box 1), ifetraodon
nigroviridis the entire genome was screened with the humas lsing BLAT at UCSC
(http://genome.ucsc.edu) and both local, usingBlh&ST package, and global BLAST at
ensembl’s homepage (http://www.ensembl.org). Adiusances were named after the bait which
had discovered them. The BLAT search resulted ipdéntial hits including 7 possible pseudo
genes with missing exons or interrupted
sequences. The local BLAST gave an additional
11 of which 7 were potential pseudo genes and
the final global BLAST gave 1 further hit and 3
possible pseudo genes. The data set was then

nigroviridis
” matched with the gene predictions from
~410 MYa* Metpally [69] giving two more potential
sequences resulting in a total of 24 possible
Adhesion genes (fig 2 box 3), see all potential
Tetraodon nigroviridis genes, including pseudo
— genes in table I. These genes have a percent

e’ sequence identity with their human counterpart

ranging from 25% between TnGPR56-1 and
HsGprll2 to 92.2% between TnBai3-1 and
HsBai3. (Table I1)Drosophila melanogaster,

Caenorhabditis elegans andDictyostelium

D.discoideum =930, 760 MYa

discoideumwere all searched against their
proteome (fig 2 box 2) with global BLAST

 Thalien® searches

M.brevicollis

(http://www.ncbi.nlm.nih.gov/BLAST) resulting

~850 MYa#

Figure 3. Evolutionary tree of the species includec in a first set of 1Drosophila melanogaster, 43

the study. The numbers at the nodes are potential

divergence of the different lineages accordingl{® Caenorhabditis elegans and 63Dictyostelium

[4]**, [5]7 [6]= (unicellular choanoflagellates, to . .
which Monosiga brevicollis belong, are thought to have discoideum. The sequences froBrosophila

evolved during the Ediacarera)and[7]aa.
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melanogaster are represented as sDm in order to separate tloemtifreMethuselah sequences

found inDrosophila melanogaster.

Table I: All potential Adhesion family genes in Tetraodon nigroviridis w ith unique position in the genome, comment on the quality of the
sequences and method w ith which the sequence was found. BLAT — global BLAT at genome.ucsc.edu/cgi-bin/hgBlat, L BLAST — Local BLAST,
LsBLAST — Local BLAST with stricter criteria for position, G BLAST — Global BLAST at www .ncbi.nim.nih.gov and Metpally — Additional sequences
from Metpally and colleagues [69],which did not correspond to any previously found sequences or genome positions

Name Chr Start End Strand Method  Full 7tm  Comment

Lec3-1 Un_random 111730955 111748909 + BLAT Yes

Lec3-2 Un_random 56103152 56110343 - BLAT No Missing one aminoacid betw een exon 3 and 4 leading to
break in readingframe

Lec3-3 15 random 412641 417917 - BLAT Yes

Lec2-1 3 11035306 11036255 - BLAT No Stopcodon in one of the last exons

Lecl-1 1 12771231 12779118 + BLAT Yes Gives alternativ pseudogene supported by Halibut —
Hippoglossus hippoglossus

Bai2-1 21 3520150 3529594 + BLAT Yes

Bai3-1 17 4009410 4017472 - BLAT Yes

Bai3-2 Un_random 44010925 44018913 - BLAT No First exon missing

Bai3-3 21 random 2504735 2505956 - BLAT Yes Should be named BAIL

Celsrl-1 Un_random 55665384 55666281 BLAT Yes

Celsri1-2 9 735327 736543 BLAT No 4th and last exon missing and readingframe abrupted
between 2 and 3 exon

Celsr2-1 11 5867648 5868423 + BLAT Yes

El-1 1 12622653 12623894 - BLAT Yes

Vigrl-1 12 1220514 1222476 + BLAT No Missing first two exons

Tr32-1 3 11146974 11148311 + BLAT Yes Found w ith Takifugu rubripes sequence similar to the
EGF-like group

Gprli2-1 Un_random 106929525 106929794 - BLAT No Abrupted frame before the last exon

Tr3-1 Un_random 106928857 106930026 - BLAT No Takifugu rubripes sequences similar to human used since
they are more closely related, abrupted frame

Gprl12-2 7 9449462 9449731 - BLAT Yes Missing exon 3 but that is consistent with the
complementary sequence in Takifugu rubripes

Tr3-2 7 9448792 9449963 + BLAT No Abrupted frame and missing third exon

Gpr112-3 1 8843075 8843344 - BLAT Yes

Tr3-3 1 8843078 8843344 - BLAT No Abrupted reading frame

Gpr123-1 Un_random 138354745 138378097 - BLAT Yes

Gprl23-2 Un_random 36439731 36443805 + BLAT Yes Tw o possible endings one with extra exon

Gpr125-1 Un_random 85083358 85084807 - BLAT Yes

Gpr126-1 Un_random 125937925 125938906 - BLAT Yes

Gpr126-3 6 5895824 5896634 + BLAT Yes

Gpré4-1 7 4123467 4123949 - BLAT No Abrupted reading frame before last exon

Gpr133-1 1 14136298 14136002 - L BLAST No Only tw o exons found out of eight

Gpr133-2 15 2234757 2234912 + L BLAST No Only one exon found

Gpr133-3 15 773411 773563 + L BLAST No Only one exon found

Gpr133-4 2 15734263 15734418 + L BLAST No Only one exon found

Gpr133-5 2 16656252 16655956 - L BLAST No Only one exon found

Gprll6-1 14 822960 823733 + L BLAST Yes

Gpr116-2 14 901466 901849 + L BLAST Yes Also gives an alternative hit butw ith abrupted
reading frame

