
 

 

University of Warwick institutional repository: http://go.warwick.ac.uk/wrap
This paper is made available online in accordance with 
publisher policies. Please scroll down to view the document 
itself. Please refer to the repository record for this item and our 
policy information available from the repository home page for 
further information.  
To see the final version of this paper please visit the publisher’s website. 
Access to the published version may require a subscription. 
 
Author(s): Robin G. Allaby and Mathew Woodwark 
Article Title: Phylogenomic Analysis Reveals Extensive Phylogenetic 
Mosaicism in the Human GPCR Superfamily 
Year of publication: 2007 
Link to published version: http://www.la-press.com/phylogenomic-
analysis-reveals-extensive-phylogenetic-mosaicism-in-the--a377 
Publisher statement: None 
 

 
 

http://go.warwick.ac.uk/wrap


Evolutionary Bioinformatics 2007: 3 357–370 357

ORIGINAL RESEARCH

Correspondence: Robin G. Allaby, Fax: +44 (0) 2476574500; Email: r.g.allaby@warwick.ac.uk
Please note that this article may not be used for commercial purposes. For further information please refer to the copyright 
statement at http://www.la-press.com/copyright.htm

Phylogenomic Analysis Reveals Extensive Phylogenetic 
Mosaicism in the Human GPCR Superfamily
Robin G. Allaby1 and Mathew Woodwark2

1Warwick HRI, University of Warwick, Wellesbourne, CV35 9EF, UK. 2Cambridge Antibody 
Technology Ltd., Milstein Building, Granta Park, Cambridge CB1 6GH, UK. 

Abstract: A novel high throughput phylogenomic analysis (HTP) was applied to the rhodopsin G-protein coupled receptor 
(GPCR) family. Instances of phylogenetic mosaicism between receptors were found to be frequent, often as instances of 
correlated mosaicism and repeated mosaicism. A null data set was constructed with the same phylogenetic topology as 
the rhodopsin GPCRs. Comparison of the two data sets revealed that mosaicism was found in GPCRs in a higher fre-
quency than would be expected by homoplasy or the effects of topology alone. Various evolutionary models of 
differential conservation, recombination and homoplasy are explored which could result in the patterns observed in this 
analysis. We fi nd that the results are most consistent with frequent recombination events. A complex evolutionary history 
is illustrated in which it is likely frequent recombination has endowed GPCRs with new functions. The pattern of mosa-
icism is shown to be informative for functional prediction for orphan receptors. HTP analysis is complementary to 
conventional phylogenomic analyses revealing mosaicism that would not otherwise have been detectable through con-
ventional phylogenetics.

Keywords: evolution/GPCRs/mosaicism/phylogenomics

Introduction
The G-protein coupled receptors (GPCRs) are a remarkably diverse superfamily of seven-transmembrane 
proteins that are responsible for intracellular G-protein activation on recognition of an extracellular 
ligand. A wide array of stimuli are recognised by GPCRs including light, odorants, calcium ions, 
nucleotides, lipids and peptides. The superfamily can be separated into at least fi ve families that recog-
nise diverse ligands (Bockaert and Pin, 1999; Fredriksson et al. 2003). Fredriksson et al. 2003 defi ne 
these family groups as the Rhodopsin, Adhesion, Secretin, Glutamate and Frizzled receptor groups. 
These major divisions of the superfamily show little or no sequence similarity making phylogenetic 
inference about the origin of the GPCR superfamily problematic. The nature of the functionality of 
GPCRs makes them attractive targets for drug design; about half of all modern drugs act on GPCRs 
(Flower, 1999; Howard et al. 2001). Frequently, receptors that have not had their ligands characterised, 
so called orphan receptors, have their functionality inferred through phylogenetics. Consequently, an 
understanding of how GPCRs are related is highly desirable in the course of drug design. Each major 
family of GPCRs is itself made up of a number of groups. The phylogenetic relationships within these 
groups appear to be relatively clear, but it remains a challenge to ascertain how the different GPCR 
groups relate to each other within a family (Joost and Methner, 2002). Even within the rhodopsin family 
sequence conservation is too poor for good multiple sequence alignments across the whole family. To 
achieve robust phylogenetic analyses it is necessary to separate out the GPCR groups as relatively small 
but high quality alignments (Sjölander, 2004). 

It is evident from the GPCR superfamily as a whole that sequence conservation is low, but a core 
tertiary structure is maintained. Consequently, any functional sequence conservation that does occur 
between sequences is likely to be phylogenetically local and possibly differential over the sequence 
length. It is possible then that sequence similarity high enough between GPCR groups to be identifi ed 
as homology may only be fragmentary. The fragmentary nature of homology between sequences is 
exacerbated by the possibility that many GPCRs may be the result of recombination processes (Shields, 
2000). This feature echoes fi ndings that the majority of transmembrane and extracellular proteins are 
thought to be modular (Patthy, 1999), and the human genome appears to have a high number of modular 
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genes (Li et al. 2001). Consequently, a biologically 
realistic strategy to reconstruct the phylogeny of 
the GPCRs should begin with the reconstruction 
of the phylogenies of those sequence fragments 
within GPCRs that can be identified as being 
homologous to other sequences. 

It was the aim of this study to establish 
homology and reconstruct the phylogenies of 
sequence fragments within GPCR sequences 
across the whole rhodopsin family, and compare 
those to the phylogenies of the whole sequences 
within a GPCR group. In this way we hoped to 
extend the homologous relationships between 
GPCR groups on a fi ne scale and identify instances 
of potential recombination events through changes 
to expected phylogenetic topologies. In order to 
be able to identify relationships between the 
different GPCRs we elected to study sequence 
data from a single organism, humans. In this way 
more distant relationships will not be masked by 
close orthologous relationships. The experimental 
strategy was to construct phylogenetic trees for 
each GPCR group alignment, and then search for 
instances in which fragments of sequences were 
similar between GPCR groups and could be 
utilised in phylogenetic reconstruction. However, 
this approach rapidly leads to a high number of 
phylogenetic analyses all of which require careful 
interpretation of results. Consequently, we devel-
oped a novel high throughput phylogenomic 
(HTP) approach in which both phylogenetic tree 
construction and subsequent interpretation are 
automated, outlined in Figure 1. The analysis is 
phylogenomic because it uses all the known 
rhodopsin type GPCRs in the human genome. The 
robustness of phylogenetic interpretation is 
incumbent on underlying assumptions and validity 
of the input data. While the former is dependent 
upon the phylogenetic algorithm applied and was 
not further vetted in this study, the latter was 
subject to an automated quality control procedure 
that enabled a minimum quality of data input to 
be met for automated phylogenetic analyses. The 
stringent screening of data input and removal of 
data that is too distant made the novel large-scale 
automation of phylogenetic interpretation 
possible. Automated phylogenetic interpretation 
was limited to the identifi cation of nearest neigh-
bors. This automated approach enabled a powerful 
and comprehensive analysis of the rhodopsin 
GPCRs giving a novel perspective of the reticu-
late relationships across the family. 

Results and Discussion
We assembled 257 sequences of human rhodopsin 
type GPCRs into 19 alignments based on the 
groupings of Joost and Methner (2002), termed 
group 1–group 19. In order to improve alignments 
to meet our own minimum quality requirement 
criteria, we further subdivided the 19 alignments 
into 33 alignments such that each group did not 

Figure 1. Schematic overview of HTP analysis. The analysis 
begins with a global alignment (1) from which a global tree is calcu-
lated (2). A sliding window is then moved down the alignment. The 
sequence within each window is subject to a BLAST search against 
a sequence database (3). If a sequence fragment is found which 
with a very low genetic distance (4), then this sequence fragment is 
globally aligned to the window (5). The window alignment is screened 
and fi ltered for high distances (6), and a local tree calculated based 
on the remaining data (7). The nearest neighbour to each taxon is 
then compared between the local tree and the global tree (8). The 
possible event outcomes of the analysis are shown in pink boxes. 
The programs employed at each stage of the analysis are shown in 
brackets.
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yield a distance between any two taxa greater than 
the parameter κ (see methods), Table 1 (see also 
supplementary alignments). Alignment groups that 
had become subdivided to accommodate κ kept 
the same group names with a single letter suffi x to 
denote the subdivided group. Consequently, each 
GPCR alignment contains closely related sequences 
for which a robust phylogenetic tree could be 
calculated. To interpret and test the signifi cance of 
our HTP analysis we required a rhodopsin GPCR 
tree. A phylogenetic methodology of ancestor 
reconstruction was used to reconstruct the 
rhodopsin tree resulting in six major clades being 
identifi ed, Figure 2 (see supplementary data for the 
complete treefi le). The six major GPCR clades 
identifi ed in this study represent the distance down 
the tree from the tips the ancestor reconstruction 
analysis could be carried out before the distance 
between ancestors exceeded our value for κ used 
in the HTP analysis. The topology of the tree is in 

broad agreement with that of Fredriksson et al. 
(2003). Both our tree and that of Fredriksson differ 
from the Joost and Methner (2002) organization 
by considering group 18 paraphyletic.

HTP analyses of real GPCRs and the 
null data set
The HTP analysis of GPCRs produced 6041 phylo-
genetic outcomes representing a maximum of 
18,123 phylogenetic analyses. Phylogenetic mosa-
icism occurred frequently, data indicating 46% of 
all phylogenetic outcomes found jump events for 
taxa in all the GPCR groups. Furthermore, 18% of 
all events were jump events between different 
GPCR groups, Figure 3, Supplementary Figure 1. 
As an example, the opioid receptor is shown in 
more detail in Figure 4.

To help identify the underlying reasons for the 
phylogenetic mosaicism we compared the real data 

Table 1. GPCR groups of the rhodopsin family used in this study. Adapted from Joost and Methner (2002).

GPCR group Receptor ligand types
group 1 CC chemokines
group 2a CXC chemokines
group 2b duffy
group 3 angiotensin, apelin, bradykinin
group 4 opioids, neuropeptide B, nociceptin, somatostatin
group 5 galanin, melanin-concentrating hormone, kisspeptin, leukotriene-B4,
  somatostatin, urotensin
group 6a cholecystokinin, gastrin, neuropeptide FF, orexin
group 6b gonadotrophin-releasing hormone, vasopressin
group 6c orphan
group 7a bombesin, endolethin, gastrin-releasing peptide, neuromedin B
group 7b growth hormone secretagogue, neuromedin U, neurotensin, motilin,
  thyrotropin-releasing hormone
group 8a anaphylatoxin, lipoxin A4, N-formyl peptide
group 8b mas
group 9a substance-P, substance K, neuromedin K
group 9b prolactin-releasing peptide, melatonin, neuropeptide Y, prokineticin
group 10 follitropin, thyrotropin, thyrotropin-releasing hormone, lutropin-
  choriogonadotropic
group 11 lipids, proprionate, short chain fatty acids, nicotinic acid, ATP
group 12 UDP-glucose, ADP, platelet activating factor
group 13 adrenocorticotropic hormone, cannnabinoid, sphingosine 1-phosphate, 
  lysophosphatidic acid, sphingolipid, melanotropin
group 14 prostaglandin, prostacyclin, thromboxane
group 15 lysophosphatidylcholine, psychosine, thrombin, proteinase
group 16 opsins, peropsin
group 17 5-hydroxytryptamine, adrenergic, dopamine, histamine H2
group 18a muscarinic acetylocholine, histamine, H2
group 18b adenosine
groups18c-i orphan
group 19 5-hydroxytryptamine
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Figure 2. Phylogeny of rhodopsin GPCR groups. GPCR phylogeny based on reconstructed ancestors. Six principal clades are resolved 
within which genetic distances between reconstructed ancestors and extant sequences do not exceed κ. The principal clades are labeled 
A–F as follows. A. Nucleotide receptor group: includes peptide, nucleotides and lipid receptors. B. The endocrine hormone receptor group: 
includes peptide receptors involved with endocrine hormones. C. The opioid receptor group: includes opioid, somatostatin and galanin re-
lated peptide receptors. D. The neuropeptide receptor group: includes peptide receptors involved with endocrine hormones and neuropep-
tides. E. The mas receptor group: includes nociceptive mas and mas related receptors. F. The amine receptor group: includes biogenic 
amine, rhodopsin, arachodonic and peptide and lipid receptors. The remaining ancestors to groups are not included in major families because 
the genetic distance between them and all other taxa is aberrantly high. 
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with a simulated null hypothesis GPCR data set in 
which no homogenisation through recombination 
had occurred. The null data set was generated by 
simulating mutations to a random seeded sequence 
to represent the evolutionary pattern of divergence 
illustrated in the phylogenetic tree for GPCRs in 
Figure 2, producing 257 new sequences. A HTP 
analysis was carried out on the null data set 
resulting in 4590 phylogenetic outcomes refl ecting 
a maximum of 13,770 phylogenetic analyses (data 
not shown). A level of phylogenetic mosaicism was 
apparent in this second analysis which is similar 
to that found with the real data set, with 52% 
percent of all phylogenetic outcomes being jump 
events, and 16% of all outcomes being jump events 
between groups. However, only 2% of phylogenetic 
outcomes were null events, where no neighbour could 
be identifi ed, considerably less than the 12% observed 
with the real data. Differences between the two data 
sets are further highlighted by paired T-tests for the 
relative frequencies for each of the nineteen possible 
phylogenetic outcomes that showed a signifi cant 
difference in all but two cases (Supplementary 
Table 1). Mosaicism between families, represented 
by only one outcome type, did not differ signifi cantly 
between the real and simulated data sets. However 
this apparent similarity is strongly reduced by a lurking 
variable regarding the phylogenetic distance of jumps. 
The phylogenetic distance represented by jump events 
did differ signifi cantly between the two data sets 
(Supplementary Table 2). There is a threefold increase 
in the frequency of jumps over just 1– 4 nodes in the 
real data, signifi cant at the 0.01 level. Consequently, 
there are many more jumps between closely related 
GPCR groups than would be expected from homo-
plasy. Conversely, results obtained with the real and 
simulated data sets for jumps of larger phylogenetic 
distance were similar. This indicates that the resem-
blance of sequence fragments between distantly 
related GPCR groups is frequently attributable to 
homoplasy. It also implies that functional constraint 
on sequence change is negligible across large distances 
in the family because differentially conserved 
sequences in different groups would be expected to 
lead to a greater number of instances of mosaicism at 
this level.

Patterns of mosaicism and possible 
underlying evolutionary models 
Several interesting patterns are discernible in the 
phylogenetic mosaicism between GPCR groups 

shown in Figure 3. Firstly, there is a notable 
tendency for a higher number of mosaic events 
between groups of the same major groupings, as 
defined in Figure 2. Secondly, the similarity 
between fragments associated in an instance of 
phylogenetic mosaicism can be extremely high. 
Thirdly, mosaicism appears to be frequently corre-
lated for members of the same family. Fourthly, 
similar mosaicism is frequently repeated in indi-
vidual sequences. 

The high similarity that can occur between 
fragments is shown in the example of phylogenetic 
mosaicism between the gastrin receptor group and 
the biogenic amine receptors, Figure 5. In this case 
the HTP analysis detected a region of phylogenetic 
inconsistency in the fi rst cytosolic region between 
transmembranes 1 and 2 of the orexin receptors 
and the alpha-1B adrenergic receptor. This region 
is generally considered to be among the most 
conserved in GPCRs, but within both the biogenic 
amine and gastrin receptors group the fragment is 
highly variable in sequence composition. The 
similarity between the subset of sequences from 
these two distant groups is striking and highly 
signifi cant statistically—a local alignment search 
would only expect to fi nd 0.0008 sequences this 
length and similarity (E value = 0.0008). This level 
of probability makes homoplasy as an explanation 
of the sequence similarity in this case highly 
doubtful. One explanation might be that this 
segment was strongly conserved in these two 
disparate lineages from antiquity because of an 
important function. Such an explanation would 
predict that both the alpha 1 adrenergic and orexin 
receptors were placed at a basal position in their 
respective phylogenetic groups, and one would 
also expect to the see the conserved sequence in 
the respective ancestors. The orexin receptor 
ancestor does indeed have a sequence very similar 
to that shared by the two disparate lineages, 
although they do still share a character state to the 
exclusion of the ancestor. This supports the idea 
that this particular region of sequence has been 
under considerable functional constraint in the 
gastrin receptors. However, the alpha 1 adrenergic 
receptors are not basal to their phylogenetic group 
(see GPCR tree, supplementary data), and the 
reconstructed ancestor for this group does not 
resemble the sequence shared by the two disparate 
lineages. The phylogenetic data are incompatible 
with the idea that the segment could have been 
conserved in the form seen in the alpha 1 
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adrenergic receptor lineage. A more likely expla-
nation is that the functionally conserved segment 
from the orexin receptor or its ancestor was 
donated to the alpha 1 adrenergic lineage some 
time after the gene duplication event that produced 
the alpha 1 and alpha 2 lineages, but before the 
diversifi cation of the alpha 1 lineages. Immedi-
ately after the duplication event that split the 
alpha 1 and 2 lineages, it is likely that functional 
constraint would have been relaxed on either one 
of the lineages while the other continued the 
original function. Therefore the evolutionary 
opportunity occurred in which the alpha 1 lineage 
could receive new sequence through recombina-
tion without a costly loss of function to the host 
organism. It is particularly interesting then that 
the sequence fragment in question appears to be 
one that is functionally important implying that 
this may have been an important mechanism in 
GPCR evolution to produce GPCRs with new 
function.

Another pattern is that of correlated mosaicism. 
Correlated mosaicism is the condition in which 
multiple members of a group have the same or 

similar instances of mosaicism. Striking examples 
of this occur for group 17 in which many members 
of the group display phylogenetic mosaicism 
relating to the endocrine receptor group, in partic-
ular the orexin receptor, but also receptors of group 
6a. In several other members of the same group 
there is phylogenetic mosaicism with somatostatin 
receptor 3 (group 4) in the latter part of the align-
ment. Other instances of correlated mosaicism 
occur throughout the rhodopsin GPCRs, such as a 
similarity of multiple Mas type receptors fragments 
to opioid receptor D in the latter half of the align-
ment; several members of the angiotensin receptor 
group to the Mas group in the latter part of the 
alignment. The opioid receptor group in Figure 4 
shows correlated mosaicism to the Mas receptors 
indicating that there is a reciprocal relationship 
between the Mas type receptors of group 8a and 
the opioid receptor D. In the same region of the 
opioid group there is correlated mosaicism between 
somatostatin receptors three and five, and the 
beta-2 adrenergic receptor of group 17. A model 
in which segments of GPCR receptors are differ-
entially conserved in different families could not 
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explain correlated mosaicism. Members within a 
family would be expected to appear more closely 
related to each other than outside taxa because they 
would be derived from a conserved common 
ancestor. Four phylogenetic models could be 
forwarded to explain the non-random pattern of 
correlated mosaicism, outlined in Figure 6. In the 
fi rst model (Fig. 6A), two or more group members 
that display mosaicism to an ‘outside’ member 
from a different group may have had high rates of 
change in the past resulting in long branches. The 
result is that the genetic distance between the two 
group members is actually higher than that between 
either and the outside member. This explanation 
requires that the branch leading to the outside 
member be correspondingly short, which becomes 
increasingly problematic over very long periods 
of time, but as observed in the orexin receptor 
example above has occurred to some extent. This 
model also requires that the taxa at positions A and 
B in Figure 6 become very divergent to each other 
and relative to the family, which is not the case in 
the examples cited above. Another model require-
ment is that there is some considerable distance 
between X and both A and B, which as outline from 
the example above is not the case. In the second 
phylogenetic model (Fig. 6B) the ancestor to taxa 
A and B was very similar to the outsider taxon X 
due to homoplasy. Again in this model there is a 
higher rate of change in the lineages of A and B 
relative to X resulting in both A and B appearing 
to be more like X than each other. This model is 
problematic because in order for it to work the 
homoplasy must have been so extensive as to be 
an exact match between the lineages leading to 
A/B and X in order for A and B not to resemble 
each other more than X. The statistics of the 
example shown in Figure 4 demonstrate that such 
extensive homoplasy is unlikely in this data set. In 
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the third phylogenetic model (Fig. 6C) the same 
pattern of genetic distances as in model 2 could 
result from a recombination event between the 
outside member and the common ancestor of the 
two members displaying correlated mosaicism. 
This model requires the point of ancestral similarity 
to be an instance of identity, and so works more 
credibly than the second model. Alternatively, 
model 4 shown in Figure 6D attributes each 
instance of mosaicism to a separate recombination 
event. This is the only model that does not require 
a lower rate of change in X from a factor such as 
functional constraint. This model would be consis-
tent with one which results from the underlying 
genomic architecture, in which a tendency for 
recombination between certain regions of receptors 
of very different groups due to genomic position 
or processes at the time of recombination. This 
explanation would predict that the pattern of corre-
lated mosaicism would be due to multiple unrelated 
events. Alternatively, one may not put the restriction 
on that the two taxa involved in mosaic correlation 
are nearest-neighbors. Under this condition, a fi fth 
model also becomes possible, Figure 7. In this case 
the branches leading to the correlated taxa (A and 
C) are short representing conservation of sequence. 
This model appears the most plausible one in which 
recombination does not occur. However, it requires 
the taxa concerned to occur at a basal position in 
the phylogeny, and that branch lengths vary widely 
within the GPCR group. It is generally not true that 
branch lengths vary so widely in the GPCR 
phylogeny, and rarely the case that correlated taxa 
are basal, as in the case outlined in Figure 5. Of 
these fi ve phylogenetic models, those that do not 
involve recombination have serious phylogenetic 
problems. This leaves the recombination-based 
models as the most likely explanations for corre-
lated mosaicism.
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of mosaicism with neuromedin receptors. In the 
opioid receptor group, somatostatin receptor three 
shows repeated mosaicism to tachykinin receptors 
three and four, Figure 4. Again, such a pattern is 
not easily explained by homoplasy because it 
would require several independent instances of the 
same homoplasy happening, which is improbable. 
In this case again the model of functional constraint 
acting in several different places along receptors 
of different families resulting in an apparent simi-
larity through shared plesiomorphy might be 
invoked. However, such an explanation predicts 
the sequences to be placed in a basal phylogenetic 
position in order for the ‘conserved’ regions to have 
remained unchanged from the ancestor. This is not 
the case for the neuromedin receptors, GPR87, 
tachykinin receptors 3 & 4, or somatostatin recep-
tors 3 & 4. Again, the alternative explanation is 
one involving recombination in which a single 
recombination event may have resulted in several 
segments along the length of the receptor gene 
sequence being exchanged.

The fi ndings of this study are compatible and 
build on the fi ndings of Shields (2000). Shields 
(2000) examined evidence of gene conversion 
events that were more recent to the events described 
in this study, after the split of the murine and human 
lineages. This was achieved through the compar-
ison of paralogs in several different species. Char-
acter states which confl icted with the phylogeny 
by appearing as synapomorphies within a pair of 
paralogs in a single species were the source of gene 
conversion evidence. The study convincingly 
demonstrated frequent recent gene conversion 
events, including ones between CXCR1 and 
CXCR2 in humans and between murine CCR2 and 
CCR5. These examples represent homogenisation 
events at the most external nodes of the GPCR tree, 
and as such are beyond the level of detection of 
this study. The paralogs examined above were 
already nearest phylogenetic neighbors within a 
single species, so any gene conversion will not lead 
to phylogenetic mosaicism within one species set 
of GPCRs. A prediction from Shield’s study would 
be that where non-nearest phylogenetic neighbors 
occur adjacent to each other on a chromosome, 
then one would expect instances of phylogenetic 
mosaicism to occur between the two non-neighbors 
if homogenization processes had acted between 
the two. There are two clear instances in which 
non-neighbors are adjacent in their loci without 
any other GPCR loci nearby for GPR7/opioid 
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GPR103 SKAMRT-VTNIFICSL

Ancestor 17              ERKLQNNPTNYFIMSL
Ancestor 6a              NKHMRT-VTNIFIVNL
Figure 5. Amino acid alignment of phylogenetic mosaicism 
between orexin and adrenergic receptors in the fi rst cytoplasmic 
domain. Alignment of the fi rst cytoplasmic domain in the gastrin and 
the adrenergic receptor groups. Adrenergic group receptors are 
shown in black, gastrin group receptors in grey. The nearest neighbors 
identifi ed by the HTP analysis, orexin and alpha-1B adrenergic 
receptor, have matching residues highlighted in purple bold. The 
reconstructed ancestral sequence for the adrenergic (ancestor 17) 
and gastrin (ancestor 6a) receptors are shown at the bottom of the 
alignment.

The fi nal pattern to emerge from Figure 3 is a 
tendency for some receptor sequences to show 
repeated mosaicism to the same or similar receptor. 
For example, neuromedin receptor 1 (group 7b) 
displays mosaicism repeatedly with somatostatin 
receptor 4 (group 4). Another example is that of 
GPR87 of group 12, which shows two instances 
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in either direction occur at q22.3 and p12. The 
galanin R and urotensin receptors occur on 
chromosome 17 at q25.3 near the telomeric region, 
the next nearest loci being at q25.1. Figure 8 shows 
all the mosaic jumps for GPR7 and galanin R 
receptors respectively. In both cases there is a 
phylogenetic signal indicating a jump to their 

respective adjacent loci, OPRK in the case of 
GPR7, and UR2R in the case of GALR. It would 
appear that the data support the predictions from 
Shield’s study for adjacent recombination 
suggesting the process is ongoing. 
The approach used in this study enabled us to 
illustrate that process Shields (2000) observed

Figure 6. Four phylogenetic models of correlated mosaicism. A monophyletic group is represented by taxa A–E. Taxa A and B display 
correlated mosaicism to distantly related taxon X. A. Deep branches within the group A–E result in both A and B being closest to X. B. At 
some point in the past indicated by boxes on the tree, the ancestor to A and B becomes so similar to the ancestor of X by chance homo-
plasy that both A and B appear closest to X. C. A recombination event between X and the common ancestor to A and B results in both taxa 
appearing to be closer to X than each other and C, D and E. D. Multiple recombination events between X and the A and B lineages respec-
tively results in both taxa resembling X more than each other.  Branch lengths are proportional to genetic distance. 

A B C D E

X

A B C D E X

A B

A B C D E X

C

A B C D E X

D



366

Allaby and Woodwark

Evolutionary Bioinformatics 2007: 3 

kappa receptors and galanin/urotensin receptors. 
GPR7 and the opioid kappa receptor occur together 
on chromosome 8 at q11.23, the next nearest loci 
at one tip of GPCR tree appears to have an 
impressive and deep history within the GPCRs. 
Both this study and that of Shields (2000) found 
that homogenization events have been mostly 
between GPCRs that are close on the phyloge-
netic tree. However, the more extensive 
surveying enabled in this study demonstrates 
that the phylogenetic restriction is not entirely 
to the exclusion of wider jumps. This wider 
jumping may be a result of genomic architecture 
at the time of homogenization.

The mode of evolution
of the rhodopsin GPCRs
The establishment of GPCR phylogeny has been 
problematic in the past because of the high level 
of sequence divergence and character conflict 
associated with low conservation. The four lines 
of evidence in this phylogenomic analysis (1. high 
frequency of mosaicism 2. high similarity of 
mosaicism 3. correlated mosaicism 4. repeated 

mosaicism) build up a picture of genomic fl uidity 
for rhodopsin GPCRs.

A model of mosaic evolution for GPCRs is 
congruent with the observation that only a few 
residues are involved with the allosteric interac-
tions of signal transduction (Shulman et al. 2004). 
The 7 transmembrane structure is highly conserved 
in GPCRs, so it is likely that in many cases one 
could recombine sections of sequence from 
different GPCRs and maintain the tertiary struc-
ture. Consequently, it is biologically plausible that 
segments of GPCR may have been swapped 
frequently during the evolution of the superfamily 
without loss of function, and in some cases resulted 
in functional modifi cation. 

It was noted during this study that some GPCR 
groups displayed more mosaicism than others. 
Under the ‘fl uid genome’ model of evolution that 
appears to represent the rhodopsin GPCRs, it may 
be predicted that groups that have recently 
expanded are less likely to display instances of 
mosaicism. In the case of such expansions, less 
time has elapsed so fewer recombination events 
are expected relative to other groups. The data 
presented in Figure 3 would appear to support this 
prediction in the case of group 8b, the Mas related 
receptors, which has been identifi ed as a recently 
expanded group (Dong et al. 2001; Choi et al. 
2003). The data also suggest that group 13 may be 
a relatively young group also.

Potential of tracking mosaicism
for functional prediction
A pharmacologically important question is to what 
extent does phylogenetic mosaicism affect GPCR 
function? The emergent model of GPCR evolution 
discussed above suggests that recombination has 
occurred in the past without loss of signal transduc-
tion function, and possibly provided a means to 
generate new function, as exemplified in the 
orexin/alpha 1 adrenergic example in Figure 5. 
Such swapping of functionally important segments 
suggests that evidence for function may be present 
in the patterns of mosaicism. If the ability to track 
cryptic instances of similarity between GPCR 
receptors due to phylogenetic mosaicism is useful 
in the process of assigning function to orphan 
receptors by guiding the choice of ligands to test, 
then the data presented in Figure 3 (and in more 
detail in Supplementary Figure 1) could be a valu-
able tool to pharmacologists. 

A

B

C

D E

X

E
Figure 7. A fi fth model of correlated mosaicism. Two non near-
est-neighbor members (A and C) of a monophyletic group have short 
branch lengths and so resemble outgroup X more than they do each 
other, or other members of the group. 
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The case history of GPR7 supports the predic-
tion that GPCR function may be inferred from 
mosaicism evidence. Until recently, the natural 
ligand for GPR7 was unknown. GPR7 is placed 
within group 4 that includes opioid and soma-
tostatin receptors (Fig. 4), although these molecules 
are not ligands for the GPR7 receptor. There are 
instances of mosaicism between GPR7 and frag-
ments of sequence from groups 2a, 3, 5 and 6a 
(Figure 4). Interestingly, GPR7 has a fragment that 
represents similarity to SALPR, a receptor known 
to bind the hormone relaxin (Liu et al. 2003). 
Recently it has transpired that it is the case that 
GPR7 binds relaxin (Hsu et al. 2002). The GPR7 
receptor also has a fragment that is affi liated with 
neuropeptide FF receptor 2. The neuropeptide FF 
receptor 2 occurs in the group 6a, which includes 
receptors for neuropeptides involved with food 
intake and the endocrine system. The natural 
endogenous ligands for GPR7 have been identifi ed 
as neuropeptides B and W (Tanaka et al. 2003), 
which are involved with the endocrine system and 
food intake signals. Consequently, this data could 
have alerted pharmacological workers to test for 
the relaxin and neuropeptide ligands involved with 
the endocrine system in the case of GPR7. The 
value of being able to track mosaicism is poten-
tially immense in terms of a directed approach to 
ligand identifi cation. Orthologs can differ in func-
tion (Allaby and Woodwark, 2004) so a high global 
sequence similarity between sequences does not 
necessarily equate to a functional similarity. This 
is the case for the GPR7 receptor. An ability to 
trace local similarities between relatively distant 
sequences is a powerful tool for suggesting possible 
alternative functions in the absence of a complete 
understanding of the specifi c residues involved in 
signal transduction and ligand interaction. 

A novel approach for phylogenomics
Phylogenomics is the intersection of evolution and 
genomics (Eisan and Fraser, 2003). The field of 
phylogenomics uses gene trees overlaid with experi-
mental data in order to generate hypotheses of possible 
functions of new genes based on their phylogenetic 
placement (Eisan, 1998). Considerable effort has been 
directed at extending the search for homologous 
sequences of low similarity (Sjölander et al 1996), 
using a common tertiary structure to help identify 
homology (Sjölander, 2004). In this study we have 
developed a complementary alternative approach in 

which we searched for fragments of high similarity 
and overlaid the phylogenetic inference of that infor-
mation with both global trees and experimental data. 
As a result of analysing only high quality data the 
analysis, both phylogenetic tree construction and 
interpretation could become highly automated. The 
HTP analysis in this study provides a general powerful 
approach that could be applied to other gene families 
to track the mosaic origins of sequence fragments 
against the backdrop of the entire genome. This mosa-
icism may have an infl uence on the function of the 
protein, although the caveat should be noted that 
sequence similarity does not necessarily equate to 
functional similarity, orthologs frequently have 
different functions (Allaby and Woodwark, 2004).

Methods

Sequence data and alignments
Sequence data were utilised from Joost and Methner 
(2002). Groups were aligned using T-Coffee (Notre-
dame et al. 2000). Pairwise distances were calcu-
lated using PROTDIST from the PHYLIP package 
(Felsenstein, 1989). The alignments are available 
with the program TreeMos (see below).

HTP analysis
HTP analysis was carried out using the perl 
program TreeMos written by R.G. Allaby (avail-
able on request, currently runs by command line). 
TreeMos performs HTP analyses on a single 
alignment, the primary alignment, with respect 
to a group of alignments utilising the programs 
NEIGHBOR, PROTDIST, CLUSTALw and 
BLAST, outlined in Figure 1. The global tree for 
the primary alignment is calculated using 
NEIGHBOR of the PHYLIP package (Felsen-
stein, 1989) (step 1, Fig. 1) from which the global 
nearest neighbour (GNN) is calculated (step 2, 
Fig. 1). A GNN is an operational taxonomic unit 
that may be either a single taxon or a clade of 
taxa. A sliding window size of 20 amino acids is 
considered appropriate in this analysis, which 
although small corresponds to the size of a trans-
membrane domain. A sliding window of the 
primary alignment is then analysed as follows. A 
distance matrix is generated for each window 
using PROTDIST. A primary aim of the automa-
tion is to control data entry into the HTP to refl ect 
the underlying biology realistically. This is 
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achieved by screening the distance matrix for 
distances over a defi ned limit (step 6, Fig. 1). Taxa 
are iteratively removed from the matrix beginning 
with those with the highest number of values 
exceeding the parameter κ. The parameter κ is 
selected to represent a value above which genetic 
distances are deemed aberrantly high and not 
considered reliable. A value of κ equivalent to 
400 times as many substitutions as would be 
expected to separate 1% divergent sequences (400 
PAMS) was selected for this analysis (Allaby and 
Woodwark, 2004). The resulting matrix is viable 
if there are four or more taxa in it, or non-viable 
if there are less. Each taxon is then subject to a 
phylogenetic analysis to ascertain whether the 
local nearest neighbour (LNN) is the same as the 
GNN (step 8, Fig. 1). An outline of the phyloge-
netic decision process is given in Supplementary 
Figure 2. Two further phylogenetic analyses are 
then carried out. Both begin with a local align-
ment search (step 3, Fig. 1) using BLAST 
(Altshcul et al. 1997). In the fi rst analysis, the 
database searched against is built from the whole 
of the primary alignment, in the second the whole 
sequence database is considered. If the local 
alignment search identifi es a sequence fragment 
that has a genetic distance lower than the highest 
distance within the matrix for the window, and is 
less than κ (step 4, Fig. 1), then that sequence 
fragment is aligned to the window (step 5, Fig. 
1) using clustalw  (Thompson et al. 1994). The 
LNN is calculated as previously described through 
steps 6 and 7 in Figure 1, and an automated phylo-
genetic inference carried as described in step 8. 
For each fragment there are three classes of 
outcome possible. An ‘expected event’ is one in 
which the GNN and LNN were the same. A ‘jump 
event’ is one in which the LNN is different to the 
GNN. Thirdly, a ‘null event’ is one in which no 
LNN could be assigned due to aberrantly high 
distances or missing data. 

Ancestor reconstruction and GPCR 
tree
The GPCR tree was produced by a ‘tips down’ 
approach in which ancestral sequences were 
constructed for each of the GPCR groups that in 
turn could be compared directly (Supplementary 
Data). In those groups with more than three members 
a maximum likelihood tree was calculated using 
PROTML from the PHYLIP package (Felsenstein, 
1989). Characters were traced to the root of the tree 
using the parsimony character trace in Mesquite 

(Maddison and Maddison, 2003). Sites at which 
multiple ancestral character states were equally 
parsimonious, a likelihood calculation was used to 
choose the most likely ancestor. Ancestor sequences 
were aligned using T-Coffee (Notredame et al. 
2000), sub-grouped to remove aberrant distances, 
and realigned. Maximum likelihood trees were 
calculated for the ancestor sequence groups. The 
process of ancestor reconstruction was reiterated for 
the ancestor groups, and above process repeated to 
produce deeper ancestor subgroups. For the purposes 
of the simulated GPCR set the major ancestor 
groups, and remaining ancestors were united in a 
maximum likelihood tree. The GPCR tree topology 
was then completed by replacing the ancestor 
sequences sequentially with the maximum likeli-
hood topologies they represented. Finally, the tips 
of the GPCR tree were replaced with the maximum 
likelihood topologies of the separate groups. 

Simulated GPCR set
The simulated GPCR set was produced using the 
PSeq-Gen 1.1 program (Grassly et al. 1997). A 400 
amino acid seed sequence was mutated using a Monte 
Carlo simulation following the GPCR tree topology 
along the given branches such that 257 new sequences 
were produced. A Jones Thornton Taylor (1992) 
model of amino acid substitution was specifi ed in the 
simulation.
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Figure 8. Complete mosaicism of GPR7 and GALR receptors. Segmental affi liations resulting from HTP. Instances of in group mosaicism 
and between group mosaicism are included. The window partitions of the sequences are represented as bars. 
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Statistics

Comparison of phylogenetic event outcomes
The differences in frequencies of the phylogenetic 
event outcomes between the real and simulated GPCR 
sets were analysed using a two pair T-test. The 
frequencies of event types were standardised for each 
group so that the total frequency was 200 (see Supple-
mentary Data). A two pair T test was then applied to 
each event type, considering the frequency values in 
corresponding groups between the real and simulated 
data (Supplementary Table 1). 

Comparison of phylogenetic distance
of jump events
Jump events were categorized for each group by 
the number of nodes in the GPCR tree in Figure 2 
transgressed between the taxon and the LNN. 
Phylogenetic nodes within groups were not included 
in the measurement, and only groups with four or 
more taxa were included. The frequencies of jumps 
that transgressed 1–4 nodes were then calculated 
for each GPCR group, and standardized to refl ect 
a total of 5000 phylogenetic events. The differences 
in standardized frequencies of jump event types 
between the real and simulated data were analysed 
using a Mann Whitney test. A value of U of 131 
was calculated, and a critical value of U at the 0.01 
level is 175, therefore the data sets are signifi cantly 
different (see Supplementary Table 3).

Comparison of frequencies of null events
A Mann Whitney test was also applied to test the 
signifi cance of frequencies of null events in the real 
and simulated data sets. Only null events arising 
from high genetic distances were considered, null 
events arising from absent data from gaps in align-
ments were not included. Null events were calculated 
per group, and then standardized to refl ect a total of 
5000 phylogenetic outcomes in order to compare the 
real and simulated data sets. A value of U of 113.5 
was calculated, and a critical value of U at the 0.01 
level is 175, therefore the data sets are signifi cantly 
different (see Supplementary Table 4).
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Group A1



C3X1  -M-----------DQFPESVTENFE-YDDLAEACYIGDIVVFGTVFLSIFYSVIFAIGLVGNLLVVFALTNSKKPKSVTDIYLLNLALSDLLFVATLPFWTHYL-INEKGLHNAMCKFTTAFFFIGFFGSIFFITVISIDRYLAIVL-AANSMNNRTVQHGVTISLGVWAAAILVAAPQFMFTKQKE----NECL----GDYPEVLQEIWPVLRNVETNFLGFLLPLLIMSYCYFRIIQTLFSCKNHKK-AKAIKLILLVVIVFFLFWTPYNVMIFLETLKLYDFFPSCDMRKDLRLALSVTETVAFSHCCLNPLIYAFAGEKFRRYLYHLYGK---CLAVLCGRSVHV-DFSSSESQRSRHGSVLSSN-------FTYHTSDGDALLLL



CKR1  -MET-------PNTTEDYDTTTEFD-YG-DATPCQKVNERAFGAQLLPPLYSLVFVIGLVGNILVVLVLVQYKRLKNMTSIYLLNLAISDLLFLFTLPFWIDYKLKDDWVFGDAMCKILSGFYYTGLYSEIFFIILLTIDRYLAIVH-AVFALRARTVTFGVITSIIIWALAILASMPGLYFSKTQWEFTHHTCS----LHFPHESLREWKLFQALKLNLFGLVLPLLVMIICYTGIIKILLRRPNEKK-SKAVRLIFVIMIIFFLFWTPYNLTILISVFQDFLFTHECEQSRHLDLAVQVTEVIAYTHCCVNPVIYAFVGERFRKYLRQLFHR---RVAVHLVKWLPFLSVDRLERVSST----------------SPSTGEHELSAGF



CKR3  -MTT-------SLDTVETFGTTSYY-DD-VGLLCEKADTRALMAQFVPPLYSLVFTVGLLGNVVVVMILIKYRRLRIMTNIYLLNLAISDLLFLVTLPFWIHYVRGHNWVFGHGMCKLLSGFYHTGLYSEIFFIILLTIDRYLAIVH-AVFALRARTVTFGVITSIVTWGLAVLAALPEFIFYETEELFEETLCS----ALYPEDTVYSWRHFHTLRMTIFCLVLPLLVMAICYTGIIKTLLRCPSKKK-YKAIRLIFVIMAVFFIFWTPYNVAILLSSYQSILFGNDCERSKHLDLVMLVTEVIAYSHCCMNPVIYAFVGERFRKYLRHFFHR---HLLMHLGRYIPFLPSEKLERTSSV----------------SPSTAEPELSIVF



CKR2  MLSTSRSRFIRNTNESGEEVTTFFD-YD-YGAPCHKFDVKQIGAQLLPPLYSLVFIFGFVGNMLVVLILINCKKLKCLTDIYLLNLAISDLLFLITLPLWAHSA-ANEWVFGNAMCKLFTGLYHIGYFGGIFFIILLTIDRYLAIVH-AVFALKARTVTFGVVTSVITWLVAVFASVPGIIFTKCQKEDSVYVCG----PYFPR----GWNNFHTIMRNILGLVLPLLIMVICYSGILKTLLRCRNEKKRHRAVRVIFTIMIVYFLFWTPYNIVILLNTFQEFFGLSNCESTSQLDQATQVTETLGMTHCCINPIIYAFVGEKFRSLFHIALGC---RIAPLQKPVCGGPGVRPGKNVKVT-TQGLLDGRGKGKSIGRAPEASLQDKEGA



CKR5  -MDYQVSSPIY-----------DIN-YY-TSEPCQKINVKQIAARLLPPLYSLVFIFGFVGNMLVILILINCKRLKSMTDIYLLNLAISDLFFLLTVPFWAHYA-AAQWDFGNTMCQLLTGLYFIGFFSGIFFIILLTIDRYLAVVH-AVFALKARTVTFGVVTSVITWVVAVFASLPGIIFTRSQKEGLHYTCS----SHFPYSQYQFWKNFQTLKIVILGLVLPLLVMVICYSGILKTLLRCRNEKKRHRAVRLIFTIMIVYFLFWAPYNIVLLLNTFQEFFGLNNCSSSNRLDQAMQVTETLGMTHCCINPIIYAFVGEKFRNYLLVFFQK---HIAKRFCKCCSIFQQEAPERASSV---------------YTRSTGEQEISVGL



CKR4  ----MNPTDIAD-TTLDESIYSNYYLYESIPKPCTKEGIKAFGELFLPPLYSLVFVFGLLGNSVVVLVLFKYKRLRSMTDVYLLNLAISDLLFVFSLPFWGYYA-ADQWVFGLGLCKMISWMYLVGFYSGIFFVMLMSIDRYLAIVH-AVFSLRARTLTYGVITSLATWSVAVFASLPGFLFSTCYTERNHTYCK----TKYSLNST-TWKVLSSLEINILGLVIPLGIMLFCYSMIIRTLQHCKNEKK-NKAVKMIFAVVVLFLGFWTPYNIVLFLETLVELEVLQDCTFERYLDYAIQATETLAFVHCCLNPIIYFFLGEKFRKYILQLFKTC--RGLFVLCQYCGLLQIYSADTPSSS---------------YTQSTMDHDLHDAL



CKR8  -MDY-------TLDLSVTTVTDYY-YPDIFSSPCDAELIQTNGKLLLAVFYCLLFVFSLLGNSLVILVLVVCKKLRSITDVYLLNLALSDLLFVFSFPFQTYYL-LDQWVFGTVMCKVVSGFYYIGFYSSMFFITLMSVDRYLAVVH-AVYALKVRTIRMGTTLCLAVWLTAIMATIPLLVFYQVASEDGVLQCY----SFYNQQTL-KWKIFTNFKMNILGLLIPFTIFMFCYIKILHQLKRCQNHNK-TKAIRLVLIVVIASLLFWVPFNVVLFLTSLHSMHILDGCSISQQLTYATHVTEIISFTHCCVNPVIYAFVGEKFKKHLSEIFQKSCSQIFNYLGRQMPRE------------SCEKSSSCQQHSSR----SSSVDYIL--



CKRX  ----MANYTLAPEDEYDVLIEGELE-SD-EAEQCDKYDAQALSAQLVPSLCSAVFVIGVLDNLLVVLILVKYKGLKRVENIYLLNLAVSNLCFLLTLPFWAHAG-------GDPMCKILIGLYFVGLYSETFFNCLLTVQRYLVFLHKGNFFSARRRVPCGIITSVLAWVTAILATLPEFVVYKPQMEDQKYKCAFSRTPFLPADET-FWKHFLTLKMNISVLVLPLFIFTFLYVQMRKTLRF--REQR-YSLFKLVFAIMVVFLLMWAPYNIAFFLSTFKEHFSLSDCKSSYNLDKSVHITKLIATTHCCINPLLYAFLDGTFSKYLCRCFHL---------------------------RSNTPLQPRGQSAQG--TSREEPDHSTEV



