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Recently, many genes of key molecules playing important roles in the
signal transduction systems have been cloned and sequenced. These key
components, including rhodopsin family receptors (G protein coupled
receptors), G proteins, adenylyl cyclases, phosphodiesterases, and
phospholipase Cs, comprise large families whose genes were derived from
each ancestral precursor by gene duplications. In order to clarify how the
genes in the signal transduction systems diverged during the evolution of
organisms, especially of animals, molecular phylogenetic trees of the
receptors, G protein o subunits, adenylyl cyclases, phosphodiesterases, and
phospholipase Cs were reconstructed. On the phylogenetic tree of 124
rhodopsin family receptors, those with similar ligand binding specificities
made clusters. The phylogenetic tree of 45 G protein o subunits was also
inferred. On this tree, G protein a subunits regulating a specific type of
amplifier also made a cluster. On both receptor and G protein o subunit trees,
genes with different functions are shown to have diverged before the
separation of vertebrate (or deuterostomia) and insect (or protostomia)
lineages , while genes duplicated after the divergence of the two animal
lineages seems to have same function but different tissue distributions. The
receptors binding with same ligand not necessarily interact with similar G
proteins. For example, one subtype of muscarinic acetylcholine receptor
(mAChR), m1, activating G protein subtype q and then stimulating PLC 3
subtypes in the next signal transducing step, whereas the other mAChR
subtype, m2, activating G protein subtype i and then inhibiting adenylyl
cyclases. The two receptors are closely related on the phylogenetic tree but
the two G protein subtypes are distantly related. The duplicated genes of
receptors binding with same ligand but coupling with different types of G
proteins seem to guarantee the development of various types of cells and
tissues in both vertebrate and insect lineages. The possible combinations of

the signal pathways mediated by the receptors, G protein subunits, and
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amplifiers known at present are enormous number even though many of them
have never been realized. In the case of the animal amplifiers of G proteins, it
becomes clear from the molecular phylogenetic analyses that subtypes of the
amplifiers regulated by G proteins, like adenylyl cyclases, cGMP
phosphodiesterases, and phospholipase C [ subtype, were diverged from
non-G protein coupled types, like guanylyl cyclase, calmodulin-dependent
phosphodiesterase, and phospholipase C y subtype, respectively, before the
two animal lineages were separated.

It is generally thought that evolutionary changes at phenotypic and
molecular levels are caused by distinct mechanisms, Darwinian selection of
selectively positive mutants on one hand and random fixation of selectively
neutral mutants on the other hand (Kimura, 1983). It is of particular importance
to understand evolution at two levels in a unified way, but no data suggesting
a link between them has been provided to date. The explosive diversification
of metazoa at the early Cambrian would provide a unique opportunity to find a
clue for the problem: It is widely accepted that the invasion of new vacant
niches followed by relaxed selective constraints at the phenotypic level is a
prerequisite for the rapid evolutionary burst at high taxonomic levels
(Simpson, 1967; Kimura, 1991; Valentine, 1977). If this hypothesis is correct,
the liberation from selective constraints at the phenotypic level is expected to
reduce functional constraints at the molecular level, giving rise to rapid
accumulations of genetic variations, because molecules that are expressed
tissue specifically are constrained not only from functional requirements of
individual molecules, but also from higher levels like tissues or organs (Kuma
et al., 1993), and a partial lack of tissue function results in the elevated rate of
molecular evolution (Hendriks et al., 1987). From a phylogenetic analysis of
tissue specific genes we report here that gene duplications as well as amino
acid substitutions had occurred with rapid rate during the evolution of

echinoderm/chordate common ancestor and the early evolution of chordates,
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but these genetic changes had remarkably reduced in the later stages. Thus
these results are supporting evidence for the above hypothesis from
molecular data and suggests a link between evolution at phenotypic and

molecular levels.
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Part 1

Diversification and Evolution of the Signal Transduction System:
Rhodopsin Family Receptors, G protein o Subunits,
Adenylyl Cyclases, Phosphodiesterases,

and Phospholipase Cs.



Introduction

Recently, the signal transduction systems converting extracellular
signals through G proteins to intracellular second messengers have been
enthusiastically studied in molecular level. The proteins participating in the
systems were identified and classified into four groups, receptors, transducers,
amplifiers, and effectors. As the primary structures of these proteins were
revealed more and more, it was found that there were several gene families.
Rhodopsin, a photo receptor having seven transmembrane regions, is
homologous to the receptors of neurotransmitters, peptide hormones, and
odorant substances (for review see Birnbaumer et al., 1990; lyengar and
Birnbaumer, 1990). Heterotrimeric guanine nucleotide binding proteins (or G
proteins), consist of «, B, and y subunits, each make gene families (for review
see lyengar and Birnbaumer, 1990; Kaziro et al., 1990; Kaziro et al., 1991;
Simon et al., 1991; Wilkie et al., 1992; Hepler and Gilman, 1992; Birnbaumer,
1992). G proteins regulates amplifiers such as adenylyl cyclase (for review
see Tang and Gilman, 1992), phosphodiesterase (for review see Beavo and
Reifsnyder, 1990), phospholipase C (for review see Rhee and Choi, 1992),
which also make their own large gene families, independently. Second
messengers, like cyclic nucleotides (cAMP and cGMP), inositol 1,4,5-
trisphosphate, and diacylglycerol, regulates a great number of effectors
including protein kinases, channels, calmodulin, etc. Because the members
of each gene family of signal transduction systems were diversified by gene
duplications, the combinations of these factors became larger and larger,
which ensured multicellular organisms to develop many types of cells and
tissues. Itis very important to study the diversification process of each factor
and the interaction of one factor to the other in the cell.

On this study, we paid much attention to the diverging points of
vertebrates and insects (and mollusks) on the phylogenetic trees because the

divergence time of the two animal lineages seemed to be good measure to
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divide the gene duplications into two types. The gene duplications before the
divergence time produced the genes of different functions, whereas those

after the time generated the genes of same function but different tissue

expressions.



Material and Methods

Sequence Data Sources Sequence data were from GenBank Release
77.0 and NBRF (National biochemical Research Foundation) Release 36.0.
Accession numbers of the data were listed on tables and figure legends. Data

not from the data bases were referred.

Phylogenetic Tree Inference Amino acid sequence data of each gene
family were aligned for their homologous regions (Miyata et al., 1985). On the
basis of the alignments, the evolutionary distance k was calculated between
each pair of the sequence, excluding amino acid positions where gaps
existed in any one of the aligned sequences; the distance k was measured by
calculating the amino acid difference K (per site) between sequences
compared and correcting multiple substitutions as k = -In(1 - K) (Jukes and
Cantor, 1969; Kimura, 1983). Based on the evolutionary distances,
phylogenetic trees were inferred by the neighbor-joining (NJ) method (Saitou
and Nei, 1987). The reliability of the inferred tree was evaluated by bootstrap

probability (Felsenstein, 1985).

Calculation of Nonsynonymous and Synonymous Substitutions
Corrected nucleotide differences at the nonsynonymous (kA) and synonymous
(kS) were calculated (Miyata and Yasunaga, 1980) for the homologous

regions of the gene families.