Lecl-2 18 1607940 1608167 + L BLAST Yes

Cd9o7-1 3 8243660 8243887 + L BLAST Yes

Gpr123-3 3 9018722 9018862 + L BLAST No Only one exon found

Mus_Gpr133-1 6 3065054 3065209 + L BLAST No Only one exon found, Mmas bait

GgCelsr3 9 737088 737210 + LsBLAST No Repeted abrupted readingframe, Gallus gallus as bait

GgGpri44 1 14133667 14133548 - LsBLAST No Missing exons and abrupted reading frame. Gallus gallus
as bait

Gpr113-1 14 908919 909674 + LsBLAST No Abrupted readingframe

Gprl26-4 Un_random 63631975 63632331 + G BLAST No Only tw o exons found

Gpr133-6 Un_random 101328430 101647563 - G BLAST No Missing exons

Gpr144-1 Un_random 19867525 19867725 - GBLAST Yes

Lec3-4 Un_random 69157968 69358039 - G BLAST No Only tw o exons found

Gprl24-1 Un_random 85742430 85749972 + Metpally ~ Yes Manual inspection of geneprediction

Gpr56-1 Un_random 15593733 15600794 - Metpally ~ Yes Manual inspection of geneprediction

Gpro7-1 Un_random 15571743 15573940 - Metpally  Yes Manual inspection of geneprediction
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The sequences frodrosophila melanogaster, Caenorhabditis elegans andDictyostelium
discoideumwere reduced to 5, 5 and 21 respectively by rengpvin

1. Full-length sequences that obviously did not comfany domains within thadhesion,

Secretin or Methuselah families
2. Sequences that joined other GPCR families, thaotles just mentioned, in temporary
NJ-trees were a few members from all GPCR familiese represented (fig 2 box 4).

The remaining putative family B sequences were pBtergto a large startfile for further
confirmation ofAdhesion affiliations. Alongside the investigation of tAehesion repertoire in
Drosophila melanogaster a complementary study of tivethuselah repertoire took place
revealing 7 additional sequences to Harmars fogrietnd 9 [9] which were also included in
the startfile for further confirmation (fig 2 boy.2Z'he methods used were identical to those
previously used to find potentiAbhesion sequences.

In the pursue of the Adhesion family’s origin twegsiences found iMonosiga brevicollis
(Mb) andArabidopsis thaliana (At) discovered by King and colleagues [10] angeisson and
colleagues [2] respectively, were included in thuelg (fig 2 box 3). Both had previously shown
resemblance to theecretin family, or adhesion like functions and were therefconsidered to
be of most importance. The startfile was subjetdesh in-house program removing sequences
not fulfilling the specific criteria described inaterials and methods. The outcome of the
program showed that all of tHetraodon nigroviridis, 5 of 5Drosophila melanogaster and 4 of
5 Caenorhabditis elegans were indeedddhesion-like (table I1).

Dictyostelium discoideum was to be handled slightly different while twotbé sequences
Dd16 and Dd38 displayed a strong connection taAdiesion but without fulfilling the criteria.
These genes only satisfied one of the criteria @achwere chosen under slightly less strict
criteria; that the first two hits had to Behesion and that they demonstrated the typical 7tm_2
domain. Dd1, which fulfilled the original criteridd16 and Dd38 were included in the startset
based on their historical importance. The sequéooe Monosiga brevicollig10] revealed a
high similarity to theAdhesions whereas the sequence fréwabidopsis thaliana[2] rather
grouped with theAMP receptors and was therefore removed from furthelies. Verification

on the potential Methuselah sequences was alsa geetable II.
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Table II: The ten first hit from in-house program targeting potential Adhesion genes against
BLAST database containing members from all Human GPCR families as well as Methuselah
sequences from Harmer [9] and cAMP sequences from Eichinger and colleagues [8, 72, 91].
Sequences marked in bold and italic fulfilled established criteria (see materials and methods for
further information) and were selected for further investigations. The abbreviations stand for:
Mth — Methuselah, Adh — Adhesion, Rho — Rhodopsin, Fz — Frizzled, Tas — Taste2, Sec —

Secretin, cA — cAMP and Oth — Other.