CXC1  -MES-------SGNPE---STTFF-YYDLQSQPCEN-QAWVFATLATTVLYCLVFLLSLVGNSLVLWVLVKYESLESLTNIFILNLCLSDLVFACLLPVWISPY-HWGWVLGDFLCKLLNMIFSISLYSSIFFLTIMTIHRYLSVVS-PLSTLRVPTLRCRVLVTMAVWVASILSSILDTIFHKVLSSGCDY------------SEL-TWYLTSVYQHNLF-FLLSLGIILFCYVEILRTLFRSRSKRR-HRTVKLIFAIVVAYFLSWGPYNFTLFLQTLFRTQIIRSCEAKQQLEYALLICRNLAFSHCCFNPVLYVFVGVKFRTHLKHVLRQ---FWFCRL------QAPS--------PASIPHSPGAFAYEG----------ASFY


GroupA2a


ADMR    -----MSVKPSWGPGPSEGVTAVPTSDLGEIHNWTELLDLFNHTLSECHVEL---SQSTKRVVLFALYLA-MFVVGLVENLLVICVNWRG-SGRAGLMNLYILNMAIADLGIVLSLPVWMLE-VTLDYTWLWGSFSCRFTHYFYFVNMYSSIFFLVCLSVDRYVTLTSASPSWQR--YQHRVRRAMCAGIWVLSAIIPLPEVVHIQLVEGPE----PMCLFMAPF-ETYSTWALAVALSTTILGFLLPFPLITVFNVLTACRLRQP-GQPK-----SRRHCLLLCAYVAVFVMCWLPYHVTLLLLTLHGTH-ISLHCHLVHLL--YFFYDVIDCFSMLHCVINPILYNFLSPHFRGRLLNAVVHYLPKDQTKAGTCASSSSCSTQHSIIITKGDSQPAAAAPHPEPSLSFQAHHLLPNTSPISPTQPLTPS



CXCR6b  ---------------------------MAEHDYHEDYGFSSFNDSSQEEHQD---FLQFSKVFLPCMYLV-VFVCGLVGNSLVLVISIFY-HKLQSLTDVFLVNLPLADLVFVCTLPFWAYA-GI--HEWVFGQVMCKSLLGIYTINFYTSMLILTCITVDRFIVVVKATKAYNQQAKRMTWGKVTSLLIWVISLLVSLPQIIYGNVFNLDK----LICGY------HDEAISTVVLATQMTLGFFLPLLTMIVCYSVIIKTLLHA-GGFQ-----KHRSLKIIFLVMAVFLLTQMPFNLMKFIRSTHWEYY------AMTSF--HYTIMVTEAIAYLRACLNPVLYAFVSLKFRKNFWKLVKDIGCLPYLGVSHQWKSSEDNSKTFSASHNVEATSMFQL------------------------------



CXCR3b  -----MVLEVSDHQVLNDAEVAALLENFSSSYDYGENESDSCCTSPPCPQDF---SLNFDRAFLPALYSL-LFLLGLLGNGAVAAVLLSR-RTALSSTDTFLLHLAVADTLLVLTLPLWAVD-AA--VQWVFGSGLCKVAGALFNINFYAGALLLACISFDRYLNIVHATQLYR--RGPPARVTLTCLAVWGLCLLFALPDFIFLSAHHDERLNAT-HCQYNFP-----QVGRTALRVLQLVAGFLLPLLVMAYCYAHILAVLLVS-RGQR-----RLRAMRLVVVVVVAFALCWTPYHLVVLVDILMDLGALARNCGRESRV--DVAKSVTSGLGYMHCCLNPLLYAFVGVKFRERMWMLLLRLGCPNQRGLQRQPSSSRRDSSWSETSEASYSGL----------------------------------



CXCR4b  --------------------MEGISIYTSDNYTEEMGSGDYDSMKEPCFREE---NANFNKIFLPTIYSI-IFLTGIVGNGLVILVMGYQ-KKLRSMTDKYRLHLSVADLLFVITLPFWAVD-AV--ANWYFGNFLCKAVHVIYTVNLYSSVLILAFISLDRYLAIVHATNSQ--RPRKLLAEKVVYVGVWIPALLLTIPDFIFANVSEADD--RY-ICDRFYPN-D---LWVVVFQFQHIMVGLILPGIVILSCYCIIISKLSHS-KGHQ-----KRKALKTTVILILAFFACWLPYYIGISIDSFILLEIIKQGCEFENTV--HKWISITEALAFFHCCLNPILYAFLGAKFKTSAQHALTSVSRGSSLKILSKGKRGGHSSVSTESESSSFHSS----------------------------------



CXCR5b  ----------MNYPLTLEMDLENLEDLFWELDRLDNYNDTSLVENHLCPATEGPLMASFKAVFVPVAYSL-IFLLGVIGNVLVLVILERH-RQTRSSTETFLFHLAVADLLLVFILPFAVAE-GS--VGWVLGTFLCKTVIALHKVNFYCSSLLLACIAVDRYLAIVHAVHAYR--HRRLLSIHITCGTIWLVGFLLALPEILFAKVSQGHHNNSLPRCTFSQEN-QAETHAWFTSRFLYHVAGFLLPMLVMGWCYVGVVHRLRQAQRRPQ-----RQKAVRVAILVTSIFFLCWSPYHIVIFLDTLARLKAVDNTCKLNGSL--PVAITMCEFLGLAHCCLNPMLYTFAGVKFRSDLSRLLTKLGCTGPASLCQLFPSWRRSSLSESENATSLTTF----------------------------------



CKR6b   ------------MSGESMNFSDVFDSSEDYFVSVNTSYYSVDSEMLLCSLQE---VRQFSRLFVPIAYSL-ICVFGLLGNILVVITFAFY-KKARSMTDVYLLNMAIADILFVLTLPFWAVSHAT--GAWVFSNATCKLLKGIYAINFNCGMLLLTCISMDRYIAIVQATKSFRLRSRTLPRSKIICLVVWGLSVIISSSTFVFNQKYNTQGS--D-VCEPKYQTVSEPIRWKLLMLGLELLFGFFIPLMFMIFCYTFIVKTLVQA-QNSK-----RHKAIRVIIAVVLVFLACQIPHNMVLLVTAANL-GKMNRSCQSEKLI--GYTKTVTEVLAFLHCCLNPVLYAFIGQKFRNYFLKILKDLWCVRRKYKSSGFSCAGRYSENISRQTSETADNDNASSFTM--------------------------



CKR7b   MDLGKPMKSVLVVALLVIFQVCLCQDEVTDDYIGDNTTVDYTLFESLCSKKD---VRNFKAWFLPIMYSI-ICFVGLLGNGLVVLTYIYF-KRLKTMTDTYLLNLAVADILFLLTLPFWAYS-AA--KSWVFGVHFCKLIFAIYKMSFFSGMLLLLCISIDRYVAIVQAVSAHRHRARVLLISKLSCVGIWILATVLSIPELLYSDLQRSSSEQAM-RCSLI----TEHVEAFITIQVAQMVIGFLVPLLAMSFCYLVIIRTLLQA-RNFE-----RNKAIKVIIAVVVVFIVFQLPYNGVVLAQTVANFNITSSTCELSKQL--NIAYDVTYSLACVRCCVNPFLYAFIGVKFRNDLFKLFKDLGCLSQEQLRQWSSCRHIRRSSMSVEAETTTTFSP--------------------------------



CKR9b   ----------------------MADDYGSESTSSMEDYVNFNFTDFYCEKNN---VRQFASHFLPPLYWL-VFIVGALGNSLVILVYWYC-TRVKTMTDMFLLNLAIADLLFLVTLPFWAIA-AA--DQWKFQTFMCKVVNSMYKMNFYSCVLLIMCISVDRYIAIAQAMRAHTWREKRLLYSKMVCFTIWVLAAALCIPEILYSQIKEESG--IA-ICTMVYPS-DESTKLKSAVLTLKVILGFFLPFVVMACCYTIIIHTLIQA-KKSS-----KHKALKVTITVLTVFVLSQFPYNCILLVQTIDAYAMFISNCAVSTNI--DICFQVTQTIAFFHSCLNPVLYVFVGERFRRDLVKTLKNLGCISQAQWVSFTRREGSLKLSSMLLETTSGALSL--------------------------------



CKRA    -----------------MGTEATEQVSWGHYSGDEEDAYSAEPLPELCYKAD---VQAFSRAFQPSVSLT-VAALGLAGNGLVLATHLAARRAARSPTSAHLLQLALADLLLALTLPFAAAG-AL--QGWSLGSATCRTISGLYSASFHAGFLFLACISADRYVAIARALPAG-PRPSTPGRAHLVSVIVWLLSLLLALPALLFSQDGQREG--QR-RCRLIFPE-GLTQTVKGASAVAQVALGFALPLGVMVACYALLGRTLLAA-RGPE-----RRRALRVVVALVAAFVVLQLPYSLALLLDTADLLAARERSCPASKRK--DVALLVTSGLALARCGLNPVLYAFLGLRFRQDLRRLLRGGSSPSGPQPRRGCPRRPRLSSCSAPTETHSLSWDN--------------------------------



CKRB    -----------------MALEQNQSTDYYYEENEMNGTYDYSQYELICIKED---VREFAKVFLPVFLTI-VFVIGLAGNSMVVAIYAYY-KKQRTKTDVYILNLAVADLLLLFTLPFWAVN-AV--HGWVLGKIMCKITSALYTLNFVSGMQFLACISIDRYVAVTKVPSQS--GVGK--PCWIICFCVWMAAILLSIPQLVFYTVNDNAR------CIPIFPR-YLGTSMKALIQMLEICIGFVVPFLIMGVCYFITARTLMKM-PNIK-----ISRPLKVLLTVVIVFIVTQLPYNIVKFCRAIDIIYSLITSCNMSKRM--DIAIQVTESIALFHSCLNPILYVFMGASFKNYVMKVAKKYGSWRRQRQSVEEFPFDSEGPTEPTSTFSI-------------------------------------



CML2    ---MDVTSQARGVGLEMYPGTAQPAAPNTTSPELNLSHPLLGTALANGTGELSEHQQYVIGLFLSCLYTIFLFPIGFVGNILILVVNISF-REKMTIPDLYFINLAVADLILVADSLIEVFN-LH--ERYYDIAVLCTFMSLFLQVNMYSSVFFLTWMSFDRYIALARAMRCSLF--RTKHHARLSCGLIWMASVSATLVPFT---AVHLQHTDEACFCFADVRE----------VQWLEVTLGFIVPFAIIGLCYSLIVRVLVRA-HRHRGLRPRRQKALRMILAVVLVFFVCWLPENVFISVHLLQRTQPGAAPCKQSFRHAHPLTGHIVNLAAFSNSCLNPLIYSFLGETFRDKLRLYIEQKTNLPALNRFCHAALKAVIPDSTEQSDVRFSSAV---------------------------------



CXCR1b  ------------------MSNITDPQMWDFDDLNFTGMPPADEDYSPCMLE----TETLNKYVVIIAYAL-VFLLSLLGNSLVMLVILYS-RVGRSVTDVYLLNLALADLLFALTLPIWAAS-KV--NGWIFGTFLCKVVSLLKEVNFYSGILLLACISVDRYLAIVHATRTLTQ--KRHL-VKFVCLGCWGLSMNLSLPFFLFRQAYHPNNS--SPVCYEVLGN--DTAKWRMVLRILPHTFGFIVPLFVMLFCYGFTLRTLFKA-HMGQ-----KHRAMRVIFAVVLIFLLCWLPYNLVLLADTLMRTQVIQETCERRNNI--GRALDATEILGFLHSCLNPIIYAFIGQNFRHGFLKILAMHGLVSKEFLARHRVTSYTSSSVNVSSNL---------------------------------------



CXCR2b  ---------MEDFNMESDSFEDFWKGEDLSNYSYSSTLPPFLLDAAPCEPE----SLEINKYFVVIIYAL-VFLLSLLGNSLVMLVILYS-RVGRSVTDVYLLNLALADLLFALTLPIWAAS-KV--NGWIFGTFLCKVVSLLKEVNFYSGILLLACISVDRYLAIVHATRTLTQ--KRYL-VKFICLSIWGLSLLLALPVLLFRRTVYSSN--VSPACYEDMGN--NTANWRMLLRILPQSFGFIVPLLIMLFCYGFTLRTLFKA-HMGQ-----KHRAMRVIFAVVLIFLLCWLPYNLVLLADTLMRTQVIQETCERRNHI--DRALDATEILGILHSCLNPLIYAFIGQKFRHGLLKILAIHGLISKDSLPKDSRPSFVGSSSGHTSTTL--------------------------------------



RDC1    --------------MDLHLFDYAEPGNFSDISWPCNSSDCIVVDTVMCPNMP---NKSVLLYTLSFIYIF-IFVIGMIANSVVVWVNIQA-KTTGYDTHCYILNLAIADLWVVLTIPVWVVS-LVQHNQWPMGELTCKVTHLIFSINLFSGIFFLTCMSVDRYLSITYFTNTPSS--RKKMVRRVVCILVWLLAFCVSLPDTYYLKTVTSASNNET-YCRSFYPE-HSIKEWLIGMELVSVVLGFAVPFSIIAVFYFLLARAISAS-SDQE-----KHSSRKIIFSYVVVFLVCWLPYHVAVLLDIFSILHYIPFTCRLEHAL--FTALHVTQCLSLVHCCVNPVLYSFINRNYRYELMKAFIFKYSAKTGLTKLIDASRVSETEYSALEQNAK-------------------------------------


GroupA2b



DUFF_HUMA MGNCLHRAELSPSTENSSQLDFEDVWNSSYGVNDSFPDGDYDANLEAAAPCHSCNLLDDSALPFFILTSVLGILASSTVLFMLFRPLFRWQLCPGWPVLAQLAVGSALFSIVVPVLAPGLGSTRSSALCSLGYCVWYGSAFAQALLLGCHASLGHRLGAGQVPGLTLGLTVGIWGVAALLTLPVTLASGASGGLCTLIYSTELKALQATHTVACLAIFVLLPLGLFGAKGLKKALGMGPGPWMNILWAWFIFWWPHGVVLGLDFLVRSKLLLLSTCLAQQALDLLLNLAEALAILHCVATPLLLALFCHQATRTLLPSLPLPEGWSSHLDTLGSKS


Group A3



AG22_HUMA  ------------MKGNSTLATTSKNITSGLHFGLVNISGNNESTLNCSQKPSDKHLDA-IPILYYIIFVIGFLVNIVVV-TLFCCQKGPKKVSSIYIFNLAVADLLLLATLPLWATYYSYRYDWLFGPVMCKVFGSFLTLNMFASIFFITCMSVDRYQSVIYPFLSQR-RNPWQASYIVPLVWCMACLSSLPTFYFRDVRTIE--YLGVNACIMAFPPE----KYAQWSAGIALMKNILGFIIPLIFIATCYFGIRKHLLKTNSYG-KNR---ITRDQVLKMAAAVVLAFIICWLPFHVLTFLDALAWMGVIN-SCEVIAVIDLALPFAILLGFTNSCVNPFLYCFVGNRFQQKLRSVFRVPITWLQGKRESMSCRKSSSLREMETFVS--------------------------



AG2R_HUMA  -----------------------------MILNSSTEDGIKRIQDDCPKAGRHNYIFVMIPTLYSIIFVVGIFGNSLVV-IVIYFYMKLKTVASVFLLNLALADLCFLLTLPLWAVYTAMEYRWPFGNYLCKIASASVSFNLYASVFLLTCLSIDRYLAIVHPMKSRLRRTMLVAKVTCIIIWLLAGLASLPAIIHRNVFFIE--NTNITVCAFHYESQ-----NSTLPIGLGLTKNILGFLFPFLIILTSYTLIWKALKKAYEIQ-KNK---PRNDDIFKIIMAIVLFFFFSWIPHQIFTFLDVLIQLGIIR-DCRIADIVDTAMPITICIAYFNNCLNPLFYGFLGKKFKRYFLQLLKYIPPKAKSHSNLSTKMSTLSYRPSDNVSSSTKKPAPCFEVE--------------



AG2S_HUMA  -----------------------------MILNSSTEDGIKRIQDDCPKAGRHNYIFVMIPTLYSIIFVVGIFGNSLVV-IVIYFYMKLKTVASVFLLNLALADLCFLLTLPLWAVYTAMEYRWPFGNYLCKIASASVSFNLYASVFLLTCLSIDRYLAIVHPMKSRLRRTMLVAKVTCIIIWLLAGLASLPAIIHRNVFFIE--NTNITVCAFHYES-----RNSTLPIGLGLTKNILGSCFPFLIILTSYTLIWKALKKAYEIQ-KNN---PRNDDIFRIIMAIVLFFFFSWIPHQIFTFLDVLIQQGIIR-DCRIADIVDTAMPITIWIAYFNNCLNPLFYGFLGKKFKKDILQLLKYIPPKAKSHSNLSTKMSTLSYRPSDNVSSSTKKPAPCFEVE--------------



APJ_HUMAN  -----------------------------MEEGGDFDNYYGADNQSECEYTDWKSSGALIPAIYMLVFLLGTTGNGLVLWTVFRSSREKRRSADIFIASLAVADLTFVVTLPLWATYTYRDYDWPFGTFFCKLSSYLIFVNMYASVFCLTGLSFDRYLAIVRPVANARLRLRVSGAVATAVLWVLAALLAMPVMVLRTTGDLE--NTTKVQCYMDYSMVATVSSEWAWEVGLGVSSTTVGFVVPFTIMLTCYFFIAQTIAGHFRKERIEG--LRKRRRLLSIIVVLVVTFALCWMPYHLVKTLYMLGSL-LHW-PCDFDLFLMNIFPYCTCISYVNSCLNPFLYAFFDPRFRQACTSMLCCGQSRCAGTSHSSSGEKSASYSSGHSQGPGPNMGKGGEQMHEKSIPYSQETLVVD



BRB1_HUMA  --------------------MASSWPPLELQSSNQSQLFPQNATACDNAPEAWDLLHRVLPTFIISICFFGLLGNLFVL-LVFLLPRRQLNVAEIYLANLAASDLVFVLGLPFWAENIWNQFNWPFGALLCRVINGVIKANLFISIFLVVAISQDRYRVLVHPMASGRQQRRRQARVTCVLIWVVGGLLSIPTFLLRSIQAVP--DLNITACILLLPHE-------AWHFARIVELNILGFLLPLAAIVFFNYHILASLRTREEVS-RTRVRGPKDSKTTALILTLVVAFLVCWAPYHFFAFLEFLFQVQAVR-GCFWEDFIDLGLQLANFFAFTNSSLNPVIYVFVGRLFRTKVWELYKQCTPKSLAPISSSHRKEIFQLFWRN------------------------------



BRB2_HUMA  MFSPWKISMFLSVREDSVPTTASFSADMLNVTLQGPTLNGTFAQSKCPQVEWLGWLNTIQPPFLWVLFVLATLENIFVL-SVFCLHKSSCTVAEIYLGNLAAADLILACGLPFWAITISNNFDWLFGETLCRVVNAIISMNLYSSICFLMLVSIDRYLALVKTMSMGRMRGVRWAKLYSLVIWGCTLLLSSPMLVFRTMKEYSDEGHNVTACVISYPS-------LIWEVFTNMLLNVVGFLLPLSVITFCTMQIMQVLRNN-EMQKFKE--IQTERRATVLVLVVLLLFIICWLPFQISTFLDTLHRLGILS-SCQDERIIDVITQIASFMAYSNSCLNPLVYVIVGKRFRKKSWEVYQGVCQKGGCRSEPIQMENSMGTLRTSISVERQIHKLQDWAGSRQ------------



GP25_HUMA  ------------------MAPTEPWSPSPGSAPWDYSGLDGLEELELCPAGDLPYGYVYIPALYLAAFAVGLLGNAFVV-WLLAGRRGPRRLVDTFVLHLAAADLGFVLTLPLWAAAAAR-RPWPFGDGLCKLSTFALAGTRSAGALLLAGMSVDRYLAVVKLLEARPLRTPRCAVASCCGVWAVALLAGLPSLVYRGLQPLP--GGQDSQCGEEPS--------HAFQ-GLSLLLLLLTFVLPLVVTLFCYCRISRRLRRPPHVGR-------ARRNSLRIIFAIESTFVGSWLPFSALRAVFHLARLGALPLPCPLLLALRWGLTIATCLAFVNSCANPLIYLLLDRSFRARALDGACGRTGRLARRISSASSLSRDDSSVFRCRAQAANTASASW-----------------



GP15_HUMA  ------------------------MDPEETSVYLDYYYATSPNSDIRETHSHVPYTSVFLPVFYTAVFLTGVLGNLVLM-GALHFKPGSRRLIDIFIINLAASDFIFLVTLPLWVDKEASLGLWRTGSFLCKGSSYMISVNMHCSVLLLTCMSVDRYLAIVWPVVSRKFRRTDCAYVVCASIWFISCLLGLPTLLSRELTLID--DK--PYCAEK--------KATPIKLIWSLVALIFTFFVPLLSIVTCYCCIARKLCAHYQQSGKHN---KKLKKSIKIIFIVVAAFLVSWLPFNTFKFLAIVSGLRQEHY--LPSAILQLGMEVSGPLAFANSCVNPFIYYIFDSYIRRAIVHCLCPCLKNYDFGSSTETSDSHLTKALSTFIHAEDFARRRKRSVSL-------------


Group A4



GPR7a  ---------------MDNASFSEPWPANASG--PDPALSCS-------NASTLAPLPAP-------------LAVAVPVVYAVICAVGLAGNSAVLYVLLRAPRMKTVTNLFILNLAIADELFTLVLPINIADFLLRQWPFGELMCKLIVAIDQYNTFSSLYFLTVMSADRYLVVLATAESRRVAGRTYSAARAVSLAVWGIVTLVVLPFAVFARLD-DEQG-RRQCVLVFPQP-EAFWWRASRLYTLVLGFAIPVSTICVLYTTLLCRLHAMRLDSH---AKALERAKKRVTFLVVAILAVCLLCWTPYHLSTVVALTTDLP-QTPLVIAISYFITSLTYANSCLNPFLYAFLDASFRRNLRQLITCR--------AAA-----------------------------------------------------------------------------------------



GPR8a  ---------------MQAAGHPEPLDSRGSFSLPTMGANVSQDNGTGHNATFSEPLPF--------------LYVLLPAVYSGICAVGLTGNTAVILVILRAPKMKTVTNVFILNLAVADGLFTLVLPVNIAEHLLQYWPFGELLCKLVLAVDHYNIFSSIYFLAVMSVDRYLVVLATVRSRHMPWRTYRGAKVASLCVWLGVTVLVLPFFSFAGVYSNELQ-VPSCGLSFPWP-ERVWFKASRVYTLVLGFVLPVCTICVLYTDLLRRLRAVRLRSG---AKALGKARRKVTVLVLVVLAVCLLCWTPFHLASVVALTTDLP-QTPLVISMSYVITSLTYANSCLNPFLYAFLDDNFRKNFRSILRC-----------------------------------------------------------------------------------------------------



OPRD   ---------------------MEPAPSAG--AELQPPLFANASDAY-PSACPSAG-ANASGPPGARSASSLALAIAITALYSAVCAVGLLGNVLVMFGIVRYTKMKTATNIYIFNLALADALATSTLPFQSAKYLMETWPFGELLCKAVLSIDYYNMFTSIFTLTMMSVDRYIAVCHPVKA--LDFRTPAKAKLINICIWVLASGVGVPIMVMAVTRPRDGA--VVCMLQFPSP-SWYWDTVTKICVFLFAFVVPILIITVCYGLMLLRLRSVRLLSG---SKEKDRSLRRITRMVLVVVGAFVVCWAPIHIFVIVWTLVDIDRRDPLVVAALHLCIALGYANSSLNPVLYAFLDENFKRCFRQLCRKPCG-------RPDPSSFSRAREATARERVTACTPSDGPGGGAAA---------------------------------------------------------



OPRK   ------------MESPIQIFRGEPGPTCAPSACLPPNSSAWFPGWAEPDSNGSAGSEDAQLEP--AHIS-PAIPVIITAVYSVVFVVGLVGNSLVMFVIIRYTKMKTATNIYIFNLALADALVTTTMPFQSTVYLMNSWPFGDVLCKIVISIDYYNMFTSIFTLTMMSVDRYIAVCHPVKA--LDFRTPLKAKIINICIWLLSSSVGISAIVLGGTKVREDVDVIECSLQFPDDDYSWWDLFMKICVFIFAFVIPVLIIIVCYTLMILRLKSVRLLSG---SREKDRNLRRITRLVLVVVAVFVVCWTPIHIFILVEALGSTS-HSTAALSSYYFCIALGYTNSSLNPILYAFLDENFKRCFRDFCFPLKM-------RMERQSTSRVRNTVQDPAYLRDIDGMNKPV-------------------------------------------------------------



OPRM   MDSSAAPTNASNCTDALAYSSCSPAPSPGSWVNLSHLDGNLSDPCG-PNRTDLGG-RDSLCPP--TGSPSMITAITIMALYSIVCVVGLFGNFLVMYVIVRYTKMKTATNIYIFNLALADALATSTLPFQSVNYLMGTWPFGTILCKIVISIDYYNMFTSIFTLCTMSVDRYIAVCHPVKA--LDFRTPRNAKIINVCNWILSSAIGLPVMFMATTKYRQGS--IDCTLTFSHP-TWYWENLLKICVFIFAFIMPVLIITVCYGLMILRLKSVRMLSG---SKEKDRNLRRITRMVLVVVAVFIVCWTPIHIYVIIKALVTIP-ETTFQTVSWHFCIALGYTNSCLNPVLYAFLDENFKRCFREFCIPTSS-------NIEQQNSTRIRQNTRDHPSTANTVDRTNHQLENLEAETAPLP-------------------------------------------------



OPRX   ----------------MEPLFPAPFWEVIYGSHLQGNLSLLSPNHSLLPPHLLLNASHGAFLP-------LGLKVTIVGLYLAVCVGGLLGNCLVMYVILRHTKMKTATNIYIFNLALADTLVLLTLPFQGTDILLGFWPFGNALCKTVIAIDYYNMFTSTFTLTAMSVDRYVAICHPIRA--LDVRTSSKAQAVNVAIWALASVVGVPVAIMGSAQVEDEE--IECLVEIPTP-QDYWGPVFAICIFLFSFIVPVLVISVCYSLMIRRLRGVRLLSG---SREKDRNLRRITRLVLVVVAVFVGCWTPVQVFVLAQGLGVQP-SSETAVAILRFCTALGYVNSCLNPILYAFLDENFKACFRKFCCASAL-------RRDVQVSDRVRSIAKDVALACKTSETVPRPA------------------------------------------------------------



SSR1   ------------MFPNGTASSPSSSPSPSPGSCGEGGGSRGPGAGAADGMEEPGRNASQNGTL----SEGQGSAILISFIYSVVCLVGLCGNSMVIYVILRYAKMKTATNIYILNLAIADELLMLSVPFLVTSTLLRHWPFGALLCRLVLSVDAVNMFTSIYCLTVLSVDRYVAVVHPIKA--ARYRRPTVAKVVNLGVWVLSLLVILPIVVFSRTAANSDG-TVACNMLMPEP-AQRWLVGFVLYTFLMGFLLPVGAICLCYVLIIAKMRMVALKAG---WQQRKRSERKITLMVMMVVMVFVICWMPFYVVQLVNVFAEQD-D----ATVSQLSVILGYANSCANPILYGFLSDNFKRSFQRILCL-----SWMDNAAEEPVDYYATALKSR--AYSVEDFQPENLESGG--VFRNGTCTSRITTL-----------------------------------------



SSR2   ----------------MDMADEPLNGSHTWLS-IPFDLNGSVVSTNTSNQTEPYYDLTS--------------NAVLTFIYFVVCIIGLCGNTLVIYVILRYAKMKTITNIYILNLAIADELFMLGLPFLAMQVALVHWPFGKAICRVVMTVDGINQFTSIFCLTVMSIDRYLAVVHPIKS--AKWRRPRTAKMITMAVWGVSLLVILPIMIYAGLRSNQWG-RSSCTINWPGE-SGAWYTGFIIYTFILGFLVPLTIICLCYLFIIIKVKSSGIRVG---SSKRKKSEKKVTRMVSIVVAVFIFCWLPFYIFNVSSVSMAIS-PTPALKGMFDFVVVLTYANSCANPILYAFLSDNFKKSFQNVLCLV------KVSGTDDGERSDSKQDKSR------LNETTETQRTLL----NGDLQTSI---------------------------------------------



SSR3   ----------------MDMLHPSSVSTTSEPENASSAWPPDATLGNVSAGPSPAGLAVS--------------GVLIPLVYLVVCVVGLLGNSLVIYVVLRHTASPSVTNVYILNLALADELFMLGLPFLAAQNALSYWPFGSLMCRLVMAVDGINQFTSIFCLTVMSVDRYLAVVHPTRS--ARWRTAPVARTVSAAVWVASAVVVLPVVVFSGVPRGMS----TCHMQWPEP-AAAWRAGFIIYTAALGFFGPLLVICLCYLLIVVKVRSAGRRVWAPSCQRRRRSERRVTRMVVAVVALFVLCWMPFYVLNIVNVVCPLP-EEPAFFGLYFLVVALPYANSCANPILYGFLSYRFKQGFRRVLLRPS-----RRVRSQEPTVGPPEKTEEED----EEEEDGEESREGG----KGKEMNGRVSQITQPGTSGQERPPSRVASKEQQLLPQEASTGEKSSTMRISYL



SSR4   ------------------MSAPSTLP---PGGE-EGLGTAWPSAANASSAPAEAEEAVAGPGD----ARAAG-MVAIQCIYALVCLVGLVGNALVIFVILRYAKMKTATNIYLLNLAVADELFMLSVPFVASSAALRHWPFGSVLCRAVLSVDGLNMFTSVFCLTVLSVDRYVAVVHPLRA--ATYRRPSVAKLINLGVWLASLLVTLPIAIFADTRPARGGQAVACNLQWPHP-A--WSAVFVVYTFLLGFLLPVLAIGLCYLLIVGKMRAVALRAG---WQQRRRSEKKITRLVLMVVVVFVLCWMPFYVVQLLNLVVTSL-D----ATVNHVSLILSYANSCANPILYGFLSDNFRRSFQRVLCLRCCLLEGAGGAEEEPLDYYATALKSKGGAGCMCPPLPCQQEALQPEPGRKRIPLTRTTTF-----------------------------------------



SSR5   ----------------MEPLFPASTPSWNAS---SPGAASGGGDNRTLVGPAPSAGAR---------------AVLVPVLYLLVCAAGLGGNTLVIYVVLRFAKMKTVTNIYILNLAVADVLYMLGLPFLATQNAASFWPFGPVLCRLVMTLDGVNQFTSVFCLTVMSVDRYLAVVHPLSS--ARWRRPRVAKLASAAAWVLSLCMSLPLLVFADVQEGG-----TCNASWPEP-VGLWGAVFIIYTAVLGFFAPLLVICLCYLLIVVKVRAAGVRVG---CVRRR-SERKVTRMVLVVVLVFAGCWLPFFTVNIVNLAVALP-QEPASAGLYFFVVILSYANSCANPVLYGFLSDNFRQSFQKVLCLR------KGSGAKDADATEPRPDRIRQ----QQEATPPAHRAAA----NGLMQTSKL--------------------------------------------


Group A5



GALR_HUMA  --------------------------------------------------------MELAVGNLSEGNASCPEPPAPEPGPLFGIGVENF----VTLVVFGLIFALGVLGNSLVITVLARSKP---GKPRSTTNLFILNLSIADLAYLLFCIPFQAT-VYALP-TWVLGAFICKFIHYFFTVSMLVSIFTLAAMSVDRYVAIVHSRRSSSLRVSRN---------------ALLGVGCIWALSIAMASPVAYHQGLFHPRA-SNQTFCWEQWPDP--RHKKAY--VVC-----TFVFGYLLPLLLICFCYAKVLNHLHKKLK-------------NMSKKS-EASKKKTAQTVLVVVVVFGISWLPHHIIHLW---AEFGV----FPLTPA--------SFLFRI----TAHCLAYSNSSVNPIIYAFLSENFRKAYKQVFKCHIRKDSHLSDTKENKSRIDTPPSTNCTHV-------------------------------------------------



GALS_HUMA  ----------------------------------------------------------------MNVSGCPGAGNASQAGGGGGWHPEAV----IVPLLFALIFLVGTVGNTLVLAVLLRGGQAV-----STTNLFILNLGVADLCFILCCVPFQAT-IYTLD-GWVFGSLLCKAVHFLIFLTMHASSFTLAAVSLDRYLAIRYPLHSRELRTPRN---------------ALAAIGLIWGLSLLFSGPYLSYYRQS--QL-ANLTVCHPAWSAP--R-RRAM--DIC-----TFVFSYLLPVLVLGLTYARTLRYLWRA--VDPV--AAGSG-------A-RRAKRKVTRMILIVAALFCLCWMPHHALILC---VWFGQ----FPLTRA--------TYALRI----LSHLVSYANSCVNPIVYALVSKHFRKGFRTICAGLLGRAPGRASGRVCAAARGTHSGSVLERESSDLLHMSEAAGALRPCPGASQPCILEPCPGPSWQGPKAGDSILTVDVA



GALT_HUMA  ------------------------------------------------------------------------MADAQNISLDSPGSVGAV----AVPVVFALIFLLGTVGNGLVLAVLLQPGPSAWQEPGSTTDLFILNLAVADLCFILCCVPFQAT-IYTLD-AWLFGALVCKAVHLLIYLTMYASSFTLAAVSVDRYLAVRHPLRSRALRTPRN---------------ARAAVGLVWLLAALFSAPYLSYYGTV--RY-GALELCVPAWEDA--R-RRAL--DVA-----TFAAGYLLPVAVVSLAYGRTLRFLWAA--VGPAGAAAAEA-------R-RRATGRAGRAMLAVAALYALCWGPHHALILC---FWYGR----FAFSPA--------TYACRL----ASHCLAYANSCLNPLVYALASRHFRARFRRLWPCGRRRRHRARRALRRVRPASSGPPGCPGDARPSGRLLAGGGQGPEPREGPVHGGEAARGPE------------------



GPR54      -----------------------------------------------MHTVATSGPNASWGAPANASGCPGCGANASDGPVPSPRAVDAW----LVPLFFAALMLLGLVGNSLVIYVICRHKP-----MRTVTNFYIANLAATDVTFLLCCVPFTAL-LYPLP-GWVLGDFMCKFVNYIQQVSVQATCATLTAMSVDRWYVTVFPLRALHRRTPRL---------------ALAVSLSIWVGSAAVSAPVLALHRLS----PGPRAYCSEAFPSR--ALERAF--ALY-----NLLALYLLPLLATCACYAAMLRHLGR-VAVRPAPADSALQGQVLAERA-GAVRAKVSRLVAAVVLLFAACWGPIQLFLVL---QALGPAGSWHPRSYA--------AYALKT----WAHCMSYSNSALNPLLYAFLGSHFRQAFRRVCPCAPRRPRRPRRPGPSDPAAPHAELHRLGSHPAPARAQKPGSSGLAARGLCVLGEDNAPL--------------------



GPO        MLCPSKTDGSGHSGRIHQETHGEGKRDKISNSEGRENGGRGFQMNGGSLEAEHASRMSVLRAKPMSNSQRLLLLSPGSPPRTGSISYINI----IMPSVFGTICLLGIIGNSTVIFAVVKKSKLH--WCNNVPDIFIINLSVVDLLFLL-GMPFMIHQLMGNG-VWHFGETMCTLITAMDANSQFTSTYILTAMAIDRYLATVHPISSTKFRKPSV---------------ATLVICLLWALSFISITPVWLYARLI--PFPGGAVGCGIRLPNP--D-TDLYWFTLY-----QFFLAFALPFVVITAAYVRILQRMTSSVA--PA-----------SQRSIRLRTKRVTRTAIAICLVFFVCWAPYYVLQLT---QLSIS----RPTLTF---------VYLYN----AAISLGYANSCLNPFVYIVLCETFRKRLVLSVKPAAQGQLRAVSNAQTADEERTESKGT-----------------------------------------------------



P2Y7       ----------------------------------------------------------------------MNTTSSAAPPSLG-VEFISL----LAIILLSVALAVGLPGNSFVVWSILKRMQK-----RSVTALMVLNLALADLAVLL-TAPFFLH-FLAQG-TWSFGLAGCRLCHYVCGVSMYASVLLITAMSLDRSLAVARPFVSQKLRTKAM---------------ARRVLAGIWVLSFLLATPVLAYRTVV--PWKTNMSLCFPRYPSE--G-HRAF-HLIF-----EAVTGFLLPFLAVVASYSDIGRRLQAR---------------------RFRRSRRTGRLVVLIILTFAAFWLPYHVVNLA---EAGRA----LAGQAAGLGLVGKRLSLARN----VLIALAFLSSSVNPVLYACAGG-------GLLRSAGVGFVAKLLEGTGSEASSTRRGGSLGQTARSGPAALEPGPSESLTASSPLKLNELN---------------------



SALPR      --------MQMADAATIATMNKAAGGDKLAELFSLVPDLLEAANTSGNASLQLPDLWWELGLELPDGAPPGHPPGSGGAESADTEARVRI----LISVVYWVVCALGLAGNLLVLYLMKSMQ----GWRKSSINLFVTNLALTDFQFVL-TLPFWAV-ENALDFKWPFGKAMCKIVSMVTSMNMYASVFFLTAMSVTRYHSVASALKSHRTRGHGRGDCCGRSLGDSCCFSAKALCVWIWALAALASLPSAIFSTTV--KV-MGEELCLVRFPDKLLGRDRQF--WLGLYHSQKVLLGFVLPLGIIILCYLLLVRFIADRRAAGTKGGAAVAG--GRPTGASARRLSKVTKSVTIVVLSFFLCWLPNQALTTWSILIKFNA----VPFSQE--------YFLCQVYAFPVSVCLAHSNSCLNPVLYCLVRREFRKALKSLLWRIASPSITSMRPFTATTKPEHEDQGLQAPAPPHAAAEPDLLYYPPGVVVYSGGRYDLLPSSSAY---------------



UR2R_HUMA  ------------------------------------------MALTPESPSSFPGLAATGSSVPEPPGGPNATLNSSWASPTEPSSLEDLVATGTIGTLLSAMGVVGVVGNAYTLVVTCRSLRAV-----ASMYVYVVNLALADLLYLL-SIPFIVA-TYVTK-EWHFGDVGCRVLFGLDFLTMHASIFTLTVMSSERYAAVLRPLDTVQRPKGYR----------------KLLALGTWLLALLLTLPVMLAMRLV--RR-GPKSLCLPAWGPR---AHRAY--LTL-----LFATSIAGPGLLIGLLYARLARAYRRSQ------RASFKR-------A-RRPGARALRLVLGIVLLFWACFLPFWLWQLL---AQYHQ----APLAPR-------TARIVNY----LTTCLTYGNSCANPFLYTLLTRNYRDHLRGRVRGPGSGGGRGPVPSLQPRARFQRCSGRSLSSCSPQPTDSLVLAPAAPARPAPEGPRAPA---------------------


Group A6a



FF1        --------------------------------------------------------------------------------------------------------MEGEPSQPPNSSWPLSQNGTNTEATPATNLTFSSYYQH----TSPVAAMFIVAYALIFLLCMVGNTLVCFIVLKNRHMHTVTNMFILNLAVSDLLVGIFCMPTTLVDNLITGWPFDNATCKMSGLVQGMSVSASVFTLVAIAVERFRCIVHPFREK--LTLRKALVTIAVIWALALLIMCPSAVTLTVTR-EEHHFMVDARNRSYPLYSCWEAWPEKGMRRVYTTVLFSHIYLAPLALIVVMYARIARKLCQA-------------------------------------------------------------------PGPAPGGEEAADPRASRRRARVVHMLVMVALFFTLSWLPLWALLLLIDYGQLSAPQLHLVTVYA-FPFAHWLAFFNSSANPIIYGYFNENFRRGFQAAFRARLCPRPSGSHKEAYSERPGGLLHRRVFVVVRPSDSGLPSESGPSSGAPRPGRLPLRNGRVAHHGLPREGPGCSHLPLTIPAWDI



FF2        MNSFFGTPAASWCLLESDVSSAPDKEAGRERRALSVQQRGGPAWSGSLEWSRQSAGDRRRLGLSRQTAKSSWSRSRDRTCCCRRAWWILVPAADRARRERFIMNEKWDTNSSENWHPIWNVNDTKHHLYSDINITYVNYYLH----QPQVAAIFIISYFLIFFLCMMGNTVVCFIVMRNKHMHTVTNLFILNLAISDLLVGIFCMPITLLDNIIAGWPFGNTMCKISGLVQGISVAASVFTLVAIAVDRFQCVVYPFKPK--LTIKTAFVIIMIIWVLAITIMSPSAVMLHVQEEKYYRVRLNSQNKTSPVYWCREDWPNQEMRKIYTTVLFANIYLAPLSLIVIMYGRIGISLFRAAVPHTGRK------------------------------------------------------------------NQEQWHVVSRKKQKIIKMLLIVALLFILSWLPLWTLMMLSDYADLSPNELQIINIYI-YPFAHWLAFGNSSVNPIIYGFFNENFRRGFQEAFQLQLCQKRAKPMEAYALKAKSHVLINTSNQLVQESTFQNPHGETLLYRKSAEKPQQELVMEELKETTNSSEI--------------



GASR_HUMA  -------------------------------------------------------------------------------------------------MELLKLNRSVQGTGPGPGASLCRPGAPLLNSSSVGNLSCEPPRIRGAGTRELELAIRITLYAVIFLMSVGGNMLIIVVLGLSRRLRTVTNAFLLSLAVSDLLLAVACMPFTLLPNLMGTFIFGTVICKAVSYLMGVSVSVSTLSLVAIALERYSAICRPLQARVWQTRSHAARVIVATWLLSGLLMVPYPVYTVVQP------------VGPRVLQCVHRWPSARVRQTWSVLLLLLLFFIPGVVMAVAYGLISRELYLGLRFDGDSDSDSQSRVRNQGGLPGAVHQNGRCRPETGAVGEDSDGCYVQLPRSRPALELTAL------TAPGPGSGSRPTQAKLLAKKRVVRMLLVIVVLFFLCWLPVYSANTWRAFDG---PGAHRALSGAPISFIHLLSYASACVNPLVYCFMHRRFRQACLETCARCCPRPPRARPRALPDEDPPTPSIASLSRLSYTTISTLGPG--------------------------------------------



GPR103     ------------------------------------------MICCSALSPRIHLSFHRSLTGIVLANSSLDIVLHDTYYVVAHCGGNVRRLHCGGPASRERTAMQALNITPEQFSRLLRDHNLT--REQFIALYRLRPLVYTPELPGRAKLALVLTGVLIFALALFGNALVFYVVTRSKAMRTVTNIFICSLALSDLLITFFCIPVTMLQNISDNWLGGAFICKMVPFVQSTAVVTEILTMTCIAVERHQGLVHPFKMKWQYTNRRAFTMLGVVWLVAVIVGSPMWHVQQLE-------IKYDFLYEKEHICCLEEWTSPVHQKIYTTFIL----------------------------------------------------------------------------------------------------SSSSSCLLWKKKRAVIMMVTVVALFAVCWAPFHVVHMMIEYSNFEKEYDD-VTIKMIFAIVQIIGFSNSICNPIVYAFMNENFKKNVLSAVCYCIVNKTFSPAQRHGNSGITMMRKKAKFSLRENPVEETKGEAFSDGNIEVKLCEQTEEKKKLKRHLALFRSELAENSPLDSGH--



OX1R_HUMA  -----------------------------------------------------------------------------------------------------MEPSATPGAQMGVPPGSREPSPVPPDYEDEFLRYLWRDYLY----PKQYEWVLIAAYVAVFVVALVGNTLVCLAVWRNHHMRTVTNYFIVNLSLADVLVTAICLPASLLVDITESWLFGHALCKVIPYLQAVSVSVAVLTLSFIALDRWYAICHPLLFK--STARRARGSILGIWAVSLAIMVPQAAVMECSS-----VLPELANRTRLFSVCDERWADDLYPKIYHSCFFIVTYLAPLGLMAMAYFQIFRKLWG-------------RQ-----------------IPGTTSALVRNWKRPSDQLGDLEQGLSGEPQPR--------GRAFLAEVKQMRARRKTAKMLMVVLLVFALCYLPISVLNVLKRVFGMFRQASDREAVYACFTFSHWLVYANSAANPIIYNFLSGKFREQFKAAFSCCLPGLGPCGSLKAPSPRSSASHKSLSLQSRCSISKISEHVVLTSVTTVLP----------------------------------



OX2R_HUMA  ---------------------------------------------------------------------------------------------MSGTKLEDSPPCRNWSSASELNETQEPFLNPTDYDDEEFLRYLWREYLH----PKEYEWVLIAGYIIVFVVALIGNVLVCVAVWKNHHMRTVTNYFIVNLSLADVLVTITCLPATLVVDITETWFFGQSLCKVIPYLQTVSVSVSVLTLSCIALDRWYAICHPLMFK--STAKRARNSIVIIWIVSCIIMIPQAIVMECST-----VFPGLANKTTLFTVCDERWGGEIYPKMYHICFFLVTYMAPLCLMVLAYLQIFRKLWC-------------RQ-----------------IPGTSSVVQRKWKPLQPVSQPRGPGQPTKSRM----------SAVAAEIKQIRARRKTARMLMVVLLVFAICYLPISILNVLKRVFGMFAHTEDRETVYAWFTFSHWLVYANSAANPIIYNFLSGKFREEFKAAFSCCCLGVHHRQEDRLTRGRTSTESRKSLTTQISNFDNISKLSEQVVLTSISTLPAANGAGPLQNW---------------------