Results and Discussion
Rhodopsin Family Receptors Extracellular signals like neurotransmitters,
peptide hormones, odorant molecules, and photons are primarily recognized
by the receptors specifically identifying them. After complete amino acid
sequences of bovine rhodopsin, the visual pigment, was determined in 1982
(Ovchinnikov et al., 1982), many receptors interacting with G proteins to send
the information of the extracellular signals to intracellular second messengers
has been identified. Although all these receptors have common structure of
seven hydrophobic membrane spanning a-helices, several types of such
receptors have no amino acid sequence homology with rhodopsin. Two
groups of genes, metabotropic glutamate receptors (Masu et al., 1991) and
secretin receptor (Ishihara et al., 1991) and its related genes (Lin et al., 1991;
Juppner et al., 1991; Abou-Samra et al., 1992; Thorens, 1992), are thought to
be the G protein coupled receptors having no sequence homology with
rhodopsin family receptors and with the members of the other group. Yeast
STE2 and STE3 (Nakayama et al., 1985) also have seven hydrophobic
membrane spanning regions and interact with yeast G protein, GPA1 (for
review see Marsh et al., 1991), but have no homology with the members of
other receptor groups and with each other. Bacteriorhodopsin (Ovchinnikov et
al., 1979) and halorhodopsin (Blanck and Oesterhelt, 1987) of halophilic
archaebacteria (Archaea) also have seven transmembrane regions but no
homology with the eukaryotic receptors. Dictyostelium cAMP receptor (Klein
et al., 1988), which also contains seven transmembrane regions and interacts
with G protein, have weak homology with rhodopsin family receptors. In any
case, there is no evidence that all the receptors with seven transmembrane
structures are the descendants of a common ancestral gene.

On this we aligned 124 amino acid sequences of opsins and
receptors (Table 1) showing apparent homologies with rhodopsin (Fig. 1;

Appendix A). Dictyostelium cAMP receptor was not included in this alignment
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because of its weak homology with rhodopsin. From the alignment figure of
consensus sequences of closely related groups (Fig. 1), highly homologous
regions of the sequences were shown to be restricted to the seven
transmembranes and the nearby regions.

On the basis of the alignment, every gene pair of evolutionary distances
was calculated (Jukes and Cantor, 1969; Kimura, 1983) and the phylogenetic
tree of the receptors (Fig. 2) was inferred by the neighbor-joining (NJ) method
(Saitou and Nei, 1987). Because there was no information about the oldest
gene duplication, the tree should be expressed as an unrooted one (Fig. 2(a)).
From the phylogenetic tree, we found three important points.

First, receptors for the same ligand or structurally related ligands made
clusters on the tree (lwabe et al., 1989). For example, opsins (or visual
pigments), olfactory receptors, and biogenic amine receptors made single
clusters on the tree (Fig. 2(b)), respectively. The receptors for low molecular
weight neurotransmitters including adenosine, cannabinoid, and biogenic
amines are more closely related to each other than to neuropeptide receptors
or peptide hormone receptors. These facts indicate that ligand candidates for
so-called "orphan" receptors can be assumed when those receptors are
included in the phylogenetic tree. Murphy et al. (1992) also pointed out the
relationship between clusters of the receptors on their phylogenetic tree and
the ligand specificities. The alignment of the consensus sequences of the
receptors (Fig. 1), whose grouping of the members was based on the clusters
of the phylogenetic tree (Fig. 2(b)), suggests the existence of subgroup
specific amino acid sequences, which can be helpful to search the new
member of the subgroup and to elucidate their functional specificities. In
some cases, the receptors for same ligand consisting a cluster on the tree
couple to different effector systems. For example, m1 and m2 muscarinic
acetylcholine receptor subtypes make a cluster on the tree (Fig. 2(b)) but

couple to different G protein subtypes, q and i, respectively. Opsins of

vertebrates couple to transducins (or G protein at subtypes) but those of
insects to aq subtype (dgq). It seems that after the gene duplications or
separation of species, changing the ligand specificities of the receptors was
more difficult than changing the specificities for G protein coupling.

Second, on the phylogenetic tree, gene duplications producing the
receptors for different ligand specificities occurred before the divergence of
vertebrates and insects (and mollusks). For example, gene duplications of
muscarinic acetylcholine receptors and histamine H-1 receptor and of opsins
and the other receptors preceded the divergence of the two animal lineages
(Fig. 2(b)). We will call these receptors of different ligand specificities
"anisoforms”. Mammalian tachykinin peptide receptor case, however, is an
exceptional one because the duplication of substance K, substance P, and
neuromedin K receptors occurred after the divergence of vertebrates and
insects (Fig. 2(b)). The fact that these receptors can be cross-activated at
reduced potency by the other neuropeptide (Nakanishi, 1991) indicates that
they are now on the way to accepting the rigid ligand specificities. Because
neuropeptides and peptide hormones might have frequently duplicated and
diverged after the separation of vertebrates and insects, it seemed appropriate
that some subtypes of the receptors became to get modified ligand
specificities.

Third, gene duplications producing the receptors for same ligand
specificity occurred independently in each lineage of vertebrates and insects
(and mollusks). The genes diverged by these duplications have their own
tissue or cell specific expressions. For example, color opsins and rhodopsins
of vertebrates and opsin Rh1, 2, 3, and 4 of insects diverged independently
after the divergence of the two animal lineages (Fig. 2(b)), indicating the
independent acquisition of color visions of vertebrates and insects (Zuker et
al., 1987; Iwabe et al., 1989; Fryxell and Meyerowitz, 1991) and possibly

mollusks (lwabe et al., 1989). These opsins are expressed in different visual
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cells in both vertebrates and insects (Table 1). Vertebrates' muscarinic
acetylcholine receptor subtypes m1, 2, 3, 4, and 5 also diverged after the
separation of the two animal lineages and the tissue expressions of those
subtypes are different to each other (Table 1; Bonner et al., 1987). We will call
these receptor subtypes of same ligand specificity but of different tissue (or
cell) distributions "tissue specific isoforms". In some cases, like m1 and m2
muscarinic acetylcholine receptor subtypes, G protein coupling specificity of
one receptor subtype is different to that of others, as previously discussed. In
vertebrate lineage, many of the gene duplications of tissue specific isoforms
occurred before the divergence of fish and amphibians (lwabe et al., 1993;
Part 2). In the vertebrate opsin lineage, the evolutionary rate of amino acid
substitutions before the separation of lamprey and amphibians (extending 600
myrs ago to 500 myrs ago (Dickerson, 1971)) is apparently higher than that
after the separation of the two lineages (Fig. 2(b)). The tendency of high
evolutionary rates of the first period is not restricted to opsins but can be seen
in many gene families (lwabe et al., 1993; Part 2).

In any case, the common ancestor of vertebrates and insects
possessed a variety of "anisoform" receptors, although it had only one or a few
"tissue specific isoform" receptors per one ligand.

Recently, Okano et. al. reported that vertebrate rhodopsins have
diverged from cone visual pigments (Okano et. al., 1992). The phylogenetic
tree inferred in this study also suggest the same result (Fig. 2(b)). Previously,
lwabe et al. reported that human blue opsin was closely related with
rhodopsin than red and green opsins (lwabe et. al., 1989), while Yokoyama
and Yokoyama suggested that blue and red/green opsins made a cluster
(Yokoyama and Yokoyama, 1989). The genes of chicken green opsin (Okano
et. al.,, 1992) and gecko opsin P467 (Kojima et. al., 1992) showed sufficient
evidences that the genes for scotopic vision (rhodopsin) was evolved from that

for photopic vision (color pigments).