In-house search against BLAST database

Name 1st hit 2nd hit  3rd hit  4thhit  5th hit 6th hit 7thhit 8thhit 9thhit 10th hit
Dm_mthl Mth Mth Mth Mth Mth Mth Mth Adh Adh Adh
Dm_mth2 Mth Mth Mth Mth Mth Mth Adh Adh Mth Adh
Dm_mth3 Mth Mth Mth Mth Mth Mth Mth Mth Mth Adh
Dm_mth4 Mth Mth Mth Mth Mth Mth Mth Mth Rho Rho
Dm_mth5 Mth Mth Mth Mth Mth Mth Mth Mth Adh Rho
Dm_mth6 Mth Mth Mth Mth Mth Mth Mth Mth Adh Adh
Dm_mth7 Mth Mth Mth Mth Mth Mth Mth Mth Adh Adh
Dm_mth8 Mth Mth Mth Mth Mth Mth Mth Mth Adh Adh
Dm_mth9 Mth Mth Mth Mth Mth Mth Mth Mth Adh Adh
Dm 10 Mth Mth Mth Mth Mth Mth Mth Mth Mth Adh
Dm 11 Mth Mth Mth Mth Mth Mth Adh Mth Mth Adh
Dm 12 Mth Mth Mth Mth Mth Mth Adh Mth Adh cA
Dm 13 Mth Mth Mth Mth Mth Mth Adh Adh Adh Adh
Dm 14 Mth Mth Mth Mth Mth Adh Mth Adh Mth Adh
Dm_ 15 Mth Mth Mth Mth Mth Mth Mth Fz Fz Fz
Dm 16 Mth Mth Mth Mth Adh cA Mth Adh Adh Adh
sDm_1 Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
sDm_2 Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
sDm_6 Adh Adh Adh Adh Adh Adh Adh Adh Rho Adh
sDm_8 Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
sDm_9 Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
Cel Rho Mth Adh Adh Adh Rho Adh Tas Adh Rho
Ce2 Adh Adh Adh Mth Adh Mth Mth Adh Mth Adh
Ce3 Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
Ce4d Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
Ce5 Adh Adh Adh Adh Adh Adh Oth Mth Adh Sec
Dd_1 Adh Adh Adh Adh Adh Adh cA cA Adh cA
Dd_6 Adh cA Fz Fz Adh Adh Adh Adh Adh Fz
Dd_7 Adh Fz Mth Adh Adh Mth Mth cA Adh Mth
Dd_8 cA cA Adh Mth Adh Rho Mth Mth Oth Sec
Dd_10 cA Adh Fz Rho Rho Rho Adh Rho Fz Fz
Dd_11 cA cA Rho Fz Rho Rho Rho Rho Rho Fz
Dd_16 Adh Adh Adh Rho Rho Fz cA Rho Oth Adh
Dd_17 cA cA cA cA cA cA cA Adh Sec cA
Dd_18 cA cA cA cA cA cA Adh Oth cA cA
Dd_19 cA cA cA cA Sec Adh Adh cA Sec cA
Dd_20 cA cA cA cA cA cA cA Oth Adh Mth
Dd_22 cA cA cA cA cA cA Oth cA cA Rho
Dd_23 Adh Sec cA Adh Rho Adh Rho Adh Rho Rho
Dd_25 cA cA cA cA cA cA cA Oth Oth Adh
Dd_33 Fz Rho Rho Adh Adh Rho Adh Rho cA cA
Dd_34 Fz Fz Fz Fz Fz Adh Adh Adh Adh Adh
Dd_38 Adh Adh Rho Adh Adh Rho Adh Adh Rho Rho
Dd_46 Oth Fz cA Adh cA Rho Sec cA cA cA
Dd_49 Sec Sec Adh Mth Adh Fz Fz Rho Rho Rho
Dd_51 cA Fz Fz cA Sec Rho cA Adh Mth Adh
Dd_53 Oth Fz cA Adh cA cA cA Rho cA Rho
At_Rask cA cA Oth cA cA cA cA cA cA Mth
Mb King Adh Adh Adh Adh Adh Adh Adh Adh Adh Adh
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The resulting set did not however comprise a stadl@nd a clustering method (KalleClust)

(fig 2 box 4) (explained in materials and metha#sluced the set to an initial set for phylogeny
from which Ce2, Ce5, Dd1, Dd16, Dd38, Dm_mth1,2@d¥Igrl, HsVIgrl, MbKing,
MmGprl44, TnGpr56-1 and sDm 2,6,8 and 9 were exxdud@he sequences removed from the

initial set were then reinserted under criteriacdbgd in materials and methods. The sequences

that were never reinstalled were Ce2 and all oMbthuselah sequences previously removed,

since these sequences resulted in an inconsistawibgy of the trees. However a tree including

all sequences fror@aenorhabditis elegans, Dictyostelium discoideum andMethuselah was

constructed since all of them are of great integtecially th&€aenorhabditis elegans

sequences with the presence of GPS in

their N-terminal. The tree was calculated

using a bootstrap value of 1000 and the

neighbor-joining method from Phylip

3.65, (described in materials and

methods). Cel was excluded already e

with the execution of the in-house

program since it haBhodopsin (Rho) as

best hit (Table II) and Ce2 did not group

with the Adhesion group, see the result

in figure 4. ce2
Simultaneously manual assembling of

the Tetraodon nigroviridiss N-terminals

was conducted in the same manner as for
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the 7TM but using the full-length human
sequences as baits. Subsequently the
domains of all exciting sequences were
found with rps-blast as well as with

interproScan, depicted in figure 11.