CCKR_HUMA  --------------------------------------------------------------------------------------------------------------MDVVDSLLVNGSNITPPCELGLENETLFCLDQPRPSKEWQPAVQILLYSLIFLLSVLGNTLVITVLIRNKRMRTVTNIFLLSLAVSDLMLCLFCMPFNLIPNLLKDFIFGSAVCKTTTYFMGTSVSVSTFNLVAISLERYGAICKPLQSRVWQTKSHALKVIAATWCLSFTIMTPYPIYS--------NLVPFTKNNNQTANMCRFLLPNDVMQQSWHTFLLLILFLIPGIVMMVAYGLISLELYQGIKFEASQKKSAKERK-----------------PSTTSSGKYEDSDGCYLQKTRPPRKLELRQLSTGSSSRANRIRSNSSAANLMAKKRVIRMLIVIVVLFFLCWMPIFSANAWRAYD---TASAERRLSGTPISFILLLSYTSSCVNPIIYCFMNKRFRLGFMATFPCCPNPGPPGARGEVGEEEEGGTTGASLSRFSYSHMSASVPPQ-------------------------------------------


Group A6b



GRHR_HUMA  ----------------MANSASPEQNQNHCSAINNSIPLMQGNLPTLTLSGKIRVTVTFFLFLLSATFNASFLLKLQKWTQKKEKGKKL--SRMKLLLKHLTLANLLETLIVMPLDGMWNITVQWYAGELLCKVLSYLKLFSMYAPAFMMVVISLDRSLAITRPL-ALKSNS-KVGQSMVGLAWILSSVFAGPQLYIFRMIHLADSSGQTKVFSQCVTHCSFSQWWHQAFYNFFTFSCLFIIPLFIMLICNAKIIFTLTRVLHQDP-HELQ-------------------------LNQSKNNIPRARLKTLKMTVAFATSFTVCWTPYYVLGIWYWFDPEMLNRLSD-PVNHFFFLFAFLNPCFDPLIYGYFSL---------------------------------------------------------------------------------



V1AR_HUMA  MRLSAGPDAGPSGNSSPWWPLATGAGNTSREAEALGEGNGPPRDVRNEELAKLEIAVLAVTFAVAVLGNSSVLLALHR------TPRKT--SRMHLFIRHLSLADLAVAFFQVLPQMCWDITYRFRGPDWLCRVVKHLQVFGMFASAYMLVVMTADRYIAVCHPLKTLQQP-ARRSRLMIAAAWVLSFVLSTPQYFVFSMIEVNNVTKARDCWA------TFIQPWGSRAYVTWMTGGIFVAPVVILGTCYGFICYNIWCNVRGKT-ASRQSKGAEQAGVAFQKGFLLA-----PC-VSSVKSISRAKIRTVKMTFVIVTAYIVCWAPFFIIQMWSVWDPMSVWTESENPTITITALLGSLNSCCNPWIYMFFSGHLLQDCVQSFPCCQNMKEKFNKEDTDSMSRRQTFYSNNRSPTNSTGMWKDSPKSSKSIKFIPVST----------------



V1BR_HUMA  -----------------MDSGPLWDANPTPRGTLSAPNATTPWLGRDEELAKVEIGVLATVLVLATGGNLAVLLTLGQ------LGRKR--SRMHLFVLHLALTDLAVALFQVLPQLLWDITYRFQGPDLLCRAVKYLQVLSMFASTYMLLAMTLDRYLAVCHPLRSLQQP-GQSTYLLIAAPWLLAAIFSLPQVFIFSLREVIQGSGVLDCWA------DFGFPWGPRAYLTWTTLAIFVLPVTMLTACYSLICHEICKNLKVKTQAWRVGGGGWRTWDRPSPSTLAATTRGLPSRVSSINTISRAKIRTVKMTFVIVLAYIACWAPFFSVQMWSVWDKNAPDEDSTNVAFTISMLLGNLNSCCNPWIYMGFNSHLLPRPLRHLACCGGPQPRMRRRLSDGSLSSRHTTLLTRSSCPATLSLSLSLTLSGRPRPEESPRDLELADGEGTAETIIF



V2R_HUMAN  --------------MLMASTTSAVPGHPSLPSLPSNSSQERPLDTRDPLLARAELALLSIVFVAVALSNGLVLAALAR------RGRRGHWAPIHVFIGHLCLADLAVALFQVLPQLAWKATDRFRGPDALCRAVKYLQMVGMYASSYMILAMTLDRHRAICRPMLAYRHGSGAHWNRPVLVAWAFSLLLSLPQLFIFAQRNVEGGSGVTDCWA------CFAEPWGRRTYVTWIALMVFVAPTLGIAACQVLIFREIHASL-VPGPSERP-------GGRRRGRRTGS-----PG---EGAHVSAAVAKTVRMTLVIVVVYVLCWAPFFLVQLWAAWDPEAPLE---GAPFVLLMLLASLNSCTNPWIYASFSSSV-SSELRSLLCCARGRTPPSLGPQDESCTTASSSLAKDTSS---------------------------------------


Group A6c



GP22_HUMA  MCFSPILEINMQSESNITVRDDIDDINTNMYQPLSYPLSFQVSLTGFLMLEIVLGLGSNLTVLVLYCMKSNLINSVSNIITMNLHVLDVIICVGCIPLTIVILLLSLESNTALICCFHEACVSFASVSTAINVFAITLDRYDISVKPANRILTMGRAVMLMISIWIFSFFSFLIPFIEVNFFSLQSGNTWENKTLLCVSTNEYYTELGMYYHLLVQIPIFFFTVVVMLITYTKILQALNIRIGTRFSTGQKKKARKKKTISLTTQHEATDMSQSSGGRNVVFGVRTSVSVIIALRRAVKRHRERRERQKRVFRMSLLIISTFLLCWTPISVLNTTILCLGPSDLLVKLRLCFLVMAYGTTIFHPLLYAFTRQKFQKVLKSKMKKRVVSIVEADPLPNNAVIHNSWIDPKRNKKITFEDSEIREKRLVPQVVTD


Group A7a



BRS3_HUMA  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------MAQRQPHSPNQTLISITNDTESSSSVVSNDNTNKGWSGDNSPGIEALCAIYITYAVIISVGILGNAILIKVFFKTKSMQTVPNIFITSLAFGDLLLLLTCVPVDATHYLAEGWL-----FGRIGCKVLSFIRLTSVGVSVFTLTILSADRYKAVVKPL-ERQPSNAILKTCVKAGCVWIVSMIFALPEAIFSNVYTFRDPNKN-MTFESCTSYP-----VSKKL----LQEIHSLLCFLVFYIIPLSIISVYYSLIARTLYKSTLN-IPTEEQSHARKQIESRKRIARTVLVLVALFALCWLPNHLLYLYHSFTSQTYVDPSAMHFI-----FTIFSRVLAFSNSCVNPFALYWLSKSFQKHFKAQLFCCKAERPEPPVADTSLTTLAVMGTVPGTGSIQMSEISVTSFTGCSVKQAEDRF



ET1R_HUMA  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------METLCLRASFWLALVGCVISDNPERYSTNLSNHVDDFTTFRGTELSFLVTTHQPTNLVLPSNGSMHNYCPQQTKITSAFKYINTVISCTIFIVGMVGNATLLRIIYQNKCMRNGPNALIASLALGDLIYVVIDLPINVFKLLAGRWPFDHNDFGVFLCKLFPFLQKSSVGITVLNLCALSVDRYRAVASWS-RVQGIGIPLVTAIEIVSIWILSFILAIPEAIGFVMVPFEY--RG-EQHKTCMLNA-----TSK--FMEFYQDVKDWWLFGFYFCMPLVCTAIFYTLMTCEMLNRRNGSLRIALSEH----LKQRREVAKTVFCLVVIFALCWFPLHLSRILKKT-VYNEMDKNRCELLSFLLLMDYIGINLATMNSCINPIALYFVSKKFKNCFQSCLCCCCYQSKSLMTSVPMNGTSIQWKNHDQNNHNTDRSSHKDSMN-----------



ETBR_HUMA  ----------------------------------------------------------------------------------------------------------------------------------------------------------------MQPPPSLCGRALVALVLACGLSRIWGEERGFPPDRATPLLQTAEIMTPPTKTLWPKGSNASLARSLAPAEVPKGDRTAGSPPRTISPPPCQGPIEIKETFKYINTVVSCLVFVLGIIGNSTLLRIIYKNKCMRNGPNILIASLALGDLLHIVIDIPINVYKLLAEDWP-----FGAEMCKLVPFIQKASVGITVLSLCALSIDRYRAVASWS-RIKGIGVPKWTAVEIVLIWVVSVVLAVPEAIGFDIITMDY--KG-SYLRICLLHP-----VQKTAFMQFYKTAKDWWLFSFYFCLPLAITAFFYTLMTCEMLRKKSG-MQIALNDH----LKQRREVAKTVFCLVLVFALCWLPLHLSRILKLT-LYNQNDPNRCELLSFLLVLDYIGINMASLNSCINPIALYLVSKRFKNCFKSCLCCWC-QSFEEKQSLEEKQSCLKFKANDHGYDNFRSSNKYSSS------------



ETB2_HUMA  -----------------------------------------------------------------------------------------------------------------------------------MRWLWPLAVSLAVILAVGLSRVSGGAPLHLGRHRAETQEQQSRSKRGTEDEEAKGVQQYVPEEWAEYPRPIHPAGLQPTKPLVATSPNPDKDGGTPDSGQELRGNLTGAPGQRLQIQNPLYPVTESSYSAYAIMLLALVVFAVGIVGNLSVMCIVWHSYYLKSAWNSILASLALWDFLVLFFCLPIVIFNEITKQRL-----LGDVSCRAVPFMEVSSLGVTTFSLCALGIDRFHVATSTLPKVRPIERCQSILAKLAVIWVGSMTLAVPELLLWQLAQEPAPTMGT--LDSCIMKPSASLPESLYSLVMTYQNARMWWYFGCYFCLPILFT-VTCQLVTWRVRGPPGRKSEC----RASKHEQCESQLNSTVVGLTVVYAFCTLPENVCNIVVAY-LSTELTRQTLDLL------GLINQFSTFFKGAITPVLLLCICRPLGQAFLDCCCCCCCEECGGASEASAANGSDNKLKTEVSSSIYFHKPRESPPLLPLGTPC----



GP37_HUMA  MRAPGALLARMSRLLLLLLLKVSASSALGVAPASRNETCLGESCAPTVIQRRGRDAWGPGNSARDVLRARAPREEQGAAFLAGPSWDLPAAPGRDPAAGRGAEASAAGPPGPPTRPPGPWRWKGARGQEPSETLGRGNPTALQLFLQISEEEEKGPRGAGISGRSQEQSVKTVPGASDLFYWPRRAGKLQGSHHKPLSKTANGLAGHEGWTIALPGRALAQNGSLGEGIHEPGGPRRGNSTNRRVRLKNPFYPLTQESYGAYAVMCLSVVIFGTGIIGNLAVMCIVCHNYYMRSISNSLLANLAFWDFLIIFFCLPLVIFHELTKKWL-----LEDFSCKIVPYIEVASLGVTTFTLCALCIDRFRAATNVQMYYEMIENCSSTTAKLAVIWVGALLLALPEVVLRQLSKEDLGFSGRAPAERCIIKISPDLPDTIYVLALTYDSARLWWYFGCYFCLPTLFT-ITCSLVTARKIRKAEKAC----TRGNKRQIQLESQMNCTVVALTILYGFCIIPENICNIVTAY-MATGVSQQTMDLL------NIISQFLLFFKSCVTPVLLFCLCKPFSRAFMECCCCC-CEECIQKSSTVTSDDNDNEYTTELELSPFSTIRREMSTFASVGTHC----



GRPR_HUMA  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------MALNDCFLLNLEVDHFMHCNISSHSADLPVNDDWSHPGILYVIPAVYGVIILIGLIGNITLIKIFCTVKSMRNVPNLFISSLALGDLLLLITCAPVDASRYLADRWL-----FGRIGCKLIPFIQLTSVGVSVFTLTALSADRYKAIVRPM-DIQASHALMKICLKAAFIWIISMLLAIPEAVFSDLHPFHEESTN-QTFISCAPYP-----HSNEL----HPKIHSMASFLVFYVIPLSIISVYYYFIAKNLIQSAYN-LPVEGNIHVKKQIESRKRLAKTVLVFVGLFAFCWLPNHVIYLYRSY-HYSEVDTSMLHFV-----TSICARLLAFTNSCVNPFALYLLSKSFRKQFNTQLLCCQPGLIIRSHSTGRSTTCMTSLKSTNPSVATFSLINGNICHERYV-------



NMBR_HUMA  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------MPSKSLSNLSVTTGANESGSVPEGWERDFLPASDGTTTELVIRCVIPSLYLLIITVGLLGNIMLVKIFITNSAMRSVPNIFISNLAAGDLLLLLTCVPVDASRYFFDEWM-----FGKVGCKLIPVIQLTSVGVSVFTLTALSADRYRAIVNPM-DMQTSGALLRTCVKAMGIWVVSVLLAVPEAVFSEVARISSLD-N-SSFTACIPYP-----QTDEL----HPKIHSVLIFLVYFLIPLAIISIYYYHIAKTLIKSAHN-LPGEYNEHTKKQMETRKRLAKIVLVFVGCFIFCWFPNHILYMYRSF-NYNEIDPSLGHMI-----VTLVARVLSFGNSCVNPFALYLLSESFRRHFNSQLCCGRKSYQERGTSYLLSSSAVRMTSLKSNAKNMVTNSVLLNGHSMKQEMAM---


Group A7b


GHSR_HUMA  -----------------MWNATPSEEPGFNLTLADLDWDASPGNDSLGDELLQLFPAPL---LAGVTATCVALFVVGIAGNLLTMLVVSRFRE---LRTTTNLYLSSMAFSDLLIFL--CMPLDLVR-LWQYRPWNFGDLLCKLFQFVSESCTYATVLTITALSVERYFAICFPLRAKVVVTKGRVKLVIFVIWAVAFCSAGPIFVLVGVEHEN-GTDPWD------------------------------------------TNECRPTEFAVRSGLLTV-MVWVSSI-FFFLPVFCLTVLYSLIGRKLWRRRRGD-----------------AVVGA-----------------------SLRDQNHKQTVKMLAVVVFAFILCWLPFHVGRYLFSKSFEP-GSLEIAQISQYCNLVSFVLFYLSAAINPILYNIMSKKYRVAVFRLLGFEPFSQRKLSTLKDESSRAWTESSINT------------------------------------------------------------------



TLR_HUMA   ----------------------MGSPWNGSDGPEGAREPPWPALPPCDERRCSPFPLGA---LVPVTAVCLCLFVVGVSGNVVTVMLIGRYRD---MRTTTNLYLGSMAVSDLLILL--GLPFDLYR-LWRSRPWVFGPLLCRLSLYVGEGCTYATLLHMTALSVERYLAICRPLRARVLVTRRRVRALIAVLWAVALLSAGPFLFLVGVEQD---PGISVVPGLNGTARIASSPLASSPPLWLSRAPPPSPPSGPETAEAAALFSRECRPSPAQLGALR-VMLWVTTA-YFFLPFLCLSILYGLIGRELWSSRRPL-----------------RGPAA-----------------------SGRERGHRQTVRVLLVVVLAFIICWLPFHVGRIIYINTEDS----RMMYFSQYFNIVALQLFYLSASINPILYNLISKKYRAAAFKLLLARKSRPRGFHRSRDTAGEVAGDTGGDTVGYTETSANVKTMG----------------------------------------------------



GP39_HUMA  ---------------------------------MASPSLPGSDCSQIIDHSHVPEFEVATWIKITLILVYLIIFVMGLLGNSATIRVTQVLQKKGYLQKEVTDHMVSLACSDILVFLI-GMPMEFYSIIWNPLTTSSYTLSCKLHTFLFEACSYATLLHVLTLSFERYIAICHPFRYKAVSGPCQVKLLIGFVWVTSALVALPLLFAMGTEYPLVNVPSHRGLTCN--------------------------RSSTRHHEQPETSNMSICTNLSSRWT----VFQSSIFGAFVVYLVVLLSVAFMCWNMMQVLMKSQKGSLAGGTRPPQLRKSESEES---------------------------RTARRQTIIFLRLIVVTLAVCWMPNQIRRIMAAAKPKHDWTRSYFRAYMILLPFSETFFYLSSVINPLLYTVSSQQFRRVFVQVLCCRLSLQHANHEKRLRVHAHSTTDSARFVQRPLLFASRRQSSARRTEKIFLSTFQSEAEPQSKSQSLSLESLEPNSGAKPANSAAENGFQEHEV



NMU1R      ---MTPLCLNCSVLPGDLYPGGARNPMACNGSAARGHFDPEDLNLTDEALRLKYLGPQQTELFMPICATYLLIFVVGAVGNGLTCLVILRHKA---MRTPTNYYLFSLAVSDLLVLLV-GLPLELYE-MWHNYPFLLGVGGCYFRTLLFEMVCLASVLNVTALSVERYVAVVHPLQARSMVTRAHVRRVLGAVWGLAMLCSLPNTSLHGIRQLH-VPCRGP------------------------------------------VPDSAVCMLVRPRALYNM-VVQTTALLFFCLPMAIMSVLYLLIGLRLRRERLLLMQEAKGRGSAAARSRYTCRLQQ-------------------------HDRGRRQVTKMLFVLVVVFGICWAPFHADRVMWSVVSQ--WTDGLHLAFQHVHVISGIFFYLGSAANPVLYSLMSSRFRETFQEALCLGACCHRLRPRHSSHSLSRMTTGSTLCDVGSLGSWVHPLAGNDGPEAQQETDPS---------------------------------------



NMU2R      ---------------MSGMEKLQNASWIYQQKLEDPFQKHLNSTEEYLAFLCGPRRSHF---FLPVSVVYVPIFVVGVIGNVLVCLVILQHQA---MKTPTNYYLFSLAVSDLLVLLL-GMPLEVYE-MWRNYPFLFGPVGCYFKTALFETVCFASILSITTVSVERYVAILHPFRAKLQSTRRRALRILGIVWGFSVLFSLPNTSIHGIKFHY-FPNGSL------------------------------------------VPGSATCTVIKPMWIYNF-IIQVTSFLFYLLPMTVISVLYYLMALRLKKDKSLE-----------------ADEGN----------------------ANIQRPCRKSVNKMLFVLVLVFAICWAPFHIDRLFFSFVEE--WSESLAAVFNLVHVVSGVFFYLSSAVNPIIYNLLSRRFQAAFQNVISSFHKQWHSQHDPQLPPAQRNIFLTECHFVELTEDIGPQFPCQSSMHNSHLPTALSSEQMSRTNYQSFHFNKT---------------------



NTR1_HUMA  MRLNSSAPGTPGTPAADPFQRAQAGLEEALLAPGFGNASGNASERVLAAPSSELDVNTDIYSKVLVTAVYLALFVVGTVGNTVTAFTLARKKSLQSLQSTVHYHLGSLALSDLLTLLL-AMPVELYNFIWVHHPWAFGDAGCRGYYFLRDACTYATALNVASLSVERYLAICHPFKAKTLMSRSRTKKFISAIWLASALLTVPMLFTMGEQNR--SADGQ-------------------------------------------HAGGLVCTPTIHTATVKV-VIQVNTFMSFIFPMVVISVLNTIIANKLTVMVRQA-----------------AEQGQ-------VCTVGGEHSTFSMAIEPGRVQALRHGVRVLRAVVIAFVVCWLPYHVRRLMFCYISDEQWTPFLYDFYHYFYMVTNALFYVSSTINPILYNLVSANFRHIFLATLACLCPVWRRRRKRPAFSRKADSVSSNHTLSSNATRETLY-------------------------------------------------------



NTR2_HUMA  -------------------------------METSSPRPPRPSSNPGLSLDARLGVDTRLWAKVLFTALYALIWALGAAGNALSVHVVLKARAGRA--GRLRHHVLSLALAGLLLLLV-GVPVELYSFVWFHYPWVFGDLGCRGYYFVHELCAYATVLSVAGLSAERCLAVCQPLRARSLLTPRRTRWLVALSWAASLGLALPMAVIMGQKHELETADGEP------------------------------------------EPASRVCTVLVSRTALQV-FIQVNVLVSFVLPLALTAFLNGVTVSHLLALCSQVPSTSTPGSSTPSRLELLSEEGLLSFIVWKKTFIQGGQVSLVRHKDVRRIRSLQRSVQVLRAIVVMYVICWLPYHARRLMYCYVPDDAWTDPLYNFYHYFYMVTNTLFYVSSAVTPLLYNAVSSSFRKLFLEAVSSLCGEHHPMKRLPPKPQSPTLMDTASGFGDPPETRT---------------------------------------------------------



TRFR_HUMA  --------------------------------------MENETVSELNQTQLQPRAVVALEYQVVTILLVLIICGLGIVGNIMVVLVVMRTKH---MRTPTNCYLVSLAVADLMVLVAAGLPNITDS-IYGS--WVYGYVGCLCITYLQYLGINASSCSITAFTIERYIAICHPIKAQFLCTFSRAKKIIIFVWAFTSLYCMLWFFLLDLNIS----TYKDAIV-------------------------------------------ISCGYKISRNYYSP-IYLMDFGVFYVVPMILATVLYGFIARILFLNPIPSDPKENSKTWKNDSTHQNTNLN----------------VNTSNRCFNSTVSSRKQVTKMLAVVVILFALLWMPYRTLVVVNSFLSSP-------FQENWFLLFCRICIYLNSAINPVIYNLMSQKFRAAFRKLCNCKQKPTEKPANYSVALNYSVIKESDHFSTELDDITVTDTYLSATKVSFDDTCLASEVSFSQS-------------------------------


Group A8a



C3AR_HUMA  --------------------MASFSAETNSTDLLSQPWNEPPVILSMVILSLTFLLGLPGNGLVLWVAGLKMQRTVNTIWFLHLTLADLLCCLSLPFSLAHLALQGQWPYGRFLCKLIPSIIVLNMFASVFLLTAISLDRCLVVFKPIWCQNHRNVGMACSICGCIWVVAFVMCIPVFVYREIF--TTDNHNRCGYKFGLSSSLDYPDFYGDPLENRSLENIVQRPGEMNDRLDPSSFQTNDHPWTVPTVFQPQTFQRPSADSLPRGSARLTSQNLYSNVFKPADVVSPKIPSGFPIEDHETSPLDNSDAFLSTHLKLFPSASSNSFYESELPQGFQDYYNLGQFTDDDQVPTPLVAITITRLVVGFLLPSVIMIACYSFIVFRMQRGRFAKSQSKTFRVAVVVVAVFLVCWTPYHIFGVLSLL---TDPETPLGKTLMSWDHVCIALASANSCFNPFLYALLGKDFRKKARQSIQGILEAAFSE--ELTRSTHCPSNNVISERNSTTV--------------------------------------------



C5AR_HUMA  ------MNSFNYTTPDYGHYDDKDTLDLNTPVDKTSNTLRVPDILALVIFAVVFLVGVLGNALVVWVTAFEAKRTINAIWFLNLAVADFLSCLALPILFTSIVQHHHWPFGGAACSILPSLILLNMYASILLLATISADRFLLVFKPIWCQNFRGAGLAWIACAVAWGLALLLTIPSFLYRVVREEYFPPKVLCGVDYSHD------------------------------------------------------------------------------------------------------------------------------------------------------KRRERAVAIVRLVLGFLWPLLTLTICYTFILLRTWSRRATRS-TKTLKVVVAVVASFFIFWLPYQVTGIMMSF---LEPSSPTFLLLNKLDSLCVSFAYINCCINPIIYVVAGQGFQGRLRKSLPSLLRNVLTE--ESVVRESKSFTRSTVDTMAQKTQAV-----------------------------------------



C5L2_HUMA  --------MGNDSVSYEYGDYSDLSDRPVDCLDGACLAIDPLRVAPLPLYAAIFLVGVPGNAMVAWVAGKVARRRVGATWLLHLAVADLLCCLSLPILAVPIARGGHWPYGAVGCRALPSIILLTMYASVLLLAALSADLCFLALGPAWWSTVQRACGVQVACGAAWTLALLLTVPSAIYRRLHQEHFPARLQCVVDYGGSS------------------------------------------------------------------------------------------------------------------------------------------------------STENAVTAIRFLFGFLGPLVAVASCHSALLCWAARR------CRPLG--TAIVVGFFVCWAPYHLLGLVLTV---AAPNSALLARALRAEPLIVGLALAHSCLNPMLFLYFGR---AQLRRSLPAACHWALRESQGQDESVDSKKSTSHDLVSEMEV--------------------------------------------



CML1_HUMA  ---MRMEDEDYNTSISYGDEYPDYLDSIVVLEDLSPLEARVTRIFLVVVYSIVCFLGILGNGLVIIIATFKMKKTVNMVWFLNLAVADFLFNVFLPIHITYAAMDYHWVFGTAMCKISNFLLIHNMFTSVFLLTIISSDRCISVLLPVWSQNHRSVRLAYMACMVIWVLAFFLSSPSLVFRDTA--NLHGKISCFNNFSLS------------------------TPGSSSWPTHSQM-------------------------------------------------------------------------------------------------------------DPVGYSRHMVVTVTRFLCGFLVPVLIITACYLTIVCKLQRNRLAKT-KKPFKIIVTIIITFFLCWCPYHTLNLLEL---HHTAMPG--SVFSLGLPLATALAIANSCMNPILYVFMGQDFK-KFKVALFSRLVNALSE--DTGHSSYPSHRSFTKMSSMNERTSMNERETGML---------------------------------



FML1_HUMA  -----------------METNFSTPLNEYEEVSYESAGYTVLRILPLVVLGVTFVLGVLGNGLVIWVAGFRMTRTVTTICYLNLALADFSFTATLPFLIVSMAMGEKWPFGWFLCKLIHIVVDINLFGSVFLIGFIALDRCICVLHPVWAQNHRTVSLAMKVIVGPWILALVLTLPVFLFLTTV-TIPNGDTYCTFNFASW-----------------------GGT------PEERL--------------------------------------------------------------------------------------------------------------KVAITMLTARGIIRFVIGFSLPMSIVAICYGLIAAKIHKKGMIKS-SRPLRVLTAVVASFFICWFPFQLVALLGTVWLKEMLFYGKYKIIDILVNPTSSLAFFNSCLNPMLYVFVGQDFRERLIHSLPTSLERALSE--DSA-PTNDTAANSASPPAETELQAM-----------------------------------------



FML2_HUMA  -----------------METNFSIPLNETEEVLPEPAGHTVLWIFSLLVHGVTFVFGVLGNGLVIWVAGFRMTRTVNTICYLNLALADFSFSAILPFRMVSVAMREKWPFASFLCKLVHVMIDINLFVSVYLITIIALDRCICVLHPAWAQNHRTMSLAKRVMTGLWIFTIVLTLPNFIFWTTI-STTNGDTYCIFNFAFWGD-----------------------------TAVERL--------------------------------------------------------------------------------------------------------------NVFITMAKVFLILHFIIGFTVPMSIITVCYGIIAAKIHRNHMIKS-SRPLRVFAAVVASFFICWFPYELIGILMAVWLKEMLLNGKYKIILVLINPTSSLAFFNSCLNPILYVFMGRNFQERLIRSLPTSLERALTEVPDSA-QTSNTHTTSASPPEETELQAM-----------------------------------------



FMLR_HUMA  -----------------METNSSLPTNISGGTPAVSAGYLFLDIITYLVFAVTFVLGVLGNGLVIWVAGFRMTHTVTTISYLNLAVADFCFTSTLPFFMVRKAMGGHWPFGWFLCKFLFTIVDINLFGSVFLIALIALDRCVCVLHPVWTQNHRTVSLAKKVIIGPWVMALLLTLPVIIRVTTV-PGKTGTVACTFNFSPW-----------------------TND------PKERI--------------------------------------------------------------------------------------------------------------NVAVAMLTVRGIIRFIIGFSAPMSIVAVSYGLIATKIHKQGLIKS-SRPLRVLSFVAAAFFLCWSPYQVVALIATVRIR-ELLQGMYKEIGIAVDVTSALAFFNSCLNPMLYVFMGQDFRERLIHALPASLERALTE--DST-QTSDTATNSTLPSAEVALQAK-----------------------------------------



GPR1_HUMA  -----MEDLEETLFEEFENYSYDLDYYSLESDLEEKVQLGVVHWVSLVLYCLAFVLGIPGNAIVIWFTGLKWKKTVTTLWFLNLAIADFIFLLFLPLYISYVAMNFHWPFGIWLCKANSFTAQLNMFASVFFLTVISLDHYIHLIHPVLSHRHRTLKNSLIVIIFIWLLASLIGGPALYFRDTV-E-FNNHTLCYNNFQKH-------------------------------------------------------------------------------------------------------------------------------------------------DPDLTLIRHHVLTWVKFIIGYLFPLLTMSICYLCLIFKVKKRTVLIS-SRHFWTILVVVVAFVVCWTPYHLFSIWELT---IHHNSYSHHVMQAGIPLSTGLAFLNSCLNPILYVLISKKFQARFRSSVAEILKYTLWE--VSCSGTVSEQLRNSETKNLCLLETAQ----------------------------------------



GPR44      -----------MSANATLKPLCPILEQMSRLQSHSNTSIRYIDHAAVLLHGLASLLGLVENGVILFVVGCRMRQTVVTTWVLHLALSDLLASASLPFFTYFLAVGHSWELGTTFCKLHSSIFFLNMFASGFLLSAISLDRCLQVVRPVWAQNHRTVAAAHKVCLVLWALAVLNTVPYFVFRDTI-SRLDGRIMCYYNVLLLN------------------------------PGPDR--------------------------------------------------------------------------------------------------------------DATCNSRQAALAVSKFLLAFLVPLAIIASSHAAVSLRLQHRGRRRP-GRFVRLVAAVVAAFALCWGPYHVFSLLEAR---AHANPGLRPLVWRGLPFVTSLAFFNSVANPVLYVLTCPDMLRKLRRSLRTVLESVLVD--DSELGGAGSSRRRRTSSTARSASPLALCSRPEEPRGPARLLGWLLGSCAASPQTGPLNRALSSTSS



GPRW       MNGVSEGTRGCSDRQPGVLTRDRSCSRKMNSSGCLSEEVGSLRPLTVVILSASIVVGVLGNGLVLWMTVFRMARTVSTVCFFHLALADFMLSLSLPIAMYYI-VSRQWLLGEWACKLYITFVFLSYFASNCLLVFISVDRCISVLYPVWALNHRTVQRASWLAFGVWLLAAALCSAHLKFRTT--RKWNGCTHCYLAFNSDN-----------------------E------TAQIWI--------------------------------------------------------------------------------------------------------------EGVVEGHIIGTIGHFLLGFLGPLAIIGTCAHLIRAKLLREGWVHA-NRPKRLLLVLVSAFFIFWSPFNVVLLVHL-WRRVMLKEIYHPRMLLILQASFALGCVNSSLNPFLYVFVGRDFQEKFFQSLTSALARAFGE--EEFLSSCPRGNAPRE---------------------------------------------------


Group A8b



3hMrgF     ----------------------------------------------------------------------------YI---FLLLCLCGLVGNGL-VLWFFGFSIKRNPFSIYFLHLASADVGYLFSKAVFSILNTGGFLGTFADYIRSVC-RVLGLCMFL-TGVSLLPAVSAE-RCASVIFPAWYWRRRP-KRLSAVVCALLWVLSLLVTCLHNYFCVFLGRGA-PG-AACRHMDIFLGILLFLLCCP----LMVLPCLALILHVECRAR--RRQRSAKLNHVILAMVSVFLVSSIYLGIDWFLFWVFQIPAP----FPEYVTDLCICINSSAKPIVYFLAGRDKSQRLWEP--LRVVFQRALRDGAELGEAGG------------------------------



5hMAS1     ----------------------------------------------------STGRNA-----SVGNAHRQ---IPIVHWVIMSISPVGFVENGI-LLWFLCFRMRRNPFTVYITHLSIADISLLFCIFILSIDYALDYELSSGHYYTIVTLSVTFLFGYN-TGLYLLTAISVE-RCLSVLYPIWYRCHRP-KYQSALVCALLWALSCLVTTMEYVMCIDREEES-HSRNDCRAVIIFIAILSFLVFTP----LMLVSSTILVVKIRKNTW--ASHSS-KLYIVIMVTIIIFLIFAMPMRLLYLLYYEYWST----FGNLHHISLLFSTINSSANPFIYFFVGSSKKKRFKES--LKVVLTRAFKDEMQPRRQKDNCNTVTVE---TVV----------------



8hMrgD     -----------------------------------------------------SALNY----SRGSTVHTAYLVLSSL---AMFTCLCGMAGNSM-VIWLLGFRMHRNPFCIYILNLAAADLLFLFSMASTLSLE-TQPLVNTTDKVHELM-KRLMYFAYT-VGLSLLTAISTQ-RCLSVLFPIWFKCHRP-RHLSAWVCGLLWTLCLLMNGLTSSFCSKFLKFNEDR---CFRVDMVQAALIMGVLTP----VMTLSSLTLFVWVRRSSQQWRRQPT-RLFVVVLASVLVFLICSLPLSIYWFVLYWLSLPPEMQVL-CFSLSRLSSSVSSSANPVIYFLVGSR------------------------------------------------------------



60hDRR1    -----------------------------------------------------NGREE-------TPCYNQTLSFTGL---TCIISLVALTGNAV-VLWLLGCRMRRNAVSIYILNLVAANFLFLSGHIIFSPLPLIN----IRHPISKIL-SPVMTFPYF-IGLSMLSAISTE-RCLSILWPIWYHCRRP-RYLSSVMCVLLWALSLLRSILEWMFCDFLFSGA-NS-VWCETSDFITIA-WLVFLCV----VLCGSSLVLLVRILCGSR--KMPLT-RLYVTILLTVLVFLLCGLPFGIQWALFSRIHLDWKVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDTPEVDEGGGWLPQETLELSGSKLEQ--------------



61hMrgX3   -----------------------------------------------------NGREE-------TPCYKQTLSFTGL---TCIVSLVALTGNAV-VLWLLGCRMRRNAVSIYILNLVAADFLFLSGHIICSPLRLIN----IRHPISKIL-SPVMTFPYF-IGLSMLSAISTE-RCLSILWPIWYHCRRP-RYLSSVMCVLLWALSLLRSILEWMFCDFLFSGA-DS-VWCETSDFITIA-WLVFLCV----VLCGSSLVLLVRILCGSR--KMPLT-RLYVTILLTVLVFLLCGLPFGIQWALFSRIHLDWKVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDTPEVDEGGGWLPQETLELSGSRLEQ--------------



62hDRR2    -----------------------------------------------------NGREE-------TPCYKQTLSFTGL---TCIVSLVALTGNAV-VLWLLGCRMRRNAVSIYILNLVAADFLFLSGHIICSPLRLIN----ISHPISKIL-SPVMTFPYF-IGLSMLNAISTE-RCLSILWPIWYHCRRP-RYLSSVMCVLLWAPSLLRSILEWMFCDFLFSGA-DS-VRCETSDFITIA-WLVFLRV----VLCGSSLVLLVRILCGSR--KMPLT-RLYVTILLTVLVFLLCGLPFGIQWALFSRIHLDWKVLFCHVHLVSIFLSALNSSANPIIYFFMGSFRQLQNRKT--LKLVLQRDLQDTPEVDEGGWWLPQETLELSGSKLEI--------------



63hMRGpse  -----------------------------------------------------NGREE-------TPCYKQTLSFTGL---TCIVSLVALTGNAV-VLWLLGCRMRRNAVSIYILNLVAADFLFLSGHIICSPLRLIN----IRHPISKIL-SPVMTFPYF-IGLSMLSAISTE-RCLSILWPIWYHCRRP-RYLSSVMCVLLWCLSLLRRIMEWMICDYLLSGAANA-GWCKTAD-ITTA-WLVVLGV----LRGGCSVVLLMRMR-GSR--KMPLR-MFELIILLMVVVLLRGVLPFGIQWALFSRIHLEWKVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDTPEVDEGGGWLPQETLELSGSRL----------------



64hMRGpse  -----------------------------------------------------NGTEE-------TPCYNQTLSFTVL---TCIVSLVALTGNAV-VLWLLGFRMCRNAVSIYILNLVAANFLLLSSHIIHSLLHLIN----NVHPISLIL--PVMTFPYL-AGLNILSAMSTK-RCLSILWPIW-RCRHP-THLSTVVCVLLWALSLL-SILEWMFCDSLFSDA-DS-VWCQTFRFITVT-WLIFLFV----VLCVSSLVLVVRILCGSQ--KMPLT-RLYMTILLTVLVFLLCGLPIGIQWALFSRIHMDWEVLYSHVHLPSIFLSSLNSSANPIIYFFMGFVRQHQNWQN--LKLVLQRDLQDTPEVD----------------------------------



65hDRR6    -----------------------------------------------------NGREE-------TPCYNQTLSFTVL---TCIISLVGLTGNAV-VLWLLGYRMRRNAVSIYILNLAAADFLFLSFQIIRSPLRLIN----ISHLIRKIL-VSVMTFPYF-TGLSMLSAISTE-RCLSVLWPIWYRCRRP-THLSAVVCVLLWGLSLLFSMLEWRFCDFLFSGA-DS-SWCETSDFIPVV-WLIFLCV----VLCVSSLVLLVRILCGSR--KMPLT-RLYVTILLTVLVFLLCGLPFGILGALIYRMHLNLEVLYCHVYLVCMSLSSLNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDKPEVDKGEGQLPEESLELSGSKLGP--------------



66hMrgX4   -----------------------------------------------------NGREE-------TPCYNQTLSFTVL---TCIISLVGLTGNAV-VLWLLGYRMRRNAVSIYILNLAAADFLFLSFQIIRSPLRLIN----ISHLIRKIL-VSVMTFPYF-TGLSMLSAISTE-RCLSVLWPIWYRCRRP-THLSAVVCVLLWGLSLLFSMLEWRFCDFLFSGA-DS-SWCETSDFIPVA-WLIFLCV----VLCVSSLVLLVRILCGSR--KMPLT-RLYVTILLTVLVFLLCGLPFGILGALIYRMHLNLEVLYCHVYLVCMSLSSLNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDKPEVDKGEGQLPEESLELSGSRLGP--------------



67hDRR5    -----------------------------------------------------NGREE-------TPCYKQTLSFTVL---TCIISLVGLTGNAV-VLWLLGCRMRRNAVSIYILNLAAADFLFLSFQIICRPLRLIN----ISHLIRKIL-VSVMTFPYF-TGLSMLSAISTE-RCLSVLWPIWYRCRRP-THLSAVVCVLLWAGLLLFSMLEWRFCDFLFSGA-DS-SWCETSDFIPVA-WLIFLCV----VLCVSSLVLLVRILCGSR--KMPLT-RLYVTILLTVLVFLLCGLPFGILGALIYRMHLNLEVLYCHVYLVCMSLSSLNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDKPEVDKGEGQLPEESLELSGRRLGP--------------



68hDRR4    -----------------------------------------------------NGTEE-------TLCYKQTLSLTVL---TCIVSLVGLTGNAV-VLWLLGCRMRRNAFSIYILNLAAADFLFLSGRLIYSLLSFIS----IPHTISKIL-YPVMMFSYF-AGLSFLSAVSTE-RCLSVLWPIWYRCHRP-THLSAVVCVLLWALSLLRSILEWMLCGFLFSGA-DS-AWCQTSDFITVA-WLIFLCV----VLCGSSLVLLIRILCGSR--KIPLT-RLYVTILLTVLVFLLCGLPFGIQFFLFLWIHVDREVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDASEVDEGGGQLPQETLELSGSRLEQ--------------



69hMrgX1   -----------------------------------------------------NGTEE-------TLCYKQTLSLTVL---TCIVSLVGLTGNAV-VLWLLGCRMRRNAFSIYILNLAAADFLFLSGRLIYSLLSFIS----IPHTISKIL-YPVMMFSYF-AGLSFLSAVSTE-RCLSVLWPIWYRCHRP-THLSAVVCVLLWALSLLRSILEWMLCGFLFSGA-DS-AWCQTSDFITVA-WLIFLCV----VLCGSSLVLLIRILCGSR--KIPLT-RLYVTILLTVLVFLLCGLPFGIQFFLFLWIHVDREVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRQNRQN--LKLVLQRALQDASEVDEGGGQLPEEILELSGSRLEQ--------------



70hDRR3    -----------------------------------------------------NGTEE-------TLCYKQTLSLTVL---TCIVSLVGLTGNAV-VLWLLGCRMRRNAFSIYILNLAAADFLFLSGRLIYSLLSFIS----IPHTISKIL-YPVMMFSYF-AGLNFLSAVSTD-RCLSVLWPIWYRCHRP-THLSAVVCVLLWALSLLRSILEWMLCGFLFSGA-DS-AWCQTSDFITVA-WLIFLCV----VLCGSSLVLLIRILCGSR--KIPLT-RLYVTILLTVLVFLLCGLPFGIQFFLFLWIHVDREVLFCHVHLVSIFLSALNSSANPIIYFFVGSLRQRQNRQN--LKLVLQRALQDTPEVDEGGGWLPQETLELSGSRLEQ--------------



71hMRGpse  -----------------------------------------------------------------------------L---TCIVSLVGMTGNAV-VLWLLGFRMRRNAFSIYIFNLSMADFLFLRSHIIRFPLSLIN----ILHPIFKIL-SPVMMFSYL-ASLSFLSAMSTE-RCLYVLWPIW-RCRPR-PHLSAVVCVMLWALSLLRSILEWSFCDFLFSGA-DS-VWC-TSDFIIVG-GLIFLCV----ALCGSSLVLLVRILCGSR--KMPLT-RLYVTILLIALVFLLCGLPFGIRFFLFSWNHVDLEVLYCHVHLVSIFLSSLN--ANPNIYFFVGSFRQCQNRQN--LKLVLQRALQDTTEVD----------------------------------



72hMRGpse  -----------------------------------------------------NRTEE-------TPCYKQTLSLMGL---TCIISLVTLTGNAV-VLWLLGFRMRRNAVSIYILNLAAADFLFLSGHVIRSASLLIN----ICHPISKIL-IPVMTFLYF-TGLSFLSAMSTE-RCLCVLWPIWYRCRPPPTHLSAVVCVLLWALSLLRSILE-MFCDFLFSDA-DS-IWCQPSDFITVV-WLIFLCV----VLCGSSLVLLIRILCGSW--KMPLT-GLYVTILLTVLVFLLRSLPFGIRWALSTGIHLDLEVIFCHVHLVSIFLSPLNGSANPVIYFFVGSFRQRQNRQN--LKLVLQRALQDMPEVKVEGG-FREGTLELSGS------------------



73hMRGpse  -----------------------------------------------------SDTEE----THPHRCGMEVLVLIVL---ILIIDLVGLAGNAV-MLWLLGFCMHSNTFSLYILNLARADFLCTCFQIITFINFFSDFVSSLSIHFSRFV-TTVLFCACI-TGLSMLSTISTEHRLLPSLWPIWYCCHCP-THLSAVMCVLLWALSLLQSILEWMFCSFLFSDV-DSDNWCQILDFLTAV-WLIFLIL----VLCGFTLVLLVRIICGSQ--KMPLT-RLYVTILLTGLVFLFCSLPLSIQFLL-YWIEKDLDDLPCVVRLISIFLSALNSSANPIIYFFMGSFRQLQNRKT--LKLVLQRALQDMLEVDEGGGQLPEETLKLSGSRL----------------



74hMRGpse  -----------------------------------------------------NRTEE----THLQHCGMEIMILMLL---LLIVDLVQLAGNGSHFLWLLGFRLHRNTFSLYTLNLAGADF-FLCSQILEIVNFYHD----FFLSISTYF-TTVMTFLYF-TGLSMLGSISTK-HCLSILWPI-YRCHHP-THLSAVVC-LLWALSLLQSILEWMFCGFLSSGA-DS-VWCETSDFITVT-WLIFLCV----VLCGSSPVLLVRILCGSR--KMPLT-RLYMTILLRVLVFLLCDLPFGIQF-LFFWIHVD-----CHVRLVSIFLSTLNSSANPIIHFFMGSFRQLQNRKT--L-LVLQRALQDTPEVEEGRWRLSEETLELS-SRL----------------



75hMrgX2   -----------------------------------------------------NGNDQ----ALLLLCGKETLIPVFL---ILFIALVGLVGNGF-VLWLLGFRMRRNAFSVYVLSLAGADFLFLCFQIINCLVYLSNFFCSISINFPSFF-TTVMTCAYL-AGLSMLSTVSTE-RCLSVLWPIWYRCRRP-RHLSAVVCVLLWALSLLLSILEGKFCGFLFSDG-DS-GWCQTFDFITAA-WLIFLFM----VLCGSSLALLVRILCGSR--GLPLT-RLYLTILLTVLVFLLCGLPFGIQWFLILWIWKDSDVLFCHIHPVSVVLSSLNSSANPIIYFFVGSFRKQWRLQQPILKLALQRALQDIAEVDHSEGCFRQGTPEMSRSSLV---------------