Corrected nucleotide differences at the nonsynonymous and
synonymous positions (Miyata and Yasunaga, 1980) of the receptor ge'nes
compared between human and mouse (or rat) were calculated for their
common homologous regions (Table 2). The nonsynonymous substitution
values (ka) were ranging from 0.00 to 0.14, whereas synonymous substitution
values (ks) were from 0.24 to 0.93. The ka values of thromboxane-A2
receptor, olfactory receptor |15, interleukin-8 receptor, thrombin receptor, and
BK-2 bradykinin receptor were seemed to be larger than those of the
receptors expressed mainly at brain (Table 1 and 2). Kuma et al. (1993)
previously showed that the evolutionary rates of protein kinase genes
expressed at immune systems are higher than those expressed at brain,
which suggested that tissue specific genes are constrained against amino
acid alternations not only from the structural or functional requirements of
individual molecules but also from higher level as tissues or organs, where
they are expressed. The fact that the receptors with higher ka values are
expressed in immune systems, blood, or peripheral nervous systems may be
consistent with the results of Kuma et al. (1993) although it must be
considered that the receptors with different ligand specificities have different
functional constraints. On the receptors for same ligand, the ka values varied
to some extent. For example, kA value of B3 adrenergic receptor, 0.052, is
about 6 times higher than that of a2B adrenergic receptor, 0.0082. Such
differences are expected as a consequence of the constraint from the tissues
where receptors are expressed (Kuma et al., 1993), but the tendency that ka
values of the receptors coupling to G protein subtype i are smaller than that of
the isoforms coupling to G protein subtype s or g may explain some part of the

differences.

G protein o subunits Heterotrimeric guanine nucleotide binding proteins

(G proteins), consisting of «, 3, and y subunits, transduce extracellular signals
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received by the rhodopsin family receptors to intracelluar signal amplifiers.
The a subunits, which catalyze GTP to GDP and mainly interact with the
receptors and amplifiers, contain GTP binding domains homologous to those
of other GTP binding proteins including ras, rab, rho, ADP ribosylation factor,
polypeptide chain elongation factor Tu/1a and G/2, and initiation factor 2.

Forty-five amino acid sequences of G protein o subunits from various
eukaryotes including yeast, plants, Dictyostelium, and animals (Table 3) were
aligned for their almost whole regions (Fig. 3). On the basis of the alignment,
the distant matrix was calculated and the molecular phylogenetic tree of the
subunits (Fig. 4) was inferred by NJ method (Saitou and Nei, 1987). Because
there was no information about the oldest gene duplication or separation of
the species, the tree should be expressed as an unrooted one (Fig. 4(a)).
From the phylogenetic tree, we found three important points about animal «
subunits, which is consistent with the three ideas about the rhodopsin family
receptors, as is stated above. Recently, Yokoyama and Starmer (1992) also
inferred phylogenetic trees of animal G protein o subunits.

First, animal o subunits interacting the same type of amplifiers made
clusters on the tree. For example, as and aolf, activating adenylyl cyclases,
made a single cluster on the tree, whereas ail, 2, and 3, inhibiting adenylyl
cyclases, made another cluster (Fig. 4(b)). «q, y, 14, 15, and 16, recently
probed to activate phospholipase C 3 subtypes (for review see Sternweis and
Smrcka, 1992; Birnbaumer, 1992), also made a cluster (Fig. 4(b)). Two types
of transducin o subunits, at1 and at2, activating phosphodiesterases on
vertebrate photocells, also made a cluster on the tree (Fig. 4(b)). These facts
indicates that gastducin, which thought to transduce the signal of tastes
molecules to unknown effectors on taste receptor cells (McLaughlin et al.,
1992), activates some type of phosphodiesterase because it belongs to the
cluster of transducins (Fig. 4(b)). As Caenorhabditis gpa genes make a single

independent cluster on the tree (Fig. 4(b)), there is a possibility that they
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interact with an unknown amplifier protein. The alignment of the consensus
sequences of the a subunits (Fig. 3), whose grouping of the members was
based on the clusters of the phylogenetic tree (Fig. 4(b)), suggests the
existence of specific amino acid sequences for the subgroups which can be
helpful to search the new member of the subgroup and to elucidate their
functional specificities. There is no relationship between the clusters of the o
subunits and the relatedness of the receptors that interact them, which will be
discussed later.

Second, gene duplications of the o subunits of different amplifier
interactions occurred before the divergence of vertebrates and insects (and
mollusks). For example, gene duplications making ai, 0, z, and t subtypes
preceded the separation of the two animal lineages (Fig. 4(b)). The as and aq
subtypes also duplicated before the divergence. Thus these o subunit
subtypes of different amplifier interactions are "anisoforms", a term defined in
the above discussion of the receptors. Although aq and 16, both activating
phospholipase C [ subtypes (Sternweis and Smrcka, 1992; Birnbaumer,
1992), made a cluster on the tree, the divergence of the two genes was before
the separation of vertebrates and insects(Fig. 4(b)). This suggests that the two
o subtypes comprise some different functions.

Third, gene duplications of the o subunits interacting the same amplifier
occurred in vertebrate lineage and each duplicated gene has different tissue
or cell specific expression. For example, the duplication of as, expressed in
many tissues, and oolf, expressed in olfactory sensory neurons, occurred after
the divergence of vertebrates and insects (and mollusks) (Fig. 4(b)). Thus
these o subunits are "tissue specific isoforms". Furthermore, in vertebrate
lineage, the gene duplications of tissue specific isoforms, like as and oolf or
ail, 2, and 3 (Fig. 4(b)), occurred before the divergence of amphibians and
mammals. In the vertebrate as lineage, the evolutionary rate of amino acid

substitutions before the separation of amphibians and reptiles (extending 600
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myrs ago (Dickerson, 1971) to 350 myrs ago (Dayhoff, 1978)) is apparently
higher than that after the separation of the two lineages (Fig. 4(b)). The
tendency of higher evolutionary rates before the divergence of fish and
amphibians than those after it can be seen also in many other genes (Iwabe et
al., 1993; Part 2).

In the case of the G protein o subunits, the common ancestor of
vertebrates and insects possessed a variety of "anisoforms" but had only one
(or a few) "tissue specific isoforms" (Fig. 4(b)), like the case of the receptors
(Fig. 2(b)).

The mammalian gene of G protein o subunit subtype o (c0) produces
two alternatively spliced mRBNA encoding co1 and a02 that contain different
last two exons (exons 7 and 8) (Tsukamoto et al.,, 1991). As the amino acid
sequences of the exons 7 and 8 regions of ao1 show strong homology with
those of 002 and to other a subunit subtypes, the sequences of these o
subunits were aligned (Appendix B'(a)). The phylogenetic tree of the oo
subunit exons 7 and 8 regions inferred on the basis of the alignment
(Appendix B'(b)) indicated that duplication of the two exons of co1 and ao02
was occurred before the divergence of vertebrates and insects (and mollusks).
Because the exons 7 and 8 of ao1 were paralogous to the other animal ao
subunits, we included human oo02 in the phylogenetic tree (Fig. 4(b)).
Yokoyama and Starmer (1992) included both «o1 and oo02 in their
phylogenetic trees, which misled their results. There is a possibility that some
functions of o1 and «02 are different because the duplication was before the
separation of vertebrates and insects.

