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dlass. species abbr. pictogram order Annotation
release
selesse_|
Mammilia Homo sapiens hs ) primates 109
Mus musculus mm rodentia 108
Monodelphis md i Didelphimorphia 103
domestica .
lucify mil Chiroptera 102
poT—— P Monotremata 104
anatinus
Pteropus alecto pa I Chiroptera 102
Aves Anas platyrhynchos ap ] Anseriformes 103
Aptenodytes forsteri § af Sphenisciformes 101
am 100
Calypte anna @ \ﬁ(ﬁ ‘Apodiformes 100
Charadrius vociferus fl ov ct 100
Cuculus canorus « A/ - Cuculiformes. 100
E
Columba livia d - Columbiformes 102
J\\
Dromaius. dn - Casuariiformes 100
novaehallandiae %
Falco peregrinus ) \ Falconiformes. 02
Gailus gallus ] 7 Galliformes 104
i
Taeniopyga goata | 8 41 Tasseriformes 5
o
Tytoalba ™ = Suigiformes 01
&l
U

ADGRA1

Sauria Alligator alm Crocodylia 102
(including mississippiensis
A
and Analis carolinensis ac Squamata 102
Lepidosauria)
Python bivittatus pb 'MN Squamata 102
Terrapene carclina et w3 Testudines 102
triunguis
Amphibia Nanorana parkeri np b Anura 100
Rhinatrema b P Gymnophiona 100
bivittatum iy,
Xenopus tropicalis xp !’ Anura 104
Actinopteri Dania reria dr Cypriniformes 106
(bony fish)
Takifugu rubripes tr Tetraodontiformes 103
Transition species
Leptocardii Branchiostoma bb Amphioxiformes 100
belcheri
Ascidiacea Ciona intestinalis d Enterogona 104
(Tunicata)
roartia Petromyzon marinus § pm Petromyzontiformes 100

table 1- all analyzed species
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Suppl. Figure S1. Schematic presentation of the phylogeny of all aGPCR families. Figure S1. generated with

BioRender.
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Ursus americanus (ENSUAMP00000012943)
Ursus maritimus (ENSUMAP00000003698)

Alluropoda melanoleuca (ENSAMEP00000014215)
Mustela putorius furo (ENSMPUP00000002890)

Ganis lupus dingo (ENSCAFP00020009429)

Vulpes vuipes (ENSVVUPO0000037765)

Sus scrofa (ENSSSCP00000057265)

Bos indicus (ENSBIXP00005037511)

Bos taurus (ENSBTAP00000057233)

Myotis luciugus (ENSMLUP00000016226)

L Pteropus vampyrus (ENSPVAP00000012193)

Equus asinus asinus (ENSEASPO0005018680)

Dasypus novemcinctus (ENSDNOP00000014369)
Dasypus novemeincius (ENSDNOP00000019529)
Erinaceus europacus (ENSEEUP00000005933)

Ursus maritimus (ENSUMAP00000003731)

Neovison vison (ENSNVIP00000007766)

Panthera pardus (ENSPPRP00000024917)
Panthera tigris (ENSPTIP00000015592)

Felis catus (ENSFCAP00000054981)

Felis catus (ENSFCAP00000038294)
Panthera pardus (ENSPPRP00000002553)
Panthera pardus (ENSPPRP00000004770)

Panthera tigris (ENSPTIP00000014046)

Macaca nemestrina (ENSMNEP00000043599)

hs ADGRE3
Gorilla gorilla (ENSGGOP00000012837)

hs ADGRE2
u Pan paniscus (ENSPPAP00000042933)
Pan troglodytes (ENSPTRP00000064107)
Hiocolobus tephrosceles (ENSPTEP00000038960)

Macaca mulatta (ENSMMUP00000062538)
Papio anubis (ENSPANP00000030945)
Rhinopithecus bieti (ENSRBIP00000038069)
roxellana (ENSRROF

Bos indicus (ENSBIXP00000024955)

| Bos indicus (ENSBIXP00005015642)
Bos indicus (ENSBIXP00000025030)
Bos indicus (ENSBIXP00000024928)
Capra hircus (ENSCHIP00000018279)
Capra hircus (ENSCHIP00000022171)
Equus caballus (ENSECAP00000008674)