76hMRGpse  ---------------------------------------------------------------------------------------------------------------LF----CTCD---LN--------------------TLNFF-TSVMTFAYL-VGLSMLSAISTE-CCLSVLRPIWYCCCCP-RNLSTVMCALPWALSLLLNTLEGKFCGFLVSNG-DY-GWCWTFDFITAV-WLVFIFLNFFCVLCESSLVLLVRILCGSL--HILLT-TL-LTILLTVLLFLICSLPLGIKWFLLFWILVDFDIFLCHLQPVSDVLSSLNSSANPIIYFFMGSFRQCQNWQN--LKLVLQKALQDTPEVDEGGGRLPQETLEMSGSRL----------------



77hMRGpse  -----------------------------------------------------NGNEK-----NLSTCDLETLIPNLL---TCIIALDGLAGNAV-VLWLLGFHVPKNTFSIYMLNLARADYLFLSGHIIHSPM-FISTFSSISIYFPSFF-NAVMILSYL-AGLSMLSTISIK-HCISALWPIWYHCRRP-THLSAVLCALLWAPSLLLAFLEGYYCAFLFKIG-DY-SWFQTFDFITGT-WLIFKFV----VLCGSNLVLLVRILCGSQ--QMPLS-GL-MTILLTVLVFLLCSLPLGIQFLLF-WIK-NFHVFLCHVLPVSVVWSSLNSSANPIIYFFLGSFRQRQNRQT--LKLVLQRALQDMPRIDHREGYFAQGKLELSGSGL----------------



78hMRGpse  ---------------------------------------------------------------------------------------------------------------------LARDFLFLCCQILDSLLKLISSFHPISISIPYFC-ITMITYFYI-TSLGMLSAISTK-HCMSVLWCIWYHCYHHLRQKSAVICGIL-VLSLLLSILERNYCSFFWGDS-NF-AW-----FLA----LYFITM----VLSGSSLSLLVRLLCGCR--SLQLT-RLLCDNLLLVLVFHFCSLPAGVQLFLGLWVQIDYNSFFC-LDCIVFILTSLAAAPTLLFAFFVGSFRY-QYGKI--LKLVLQRALQDTAEVYEGGGRLVQETLKLSGSRL----------------



80hMrgE    -------------------------------------------------------------------------------------HMVAIVPD----L-LQG-------------RL---DF---------------------PGFVQTSL-ATLRFFCYI-VGLSLLAAVSVE-QCLAALFPAWYSCRRP-RHLTTCVCALTWALCLLLHLLLSSACTQFFGEP-SR-HLCRTLWLVAAV-LLALLCC----TMCGASLMLLLRVERGPQ--RPPPR-GFPGLILLTVLLFLFCGLPFGIYWLSRNLLWYIPH-YFYHF---SFLMAAVHCAAKPVVYFCLGSAQGR--RLP--LRLVLQRALGDEAELGAVRETSRRGLVDIAA-------------------



82hMrgG    ----------------------------------------------------------------------------YL---TLIVGLGGPVGNGL-VLWNLGFRIKKGPFSIYLLHLAAADFLFLSCRVGFSVAQ-------AALGAQDTL-YFVLTFLWFAVGLWLLAAFSVE-RCLSDLFPACYQGCRP-RHASAVLCALVWTPTLPAVPLPANACGLLRNSA-CP-LVCPRYHVASVT-WFLVLAR----VAWTAGVVLFVRVTCCST--R-PRP-RLYGIVLGALLPALLCGLPSVFYWSLQPLLNF----LLPVFSPLATLLACVNSSSKPLIYSGLG--RQPGKREP--LRSVLRRALGEGAEL-----------------------------------



MRG_HUMA   MVWGKICWFSQRAGWTVFAESQISLSCSLCLHSGDQEAQNPNLVSQLCGVFLQNETNETIHMQMSMAVGQQALPLNIIAPKAVLVSLCGVLLNGT-VFWLLCCGA-TNPYMVYILHLVAADVIYLCCSAVGFLQVTLLTYHGVVFFIPDFL-AILSPFSFE-VCLCLLVAISTE-RCVCVLFPIWYRCHRP-KYTSNVVCTLIWGLPFCINIVKSLFLTY---WK-HV-KACVIFLKLSGL-FHAILSL----VMCVSSLTLLIRFLCCSQ--QQKAT-RVYAVVQISAPMFLLWALPLSVAPLI-----TDFKMFVTTSYLISLFL-IINSSANPIIYFFVGSLRKKRLKES--LRVILQRALADKPEVGRNKKAAGIDPMEQPHSTQHVENLLPREHRVDVET


Group A9a



GP83_HUMA  ---------------------------MVPHLLLLCLLPLVRATEPHEGRADEQSAEAALAVPNASHFFSWNNYTFSDWQNFVGRRRYGAESQNPTVKALLIVAYSFIIVFSLFGNVLVCHVIFKNQRMHSATSLFIVNLAVADIMITLLNTPFTLVRFVNSTWIFGKGMCHVSRFAQYCSLHVSALTLTAIAVDRHQVIMHPLKPRISITKGVIYIAVIWTMATFFSLPHAICQKLFTFKYSEDIVRSLCLPDFPE-PADLFWKYLDLATFILLYILPLLIISVAYARVAKKLWLCNMIGDVTTEQYF-ALRRKKKKTIKMLMLVVVLFALCWFPLNCYVLLLSSK----VIRTNNALYFAFHWFAMSSTCYNPFIYCWLNENFRIELKALLSMCQRPPKPQEDG---------------------QPSPVPSFRVAWTEKNDGQRAPLANNLLPTSQLQSGKTDLSSVEPIVTMS-------------



GP19_HUMA  ---------------------------------MVFAHRMDNSKPHLIIPTLLVPLQNRSCTETATPLPSQYLMELSEEHSWMSNQTDLHYVLKPGEVATASIFFGILWLFSIFGNSLVCLVIHRSRRTQSTTNYFVVSMACADLLISVASTPFVLLQFTTGRWTLGSATCKVVRYFQYLTPGVQIYVLLSICIDRFYTIVYPLSFKVSREKAKKMIAASWIFDAGFVTPVLFFYGSNW-----D---SHCNYFLPSSWEGT---AYTVIHFLVGFVIPSVLIILFYQKVIKYIWRIGTDGR-TVRRTMNIVPRTKVKTIKMFLILNLLFLLSWLPFHVAQLWHPHEQD---YKKSSLVFTAITWISFSSSASKPTLYSIYNANFRRGMKETF--C-MSSMKCYRSNAYTITTSSRMAKKNYVGISEIPSMAKTITKDSIYDSFDREAKEKKLAWPINSNPPNTFV------------------------



NK1R_HUMA  -------------------------------------------------------MDNVLPVDSDLSPNISTN-----------TSEPNQFVQPAWQIVLWAAAYTVIVVTSVVGNVVVMWIILAHKRMRTVTNYFLVNLAFAEASMAAFNTVVNFTYAVHNEWYYGLFYCKFHNFFPIAAVFASIYSMTAVAFDRYMAIIHPLQPRLSATATKVVICVIWVLALLLAFPQGYYSTTETMP-----SRVVCMIEWPEHPNKIYEKVYHICVTVLIYFLPLLVIGYAYTVVGITLWASEIPGD-SSDRYH-EQVSAKRKVVKMMIVVVCTFAICWLPFHIFFLLPYINPDLYLKKFIQQVYLAIMWLAMSSTMYNPIIYCCLNDRFRLGFKHAFRCCPFISAGDYEGLEMKSTRYLQT-QGSVYKVSRLET--TISTVVGAHEEEPEDGPKATP-SSLDLTSNCSSRSDSKTMTESFSFSSNVLS------



NK2R_HUMA  -----------------------------------------------------------------MGTCDIVTEANISSGPESNTTGITAFSMPSWQLALWATAYLALVLVAVTGNAIVIWIILAHRRMRTVTNYFIVNLALADLCMAAFNAAFNFVYASHNIWYFGRAFCYFQNLFPITAMFVSIYSMTAIAADRYMAIVHPFQPRLSAPSTKAVIAGIWLVALALASPQCFYSTVTMDQ-----GATKCVVAWPEDSGGKTLLLYHLVVIALIYFLPLAVMFVAYSVIGLTLWRRAVPGH-QAHGANLRHLQAKKKFVKTMVLVVLTFAICWLPYHLYFILGSFQEDIYCHKFIQQVYLALFWLAMSSTMYNPIIYCCLNHRFRSGFRLAFRCCPWVTPTKEDKLELTPTTSLST------RVNRCHTKETLFMAGDTAPSEATSGEAGRPQDGSGLWFGYGLLAPTKTHVEI---------------



NK3R_HUMA  MATLPAAETWIDGGGGVGADAVNLTASLAAGAATGAVETGWLQLLDQAGNLSSSPSALGLPVASPAPSQPWANLT-------------NQFVQPSWRIALWSLAYGVVVAVAVLGNLIVIWIILAHKRMRTVTNYFLVNLAFSDASMAAFNTLVNFIYALHSEWYFGANYCRFQNFFPITAVFASIYSMTAIAVDRYMAIIDPLKPRLSATATKIVIGSIWILAFLLAFPQCLYSKTKVMP-----GRTLCFVQWPEGPKQHF--TYHIIVIILVYCFPLLIMGITYTIVGITLWGGEIPGD-TCDKYH-EQLKAKRKVVKMMIIVVMTFAICWLPYHIYFILTAIYQQLNRWKYIQQVYLASFWLAMSSTMYNPIIYCCLNKRFRAGFKRAFRWCPFIKVSSYDELELKTTRFHPNRQSSMYTVTRMESMTVVFD--PNDADTTRSSRKKRA-TPRDPSFNGCSRRNSKSASATSSFISSPYTSVDEYS



NK4R_HUMA  --------------------------------------MASPAGNLSAWPGWGWPPPAALRNLTSSPAPTASPSPAPSWTPSPRPGPAHPFLQPPWAVALWSLAYGAVVAVAVLGNLVVIWIVLAHKRMRTVTNSFLVNLAFADAAMAALNALVNFIYALHGEWYFGANYCRFQNFFPITAVFASIYSMTAIAVDRYMAIIDPLKPRLSATATRIVIGSIWILAFLLAFPQCLYSKIKVMP-----GRTLCYVQWPEGSRQHF--TYHMIVIVLVYCFPLLIMGITYTIVGITLWGGEIPGD-TCDKYQ-EQLKAKRKVVKMMIIVVVTFAICWLPYHIYFILTAIYQQLNRWKYIQQVYLASFWLAMSSTMYNPIIYCCLNKRFRAGFKRAFRWCPFIHVSSYDELELKATRLHPMRQSSLYTVTRMESMSVVFD--SNDGDSARSSHQKRG-TTRDVGSNVCSRRNSKSTSTTASFVSSSHMSVEEGS


Group A9b



PKR1_HUMA  METTMGFMDDNATNTSTSFLSVLNPHGAHATSFPFNFSYSDYDMPLDEDEDVTNSRTFFAAKIVIGMALVGIMLVCGIGNFIFIAALVRYKKLRNLTNLLIANLAISDFLVAIVCCPFEMDYYVVRQLSWEHGHVLCTSVNYLRTVSLYVSTNALLAIAIDRYLAIVHPLRPRM--KCQTATGLIALVWTVSILIAIPSAYFTTET-------VLVIVKSQEKIFCGQIWPV-DQ-QLYYKSYFLFIFGIEFVGPVVTMTLCYARISREL----------------------------------------------WFK----------AVPG-------------------------------------------------FQTEQIRKRLRCRRKTVLVLMCILTAYVLCWAPFYGFTIVRDFFPTVFVKEKHYLTAFYIVECIAMSNSMINTLCFVTVKNDTVKYFKKIMLLHWKASYNGGKSSADLDLKTIGMPATEEVDCIRLK----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



GP10_HUMA  --MASSTTRGPRVSDLFSGLPPAVTTPANQSAEASAGNGSVAGADAPAVTPFQSLQLVHQLKGLIVLLYSVVVVVGLVGNCLLVLVIARVRRLHNVTNFLIGNLALSDVLMCTACVPLTLAYAFEPR-GWVFGGGLCHLVFFLQPVTVYVSVFTLTTIAVDRYVVLVHPLRRRI--SLRLSAYAVLAIWALSAVLALPAAVHTY----------HVELKPHDVRLCEEFWGSQER---QRQLYAWGLLLVTYLLPLLVILLSYVRVSVKL----------------------------------------------RNR----------VVPGCV--------------------------------------------TQSQA----DWDRARRRRTFCLLVVVVVVFAVCWLPLHVFNLLRDLDPHAI-DPYAFGLVQLLCHWLAMSSACYNPFIYAWLHDSFREELRKLLVAWPRKIAPHGQNMTVSVVI--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



L1A_HUMA   -----------------------------------MQGNGSALPNASQPVLRGDGARPSWLASALACVLIFTIVVDILGNLLVILSVYRNKKLRNAGNIFVVSLAVADLVVAIYPYPLVLMSIFNNG--WNLGYLHCQVSGFLMGLSVIGSIFNITGIAINRYCYICHSLKYDKLYSSKNSLCYVLLIWLLTLAAVLPNL------------RAGTLQYDPRIYSCTFAQ-------SVSSAYTIAVVVFHFLVPMIIVIFCYLRIWILV----------------------------------------------LQV----------RQRV---------------------------------------------KPD-RKPKLK---PQDF-RNFVTMFVVFVLFAICWAPLNFIGLAVASDPASM-VPRIPEWLFVASYYMAYFNSCLNAIIYGLLNQNFRKEYRRIIVSLCTARVFFVDSSNDVADRVKWKPSPLMTNNNVVKVDSV------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



L1B_HUMA   ----------------------MSENGSFANCCEAGGWAVRPGWSGAGSARPSRTPRPPWVAPALSAVLIVTTAVDVVGNLLVILSVLRNRKLRNAGNLFLVSLALADLVVAFYPYPLILVAIFYDG--WALGEEHCKASAFVMGLSVIGSVFNITAIAINRYCYICHSMAYHRIYRRWHTPLHICLIWLLTVVALLPNF------------FVGSLEYDPRIYSCTFIQ-------TASTQYTAAVVVIHFLLPIAVVSFCYLRIWVLV----------------------------------------------LQA----------RRKA----------------------------------------------KPESRLCLK---PSDL-RSFLTMFVVFVIFAICWAPLNCIGLAVAINPQEM-APQIPEGLFVTSYLLAYFNSCLNAIVYGLLNQNFRREYKRILLALWNPRHCIQDASKGSHAEGLQSPAPPIIGVQHQADAL-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



L1X_HUMA   ----------------------------------MGPTLAVPTPYGCIGCKLPQPEYPPALIIFMFCAMVITIVVDLIGNSMVILAVTKNKKLRNSGNIFVVSLSVADMLVAIYPYPLMLHAMSIGG--WDLSQLQCQMVGFITGLSVVGSIFNIVAIAINRYCYICHSLQYERIFSVRNTCIYLVITWIMTVLAVLPNM------------YIGTIEYDPRTYTCIFNY-------LNNPVFTVTIVCIHFVLPLLIVGFCYVRIWTKV----------------------------------------------LAA----------RDPA---------------------------------------------------GQNPDNQLAEV-RNFLTMFVIFLLFAVCWCPINVLTVLVAVSPKEM-AGKIPNWLYLAAYFIAYFNSCLNAVIYGLLNENFRREYWTIFHAMRHPIIFFPGLISDIREMQEARTLARARAHARDQAREQDRAHACPAVEETPMNVRNVPLPGDAAAGHPDRASGHPKPHSRSSSAYRKSASTHHKSVFSHSKAASGHLKPVSGHSKPASGHPKSATVYPKPASVHFKGDSVHFKGDSVHFKPDSVHFKPASSNPKPITGHHVSAGSHSKSAFSAATSHPKPIKPATSHAEPTTADYPKPATTSHPKPAAADNPELSASHCPEIPAIAHPVSDDSDLPESASSPAAGPTKPAASQLESDTIADLPDPTVVTTSTNDYHDVVVVDVEDDPDEMAV



NY1R_HUMA  ----------------------MNSTLFSQVENHSVHSNFSEKNAQLLAFENDDCHLPLAMIFTLALAYGAVIILGVSGNLALIIIILKQKEMRNVTNILIVNLSFSDLLVAIMCLPFTFVYTLMDH--WVFGEAMCKLNPFVQCVSITVSIFSLVLIAVERHQLIINPRGWRP--NNRHAYVGIAVIWVLAVASSLPFLIYQVMT--DEPFQNVTLDAYKDKYVCFDQFPS-DS---HRLSYTTLLLVLQYFGPLCFIFICYFKIYIRL----------------------------------------------KRR--------------------------------------------------------NNMMDKMRDNKYR---SSETKRINIMLLSIVVAFAVCWLPLTIFNTVFDWNHQII-ATCNHNLLFLLCHLTAMISTCVNPIFYGFLNKNFQRDLQFFFNFCDFRSRDDDYETIAMSTMHTDVSKTSLKQASPVAFKKINNNDDNEKI---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



NY2R_HUMA  ------------MGPIGAEADENQTVEEMKVEQYGPQTTPRGELVPDPEPELIDSTKLIEVQVVLILAYCSIILLGVIGNSLVIHVVIKFKSMRTVTNFFIANLAVADLLVNTLCLPFTLTYTLMGE--WKMGPVLCHLVPYAQGLAVQVSTITLTVIALDRHRCIVYHLESKI--SKRISFLIIGLAWGISALLASPLAIFRE-------YSLIEIIPDFEIVACTEKWPG-EEKSIYGTVYSLSSLLILYVLPLGIISFSYTRIWSKL----------------------------------------------KNH----------VSPG-------------------------------------------------AANDHY---HQRRQKTTKMLVCVVVVFAVSWLPLHAFQLAVDIDSQVL-DLKEYKLIFTVFHIIAMCSTFANPLLYGWMNSNYRKAFLSAFRCEQRLDAIHSEVSVTFKAKKNLEVRKNSGPNDSFTEATNV-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



NY4R_HUMA  ---------------------MNTSHLLALLLPKSPQGENRSKPLGTPYNFSEHCQDSVDVMVFIVTSYSIETVVGVLGNLCLMCVTVRQKEKANVTNLLIANLAFSDFLMCLLCQPLTAVYTIMDY--WIFGETLCKMSAFIQCMSVTVSILSLVLVALERHQLIINPTGWKP--SISQAYLGIVLIWVIACVLSLPFLANSILENVFHKNHSKALEFLADKVVCTESWPL-AH---HRTIYTTFLLLFQYCLPLGFILVCYARIYRRL----------------------------------------------QRQ--------------------------------------------------------GRVFHK-GTYSLR---AGHMKQVNVVLVVMVVAFAVLWLPLHVFNSLEDWHHEAI-PICHGNLIFLVCHLLAMASTCVNPFIYGFLNTNFKKEIKALVLTCQQSAPLEESEHLPLSTVHTEVSKGSLRLSGRSNPI--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



NY5R_HUMA  -----------MSFYSKQDYNMDLELDEYYNKTLATENNTAATRNSDFPVWDDYKSSVDDLQYFLIGLYTFVSLLGFMGNLLILMALMKKRNQKTTVNFLIGNLAFSDILVVLFCSPFTLTSVLLDQ--WMFGKVMCHIMPFLQCVSVLVSTLILISIAIVRYHMIKHPISNNL--TANHGYFLIATVWTLGFAICSPLPVFHSLVELQETFGSALL---SSRYLCVESWPS-DS---YRIAFTISLLLVQYILPLVCLTVSHTSVCRSISCGLSNKENRLEENEMINLTLHPSKKSGPQVKLSGSHKWSYSFIKKHRRRYSKKTACVLPAPERPSQENHSRILPENFGSVRSQLSSSSKFIPGVPTCFEIKPEENSDVHELRVKRSVTRIKKRSRSVFYRLTILILVFAVSWMPLHLFHVVTDFNDNLI-SNRHFKLVYCICHLLGMMSCCLNPILYGFLNNGIKADLVSLIHCLHM-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------


Group A10


FSHR_HUMA  --------------------MALLLVSLLAFLSLGSGCHHRICHCSNRVFLCQESKVTEIPSDLPRN------------------------AIELRFVLTKLRVIQKGAFSGFGDLEKIEISQNDVLEVIEADVFSNLPKLHEIRIEKANNLLYINPEAFQNLPNLQYLLISNTGIKHLPDVHKIHSLQKV-LLDIQDNINIHTIERNSFVGLSFESVILWLNKNGIQEIHNCAFNGT------------------------QLDELNLSDN-----------------------NNLEELPNDVFHGA-----------------------------------------------SGPVI----------------------------------------------------------------------LDISRTRIHSLPSYGLENLKKLRARSTYNLKKLPTLEKLVALMEASLTYPSHCCAFAN---------------------------------------------WRRQISELHPICNKSILRQEVDYMTQTRGQRSSLAEDNESSYSRGFDMTYTEFDYDLCNEVVDVTCSPKPDAFNPCEDIMGYNILRVLIWFISILAITGNIIVLVILTTSQYKLTVPRFLMCNLAFADLCIGIYLLLIASVDIHTKSQYHNYAIDWQTGAGCDAAGFFTVFASELSVYTLTAITLERWHTITHAMQLDCKVQLRHAASVMVMGWIFAFAAALFPIFGISSYMKVSICLPMDIDSPLSQLYVMSLLVLNVLAFVVICGCYIHIYLTVRNPNIVSSSSDTRIAKRMAMLIFTDFLCMAPISFFAISASLKVPLITVSKAKILLVLFHPINSCANPFLYAIFTKNFRRDFFILLSKCGCYEMQAQIYRTETSSTVHNTHPRNGHCSSAPRVTNGSTYILVPLSHLAQN---------------------------------------------------------------------------------



GPR48      -----MPGPLGLLCFLALGLLGSAGPSGAAPPLCAAPCS----CDGDRRVDCSGKGLTAVPEGLSAFTQALDISMNNITQLPEDAFKNFPFLEELQLAGNDLSFIHPKALSGLKEL-KVLTLQNNQLKTVPSEAIRGLSALQSLRLD-ANHITSVPEDSFEGLVQLRHLWLDDNSLTEVPV-HPLSNLPTLQALTLALN-KISSIPDFAFTNLSSL-VVLHLHNNKIRGLSQHCFDGLDNLETLDLSYNNLGEFPQAIKARPSLKELGFHSNSISVIPDGAFDGNPLLRTIHLYDNPLSFVGNSAFHNLSDLHSLVIRGASMVQQFPNLTGTVHLESLTLTGTKISSIPNNLCQEQKMLRTLDLSYNNIRDLPSFNGCHALEEISLQRNQIYQIKEGTFQGLISLRILDLSRNLIHEIHSRAFATLGPITNLDVSFNELTSFPTEGLNGLNQLKLVGNFKLKEALAAKDFVNLRSLSVPYAYQCCAFWGCDSYAN--------------------------------------------------LNTEDNSLQDHSVAQEKGTADAANVTSTLENEEHSQII--------------IHCTPSTGAFKPCEYLLGSWMIRLTVWFIFLVALFFNLLVILTTFASCTSLPSSKLFIGLISVSNLFMGIYTGILTFLDAVSWGRFAEFGIWWETGSGCKVAGFLAVFSSESAIFLLMLATVERSLSAKDIMKNGKSNHLKQFRVAALLAFLGATVAGCFPLFHRGEYSASPLCLPFPTGETPSLGFTVTLVLLNSLAFLLMAVIYTKLYCNLEKEDL-SENSQSSMIKHVAWLIFTNCIFFCPVAFFSFAPLITAISISPEIMKSVTLIFFPLPACLNPVLYVFFNPKFKEDWKLLKRRVTKKSGSVSVSISSQGGCLEQDFYYDCGMYSHLQGNLTVCDCCESFLLTKPVSCKHLIKSHSCPALAVASCQRPEGYWSDCGTQSAHSDYADEEDSFVSDSSDQVQACGRACFYQSRGFPLVRYAYNLPRVKD



GPR49      MDTSRLGVLLSLPVLLQLATGGSSPRSGVLLRGCPTHCHCEPDGRMLLRVDCSDLGLSELPSNLSVFTSYLDLSMNNISQLLPNPLPSLRFLEELRLAGNALTYIPKGAFTGLYSL-KVLMLQNNQLRHVPTEALQNLRSLQSLRLD-ANHISYVPPSCFSGLHSLRHLWLDDNALTEIPV-QAFRSLSALQAMTLALN-KIHHIPDYAFGNLSSL-VVLHLHNNRIHSLGKKCFDGLHSLETLDLNYNNLDEFPTAIRTLSNLKELGFHSNNIRSIPEKAFVGNPSLITIHFYDNPIQFVGRSAFQHLPELRTLTLNGASQITEFPDLTGTANLESLTLTGAQISSLPQTVCNQLPNLQVLDLSYNLLEDLPSFSVCQKLQKIDLRHNEIYEIKVDTFQQLLSLRSLNLAWNKIAIIHPNAFSTLPSLIKLDLSSNLLSSFPITGLHGLTHLKLTGNHALQSLISSENFPELKVIEMPYAYQCCAFGVCENAYK----------------------------------------------ISNQWNKGDNSSMDDLHKKDAGMFQAQDERDLEDFLLDFE--------EDLKALHSVQCSPSPGPFKPCEHLLDGWLIRIGVWTIAVLALTCNALVTSTVFRSPLYISPIKLLIGVIAAVNMLTGVSSAVLAGVDAFTFGSFARHGAWWENGVGCHVIGFLSIFASESSVFLLTLAALERGFSVKYSAKFETKAPFSSLKVIILLCALLALTMAAVPLLGGSKYGASPLCLPLPFGEPSTMGYMVALILLNSLCFLMMTIAYTKLYCNLDKGDL-ENIWDCSMVKHIALLLFTNCILNCPVAFLSFSSLINLTFISPEVIKFILLVVVPLPACLNPLLYILFNPHFKEDLVSLRKQTYVWTRS----KHPSLMSINSDDVEKQSCDSTQALVTFTSSSITYDLPPSSVPSPAYPVTESCHLSSVAFVPCL-----------------------------------------------------------



LSHR_HUMA  ----------------MKQRFSALQLLKLLLLLQPPLPRALREALCPEPCNCVPDGALRCPGP-TAG------------------------LTRLSLAYLPVKVIPSQAFRGLNEVIKIEISQIDSLERIEANAFDNLLNLSEILIQNTKNLRYIEPGAFINLPRLKYLSICNTGIRKFPDVTKVFSSESNFILEICDNLHITTIPGNAFQGMNNESVTLKLYGNGFEEVQSHAFNGT------------------------TLTSLELKEN-----------------------VHLEKMHNGAFRGA-----------------------------------------------TGPKT----------------------------------------------------------------------LDISSTKLQALPSYGLESIQRLIATSSYSLKKLPSRETFVNLLEATLTYPSHCCAFRNLPTKEQ---------------------------------------------------NFSHSISENFSKQCESTVRKVSNKTLYSSMLAESELSGWDYEYGFCLP-KTPRCAPEPDAFNPCEDIMGYDFLRVLIWLINILAIMGNMTVLFVLLTSRYKLTVPRFLMCNLSFADFCMGLYLLLIASVDSQTKGQYYNHAIDWQTGSGCSTAGFFTVFASELSVYTLTVITLERWHTITYAIHLDQKLRLRHAILIMLGGWLFSSLIAMLPLVGVSNYMKVSICFPMDVETTLSQVYILTILILNVVAFFIICACYIKIYFAVRNPELMATNKDTKIAKKMAILIFTDFTCMAPISFFAISAAFKVPLITVTNSKVLLVLFYPINSCANPFLYAIFTKTFQRDFFLLLSKFGCCKRRAELYRRKDFSAYTSNCKNGFTGSNKPSQSTLKLSTLHCQGTALLDKTRYTEC--------------------------------------------------------------------------



TSHR_HUMA  -------------MRPADLLQLVLLLDLPRDLGGMGCSSPPCECHQEEDFRVTCKDIQRIP-SLPPS------------------------TQTLKLIETHLRTIPSHAFSNLPNISRIYVSIDVTLQQLESHSFYNLSKVTHIEIRNTRNLTYIDPDALKELPLLKFLGIFNTGLKMFPDLTKVYSTDIFFILEITDNPYMTSIPVNAFQGLCNETLTLKLYNNGFTSVQGYAFNGT------------------------KLDAVYLNKN-----------------------KYLTVIDKDAFGGV----------------------------------------------YSGPSL----------------------------------------------------------------------LDVSQTSVTALPSKGLEHLKELIARNTWTLKKLPLSLSFLHLTRADLSYPSHCCAFKN-QKKIRGILESLMCNESSMQSLRQRKSVNALNSPLHQEYEENLGDSIVGYKEKSKFQDTHNNAHYYVFFEEQEDEIIGFGQELKNPQEETLQAFDSHYDYTICGDSEDMVCTPKSDEFNPCEDIMGYKFLRIVVWFVSLLALLGNVFVLLILLTSHYKLNVPRFLMCNLAFADFCMGMYLLLIASVDLYTHSEYYNHAIDWQTGPGCNTAGFFTVFASELSVYTLTVITLERWYAITFAMRLDRKIRLRHACAIMVGGWVCCFLLALLPLVGISSYAKVSICLPMDTETPLALAYIVFVLTLNIVAFVIVCCCHVKIYITVRNPQYNPGDKDTKIAKRMAVLIFTDFICMAPISFYALSAILNKPLITVSNSKILLVLFYPLNSCANPFLYAIFTKAFQRDVFILLSKFGICKRQAQAYRGQRVPPKNSTDIQVQKVTHDMRQGLHNMEDVYELIENSHLTPKKQGQISEEYMQTVL----------------------------------------------------------------


Group A11



GPR82  -------------------------------------MPFPNCSAPSTVVATAVGVLLGLECGLGLLGNAVALWTFLFR-VRVWK--PYAVYLLNLALADLLLAACLPFLAAFYLSLQAWHLGRVGCWALRFL----LDLSRSVGMAFLAAVALDRYLRVVHPRLK---------------V-NLLSPQAALGVSGLVWLLMVALTCPGL-----LISEAA----QNS-TRCHS----------FYSRADGSFSIIWQEALSCLQFV-LPFGLIVFCNAGIIRALQKRLREPEKQ---PKLQRAQALVTLVVVLFALCFLPCFLARVLMHIFQNL------GSCRALCAVAH-----------TSDVTGSLTYLHSVVNPVVYCFSSPTFRSSYRRVFHTLRGKGQAAEPPDFNPRDSYS--------------------------------------------------------



P2UR   ------------------------------------MNNNTTCIQPSMISSMALPIIYILLCIVGVFGNTLSQWIFLTK-IGKKT--STHIYLSHLVTANLLVCSAMPFMSIYFLKGFQWEYQSAQCRVVNFLGTLSMHASMFVSLLILSWIAISRYATLMQKDSSQETTSCYEKIFYGHLLKKFRQPNFARKLCIYIWGVVLGIIIPVT-----VYYSVIEATEGEE-SLCYN------------RQMELGAMISQIAGLIGTTFIGFSFLVVLTSYYSFVSHLRKIRTCTSIMEKDLTYSSVKRHLLVIQILLIVCFLPYSIFKPIF-YVLH-----QRDNCQQLNYLIE-----------TKNILTCLASARSSTDPIIFLLLDKTFKKTLYNLFTKSNSAHMQSYG------------------------------------------------------------------



P2Y11  ------------------MAADLGPWNDTINGTWDGDELGYRCRFNEDFKYVLLPVSYGVVCVLGLCLNAVALYIFLCR-LKTWN--ASTTYMFHLAVSDALYAASLPLLVYYYARGDHWPFSTVLCKLVRFL----FYTNLYCSILFLTCISVHRCLGVLRPLRS---------------L-RWGRARYARRVAGAVWVLVLACQAPVL-----YFVTTSA--RGGR-VTCHD----------TSAPELFSRFVAYSSVMLGLLFA-VPFAVILVCYVLMARRLLKPAYGTSGGL-PRAKRKSVRTIAVVLAVFALCFLPFHVTRTLY-YSFRS---LDL-SCHTLNAINM-----------AYKVTRPLASANSCLDPVLYFLAGQRLVRFARDAKPPTGPSPATPARRRLGLRRSDRTDMQRIEDVLGSSEDSRRTESTPAGSENTKDIRL----------------------



GPR41  -----------------------MAANVSGAKSCPANFLAAADDKLSGFQGDFLWPILVVEFLVAVASNGLALYRFSIRKQRPWH--PAVVFSVQLAVSDLLCALTLPPLAAYLYPPKHWRYGEAACRLERFL----FTCNLLGSVIFITCISLNRYLGIVHPFFA---------------R-SHLRPKHAWAVSAAGWVLAALLAMPTL-----SFSHLKRPQQGAG--NCSVARPEACIKCLGTADHGLAAYRAYSLVLAGLGCG-LPLLLTLAAYGALGRAVLRSPGMT-----VAEKLRVAALVASGVALYASSYVPYHIMRVLN-VDAR---RRWSTRCPSFADIAQATAALELGPYVGYQVMRGLMPLAFCVHPLLYMAAVPS----LGCCCRHCPGYRDSWNPEDAKSTGQALPLNATAAPKPSEPQSRELSQ------------------------------------



GPR42  -------------------------------------MDTGPDQSYFSGNHWFVFSVYLLTFLVGLPLNLLALVVFVGK-LQR-RPVAVDVLLLNLTASDLLLLLFLPFRMVEAANGMHWPLPFILCPLSGFI----FFTTIYLTALFLAAVSIERFLSVAHPLWY---------------K-TRPRLGQAGLVSVACWLLASAHCSVVYVIEFSGDISHS---QGTN-GTCYL----------EFRKDQLAILLPVRLEMAVVLFV-VPLIITSYCYSRLVWILGRG------GSH-RRQRRVAGLLAATLLNFLVCFGPYNVSHVVG-YIC---GESPAWRIYV----------------------TLLSTLNSCVDPFVYYFSSSGFQADFHELLRRLCGLWGQWQQESSMELKEQKGGEEQRADRPAERKTSEHSQGCGTGGQVACAES-----------------------



GPR43  -------------------------------------MDTGPDQSYFSGNHWFVFSVYLLTFLVGLPLNLLALVVFVGK-LRC-RPVAVDVLLLNLTASDLLLLLFLPFRMVEAANGMHWPLPFILCPLSGFI----FFTTIYLTALFLAAVSIERFLSVAHPLWY---------------K-TRPRLGQAGLVSVACWLLASAHCSVVYVIEFSGDISHS---QGTN-GTCYL----------EFWKDQLAILLPVRLEMAVVLFV-VPLIITSYCYSRLVWILGRG------GSH-RRQRRVAGLVAATLLNFLVCFGPYNVSHVVG-YIC---GESPVWRIYV----------------------TLLSTLNSCVDPFVYYFSSSGFQADFHELLRRLCGLWGQWQQESSMELKEQKGGEEQRADRPAERKTSEHSQGCGTGGQVACAEN-----------------------



HM74   --------------------------------------------MLPDWKSSLILMAYIIIFLTGLPANLLALRAFVGR-IRQPQPAPVHILLLSLTLADLLLLLLLPFKIIEAASNFRWYLPKVVCALTSFG----FYSSIYCSTWLLAGISIERYLGVAFPVQY---------------K-LSRRPLYGVIAALVAWVMSFGHCTIVIIVQYLNTTEQVR--SGNE-ITCYE----------NFTDNQLDVVLPVRLELCLVLFF-IPMAVTIFCYWRFVWIMLSQPLVGA-----QRRRRAVGLAVVTLLNFLVCFGPYNVSHLVG-YHQR---KSPWWR----------------------SIAVVFSSLNASLDPLLFYFSSSVVRRAFGRGLQVLRNQGSSLLGRRGKDTAEGTNEDRGVGQGEGMPSSDFTTE------------------------------------



P2Y4   ------------------------MNRHHLQDHFLEIDKKNCCVFRDDFIAKVLPPVLGLEFIFGLLGNGLALWIFCFH-LKSWK--SSRIFLFNLAVADFLLIICLPFVMDYYVRRSDWNFGDIPCRLVLFM----FAMNRQGSIIFLTVVAVDRYFRVVHPHHA---------------L-NKISNWTAAIISCLLWGITVGLTVHLL-----KKKLLIQ--NGPA-NVCIS----------FS----ICHTFRWHEAMFLLEFL-LPLGIILFCSARIIWSLRQRQM--DRH---AKIKRAITFIMVVAIVFVICFLPSVVVRI--RIFW-LLHTSGTQNCEVYRSVDL-----------AFFITLSFTYMNSMLDPVVYYFSSPSFPNFFSTLINRCLQRKMTGEPDNNRSTSVELTGDPNKTRGAPEALMANSGEPWSPSYLGPTSNNHSKKGHCHQEPASLEKQLGCCIE



P2Y6   ----------------MASTESSLLRSLGLSPGPGSSEVELDCWFDEDFKFILLPVSYAVVFVLGLGLNAPTLWLFIFR-LRPWD--ATATYMFHLALSDTLYVLSLPTLIYYYAAHNHWPFGTEICKFVRFL----FYWNLYCSVLFLTCISVHRYLGICHPLRA---------------L-RWGRPRLAGLLCLAVWLVVAGCLVPNL-----FFVTTSN--KGTT-VLCHD----------TTRPEEFDHYVHFSSAVMGLLFG-VPCLVTLVCYGLMARRLYQPLPGSAQS---SSRLRSLRTIAVVLTVFAVCFVPFHITRTIY-YLARL---LEA-DCRVLNIVNV-----------VYKVTRPLASANSCLDPVLYLLTGDKYRRQLRQLCGGGKPQPRTAASSLALVSLPEDSSCRWAATPQDSSCSTPRADRL----------------------------------



P2YR   -------------------------MEWDNGTGQALGLPPTTCVYRENFKQLLLPPVYSAVLAAGLPLNICVITQICTS-RRALT--RTAVYTLNLALADLLYACSLPLLIYNYAQGDHWPFGDFACRLVRFL----FYANLHGSILFLTCISFQRYLGICHPLAP---------------WHKRGGRRAAWLVCVAVWLAVTTQCLPTA-----IFAATGI--QRNR-TVCYD----------LSPPALATHYMPYGMALTVIGFL-LPFAALLACYCLLACRLCRQDGPAEPVA-QERRGKAARMAVVVAAAFAISFLPFHITKTAY-LAVRS---TPGVPCTVLEAFAA-----------AYKGTRPFASANSVLDPILFYFTQKKFRRRPHELLQKLTAKWQRQGR------------------------------------------------------------------



GPR80  MTEVLWPAVPNGTDAAFLAGPGSSWGNSTVASTAAVSSSFKCALTKTGFQFYYLPAVYILVFIIGFLGNSVAIWMFVFH-MKPWS--GISVYMFNLALADFLYVLTLPALIFYYFNKTDWIFGDAMCKLQRFI----FHVNLYGSILFLTCISAHRYSGVVYPLKS---------------L-GRLKKKNAICISVLVWLIVVVAISPIL-----FYSGTGV--RKNKTITCYD----------TTSDEYLRSYFIYSMCTTVAMFC-VPLVLILGCYGLIVRALIYKDLDN-----SPLRRKSIYLVIIVLTVFAVSYIPFHVMKTMN-LRARLDFQTPA-MCAFNDRVYA-----------TYQVTRGLASLNSCVDPILYFLAGDTFRRRLSRATRKASRRSEANLQSKSEDMTLNILPEFKQNGDTSL--------------------------------------------



GPR91  ------------------MNEPLDYLANASDFPDYAAAFGNCTDENIPLKMHYLPVIYGIIFLVGFPGNAVVISTYIFK-MRPWK--SSTIIMLNLACTDLLYLTSLPFLIHYYASGENWIFGDFMCKFIRFS----FHFNLYSSILFLTCFSIFRYCVIIHPMSC---------------F-SIHKTRCAVVACAVVWIISLVAVIPMT-----FLITSTN--RTNR-SACLD----------LTSSDELNTIKWYNLILTATTFC-LPLVIVTLCYTTIIHTLTHGLQTD-----SCLKQKARRLTILLLLAFYVCFLPFHILRVIR-IESRL---LSI-SCSIENQIHE-----------AYIVSRPLAALNTFGNLLLYVVVSDNFQQAVCSTVRCKVSGNLEQAKKISYSNNP----------------------------------------------------------



GPR81  --------------------------------MAWNATCKNWLAAEAALEKYYLSIFYGIEFVVGVLGNTIVVYGYIFS-LKNWN--SSNIYLFNLSVSDLAFLCTLPMLIRSYANG-NWIYGDVLCISNRYV----LHANLYTSILFLTFISIDRYLIIKYPFRE---------------H-LLQKKEFAILISLAIWVLVTLELLPIL-----PLINPVI--TDNG-TTCND----------FASSGDPNYNLIYSMCLTLLGFL-IPLFVMCFFYYKIALFLKQRNRQVATAL---PLEKPLNLVIMAVVIFSVLFTPYHVMRNVR-IASRL-GSWKQYQCTQV-VINS-----------FYIVTRPLAFLNSVINPVFYFLLGDHFRDMLMNQLRHNFKSLTSFSRWAHELLLSFREK------------------------------------------------------


Group A12



GPR34  MRSHTITMTTTSVSSWPYSSHRMRFITNHSDQPPQNFSATPNVTTCPMDEKLLSTVLTTSYSVIFIVGLVGNIIALYVFLGIHRK--RNSIQIYLLNVAIADLLLIFCLPFRIMYHINQNKWTLGVILCKVVGTLFYMNMYISIILLGFISLDRYIKINRSIQQRKAITTKQSIYVCCIVWMLALGGFLTMIILTLKKG------GHNSTMCFHYRDKHNAKGEAIFNFILVVMFWLIFLLIILSYIKIGKNLLRISKRRSKFPNSGKYATTARNSFIVLIIFTICFVPYHAFRFIYISSQLN-VSSCYWKEIVHKTNEIMLVLSSFNSCLDPVMYFLMSSNIRKIMCQLLFRRFQGEPSRSESTSEFKPGYSLHDTSVAVKIQSSSKST



H963   -------------------------------MTNSSF-------FCPVYKDLEP--FTYFFYLVFLVGIIGSCFATWAFIQKNTN--HRCVSIYLINLLTADFLLTLALPVKIVVDLGVAPWKLKIFHCQVTACLIYINMYLSIIFLAFVSIDRCLQLTHSCKIYRIQEPGFAKMISTVVWLMVLLIMVPNMMIPIKDIK-----EKSNVGCMEFKKEFGRNWHLLTNFICVAIFLNFSAIILISNCLVIRQLYRNKDN----ENYPNVKKALINILLVTTGYIICFVPYHIVRIPYTLSQTEVITDCSTRISLFKAKEATLLLAVSNLCFDPILYYHLSKAFRSKVTETFASPKETKAQKEKLRCENNA--------------------



P2Y12  ----------------------MQAVDNLTSAPGNTS-------LCTRDYKITQVLFPLLYTVLFFVGLITNGLAMRIFFQIRS---KSNFIIFLKNTVISDLLMILTFPFKILSDAKLGTGPLRTFVCQVTSVIFYFTMYISISFLGLITIDRYQKTTRPFKTSNPKNLLGAKILSVVIWAFMFLLSLPNMILTNRQPR-----DKNVKKCSFLKSEFGLVWHEIVNYICQVIFWINFLIVIVCYTLITKELYRSYVRT-RGVGKVPRKKVNVKVFIIIAVFFICFVPFHFARIPYTLSQTRDVFDCTAENTLFYVKESTLWLTSLNACLDPFIYFFLCKSFRNSLISMLKCPNSATSLSQDNRKKEQDGGDPNEETPM----------



KI01   -----------------------MINSTSTQPPDES---------CSQNLLITQQIIPVLYCMVFIAGILLNGVSGWIFFYVPS---SKSFIIYLKNIVIADFVMSLTFPFKILGDSGLGPWQLNVFVCRVSAVLFYVNMYVSIVFFGLISFDRYYKIVKPLWTSFIQSVSYSKLLSVIVWMLMLLLAVPNIILTNQSVR-----EVTQIKCIELKSELGRKWHKASNYIFVAIFWIVFLLLIVFYTAITKKIFKSHLKS-SRNSTSVKKKSSRNIFSIVFVFFVCFVPYHIARIPYTKSQTEAHYSCQSKEILRYMKEFTLLLSAANVCLDPIIYFFLCQPFREILCKKLHIPLKAQNDLDISRIKRG--NTTLESTDTL---------



PAFR   ------------------------------MEPHDS---------SHMDSEFRYTLFPIVYSIIFVLGVIANGYVLWVFARLYPCKKFNEIKIFMVNLTMADMLFLITLPLWIVYYQNQGNWILPKFLCNVAGCLFFINTYCSVAFLGVITYNRFQAVTRPIKTAQANTRKRGISLSLVIWVAIVGAASYFLILDSTNTVPDSAGSGNVTRCFEHYEK-GSVPVLIIHIFIVFSFFLVFLIILFCNLVIIRTLLMQPVQ--QQRNAEVKRRALWMVCTVLAVFIICFVPHHVVQLPWTLAELG-FQDSKFHQAINDAHQVTLCLLSTNCVLDPVIYCFLTKKFRKHLTEKFYSMRSSRKCSRATTDTVTEVVVPFNQIPGNSLKN-----



GPR86  ------------------------MNTTVMQGFNRSE-------RCPRDTRIVQLVFPALYTVVFLTGILLNTLALWVFVHIPS---SSTFIIYLKNTLVADLIMTLMLPFKILSDSHLAPWQLRAFVCRFSSVIFYETMYVGIVLLGLIAFDRFLKIIRPLRNIFLKKPVFAKTVSIFIWFFLFFISLPNMILSNKEAT-----PSSVKKCASLKGPLGLKWHQMVNNICQFIFWTVFILMLVFYVVIAKKVYDSYRKS-KSKDRKNNKKLEGKVFVVVAVFFVCFAPFHFARVPYTHSQTNNKTDCRLQNQLFIAKETTLFLAATNICMDPLIYIFLCKKFTEKLPCMQGRKTTAS--SQENHSSQTDNITLG---------------