Although the root of the phylogenetic tree was not determined, no G
protein o subunit of fungi, plants, and Dictyostelium was closely related to
animal as, q, i, 0, z, or t (Fig. 4(b)). There is a possibility that o subunit

"anisoforms" regulating adenylyl cyclases, phosphodiesterases, and
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phospholipase Cs diverged only in animal lineages. The evolutionary
relationships of G proteins and the amplifiers will be discussed later.
Corrected nucleotide differences at the nonsynonymous and
synonymous positions (Miyata and Yasunaga, 1980) of the G protein «
subunit genes compared between human and mouse (or rat) were calculated
for their common homologous regions (Table 4). The ka values were ranging
from 0.00 to 0.065, whereas ks values were from 0.29 to 0.97. Apparently the
ka value of 16, expressed specifically in myeloid cells (Table 3; Hepler and
Gilman, 1992), was larger than those of the other a subunit genes. This may
be consistent with the results of Kuma et al. (1993) that the evolutionary rates
of protein kinase genes expressed at immune systems are higher than those

expressed at brain.

Amplifiers The extracellular signals received by the receptors are finally
converted into the intracellular second messengers by signal amplifiers.
There has been identified and sequenced several types of amplifiers:
Adenylyl cyclase (AC), producing cAMP and regulating many effector proteins
like A kinases or cAMP-gated channels; phosphodiesterase (PDE),
hydrolyzing cGMP to GMP and closing the cGMP-gated channels;
phospholipase C (PLC), producing two types of second messengers, inositol
1,4,5-trisphosphate (IP3) and diacylglycerol (DG) and regulating calmodulins
and C-kinases. We inferred the molecular phylogenetic trees of these three
amplifier families (Fig. 5, 6, and 7) by NJ method (Saitou and Nei, 1987).
Animal ACs comprise common homologous structure of two repeats of
[6 transmembrane regions plus one catalytic domain]-structure and are
regulated by G proteins. The phylogenetic tree of animal ACs (Fig. 5) was
inferred by using Dictyostelium AC-A as an outgroup, which have overall
homology with them. The guanylyl cyclases and yeast, Trypanosoma, and

Rhizobium ACs also contain the homologous catalytic domains but are not
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regulated by G proteins (for review see Tang and Gilman, 1992). They were
not included in the tree (Fig. 5) because their structures except for the catalytic
domains are completely different from those of animal ACs. The branching
patterns of the phylogenetic tree of animal ACs, which was also inferred by
maximum likelihood method (data not shown) (Kishino et al., 1990), indicates
that the common ancestor of vertebrates and insects possessed at least four
types of ACs, | and rutabaga, Il and IV, Ill, and V and VI (Fig. 5). The results of
rhodopsin family receptors and G protein a subunits that the gene
duplications before the divergence of vertebrates and insects (and mollusks)
usually produced "anisoforms" suggest the functional differences of those four
types of ACs. The fact that the effects of G protein By subunit complex and
CaZ2+-calmodulin to these animal four types are different to each other (Tang
and Gilman, 1992) is consistent with the above suggestion.

Figure 6 is the phylogenetic tree of PDE catalytic subunits. Mouse

photocell cGMP PDE « and B subunits and bovine photocell cGMP PDE are
regulated by G protein at subunits (or transducins), whereas other PDEs are
regulated by other factors like cGMP or calmodulin (for review see Beavo and
Reifsnyder, 1990). These PDEs regulated by different factors seems to have
generated by gene duplications before the divergence of vertebrates and
insects (Fig. 6). They can be defined as "anisoforms". On the other hand, four
types of mammalian cAMP PDEs, whose functions are same but expressions
are different to each other (Swinnen et al., 1989), had generated by gene
duplications after the divergence of vertebrates and insects (Fig. 6). They can
be defined as "tissue specific isoforms".

Three types of animal PLC, B, vy, and 8, apparently diverged before
vertebrates and insects separated (Fig. 7). PLCB, vy, and & can be defined as
"anisoforms" because they are regulated by G proteins, receptor type protein
kinases, and unknown factors, respectively (for review see Rhee and Choi,

1992). Furthermore, because three PLC 3 subtypes, [mammalian 31, 2, and
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3], [Drosophila plc-21], and [bovine retina B and Drosophila norpA], also
diverged before the separation of the two animal lineages (Fig. 7), some
functions of the three subtypes are possibly different to each other, like the
case of animal ACs.

There are four points that can be seen from the three phylogenetic trees
of the amplifiers (Fig. 5, 6, and 7). First, genes with same or similar functions
made clusters on the trees. Second, gene duplications generating
"anisoforms”, gene products of different functions, occurred before the
divergence of vertebrates and insects. Third, gene duplications producing
"tissue specific isoforms" occurred after the separation of the two animal
lineages. Fourth, G protein coupled types of amplifiers are possibly generated
by gene duplications of G protein non-coupled types before the separation of
the two animal lineages (Fig. 6 and 7). Although the root of the trees should
be determined to clarify the relationships of the G protein coupled and non-
coupled types of amplifiers, the phylogenetic trees of G protein a subunits
(Fig. 4) and the amplifiers (Fig. 6 and 7) strongly suggest that the G protein
coupled type amplifiers and G protein o subunits regulating them were
generated by the gene duplications in early animal lineages. If plants and
fungi also have G protein coupled type amplifiers, it is possible that they
produced the subtypes by gene duplications in their own lineages. In any
case, to understand when these systems were established, the G protein
subunit and amplifier genes of primitive animals like sponge, jellyfish, and
planarian and of many plants and fungi will be very important.
Diversification of the Signal Transduction System Figure 8 is the
schematic phylogenetic relationships of the receptors and G protein «
subunits extracted from the trees of Figures 2(b) and 4(b). The figure indicates
that there is little relationship between the phylogeny of receptors and that of

G protein a subunits from the view point of the coupling of the two factors.

1 -15



Closely related receptors not necessarily couple to the same or closely related
G protein a subunits. Furthermore, in some cases, a receptor couples to more
than two G proteins (Ross, 1989; Birnbaumer et al.,, 1990). After gene
duplication, one of the duplicated receptors changed its coupling to the
G protein, which guaranteed the development of complex tissues or cell types
that differently respond to the same ligand.

Gene duplications not only of the receptors but also of G (i,
and y subunits, adenylyl cyclases, phosphodiesterases, and phospholipases
contributed the diversification of the signaling pathways (Ross, 1989;
Birnbaumer et al., 1990). The possible combination of the signal pathways of
the receptors, G protein subunits, and amplifiers known at present is more
than hundred thousands although many of them have never been realized.
Some signal pathways are listed on Figure 9. Many ligands and the receptors
had been acquired when the unicellular animal ancestor became multicellular
organism with many cell types, whereas the second messengers like cAMP
(and/or cGMP), IP3, and DG were already used by the common ancestor of
animals, fungi, and plants (Fig. 6 and 7). The G proteins combined the newly
synthesized ligand perception systems with the preexisting second
messenger regulating systems. The G proteins also directly regulate many
ion channels, which were not discussed in this study (for review see Hepler
and Gilman, 1992; Birnbaumer, 1992). The diversification of signal pathways
by combinations of the duplicated gene products can be also seen in the
protein kinase, phosphatase, and other systems.