Equus caballus (ENSEC/
Equus caballus (ENSECAP00000018722)

L Equus caballus (ENSECAP00000045653)
Sus scrofa (ENSSSCPO0000032838)
Sus scrofa (ENSSSCPO0000064324)
(Canis lupus dingo (ENSCAFP00020009359)
Vulpes vulpes (ENSVVUP00000037754)
| Ganis lupus dingo (ENSCAFP00000024120)
Ganis lupus dingo (ENSCAFP00020009337)
Vlpes vulpes (ENSVVUP00000037750)
Myotis lucitugus (ENSMLUP00000006870)
Myotis lucifugus (ENSMLUP00000022423)
Myotis luciugus (ENSMLUP00000017762)
Myotis lucitugus (ENSMLUP00000021458)
Microcebus murinus (ENSMICP00000044346)
| epmecn oo roormomosti
[—— Spermophilus dauricus (ENSSDAP00000008979)
Ictidomys tridecemineatus (ENSSTOP00000018944)

Ietidomys (ENSST
Marmota marmota (ENSMMMP00000025265)

dauricus (ENSSD!

Ictidomys tridecemlineatus (ENSSTOP00000017240)
Spermophilus dauricus (ENSSDAP00000008931)
Marmota marmota (ENSMMMP00000025353)
Marmota marmota (ENSMMMP00000025395)
Oryctolagus cuniculus (ENSOCUP00000026734)

mm ADGRE4

hs ADGRE1
hs ADGRES

hs ADGRV1

Suppl. Figure S2. Phylogeny of mammalian EMR2/ADGRE2. The phylogenetic relation of selected mammalian
EMR3/ADGRE3, EMR4/ADGRE4, CD97/ADGRE5, and

ADGRE2 orthologs and human EMR1/ADGRE],
VLGR1/ADGRV1 are given. There are several duplications of EMR2/ADGRE2 orthologs in carnivores, marmots, horses,

and bats. human (hs, Homo sapiens), mouse (mm, Mus musculus).
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Suppl. Figure S3. Phylogeny of representative vertebrate aGPCRs. The 7TM domain amino acid sequence of representative
vertebrate aGPCRs were aligned with MUSCLE (A) and ClustalW (B). The evolutionary history was inferred using the
Neighbor-Joining method ! based on a sequence alignment of the 7TM part of vertebrate aGPCR orthologs. Rhodopsin
orthologs (Rho) served as outgroup. The optimal tree is shown. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1,000 replicates) are shown next to the branches 2. The evolutionary
distances were computed using the Poisson correction method 3 and are in the units of the number of amino acid
substitutions per site. This analysis involved 148 amino acid sequences. All ambiguous positions were removed for each
sequence pair (pairwise deletion option). Evolutionary analyses were conducted in MEGA 45. The subtrees of currently
and newly assigned aGPCR families were condensed and labeled with a larger font size. human (hs, Homo sapiens),

chicken (gg, Gallus gallus), lizard (ac, Anolis carolinensis), frog (xt, Xenopus tropicalis), and bony fish (tr, Takifugu rubripes).
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A

continued

Suppl. Figure S4. Phylogenetic tree of representative Chordata and C. elegans aGPCRs and secretin-like GPCRs. The 7TM
domain amino acid sequence of representative Chordata and C. elegans aGPCRs and secretin-like GPCRs were aligned
with MUSCLE (A) and ClustalW (B). The evolutionary history was inferred using the Neighbor-Joining method ! based
on a sequence alignment of the 7TM part of chordate and C. elegans aGPCR orthologs. Rhodopsin orthologs (Rho) served
as outgroup. The optimal tree is shown. The percentage of replicate trees, in which the associated taxa clustered together
in the bootstrap test (1,000 replicates) are shown next to the branches 2. The evolutionary distances were computed using
the Poisson correction method ? and are in the units of the number of amino acid substitutions per site. This analysis
involved 338 amino acid sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion
option). Evolutionary analyses were conducted in MEGA 45. The subtrees of currently and newly assigned aGPCR
families and the secretin-like receptors were condensed and labeled with a larger font size. C. elegans, as a distantly
related invertebrate with the well-studied aGPCR members latrophilin 1 and 2 (lat-1, lat-2) and flamingo (fmi) ¢, was
included to internally evaluated the rooting of the trees. Thus, latrophilins were expected to cluster with vertebrate
LPHN/AGDRL (see Figure 1) and flamingo was currently not well-assigned to a vertebrate aGPCR family. Secretin-like
receptors are clear descents of ADGRD2 as supported by both trees. Condenced trees are given in Figure 5. lamprey
(pm, Petromyzon marinus), lancelet (bb Branchiostoma belcheri), vase tunicate (ci, Ciona intestinalis), nematode (ce,