GPR87  ---MGFNLTLAKLPNNELHGQESHNSGNRSDGPGKN---------TTLHNEFDTIVLPVLYLIIFVASILLNGLAVWIFFHIRN---KTSFIFYLKNIVVADLIMTLTFPFRIVHDAGFGPWYFKFILCRYTSVLFYANMYTSIVFLGLISIDRYLKVVKPFGDSRMYSITFTKVLSVCVWVIMAVLSLPNIILTNGQPT-----EDNIHDCSKLKSPLGVKWHTAVTYVNSCLFVAVLVILIGCYIAISRYIHKSSRQ--FISQSSRKRKHNQSIRVVVAVFFTCFLPYHLCRIPFTFSHLDRLLDESAQKILYYCKEITLFLSACNVCLDPIIYFFMCRSFSRRLFKKSNIRTRSESIRSLQSVRRSEVRIYYDYTDV----------


Group A13



EDG1  -----------------------------------------------------MGPTSVPLVKAHRSS--------VSDYVNYDIIVRH-YNYTGKLNISADKE---NS-I-----KLTSVVFILICCFIILENIFVLLTIWKTKKFHR-PMYYFIGNLALSDLLAGVAYTANLLLSGATT-------YKLTPAQWFLREGSMFVALSASVFSLLAIAIERYITMLK-MKLHNGSNNFRLFLLISACWVISLILGGLPIMGWNCISALSSCSTVLPLYHKHYILFCTTVFTLLLLSIVILYCRIYSLVRTRSRRL---------TFRKNIS------KASRSSENVALLKTVIIVLSVFIACWAPLFILLLLDVGCKVKTCDILFRAEYFLVLA--VLNSGTNPIIYTLTNKEMRRAFIRIMSC-CKCPSGDS---------AGKFKRPIIAGMEFSRSKS---DNSSHPQKDEGDNPETIMSSGNVNSSS---------



EDG2  ------------------------------------------------MAAISTSIPVISQPQFTAMN--------EPQCFYNESIAFF-YNRSGKHLATEWN-----TVS-----KLVMGLGITVCIFIMLANLLVMVAIYVNRRFHF-PIYYLMANLAAADFFAGLAYFYLMFNTGPNT-------RRLTVSTWLLRQGLIDTSLTASVANLLAIAIERHITVFR-MQLHTRMSNRRVVVVIVVIWTMAIVMGAIPSVGWNCICDIENCSNMAPLYSDSYLVFWAIFNLVTFVVMVVLYAHIFGYVRQRTMRM---------SRHSSGP------RRNRD-TMMSLLKTVVIVLGAFIICWTPGLVLLLLD--VCCPQCDVLAYEKFFLLLA--EFNSAMNPIIYSYRDKEMSATFRQILCC-Q---------------------RSENPTGPTESSDRSASSLNHTILAG----VHSNDHSVV--------------



EDG3  ------------------------------------------------------------MATALPPR--------LQPVRGNETLREH-YQYVGKLAGRLKEA---SEGS-----TLTTVLFLVICSFIVLENLMVLIAIWKNNKFHN-RMYFFIGNLALCDLLAGIAYKVNILMSGKKT-------FSLSPTVWFLREGSMFVALGASTCSLLAIAIERHLTMIK-MRPYDANKRHRVFLLIGMCWLIAFTLGALPILGWNCLHNLPDCSTILPLYSKKYIAFCISIFTAILVTIVILYARIYFLVKSSSRKV---------ANHNNSE------RS------MALLRTVVIVVSVFIACWSPLFILFLIDVACRVQACPILFKAQWFIVLA--VLNSAMNPVIYTLASKEMRRAFFRLVCN-CLVR-GR-----------GARASPIQPALDPSRSKSSSSNNSSHSPKVKEDLPHTDPSSCIMDKNAALQNGIFCN



EDG4  -----------------------------------------------------------------MVI--------MGQCYYNETIGFF-YNNSGKELSSHWR-----PKD-----VVVVALGLTVSVLVLLTNLLVIAAIASNRRFHQ-PIYYLLGNLAAADLFAGVAYLFLMFHTGPRT-------ARLSLEGWFLRQGLLDTSLTASVATLLAIAVERHRSVMA-VQLHSRLPRGRVVMLIVGVWVAALGLGLLPAHSWHCLCALDRCSRMAPLLSRSYLAVWALSSLLVFLLMVAVYTRIFFYVRRRVQRM---------AEHVSCH------PRYRE-TTLSLVKTVVIILGAFVVCWTPGQVVLLLDG-LGCESCNVLAVEKYFLLLA--EANSLVNAAVYSCRDAEMRRTFRRLLCC-ACL------------------RQSTRESVHYTSSAQGGASTRIMLPEN----GHPLMDSTL--------------



EDG5  ----------------------------------------------------------------MGSL--------YSEYLNPNKVQEH-YNYTKETLETQETT---SR-------QVASAFIVILCCAIVVENLLVLIAVARNSKFHS-AMYLFLGNLAASDLLAGVAFVANTLLSGSVT-------LRLTPVQWFAREGSASITLSASVFSLLAIAIERHVAIAK-VKLYGSDKSCRMLLLIGASWLISLVLGGLPILGWNCLGHLEACSTVLPLYAKHYVLCVVTIFSIILLAIVALYVRIYCVVRSS-------------HADMAAP------QT------LALLKTVTIVLGVFIVCWLPAFSILLLDYACPVHSCPILYKAHYFFAVS--TLNSLLNPVIYTWRSRDLRREVLRPLQC-WRPGVGVQ---------GRRRVGTPGHHLLPLRSSSS-LERGMHMPTS----PTFLEGNTVV-------------



EDG6  -------------------------------------------------------------MNATGTPVAPESCQQLAAGGHSRLIVLH-YNHSGRLAGRGGPE---DGGL-----GALRGLSVAASCLVVLENLLVLAAITSHMRSRR-WVYYCLVNITLSDLLTGAAYLANVLLSGART-------FRLAPAQWFLREGLLFTALAASTFSLLFTAGERFATMVRPVAESGATKTSRVYGFIGLCWLLAALLGMLPLLGWNCLCAFDRCSSLLPLYSKRYILFCLVIFAGVLATIMGLYGAIFRLVQASGQK---------APRPAARR------------KARRLLKTVLMILLAFLVCWGPLFGLLLADVFGS-NLWAQEYLRGMDWILALAVLNSAVNPIIYSFRSREVCRAVLSFLCCGCLRLGMRGP--------GDCLARAVEAHSGASTTDSSLRPRDSFRGSRSLSFRMREPLSSISSVRSI--------



EDG7  ----------------------------------------------------------------------------MNECHYDKHMDFF-YNRSNTDTVDDWTG----TKL-----VIVLCVGTFFCLFIFFSNSLVIAAVIKNRKFHF-PFYYLLANLAAADFFAGIAYVFLMFNTGPVS-------KTLTVNRWFLRQGLLDSSLTASLTNLLVIAVERHMSIMR-MRVHSNLTKKRVTLLILLVWAIAIFMGAVPTLGWNCLCNISACSSLAPIYSRSYLVFWTVSNLMAFLIMVVVYLRIYVYVKRKTNVL---------SPHTSGS------ISRRR-TPMKLMKTVMTVLGAFVVCWTPGLVVLLLDG-LNCRQCGVQHVKRWFLLLA--LLNSVVNPIIYSYKDEDMYGTMKKMICC-FSQE-------------NPERRPSRIPSTVLSRSDTGSQYIEDSISQG----AVCNKSTS---------------



EDG8  ---------------------------------------------------------------MESGL--------LRPAPVSEVIVLH-YNYTGKLRGARYQP---GAGL-----RADAVVCLAVCAFIVLENLAVLLVLGRHPRFHA-PMFLLLGSLTLSDLLAGAAYAANILLSGPLT-------LKLSPALWFAREGGVFVALTASVLSLLAIALERSLTMAR-RGPAPVSSRGRTLAMAAAAWGVSLLLGLLPALGWNCLGRLDACSTVLPLYAKAYVLFCVLAFVGILAAICALYARIYCQVRANARRLPAR----PGTAGTTST------RARRKPRSLALLRTLSVVLLAFVACWGPLFLLLLLDVACPARTCPVLLQADPFLGLA--MANSLLNPIIYTLTNRDLRHALLRLVCC-GRHSCGRDPSGSQQSASAAEASGGLRRCLPPGLDGSFSGSERSSPQRDGLDTSGSTGSPGAPTAARTLVSEPAAD



ACTR  ----------------------------------------------------------------------------------MKHIINS-YENINN-TARNNSD---CPRV-----VLPEEIFFTISIVGVLENLIVLLAVFKNKNLQA-PMYFFICSLAISDMLGSLYKILENILIILRNMGYLKPRGSFETTADDIIDSLFVLSLLGSIFSLSVIAADRYITIFHALRYHSIVTMRRTVVVLTVIWTFCTGTGIT--------------MVIFSH-HVPTVITFTSLFPLMLVFILCLYVHMFLLARSHTRKI--------STLPRAN---------------MKGAITLTILLGVFIFCWAPFVLHVLLMTFCPSNPYCACYMSLFQVNGMLIMCNAVIDPFIYAFRSPELRDAFKKMIF--CS--------------------RYW--------------------------------------------------



CB1R  MKSILDGLADTTFRTITTDLLYVGSNDIQYEDIKGDMASKLGYFPQKFPLTSFRGSPFQEKMTAGDNPQLVPADQVNITEFYNKSLSSFKENEENIQCGENFMDIECFMVLNPSQQLAIAVLSLTLGTFTVLENLLVLCVILHSRSLRCRPSYHFIGSLAVADLLGSVIFVYSFIDFHVFHR-------KDSRNVFLFKLGGVTASFTASVGSLFLTAIDRYISIHRPLAYKRIVTRPKAVVAFCLMWTIAIVIAVLPLLGWNCEKLQSVCSDIFPHIDETYLMFWIGVTSVLLLFIVYAYMYILWKAHSHAVRMIQRGTQKSIIIHTSEDGKVQVTRPDQARMDIRLAKTLVLILVVLIICWGPLLAIMVYDVFGKMNKLIKTVFAFCSMLC---LLNSTVNPIIYALRSKDLRHAFRSMFPS-CEG----------------TAQPLDNSMGDSDCLHKHANNAASVHRAAESCIKSTVKIAKVTMSVSTDTSAEAL-



CB2R  ----------------------------------------------------------------------------MEECWVTEIANGS-KDGLDSNPMKDYMILS-GPQK-----TAVAVLCTLLGLLSALENVAVLYLILSSHQLRRKPSYLFIGSLAGADFLASVVFACSFVNFHVFHG-------VDSKAVFLLKIGSVTMTFTASVGSLLLTAIDRYLCLRYPPSYKALLTRGRALVTLGIMWVLSALVSYLPLMGWTCCPR--PCSELFPLIPNDYLLSWLLFIAFLFSGIIYTYGHVLWKAHQHVASLS-------GHQDRQVPG------MARMRLDVRLAKTLGLVLAVLLICWFPVLALMAHSLATTLSDQVKKAFAFCSMLC---LINSMVNPVIYALRSGEIRSSAHHCLAHWKKCVR-----------------GLGSEAKEEAPRSSVTETEADGKITPWPDSRDLDLSDC---------------



GPR3  ------------------------------------------------------------MMWGAGSP---------LAWLSAGSGNVN-VSSVGPAEGPTGPA-APLPSP-----KAWDVVLCISGTLVSCENALVVAIIVGTPAFRA-PMFLLVGSLAVADLLAGLGLVLHFAAVFCIG----------SAEMSLVLVGVLAMAFTASIGSLLAITVDRYLSLYNALTYYSETTVTRTYVMLALVWGGALGLGLLPVLAWNCLDGLTTCGVVYPL-SKNHLVVLAIAFFMVFGIMLQLYAQICRIVCRHAQQI--------ALQRHLLP-------ASHYVATRKGIATLAVVLGAFAACWLPFTVYCLLGDAHS--PPLYTYLTLLPATY-----NSMINPIIYAFRNQDVQKVLWAVCCC-CS--------------------SSKIPFRSRSPSDV---------------------------------------



GPR6  -------------------------------------MNASAASLNDSQVVVVAAEGAAAAATAAGGPDTGEWGPPAAAALGAGGGANG-SLELSSQLSAGPPG-LLLPAV-----NPWDVLLCVSGTVIAGENALVVALIASTPALRT-PMFVLVGSLATADLLAGCGLILHFVFQYLVP----------SETVSLLTVGFLVASFAASVSSLLAITVDRYLSLYNALTYYSRRTLLGVHLLLAATWTVSLGLGLLPVLGWNCLAERAACSVVRPL-ARSHVALLSAAFFMVFGIMLHLYVRICQVVWRHAHQI--------ALQQHCLA-------PPHLAATRKGVGTLAVVLGTFGASWLPFAIYCVVGSHED--PAVYTYATLLPATY-----NSMINPIIYAFRNQEIQRALWLLLCG-CF--------------------QSKVPFRSRSPSEV---------------------------------------



GPRC  -------------------------------------------------------MNEDLKVNLSGLP---------RDYLDAAAAENI-SAAVSSRVPAVEP--EPELVV-----NPWDIVLCTSGTLISCENAIVVLIIFHNPSLRA-PMFLLIGSLALADLLAGIGLITNFVFAYLLQ----------SEATKLVTIGLIVASFSASVCSLLAITVDRYLSLYYALTYHSERTVTFTYVMLVMLWGTSICLGLLPVMGWNCLRDESTCSVVRPL-TKNNAAILSVSFLFMFALMLQLYIQICKIVMRHAHQI--------ALQHHFLA-------TSHYVTTRKGVSTLAIILGTFAACWMPFTLYSLIADYTY--PSIYTYATLLPATY-----NSIINPVIYAFRNQEIQKALCLICCG-CI--------------------PSSLAQRARSPSDV---------------------------------------



MC3R  ---------------------------MSIQKKYLEGDFVFPVSSSSFLRTLLEPQLGSALLTAMNAS--------CCLPSVQPTLPNG-SEHLQAPFFSNQSSSAFCEQV-----FIKPEIFLSLGIVSLLENILVILAVVRNGNLHS-PMYFFLCSLAVADMLVSVSNALETIMIAIVHSDYLTFEDQFIQHMDNIFDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIMTVRKALTLIVAIWVCCGVCGVV--------------FIVYSE-SKMVIVCLITMFFAMMLLMGTLYVHMFLFARLHVKRI--------AALPPADG------VAPQQHSCMKGAVTITILLGVFIFCWAPFFLHLVLIITCPTNPYCICYTAHFNTYLVLIMCNSVIDPLIYAFRSLELRNTFREILCG-CN--------------------GMNLG------------------------------------------------



MC4R  ----------------------------------------------------------MVNSTHRGMH--------TSLHLWNRSSYRL-HSNASESLGKGYSDGGCYEQL-----FVSPEVFVTLGVISLLENILVIVAIAKNKNLHS-PMYFFICSLAVADMLVSVSNGSETIIITLLN-STDTDAQSFTVNIDNVIDSVICSSLLASICSLLSIAVDRYFTIFYALQYHNIMTVKRVGIIISCIWAACTVSGIL--------------FIIYSD-SSAVIICLITMFFTMLALMASLYVHMFLMARLHIKRI--------AVLPGTG--------AIRQGANMKGAITLTILIGVFVVCWAPFFLHLIFYISCPQNPYCVCFMSHFNLYLILIMCNSIIDPLIYALRSQELRKTFKEIIC--CY--------------------PLGGLCDLSSRY-----------------------------------------



MC5R  ----------------------------------------------------------------MNSS--------FHLHFLDLNLNAT-EGNLSGPNVKNKSS--PCEDM-----GIAVEVFLTLGVISLLENILVIGAIVKNKNLHS-PMYFFVCSLAVADMLVSMSSAWETITIYLLNNKHLVIADAFVRHIDNVFDSMICISVVASMCSLLAIAVDRYVTIFYALRYHHIMTARRSGAIIAGIWAFCTGCGIV--------------FILYSE-STYVILCLISMFFAMLFLLVSLYIHMFLLARTHVKRI--------AALPGAS--------SARQRTSMQGAVTVTMLLGVFTVCWAPFFLHLTLMLSCPQNLYCSRFMSHFNMYLILIMCNSVMDPLIYAFRSQEMRKTFKEIIC--CR--------------------GFRIACSFPRRD-----------------------------------------



MSHR  ----------------------------------------------------------------MAVQ--------GSQRRLLGSLNST-PTAIPQLGLAANQTGARCLEV-----SISDGLFLSLGLVSLVENALVVATIAKNRNLHS-PMYCFICCLALSDLLVSGSNVLETAVILLLEAGALVARAAVLQQLDNVIDVITCSSMLSSLCFLGAIAVDRYISIFYALRYHSIVTLPRARRAVAAIWVASVVFSTL--------------FIAYYD-HVAVLLCLVVFFLAMLVLMAVLYVHMLARACQHAQGI--------ARLHKRQR-------PVHQGFGLKGAVTLTILLGIFFLCWGPFFLHLTLIVLCPEHPTCGCIFKNFNLFLALIICNAIIDPLIYAFHSQELRRTLKEVLT--CS--------------------W----------------------------------------------------


Group A14



PD2R_HUMA  --------------------------MKSPFYRCQNTTS-----VE-KGNSAVMGGVLFSTGLLGNLLALGLLARSGL--GWCSRRPLRPLPSVFYMLVCGLTVTDLLGKCLLSPVVLAAYAQNRSLRVLAPALDNSLCQAFAFFMSFFGLSSTLQLLAMALECWLSLGHPFFYRRHITLRLGALVAPVVSAFSLAFCALPFMGFGKFVQYCPGTWCFIQMVHEEGSLS------VLGYSVLYSSLMALLVLATVLCNLGAMRNLYAMHRR-LQR---H------------------------PRSCTRDCAEPRADGREASPQPLEELDHLLLLALMTVLFTMCSLPVIYRAYYGAFKDVK------EKNRTSEEAEDLRALRFLSVISIVDPWIFIIFRSPVFRIFFHKIFIRPLRYRSRCSNSTNMESSL---------------------------------------------------------------------------------------------------------------------------



PE21_HUMA  ----------------MSPCGPLNLSLAGEATTCAAPWVPNTSAVPPSGASPALPIFSMTLGAVSNLLALALLAQAAG------RLRRRRSATTFLLFVASLLATDLAGHVIPGALVLRLYTAGR-----APA--GGACHFLGGCMVFFGLCPLLLGCGMAVERCVGVTRPLLHAARVSVARARLALAAVAAVALAVALLPLARVGRYELQYPGTWCFIGLGPPGG-------WRQALLAGLFASLGLVALLAALVCNTLSGLALHRARWRRRSRRPPPASGPDSRRRWGAHGPRSASASSASSIASASTFFGGSRSSGSARRARAHDVEMVGQLVGIMVVSCICWSPMLVLVALAV---------GGWSSTSLQ-RPLFLAVRLASWNQILDPWVYILLRQAVLRQLLRLLPPRAGAKGGPAGLGLTPSAWEASSLRSSRHSGLSHF------------------------------------------------------------------------------------------------------------



PE22_HUMA  ---------------------------MGNASNDSQSEDCETRQWLPPGESPAISSVMFSAGVLGNLIALALLARRWRGDVGCS-AGRRSSLSLFHVLVTELVFTDLLGTCLISPVVLASYARNQTLVALAPE-S-RACTYFAFAMTFFSLATMLMLFAMALERYLSIGHPYFYQRRVSASGGLAVLPVIYAVSLLFCSLPLLDYGQYVQYCPGTWCFIRHG-----RT--------AYLQLYATLLLLLIVSVLACNFSVILNLIRMHRR-SRR---S----------------------RCGPSLGSGRGGPGARRRGERVSMAEETDHLILLAIMTITFAVCSLPFTIFAYMNETS------------SRKE-KWDLQALRFLSINSIIDPWVFAILRPPVLRLMRSVL---CCRISLRTQDATQTSCSTQSDASKQADL-----------------------------------------------------------------------------------------------------------------



PE23_HUMA  MKETRGYGGDAPFCTRLNHSYTGMWAPERSAEARGNLTRPPGSGEDCGSVSVAFPITMLLTGFVGNALAMLLVSRS-------YRRRESKRKKSFLLCIGWLALTDLVGQLLTTPVVIVVYLSKQRWEHIDPS--GRLCTFFGLTMTVFGLSSLFIASAMAVERALAIRAPHWYASHMKTRATRAVLLGVWLAVLAFALLPVLGVGQYTVQWPGTWCFISTGRGGNGTSSSHNWGNLFFASAFAFLGLLALTVTFSCNLATIKALVSRCRAKATASQSS------------------------------------------AQWGRITTETAIQLMGIMCVLSVCWSPLLIMMLKMIFNQTSVEHCKTHTEKQKECNFFLIAVRLASLNQILDPWVYLLLRKILLRKFCQIRYHTNNYASSSTSLPCQCSSTLMWSDHLER-------------------------------------------------------------------------------------------------------------------



PE24_HUMA  -------------------------------MSTPGVNSSASLSPDRLNSPVTIPAVMFIFGVVGNLVAIVVLCKS----------RKEQKETTFYTLVCGLAVTDLLGTLLVSPVTIATYMKGQ-----WPG-GQPLCEYSTFILLFFSLSGLSIICAMSVERYLAINHAYFYSHYVDKRLAGLTLFAVYASNVLFCALPNMGLGSSRLQYPDTWCFIDWTTNVTAHA--------AYSYMYAGFSSFLILATVLCNVLVCGALLRMHRQ-FMRRTSL-----GTEQHHAAAAASVASRGHPAASPALPRLSDFRRRRSFRRIAGAEIQMVILLIATSLVVLICSIPLVVRVFVNQLYQPS-------LEREVSKNPDLQAIRIASVNPILDPWIYILLRKTVLSKAIEKIKCLFCRIGGSRRERSGQHCSDSQRTSSAMSGHSRSFISRELKEISSTSQTLLPDLSLPDLSENGLGGRNLLPGVPGMGLAQEDTTSLRTLRISETSDSSQGQDSESVLLVDEAGGSGRAGPAPKGSSLQVTFPSETLNLSEKCI



PF2R_HUMA  ----------------------MSMNNSKQLVSPAAALLSNTTCQTENRLSVFFSVIFMTVGILSNSLAIAILMKA-------YQRFRQKSKASFLLLASGLVITDFFGHLINGAIAVFVYASDKEWIRFDQS--NVLCSIFGICMVFSGLCPLLLGSVMAIERCIGVTKPIFHSTKITSKHVKMMLSGVCLFAVFIALLPILGHRDYKIQASRTWCFYNTEDIK-------DWEDRFYLLLFSFLGLLALGVSLLCNAITGITLLRVKFKSQQH----------------------------------------------RQGRSHHLEMVIQLLAIMCVSCICWSPFLVTMANIGIN--------GNHSLETC-ETTLFALRMATWNQILDPWVYILLRKAVLKNLYKLASQCCGVHVISLHIWELSSIKNSLKVAAISESPVAEKSAST--------------------------------------------------------------------------------------------------------



PI2R_HUMA  -----------------------------------MADSCRNLTYVRGSVGPATSTLMFVAGVVGNGLALGILS-----------ARRPARPSAFAVLVTGLAATDLLGTSFLSPAVFVAYARNSSLLGLARG-GPALCDAFAFAMTFFGLASMLILFAMAVERCLALSHPYLYAQLDGPRCARLALPAIYAFCVLFCALPLLGLGQHQQYCPGSWCFLRMRWAQPGGA--------AFSLAYAGLVALLVAAIFLCNGSVTLSLCRMYRQ-QKR---H-----------------------------------QGSLGPRPRTGEDEVDHLILLALMTVVMAVCSLPLTIRCFTQAVAPDS-----------SSEMGDLLAFRFYAFNPILDPWVFILFRKAVFQRLKLWVCCLCLGPAHGDSQTPLSQLASGRRDPRAPSAPVGKEGSCVPLSAWGEGQVEPLPPTQQSSGSAVGTSSKAEASVACSLC-----------------------------------------------------------------



TA2R_HUMA  ------------------------MWPNGSSLGPCFRPTNITLEERRLIASPWFAASFCVVGLASNLLALSVLAGA--------RQGGSHTRSSFLTFLCGLVLTDFLGLLVTGTIVVSQHAALFEWHAVDPG--CRLCRFMGVVMIFFGLSPLLLGAAMASERYLGITRPFSRPAVASQRRAWATVGLVWAAALALGLLPLLGVGRYTVQYPGSWCFLTLGAES---------GDVAFGLLFSMLGGLSVGLSFLLNTVSVATLCHVYHGQEAAQ---------------------------------------------QRPRDSEVEMMAQLLGIMVVASVCWLPLLVFIAQTVLRNPPAMSPAGQLSRTTE-KELLIYLRVATWNQILDPWVYILFRRAVLRRLQPRLSTRPRRVSLCGPAWSTVARSRLTATSASRVQAILVPQPPEQLGLQA--------------------------------------------------------------------------------------------------


Group A15



EBI2   -----------------------------------------------------------------MDIQMANNFTPPSATP--QGNDCDLYAHHSTARIVMP-------LHYSLVFIIGLVGNLLALVVIVQNRK----KINSTTLYSTNLVISDILFTTALPTRIAYYAMGFDWRIGDALCRITALV-FYINTYAGVNFMTCLSIDRFIAVVHPLRYNKIKRIEHAKGVCIFVWILVFAQTLPLLINPMSKQ------EAERITCMEYPNFEETKSLPW--ILLGACFIGYVLPLIIILICYSQICCKLFRTAK-QNPLTEKS-GVNKKALNTIILIIVVFVLCFTPYHVAIIQHMIKKLRFSN--FLECSQRHSFQISLHFTVCLMNFNCCMDPFIYFFACKGYKRKVMRMLK------RQVSVSISSAVKSAPEENSREMTETQMMIHSKSSNGK------------------------------



G2A    ----------------------MCPMLLKNGYNGNAT-------------------------------PVTTTAPWASLGL--SAKTCNNV-SFEESRIVLV-------VVYSAVCTLGVPANCLTAWLALLQVL----QGNVLAVYLLCLALCELLYTGTLPLWVIYIRNQHRWTLGLLACKVTAYI-FFCNIYVSILFLCCISCDRFVAVVYALESRGRRRRRTAILISACIFILVGIVHYPVFQTEDKE------------TCFDMLQMDSRIAGYY----YARFTVGFAIPLSIIAFTNH----RIFRSIK-QSMGLSAA--QKAKVKHSAIAVVVIFLVCFAPYHLVLLVKAAAFSYYRGDRNAMCGLEERLYTASVVFLCLSTVNGVADPIIYVLATDHSRQEVSRIHKGWKEWSMKTDVTRLTHSRDTE-ELQSPVALADHYTFSRPVHPPGSPCPAKRLIEESC----------------



GPR35  ---------------------------------------------------------------------MNGTYNTCG--------SSDLT-WPPAIKLGFY-------AYLGVLLVLGLLLNSLALWVFCCRMQ----QWTETRIYMTNLAVADLCLLCTLPFVLHSLRDT----SDTPLCQLSQGI-YLTNRYMSISLVTAIAVDRYVAVRHPLRARGLRSPRQAAAVCAVLWVLVIGSLVARWLLGIQE-------GG---FCFRSTRHNFNSMRFP--------LLGFYLPLAVVVFCSL----KVVTALAQRPPTDVGQAEATRKAARMVWANLLVFVVCFLPLHVGLTVRLAVGWN-------ACALLETIRRALYITSKLSDANCCLDAICYYYMAKEFQEASAL-----------AVAPRAKAHKSQ---DSLCVTLA------------------------------------------



GPR4   ----------------------------------------------------------------------MGNHTWEG---------C-HV-DSRVDHLFPP-------SLYIFVIGVGLPTNCLALWAAYRQVQ----QRNELGVYLMNLSIADLLYICTLPLWVDYFLHHDNWIHGPGSCKLFGFI-FYTNIYISIAFLCCISVDRYLAVAHPLRFARLRRVKTAVAVSSVVWATELGANSAPLFHDELFR-----DRYNHTFCFEKFPMEGWVAWMN----LYRVFVGFLFPWALMLLSYR----GILRAVR-GSVSTERQ--EKAKIKRLALSLIAIVLVCFAPYHVLLLSRSAIYLGR----PWDCGFEERVFSAYHSSLAFTSLNCVADPILYCLVNEGARSDVAKA--------LHNLLRFLASDKPQE-MANASLTLETPLTS-KRNSTAKAMTGSWAATPPSQG-DQVQLKMLPPAQ--



GPR55  ----------------------------------------------------------------------MSQQNTSG--------DCLFDGVNELMKTLQF-------AVHIPTFVLGLLLNLLAIHGFSTFLKNRWPDYAATSIYMINLAVFDLLLVLSLPFKMVLSQVQ---SPFPSLCTLVECL-YFVSMYGSVFTICFISMDRFLAIRYPLLVSHSGPPGRSLGSACTIWVLVWTGSIPIYSFHGKV--------EK-YMCFHNMSDDTWSAKVF----FPLEVFGFLLPMGIMGFCCS----RSIHILLGRRDHTQDW-VQQKACIYSIAASLAVFVVSFLPVHLGFFLQFLVRNSF----IVECRAKQSISFFLQLSMCFSNVNCCLDVFCYYFVIKEFRMNIRAH----------RPSRVQLVLQDTT-ISRG-----------------------------------------------



GPR65  ----------------------------------------------------------------------MNSTCIEE--------------QHDLDHYLFP-------IVYIFVIIVSIPANIGSLCVSFLQPK----KESELGIYLFSLSLSDLLYALTLPLWIDYTWNKDNWTFSPALCKGSAFL-MYMKFYSSTAFLTCIAVDRYLAVVYPLKFFFLRTRRIALMVSLSIWILETIFNAVMLWEDETVVEYCDAEKSNFTLCYDKYPLEKWQINLN----LFRTCTGYAIPLVTILICNR----KVYQAVR-HNKATENK--EKKRIIKLLVSITVTFVLCFTPFHVMLLIRCILEHAVNF--EDHSNSGKRTYTMYRITVALTSLNCVADPILYCFVTETGRYDMWNI--------LKFCTGRCNTSQRQ---RKRILSVSTKDTMELEVLE-------------------------------



GPR68  ----------------------------------------------------------------------MGNITADNS-----SMSC-TI-DHTIHQTLAP-------VVYVTVLVVGFPANCLSLYFGYLQIK----ARNELGVYLCNLTVADLFYICSLPFWLQYVLQHDNWSHGDLSCQVCGIL-LYENIYISVGFLCCISVDRYLAVAHPFRFHQFRTLKAAVGVSVVIWAKELLTSIYFLMHEEVIE-----DENQHRVCFEHYPIQAWQRAIN----YYRFLVGFLFPICLLLASYQ----GILRAVR-RSHGTQKS--RKDQIQRLVLSTVVIFLACFLPYHVLLLVRSVWEAS--------CDFAKGVFNAYHFSLLLTSFNCVADPVLYCFVSETTHRDLARL--------RGACLAFLTCSRTG--RAREAYPLGAPEASGKSGAQGEEPELLTKLHPAFQTPNSPGSGGFPTGRLA



GPR92  --------------------------------------------------------------------MLANSSSTNSS-----VLPC--P-DYRPTHRLHL-------VVYSLVLAAGLPLNALALWVFLRALR----VHSVVSVYMCNLAASDLLFTLSLPVRLSYYALH-HWPFPDLLCQTTGAI-FQMNMYGSCIFLMLINVDRYAAIVHPLRLRHLRRPRVARLLCLGVWALILVFAVPAARVHRPSR--CRYRDLEVRLCFESFSDELWKGRLLP-LVLLAEALGFLLPLAAVVYSSG----RVFWTLA-RPDATQSQ--RRRKTVRLLLANLVIFLLCFVPYNSTLAVYGLLRSKLV---AASVPARDRVRGVLMVMVLLAGANCVLDPLVYYFSAEGFRNTLRGLGT-----PHRARTSATNGTRAAL-AQSERSAVTTDATRPDAASQGLLRPSDSHSLSSFTQCPQDSAL--------



GPRH   -----------------------------MNGLEVAP-------------------------------PGLITNFSLAT-----AEQC-GQ-ETPLENMLFA-------SFYLLDFILALVGNTLALWLFIRDHK----SGTPANVFLMHLAVADLSCVLVLPTRLVYHFSGNHWPFGEIACRLTGFL-FYLNMYASIYFLTCISADRFLAIVHPVKSLKLRRPLYAHLACAFLWVVVAVAMAPLLVSPQTVQ------TNHTVVCLQLYREKASHHALV------SLAVAFTFPFITTVTCYL----LIIRSLR-QGLRVEKR--LKTKAVRMIAIVLAIFLVCFVPYHVNRSVYVLHYRSHG----ASCATQRILALANRITSCLTSLNGALDPIMYFFVAEKFRHALCN----------LLCGKRLKGPPPS---FEGKTNESSLSAKSEL----------------------------------



GPRI   ----------------------------------------------------------------------MITLNNQDQ-------PVTFNSSHPDEYKIAA------LVFYSCIFIIGLFVNITALWVFSCTTK----KRTTVTIYMMNVALVDLIFIMTLPFRMFYYAKD-AWPFGEYFCQIIGAL-TVFYPSIALWLLAFISADRYMAIVQPKYAKELKNTCKAVLACVGVWIMTLTTTTPLLLLYKDPD-----KDSTPATCLKISDIIYLKAVNVLN--LTRLTFFFLIPLFIMIGCYL----VIIHNLL-HGRTSKLKPKVKEKSIRIIITLLVQVLVCFMPFHICFAFLMLGTGE------------NSYNPWGAFTTFLMNLSTCLDVILYYIVSKQFQARVISV--------MLYRNYLRSLRRKS---FRSGSLRSLSNINSEML---------------------------------



GPRK   -------------------MPSVSPAGPSAGAVPNAT-------------------------------AVTTVRTNASGLE--VPLFHLFARLDEELHGTFPGLCVALMAVHGAIFLAGLVLNGLALYVFCCRTR----AKTPSVIYTINLVVTDLLVGLSLPTRFAVYYGA----RGCLRCAFPHVLGYFLNMHCSILFLTCICVDRYLAIVRPEAPAACRQPACARAVCAFVWLAAGAVTLSVLGVTGSR------------PCCRVFAL-------------T--VLEFLLPLLVISVFTG----RIMCALS-RPGLLHQGRQRRVRAMQLLLTVLIIFLVCFTPFHARQVAVALWPDMP----------HHTSLVVYHVAVTLSSLNSCMDPIVYCFVTSGFQATVRGLFGQHGE-REPSSGDVVSMHRSSKGSGRHHILSAGPHALTQALANGPEA---------------------------



P2Y5   -----------------------------------------------------------------------MVSVNSS--------HC-FY-NDSFKYTLYG-------CMFSMVFVLGLVSNCVAIYIFICVLK----VRNETTTYMINLAMSDLLFVFTLPFRIFYFTTR-NWPFGDLLCKISVML-FYTNMYGSILFLTCISVDRFLAIVYPFKSKTLRTKRNAKIVCTGVWLTVIGGSAPAVFVQSTHSQ----GNNASEACFENFPEATWKTYLSR-IVIFIEIVGFFIPLILNVTCSS----MVLKTLT-KPVTLSRSKINKTKVLKMIFVHLIIFCFCFVPYNINLILYSLVRTQT----FVNCSVVAAVRTMYPITLCIAVSNCCFDPIVYYFTSDTIQNSIKMK--------NWSVRRSDFRFSEVH-GAENFIQHNLQTLKSKIFDNESAA---------------------------



P2Y9   ------------------MGDRRFIDFQFQDSNSSLR-------------------------------PRLGNATANN--------TC-IV-DDSFKYNLNG-------AVYSVVFILGLITNSVSLFVFCFRMK----MRSETAIFITNLAVSDLLFVCTLPFKIFYNFNR-HWPFGDTLCKISGTA-FLTNIYGSMLFLTCISVDRFLAIVYPFRSRTIRTRRNSAIVCAGVWILVLSGGISASLFSTTN------VNNATTTCFEGFSKRVWKTYLSK-ITIFIEVVGFIIPLILNVSCSS----VVLRTLR-KPATLSQIGTNKKKVLKMITVHMAVFVVCFVPYNSVLFLYALVRSQA----ITNCFLERFAKIMYPITLCLATLNCCFDPFIYYFTLESFQKSFYIN--------AHIRMESLFKTETPL-TTKPSLPAIQEEVSDQTTNNGGELMLESTF---------------------



P2Y10  ---------------------------MANLDKYTET-------------------------------FKMGSNSTSTA-----EIYCNVT-NVKFQYSLYA-------TTYILIFIPGLLANSAALWVLCRFIS----KKNKAIIFMINLSVADLAHVLSLPLRIYYYISH-HWPFQRALCLLCFYL-KYLNMYASICFLTCISLQRCFFLLKPFRARDWKR-RYDVGISAAIWIVVGTACLPFPILRSTD-------LNNNKSCFADLGYKQMNAVALVGMITVAELAGFVIPVIIIAWCTW----KTTISLR-QPPMAFQGISERQKALRMVFMCAAVFFICFTPYHINFIFYTMVKETI----ISSCPVVRIALYFHPFCLCLASLCCLLDPILYYFMASEFRDQLSRH--------GSSVTRSRLMSKES---GSSMIG--------------------------------------------



PAR1   MGPRRLLLVAACFSLCGPLLSARTRARRPESKATNATLDPRSFLLRNPNDKYEPFWEDEEKNESGLTEYRLVSINKSSP-L--QKQLPAFISEDASGYLTSSWLTLFVPSVYTGVFVVSLPLNIMAIVVFILKMK----VKKPAVVYMLHLATADVLFVSVLPFKISYYFSGSDWQFGSELCRFVTAA-FYCNMYASILLMTVISIDRFLAVVYPMQSLSWRTLGRASFTCLAIWALAIAGVVPLVLKEQTIQVP----GLNITTCHDVLNETLLEGYYAY-YFSAFSAVFFFVPLIISTVCYV----SIIRCLS-SSAVANRS--KKSRALFLSAAVFCIFIICFGPTNVLLIAHYSFLSHT--------STTEAAYFAYLLCVCVSSISSCIDPLIYYYASSECQRYVYS----------ILCCKESSDPSSYN--SSGQLMASKMDTCSSNLNNSIYKKLLT-----------------------



PAR2   ---MRSPSAAWLLGAAILLAASLSCSGTIQGTNRSSKGR-------------------------SLIGKVDGTSHVTGKGV--TVETVFSVDEFSASVLTGKLTTVFLPIVYTIVFVVGLPSNGMALWVFLFRTK----KKHPAVIYMANLALADLLSVIWFPLKIAYHIHGNNWIYGEALCNVLIGF-FYGNMYCSILFMTCLSVQRYWVIVNPMG-HSRKKANIAIGISLAIWLLILLVTIPLYVVKQTIFIP----ALNITTCHDVLPEQLLVGDMFN-YFLSLAIGVFLFPAFLTASAYV----LMIRMLR-SSAMDENSEKKRKRAIKLIVTVLAMYLICFTPSNLLLVVHYFLIKS---------QGQSHVYALYIVALCLSTLNSCIDPFVYYFVSHDFRDHAKN---------ALLCRSVRTVKQMQVSLTSKKHSRKSSSYSSSSTTVKTSY---------------------------



PAR3   -----MKALIFAAAGLLLLLPTFCQSGMENDTNNLAKPTLPIKTFRGAPPN------SFEEFPFSALEGWTGATITVKIKCPEESASHLHVKNATMGYLTSSLSTKLIPAIYLLVFVVGVPANAVTLWMLFFRTR-----SICTTVFYTNLAIADFLFCVTLPFKIAYHLNGNNWVFGEVLCRATTVI-FYGNMYCSILLLACISINRYLAIVHPFTYRGLPKHTYALVTCGLVWATVFLYMLPFFILKQEYY----LVQPDITTCHDVHNTCESSSPFQLYYFISLAFFGFLIPFVLIIYCYA----AIIRTLN---AYDHRW----LWYVKASLLILVIFTICFAPSNIILIIHHANYYYN---------NTDGLYFIYLIALCLGSLNSCLDPFLYFLMSKTRNHSTAY------------LTK-------------------------------------------------------------


Group A16



OPSB_HUMA  -------------------MRKMSEEEFYLFKNISS---VGPWDGPQYHIAPVWAFYLQAAFMGTVF--LIGFPLNAMVLVATLRYKKLRQPLNYILVNVSFGGFLLCIFSVFPVFVASCNGYFVFGRHVCALEGFLGTVAGLVTGWSLAFLAFERYIVICKPFGNFRFSSKHALTVVLATWTIGIGVSIPPFFGWSRFIPEGLQCSCGPDWYTVGTKYRSESYTWFLFIFCFIVPLSLICFSYTQLLRALKA-VAAQQQESATTQKAER-EVSRMVVVMVGSFCVCYVPYAAFAMYMVNNRNHGLDLRLVTIPSFFSKSACIYNPIIYCFMNKQFQACIMKMV-CGKA-MTDESDTCSSQKTEVSTVSSTQVGPN



OPSD_HUMA  -------------------MNGTEGPNFYVPFSNATGVVRSPFEYPQYYLAEPWQFSMLAAYMFLLI--VLGFPINFLTLYVTVQHKKLRTPLNYILLNLAVADLFMVLGGFTSTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWSLVVLAIERYVVVCKPMSNFRFGENHAIMGVAFTWVMALACAAPPLAGWSRYIPEGLQCSCGIDYYTLKPEVNNESFVIYMFVVHFTIPMIIIFFCYGQLVFTVKE-AAAQQQESATTQKAEK-EVTRMVIIMVIAFLICWVPYASVAFYIFTHQGSNFGPIFMTIPAFFAKSAAIYNPVIYIMMNKQFRNCMLTTICCGKNPLGDDEASATVSKTETSQVAPA-----



OPSG_HUMA  MAQQWSLQRLAGRHPQDSYEDSTQSSIFTYTNSNST---RGPFEGPNYHIAPRWVYHLTSVWMIFVV--IASVFTNGLVLAATMKFKKLRHPLNWILVNLAVADLAETVIASTISVVNQVYGYFVLGHPMCVLEGYTVSLCGITGLWSLAIISWERWMVVCKPFGNVRFDAKLAIVGIAFSWIWAAVWTAPPIFGWSRYWPHGLKTSCGPDVFSGSSYPGVQSYMIVLMVTCCITPLSIIVLCYLQVWLAIRA-VAKQQKESESTQKAEK-EVTRMVVVMVLAFCFCWGPYAFFACFAAANPGYPFHPLMAALPAFFAKSATIYNPVIYVFMNRQFRNCILQLF--GKK-VDDGSELSSASKTEVSSVSSVSPA--



OPSR_HUMA  MAQQWSLQRLAGRHPQDSYEDSTQSSIFTYTNSNST---RGPFEGPNYHIAPRWVYHLTSVWMIFVV--TASVFTNGLVLAATMKFKKLRHPLNWILVNLAVADLAETVIASTISIVNQVSGYFVLGHPMCVLEGYTVSLCGITGLWSLAIISWERWLVVCKPFGNVRFDAKLAIVGIAFSWIWSAVWTAPPIFGWSRYWPHGLKTSCGPDVFSGSSYPGVQSYMIVLMVTCCIIPLAIIMLCYLQVWLAIRA-VAKQQKESESTQKAEK-EVTRMVVVMIFAYCVCWGPYTFFACFAAANPGYAFHPLMAALPAYFAKSATIYNPVIYVFMNRQFRNCILQLF--GKK-VDDGSELSSASKTEVSSVSSVSPA--



OPSX_HUMA  -------------------------------MLRNNLGNSSDSKNEDGSVFSQTEHNIVATYLIMAG--MISIISNIIVLGIFIKYKELRTPTNAIIINLAVTDIGVSSIGYPMSAASDLYGSWKFGYAGCQVYAGLNIFFGMASIGLLTVVAVDRYLTICLPDVGRRMTTNTYIGLILGAWINGLFWALMPIIGWASYAPDPTGATCTINWRKNDR--SFVSYTMTVIAINFIVPLTVMFYCYYHVTLSIKHHTTSDCTESLNRDWSDQIDVTKMSVIMICMFLVAWSPYSIVCLWASFGDPKKIPPPMAIIAPLFAKSSTFYNPCIYVVANKKFRRAMLAMFKCQTHQTMPVTSILPMDVSQNPLASGRI----



RGR_HUMAN  ------------------------------------------MAETSALPTGFGELEVLAVGMVLLVEALSGLSLNTLTIFSFCKTPELRTPCHLLVLSLALADSGISLNA-LVAATSSLLRRWPYGSDGCQAHGFQGFVTALASICSSAAIAWGRYHHYCT---RSQLAWNSAVSLVLFVWLSSAFWAALPLLGWGHYDYEPLGTCCTLDYSKGDR--NFTSFLFTMSFFNFAMPLFITITSYSLM------------EQKLGKSGHLQVNTT----LPARTLLLGWGPYAILYLYAVIADVTSISPKLQMVPALIAKMVPTINAINYALGNEMVCRGIWQCLSPQKREKDRTK---------------------