Concluding Remarks As previously discussed, it seems very informative
to pay attention to the divergence of vertebrates and insects (or mollusks) on
the phylogenetic trees of signal transducing factor families. Gene duplications
producing the proteins of different functions occurred before the divergence of

the two animal lineages, whereas those producing the proteins of same
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functions but different tissue distributions did after the divergence. This
tendency is also seen in house keeping genes like peptide elongation factor
EF-1a and aldolase. Gene duplications of the latter case in the vertebrate
lineage often happened before the divergence of fish and amphibians.
During this period (from about 600 myrs ago to 400 myrs ago), molecular
evolutionary rates not only of the genes of signal transduction system but also
of EF-1a and aldolase were higher than those after this time (from 400 myrs
ago to now) (lwabe et al., 1993; Part 2). This was probably related to the
development of complex tissues of early chordates, and possibly of
arthropods and other animal lineages, at the early Cambrian period (lwabe et
al., 1993; Part 2).

To clarify the detail processes of the diversification of signal
transduction systems of eukaryotes, gene data from primitive animals, fungi,

plants, and protista are very important.
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Table 1

Expressions and Accession Numbers of Rhodopsin Family Receptors

No. Gene

(A) opsin
1. human rhodopsin
2. chicken rhodopsin
3. lamprey rhodopsin
4. chicken green
5. Gecko P467
6. chicken blue
7. human blue
8. chicken violet
9. human red
10. human green
11. chicken iodopsin (red)
12. Astyanax R0O07
13.  Astyanax G101
14. Astyanax G103
15. Gecko P521
16. octopus rhodopsin
17.  Loligo rhodopsin
18. Drosophila Rh1
19. Calliphora Rh1
20. Drosophila Rh2
21. Drosophila Rh3
22. Drosophila Rh4 (ultraviolet)

Expression

rod cell

rod cell

short photoreceptor cell

cone cell
rod cell
cone cell
cone cell
cone cell
cone cell
cone cell
cone cell
(genomic)
(genomic)
(genomic)
rod cell
visual cell

visual cell

photoreceptor cell R1-6

photoreceptor cell R1-6

photoreceptor cell R8
photoreceptor cell R7

photoreceptor cell R7
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Accession No.

K02281
D00702
M63632
M92038, M88178
M92035
M92037
M13299
M92039
M13305
K03494
X57490
M38630
M38624
M60945
M92036
X07797
S$14332 @
K02315
M58334
M12896

M17718, Y00043
b

Table 1 (continued)

No. Gene

(B) olfactory (odorant) receptors (putative)
23.
24.
25.
26.
27.
28.
29.
30.
Silk:
32"
38;
34.
B

36.

8

38.

rat 13
rat 18
rat 14
rat 19
rat 15
rat F5
rat F12
rat F3
rat |7
rat F6

human HGMPOQ7I (ligand unknown)
human HGMPO7J (ligand unknown)

dog DTMT (ligand unknown)

(C) pituitary glycoprotein hormone receptors

human luteinizing hormone-

choriogonadotropic hormone

(LH-CG) R.
human follicle-stimulating
hormone (FSH) R.

human thyroid stimulatory

hormone (TSH; thyrotropin) R.

Expression

olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
olfactory sensory cell
testis

testis

testis (spermatocytes)

testis, ovary €. d

ovary

thyroid
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Accession No.

M64385
M64387
M64391
M64388
M64392
M64377
M64381
M64376
M64386
M64378
X64994
X64995
X64996

M63108

M65085

M32215



Table 1 (continued)

No. Gene

(D) tachykinin peptide receptors
(D-1) substance P receptor and others
39. human substance P R.
(neurokinin 1 R.)
40. human substance K R.
(neurokinin 2 R.)
41. human neuromedin K R.
(neurokinin 3 R.)
42. human putative opioid R.
(ligand unknown)
43. Drosophila DTKR
(tachykinin-like peptide R.)
44. Drosophila NKD (tachykinin R.)

Expression

brain, alimentary canal €,

lung, spinal cord

lung

brain, kidney

placenta, brain

head

head > body

(D-2) glucocorticoid-induced receptor and PR4

45. mouse glucocorticoid-induced (Gl) R. T-cell

(ligand unknown)

46. Drosophila PR4 (neuropeptide R.)

(D-3) neuropeptide Y receptor
47. human neuropeptide Y R.

(E) gastrointestinal hormone receptors
48. rat cholecystokinin A (CCK-A) R.
49. rat cholecystokinin B (CCK-B) R.
50. dog gastrin R.

head, body

brain

pancreas
brain
gastric parietal cells,

pancreas, brain
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Accession No.

M74290, M81797,

M84425, X65177

M57414, M60284

M89473

M84605

X62711

M77168

M80610

M81490

M84755

M88096
M99418
M87834

Table 1 (continued)

No. Gene

(F) endotheline receptors

51. human endotheline-1 (ET-1) R.

52. human endotheline-B (ET-B) R.

(G) bombesin-like peptide receptors
53. human gastrin-releasing peptide
(GRP) R.

54. human neuromedin B R.

(H) neurotensin receptor

55. rat neurotensin R.

(I) posterior pituitary hormone receptors
56. human vasopressin V2 R.
(antidiuretic hormone R.)
57. rat V1a arginine vasopressin R.

58. human oxytocin R.

59. mouse gonadotropin-releasing

hormone (GNRH) R.

(J) thyrotropin-releasing hormone receptor

60. mouse thyrotropin-releasing

hormone (TRH) R.

Expression

arota, lung, atrium,
colon, placenta

brain > placenta, lung,
kidney, adrenal, colon,
duodenum

brain, colon, pancreas

brain, esophagus f

brain > heart, duodenum,
intestine, liver

kidney

liver, kidney, spleen

myometrium, mammary gland,

non- pregnant endometrium,
ovary

pituitary gland

pituitary gland
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Accession No.

090348

D90402, M74921

M73481

M73482

JHO164 @

211687

211690

X64878

M93108

M94384, M59811



Table 1 (continued)

No. Gene

(K) cannabinoid receptor related
61. human cannabinoid R.
62. human edg-1 (ligand unknown)

63. rat R334 (ligand unknown)

(L) adenosine receptors
64. rat A1 adenosine R.
65. human A2 adenosine R.
66. human A2b adenosine R.

67. rat A3 adenosine R.

(M) amine receptors

Expression

brain
endothelial cell

brain, testis

brain, thyroid 9

brain

brain

testis > kidney, lung, heart >

brain

(M-1) muscarinic acetylcholine receptors (MAChRS)

68. human m1 mAChR

69. human m3 mAChR (hM4)
70. human m5 mAChR

71.  human m2 mAChR

72. chicken m2 mAChR

73. human m4 mAChR (hM3)
74. chicken m4 mAChR

75. Xenopus m4 mAChR

76. Drosophila mAChR

(M-2) histamine H1 receptor

77. bovine histamine H1 R.

brain D

brain, pancreas
brain

brain, heart
brain, heart
brain

brain, heart
ovary

head

lung, small intestine >
adrenal medulla, uterus >

brain, spleen
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Accession No.