Caenorhabditis elegans).
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Suppl. Figure S5. Phylogenetic relation of representative vertebrate aGPCRs and secretin-like 7TM domains and partial TM
receptor sequences. The amino acid sequence of representative vertebrate aGPCRs (human (hs, Homo sapiens), chicken (gg,
Gallus gallus), lizard (ac, Anolis carolinensis), frog (xt, Xenopus tropicalis), pufferfish (tr, Takifugu rubripes) were aligned
with MUSCLE. The evolutionary history was inferred using the Neighbor-Joining method . The bootstrap consensus
tree inferred from 1000 replicates 2 is taken to represent the evolutionary history of the taxa analyzed. Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) are shown above the branches
2. The evolutionary distances were computed using the Poisson correction method 3 and are in the units of the number
of amino acid substitutions per site. This analysis involved 201 amino acid sequences. All ambiguous positions were

removed for each sequence pair (pairwise deletion option). Evolutionary analyses were conducted in MEGA 45.
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Suppl. Table S1. Sequences retrieved from Ensemble instead of GenBank (excel file).

Table S2. Mutational constraint in human aGPCRs. Data were taken from gnomAD v2.1.1 and are based on 125,748
exomes and 15,708 genomes from unrelated individuals sequenced as part of various disease-specific and population
genetic studies aligned against the human GRCh37 reference 7. The average loss-of function (LoF) o/e ratio of all aGPCRs
is 0.5. The average o/e ratio of ADGRA, B, C, and L (blue fields, LoF e/o ratio = 0.21, p = 0.001) is significantly below and
the average o/e ratio of ADGRE, and F (orange fields, LoF o/e ratio = 0.85, p = 0.02) is significantly above the o/e ratio of
all aGPCRs (o/e ratio = 0.5). Of note, the constraint data are derived from human genomic sequences and, therefore,

represent only the constraint in humans in its ecological environment.

aGPCR | o/e score synonymous | o/e score missense | o/e score pLoF
ADGRA1 0.93 0.8 0.36
ADGRA2 0.99 0.8 0.42
ADGRA3 1.05 0.95 0.23
ADGRB1 1.05 0.58 0.06
ADGRB2 0.92 0.59 0.15
ADGRB3 1.08 0.82 0.07
ADGRC1 1.15 0.92 0.17
ADGRC2 1.08 0.86 0.17
ADGRC3 0.91 0.95 0.17
ADGRD1 1.05 0.96 0.6
ADGRD2 0.89 0.88 0.69
ADGRE1 0.98 0.93 0.86
ADGRE2 0.96 0.92 0.97
ADGRE3 0.89 0.89 1.13
ADGRE5 1.04 0.9 0.4
ADGRF1 1.16 1.04 0.93
ADGRF2 1.13 1.09 1.38
ADGRF3 1.02 0.93 0.87
ADGRF4 1.13 1.08 0.86
ADGRF5 1.04 0.93 0.26
ADGRGI1 1.11 1.01 0.61
ADGRG2 0.96 0.72 0.17
ADGRG3 0.96 0.95 0.87
ADGRG4 1.1 1.07 0.92
ADGRG5 0.98 0.94 0.26
ADGRG6 0.95 0.87 0.32
ADGRG7 1.08 0.95 0.83
ADGRL1 1.11 0.86 0.1
ADGRL2 1.04 0.87 0.04
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ADGRL3 1.01 0.73 0.09

ADGRL4 1.12 1 0.7

ADGRV1 1.02 1 0.44
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