The distinct groups I-VIII proposed by
Bjarnadottir and collegues [3] were
apparent in all trees with the exception o
group V and a few sequences that tende
to belong to different groups depending

L 919,

%
<o
C‘}

Figure 4. Consensus (Neighbo-joining trees with

bootstrap set to 1000, of &llethuselah, Caenorhabditis
elegans andDictyostelium discoideumsequences with
additionalAdhesion (HsVIgrl and HsLec1) angecretin
sequences (HsSecPTHR2 and HsSecPTHR1). Branches
with bootstrap values below 50% do not give any
information and should be collapsed.

on the method used to construct the tree, figu@eGroup V kept splitting up but the sequences

within the group had mostly an adjacent placemethe trees. When further analysing the trees,

sequence homology could be seen with potentialesems fronTetraodon nigroviridis
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following their human baits. A clear orthologousat®mnship could not be pinned down for all
Tetraodon nigroviridis-sequences mostly by reason of basal arrangemémt tnees. The
ortholouges that clearly could be assessed acaptdithe neighbor-joining tree in figure 10
were; TnGprll6-2 to HsGprll3, TnGprl44-1 to HsGarIshGprl25-1 to HsGprl25,
TnGprl24-1 to HsGprl24, TnGprl23-1,2 to HsGprla85pr112-2,3 to HsGprll2, TnGprl26-
1 to HsGprl26, TnGpr97-1 to HsGpr97, TnLec3-1 thétS8, TnEtl-1 to HsEtl, TnTr32-1 to
HsCd97, TnCelsr2-1 to HsCelsr2, TnCelsrl-1 to HsQelTnBai3-1 to HsBai3, TnBai2-1 to
HsBai2 and TnBai3-3 to HsBail. TnCd97-1 shows iat&tto group I, sDm6 to group llI,

sDm1 to group IV, TnLec3-3 to group |, TnGprll6slgroup VI and TnGpr56-1 and
TnGprl26-3 to group VI (fig 9).
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Figure 5. Consensus of minimum evolution (ME) trees with b@dtstrap constructed in Mega 3.1. Numbers at the
internal nodes represent bootstrap values and abmatalization into group I-VIII is according tgaBnadottir

and colleagues previous division [3]. The abbréeret in fig 5-9 stand for: Hs Homo sapiens, Mm —Mus

musculus, Gg —Gallus gallus, Tn —Tetraodon nigroviridis, Tr —Takifugu rubripes, Dm —Drosophila melanogaster,

Ce —Caenorhabditis elegans, Dd —Dictyostelium discoideum, HsSec — Thé&ecretin family from Homo sapiens and
Mth —Methuselah. The branches with bootstrap below 50% should blagséd in all trees in fig 5-9.

2%

G2 o2 o
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Figure 6. Consensus of maximum parsimony (MP) Figure 7. Consensus of maximum parsimony (MP) tree
tree with 100 bootstrap constructed in Mega 3.1. with 100 bootstrap constructed in Phylip versiost3.
Numbers at the internal nodes represent bootstrap Numbers at the internal nodes represent bootstrap
values and compartmentalization into group I-VIII values and compartmentalization into group I-V4ll i

is according to Bjarnadottir and colleagues presiou according to Bjarnadottir and colleagues previous
division [3]. Mth representlethuselah and HsSec division [3]. Mth represertethuselah and HsSec
Secretin sequences from human. Secretin sequences from human.
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Figure 8. Consensus of neighbor-joining (NJ) tree with 1@0tstrap constructed in Mega 3.1. Numbers at the
internal nodes represent bootstrap values and abmatalization into group I-VIII is according tgaBnadottir
and colleagues previous division [3]. Mth repreddathuselah and HsSe&ecretin sequences from human.
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Figure 9. Consensus of neighbor-joining (NJ) tree with 1@0tstrap constructed in Phylip version 3.65. Nuraber
at the internal nodes represent bootstrap valugs@ampartmentalization into group I-VIII is accandito
Bjarnadottir and colleagues previous division [@th represenMethuselah and HsSe&ecretin sequences from
human.
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The relations described above agree with the seguenc Table lll: Percentsequence identity between
Tetraodon nigroviridis sequences and closest

; g p ; human relative. Sequences enclosed in
identity in most cases, see table Il calculateMagAlign parentheses show higher identity to sequence