X54937
M31210
X61496

M64299
M97370
M97759
M94152

X52068,
X15266
M80333
M16404
M73217
X15265
J05218

X65865
M23412

[BDNIOI97

, M69045

M35128

, X15264

Table 1 (continued)

No. Gene

(M-3) histamine H2 receptor

78. human histamine H2 R.

(M-4) B adrenergic receptors

79. human B1 adrenergic R.

80. turkey B1 adrenergic R.

81. human B2 adrenergic R.

82. human B3 adrenergic R.

(M-5) a1 adrenergic receptors

83. human alA adrenergic R.

84. rata1B adrenergic R.

85. bovine novel a1 adrenergic R.

(M-6) a2 adrenergic receptors

86. human o2A (2C10) adrenergic R.

87. human a2B (2C4) adrenergic R.

88. human a2C2 adrenergic R.

(M-7) tyramine receptor
89. Drosophila tyramine R.

( = octopamine R.)

Expression

gastric fundus > brain i

brain, adipose tissue,heart,
lung }

erythrocyte

lung > brain, heart,
adipose tissue K

adipocytes, liver,

soleus muscle, ileum

vas deferens, brain,

heart, spleen !
liver

brain

platelet
brain, kidney

liver, kidney

head
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Accession No.

M64799

J03019

M14379
J02960

M29932

M76446

M60655

J05426

M18415
J03853
M34041

X54794, M60789



Table 1 (continued)

No.

(M-8) serotonine (5HT) receptors (1A, 1B, 1D, 1E, dro, dro2A, dro2B)

90.
Sil%

92.
93.
94.
96!
96.

Gene

human 5HT1A R. (G21)
human 5HT1B R.

human 5HT1D R.
human 5HT1E R.
Drosophila SHT-dro R.

Drosophila 5HT-dro2A R.
Drosophila 5HT-dro2B R.

Expression

brain M

brain

brain
brain
head
head
head

(M-9) serotonine (5HT) receptors (1C, 2, SRL)

97.
98.
QL)

(M-10) dopamine receptors (D1, D5)

100.
101.

(M-11) dopamine receptors (D2, D3, D4)

102.

103. Xenopus D2 dopamine R.

104.
105.

human 5HT1C R.
human 5HT2 R.
rat 5HT R. (SRL)

human D1 dopamine R.

human D5 dopamine R.

human D2 dopamine R.

rat D3 dopamine R.

human D4 dopamine R.

brain N
brain

stomach fundus

brain

brain

brain, retina

brain

brain

brain
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Accession No.

X13556
M75128, M83180,
M81590, D10995
M81589, M89955
M91467, Z11166
M55533
211489
211490

M81778
M8684 1
X66842

X55760
M67439, X58454

M30625, X51362;
M29066
X59500
X57764
X58497

Table 1 (continued)

No. Gene

(N) mas oncogene related receptors

106.

107.
108.

(O) arachidonic acid derivertive receptors

109.

110. mouse prostaglandin E (PGE) R.

human mas oncogene
(angiotensin R.)
human mrg (ligand unknown)

rat RTA (ligand unknown)

human thromboxane-A2 (TXA2) R.

EP3 subtype

(P) chemoattractant peptide receptors

INTRIR

112.
151134
114.
INISE

116.

1) 7

118.

1168
120.

120

human FPRL1
(formylpeptide R. like)
human N-formylpeptide R.
human RMLP-related R.I
human C5a anaphylatoxin R.
human vasoactiveintestinal
peptide (VIP) R.

human angiotensin II-1 R.

human interleukin-8 (IL-8) R.
(high affinity)

human interleukin-8 (IL-8) R.
(low affinity)

human neuropeptide Y3 R.

human platelet activating factor
(PAF) R.

human thrombin R.

Expression

brain ©

not detected
brain, vas deferens, uterus,

intestine, stomach, arota

placenta, lung
kidney, uterus >brain, thymus,

lung, heart, stomach, spleen

granulocyte

myeloid cell

leukocyte

myeloid cell series

brain, colon, heart, kidney,
lung, spleen, small intestine

heart, placenta, lung, liver,
skeletal muscle, adrenal

neutrophil

neutrophil

spleen

leukocyte > spleen, lung,
kidney P

platelet,

vascular endothelial cell
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Accession No.

M13150

A39485 a
M35297

S13647 4
D10204

M84562, X63819,
M88107
M60627
M76673
M62505
M64749

M87290, M93394,

M91464, Z11162

M6E8932

M73969

M99293
M76674

M62424



Table 1 (continued)

No.

122.

123.

124.

Gene Expression Accession No.

human BK-2 bradykinin R. kidney, uterus, lung > M88714
testis, pancreas,brain, heart

human somatostatin 1 (SST1) R. jejunum, stomach,colon, M81829
kidney

human somatostatin 2 (SST2) R. brain, kidney > M81830

jejunum, colon, liver

Note. - Sequence data are from GenBank release 77.0 and NBRF release 36.0 (data not

from the banks are referred). Expression data were taken from the papers listed on the data

banks. If not available, the expression data were from the papers of other mammalian receptors.

> indicates that tissue expressions of the right are weaker than those of the left.

data from NBRF release 36.0

data from Montell et. al. (1987).

expressions of rat LH-CG receptor (McFarland et al., 1989).
expressions of pig LH-CG receptor (Loosfelt et al., 1989).
expressions of rat substance P receptor (Hershey et al., 1991).
expressions of rat neuromedin B receptor (Wada et al., 1991).
expressions of dog A1 adenosine receptor et al., 1989).
expressions of pig m1 mAChR (Kubo et al., 1986).

expressions of dog histamine H2 receptor (Gantz et al., 1991).
expressions of rat B1 adrenergic receptor (Mussin et al., 1991).
expressions of rat B2 adrenergic receptor (Mussin et al., 1991).
expressions of rat a1A adrenergic receptor (Lomasney et al., 1991).
expressions of rat 5SHT1A receptor (Albert et al., 1990).

expressions of rat SHT1C receptor (Julius et al., 1988).

expressions of rat mas oncogene (Young et al., 1988).

expressions of guinea-pig platelet activating factor receptor (Honda et al., 1991).
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Table 2

Corrected nucleotide differences at the nonsynonymous and synonymous positions of

Gene

thromboxane-A2 R.
interleukin-8 R.(low affinity)
odorant R. 115D
thrombin R.

BK-2 bradykinin R.
B3 adrenergic R.
D4 dopamine R.
thyrotropin R.