Group A17



5H2A_HUMA  ----------------------MDILCEENTSLSSTTNSLMQLNDDTRLYSNDFNSGEANTSDAFNWTVDSENRTNLSCEGCLSPSCLSLLHLQEKNWSALLTAVVIILTIAGNILVIMAVSLEKKLQN-ATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAVWIYLDVLFSTASIMHLCAISLDRYVAIQNPIHHSRFNSR---TKAFLKIIAVWTISVGISMPIPVFGLQDDS-------------------------KVFKEGSCLL-ADD--NFVLIGSFVSFFIPLTIMVITYFLTIKSLQKEATLCVS--------------------------------------------------------------------------------------------------------------------DLGTRAKLASFSFLPQSSLSSEKLFQRSIHREPGSYTGRRTMQSISNEQKACKVLGIVFFLFVVMWCPFFITNIMAVICKESCN------EDVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFSRYIQ-CQYKENKKPLQLILVNTIPALAYKSSQLQMGQKKNSKQDAKTTDNDCSMVALGKQHSEEASKDNSDGVNEKVSCV--------------------------------------------------------------------------------



5H2B_HUMA  ------------------------------------------MALSYRVSELQSTIPEHILQSTFVHVISSNWSGLQTESIPEEMKQIVEEQGNKLHWAALLILMVIIPTIGGNTLVILAVSLEKKLQY-ATNYFLMSLAVADLLVGLFVMPIALLTIMFEAMWPLPLVLCPAWLFLDVLFSTASIMHLCAISVDRYIAIKKPIQANQYNSR---ATAFIKITVVWLISIGIAIPVPIKGI-------------------------ETDVDNPNNITCVLTKERFGDFMLFGSLAAFFTPLAIMIVTYFLTIHALQKKAYLVKNKPPQRLTWLTVSTVFQRDETPC--------------------------------------------------------------------------------------------------SSPEKVAMLDGSRKDKALPNSGDETLMRRTSTIGKKSVQTISNEQRASKVLGIVFFLFLLMWCPFFITNITLVLCDS-CN------QTTLQMLLEIFVWIGYVSSGVNPLVYTLFNKTFRDAFGRYIT-CNYRATKSVKTLRKRSSKIYFRNPMAENSKFFKKHGIRNGINPAMYQSPMRLRSSTIQSSSIILLDTLLLTENEGDKTEEQVSYV----------------------------------------------------------------------



5H2C_HUMA  -------------------------------------------MVNLRNAVHSFLVHLIGLLVWQCDISVSPVAAIVTDIFNTSDGGRFKFPDGVQNWPALSIVIIIIMTIGGNILVIMAVSMEKKLHN-ATNYFLMSLAIADMLVGLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNPIEHSRFNSR---TKAIMKIAIVWAISIGVSVPIPVIGLRDE------------------------EKVFVNNTTCVL-NDP--NFVLIGSFVAFFIPLTIMVITYCLTIYVLRRQALMLLHGHTEEPPGLSLDF------------------------------------------------------------------------------------------------------------LKCCKRNTAEEENSANPNQDQNARRRKKKERRPRGTMQAINNERKASKVLGIVFFVFLIMWCPFFITNILSVLCEKSCN------QKLMEKLLNVFVWIGYVCSGINPLVYTLFNKIYRRAFSNYLR-CNYKVEKKP-PVRQIPRVAATALSGRELNVNIYRHTNEPVIEKASDNEPGIEMQVENLELPVNPSSVVSERISSV--------------------------------------------------------------------------------



5H6_HUMAN  ----------------------------------------------------------------------MVPEPGPTANSTPAWGAGPPSAPGGSGWVAAALCVVIALTAAANSLLIALICTQPALRN-TSNFFLVSLFTSDLMVGLVVMPPAMLNALYG-RWVLARGLCLLWTAFDVMCCSASILNLCLISLDRYLLILSPLRYKLRMTP---LRALALVLGAWSLAALASFLPLLLGWHELG-----------------------HARPPVPGQCRLLASL--PFVLVASGLTFFLPSGAICFTYCRILLAARKQAVQVASLTTG-----------------------------------------------------------------------------------------------------------------------------MASQASETLQVPRTPRPGVESADSRRLATKHSRKALKASLTLGILLGMFFVTWLPFFVANIVQAVCD-----------CISPGLFDVLTWLGYCNSTMNPIIYPLFMRDFKRALGRFLP-CPRCPRERQASLASPSLRTSHSGPRPGLSLQQVLPLPLPPDSDSDSDAGSGGSSGLRLTAQLLLPGEATQDPPLPTRAAAAVNFFNIDPAEPELRPHPLGIPTN---------------------------------------------------



A1AA_HUMA  ----------------------------------------------------------------------MVFLSGNASDSSNCTQPPAPVNISKAILLGVILGGLILFGVLGNILVILSVACHRHLHS-VTHYYIVNLAVADLLLTSTVLPFSAIFEVLG-YWAFGRVFCNIWAAVDVLCCTASIMGLCIISIDRYIGVSYPLRYPTIVTQ---RRGLMALLCVWALSLVISIGPLFG-WRQPA--------------------------PEDETICQINEEP--GYVLFSALGSFYLPLAIILVMYCRVYVVAKRESRGLKSGLKTD---------------------------------------------------------------------------------------------------------------------KSDSEQVTLRIHRKNAPAGGSGMASAKTKTHFSVRLLKFSREKKAAKTLGIVVGCFVLCWLPFFLVMPIGSFFP-DFK--------PSETVFKIVFWLGYLNSCINPIIYPCSSQEFKKAFQNVLRIQCLCRKQSSKHALGYTLHPPSQAVEGQHKDMVRIPVGSRETFYRISKTDGVCEWKFFSSMPRGSARITVSKDQSSCTTARVRSKSFLQVCCCVGPSTPSLDKNHQVPTIKVHTISLSENGEEV--------------------------------



A1AB_HUMA  ---------------------------------------------------MNPDLDTGHNTSAPAHWGELKNANFTGPNQTSSNSTLPQLDITRAISVGLVLGAFILFAIVGNILVILSVACNRHLRT-PTNYFIVNLAMADLLLSFTVLPFSAALEVLG-YWVLGRIFCDIWAAVDVLCCTASILSLCAISIDRYIGVRYSLQYPTLVTR---RKAILALLSVWVLSTVISIGPLLG-WKEPA--------------------------PNDDKECGVTEEP--FYALFSSLGSFYIPLAVILVMYCRVYIVAKRTTKNLEAGVMKEMSN------------------------------------------------------------------------------------------------------------------SKELTLRIHSKNFHEDTLSSTKAKGHNPRSSIAVKLFKFSREKKAAKTLGIVVGMFILCWLPFFIALPLGSLFS-TLK--------PPDAVFKVVFWLGYFNSCLNPIIYPCSSKEFKRAFVRILG-CQCRGRRRRRRRRRRLGGCAYTYRPWTRGGSLERSQSRKDSLDDSGSCLSGSQRTLPSASPSPGYLGRGAPPPVELCAFPEWKAPGALLSLPAPEPPGRRGRHDSGPLFTFKLLTEPESPGTDGGASNGGCEAAADVANGQPGFKSNMPLAPGQF



A1AD_HUMA  MTFRDLLSVSFEGPRPDSSAGGSSAGGGGGSAGGAAPSEGPAVGGVPGGAGGGGGVVGAGSGEDNRSSAGEPGSAGAGGDVNGTAAVGGLVVSAQGVGVGVFLAAFILMAVAGNLLVILSVACNRHLQT-VTNYFIVNLAVADLLLSATVLPFSATMEVLG-FWAFGRAFCDVWAAVDVLCCTASILSLCTISVDRYVGVRHSLKYPAIMTE---RKAAAILALLWVVALVVSVGPLLG-WKEP--------------------------VPPDERFCGITEEA--GYAVFSSVCSFYLPMAVIVVMYCRVYVVARSTTRSLEAGVKRERGKASEV---------------------------------------------------------------------------------------------------------------VLRIHCRGAATGADGAHGMRSAKGHTFRSSLSVRLLKFSREKKAAKTLAIVVGVFVLCWFPFFFVLPLGSLFP-QLK--------PSEGVFKVIFWLGYFNSCVNPLIYPCSSREFKRAFLRLLR-CQCRRRRRRRPLWRVYGHHWRASTSGLRQDCAPSSGDAPPGAPLALTALPDPDPEPPGTPEMQAPVASRRKPPSAFREWRLLGPFRRPTTQLRAKVSSLSHKIRAGGAQRAEAACAQRSEVEAVSLGVPHEVAEGATCQAYELADYSNLRETDI-



A2AA_HUMA  ---------------------------------------------------------------MGSLQPDAGNASWNGTEAPGGGARATPYSLQVTLTLVCLAGLLMLLTVFGNVLVIIAVFTSRALKA-PQNLFLVSLASADILVATLVIPFSLANEVMG-YWYFGKAWCEIYLALDVLFCTSSIVHLCAISLDRYWSITQAIEYNLKRTP---RRIKAIIITVWVISAVISFPPLISIEKKGG----------------------GGGPQPAEPRCEINDQK--WYVISSCIGSFFAPCLIMILVYVRIYQIAKRRTRVPPSRRGPDAVAAPPGGTERRPNGLGPERSAGPGGAEAEPLPTQLNGAPGEPAPAGPRDTDALDLEESSSSDHAERPPGPRRPERGPRGKGKARAS---------------------------QVKPGDSLPRRGPGATGIGTPAAGPGEERVGAAKASRWRGRQNREKRFTFVLAVVIGVFVVCWFPFFFTYTLTAV---GCS--------VPRTLFKFFFWFGYCNSSLNPVIYTIFNHDFRRAFKKILCRGDRKRIV----------------------------------------------------------------------------------------------------------------------------------------------------



A2AB_HUMA  ------------------------------------------------------------------------------------MDHQDPYSVQATAAIAAAITFLILFTIFGNALVILAVLTSRSLRA-PQNLFLVSLAAADILVATLIIPFSLANELLG-YWYFRRTWCEVYLALDVLFCTSSIVHLCAISLDRYWAVSRALEYNSKRTP---RRIKCIILTVWLIAAVISLPPLIYKGDQG-------------------------PQPRGRPQCKLNQEA--WYILASSIGSFFAPCLIMILVYLRIYLIAKRSNRRGPRAKGGPGQGESKQPRPDHGGALASAKLPALASVASAREVNGHSKSTGEKEEGETPEDTGTRALPPSWAALPNSGQGQKEGVCGASPEDEAEEEEEEEEEEEECEPQAVPVSPAS------ACSPPLQQPQGSRVLATLRGQVLLGRGVGAIGGQWWRRRAQLTREKRFTFVLAVVIGVFVLCWFPFFFSYSLGAICPKHCK--------VPHGLFQFFFWIGYCNSSLNPVIYTIFNQDFRRAFRRILCRPWTQTAW----------------------------------------------------------------------------------------------------------------------------------------------------



A2AC_HUMA  ---------------------------------------------MASPALAAALAVAAAAGPNASGAGERGSGGVANASGASWGPPRGQYSAGAVAGLAAVVGFLIVFTVVGNVLVVIAVLTSRALRA-PQNLFLVSLASADILVATLVMPFSLANELMA-YWYFGQVWCGVYLALDVLFCTSSIVHLCAISLDRYWSVTQAVEYNLKRTP---RRVKATIVAVWLISAVISFPPLVSLYRQPD--------------------------GAAYPQCGLNDET--WYILSSCIGSFFAPCLIMGLVYARIYRVAKLRTRTLSEKRAPVGPDGASPTTENGLGAAAGAGENGHCAPPPADVEPDESSAAAERRRRRGALRRGGRRRAGAEGGAGGADGQGAGPGAAESGAL---------------------------------TASRSPGPGGRLSRASSRSVEFFLSRRRRARSSVCRRKVAQAREKRFTFVLAVVMGVFVLCWFPFFFSYSLYGICREACQ--------VPGPLFKFFFWIGYCNSSLNPVIYTVFNQDFRRSFKHILFRRRRRGFRQ---------------------------------------------------------------------------------------------------------------------------------------------------



B1AR_HUMA  --------------------------------------MGAGVLVLGASEPGNLSSAAPLPDGAATAARLLVPASPPASLLPPASESPEPLSQQWTAGMGLLMALIVLLIVAGNVLVIVAIAKTPRLQT-LTNLFIMSLASADLVMGLLVVPFGATIVVWG-RWEYGSFFCELWTSVDVLCVTASIETLCVIALDRYLAITSPFRYQSLLTR---ARARGLVCTVWAISALVSFLPILMHWWRAE-------------------SDEARRCYNDPKCCDFVTNR--AYAIASSVVSFYVPLCIMAFVYLRVFREAQKQVKKIDSCERRFLGGPARPPS---------------------------------------------------------------------------------------------------------PSPSPVPAPAPPPGPPRPAAAAATAPLANGRAGKRRPSRLVALREQKALKTLGIIMGVFTLCWLPFFLANVVKAFHRE----------LVPDRLFVFFNWLGYANSAFNPIIYCR-SPDFRKAFQGLLC-CARRAARRRHATHGDRPRASGCLARPG-----PPPSPGAASDDDDDDVVGATPPARLLEPWAGCNGGAAADSDSSLDEPCRPGFASESKV-----------------------------------------------------------------



B2AR_HUMA  ---------------------------------------------------------------MGQPGNGSAFLLAPNRSHAPDHDVTQQRDEVWVVGMGIVMSLIVLAIVFGNVLVITAIAKFERLQT-VTNYFITSLACADLVMGLAVVPFGAAHILMK-MWTFGNFWCEFWTSIDVLCVTASIETLCVIAVDRYFAITSPFKYQSLLTK---NKARVIILMVWIVSGLTSFLPIQMHWYRAT-------------------HQEAINCYANETCCDFFTNQ--AYAIASSIVSFYVPLVIMVFVYSRVFQEAKRQLQKIDKSEGRF-----------------------------------------------------------------------------------------------------------------------------------HVQNLSQVEQDGRTGHGLRRSSKFCLKEHKALKTLGIIMGTFTLCWLPFFIVNIVHVIQD----------NLIRKEVYILLNWIGYVNSGFNPLIYCR-SPDFRIAFQELLCLRRSSLKAYGNGYSSNGNTGEQSGYHVEQEKENKLLCEDLPGTEDFVGHQGTVPSDNIDSQGRNCSTNDSLL------------------------------------------------------------------------------------



B3AR_HUMA  -----------------------------------------------------------MAPWPHENSSLAPWPDLPTLAPNTANTSGLPGVPWEAALAGALLALAVLATVGGNLLVIVAIAWTPRLQT-MTNVFVTSLAAADLVMGLLVVPPAATLALTG-HWPLGATGCELWTSVDVLCVTASIETLCALAVDRYLAVTNPLRYGALVTK---RCARTAVVLVWVVSAAVSFAPIMSQWWRVG------------------ADAEAQRCHSNPRCCAFASNM--PYVLLSSSVSFYLPLLVMLFVYARVFVVATRQLRLLRGELGRFPPEES---------------------------------------------------------------------------------------------------------------------PPAPSRSLAPAPVGTCAPPEGVPACGRRPARLLPLREHRALCTLGLIMGTFTLCWLPFFLANVLRALGGP---------SLVPGPAFLALNWLGYANSAFNPLIYCR-SPDFRSAFRRLLCRCGRRLPPEPCAAARPALFPSGVPA-----------------------ARSSPAQPRLCQRLDGASWGVS--------------------------------------------------------------------------------------



D2DR_HUMA  --------------------------------------------------------------MDPLNLSWYDDDLERQNWSRPFNGSDGKADRPHYNYYATLLTLLIAVIVFGNVLVCMAVSREKALQT-TTNYLIVSLAVADLLVATLVMPWVVYLEVVG-EWKFSRIHCDIFVTLDVMMCTASILNLCAISIDRYTAVAMPMLYNTRYS--SKRRVTVMISIVWVLSFTISCPL-LFGLNNA-----------------------------DQNECII-ANP--AFVVYSSIVSFYVPFIVTLLVYIKIYIVLRRRRKRVNTKRSSRAFRAHLRAPLKGNCTHPEDMKLCTVIMKSNGSFPVNRRRVEAARRAQELEMEMLSSTSPPERTRYSPIPPSHHQLTLPDPSHHGLHSTPDSPA---------------------KPEKNGHAKDHPKIAKIFEIQTMPNGKTRTSLKTMSRRKLSQQKEKKATQMLAIVLGVFIICWLPFFITHILNIHCD----------CNIPPVLYSAFTWLGYVNSAVNPIIYTTFNIEFRKAFLKILH-C----------------------------------------------------------------------------------------------------------------------------------------------------------



D3DR_HUMA  -------------------------------------------------------------------MASLSQLSSHLNYTCGAENSTGASQARPHAYYALSYCALILAIVFGNGLVCMAVLKERALQT-TTNYLVVSLAVADLLVATLVMPWVVYLEVTGGVWNFSRICCDVFVTLDVMMCTASILNLCAISIDRYTAVVMPVHYQHGTGQSSCRRVALMITAVWVLAFAVSC-PLLFGFNTTG----------------------------DPTVCSI-SNP--DFVIYSSVVSFYLPFGVTVLVYARIYVVLKQRRRKRILTRQNSQCNSVRPGFPQQTLSPDPAHLELKRYYSICQDTALGGPGFQERGGELKREEK----------------------------------------------------------------TRNSLSPTIAPKLSLEVRKLSNGRLSTSLKLGPLQPRGVPLREKKATQMVAIVLGAFIVCWLPFFLTHVLNTHCQT---------CHVSPELYSATTWLGYVNSALNPVIYTTFNIEFRKAFLKILS-C----------------------------------------------------------------------------------------------------------------------------------------------------------



D4DR_HUMA  --------------------------------------------------------------MGNRSTADADGLLAGRGPAAGASAGASAGLAGQGAAALVGGVLLIGAVLAGNSLVCVSVATERALQT-PTNSFIVSLAAADLLLALLVLPLFVYSEVQGGAWLLSPRLCDALMAMDVMLCTASIFNLCAISVDRFVAVAVPLRYNRQGGS---RRQLLLIGATWLLSAAVAA-PVLCGLNDV--------------------------RGRDPAVCRL-EDR--DYVVYSSVCSFFLPCPLMLLLYWATFRGLQRWEVARRAKLHGRAPRRPSGPGPPSPTPPAPRLPQDPCGPDCAPPAPGLPRGPCGPDCAPAAPGLPPDPCGPDCAPPAPGLPQDPCGPDCAPPAPGLPRGPCGPDCAPPAPGLPQDPCGPDCAP---PAPGLPPDPCGSNCAPPDAVRAAALPPQTPPQTRRRRRAKITGRERKAMRVLPVVVGAFLLCWTPFFVVHITQALCPA---------CSVPPRLVSAVTWLGYVNSALNPVIYTVFNAEFRNVFRKALRACC---------------------------------------------------------------------------------------------------------------------------------------------------------



DADR_HUMA  -------------------------------------------------------------------------MRTLNTSAMDGTGLVVERDFSVRILTACFLSLLILSTLLGNTLVCAAVIRFRHLRSKVTNFFVISLAVSDLLVAVLVMPWKAVAEIAG-FWPFGS-FCNIWVAFDIMCSTASILNLCVISVDRYWAISSPFRYERKMTP---KAAFILISVAWTLSVLISFIPVQLSWHKAK--------------PTSPSDGNATSLAETIDNCDSSLSR--TYAISSSVISFYIPVAIMIVTYTRIYRIAQKQIRRIAALER-------------------------------------------------------------------------------------------------------------------------------AAVHAKNCQTTTGNGKPVECSQPESSFKMSFKRETKVLKTLSVIMGVFVCCWLPFFILNCILPFCGSGET----QPFCIDSNTFDVFVWFGWANSSLNPIIYA-FNADFRKAFSTLLG-CYRLCPATNNAIETVSINNNGAAMFSSHHEPRGSISKECNLVYLIPHAVGSSEDLKKEEAAGIARPLEKLSPALSV-----ILDYDTDVSLEKIQPITQNGQHPT--------------------------------------------------



DBDR_HUMA  --------------------------------------------------------MLPPGSNGTAYPGQFALYQQLAQGNAVGGSAGAPPLGPSQVVTACLLTLLIIWTLLGNVLVCAAIVRSRHLRANMTNVFIVSLAVSDLFVALLVMPWKAVAEVAG-YWPFG-AFCDVWVAFDIMCSTASILNLCVISVDRYWAISRPFRYKRKMTQ---RMALVMVGLAWTLSILISFIPVQLNWHRDQAASWGGLDLPNNLANWTPWEEDFWEPDVNAENCDSSLNR--TYAISSSLISFYIPVAIMIVTYTRIYRIAQVQIRRISSLER--------------------------------------------------------------------------------------------------------------------------------------AAEHAQSCRSSAACAPDTSLRASIKKETKVLKTLSVIMGVFVCCWLPFFILNCMVPFCSGHPEGPPAGFPCVSETTFDVFVWFGWANSSLNPVIYA-FNADFQKVFAQLLG-CSHFCSRTPVETVNISNELISYNQDIVFHKEIAAAYIHMMPNAVTPGNREVDNDEEEGPFDRMFQIYQTSPDGDPVAESVWELDCEGEISLDKITPFTPNGFH----------------------------------------------------



GPR102     -----------------------------------------------------------------MTSNFSQPVVQLCYEDVNGSCIETPYSPGSRVILYTAFSFGSLLAVFGNLLVMTSVLHFKQLHS-PTNFLIASLACADFLVGVTVMLFSMVRTVES-CWYFGAKFCTLHSCCDVAFCYSSVLHLCFICIDRYIVVTDPLVYATKFTV---SVSGICISVSWILPLTYSGAVFYTGVNDDG-------------------LEELVSALNCVGGCQIIVSQ--GWVLIDFLL-FFIPTLVMIILYSKIFLIAKQQAIKIETTSS------------------------------------------------------------------------------------------------------------------------------------------------KVESSSESYKIRVAKRERKAAKTLGVTVLAFVISWLPYTVDILIDAFMG----------FLTPAYIYEICCWSAYYNSAMNPLIYALFYPWFRKAIKLILSGDVLKASSSTISLFLE--------------------------------------------------------------------------------------------------------------------------------------------



GPR57      -----------------------------------------------------------------MDLTYIPEDLSSCPKFVNKILSSHQPLFSCPGDNVFGYDWSHDYPLFGNLVIMVSISHFKQLHS-PTNFLILSMATTDFLLGFVIMPYSIMRSVES-CWYFGDGFCKFHTSFDMMLRLTSIFHLCSIAIDRFYAVCYPLHYTTKMTN---STIKQLLAFCWSVPALFSFGLVLSEADVSG-------------------MQSYKILVACFNFCALTFNK--FWGTILFTTCFFTPGSIMVGIYGKIFIVSKQHARVISHVP--------------------------------------------------------------------------------------------------------------------------------------------------ENTKGAVKKHLSKKKDRKAAKTLGIVMGVFLACWLPCFLAVLIDPYLD----------YSTPILILDLLVWLRYFNSTCNPLIHGFFNPWFQKAFKYIVSGKIFSSHSETANLFPEAH------------------------------------------------------------------------------------------------------------------------------------------



GPR58      --------------------------------------------------------------------------------------------------MYSFMAGSIFITIFGNLAMIISISYFKQLHT-PTNFLILSMAITDFLLGFTIMPYSMIRSVEN-CWYFGLTFCKIYYSFDLMLSITSIFHLCSVAIDRFYAICYPLLYSTKITI---PVIKRLLLLCWSVPGAFAFGAVFSEAYADG-------------------IEGYDILVACSSSCPVMFNK--LWGTTLFMAGFFTPGSMMVGIYGKIFAVSRKHAHAINN--------------------------------------------------------------------------------------------------------------------------------------------------------LRENQNNQVKKDKKAAKTLGIVIGVFLLCWFPCFFTILLDPFLN----------FSTPVVLFDALTWFGYFNSTCNPLIYGFFYPWFRRALKYILLGKIFSSCFHNTILCMQKESE----------------------------------------------------------------------------------------------------------------------------------------



HH2R_HUMA  -----------------------------------------------------------------------------MAPNGTASSFCLDSTACKI-TITVVLAVLILITVAGNVVVCLAVGLNRRLRN-LTNCFIVSLAITDLLLGLLVLPFSAIYQLSC-KWSFGKVFCNIYTSLDVMLCTASILNLFMISLDRYCAVMDPLRYPVLVT---PVRVAISLVLIWVISITLSFLSIHLGWNSRN---------------------ETSKGNHTTSKCKVQVNE--VYGLVDGLVTFYLPLLIMCITYYRIFKVARDQAKRINH---------------------------------------------------------------------------------------------------------------------------------------------------------ISSWKAATIREHKATVTLAAVMGAFIICWFPYFTAFVYRGLRGD---------DAINEVLEAIVLWLGYANSALNPILYAALNRDFRTGYQQLFC-CRLANRNSHKTSLRSNASQLSRTQSREPRQQEEKPLKLQVWSGTEVTAPQGATDR----------------------------------------------------------------------------------------------------



PNR_HUMAN  --------------------------------------------------------------MRAVFIQGAEEHPAAFCYQVNGSCPRTVHTLGIQLVIYLTCAAGMLIIVLGNVFVAFAVSYFKALHT-PTNFLLLSLALADMFLGLLVLPLSTIRSVES-CWFFGDFLCRLHTYLDTLFCLTSIFHLCFISIDRHCAICDPLLYPSKFTV---RVALRYILAGWGVPAAYTSLFLYTDVVETR-------------------LSQWLEEMPCVGSCQLLLNK--FWGWLN-FPLFFVPCLIMISLYVKIFVVATRQAQQITT--------------------------------------------------------------------------------------------------------------------------------------------------------LSKSLAGAAKHERKAAKTLGIVVGIYLLCWLPFTIDTMVDSLLH----------FITPPLVFDIFIWFAYFNSACNPIIYVFSYQWFRKALKLTLSQKVFSPQTRTVDLYQE--------------------------------------------------------------------------------------------------------------------------------------------


Group A18a



ACM1_HUMA  -------------------------------------------MNTSAPPAVSPNITVLAPGK---GPWQVAFIGITTGLLSLATVTGNLLVLISFKVNTELKTVNNYFLLSLACADLIIGTFSMNLYTTYLLMGHWALGTLACDLWLALDYVASNASVMNLLLISFDRYFSVTRPLSYRAKRTPRRAALMIGLAWLVSFVLWAPAILFWQYLVGERTVL-AGQCYIQFLSQPIITFGTAMAAFYLPVTVMCTLYWRIYRETENRARELAALQGSETPGKGGGSSSSS----------------------------------------------------------------------------------------------ERSQPGAEGSPETPPGRCCRCCRAPRLLQAYSWKEEEEEDEGSMESLTSSEGEEPGSEVVIKMPMVDPEAQAPTKQPPRSSPNTVKRPTKKGRDRAGKGQKPRGKEQLAKRKTFSLVKEKKAARTLSAILLAFILTWTPYNIMVLVSTFCKDCVPETLWELGYWLCYVNSTINPMCYALCNKAFRDTFRLLLLCRWDKRRWRKIPKRPGSVHRTPSRQC----



ACM2_HUMA  ---------------------------------------------MNNSTNSSNNSLALTSPY---KTFEVVFIVLVAGSLSLVTIIGNILVMVSIKVNRHLQTVNNYFLFSLACADLIIGVFSMNLYTLYTVIGYWPLGPVVCDLWLALDYVVSNASVMNLLIISFDRYFCVTKPLTYPVKRTTKMAGMMIAAAWVLSFILWAPAILFWQFIVGVRTVE-DGECYIQFFSNAAVTFGTAIAAFYLPVIIMTVLYWHISRASKSRIKKDKKEPVANQDPVSPSLVQGRIVKPNNNNMPSSDDGLEHNKIQNGKAP---------------------------------------------------------------------RDPVTENCVQGEEKESSNDSTSVSAVASNMRDDEITQDENTVSTSLGHSKDENSKQTCIRIGTKTPKSDSCTPTNTTVEVVGSSGQNGDEKQNIVARKIVKMTKQPA-KKKPPPSREKKVTRTILAILLAFIITWAPYNVMVLINTFCAPCIPNTVWTIGYWLCYINSTINPACYALCNATFKKTFKHLLMCHYKNIGATR--------------------



ACM3_HUMA  MTLHNNSTTSPLFPNISSSWIHSPSDAGLPPGTVTHFGSYNVSRAAGNFSSPDGTTDDPLGGH---TVWQVVFIAFLTGILALVTIIGNILVIVSFKVNKQLKTVNNYFLLSLACADLIIGVISMNLFTTYIIMNRWALGNLACDLWLAIDYVASNASVMNLLVISFDRYFSITRPLTYRAKRTTKRAGVMIGLAWVISFVLWAPAILFWQYFVGKRTVP-PGECFIQFLSEPTITFGTAIAAFYMPVTIMTILYWRIYKETEKRTKELAGLQASGTEAETENFVHPTGSSRSCSSYELQQQSMKRSNRRKYGRCHFWFTTKSWKPSSEQMDQDHSSSDSWNNNDAAASLENSASSDEEDIGSETRAIYSIVLKLPGHSTILNSTKLPSSDNLQVPEEELGMVD-----LERKADKLQAQKSVDDGGSFPKSFSKLPIQLESAVDTAKTSDVNSSVGKSTATL------PLSFKEATLAKRFALKTRSQITKRKRMSLVKEKKAAQTLSAILLAFIITWTPYNIMVLVNTFCDSCIPKTFWNLGYWLCYINSTVNPVCYALCNKTFRTTFKMLLLCQCDKKKRRKQQYQQRQSVIFHKRAPEQAL



ACM4_HUMA  ------------------------------------MANFTPVNGSSGNQSVRLVTSSSHNRY---ETVEMVFIATVTGSLSLVTVVGNILVMLSIKVNRQLQTVNNYFLFSLACADLIIGAFSMNLYTVYIIKGYWPLGAVVCDLWLALDYVVSNASVMNLLIISFDRYFCVTKPLTYPARRTTKMAGLMIAAAWVLSFVLWAPAILFWQFVVGKRTVP-DNQCFIQFLSNPAVTFGTAIAAFYLPVVIMTVLYIHISLASRSRVHKHRPEGPKEKKAKTLAFLKSPLMKQSVKKPPPGEAAREELRNGKLEEAPPPALPPPP------------------------------------------------------------RPVADKDTSNESSSGSATQNTKERPATELSTTEATTPAMPAPPLQPRALNPASRWSKIQIVT----KQTGNECVTAIEIVPAT--PAGMRPAANVARKFASIARNQVRKKRQMAARERKVTRTIFAILLAFILTWTPYNVMVLVNTFCQSCIPDTVWSIGYWLCYVNSTINPACYALCNATFKKTFRHLLLCQYRNIGTAR--------------------



ACM5_HUMA  --------------------------------------MEGDSYHNATTVNGTPVNHQPLERH---RLWEVITIAAVTAVVSLITIVGNVLVMISFKVNSQLKTVNNYYLLSLACADLIIGIFSMNLYTTYILMGRWALGSLACDLWLALDYVASNASVMNLLVISFDRYFSITRPLTYRAKRTPKRAGIMIGLAWLISFILWAPAILCWQYLVGKRTVP-LDECQIQFLSEPTITFGTAIAAFYIPVSVMTILYCRIYRETEKRTKDLADLQGSDSVTKAEKRKPAHRALFRSCLRCPRPTLAQRERNQASWSSSRRSTSTTGKPSQATGPSANWAKAEQLTTCSSYPSSEDEDKPATD----------------------PVLQVVYKSQGKESPGEEFSAEETEETFVKAETEKSDYDTPNYLLSPAAAHRPKSQKCVAYKFRLVVKADGNQETNNGCHKVKIMPCPFPVAKEPSTKGLNPNPSHQMTKRKRVVLVKERKAAQTLSAILLAFIITWTPYNIMVLVSTFCDKCVPVTLWHLGYWLCYVNSTVNPICYALCNRTFRKTFKMLLLCRWKKKKVEEKLYWQGNSKLP---------



HH1R_HUMA  --------------------------------------------MSLPNSSCLLEDKMCEGNKTTMASPQLMPLVVVLSTICLVTVGLNLLVLYAVRSERKLHTVGNLYIVSLSVADLIVGAVVMPMNILYLLMSKWSLGRPLCLFWLSMDYVASTASIFSVFILCIDRYRSVQQPLRYLKYRTKTRASATILGAWFLSF-LWVIPILGWNHFMQQTSVRREDKCETDFYDVTWFKVMTAIINFYLPTLLMLWFYAKIYKAVRQHCQHRELINRSLPSFSEIKLRPENPKGDAKKPGKESPWEVLKRKPKDAGGGSVLKSPSQTPKEMKSPVVFSQEDDREVDKLYCFPL-------------------------------------------DIVHMQAAAEGSSRDYVAVNRSHGQLKTDEQGLNTHGASEISEDQMLGDSQSFSRTDSDTTTETAPGKGKLRSGSNTGLDYIKFTWKRLRSHSRQYVSG---LHMNRERKAAKQLGFIMAAFILCWIPYFIFFMVIAFCKNCCNEHLHMFTIWLGYINSTLNPLIYPLCNENFKKTFKRILHIRS---------------------------


Group A18b



AA1R_HUMA  ---MPPSISAFQAAYIGIEVLIALVSVPGNVLVIWAVKVNQALRDATFCFIVSLAVADVAVGALVIPLAILINIGPQTYFHTCLMVACPVLILTQSSILALLAIAVDRYLRVKIPLRYKMVVTPRRAAVAIAGCWILSFVVGLTPMFGWNNLSAVER----AWAANGSMGEPVIKCEFEKVISMEYMVYFNFFVWVLPPLLLMVLIYLEVFYLIRKQLNKKVSAS--SGDPQKYYGKELKIAKSLALILFLFALSWLPLHILNCITLFCP-SC-HKPSILTYIAIFLTHGNSAMNPIVYAFRIQKFRVTFLKIWNDHFRCQPAP-PIDEDL---------------------------------PEERPDD----------------------------------------------------



AA2A_HUMA  ------MPIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLQNVTNYFVVSLAAADIAVGVLAIPFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYIAIRIPLRYNGLVTGTRAKGIIAICWVLSFAIGLTPMLGWNNCGQPKE----GKNHSQGCGEGQVACLFEDVVPMNYMVYFNFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVGLFALCWLPLHIINCFTFFCP-DCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFRKIIRSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNGYALGLVSGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGVS



AA2B_HUMA  -----MLLETQDALYVALELVIAALSVAGNVLVCAAVGTANTLQTPTNYFLVSLAAADVAVGLFAIPFAITISLGFCTDFYGCLFLACFVLVLTQSSIFSLLAVAVDRYLAICVPLRYKSLVTGTRARGVIAVLWVLAFGIGLTPFLGWNSKDSATNNCTEPWDGTTNESCCLVKCLFENVVPMSYMVYFNFFGCVLPPLLIMLVIYIKIFLVACRQLQRTELM----DHSRTTLQREIHAAKSLAMIVGIFALCWLPVHAVNCVTLFQPAQGKNKPKWAMNMAILLSHANSVVNPIVYAYRNRDFRYTFHKIISRYLLCQAD-VKSGNGQAGVQPALGVGL---------------------------------------------------------------------------------



AA3R_HUMA  MPNNSTALSLANVTYITMEIFIGLCAIVGNVLVICVVKLNPSLQTTTFYFIVSLALADIAVGVLVMPLAIVVSLGITIHFYSCLFMTCLLLIFTHASIMSLLAIAVDRYLRVKLTVRYKRVTTHRRIWLALGLCWLVSFLVGLTPMFGWNMKLTSEY----------HRNVTFLSCQFVSVMRMDYMVYFSFLTWIFIPLVVMCAIYLDIFYIIRNKLSLNLS-N--SKETGAFYGREFKTAKSLFLVLFLFALSWLPLSIINCIIYF---NG-EVPQLVLYMGILLSHANSMMNPIVYAYKIKKFKETYLLILKACVVCHPSD-SLDTSIEKNSE---------------------------------------------------------------------------------------


Group A18c



GP27_HUMA  MANAS----EPGGSGGGEAAALGLKLATLSLLLCVSLAGNVLFALLIVRERSLHRAPYYLLLDLCLADGLRALACLPAVMLAARRAAAAAGAPPGALGCKLLAFLAALFCFHAAFLLLGVGVTRYLAIAHHRFYAERLAGWPCAAMLVCAAWALALAAAFPPVLDGGGDD---EDAPCALEQRPDGAPGALGFLLLLAVVVGATHLVYLRLLFFIHDRRKMRPARLVPAVSHDWTFHGPGATGQAAANWTAGFGRGPTPPALVGIRPAGPGRGARRLLVLEEFKTEKRLCKMFYAVTLLFLLLWGPYVVASYLRVLVRPGAVPQAYLTASVWLTFAQAGINPVVCFLFNRELRDCFRA--QFPCCQSPRTTQATHPCDLKGIGL



GP85_HUMA  MANYSHAADNILQNLSP--LTAFLKLTSLGFIIGVSVVGNLLISILLVKDKTLHRAPYYFLLDLCCSDILRSAICFPFVFNSVKNGSTWTY---GTLTCKVIAFLGVLSCFHTAFMLFCISVTRYLAIAHHRFYTKRLTFWTCLAV-ICMVWTLSVAMAFPPVLDVGTYSFIREEDQCTFQHRSFRANDSLGFMLLLALILLATQLVYLKLIFFVHDRRKMKPVQFVAAVSQNWTFHGPGASGQAAANWLAGFGRGPTPPTLLGIRQNANTTGRRRLLVLDEFKMEKRISRMFYIMTFLFLTLWGPYLVACYWRVFARGPVVPGGFLTAAVWMSFAQAGINPFVCIFSNRELRRCFST--TLLYCRKSR--LPREPYCVI----



SREB3      MANTTGEPEEVSGALSPPSASAYVKLVLLGLIMCVSLAGNAILSLLVLKERALHKAPYYFLLDLCLADGIRSAVCFPFVLASVRHGSSWTF---SALSCKIVAFMAVLFCFHAAFMLFCISVTRYMAIAHHRFYAKRMTLWTCAAV-ICMAWTLSVAMAFPPVFDVGTYKFIREEDQCIFEHRYFKANDTLGFMLMLAVLMAATHAVYGKLLLFEYRHRKMKPVQMVPAISQNWTFHGPGATGQAAANWIAGFGRGPMPPTLLGIRQNGHAAS-RRLLGMDEVKGEKQLGRMFYAITLLFLLLWSPYIVACYWRVFVKACAVPHRYLATAVWMSFAQAAVNPIVCFLLNKDLKKCLRTHAPCWGTGGAP--APREPYCVM----


Group A18d



GPR101  MTSTCTNSTRESNSSHTCMPLSKMPISLAHGIIRSTVLVIFLAASFV--GNIVLALVLQRKPQLLQVTNRFIFNLLVTDLLQISLVAPWVVATSVPLFWPLNSHFCTALVSLTHLFAFASVNTIVVVSVDRYLSIIHPLSYPSKMTQRRGYLLLYGTWIVAILQSTPPLYGWGQAAFDERNALCSMIWGASPSYTILSVVSFIVIPLIVMIACYSVVFCAARRQHALLYNVKRHSLEVRVKDCVENEDEEGAEKKEEFQDESEFRRQHEGEVKAKEGRMEAKDGSLKAKEGSTGTSESSVEARGSEEVRESSTVASDGSMEGKEGSTKVEENSMKADKGRTEVNQCSIDLGEDDMEFGEDDINFSEDDVEAVNIPESLPPSRRNSNSNPPLPRCYQCKAAKVIFIIIFSYVLSLGPY-CFLAVLAVWVDVETQVPQWVITIIIWLFFLQCCIHPYVYGYMHKTIKKEIQDML-----------------KKFFCKEKPPKEDSHPDLPGTEGGTEGK----------IVPSYDSATFP--



RE2     MSLNSSLSCRKELSNLTEEEGGE------GGVIITQFIAIIVITIFVCLGNLVIVVTLYKKSYLLTLSNKFVFSLTLSNFLLSVLVLPFVVTSSIRREWIFGVVWCNFSALLYLLISSASMLTLGVIAIDRYYAVLYPMVYPMKITGNRAVMALVYIWLHSLIGCLPPLFGWSSVEFDEFKWMCVAAWHREPGYTAFWQIWCALFPFLVMLVCYGFIFRVAR--------VKARKVHCGTVVIVEEDAQ-------------------------RTGR----------KNSSTSTSSSGSRRNAFQGVVYSAN----------------------------------------------------------------------------------QCKALITILVVLGAFMVTWGPYMVVIASEALWG--KSSVSPSLETWATWLSFASAVCHPLIYGLWNKTVRKELLGMCFGDRYYREPFVQRQRTSRLFSISNRITDLGLSPHLTALMAGGQPLGHSSSTGDTGFSCSQDSGNLRAL


Group A18e



GP61_HUMA  MESSPIPQSSGNSSTLGRVPQTPGPSTASGVPEVGLRDVASESVALFFMLLLDLTAVAGNAAVMAVIAKTPALRKFVFVFHLCLVDLLAALTLMPLAMLSSPA-LFDHALFGEVACRLYLFLSVCFVSLAILSVSAINVERYYYVVHPMRYEVRMTLGLVASVLVGVWVKALAMASVPVLGRVSWEEGAPSVPPHCS-LQWSHSAYCQLFVVVFAVLYFLLPLLLILLVYCSMFRVARVAAMPDGPLPTWMETPRQRSESLSSRSTMVTSSGAPQTTPHRTFGGGKAAVVLLAVGGQFLLCWLPYFSFHLYVALSAQPISTGQVE---SVVTWIGYFCFTSNPFFYGCLNRQIRGELSKQFVCFFKPAPEEELRLPSREGSIEENFLQFLQGTGCPSESWVSRPLPSPKQEPPAVDFRIQAR--



GP62_HUMA  ----------------------------MANSTGLNASEVAGSLGLILAAVVEVGALLGNGALLVVVLRTPGLRDALYLAHLCVVDLLAAASIMPLGLLAAPPPGLGRVRLGPAPCRAARFLSAALLPACTLGVAALGLARYRLIVHPLRPGSRPPP---VLVLTAVWAAAGLLGALSLLGPPPAPPPAPA---RCSVLAGGLGP----FRPLWALLAFALPALLLLGAYGGIFVVARRAALRPPRPARGSRLRSDSL----------DSRLSILPPLRPRLPGGKAALAPALAVGQFAACWLPYGCACLAPA--------ARAAEAEAAVTWVAYSAFAAHPFLYGLLQRPVRLALGRLSRRALPGPVRACTPQAWHPRALLQCLQRPPEGPAVGPSEAPEQTPELAGGRSPAYQGPPESSLS


Group A18f



GP63_HUMA  MVFSAVLTAFHTGTSNTTFVVYENTYMNITLPPPFQHPDLSPLLRYSFETMAPTGLSSLTVNSTAVPTTPAAFKSLNLPLQITLSAIMIFILFVSFLGNLVVCLMVYQKAAMRSAINILLASLAFADMLLAVLNMPFALVTILTTRWIFGKFFCRVSAMFFWLFVIEGVAILLIISIDRFLIIVQRQDKLNPYRAKVLIAVSW----ATSFCVAFPLAVGNPDLQIPSRAPQCVFGYTTNPGYQAYVILISLISFFIPFLVILYSFMGILNTLRHNALRIHSYPEGICLSQASKLGLMSLQRPFQMSIDMGFKTRAFTTILILFAVFIVCWAPFTTYSLVATFSKHFYYQHNFFEISTWLLWLCYLKSALNPLIYYWRIKKFHDACLDMMPKSFKFLPQLPGHTKRRIRPSAVYVCGEHRTVV



PSP24      -----------------------------------------------MACNSTSLEAYTYLLLNTSNASDSGSTQLPAPLRISLAIVMLLMTVVGFLGNTVVCIIVYQRPAMRSAINLLLATLAFSDIMLSLCCMPFTAVTLITVRWHFGDHFCRLSATLYWFFVLEGVAILLIISVDRFLIIVQRQDKLNPRRAKVIIAVSWVLSWVLSFCIAGPSLTGWTLVEVPARAPQCVLGYTELPADRAYVVTLVVAVFFAPFGVMLCAYMCILNTVRKNAVRVHNQSDSLDLRQLTRAGLRRLQRQQQVSVDLSFKTKAFTTILILFVGFSLCWLPHSVYSLLSVFSQRFYCGSSFYATSTCVLWLSYLKSVFNPIVYCWRIKKFREACIELLPQTFQILPKVPERIRRRIQPSTVYCCNENQSAV


Group A18g



GP52_HUMA  MNESRWTEWRILNMSSGIVNASERHSCPLGFGHYSVVDVCIFETVVIVLLTFLIIAGNLTVIFAFHCAPLLHHYTTSYFIQTMAYADLFVGVSCLVPTLSLLH-YSTGVHESLTCRVFGYIISVLKSVSMACLACISVDRYLAITKPLSYNQLVTPCRLRICIILIWIYSCLIFLPSFFGWGKPGYHGDIFEWCATSWLTSAYFTGFIVCLLYAPAAFVVCFTYFHIFKICRQHTKEINDRRARFPSHEVDSSRETGHSPDRRYAMVLFRITSVFYMLWLPYIIYFLLESSR--VLDNPTLS-FLTTWLAVSNSFCNCVIYSLSNGVFRLGLRRLFETMCTSCMCVKDQEAQEPKPRKRANSCSI-