in their ow n species
Sequence identity between Hs and Tn

from the DNA Star-package version 5.07

(DNASTAR,Madison, Wisconsin, United States). Tn Closest s %seq id
However some of the sequences show high sequence -2 " Bai2 801
q 9 q Bai3-1 Bai3 92.2
similarities with sequences from the same speciel as  Bai3-3 Bail 91.1
. CD97-1 EMR1 39.5
TnGPR123-2 to TnGPR123-1. This further strengthens thg_, , Celsr1 65.6
probable gene duplication which is thought to have Celsr2-1 Celsr2 65.6
. . ETL-1 ETL 78.9
occurred in the Teleost lineage to whilegraodon Gpril2-2  Gpril2 528
nigroviridis belong [87]. Since the sequence distance ~ ©Prit2-3  Gpril2 524
) o Gpril6-1 Gprll6 52.1
to the human sequence, to which they both are siodar cpriz6-2  Gpriis 32.1
. Gpri23-1 Gpri23 73.2
0
is 18.4% one can argue that one of the sequencEm gy oprizsz  Gprizs "
TnGPR123-2, is about to loose function or evolvagaire (Gpri23-2  TnGpri23-1  56.3) SOmMe
her f . litv. H i . . . Gpriz24-1 Gpri24 54.7
other functionality. However it is enticing to qties Gpriz5l  Gprizs 68.5
the gene duplication given that far from Adlhesion Gpri26-1  Gprl26 755
) ) o ) Gpr126-3 Gpré4 55.0
GPCRs inTetraodon nigroviridis show copies. If whole  gp144.1  Gpriaa 575
genome duplication had occurred it would be mdéstlyi ~ ©pr56-1 Gpr112 250 that
) ) . . (Gpr56-1 TnGpri126-1 29.6) .
such an essential gene family would show duplicatiof ~ gpro7-1 Gpro7 352 their
sequences. However given that the doubling-up oedur -2 Lec2 >4.0
Lec3-1 Lec3 89.9
between 300 and 350 million years ago [88, 89]e®pi Lec3-3 Lecl 742  might
Tr32-1 CD97 52.4

have lost functionality or evolved to oblivion.
All of the Gpr128 sequences took a more basal iposand were hence removed from the
previous alliance with group VIII but kept a clge®ximity to it. Some of the sequences not part
of any group, repeatedly clustered together fornsmmething of a group of their own. The
group enclose; HsVigrl, GgVigrl, Ce5, Dd1, sDm8 abBth9. The identity within the group
was calculated in MegAlign from the DNA Star-pack&agrsion 5.07, see table IV and V. This
disclosed a sequence identity within the group iramfrom 10.6%, between GgVIgrl and Ce5,
to 82.4% between GgVlgrl and HsVigrl.
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Table IV: Pairwise distances between sDm8,9, Dd1, Ce5, Vigrl from human and chicken and Gpr128 from
human, chicken and mouse. The distances were calculated using ClustalW in the MegAlign program from the
DNA Star-package version 5.07 (DNASTAR, Madison, Wisconsin, United States)
Pair Distances of Untitled ClustalW (Slow/Accurate, Gonnet)

sDm9 Ce5 Ddl GgGprl2s GgVigrl HsGprl28 HsVigrl MmGprl28 sDm8

sDm9 i 125 176 215 22.7 27.7 25.0 24.6 50.4
Ceb *kk 13.1 15.7 10.6 17.8 12.3 18.6 131
Dd1 *kx 25.5 16.7 26.3 16.3 29.5 20.7
GgGprl28 *kk 13.7 52.2 14.3 53.2 18.4
GgVigrl kk 16.3 82.4 16.7 23.7
HsGpr128 kk 15.8 77.8 21.2
HsVigrl ok 19.0 22.9
MmGpri128 ok 22.0
sDm8 rkk

. Table V: Clearer overview of best and second best
Another connection that was acknowledgedpt from table IV

was Dd16 and Dd38 to thdethuselah group.  _Name BestHit % ___nBest %
_ _ sDm9 sDm8 HsGpr128
In order to clarify the relations a complementaryes MmGpr128 HsGpr128
tree with allMethuselah andCaenorhabditis Dd1 el HsGprl28
. GgGpril28 RVlylerssii] HsGpr128
elegans sequences together with the GgVigrl  FEEVIEEE sDm8
. . — . HsGpr128
Dictyostelium discoideum sequences of interest | \> MmGpri2s GoGpri2s
HsVigrl GgVlgrl sDm9
was made, see figure 4. This revealed a middI&'mGpr128 FEEel&rx] GgGpri28
sDm8 sDm9 GgVigrl

part made up of thBictyostelium discoideum
and some of th€aenorhabditis elegans sequences but grouping together with respectively
species anMethuselah andAdhesion/Secretin on either side. Due to this the hitlist for sedefct
sequences from the in-house program targeting alBEdatabase with family members from
most GPCRs was re-inspected, part of interest shiowable Il. The table reveals that the
sequences hit a range of different GPCRs, potefdiadsion sequences have hits from
Methuselah, Secretin, CAMP, Frizzled, Other andRhodopsin as well, inclining that at least the
7tm-regions might be reasonable similar. Sincelttogyostelium discoideum sequences are of
ancient origin the Blast hits were collected imblé with the aim of exposing the relations
between the GPCR families. As seen in table 1Dk etyostelium discoideum sequences show
resemblance to a range of GPCRs and interestimglinra constant order. The first hit can be
Adhesion, the following ones from some other GPCR familg éimenAdhesion hits again.
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i H i i Table VI: Number of exons for every gene in each species.
Dictyostelium discoideum also appears to | &> 0 A M Mus musculus. T - Teraodon

. - nigroviridis, Dm — Drosophila melanogaster and Ce —
have hlgh substitution rates and several Caenorhabditis elegans. Orthologues are representedw ith

. the same name and related sequences are located in the
sequences had to be removed since they proximity of each other. Exon numbers followed by (7tm)

are not fullength and mainly comprise the 7tm domain

compromised the distance matrices and made

Number of exons in the species

tree construction impossible (data not shown)prot

For the sake of the study they were kept until tzziz
by the in-house program targeting them against?
in the BLAST-search against the BLAST- tzz;
with most GPCR families Emrl
represented (see materials and methods). Eﬂz
Emr4