A2b adenosine R.
histamine H2 R.
LH-CG R.
substance K R.
antidiuretic hormone R.
A2 adenosine R.
neuromedin B R.
B2 adrenergic R.
D5 dopamine R.
serotonin 1D R.
rhodopsin

o2A adrenergic R.
angiotensin II-1 R.
D1 dopamine R.

follicle-stimulating hormone R.

gastrin-releasing peptide R.
serotonin 1B R.

serotonin 1C R.
endotheline-B R.

m1 mAChR

somatostatin R. 2
neuromedin K R.
neuropeptide Y R.

m3 MAChR (hM4)

ka

0.14 +0.02

0.13£0.02

0.096 £ 0.014
0.094 £0.014
0.082 £0.012
0.052 £0.010
0.051 £0.010
0.046 £ 0.009
0.045 £ 0.009
0.044 + 0.009
0.041 £0.009
0.038 £ 0.008
0.037 £ 0.008
0.036 + 0.008
0.036 + 0.008
0.036 £ 0.008
0.035 + 0.008
0.032 £ 0.008
0.029 + 0.007
0.028 £ 0.007
0.022 = 0.006
0.021 + 0.006
0.020 + 0.006
0.019 + 0.006
0.018 £ 0.006
0.018 £ 0.006
0.017 = 0.006
0.015 £ 0.005
0.015 + 0.005
0.015 £ 0.005
0.013 £0.005
0.013 +£0.005

1-35

ks

0.65 + 0.06
0.62 + 0.06
0.49 +0.05
0.85 £ 0.09
0.56 £ 0.06
0.49+0.05
0.35 +0.04
0.57 £0.06
0.56 +0.06
0.49 £0.05
0.72+0.07
0.58 + 0.06
0.60 + 0.06
0.55 £ 0.06
0.62 _ 0.06
0.62 + 0.06
0.65 + 0.06
0.61 +0.06
0.55 +0.06
OIS =005
0.84 £ 0.09
0.68+0.07
0.56 + 0.06
0.46 +0.05
0.39 +0.04
0.55+0.06
0.52 £0.05
0.39 +0.04
0.58 + 0.06
0.62 £ 0.06
0.93+0.10
0.53 £ 0.06

rhodopsin family receptors that are compared between human and mouse (or rat)

Accession No.

Human  Mouse (or Rat)
a D10849
M94582 L13239
X64994 M64392C

M62424 L03529
M88714 M59967¢C
M29932 M74716C
X58497  M84009¢
M32215 M34842¢€
M97759 M91466C€
M64799 S57565€
M63108 M81310
M57414 X62933

Z11687 Z11932C
M97370 M91214C
M73482 ¢c.d
J02960  X15643
X58454 M69118C
M89955 M89953C
K02281 M36695-9

M18415 M99377
M87290 X62295C
X55760 M35077C
M65085 C.e
M73481 M57922
D10995 M85151
mM81778 f

D90402 X57764C
X52068 J04192
M81830 M81832
M89473 J05189C
M84755 Z11504C
X15266 M16407C



Table 2 (continued)

Gene

B1 adrenergic R.
substance P R.

D2 dopamine R.
a1A adrenergic R.
02C2 adrenergic R.
angiotensin R. (mas)
m5 mAChR
serotonin 1A R.
serotonin 2 R.

02B adrenergic R.
m4 mAChR (hM3)
cannabinoid R.
endotheline-1 R.
m2 mAChR
somatostatin R. 1

Accession No.

ka ks Human  Mouse (or Rat)
0.012 + 0.005 0.24 £ 0.03 J03019  J05561¢€
0.012 £ 0.005 0.39+0.04 M84425 X62934
0.012 £ 0.005 0.42+£0.04 X51362 X55674
0.012 + 0.005 0.62 + 0.06 M76446 M60654C
0.011 £ 0.005 0.66 + 0.06 M34041 L00979
0.011 £ 0.005 0.83 + 0.09 M13150 J03823C
0.011 £ 0.004 0.39 £ 0.04 M80333 M22926¢C
0.0091 £ 0.0041 0.76 £ 0.08 X13556  J05276C
0.0085 + 0.0039 0.52 £ 0.05 M86841 X13971C
0.0082 + 0.0039 0.54 + 0.05 J03853  M99376
0.0073 + 0.0036 0.47 £0.05 X15265 M16409¢C
0.0054 + 0.0031 0.45+0.05 X54937 X55812C
0.0033 £ 0.0023 0.93+0.10 D90348 M60786C
0.0018 £ 0.0018 0.60 + 0.06 M16404 J03025C
0.0 0.59 £ 0.06 M81829 M81831

Note - Corrected nucleotide differences at the nonsynonymous (ka) and synonymous (ks) were

calculated (Miyata and Yasunaga, 1980) for the homologous regions of the sequences corresponding to

the aligned sites of figure 1. The short regions between transmembrane 1 and 2, 2 and 3, 3 and 4, and 6

and 7 were included for the difference calculations. Abbreviations: R. = receptor, LH-CG = luteinizing

hormone-choriogonadotropic hormone, mAChR = muscarinic acetylcholine receprtor.

rat data.

@ oL W) (@ (i)

Sequence data from Hirata et al. (1991).
human HGMPOQ7I.

Sequence data from Wada et al. (1991).
Sequence data from Sprengel et al. (1990).

Sequence data from Yu et al. (1991).
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Table 3

Expressions and Accession Numbers of G-protein o subunits

1.  human os-1
2.  Xenopus Os

3k rat oolf

4.  Drosophila os-S

5. Lymnaea Os

6. Schistosoma as (SG12)

7 human a1

8.  Xenopus it

9. human i3

10.  Xenopus laevis Qi3

13 human a2

12.  Asterina o (SG)

13.  Lymnaea i

14.  Drosophila DGt 1

Expression

ubiquitous@ b

NI

olfactory neuro-
epitheliuma, b

head > body
brainb

NI

NI

nearly ubiquitous@
brainb

NI

nearly ubiquitous@: b

NI
ubiquitousd: b
NI
NI
embryo, pupa

> adult head
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Accession No.

M21142, X04408
X56091

c

M33998, M23233

215096

M81085

M17219

X56089

J03005, M20604,
J03198; M27543,
J03238

X56090
M20593, X04828
X66378

215095

M23094



Table 3 (continued)

No. Gene

(C) Go

15. human o2

16. Xenopus laevis 00

17.  Drosophila oo (DGo2)

18. Lymnaea Q.0

19.  Caenorhabditis 0o (goa-1)

(D) Gz

20. human oz

21. human ot1

22. human oit2

23. rat og (gustducin, gnat-3)

(F) Gqg
24. mouse 0q
25.  human ay

26. mouse (14

27. Drosophila dgq

Expression

braind, b, othersa
NI
head > body

NI
NI

brain@, b, adrenal,

plateletsd@

rod cell@, b
cone celld, b

taste buda@

nearly ubiquitous@

nearly ubiquitous@

bone marrow adherent
cell lines

(lung, kidney, liver)a

adult retina, ocellus
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Accession No.

M60165
X14636
M86660,
M30151,
215094
M38251

J03260

X15088
D10384
X65747

M55412
M69013
M80631

M58016

M29731,
M29602,

Table 3 (continued)

No. Gene

(G) G16

28. human 16

29. mouse a15

(H) G12

30. mouse 12

31. mouse 013

32. Drosophila cta

() others

33.  Dictyostelium o4

34.  Dictyostelium o1

35.  Dictyostelium o2

36.  Caenorhabditis gpa-1
37.  Caenorhabditis gpa-2
38.  Caenorhabditis gpa-3
39.  Schizosaccharomyces gpal
40.  Coprinus CGP1

41.  Saccharomyces GPA2
42.  Saccharomyces GPA1
43. Candida CAG1

44.  Arabidopsis GPA1

45.  tomato TGAT

Expression

T cell, myeloid cell2

B cell, myeloid cell@

ubiquitous?@
ubiquitous@
oocyte, nurse cell

embryo, larva, adult

early mound stage
>> vegetative growth,
early development

loose aggregate

Accession No.