GPL_HUMAN  ------------MNSTLDGNQSSHPFCLLAFGYLETVNFCLLEVLIIVFLTVLIISGNIIVIFVFHCAPLLNHHTTSYFIQTMAYADLFVGVSCVVPSLSLLHH-PLPVEESLTCQIFGFVVSVLKSVSMASLACISIDRYIAITKPLTYNTLVTPWRLRLCIFLIWLYSTLVFLPSFFHWGKPGYHGDVFQWCAESWHTDSYFTLFIVMMLYAPAALIVCFTYFNIFRICQQHTKDISERQARF-SSQSGETGEVQACPDKRYAMVLFRITSVFYILWLPYIIYFLLESSTGH---SNRFASFLTTWLAISNSFCNCVIYSLSNSVFQRGLKRLSGAMCTSCASQTTANDPYTVRSKGPLNGCHI


Group A18h



GPR84  -----------MWNSSDANFSCYHESVLGYRYVAVSWGVVVAVTGTVGNVLTLLALAIQPKLRTRFNLLIANLTLADLLYCTLLQPFSVDTYL---H-----LHWR-TGATFCRVF-GLLLFASNSVSILTLCLIALGRYLLIAH-PKLFPQVFSAKGIVLALVSTWVVGVASFAPL---WPIYILVPVV-CTCSFDRIRGRP--YTTILMGIYFVLGLSSVGIFYCLIHRQVKRAAQALDQYKLRQASIHSNHVARTDEAMPGRFQELDSRLASGGPSEGISSEPVSAATTQTLEGDSSEVGDQINSKRAKQMAEKSPPEASAKAQPIKGARRAPDSSSEFGKVTRMCFAVFLCFALSYIPFLLLNILDARVQ--APRVVHMLAANLTWLNGCINPVLYAAMNRQFRQAYGSILKRGPRSFHRLH----------------------



GPR88  MTNSSSTSTSTTTGGSLLLLCEEEESWAGRRIPVSLLYSGLAIGGTLANGMVIYLVSSFRKLQTTSNAFIVNGCAADLSVCALWMPQEAVLGLLPSGSAEPPGDWDG-GGGSYRLLRGGLLGLGLTVSLLSHCLVALNRYLLITRAPATYQVLYQRRHTVGMLALSWALALGLVLL-LPPWAPKPGAEPPQ------------VHYPALLAAGALLAQTALLLHCYLGIVRRVRVSVKRVSVLNFHLLHQLPGCAAAAAAFPAAPHAPGPGGAAHPAQPQP-------------------------------------------------LPAALQPRRAQRRLSGLSVLLLCCVFLLATQPLVWVSLASGFS-LPVPWGVQAASWLLCCALSALNPLLYTWRNEEFRRSVRSVLPGVGDAAAAAAAATAVPAMSQAQLGTRAAGQHW


Group A18i


GPR78 MGPGEALLAGLLVMVLAVALLSNALVLLCCAYSAELRTRASGVLLVNLSLGHLLLAALDMPFTLLGVMRGRTPSAPGACQVIGFLDTFLASNAALSVAALSADQWLAVGFPLRYAGRLRPRYAGLLLGCAWGQSLAFSGAALGCSWLGYSSAFASCSLRLPPEPERPRFAAFTATLHAVGFVLPLAVLCLTSLQVHRVARRHCQRMDTVTMKALAVLADLHPSVRHGCLIQQKRRRHRATRKIGIAIATFLICFAPYVMTRLAELVPFVTVNAQWGILSKCLTYSKAVADPFTYSLLRRPFRQVLAGMVHRLLKRTPRPASTHDSSLDVAGMVHQLLKRTPRPASTHNGSVDTENDSCLQQTH


Group A19



5H1A_HUMA  ---------------------------------------------MDVLSPGQGNNTTSPPAPFETGGNTTGISDVTVSYQVITSLLLGTLIFCAVLGNACVVAAIALERSLQNVANYLIGSLAVTDLMVSVLVLPM-AALYQVL-NKWTLGQVTCDLFIALDVLCCTSSILHLCAIALDRYWAITDPIDYVNKRTPRRAAALISLTWLIGFLISIPPMLGWRT-PEDRSDP-DACTISKDHG-YTIYSTFGAFYIPLLLMLVLYGRIFRAARFRIRKTVKKVEKTGADTRHGASPAPQPKKSVNGESGSRNWRLG----VESKAGGALCANGAVRQGDDGAALEVIEVHRVGNSKEHLPLPSEAGPTPCAPASFERKNERNAEAKRKMA-LARERKTVKTLGIIMGTFILCWLPFFIVALVLP-FCESSCH-MPTLLGAIINWLGYSNSLLNPVIYAYFNKDFQNAFKKIIKCKFCRQ-------------------------------------------------------------------------



5H1B_HUMA  --------------------------------MEEPGAQCAPPPPAGSETWVPQANLSSAPSQNCSAKDYIYQDSISLPWKVLLVMLLALITLATTLSNAFVIATVYRTRKLHTPANYLIASLAVTDLLVSILVMPI-STMYTVT-GRWTLGQVVCDFWLSSDITCCTASILHLCVIALDRYWAITDAVEYSAKRTPKRAAVMIALVWVFSISISLPPFF-WRQ-AKAEEEV-SECVVNTDHILYTVYSTVGAFYFPTLLLIALYGRIYVEARSRILKQ---------------TPNRTGKRLTRAQL-----ITDSPGST-SSVTSINSRVPDV------------------PSESGSPVYVNQVKV--------RVSDALLE-KKKLM-AARERKATKTLGIILGAFIVCWLPFFIISLVMP-ICKDACW-FHLAIFDFFTWLGYLNSLINPIIYTMSNEDFKQAFHKLIRFKCTS--------------------------------------------------------------------------



5H1D_HUMA  -------------------------------------------MSPLNQSAEGLPQEASNRSLNATETSEAWDPRTLQALKISLAVVLSVITLATVLSNAFVLTTILLTRKLHTPANYLIGSLATTDLLVSILVMPI-SIAYTIT-HTWNFGQILCDIWLSSDITCCTASILHLCVIALDRYWAITDALEYSKRRTAGHAATMIAIVWAISICISIPPLF-WRQ-AKAQEEM-SDCLVNTSQISYTIYSTCGAFYIPSVLLIILYGRIYRAARNRILN----------------PPSLYGKRFTTAHL-----ITGSAG---SSLCSLNSSLHEGH-----------------SHSAGSPLFFNHVKIKLA--------DSALE-RKRIS-AARERKATKILGIILGAFIICWLPFFVVSLVLP-ICRDSCW-IHPALFDFFTWLGYLNSLINPIIYTVFNEEFRQAFQKIVPFRKAS--------------------------------------------------------------------------



5H1E_HUMA  -----------------------------------------------------------MNITNCTTEASMAIRPKTITEKMLICMTLVVITTLTTLLNLAVIMAIGTTKKLHQPANYLICSLAVTDLLVAVLVMPL-SIIYIVM-DRWKLGYFLCEVWLSVDMTCCTCSILHLCVIALDRYWAITNAIEYARKRTAKRAALMILTVWTISIFISMPPLF-WRSHRRLSPPP-SQCTIQHDHVIYTIYSTLGAFYIPLTLILILYYRIYHAAKSLYQKR---------------GSSRHLSNRSTDSQNSFASCKLTQTFCVSDFS---------------------------TSDPTTEFEKFHASIRIPP--FDNDLDHPGE-RQQIS-STRERKAARILGLILGAFILSWLPFFIKELIVG-LS--IYT-VSSEVADFLTWLGYVNSLINPLLYTSFNEDFKLAFKKLIRCREHT--------------------------------------------------------------------------



5H1F_HUMA  ----------------------------------------------------------MDFLNSSDQNLTSEELLNRMPSKILVSLTLSGLALMTTTINSLVIAAIIVTRKLHHPANYLICSLAVTDFLVAVLVMPF-SIVYIVR-ESWIMGQVVCDIWLSVDITCCTCSILHLSAIALDRYRAITDAVEYARKRTPKHAGIMITIVWIISVFISMPPLF-WR-HQGTSRD--DECIIKHDHIVSTIYSTFGAFYIPLALILILYYKIYRAAKTLYHKR---------------QASRIAKEEVNGQV-----LLESGEKSTKSVSTSYVLEKSL-------------------SDPSTDFDKIHSTVRSLRSEF--KHEKSWR-RQKIS-GTRERKAATTLGLILGAFVICWLPFFVKELVVN-VC-DKCK-ISEEMSNFLAWLGYLNSLINPLIYTIFNEDFKKAFQKLVRCRC----------------------------------------------------------------------------



5H5A_HUMA  -----------------------------------------MDLPVNLTSFSLSTPSPLETNHSLGKDDLRPSSPLLSVFGVLILTLLGFLVAATFAWNLLVLATILRVRTFHRVPHNLVASMAVSDVLVAALVMPL-SLVHELSGRRWQLGRRLCQLWIACDVLCCTASIWNVTAIALDRYWSITRHMEYTLRTRKCVSNVMIALTWALSAVISLAPLL-FGW-GETYSEGSEECQVSREP-SYAVFSTVGAFYLPLCVVLFVYWKIYKAAKFRVGSRK-----------------------------------------TNSVSPI---------------------------SEAVEVKDSAKQPQMVFTVRHATVTFQPE-GDTWR-EQKEQRAALMVGILIGVFVLCWIPFFLTELISP-LC--SCD-IPAIWKSIFLWLGYSNSFFNPLIYTAFNKNYNSAFKNFFSRQH----------------------------------------------------------------------------



5H7_HUMAN  MMDVNSSGRPDLYGHLRSFLLPEVGRGLPDLSPDGGADPVAGSWAPHLLSEVTASPAPTWDAPPDNASGCGEQINYGRVEKVVIGSILTLITLLTIAGNCLVVISVCFVKKLRQPSNYLIVSLALADLSVAVAVMPFVSVTDLIG-GKWIFGHFFCNVFIAMDVMCCTASIMTLCVISIDRYLGITRPLTYPVRQNGKCMAKMILSVWLLSASITLPPLF-GW-AQNVNDD--KVCLISQD-FGYTIYSTAVAFYIPMSVMLFMYYQIYKAARKSAAKHKFPGFPRVEPDSVIALNGIVKLQKEVEECANLSRLLK------------------------------------------------------------------HE-RKNISIFKREQKAATTLGIIVGAFTVCWLPFFLLSTARPFICGTSCSCIPLWVERTFLWLGYANSLINPFIYAFFNRDLRTTYRSLLQCQYRNINRKLSAAGMHEALKLAERPERPEFVLRACTRRVLLRPEKRPPVSVWVLQSPDHHNWLADKMLTTVEKKVMIHD
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Data 1. Ancestral GPCR sequences


Amino acid sequences of ancestor sequences to each of the GPCR groups using the reconstruction methodology.


>A1anc


MEMNIQVITFYDIECKDQIAFPLSVVGLNLVILKKLSTILNASLFFLFAYRDWVGACLSMYIFYGFIMMIRLIHAFLATTGITSLTVVIFSLGIYCQENNCSYESQWHQLMILLLLIICVIRLRRERHKARIAMVFFWTPNVFNFEQLDESQDAMNTIQDDTCCINPIIYAFVGEKFRKYLLHFFQKVYRRMDYLLIDLLTPWNSPGRNMPRQSSQLSDSSRQSSSYARRLYVIHELETALFHNPLKNNVLFKTCKVFIFYILTFNMLIVELFHNYAEIGQPLFGVLRALCYGDYAFMLFGSILTDAVQSGWAFFEEHFEPYLRIIFRQTTYPAYLYVRVANGYGEPDNGILHQADLMQFKVAMLTILQTFCFFNCVK


>A2aanc


MDMMMQVSNVPMESEAFEDASPGNFSESHNNSNGLPPFNTDASMCPNEEGEHSQNINKYFLVIIYTIMFVIGLLGNSLVILVFIRARTKMSITDLYILNLAVADLLIVLTLPIWVVSMVQHNQWIFGAFLCKIMSLIYSVNMYSGIFFLTCMSVDRYLAIAHATRTSQRRPRKHMHARIVCALIWLLSLIVSLPDFVYNQTYHSNNNNATPICFFDYPNDNITKWRMVVQMLQHTFGFIVPFAIMALCYVIIVRTLIQAHQHQKHRALRMIFAVVLVFLLCWLPYNIALLLDTLQRTQIIAATCRLENRLYIALQVTDILAFLHCCLNPIIYAFIGQNFRNNLLKIIINHTSLSQLNTSSHSSSSAVSSESSEISTTSFTSAANAAPHPM


>A2banc


MGNCLHRAELSPSTENSSQLDFEDVWNSSYGVNDSFPDGDYDANLEAAAPCHSCNLLDDSALPFFILTSVLGILASSTVLFMLFRPLFRWQLCPGWPVLAQLAVGSALFSIVVPVLAPGLGSTRSSALCSLGYCVWYGSAFAQALLLGCHASLGHRLGAGQVPGLTLGLTVGIWGVAALLTLPVTLASGASGGLCTLIYSTELKALQATHTVACLAIFVLLPLGLFGAKGLKKALGMGPGPWMNILWAWFIFWWPHGVVLGLDFLVRSKLLLLSTCLAQQALDLLLNLAEALAILHCVATPLLLALFCHQATRTLLPSLPLPEGWSSHLDTLGSKS


>A3anc


MRENSTMAPTESWAPSEMQAGLDSENANNANNDNRCQAGSWKYTNVIIPTLYLIIFLLGLLGNALVVTVFHFHKGPRRVADIFILNLAVADLIFLLTLPLWATYTANQYDWPFGNYLCKIISYMISMNMYASVFLLTCMSIDRYLAIVRPMASRRMRRRRSAAVACVVIWVLAALLALPTMVFRTVQAIENTNITACAMNYPMEKNSAWEVGLGLLSNILGFLIPFLIILTCYFHIMRSLRKNYQVERKNNIRKRRRVLKIIMAIVAAFIICWLPFHIFKFLYILASLGLIRYSCQIADIIQLAMPIAICIAYINSCLNPFIYVFLDRRFRRNILSVLCGCTSRLQGRSNSSSSEKSLSYRSSNSIAPSANTPSPSWEVSQQ


>A4anc


MTSAQAISFPEPLPSRGPGSNAEPGLSVSADNGSAPNATALAPLPNPNGPPTSASAQGLAVLIPAIYSVICVVGLAGNSLVIYVILRYAKMKTVTNIYILNLAIADELFTLSLPIQATDILLRHWPFGELLCKLVLAIDHYNMFTSIYYLTVMSVDRYLVVVHPVRARHMAWRTYRAAKVVNLAVWVIATLVVLPIAVFAGVNSNQQGDRISCMLQFPNPASYWFTAFIIYTFLLGFVIPVSIICVCYSTMIRRLRAVRLRSGAKQRDRSKRRITIMVLVVLAVYLLCWTPFHLATIVNAVTDLPQTPLAVAMSYFITALSYANSCLNPFLYAFLDDNFRRSFRQILRARCSEWMGSAADQQVASEARQNTRRQAAACEEDETTEQQAAAAEEESNNLMPTSRITQI


>A5anc


MQMHDARIHQEMHKEAKRDKIANLFGRENDLREFMANSGNASAELPGPMETLVANLMNGNGSPAAPNASNAPAAGPISVENLVVPVVFAVIMLLGVVGNSLVITVIARSKPAVGKRRSTTNLFILNLAVTDLAFLLCCIPFMAVIYALDTWVFGDFMCKFVHYIIFVSMYASIFTLTAMSVDRYLAIVHPLRSQQRRTPRNALAVVLSIWALSALMSAPVLIYQRLVRFPGNQALCLEAWPDRAHQRAFHALCNFLAGYLLPLLVICLCYARMLRHLRRSLKVGPAGAAAAAGGMSQRARRRASKKVTRMVLAVVVLFAICWLPYHILQLWAAFGPHPLTPARSYLLRILAHCLAYSNSCLNPIIYAFLGRHFRKAFRRLCPCAARRSVRARRAKPSARARSHPSGGSLGHAPPSARHQSEGAAGPAPRAAAVQGPNAAPPPEPAW


>A6aanc


MWCCSLEWPRQHLGFHRRLTLIRQTNKSLWIRLHDRYCCCRHCWWNLRRLHSSAPMEREMMAMQSQGSQPEVSSSLLNPSNPTPNSEEAINLSYLSPYLHPPETRSQEALVLILAYVLIFVLSMVGNTLVCVVVMRNKHMRTVTNIFIVNLALSDLLVAIFCMPITLLQNIMDTWIFGNAICKMVSYLQSTSVSVSVFTLTCIALERYQAICHPFKAKWWLTIRRAFNIIVIIWLLALIIMVPMAVVMQVESEYYHVMPNARNRTSPHNSCQERWANDVHQKIYHTFIFLIIYLAPLALMVMAYFQISRKLYGAIRFDADRKKDAQSRKRPETTSVVQNNWSPLSQLPRSREPRQPTEPQMRSAPAPGSNSAASARQLRKKKRAVRMLMVVVLLFILCWLPIYALNMLIEYSGMSAQAAHRVTIYASFSFVHWLAYANSSVNPIIYSFMNENFRQEFLAAFSCCCPNKPPSPSQALPSSRTSAMSIKSLFQLRSSSDNATPHGELTSVNTVAPKPQQNQAGKMLKRNLARSEPECAHNPPLDPAW


>A6banc


MLMMNSAAASQGHPSPPAIASSESQMQPWDTRDPELAKVEIAVLSIVFVLAALSNASVLLALQRKGRKTSRMHLFIKHLSLADLAVALFQVLPQLMWNITYRFRGPDLLCRVVKYLQMFGMYASAYMMLVMTLDRHLAICHPLRSLRQNSGRRSHRMIAVAWVLSAVFSLPQLFIFSMRNVEDGSGVRDCWASFAQPWGRRAYVTWTALAIFVAPVIIMAACNALIIYEIHRNLRVKPQSSRQGKGAWRTGGRRRPSRLAAPSRNQSVNNISRARIRTVKMTLVIVTAYIVCWAPFFIVQMWSAWDPEAPNEESDNPAFVISMLLASLNSCYNPWIYAFFSSHLLPSPLRSLPCCANMRPRMSREPTDESSSSQSSTLNNRTSSNATLMWKDSPKLSKRIRFEEVPR


>A6canc


MCFSPILEINMQSESNITVRDDIDDINTNMYQPLSYPLSFQVSLTGFLMLEIVLGLGSNLTVLVLYCMKSNLINSVSNIITMNLHVLDVIICVGCIPLTIVILLLSLESNTALICCFHEACVSFASVSTAINVFAITLDRYDISVKPANRILTMGRAVMLMISIWIFSFFSFLIPFIEVNFFSLQSGNTWENKTLLCVSTNEYYTELGMYYHLLVQIPIFFFTVVVMLITYTKILQALNIRIGTRFSTGQKKKARKKKTISLTTQHEATDMSQSSGGRNVVFGVRTSVSVIIALRRAVKRHRERRERQKRVFRMSLLIISTFLLCWTPISVLNTTILCLGPSDLLVKLRLCFLVMAYGTTIFHPLLYAFTRQKFQKVLKSKMKKRVVSIVEADPLPNNAVIHNSWIDPKRNKKITFEDSEIREKRLVPQVVTD


>A7aanc


MRWLWPNPTALQLFLQIGEEREKGPRPLHMSPHPAETSEQQVPSARDTGYSETRGVQQSVPQDRAACLIPNNPEMYQPTKTLLMAQSQPSKASSTAFLVTNETERSASSEGSSISIKPPPGDTTTEIAFRCVIMVLYLLIFVVGIIGNATLMRIICQNKCMRNVPNIFIASLALGDLLIILICLPINVFNYLADRWLFGAIMCKLIPFIQMSSVGVTVFTLCALSIDRYRAVAKSMMKMQPIGIPLRTAVKIASIWVVSMLLAVPEAVFWDMAPFHAPNKNRSSFESCIMNPSPDLPVSKYAFMMFYQNIRMLWIFLIYFIIPLAIIAIYYTLITSTMIRKANKSLQVEENEHAKKQIQSRRQLAKTVLAFVVVFAFCWLPNHISNMLKSYNYNEVDPNMMDMISFLLLMNIISRILAFMNSCINPIALYLLSKRFSRCFMSCLCCCRSESIEQSTSTAMSNTSIKMLKNENNSSNMFTNSNVNSSHASVVKQCM


>A7banc


MTPLCLNCGTPPADMFQKAQSSPWEYNLSPEDAHSDPSPANSPLDEQRLQPEAAPALWILVPVIAVCLIIFVVGVAGNVLTVLVVSRYREKQSMRTTTNYYLGSMAVSDLLILLLGMPLDLYRFIWRSYPWVFGDLLCRLRQYLSEACTYATVLSITALSVERYIAICHPFRAKVLVTRRRVKMLIAVIWAAAMLYALPLFFLMGIEHEHESPDPSPAIVCNRSGPRHHEQPETNESRCRPFIVRRSLLNVIIWVTTIVFFFLPMICISVLYGLIARKLRRNRRPLKPSANGKTSTAARSRLNANVGQKCFIQGEHVNLSRHIESGRERGHRQTVRMLAVVVLAFIICWMPYHVNRIMFSYTSDPDWTDSMANIYQYFNLVSNIFFYLSAAINPILYNLMSQKYRAAVLKVLSARQSSHHKFHRLRDSSNSASTDNSANFFGNPEESATHQTSGNSSMENIHLTTLASEAEMQRTNHQLFHFNLE


>A8aanc


MRMENMGYNSSEATMNTNSSIPNRISESTLHVSAEITVLRILTLLIHAVAFVLGVLGNGLVIWVAGFRMKRTVTTICYLHLALADFMFTATLPFFMYSMAMGGHWPFGSSLCKLIFTIVFINLFASVFLITFIALDRCICVLHPVWAQNHRTVSLAHKVCIGIWVLALLLTLPHFIFLTTVQSTLNGHTLCYFNFSSSNDSNAEMNDWTAQERIDDDVVVAMHIVVTITRFIIGFLVPMAIIATCYALIAAKIQRQGLIKSSRPLRLLAVVVAAFFICWSPYHVVALLALVWIRAMLNNGMYPIMLIALNLTSALAFFNSCLNPILYVFMGQDFRERLIHSLPSVLERALSEVQDSTLQTSSSANNSTESSSETELQAMNECERPME


>A8banc


QNGTNEANVSTCHKQTLVLNILHWKTLIVSLCGLAGNALVLWLLGFRMRRNAFSIYILHLAAADFLFLSSRIVNSLLYFINFLVSIANSISKFLTTLMTFAYFVGLSMLAAISTERCLSVLWPIWYRCHRPPKHLSAVVCVLLWALSLLLNILEWMFCTFLFNDAEDSRALCRTVDMITVALWFIFLCPVMCGSSLTLLVRIQCCSRRMPRTRLYVTILLTVLVFLLCGLPLGIAWLLFYLFWIDLEMLFSHLHLISIFLSSINSSANPIIYFFVGSSRQRQNRQSLRLVLQRALQDEPELDAAKGSSNQETLELAASTLHQ


>A9aanc


MVPHLLMVAVHMMSPATNHQEGPASSSPMENALAVENASPSPTWTNMTLPDWQSSMSNSPANAYVQNPSEIALLAIAYGIIILFAIIGNVIVCWIIFRNRRMHTATNYFIVNLAIADLMMSVLNTVFTFVRFVNNIWIFGSAFCKFQRFFQYTSMHVSIYTMTAIAVDRYMAIVHPLQPRISITSAKIMIAVIWIMAAAFASPHAFYSTTNTMQDVRTLCLVEWPENPNGIFLKVYNLIVFVLIYILPLLIMFVAYARVAITLWRSEIDGDTAQRYHNIHPRTKKKIIKMMMIVVLLFAICWLPFHIYIILPSFNQDIYVYKTNNQVYLAIHWIAMSSTAYNPIIYCCLNDRFRIGMKQAFRMCQWVSMSSYDGNEYTTTTSLRMRQSNMYKISRMHTMATIFTVASTEESEDRSAPEKKNQSPINQSPSGSSISNSKEATETMSFISNPHTSVDEYS


>A9b


MTMGFMRDNMMSTSTSDLNMMNPNGANATSSHSNQTNARATPNGSEPVKLSDSQKLIALQIVLAMALVIIILVGVIGNLLVILAVVRNKKLRNATNIFIVNLAVADLLVAILCYPFILVYILIDQGWDLGELQCQMVNYLMGLSVIVSIFTITAIAINRYHVICHPLRSQMIYSIRNSALYIVLIWILTVLIVLPNMIFTIETNLQETYHVVTIEYDSRTYSCTQIWPGDQQLANTAYTVSILVIQFVLPLVIISFCYVRIWIKLWNRAQPACPNSMMPEMRRNKLIDRQLAEIRRNFLMMMCILVVFAVCWAPLHVITLVRDIDPQEMDPKHYNLVFLVSHLIAMFNSCLNAIIYGLLNENFRREYKKIFLALWNSRVIHPESSTDINAKQNEMPAASMRNNNRVKAATINRNHDCEKI


>A10anc


MPVPLGLPVFPAKALMAAAPPSLVLLPLAPSHCHPPRDCHSNRPFNCTEKGVTEIPSNLPASTQYLDISMNNITQLPENPFPNFRFLEELRLAENNLSYIPKGAFSGLNELEKIEMLQNNTLKQIESNAINNLSSLQEIRIQNANHITYIDPDSFENLHQLRYLSISNNAIKQIPDVHPIHSLETLFILDIADNINIHSIPGYAFTNLSSESVILRLHNNKIQEIQNHCFNGLHNLETLDLNYNNLDEFPQAIRTRPNLDELNFNDNNIRVIPDKAFDGNPLLRTIHFYDNHLEIMNNDAFHNLPDLHTLTIRGASMIQQFPNLTGTVHLESLTLTGTQISSIPNNLCNQLPNPRTLDLSYNNIRDLPSFNVCHKLQEIDLRHNQIYQIKEDTFQQLISLRILNLAWNLIHEIHPRAFATLPPIINLDISSNKLTSFPTYGLNNLNQLRLTGNYSLKELISSENFVNLMEISMPYPYHCCAFRGCENYEKWRRQYKEISNIHNKENNSSQNDSMQQESGMRNAANETNTEDFEEDFQMINSDYDYDICNEVEDVQCTPKPDAFNPCEHIMGSNMIRITIWFISILAITSNMIVILIVLTSHYNLSPPRFLMCLIAVANLFMGIYTAIIASVDAHTWGRYHNHAIWWQTGSGCNAAGFFSVFASELSVYLLTVITLERSFTVKYAMRLDRKIQLRQLRAIMLMAFLFALVAAAFPLFGRSEYSKVPICLPMDTDSPPSMVYIVTLIILNVLAFLMMAVCYIKIYINLENEDLMSNNSDSRMVKHIALLIFTNYIFMCPIAFFAFSAAINVTFITPEIMKFILLIFYPINACLNPLLYVIFNPNFRRDWIILRRRITVYSRQVQVYRSQQVSSINSDDINNQNCNSNQQVSLFTMSSIHSLIQASQNSSKHTEVTEECHMQSVLFCQCP


>A11anc


MLMAESLMLSRNSLQSSSPEMMNNNPCEMLSDFKSILILMVYILIFIVGLLANALALRVFLSRIRRRNPVATHIYLFNLALADLLLALALPFMMIYYLKGFHWPFPNVACPLTSFIFYSSMYVSILFLSAIAINRYLGVMHPLHSLHNRRRPRYAAIVSLAVWLLAFGLIIVVIIIQYLNITEHIRPQQGNETTCYNNYRDNELAVMISYRLALAVVQFVIPLIVIIFCYSRFVWALRRRPMATARGEHQQRRRRVAALLAVILINFIVCFLPYNIMRVIMHYIQRLDGQSPANSCQVLNYIIQTYNIATSLASLNSCVDPILYYFSSPVFRRSFHRLFRRLRGSWMQWNGESSKDTAEETNGDRNRADGPAEPQSSERTESSSAGSQGATANNH


>A12anc


MTFNMTLTKLPNWEYHGHRMQINTNHTQQPNNSFICPMDNELQSIVFPILYSIIFIVGIIGNGFALWVFIQIHSNRNSIKIYLINLVIADLLLIITLPFRIVNHANLGNWTLPVFLCKVAACLFYINMYISIIFLGFISIDRYLKITRPIKTSRINNPTRAIILSVVVWMLVLLAMLTMMILTNKNTKENNVIKCMEFRDEFGSKSHLIINFIIVVMFWIVFLIIIICYIMIIRNLYRNSKKRKSSNSSNKRKALRNIFIVVAVFIICFVPYHVVRIPYTLSQLNNVTDCNSREIIHKANEITLILAATNVCLDPIIYFFLSKNFREKLCEKFNRRRSSESIRSESRSEQTEVITPNDETPALKIQN


>A13anc


MQYQDIYLDMASAFAVFPNNFMVTILAGQPAAAMMTAAGSPQAPESGQPMSQCFYNETIDSHNNHINKQLGSQESDIACGPQLTAVAVLSLTLSLLIVLENLLVLAAIASNRSFHRRPMYYFIGNLAVADLLAGLAYVYNIINTHVINSGYLTARASLSQNQSFLIEGLLIMSFTASVASLLAIAIDRYISMMYPLAYYSITTRGRAVLLIGLVWTIALVLGLLPVLGWNCLSALDACSEMFPLYSKAYLLFWVLFFAMVFLIMVALYVHIFRLVRSRAQRMPQRPATRHRAGPGRPRRQSMNMRLLKTLVIVLGVFIVCWGPLFLLLLLDVFSPARQSAVLYLAQYSLLLALIMLNSMVNPIIYAFRSKELRRAFRQILCSWCSCSSMRDPNAERQRAVIASGSASSSDSSSNNIRDGRRTNEPDIRNTVKSASVTNSSSTDTSAEAAN


>A14anc


MNHCYPMSWSMSGSAMSSSNATTSATLSYDRLGVSPAFPAIMMVAGIVGNLLALALLARSSRVWCYRRRRPPRETAFYVFVCGLALTDLLGQLLVSPVVISAYASGQSWIAISPGGNRLCTYFAIVMTFFGLSSLLIASAMAVERYLAISHPFFYAQHVSARAARLALAAVWASSLLFCLLPLLGLGQYQLQYPGTWCFINLGSEEGGHANWGNLFYALLYAFLMALLITVTFLCNLLTILALCRMHRQRQQRRPSPGRRRWHAHAPRSVAARGHSAPASASAFAGDSRRRRSARRSGAEETEMVIQLMAMTVVMAVCWIPLVIMVLMTVFNQPSVMHCATHLERETEENELLQALRIASLNQILDPWVYILLRKAVLRRFIQIIYHRCSRVSSSTSESSQSSSSLSSRDSSAMEAPVSNFSASEQLEISAEGQTEPPDPTQQDLGENVLTGRNLEPGVPCMLC


>A15anc


MRMPAVAFALAAAIPMMDRRSIDFMSNDSNSNATPTPRIFLFRNPNDNDFEEFEFGMIEPMMGTNTNSSATPQAINCNFTSNDSFAYNLYAWLCVFLMAVYSLVFIVGLVANSVALWVFCCRMKKRNETVIYMINLAVADLLFVLTLPFRIYYYINHNHWPFGDLLCQISGTLFYLNMYASILFLTCISVDRFLAIVHPFRARSLRRRRYAKGVCAAVWILVLSASLPAPLLQSTNREYCRYVNNETTTCFENFSEKTWKAVLFRNIVIIAEVVGFIIPLIIIVFCTSKIIRTLRQQPATAHQGATERKKAIRMIFMCLVIFIVCFTPYHINLILYALLRSTISNIASCPARHAVRFMYHITLCLASLNCCLDPIIYYFMADSFRNSISRMFTQWKEPNRSVTRRRFMSKESLEASSSRIQHNSQNVKSQTLNNGGEASLESRFIPAFTQCNQPSAKMFPPAR


>A16anc


MAQQWSLQRLAGRHPQDSYMNSTEEPNFYLPMLRSNLVNRSDMENPDAHIASRSEFNMLAAYMILLVLIGIPLNALTLAVFIKYKELRTPTNYIILNLAVADIAISLIAYPMSITSSLYGSWPFGHAGCAVHGFLGILAGLVSISSLAVIAWDRYLVICTPMGNSRMASNSAITLVLFAWISALAWAAMPIIGWARYAPEPLQASCTIDWSKGNSEVNSTSYTMYMFVFHFIIPLIIMFYCYSQMLLSIKEATADCQESLNKDRSEQIDVTRMVVIMVIMFLVAWGPYAIVCMYAVINQPNSFNPRMAMIPAFFAKSATIYNPIIYVMANKMFRRAMLQMFSCQKNQMDPDSEISSMDKTQTPTVSSTQPA


>A17anc


MDILCEENTALGATPNMLAAMMVNASSAANNALVAEAGLQMAAANTSDADNSAIQTASASAASGGASESQAGKQNLAALLIVMLIIMTIAGNTLVCMAVALERKLQNNPTNYFIMSLAVADLLVALLVMPLSLYTEMMGARWPLPRVLCDAWIFLDVMMCTASIMHLCAISLDRYIAIRMPIQHNRRTGRSPTKAFLLITAVWLISIAIAIPVVIFGLQDEGNWTPSDEETDKKSPNNTTCRLTADRDYVLFGSLVAFFIPCAIMVITYFATFHVLQRQAIRVIHKQSNRPPRASMSPSFQSDNTPCPRMPQGPCGPECAPEAPGLSRGPEERRCAQAREEKAPDPSAPSCAAPASSAPPSRHPVSGPSPANEAPQGPPDPEAEEECEPQPQDPCPPDPSAKLAPASTAPSSNSKNATQSANARRSKPTSTRRRRSMQATSRERKATKVLAIVMFLFLLMWTPFFITHILSVLCDENCNQFCNVMEMLFNVFTWIGYVNSALNPLIYTLFNREFRNAFRRIIRRCRYRASRRPKALRRVSNIPASRNQSRELQKSQEKAGKRPASNNANANAPGVASNAQNLEASINAPVGANLKISSGDREEAQVGAFNADPAEPAAQPSPLSIQHHAGPAIKVQAISAPRSEEEAVGLGNPHCEAEADTCNAHELFDYNMPREPDQ


>A18aanc


MASYNPVNNSLNNSSCLLEDNACAGNKATFQLMFIVIVLGIICLVTVVLNILVMIAIRVNRQLQTVNNYYILSLACADLIIGVFVMNMYILYILMGHWALGSVVCDFWLAMDYVASNASIMNLFIICFDRYFSVQRPLRYPKYRTTKRAGLMIAAAWLLSFVLWVIPILFWNYIMQQRTVREDQCYIDFYDEPTIKFMTAIINFYLPTIIMLIFYWRIYRATRNHVQQHKAINPSEQEFKEEKFRPESIMSQASKNRPESPSAMQRNRNQDAGSSSPRSTPSPSPPEMETMPQANSANDSQLNNISSYPLENDEDKDEEDERSQPVSEDSADEPPMQAASANSSRRAVASNRTNEQAEQDENSLNTHPASENPENQMLTAIRIFMRTDEDTTSETTNTTSKLKATSSPASDEIKSTAKRLIAHTRQHMAKRKRMPMARERKAARQLFFIMLAFILCWIPYFIMFMVNTFCKNCINEHLWNITYWLCYINSTINPMCYPLCNENFKKTFKMILHCRWKNRKSTRKQYRQGNVHIPHKRQC


>A18banc


MPMMLEMANAVYITMEILIAVVAIVGNVLVCWAVRLNNSLQTATFYFIVSLAVADIAVGVLVIPFAIVISLGITTHFYSCLFMACLVLILTQSSIMSLLAIAVDRYLRIRIPLRYKSLVTPRRARVVIAVCWILSFVIGLTPMFGWNNKNAAKNAWDANQNRGESLIKCQFENVIPMNYMVYFNFFAWVLPPLLLMVVIYLKIFYVIRKQLNRKVSMSGDQSQTYYQREIHTAKSLAMILFLFALCWLPLHIINCITLFCPNCKHKPQLLMYMAILLSHANSMMNPIVYAYRIRDFRETFHKILKSHVLCQPEPFPADNSLEKNQAAHGVDLPERRPND


>A18canc


MANTSHEPDEVSGSLGPEAASLFLKLATLGLIMCVSLAGNVLIALLIVRERSLHRAPYYFLLDLCLADGLRALVCFPFVMNAVRHAASWTFGALSCKIIAFLAVLFCFHAAFMLFCIGVTRYLAIAHHRFYAERLTFWPCAAMICMAWTLALAMAFPPVLDVGTYNFIREDDQCTFEHRSFKANDSLGFMLLLAVIMAATHLVYLRLLFFIHDRRKMRPVRMVPAVSHNWTFHGPGATGQAAANWIAGFGRGPTPPTLLGIRQNGHATGRRRLLVLDEFKMEKRLSRMFYAITLLFLLLWGPYIVACYWRVFVRAPAVPQAYLTAAVWMTFAQAGINPIVCFLFNRELRKCFRTPFLCCQSARQPRHPCCLM


>A18danc


MTLNCTNSCREENSNHTCMELGEHGIIRTQFIVIFLITIFVGNIVIVLTLHRKPHLLQLTNRFIFNLLLTNFLQIVLVLPWVVTTSIRRFWIFNVHWCNFLVLLYHLFAFASMNTIVVIAIDRYYAIIYPMVYPMKMTQRRAYMLLYYIWIHAIIQCLPPLYGWGQVEFDEFNWMCVMIWHREPGYTIFWQIWYILFPFIVMIVCYGFIFCVARVKRHKLHCRTKDCVENDDQREGRKNGSTGTSESGVRRRAFQEVRYSANQCKALITIFIIIFAYMLTWGPYCFIAVEALWVETQVPQWLETWIIWLFFLQCCCHPYIYGYWHKTIRKEIQDMCRLFFCKNRIPDEDLHPHLPALMAGTQPLFVCSHDSANFR


>A18eanc


MANPEVLNRDEVAESLALFFMLLLDLTALLGNAALMVVILRTPALRDFLYLFHLCLVDLLAALTIMPLAMLAAPPLFDHVRFGEVPCRLYRFLSVCFLPLCILGVAAINLERYYYIVHPMRYEVRMPPVLVLTAVWVKALLMAALPLLGRPPWEEPAPAHCSLQWGHGPFRPLWALLYFLLPLLLILLVYCGMFRVARRAAMRDPRPPRWMRLRRDRLDSRLAIQPPPHRRFPGGKAALVPLLVVGQFLLCWLPYFCFCLYPAARVEAVVTWIAYFCFTAHPFFYGCLNRQIRLELGRQFRCFFPPPPRECLRQPWHERAIEQCFQRFPQGPACPPEEWPERPPELPKQRPPAYDFRIQAR


>A18fanc


MECMAPTLEAYLYLNLNTVNTTDAAFKQLNLPLRITLAIIMIFMLFVGFLGNLVVCIMVYQRPAMRSAINILLATLAFADMMLALCCMPFTLVTIITTRWHFGDHFCRLSAMFYWFFVIEGVAILLIISIDRFLIIVQRQDKLNPYRAKVIIAVSWVLSFCIAFPLLTGWPDLQIPARAPQCVFGYTENPAYRAYVILIVLIVFFIPFLVMLCAYMCILNTLRHNALRIHNHPDGICLRQLTRLGLMRLQRQFQMSIDMGFKTRAFTTILILFVVFILCWLPHTTYSLLATFSQHFYCQHNFYEISTWLLWLCYLKSVFNPIIYCWRIKKFHDACIDMMPQTFQFLPQLPEHIRRRIRPSTVYCCNEHRTVV


>A18ganc


MMSTLDVNQSEHHFCPLAFGYYETVNFCIFETLIIVFLTFLIIAGNIIVIFVFHCAPLLHHYTTSYFIQTMAYADLFVGVSCLVPTLSLLHPLPVHESLTCRIFGYIISVLKSVSMACLACISIDRYIAITKPLTYNQLVTPWRLRICIFLIWIYSCLIFLPSFFHWGKPGYHGDIFQWCAESWHTDAYFTLFIVMMLYAPAAFIVCFTYFHIFRICRQHTKDINDRRARFSHQVDETRETQHCPDRRYAMVLFRITSVFYMLWLPYIIYFLLESSRNNRFAFLTTWLAISNSFCNCVIYSLSNGVFRRGLRRLFETMCTSCMCQKDQNDQYPKRRKRPNNCCH


>A18hanc


MWNGSDLNFCCYHESWLGYRYPVVLWYVVLAITGTLANVMTIYLLAIFRKLRTRFNLFIVNLCLADLLYCTLWMPFEVDLYLHLHWRGATFCRLFGLLLFLGNTVSILTHCLIALNRYLLITHPKLYQQLYQRRHIVLMLVLTWVLALALFLPWPIYILVEPPYPTILMAIYFLLQLALLLHYYCLIHRRVRRAVQRLDQYNFHQLHQHPNCVARTDEFMPARHQELDGRLAHPAQPQPLPRRLQDRRAQFRLVTRMCFLLYCCFLLAYQPFLWLNILDAFVVPWVVHMLAWNLCWLNGCINPLLYTWMNRQFRRAYRSILPRVPRAFHRLH


>A18ianc


MGPGEALLAGLLVMVLAVALLSNALVLLCCAYSAELRTRASGVLLVNLSLGHLLLAALDMPFTLLGVMRGRTPSAPGACQVIGFLDTFLASNAALSVAALSADQWLAVGFPLRYAGRLRPRYAGLLLGCAWGQSLAFSGAALGCSWLGYSSAFASCSLRLPPEPERPRFAAFTATLHAVGFVLPLAVLCLTSLQVHRVARRHCQRMDTVTMKALAVLADLHPSVRHGCLIQQKRRRHRATRKIGIAIATFLICFAPYVMTRLAELVPFVTVNAQWGILSKCLTYSKAVADPFTYSLLRRPFRQVLAGMVHRLLKRTPRPASTHDSSLDVAGMVHQLLKRTPRPASTHNGSVDTENDSCLQQTH


>A19anc


MDEPADQCAMSLPPNNQSSVQASNASSNPAQNCTANDYSYDSPITMPLKILIAMLLSLITLLTTLINLFVIATILRTRKLHQPANYLIASLAVTDLLVAILVMPISIMYIVMGRWTLGQVLCDIWLSMDITCCTASILHLCVIALDRYWAITDAIEYANKRTPKRAAVMILIVWIISISISIPPLFWRSHQKTNPDMDECVINQDHISYTIYSTIGAFYIPTLLMIILYYRIYRAARSRIQKRKFPVFPRVEDDRHIASPSRVAKQSTNAQVNSFSWILGSAESSTSSVSSIYCSNPEVHSSSASTELNSNHASIRIAPSEFDRKNDRSSERKKISAARERKATKTLGIILGAFIICWLPFFIVELVLPICKDSCNIPLLISDFFTWLGYLNSLINPIIYTIFNEDFRNAFQKLIRYRCSSQ


Data 2. GPCR tree


Newick format tree of 257 GPCR sequences, using the ancestor reconstruction method outlined in the methods.