Another interesting feature of tiactyostelium i

discoideum-sequences are that Dd16 hits a 7Téd97

domain with an E-value of 0.33 and Dd38 WitQT:f:

an E-value of 0.04 while most other GPCR  Ce4
Bail
have a far better E-value in the range around g,»
1e-10 down to 1e-60 (data not shown). Even g?}gg ;
alo-
Methuselah sequences hit their 7TM with bettetelsr1
Celsr2
Celsr3

evolutionary distance or perhaps since a sDm1
- . .. .. .Ce5

Secretin-like 7TM domain is the closest hit. It 'Q/I(;rl

also enticing to look at the N-terminals of the sbmé

E-values. This could be a result of the large

sDm9
sequences. Characteristic for #hghesion Gprs6
family are the long N-terminals and the gpr:‘?‘
pr
presence of multiple domains [3, 12] but wherepriio
looking at the more ancient sequences most g:i;
them do not render any of those traits, see  Gprii23
. Gprl13
fig 11. Gprila
As a complementary to fig 11 all sequence$Prt15
Gprll6
from Tetraodon nigroviridis, Drosophila Gpri16-2
melanogaster, Caenorhabditis elegans, gg:izj
Dictyostelium discoideum and the two Gprizs
. . . . . Dm6
from Monosiga brevicollis [10] andArabidopsis Zogz
thaliana [2] were searched against the nr Gpri26
Gpri126-3

with blastp at www.ncbi.nim.nih.gov giving  gp128

numbers for the best match as well as genomgprif1
pr
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and potential domains (Table VII). Table VIl and fi0 correspond seemingly well but the
sequences in fig 10 have the advantage of beingiatlgninspected and investigated for correct
splicing whereas the other mostly are gene-preaistivhich are correctly spliced in 19% of the
cases [90]. Figure 11 also gives a probable gragufmnCe5 since it displays typical domains for
group IV. This is also true for sDm2 which haveadagtose-binding lectin domain which is only
present in group .

The last investigation performed considered the memof exons in each species, gene and
genegroup according to the I-VIII division [3], shiag that a change in exon number occurred
somewhere between tirosophila melanogaster andCaenorhabditis elegans split and the
Tetraodon nigroviridis (Table VI). The increase in exon number can aksa besult of the
evolvement of the long N-terminal which is absentiost of the sequences from the species
located basally in the evolutionary tree (fig 3pelletraodon nigroviridis sequences follow the
human, chicken and mouse exon humber whdbeasophila melanogaster, Caenorhabditis
elegans andDictyostelium discoideumhave far less but also shorter N-terminals (fig 10)

Figure 10. (See next page) Representation ofAblkesion GPCRsN-terminals and their incorporated domains
located with rps-blast at www.nchi.nim.nih.gov witttutoff value of 0.1. The sequences are groupearding to
Bjarnadottir and colleagues division in group I-MB]. Represented sequences are Hiomo sapiens, Th —
Tetraodon nigroviridis, Dm —Drosophila melanogaster, Ce —Caenorhabditis elegans and Dd -Dictyostelium
discoideum. Possible domains are GPS — GPCR proteolyticldB&) — hormone binding domain, OLF —
olfactomedin, GBL — galactose-binding lectin dom&GF — epidermal growth factor, 7TM — seven
transmembrane domain, LRR — leucine rich repegts,immunoglobulin, SEA — sperm protein, enterok&and
agrin, CA — cadherin domains, TSP1 — thrombospohdPT X — pentraxin domain, LamG — laminin, Calxtabe
Domains in Na-Ca exchangers and integrin-betadr, ©Bligoendopeptidase F, TNFR — tumor necrositfac
receptor domain, HprK — Serine kinase of the HBtgin, CUB domain , Urease_beta — Urease beta #ubun
Metallothio PEC —, CLECT — C-type lectin like damaEPTP — epitempin domain , SIN3 — Histone dedas¢
complex and Herpes_gp2 — equine herpesvirus glpteiprgp2.
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Table VII: Potential Adhesion sequences from each speciesw ith the accession number from the best hit at

www .nchi.nim.nih.gov w ith blastp, chromosomal localisation and a short summary of the blastp hit. Tn — Tetraodon
nigrowviridis, Dm— Drosophila melanogaster, Ce - Caenorhabditis elegans, Dd — Dictyostelium discoideum, Mb —
Monosigabrevicdlis and At — Arabidopsis thaliana. For domain names the same abbreviations as for figure 11 have been
used

temp name AC of closest hit  Chr BestHit blastp

Tetraodon

nigroviridis

Lecl-2 CAG06092 18 Unnamed protein product Tn, GBL, OLF, HormR, 7tm 2

Lec3-1 CAF93446 un Unnamed protein product Tn, HormR, GPS, 7tm_2

Lec3-3 CAF98480 15 Unnamed protein product Tn, GBL, OLF, HormR, GPS, 7tm_2

Bai2-1 CAF99436 21 Unnamed protein product Tn, TSP1, GPS, 7tm 2

Bai3-1 CAG09441 17 Unnamed protein product Tn, 7tm 2

Bai3-3 CAG10859 21 Unnamed protein product Th, TSP1, HormR, 7tm_2

Celsr1-1 CAGO01167 un Unnamed protein product Tn, EGF, LamG, EGF_Lam, HormR,
GPS, 7tm 2

Celsr2-1 CAG06842 11 Unnamed protein product Tn, CA, EGF, LamG, EGF_Lam,
HormR, GPS, 7tm_2

Cd97-1 CAG04105 3 Unnamed protein product Tn, GPS, 7tm_2

Tr32-1 CAG12162 3 Unnamed protein product Tn, GPS, 7tm_2

Etl-1 CAG01189 1 Unnamed protein product Tn, GPS, 7tm_2

Gpr56-1 CAG00694 Un Unnamed protein product Tn, GPS, 7tm_2

Gpro7-1 CAG00691 Un Unnamed protein product Tn, GPS, 7tm_2

Gprl12-2 CAG11729 7 Unnamed protein product Tn, 7tm 2

Gprl12-3 CAG09829 1 Unnamed protein product Tn, GPS, 7tm_2

Gpr123-1 CAG10157 Un Unnamed protein product Tn, 7tm 2

Gprl23-2 CAG00851 Un Unnamed protein product Tn, 7tm 2

Gprl24-1 CAF90106 Un Unnamed protein product Tn, LRR, Ig, 7tm_2

Gpr125-1 CAF90021 Un Unnamed protein product Tn, LRR, lg, GPS, 7tm_2

Gprl26-1 CAF94956 Un Unnamed protein product Tn, CUB, PTX, GPS, 7tm 2

Gpr126-3 CAG05443 6 Unnamed protein product Tn, GPS, 7tm_2

Gprl16-1 BAF32963 14 flg-Hepta Takifugu rubripes, SEA, GPS, 7tm_2

Gprl16-2 CAG13000 14 Unnamed protein product Tn, GPS, 7tm_2

Gprl44-1 CAGO01306 Un Unnamed protein product Tn, GPS, 7tm_2

Drosophila

melanogaster

sDml BAAS4069 2R Flamingo Dm, CA, EGF, LamG, EGF_Lam, HormR,
GPS, 7tm_2

sDmM6 NP 572870 X CG15744-PA Dm, LRR, 7tm_2

sDm38 NP 651842 3R CG11318-PA Dm, 7tm_2

Caenorhabditis

elegans

Cel T34248 1l Hypothetical protein, GPS - Present in latrophilin/CL-1, 7tm_2

Ce2 NP_494739 1l F31D5.5, GPS — Present in latrophilin/CL-1, 7tm 2

Ce3 1l Latrophilin receptor family member (lat-2) Ce, CLECT,

NP_001040724 GBL, HormR, GPS, 7tm 2
Ce4 NP 495894 1l Latrophilin receptor family member (lat-1) Ce, GBL,
- HormR, GPS, 7tm_2

Ce5 AAQB4880 \% flamingo-like protein FMI-1 Ce, CA, EGF, LamG,
EGF_Lam, HormR, GPS, 7tm_2

Monosiga

brevicollis

King AAP78684 Not MB7TM1 Mb, GPS, 7tm Secretin-like

available

Dictyostelium

discoideum

Dd1 XP 637908 4 GPCR family protein Dd, Secretin-like

- receptor; latrophilin receptor-like, 7tm similar to Secretin

Dd16 XP_636816 5 GPCR family protein Dd, Frizzled
and Smoothened-like protein and 7TM similar to Secretin

Dd38 XP 636809 5 GPCR Frizzled and Smoothened-like protein

Arabidopsis

thaliana

Josefsson CAA72145 1 GPCR At, slime mold cAMP receptor




4 Discussion

Adhesion sequences of the GPCR-family have been collected HHomo sapiens (human)
[3], Gallus gallus (chicken) [24] Mus musculus (mouse) [3],Tetraodon nigrovididis (puffer
fish), Drosophila melanogaster (fruit fly), Caenorhabditis e egans (Nematode) and
Dictyostelium discoideum (amoeba). This resulted in 24 potenAdhesion sequences from
Tetraodon nigroviridis with complete 7TM and for 21 of them the N-ternticauld be
assembled (fig 11). F@rosophila melanogaster, Caenorhabditis elegans andDictyostelium
discoideum, 5,3 and 3 respectively potent/dhesion sequences could be located. This
comprises one mor@rosophila melanogaster-sequence than previously reported by Harmar [9]
and two moreDictyostelium discoideum-sequences than formerly reported by Eichinger and
colleagues [8, 72, 91]. However the most intergssequences, taken tAdhesion perspective,
are the twdCaenorhabditis elegan-sequences excluded from the Adhesion set, onéodue
guestionable positions in the phylogenetic tree2j@Gnd one not fulfilling the criteria for the
in-house program (Cel), see materials and methutitable II. The reason of the interest is the
presence of a GPS domain in both sequences, whidharacteristic for th&dhesion-family of
GPCRs [3, 12, 29]. A possible explanation couldHzd the sequences can not be compared
according to the 7TM alone since a prominent featdrtheAdhesion-family is the long N-
terminal. Contradicting this is the apparent caesisy of similar domains in the I-VIII groups
where the groups have been divided on the phyldgersationship of the 7TM [3], which also
is evident for th&etraodon nigroviridis-sequences, see fig 11. Taking both of these pusvio
statements in consideration an additional explanatiight be that the 7TMs can be used single-
handedly for sequences derived from species wilbser evolutionary distance. As seen in table
Il sequences from species situated basally invb&gonary tree (fig 3) have a higher
probability to hit sequences from multiple GPCR ilgs. This also stresses the possibility for a
common ancestor for both tiAelhesion family and the entire GPCR family which is also
supported by Prabhu and Eichinger [91]. They atbatthe presence of a member of family 2
(Secretin/Adhesion) in Dictyostelium discoideum emphasizes the appearance of a common origin
before the split of animals and fungi but sincenmembers have been found in fungi the
sequence must have been lost in this lineage [91].