((((GPR78:183.85049,(GP61:134.735,GP62:134.735):162.81032):14.81521,(GPR101:122.825,RE2:122.825):180.46423):14.81521,((((RGR:153.55912,OPSX:103.13095):57.230155,((OPSR:5.74229,OPSG:1.56342):62.53967,(OPSD:70.06064,OPSB:83.54091):23.97372):57.230155):150.23597,((PE23:108.97344,(TA2R:99.86795,(PF2R:110.24989,PE21:83.19199):25.70419):36.33971):32.75526,(PE24:108.39969,(PI2R:85.36587,(PE22:68.11989,PD2R:96.88321):28.27757):44.52314):32.75526):159.2677):9.07202,(((SREB3:41.225,GP85:42.415):37.5175,GP27:37.5175):175.24678,((((((EDG4:65.3443,(EDG7:77.17748,EDG2:52.09727):12.82488):64.00293,(EDG6:113.35678,((EDG8:91.28959,EDG5:76.91483):19.86509,(EDG3:61.74545,EDG1:57.55148):15.88984):25.1591):42.57051):20.790505,((CB2R:122.93923,CB1R:59.04613):102.02863,(((MSHR:95.3627,(MC4R:43.77469,(MC5R:38.42923,MC3R:53.37691):17.87149):11.07461):23.12165,ACTR:73.41356):76.62572,((GPRC:55.25993,GPR6a:53.29154):19.62355,GPR3a:34.87473):112.28239):30.36636):20.790505):145.52297,((AA2A:41.48912,AA2B:57.21642):32.013305,(AA3R:86.03568,AA1R:45.98892):32.013305):122.20657):23.16962,(GP52:41.37,GPL:41.37):199.06772):17.59317,((((D4DR:117.66248,(D3DR:64.97992,D2DR:73.87492):50.94074):29.05275,(((((PNR:72.32608,(GPR58:40.0499,GPR57:56.57808):74.38692):22.35684,GPR102:77.15724):99.00934,(DBDR:63.81829,DADR:53.32235):88.01417):23.39284,(HH2R:110.1835,(5H6:128.30141,(B3AR:73.15126,(B2AR:102.35666,B1AR:42.05349):30.27245):59.3527):21.73068):10.78855):21.94741,((A2AB:67.94309,(A2AC:68.01722,A2AA:74.25455):14.5058):78.16926,((A1AD:85.81288,A1AB:82.69424):16.03422,A1AA:85.50123):76.53919):22.33024):24.39247):62.616455,(5H2C:60.08999,(5H2B:112.95151,5H2A:68.81478):15.9316):62.616455):121.90481,((((ACM3:63.31336,(ACM5:70.32379,ACM1:69.15941):20.25875):27.95682,(ACM4:59.02588,ACM2:53.14833):47.14845):108.892145,HH1R:108.892145):161.6826,((5H7:104.7647,5H5A:121.73667):21.25654,(((5H1B:36.90956,5H1D:49.59181):40.88358,(5H1F:46.4977,5H1E:62.47836):37.03171):27.7218,5H1A:91.68289):21.25654):83.91266):25.4821):17.59317):128.44577):9.07202):99.32502):64.167015,((GPR84:188.55,GPR88:188.55):174.68052,((GP63:63.505,PSP24:63.505):194.468,(((((GPR48:74.76364,GPR49:62.33904):90.361325,((TSHR:82.13777,LSHR:61.44195):28.41702,FSHR:45.56937):90.361325):241.86091,GP22:221.00066):47.42868,((((CCKR:57.42509,GASR:83.8232):103.27275,(FF2:81.93178,FF1:57.28869):70.41728):11.531215,(GPR103:170.945,(OX2R:44.5705,OX1R:42.69476):105.60704):11.531215):64.1925,(((L1X:70.62358,(L1B:61.86273,L1A:47.04058):39.37681):75.93712,((NY5R:133.14086,(NY4R:87.16732,NY1R:68.729):52.45764):22.93192,(GP10:120.86894,(NY2R:105.07323,PKR1:182.51447):21.77984):20.4582):75.93712):97.915,(((NK4R:32.07341,NK3R:7.13462):37.27049,(NK2R:94.9429,NK1R:44.77781):13.38484):56.64686,(GP19:201.13263,GP83:104.45146):56.64686):122.455):64.1925):102.89125):21.04261,(((((UR2R:168.30484,(SALPR:169.42449,(P2Y7:116.32636,GPO:144.11136):32.39077):18.47133):37.50945,GPR54:114.41579):10.881745,(GALR:102.26661,(GALS:61.16192,GALT:60.50658):44.57343):10.881745):105.71443,((GPR8a:35.12389,GPR7a:48.37246):33.26334,((((SSR5:49.20677,SSR3:66.08157):14.63704,SSR2:72.78239):18.14464,(SSR4:47.3169,SSR1:43.67938):37.81176):51.07906,((OPRM:53.53133,(OPRX:81.8717,OPRK:50.93849):15.07375):16.40741,OPRD:34.54116):67.90721):33.26334):132.40215):39.54429,((((V2R:114.54569,V1BR:59.22453):11.75585,(V1AR:64.30627,GRHR:197.05971):11.75585):89.85,((((TRFR:172.46193,(NMU2R:85.49031,NMU1R:81.87982):52.71081):24.03308,((NTR2:98.27594,NTR1:75.98765):30.78195,GP39:162.75526):47.27188):32.807485,(TLR:68.16583,GHSR:82.51509):32.807485):124.03,((NMBR:56.44623,(GRPR:55.4543,BRS3:79.91228):21.54556):51.983,((ET1R:65.00596,ETBR:48.36223):70.56857,(GP37:79.58788,ETB2:86.59444):149.55417):51.983):146.27):89.85):143.92736,((DUFFY:281.1842,(((((74hMRGpse:27.30278,73hMRGpse:43.13976):16.52427,((70hDRR3:1.95696,(69hMrgX1:1.15983,68hDRR4:1.0E-4):1.54082):9.12773,((72hMRGpse:25.34324,(64hMRGpse:26.46884,((67hDRR5:2.57603,(66hMrgX4:1.0E-4,65hDRR6:1.15828):2.10176):20.75497,(62hDRR2:7.12182,((60hDRR1:3.55657,63hMRGpse:21.31079):0.52562,61hMrgX3:0.0):0.55991):8.7154):3.39156):2.08646):4.69853,71hMRGpse:21.44102):4.42612):16.24584):13.30217,(78hMRGpse:97.50327,(76hMRGpse:44.09499,(77hMRGpse:50.66777,75hMrgX2:33.23445):8.99887):3.24939):2.86295):25.88267,(MRGhum:128.8974,(82hMrgG:126.80398,((80hMrgE:111.47679,8hMrgD:77.19859):20.44865,(5hMAS1:116.41327,3hMrgF:92.42831):25.53742):11.09232):16.23099):25.88267):177.01317,((FML2:29.80141,(FMLR:54.88975,FML1:13.05298):16.72755):31.41194,(GPRW:133.55598,(GPR44:124.42837,((GPR1a:123.77168,CML1:85.84976):16.99915,((C5AR:85.77456,C5L2:119.29569):39.03092,C3AR:92.07901):31.21561):15.02322):34.17871):31.41194):99.27464):27.37273):28.98219,((((HM74:96.40193,(GPR43:1.21387,GPR42:1.90267):80.30317):47.993525,(GPR41:159.14834,((((GPR81:125.62037,GPR91:104.69765):34.23953,GPR80:84.51352):29.34234,(P2YR:109.8517,(P2Y6:61.31863,P2Y11:68.95531):43.78178):26.09601):32.19253,(P2UR:213.85027,(P2Y4:105.24826,GPR82:106.91951):69.47792):20.53045):25.196):47.993525):57.95,(((H963:119.62132,((GPR87:94.89033,KI01:62.42921):15.55643,(GPR86:79.63163,P2Y12:60.52742):28.17752):37.95739):25.458125,(PAFR:139.36685,GPR34:111.70499):25.458125):124.24,((P2Y10:133.50254,(P2Y9:61.06541,P2Y5:61.36563):52.31937):10.37144,((GPRK:152.79994,(GPR92:113.79663,(GPR55:142.61391,GPR35:126.33077):28.17378):13.34348):22.23422,(((((PAR3:117.49887,PAR2:99.51218):16.572,PAR1:117.84677):48.92198,(GPRI:152.92509,GPRH:100.97169):22.6894):12.53257,EBI2:151.50612):10.62822,((GPR65:109.59987,(GPR68:83.39547,GPR4a:64.67916):30.30548):21.65233,G2A:131.85236):67.02371):20.83984):10.37144):88.33):57.95):63.8,((((GP15:124.97203,GP25:116.30447):38.59305,APJ:120.73022):23.44439,(((BRB2:110.80267,BRB1:103.45843):56.79692,AG22:113.08117):17.40167,(AG2R:1.0E-4,AG2S:4.43059):101.56945):23.44439):66.267,(((CML2:177.36146,(RDC1:104.07656,ADMR:145.80185):47.18895):23.926895,(((CXCR4b:117.8541,(CXCR5b:112.4188,(CKRA:125.75444,CXCR3b:74.45582):22.08971):23.9398):12.72183,(((CKR9b:93.10282,CKR7b:78.10782):16.63076,CKRB:121.98647):20.4368,(CKR6b:87.55657,CXCR6b:122.90997):21.71704):25.70677):23.07936,(CXCR2b:20.99209,CXCR1b:30.82583):66.56169):23.926895):52.114,((CKR4:69.68091,((CKRX:119.25041,(CKR3:55.2607,CKR1:31.97596):19.4358):16.23815,(CKR5:27.6287,CKR2:49.95098):28.61857):29.70368):16.73481,((CXC1:131.27627,CKR8:74.33114):10.85415,C3X1:102.1272):16.73481):77.182):21.445):63.8):97.09067):27.92567):19.23506):27.34303):25.85752):18.95292):64.167015);


Data 3. Phylogenetic event types


These tables represent the actual and standardised number of counts of outcome types for HTTP analysis with the real GPCR data and (null hypothesis) simulated data set. For an explanation of the phylogenetic outcome types 1-19, consult supplementary figure 2.The standardised data sets adjusted counts as a proportion of 200 counts per group in order to be able to compare the frequency distributions between the null hypothesis and real data. In this case groups in which there were less than four members were excluded because many of the phylogenetic outcomes were not possible and would skew the over all data set.

a. GPCR real data


Group

Event types (1-19 in order)





Σ


GroupA1
51 52 0 3 0 7 3 0 2 1 0 1 0 0 0 0 1 32 0



153


GroupA2a
64 48 6 6 0 12 9 0 10 6 3 12 10 11 3 3 3 60 0


266


GroupA2b
0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 9 0




14


GroupA3
45 10 3 1 0 4 3 0 1 2 1 1 5 8 5 0 2 44 9



144


GroupA4
81 46 4 1 1 11 5 4 2 3 1 4 2 8 4 0 7 41 6



231


GroupA5
37 20 1 4 1 9 6 3 1 3 0 4 4 8 15 1 5 63 7



192


GroupA6a
74 1 1 0 1 4 0 1 0 5 0 3 6 24 21 0 15 29 11



196


GroupA6b
13 10 0 0 0 0 0 0 0 0 0 0 3 10 1 0 4 30 9



80


GroupA6c
0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 8 0




19


GroupA7a
57 9 8 0 0 7 1 1 0 4 0 0 10 46 18 0 9 25 8



203


GroupA7b
46 14 2 3 0 6 1 2 1 7 5 4 18 15 17 1 9 48 1



200


GroupA8a
50 42 0 5 4 8 3 0 3 5 2 4 6 55 0 0 8 47 8



250


GroupA8b
140 168 1 11 11 12 6 3 18 0 2 2 0 49 0 0 0 27 0


450


GroupA9a
58 9 0 1 0 1 0 0 2 3 2 5 7 11 3 1 3 25 1



132


GroupA9b
59 17 3 0 2 12 2 1 0 15 0 5 19 102 18 1 15 51 2


324


GroupA10
91 20 5 3 0 4 0 0 0 4 0 1 21 13 18 0 12 27 26


245


GroupA11
78 29 4 8 0 20 16 2 8 16 0 5 7 7 10 1 8 45 9



273


GroupA12
26 28 1 2 0 3 3 1 1 3 1 1 0 5 5 0 0 38 1



119


GroupA13
117 78 4 12 1 39 26 8 8 17 3 26 6 20 26 0 0 23 0


414


GroupA14
38 26 1 2 0 12 1 0 2 0 0 1 6 24 28 0 11 37 11


200


GroupA15
66 33 3 13 0 14 31 5 17 13 4 21 3 17 36 0 10 87 1


374


GroupA16
44 3 1 2 0 4 3 0 2 2 2 0 2 0 3 1 1 20 6



96


GroupA17
183 57 11 14 14 32 22 13 17 12 12 44 26 51 170 0 24 69 11
782


GroupA18a
46 18 1 0 0 1 0 0 0 3 0 0 16 22 9 0 15 30 7



168


GroupA18b
24 4 0 0 0 0 0 0 0 0 0 0 3 1 4 0 2 30 8



76


GroupA18c
0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 1 2 36



51


GroupA18d
0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 1 21 18



50


GroupA18e
0 0 0 0 0 0 0 0 0 0 0 0 4 2 0 0 3 19 10



38


GroupA18f
0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 4 8 18




38


GroupA18g
0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 1 28




32


GroupA18h
0 0 0 0 0 0 0 0 0 0 0 0 12 2 0 0 3 17 6



40


GroupA18i
0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 11 0




16


GroupA19
48 20 1 2 1 2 1 0 0 0 1 1 10 23 9 0 1 45 10



175


Σ
1536 762 61 93 36 224 142 44 95 124 39 145 216 577 423 9 178 1069 268


Total 6041


b. Simulated GPCRs


Group

Phylogenetic event types (1-19 in order)

Σ


GroupA1
54 16 4 3 0 16 8 0 3 6 0 4 0 2 0 2 1 19 6

144


GroupA2a
46 22 9 17 0 36 19 17 20 18 2 23 0 0 0 5 4 14 0
252


GroupA2b
0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 7 0


18


GroupA3
38 5 2 8 0 6 3 3 5 13 2 18 0 0 0 2 8 21 10

144


GroupA4
71 18 15 8 0 31 20 8 9 3 0 2 0 0 0 0 0 13 0

198


GroupA5
19 8 0 5 0 3 2 1 2 13 0 11 1 7 0 1 12 44 15

144


GroupA6a
10 2 8 2 0 5 1 0 1 11 0 2 1 4 0 0 5 30 44

126


GroupA6b
4 2 0 0 0 0 0 0 0 0 0 0 2 18 0 0 11 28 7

72


GroupA6c
0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 6 0


18


GroupA7a
15 3 3 1 0 2 0 0 1 12 0 3 1 6 0 0 7 39 33

126


GroupA7b
17 3 1 2 0 4 2 1 0 18 0 7 4 5 0 1 14 37 28

144


GroupA8a
27 19 9 4 0 33 18 9 12 9 1 4 0 0 0 0 5 30 0

180


GroupA8b
220 80 3 12 0 36 21 14 22 6 1 4 0 0 0 2 0 29 0
450


GroupA9a
39 7 0 4 0 0 0 0 1 8 3 7 0 1 0 9 3 22 4

108


GroupA9b
21 10 3 5 0 8 7 3 3 14 0 9 1 9 0 1 21 28 19

162


GroupA10
2 3 1 0 0 0 0 0 0 2 0 0 0 12 0 0 5 24 41

90


GroupA11
25 12 6 3 0 18 9 4 15 29 4 32 2 7 0 0 20 31 17
234


GroupA12
30 17 2 5 0 7 7 0 4 7 3 10 0 2 0 1 6 22 3

126


GroupA13
46 19 10 5 0 75 40 37 16 35 0 14 0 0 0 0 4 23 0
324


GroupA14
14 13 1 6 0 7 15 1 0 9 0 6 0 6 0 0 17 34 15

144


GroupA15
29 13 9 11 0 41 23 11 19 56 3 52 0 3 0 3 10 22 1
306


GroupA16
36 9 1 3 0 6 2 0 0 10 1 5 1 2 0 2 2 19 9

108


GroupA17
31 13 21 18 0 105 34 47 30 55 0 35 0 0 0 0 2 23 0
414


GroupA18a
19 7 2 10 0 5 2 0 0 2 2 5 1 8 0 1 11 19 14

108


GroupA18b
36 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 22 9

72


GroupA18c
0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 1 15 34

54


GroupA18d
0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 22 10

36


GroupA18e
0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 4 16 8


36


GroupA18f
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 13 21

36


GroupA18g
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 12 23

36


GroupA18h
0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 4 11 8

36


GroupA18i
0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 6 0


18


GroupA19
48 8 7 5 0 10 3 3 4 6 2 5 0 0 0 1 2 22 0

126


Σ
897 310 117 137 0 454 236 159 167 342 24 258 38 132 0 31 186 723 379


Total 4590


c. Standardised real GPCR data 


Group

Phylogenetic event types (1-19 in order)


GroupA1
67 68 0 4 0 9 4 0 3 1 0 1 0 0 0 0 1 42 0


GroupA2a
48 36 5 5 0 9 7 0 8 5 2 9 8 8 2 2 2 45 0


GroupA3
63 14 4 1 0 6 4 0 1 3 1 1 7 11 7 0 3 61 13


GroupA4
70 40 3 1 1 10 4 3 2 3 1 3 2 7 3 0 6 35 5


GroupA5
39 21 1 4 1 9 6 3 1 3 0 4 4 8 16 1 5 66 7


GroupA6a
76 1 1 0 1 4 0 1 0 5 0 3 6 24 21 0 15 30 11


GroupA6b
33 25 0 0 0 0 0 0 0 0 0 0 8 25 3 0 10 75 23


GroupA7a
56 9 8 0 0 7 1 1 0 4 0 0 10 45 18 0 9 25 8


GroupA7b
46 14 2 3 0 6 1 2 1 7 5 4 18 15 17 1 9 48 1


GroupA8a
40 34 0 4 3 6 2 0 2 4 2 3 5 44 0 0 6 38 6


GroupA8b
62 75 0 5 5 5 3 1 8 0 1 1 0 22 0 0 0 12 0


GroupA9a
88 14 0 2 0 2 0 0 3 5 3 8 11 17 5 2 5 38 2


GroupA9b
36 10 2 0 1 7 1 1 0 9 0 3 12 63 11 1 9 31 1


GroupA10
74 16 4 2 0 3 0 0 0 3 0 1 17 11 15 0 10 22 21


GroupA11
57 21 3 6 0 15 12 1 6 12 0 4 5 5 7 1 6 33 7


GroupA12
44 47 2 3 0 5 5 2 2 5 2 2 0 8 8 0 0 64 2


GroupA13
57 38 2 6 0 19 13 4 4 8 1 13 3 10 13 0 0 11 0


GroupA14
38 26 1 2 0 12 1 0 2 0 0 1 6 24 28 0 11 37 11


GroupA15
35 18 2 7 0 7 17 3 9 7 2 11 2 9 19 0 5 47 1


GroupA16
92 6 2 4 0 8 6 0 4 4 4 0 4 0 6 2 2 42 13


GroupA17
47 15 3 4 4 8 6 3 4 3 3 11 7 13 43 0 6 18 3


GroupA18a
55 21 1 0 0 1 0 0 0 4 0 0 19 26 11 0 18 36 8


GroupA18b
63 11 0 0 0 0 0 0 0 0 0 0 8 3 11 0 5 79 21


GroupA19
55 23 1 2 1 2 1 0 0 0 1 1 11 26 10 0 1 51 11


Σ
1341 603 47 65 17 160 94 25 60 95 28 84 173 424 274 10 144 986 175

d. Standardised simulated GPCR data


Group

Phylogenetic event types (1-19 in order)


GroupA1
75 22 6 4 0 22 11 0 4 8 0 6 0 3 0 3 1 26 8


GroupA2a
37 17 7 13 0 29 15 13 16 14 2 18 0 0 0 4 3 11 0


GroupA3
53 7 3 11 0 8 4 4 7 18 3 25 0 0 0 3 11 29 14


GroupA4
72 18 15 8 0 31 20 8 9 3 0 2 0 0 0 0 0 13 0


GroupA5
26 11 0 7 0 4 3 1 3 18 0 15 1 10 0 1 17 61 21


GroupA6a
16 3 13 3 0 8 2 0 2 17 0 3 2 6 0 0 8 48 70


GroupA6b
11 6 0 0 0 0 0 0 0 0 0 0 6 50 0 0 31 78 19


GroupA7a
24 5 5 2 0 3 0 0 2 19 0 5 2 10 0 0 11 62 52


GroupA7b
24 4 1 3 0 6 3 1 0 25 0 10 6 7 0 1 19 51 39


GroupA8a
30 21 10 4 0 37 20 10 13 10 1 4 0 0 0 0 6 33 0


GroupA8b
98 36 1 5 0 16 9 6 10 3 0 2 0 0 0 1 0 13 0


GroupA9a
72 13 0 7 0 0 0 0 2 15 6 13 0 2 0 17 6 41 7


GroupA9b
26 12 4 6 0 10 9 4 4 17 0 11 1 11 0 1 26 35 23


GroupA10
4 7 2 0 0 0 0 0 0 4 0 0 0 27 0 0 11 53 91


GroupA11
21 10 5 3 0 15 8 3 13 25 3 27 2 6 0 0 17 26 15


GroupA12
48 27 3 8 0 11 11 0 6 11 5 16 0 3 0 2 10 35 5


GroupA13
28 12 6 3 0 46 25 23 10 22 0 9 0 0 0 0 2 14 0


GroupA14
19 18 1 8 0 10 21 1 0 13 0 8 0 8 0 0 24 47 21


GroupA15
19 8 6 7 0 27 15 7 12 37 2 34 0 2 0 2 7 14 1


GroupA16
67 17 2 6 0 11 4 0 0 19 2 9 2 4 0 4 4 35 17


GroupA17
15 6 10 9 0 51 16 23 14 27 0 17 0 0 0 0 1 11 0


GroupA18a
35 13 4 19 0 9 4 0 0 4 4 9 2 15 0 2 20 35 26


GroupA18b
100 3 0 0 0 0 0 0 0 0 0 0 0 3 0 0 8 61 25


GroupA19
76 13 11 8 0 16 5 5 6 10 3 8 0 0 0 2 3 35 0


Σ
996 309 115 144 0 370 205 109 133 339 31 251 24 167 0 43 246 867 454


Data 4. Supplementary Tablesevent
mean 

se

(
T

crit

sig




1
14.375

5.103

23
2.817

1.714

1


2
12.250

2.538

23
4.826

1.714

1


3
-2.833

0.904

23
-3.133

1.714

1


4
-3.292

0.994

23
-3.313

1.714

1


5
0.708

0.279

23
2.539

1.714

1


6
-8.750

2.562

23
-3.415

1.714

1


7
-4.625

1.368

23
-3.371

1.714

1


8
-3.500

1.254

23
-2.791

1.714

1


9
-3.042

0.795

23
-3.826

1.714

1


10
-10.167

1.577

23
-6.446

1.714

1


11
-0.125

0.401

23
-0.305

1.714

0


12
-6.958

1.570

23
-4.432

1.714

1


13
6.208

1.016

23
6.101

1.714

1


14
10.708

3.497

23
3.062

1.714

1


15
11.417

2.031

23
5.620

1.714

1


16
-1.375

0.636

23
-2.160

1.714

1


17
-4.250

1.437

23
-2.957

1.714

1


18
4.958

3.761

23
1.315

1.714

0


19
-11.625

4.261

23
-2.728

1.714

1


Supplementary Table 1.

A 2 pair T- test was carried out for each of the nineteen phylogenetic outcomes comparing standardised real and simulated data. Critical values of T are at the 5% level, significant differences are given as 1 in the right hand column, or zero if there is no significant difference.


jumps/window
null fragments/window



real

simulated

real

simulated

groupa1

0.2407

0.1111

0

0.0117

groupa2a

0.2453

0.0451

0.0491

0.0263

groupa3

0.2993

0.1382

0.0408

0.0263

groupa4

0.1794

0.0622

0.009

0

groupa5

0.3462

0.2698

0.0165

0.0132

groupa6a

0.1714

0.2256

0.0343

0.0075

groupa6b

0.25

0.3421

0.0682

0.0263

groupa7a

0.1595

0.2932

0.0982

0

groupa7b

0.2552

0.2434

0.0781

0.026

groupa8a

0.2328

0.1579

0.0212

0.0053

groupa8b

0.0652

0.0611

0.0073

0.0042

groupa9a

0.2031

0.1929

0.0703

0.1053

groupa9b

0.2367

0.1579

0.0966

0.0117

groupa10

0.1353

0.2526

0.0821

0

groupa11

0.1774

0.1538

0.0264

0.0526

groupa12

0.2975

0.1654

0.0083

0.0301

groupa13

0.0627

0.0673

0.035

0

groupa14

0.2242

0.2237

0.0242

0

groupa15

0.2537

0.0681

0.0177

0.0186

groupa16

0.1959

0.1667

0.0515

0.0351

groupa17

0.1223

0.0503

0.055

0

groupa18a

0.1895

0.1667

0.0784

0.0351

groupa18b

0.4202

0.2763

0.029

0

groupa19

0.3061

0.1654

0.068

0.0226

Supplementary Table 2.


Average number of events per window for each GPCR group, real and simulated. Columns two and three represent jump events and columns four and five represent null fragments. The null fragments in this case are due only to high distances and not missing data to gaps in alignments.


frequency
rank
frequency 
rank


groupA1
0.83
4
0
1.5


groupA2a
10.76
38.5
1.09
7.5


groupA3
14.9
42
6.54
30


groupA4
6.62
32.5
3.27
16


groupA5
15.73
43
6.54
30


groupA6a
11.59
40.5
5.45
24.5


groupA6b
5.79
27.5
2.18
12


groupA7a
0.83
4
6.54
30


groupA7b
3.31
18.5
2.18
12


groupA8a
2.48
14
5.45
24.5


groupA8b
4.14
20
3.27
16


groupA9a
6.62
32.5
2.18
12


groupA9b
10.76
38.5
1.09
7.5


groupA10
1.66
10
5.45
24.5


groupA11
25.66
47
7.63
34


groupA12
18.21
44
5.45
24.5


groupA13
5.79
27.5
8.71
36.5


groupA14
3.31
18.5
1.09
7.5


groupA15
43.04
48
4.36
21.5


groupA16
0.83
4
0
1.5


groupA17
24.83
46
8.71
36.5


groupA18a
8.28
35
1.09
7.5


groupA18b
11.59
40.5
4.36
21.5


groupA19
23.17
45
3.27
16


Σ

721

455


U

131

397


Supplementary Table 3

Mann Whitney Test for standardised frequencies of jump events that cross 1-4 nodes in the GPCR tree (figure 1). The value for Ucrit at the 0.01 level is 175. The value U1 is 131, which is lower than Ucrit so the null hypothesis is rejected, the real data has a significantly higher frequency of jump events across 1-4 nodes than the null data.



frequency
rank
frequency 
rank


groupA1
0
4.5
1.17
15.5


groupA2a
4.91
36
2.63
26


groupA3
4.08
35
2.63
26


groupA4
0.9
14
0
4.5


groupA5
1.65
18
1.32
17


groupA6a
3.43
31
0.75
12


groupA6b
6.82
41
2.63
26


groupA7a
9.82
47
0
4.5


groupA7b
7.81
43
2.6
24


groupA8a
2.12
21
0.53
10


groupA8b
0.73
11
0.42
9


groupA9a
7.03
42
10.53
48


groupA9b
9.66
46
1.17
15.5


groupA10
8.21
45
0
4.5


groupA11
2.64
28
5.26
38


groupA12
0.83
13
3.01
30


groupA13
3.5
32
0
4.5


groupA14
2.42
23
0
4.5


groupA15
1.77
19
1.86
20


groupA16
5.15
37
3.51
33.5


groupA17
5.5
39
0
4.5


groupA18a
7.84
44
3.51
33.5


groupA18b
2.9
29
0
4.5


groupA19
6.8
40
2.26
22


Σ

738.5

437.5


U

113.5

414.5


Supplementary Table 4

Mann Whitney Test for standardised frequencies of null events. The value for Ucrit at the 0.01 level is 175. The value U1 is 113.5, which is lower than Ucrit so the null hypothesis is rejected, the real data has a significantly higher frequency of null events than the simulated data.
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		Group A1: Chemokine receptors
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		C3X1						PAR2		L1X								CXCR4		SSR4						CXCR3				CXCR5

		CKR1												NY1R

		CKR2				A2AB						CKR9

		CKR3								NK4R																		EDG7								CKR9

		CKR4				CXCR4								CKR7										A2AC				CKR7		CXCR2				CXCR4		AG2R

		CKR5												CXCR4																						CKR6

		CKR8						LSHR						NY5R						CKRB										GPRW

		CKRX						PAR3				AG2S								CXCR6				GPR8						ACM1

		CXC1						GALS		OPRK		CXCR6		GPR54										GPR80				CXCR2		BRB1				CKR6		CKR6

		Group A2a: Chemokine receptors

		ADMR		NK4R						NTR1						APJ												BRB1				NTR1								GPR91

		CKR6								CKR4						CKR2				CKR4		66hMRGX4						CKR1

		CKR7								CML1		CKR5				CKR4												GPR1

		CKR9				P2Y10		CKR5		CKR4				SALPR		CKR8

		CKRA						CKR4								GP19												SALPR										GPR54

		CKRB														FF2						C5AR						APJ										CML1

		CML2								P2YR				AG22				SALPR		GPR68		GPR101						SSR4				GASR						CKR3

		CXCR1

		CXCR2

		CXCR3														CKR4				SSR3		GPR92		72hMRGpse								GPR44						FML1

		CXCR4										CKR8																				NK2R				C3X1

		CXCR5								GALT		NY4R		HM74		GPR54		PAR3		CKR4		BRB1										C3AR

		CXCR6										CKR8				CKR3				V1AR												GP15						GPR8

		RDC1								GP39						C5AR		CXC1		GPR101		AG2S														CKR8		NY1R

		Group A3: Angiotensin & Bradykinin receptor group

		AG22

		AG2R

		AG2S

		APJ						A1AB		GALT																		CKRB				CXCR3				OPRX

		BRB1								CKR6						SSR1		C3AR						PAR2								GPR1		CXC1

		BRB2																GPR91						PAFR				HM74				TLR		CXCR2		FML1

		GP15								CXCR5				CKR2		GALR		GPRK		70hDRR3		CXCR2										CXCR2				GPR1		A2AB

		GP25				GPR88				CKR3				CKR9		P2Y9		CXCR2		GPR35		SSR2						GPR42								CML1		GALT

		Group A4: Opioid receptor group

		GPR7										SALPR		FF2				GPO								CKRA												APJ

		GPR8

		OPRD																PAR3																GPR1

		OPRK				D4DR						AG2S						P2Y5								CKR5										ETBR

		OPRM				GPR49																OPSX																ACM4

		OPRX														A1AD				V1BR								GALS						EDG4

		SSR1														RE2		BRB1																						A2AB

		SSR2																		AG2S												OPSD		C3AR								GALR

		SSR3						NK3R						CXCR2								P2UR				NK4R								B2AR				OX2R				GP62

		SSR4										CXCR2														GP61																GPR80

		SSR5				5H6																P2Y4		CKR7										B2AR

		Group A5: Galanin and somatostatin receptor group

		GALR								A1AA				CCKR								OPRX																		OPSX				BRS3		SSR2		SSR2

		GALS														FF2														SSR4		OPRK												GASR		CB1R

		GALT																																										OX1R		TRFR

		GPO				ACM1		D3DR						SSR4		64hMRGpse		TLR		GPR7		OPRX		SSR5		74hMRGpse		CCKR										ACM2		CL52				SSR1		P2Y12

		GPR54								OPRD						NY2R				CXC1		OX2R		GPR92		GPR65		D4DR												OPRK						CKRA

		P2Y7												GP25		P2Y9		GPR35		OPSX		C3AR		P2Y5		FML2								GPR8				FSHR								C5AR

		SALPR						PC24										CKR6		AG2S		AG22				GPRV								CKRA						GASR						A2AA

		UR2R						NTR2		A1AD				PE24				GPR80		PSP24																								GPR7		FSHR				OPRM

		Group A6a: Gastrin receptor group

		CCKR														PNR								NY5R				TLR

		FF1												GP61		GPRH																		GALR		C3AR										SALPR										NY5R

		FF2						SSR5																																												5hMAS1				GP83		PSP24

		GASR														ACM3				5H2C																				5H6														APJ

		GPR103								V1AR										GALR				GP37		ETBR		GP83		NY1R						NY4R												PAR2				CXC1		SSR2		ACM3

		OX1R														GALS																																								MC3R

		OX2R

		Group A6b: Gonadotrophin and vasopressin receptor group

		GRHR														PSP24		APJ		5H7		ACM3								GPR81								C3AR				SSR4

		V1AR		5H6								GPR7								OPRK		ACM4																						GP27

		V1BR										EDG8		P2Y7								P2Y10				PD2R

		V2R										GALT		OPRD														TA2R		G2A								SSR4								CBI2

		Group A7a: Bombesin receptor group

		BRS3																												GPR7		NY2R						GP10		GP25		C3AR																		GP83

		ET1R																								PNR										FMLR		GHSR				NK4R						GPRI

		ETB2																										GPR49

		ETBR																		PKR1								5H1C		CXC1																FML1

		GP37																A2AA								PC22

		GRPR																								GPR1																						NY2R										AG22

		NMBR																												CKR3						CKR8						P2Y7				P2Y10								OPRD

		Group A7b: Neurotensin receptor group

		GHSR				GPR87						GPR88		PSP24		GP25		ET1R				EDG7		G2A										NK2R						GP83		AG22

		GP39												GP19						AA2B		GP52																				NK4R				5H1B

		NMU1R		SSR4																SSR4		P2UR										ETB2												72hMRGpse				SSR4

		NMU2R						B2AR				OPRX										GALS								NY5R		GRPR														5H2A

		NTR1				SSR4				OPRK						C5AR																														ACM5		A1AD

		NTR2								OPRD		NY2R				CXC1				GALT												GP25

		TLR								SSR2		CKR3								GASR																						AG22								DUFFY

		TRFR										A1AB								OPRX		FML2										BRS3								NK1R		ACM4				OX2R

		Group A8a: Anaphylatoxin receptor group

		C3AR						P2Y12												CKR9																P2YR				CXCR6				BRB1		A1AB		OPRM

		C5AR										RDC1						64hMRGpse																								5H2B

		C5L2						GPR80				CXCR3																																GPO				CXCR5				AG22

		CML1						CKR7						NY1R		SSR4																								OPRD				APJ		LSHR

		FML1

		FML2				5H1D																																		OPRD

		FMLR				GPR7								P2Y6

		GPR1						ETBR						AG2S		AG22				CKRA																				CKR7										TRFR

		GPR44								67hDRR5										CKR8																				NMBR				CXCR3		CML2		FF1

		GPRW								5hMAS		P2Y4		ACM3		C3X1																								SSR4				CKR3				OPRX

		Group A8b:MAS receptor group

		3hMRGF																				OPRD

		5hMAS1										GPRW								CML1		GPRW		CKRX

		60DRR1

		61MRGX3

		62hDRR2

		63MRGpse

		64MRGpse																		PE24		GPR7

		65hDRR6																								CXCR3

		66MRGX4

		67hDRR5																						GPR35

		68hDRR4

		69MRGX1

		70hDRR3																		GPR44

		71hMRGpse																		PI2R

		72MRGpse																																A2AC

		73MRGpse																										GPR34

		74MRGpse										GP61

		75MRGX2

		76MRGpse																				PI2R						5H2C

		77hMRGpse																																		GPR43

		78MRGpse

		80hMRGE																		PE24																CKR4

		82hMRGG																		GP43		NMU1R																GP25

		8hMRGD										SSR1

		MRG		5H7								P2Y12		PAR1						GPRW

		Group A9a: substance P receptor group

		GP19												CKR8		D2DR				G2A		GP37		GP22						FML2				GRHR						GP62

		GP83								CXC1								GP63				NY2R								EDG2		PKR1		FF2		LIB				GP10		NY4R

		NK1R																P2YR								PKR1		CKR6		OX2R

		NK2R																								CKR9						GHSR				APJ		DBDR

		NK3R

		NK4R																						C3AR

		Group A9b: melatonin receptor group

		GP10				B1AR								GP22				OX2R				ET1R																										GP83

		L1A						GALS								ACM3												OPSD

		L1B						EDG8														FML2																				GP22										SALPR

		L1X																																																								PAR2												GPR54		EDG1

		NY1R								NK4R				FF2												P2Y7		FF2																						NK4R

		NY2R										GPR54		FF2		ACM2						GP39																										GP83		GALR

		NY4R								AG2S				PSP24		CML1																												AA2A				GP83		GP83		PD2R

		NY5R				CB1R						D3DR		FF2		CKR8		OX2R				D3DR						GPR78										CXCR2						ETBR				CXCR5

		PKR1										CKR1		FF2				GASR				5HD1								GP25														V1AR				GALR

		Group A10: follitropin receptor group

		FSHR						TRFR																																																				PC22																GPR80						GPRK														PC21

		GPR48																																																														OPRM		PAFR																				70hDRR3				CKR6						OPRX				PC23

		GPR49				CKRA																				MC4R												GP83																												DBDR																BRB2								CXCR6

		LSHR						GPRC																																																								GP85		GP52		75hMRGX														OPRK

		TSHR																				CXC1																												3hMRGF														SREB						CKR7		AG22				GPR78

		Group A11: nucleotide and lipid receptors

		GPR41								GPRK		PAR2				GP61						TSHR		APJ

		GPR42

		GPR43

		GPR80										GPR35		GPR65		CKR2														V1BR												CKR9		GP39

		GPR81								C5AR				PAFR								PAR2						TA2R		BRB1				C5AR								ADMR

		GPR82								PAR2												GPR68																		CXCR1		GALR

		GPR91								C5L2								PAR2												CKR3				CXCR4

		HM74										RGR						PAR3																						GPRK

		P2UR								OPRM				PAR3				GPR34

		P2Y11				BRS3				P2Y5								PAR2

		P2Y4								FML2						GP61																		EBI2						GPR7				GPR34

		P2Y6												P2Y10		PAR1						GPR92

		P2YR										CKRB				GPRH												G2A		APJ												GPR1

		Group A12: nucleotide and lipid receptors

		GPR34		RGR						EBI2		72hMRGpse		P2Y5				CXCR4				UR2R				GALR						GPRH				PAR3

		GPR86								PAR2								CXCR3				8hMRGD						GPR1		SSR2

		GPR87		NMU1R		OPRM						NMU2R				PAR3				GPR8								GPRI				P2Y10

		H963								GPR80				GPRW				CXCR4				L1X														P2Y5

		KI01																														P2Y10		CKR6

		P2Y12								PAR2																		EDG1								EBI2

		PAFR								PAR2				AG2S		CXCR3												CKR7								GPR65

		Group A13: peptide and lipid receptors

		ACTR														CKRX								GPRH

		CB1R						TRFR								ADMR												A1AD						GASR										AA2B

		CB2R																8hMRGD								B1AR

		EDG1																																										5H2C

		EDG2																										GP83

		EDG3

		EDG4

		EDG5														GP83																								GPR57		GALR

		EDG6																																												CXCR1

		EDG7																										5H1E		P2Y10												75hMRGX2

		EDG8

		GPR3																						AA3R

		GPR6																RGR

		GPRC																																						GP63

		MC3R						FML1

		MC4R

		MC5R

		MSHR																																				5H6		A2AB

		Group A14: arachidonic receptors

		PD2R												OPRX								GPR44		H963

		PE21				AA2B		P2Y11																A1AB														EDG2

		PE22																RGR						OPRM																				GP39

		PE23						V1BR		GHSR				AA3R				SSR2																				CB1R				PAR3				NY4R

		PE24								UR2R				5H1D						GP85				SALPR														8hMRGD

		PF2R						C3X1						PAR2		GPR101						NK1R		CKR4																						GPR65

		PI2R								P2Y4																												8hMRGD								GP83						MRG

		TA2R						V1BR												5H7																		GP10				G2A				OPSB

		Group A15: psychosine receptor group

		EBI2												CKR1		PE24						KI01		AG2S		CKR9																P2Y12		P2Y12

		G2A												CML1						PAFR		KI01										FML1						C5L2		D4DR

		GPR35																GPR81				P2Y11		GALT

		GPR4												NMBR																								GPO

		GPR55																				ADMR		GPR58

		GPR65																						AG2S						P2Y7		GPR7				GP83		CXCR3

		GPR68										GPR91																														80hMRGE

		GPR92												P2YR		GPR82		BRB1		P2Y6		GPR34		PKR1		P2Y6				PKR1						CXC1		CXCR2				PAFR

		GPRH																OPSD						AG2S										CKR7		P2Y11		P2Y6				GPR34		CXCR2

		GPR1												C3X1				GPR34		OPRD				CXCR4		GPR91

		GPRK												GRPR				NMU2R				ADMR		AG2S								NK1R				CXCR3		GPR86

		P2Y10																GALR		P2Y6				P2Y11								AG22						KI01				H963

		P2Y5										P2Y11				P2Y11		CKR8																								H963				P2Y4

		P2Y9																CKR4		GPR80

		PAR1		GALS														82hMRGG		GPR91				SSR2

		PAR2				GPR1										P2Y4										GPR81										CKR5						GPR43

		PAR3				ACM3								APJ		72hMRGpse		GPR1						GPR41				CXCR1				GP22		CKR4								P2Y12

		Group A16: Rhodopsin receptor group

		OPSB						FF1														5H1A				OPRK		GPR8

		OPSD						PAR1		GPR35				ACM4												SSR2								78hMRGpse

		OPSG						V1BR

		OPSR						V1BR

		OPSX												5H1A		TRFR		GPR101								L1X				G2A

		RGR														C5L2						HH1R				PKR1

		Group A17: Biogenic amine receptors

		5H2A																																																														CKR6

		5H2B																FF2

		5H2C																																																																ETB2

		5H6														GRPR		HH1R		5H5A		5H7		AA1R										AA2A																		5H1B		SSR3				HH1R		EDG1

		A1AA								CXCR3																																																		5H1F						GPRW				V2R

		A1AB										FMLR				OX2R																																						5H1A										EDG8

		A1AD																														5H5A

		A2AA																																																				5H5A

		A2AB																																						NMBR		RGR																		SSR1

		A2AC												OX2R																								FSHR

		B1AR						SSR3												5H1E																																														PC21

		B2AR																																																		5H1A		SSR3						SSR5						OX2R

		B3AR																						AA2B																																										EDG3

		D2DR

		D3DR																																						GPO

		D4DR																		5H7																				82hMRGG						OPRM						NMU2R		SSR3

		DADR														NY2R																																																		GALS				GPRI

		DBDR

		GPR102												NY5R				5H1F		NK4R		5H1A										GASR		AA2B																		5H7		ACM2				5H1F

		GPR57

		GPR58

		HH2R												OX2R		GASR		5H1A		5H7				AA1R		ETBR				ADMR				GP52																				HH1R				5H7

		PNR												TSHR						OX2R														AA2B																								AG2S

		Group A18a: biogenic receptors

		ACM1																				5H1A		GP83		GP10																		GP27				GPRK

		ACM2																								MC4R

		ACM3				FF1		PC23																								L1X				GP25

		ACM4						5H1A																						CML2																UR2R				CKRA

		ACM5																														5H6				PC23		EDG1

		HH1R										5H2C		L1A		5H1E		5H2C		CB1R		P2Y7		RGR				B3AR																				NK1R		CXC1				5H1B		5H1B		5H6

		Group A18b: biogenic amine receptors

		AA1R						HH2R		HH1R		EDG3				ACM1				GPR7														CKR6

		AA2A				OX2R												EDG8		GPR43				B3AR								AG22		5H1D

		AA2B				HH2R		D4DR		P2Y11				V1BR		TLR								PNR				A1AD				GALS		5H1B

		AA3R				ACM4		D2DR		5H2C		PAR2				EDG3								LSHR						75hMRGX2				NK2R

		Group A18c: biogenic amine receptors

		GP27

		GP85				L1X

		SREB		SSR3

		Group A18d: biogenic amine receptors

		GPR101						GP63		FF1		DADR		GP10		SSR5		A1AA		5H7		MRG		GPRI																				CXC1				A1AA

		RE2						EDG2				5H1F				OX2R		A1AB		5H7		P2YR		CXCR2																				ACM2				GPR58

		Group A18e: biogenic amine receptors

		GP61						73hMRGpse						NY1R		DADR		5H6		PE23		FF1				5H1A								HH1R		5H2C		NY1R

		GP62						GP27		GPR41						CKRA		PKR1										NTR2						CXCR2				GPR78		B3AR

		Group A18f: biogenic amine receptors

		GP63										L1A				5H1F		5H7						NTR2												GPRC

		PSP24										GP39				NY4R												D4DR

		Group A18g: biogenic amine receptors

		GP52

		GPL				B1AR

		Group A18h: biogenic amine receptors

		GPR84				GP15		NTR1				CKR4		P2Y9		5H6				GPRH		ET1R		CKRX		GASR		FML2												SSR5		GPR1

		GPR88								D4DR		GP15				EDG4						GP25						EDG3												GPR84

		Group A19

		5H1A								TLR		DBDR		5H2A		HH2R				A2AC				A1AD														GP19		FF1				B2AR				HH2R		A2AA

		5H1B						TLR		EDG2								ACM2																								ACM4

		5H1D						FML2		GP62		PSP24												5H2C																										SSR5

		5H1E												5H2C				ACM3												EDG3

		5H1F																ACM4

		5H5A												GP10		5H2C		5H2A				A2AA		DBDR				A1AB		ACM3														D3DR						5H2A

		5H7		FF1				NK4R		OPRM				OPSB				GP63		A1AA		ACM2		A2AB						HH2R																GPR48		DADR		ACM4



Supplementary Figure 1. Mosaic relationships in the rhodopsin GPCRs. Instances of phylogenetic mosaicism between GPCR groups are displayed. Colour signifies the major group from which the mosaic fragment derives: blue, nucleotide receptor group (A); pink, endocrine receptor group (B); orange, opioid receptor group (C); purple, neuropeptide receptor group (D); red, mas receptor group (E); green amine receptor group (F). GPCR groups not associated with a major group are colour coded as follows: group 1, white; group 2b pale blue; group 6c, violet; group 10 brown. Specific receptor affiliations are indicated by the name of the affiliated receptor, mouse over will show the fragment region of the affiliated receptor which shows high similarity to the GPCR receptor.
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Supplementary Figure 2. Decision pathway for HTP analysis.
The phylogenetic analysis carried out by the program EMBLEMA. The purpose of the analysis is to determine whether the nearest neighbor to a query taxon is the same as a certain input taxon (the global nearest neighbour GNN in this study). The analysis begins with editing the distance matrix produced from an alignment in order to remove all abhorrently high genetic distances. The resulting matrix is either viable or unviable depending on the number of taxa remaining. There are subsequently 19 possible outcomes. Outcomes in which the GNN is found to be the nearest neighbor are bordered in black, red when there is a change to the nearest neighbour to another taxon, and grey if no nearest neighbour can be established either through lack of sequence information or distances which are abhorrently high. Outcomes 17 and 18 are composite outcomes of any outcome resulting in a change to GNN to the taxon identified by the BLAST analyses to the global alignment and GPCR superfamily respectively.
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Supplementary Table 1.

A 2 pair T- test was carried out for each of the nineteen phylogenetic outcomes comparing standardised real and simulated data. Critical values of T are at the 5% level, significant differences are given as 1 in the right hand column, or zero if there is no significant difference.
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Supplementary Table 2.


Average number of events per window for each GPCR group, real and simulated. Columns two and three represent jump events and columns four and five represent null fragments. The null fragments in this case are due only to high distances and not missing data to gaps in alignments.
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Supplementary Table 3

Mann Whitney Test for standardised frequencies of jump events that cross 1-4 nodes in the GPCR tree (figure 1). The value for Ucrit at the 0.01 level is 175. The value U1 is 131, which is lower than Ucrit so the null hypothesis is rejected, the real data has a significantly higher frequency of jump events across 1-4 nodes than the null data.
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Supplementary Table 4

Mann Whitney Test for standardised frequencies of null events. The value for Ucrit at the 0.01 level is 175. The value U1 is 113.5, which is lower than Ucrit so the null hypothesis is rejected, the real data has a significantly higher frequency of null events than the simulated data.
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