A theory | would like to introduce in this studytlse prospect of thErizzled and Smoothened
receptors as predecessor of Aubesion—receptors. The assumption is based on the reseogbla
of Frizzled andSmoothened to the B-family containing bot8ecretin andAdhesion receptors
[22] and the annotated likeness of Dd16 toRhiezled andSmoothened-like protein but with
Secretin-like 7TM and Dd38 a&rizzed andSmoothened protein (Table VII). Both of these
sequences group with the B-family in this studg §+9) which further accentuate the similarity
between the families in basally located speciesinteresting thought is then that a common
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ancestor to th&ecretin, Adhesion andMethuselah receptor families resides before the
divergence oDictyostelium discoideum, which according to Harmar are the three companeht
the B-family [9]. The presence of Fsizzded/Smoothened-like receptors irDictyostelium
discoideum[91] presents the possible interpretation that sofribese might have evolved to
Adhesion or Secretin-like receptors in higher species since at mostterrled and one
Smoothened receptor can be found in those species [38, 38% dould however also be a result
of a species-specific expansion of #rézz ed/Smoothened-family in Dictyostelium discoi deum.
The lack of theAdhesion-specific domain GPS in tHaictyostelium discoideum-sequences could
also incline that the specificity of thehesion-family evolved later but before the upcoming of
Monosiga brevicollissince the sequence derived from King and colleafl@spossesses a GPS-
domain (fig 11).

The discrepancy throughout the different trees seéig 5-9 for the sequences not part of
any of the eight groups is a consequence of tlierdiit methods used for the different trees.
Maximum parsimony (MP) trees risk getting caughitoical minima meaning that the best tree
might not be the one returned. Further is MP netgrable when the lineages have different
evolutionary rates [92] and should not be used whersequence distances exceeds 10%. This is
also true for constant evolutionary rates if tleetpresents short internal branches [93, 94].
Previous evaluations of the phylogenetic methodsmaximum likelihood (ML) and neighbor-
joining (NJ) as superior methods to MP [84, 95]aat there are very few cases when MP is to
prefer. This is when having; constant nucleotidessitution rates, no strong
transition/transversion or GC-biases and when anajya few, similar, long sequences including
over 1000 bases [96, 97]. ML has not been usekisnstudy since the method is immensely time
consuming and would take up to much time.

Comparisons of Minimum evolution and NJ show thattrees demonstrate similar topology
for small numbers of sequences but may differ ré&atay if the number increases [98].
Minimum evolution has however the same disadvanégsgmaaximum parsimony since it might
enter local minima and will then not return thetldd& tree. In this study the ME and NJ tree
from MEGA 3.1 correspond really well with only aralifferences, such as different placements
for sbm2 and Mb King.

A feature of most phylogenetic trees and also ri@gloining trees is the formation of
groups due to long-branch attraction. This happdmsn sequences not strongly related to any
other participants in the tree group together. Wlbeking at the low percentage of sequence
identity within the group containing HsVIgrl, GgVvlg Ce5, Dd1, sDm8 and sDm9 the group
could be the result of long-branch attraction.

This arouses suspicion that additional clusteryams| structure studies and functionality and
ligand studies have to be performed. It is obviinat the structure ought to have a great impact
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on the protein which perhaps overshadows the segu&milarity. This has already been proven
for RDC1 receptor which is a GPCR which shows lEghuence similarity to the
adrenomedullin receptor (ADMR) [12, 99] but showrsistural similarity with the chemokine
receptor CXCR4 according to a threading assemlilyenment (TASSER) methodology.
Strengthening this assumption is the previous @msgothat both RDC1 and CXCR4 bind the
same ligand, CXCL12 [100].

To conclude, 24etraodon nigroviridis sequences potentially belonging to #fdhesion
family were found and were elongated with their 7Wken possible. OnBrosophila
melanogaster sequence additional to Harmar previously foundisages was discovered, as
well as two furtheCaenorhabditis el egans [9] but with questionable membership in the
Adhesion family. In Dictyostelium discoideumtwo complementing sequences to Eichinger and
colleagues first family B-like sequence [8, 72, 8Hre found but a clear evolutionary history
has not been discerned. Continued investigatiadgheofdhesion-family is of most interest since
they seem to have an impact in tumour repressidraaainvolved in several developmental
stages [59-62, 101].
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