M63904
M80632

M63659
M63660
M63651, M94285

A40990 d

M25060

formation >vegetative cell

during aggregation
>> vegetative cell

NI

NI

NI

NI

NI

NI

NI

mycelial and yeast cells

vegetative plant tissue

NI

I -39

M25061

e

X53156
M38250
M64286
X68031

J03609

M15867
M88113
M32887
M74419



Table 4

Table 3 (continued) Corrected nucleotide differences at the nonsynonymous and synonymous positions of G-
Note. - Sequence data are from GenBank release 77.0 and NBRF release 36.0 protein o subunit that are compared between human and mouse (or rat)

(data not from the banks are referred). Expression data were taken from the papers listed

on the data banks and (or) from Kaziro et al. (1991) and Hepler and Gilman (1992). > and Accession No.

>> indicate that tissue expressions of the right are weaker and much weaker than those of Gene ka ks Human Mouse (or Rat)
the left, respectively.
0.065 £ 0.010 )] ==K0)q](0) M63904 M80632
0.019 £ 0.005 0.67 + 0.07 M69013 M55411
(b= i A Gl 0.011 % 0.004 0.81 +0.08 X15088 M25506-13
a Expression data from Hepler and Gilman (1992). o 0.0077 + 0.0034 0.46 + 0.05 J03260 J03773C
b Expression data from Kaziro et al. (1991). 2 0.0076 + 0.0034 0.48 £ 0.05 X04828 M13963
c Sequence data from Jones and Reed (1989). 002 0.0061 + 0.0031 0.41+0.04 M60156-62 M36778
d Bata fromeNEEE reledse. 56.0; i3 0.0060 + 0.0030 0.45 +0.05 M27543 M20713¢
€ Sequence data from Lochrie et al. (1991). i e g ATEEE VOprOe
il 0.0 0.95 + 0.10 M17219 M17527¢C

Note - Corrected nucleotide differences at the nonsynonymous (ka) and synonymous (ks) were
calculated (Miyata and Yasunaga, 1980) for the homologous regions of the sequences coresponding to

the aligned sites of figure 3.

a mouse o15.
b mouse ot11.
C rat data.
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Figure Legends

Figure 1. Alignment of the consensus sequences of 35 groups of the
rhodopsin family receptors. The gene numbers shown at the left of the
sequences correspond to those of Table 1. In the parentheses, the shortest
and longest amino acid intervals of the members of each group between the
aligned segments and the shortest and longest amino acid lengths of the
unaligned N- and C-terminal regions are shown. Above the alignment, the
seven transmembrane regions (TM-1 to TM-7) assumed by the hydropathy
profiles (Kyte and Doolittle 1982) using the average hydrophilicity score of
every aligned site are indicated by bars. - indicates not identical sites. Short
region just after transmembrane 4 indicated by a double headed arrow under
the alignment was not included for the construction of phylogenetic tree (Fig.

2). Complete alignment of the receptors are on Appendix A.

Figure 2. Phylogenetic tree of the rhodopsin family receptors. The tree was
constructed by NJ method (Saitou and Nei, 1987) on the basis of the
alignment of Fig. 1. Alignment length for tree construction was 195 amino
acids. (a) Schematic unrooted tree of the receptors. The shaded polygons on
the tree indicate the clusters of the receptors. Arrows point the separation of
vertebrates and insects (or mollusks). (b) Rooted tree of the receptors. The
root of the tree does not indicate the oldest time because there is no
information on the tree about the oldest gene duplication or oldest separation
of the organisms. The tree is essentially unrooted as (a). Filled circles point
the separation of vertebrates and insects (or mollusks). The number at each
node is a bootstrap probability that the members diverged from the node make
a cluster, which has been estimated by a standard procedure with 1000 times
resamplings (Felsenstein, 1985). A - P represent the group names of the
receptors shown in Table 1. Accession numbers of the sequences are also

listed on Table 1. Abbreviations: LHCG = Iluteinizing hormone-
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choriogonadotropic hormone; FSH = follicle-stimulating hormone; TSH =
thyroid stimulating hormone; TXA2 = thromboxane-A2; PGE = prostaglandine
E; GRP = gastrin-releasing peptide; ET = endotheline; GNRH = gonadotropin-
releasing hormone; VIP = vasoactiveintestinal peptide; IL-8 = interleukin-8;
PAF = platelet activating factor; SST = somatostatin; Gl = glucocorticoid-
induced; CCK = cholecystokinin; TRH = thyrotropin-releasing hormone; mACh

= muscarinic acetylcholine; adr. = adrenergic; dopa. = dopamine.

Figure 3. Alignment of the consensus sequences of 16 groups of the G-
protein a subunits. The gene numbers shown at the left of the sequences
correspond to those of Table 3. In the parentheses, the shortest and longest
amino acid intervals of the members of each group between the aligned
segments and the shortest and longest amino acid lengths of the unaligned N-
and C-terminal regions are shown. - indicates not identical site.
Abbreviations: D.d. = Dictyostelium discoideum; C.e. = Caenorhabditis
elegans; S.p. = Schizosaccharomyces pombe; C.c. = Coprinus congreatus;
S.c. = Saccharomyces cerevisiae; C.a. = Candida albicans. Complete

alignment of the G-protein a subunits are on Appendix B.

Figure 4. Phylogenetic tree of the G-protein a subunits. The tree was
constructed by NJ method (Saitou and Nei, 1987) on the basis of the

alignment of figure 3. Alignment length for tree construction was 277 amino

acids. (a) Schematic unrooted tree of the a subunits. The shaded polygons
on the tree indicate the clusters of the a subunits. Arrows point the separation
of vertebrates and insects (or mollusks). Abbreviations: D. d. = Dictyostelium
discoideum; C. e. = Caenorhabditis elegans. (b) Rooted tree of the a subunits.
The root of the tree does not indicate the oldest time because there is no
information on the tree about the oldest gene duplication or oldest separation

of the organisms. The tree is essentially unrooted as (a). Filled circles indicate
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the separation of vertebrates and insects (or mollusks). The number at each
node is a bootstrap probability that the members diverged from the node make
a cluster, which has been estimated by a standard procedure with 1000 times
resamplings (Felsenstein, 1985). Accession numbers of the sequences are

listed on Table 3.

Figure 5. Phylogenetic tree of adenylyl cyclases. The tree was constructed
by NJ method (Saitou and Nei, 1987) for the conserved regions (377 amino
acid sites). Filled circle indicates the separation of vertebrates and insects.
The number at each node is a bootstrap probability that the members
diverged from the node make a cluster, which has been estimated by a
standard procedure with 1000 times resamplings (Felsenstein, 1985).
Dictyostelium AC-A was used as the outgroup of the tree (not shown on the
tree). Sequence data are from GenBank Release 77.0. Accession numbers
of the sequences are as follows: bovine | (M25579); rat Il (M80550); rat Il
(M55075); rat IV (M80633); rat V (M96159); rat VI (M96160); Drosophila
rutabaga (M81887); Dictyostelium AC-A (M87279). Data list and alignment of

the adenylyl cyclases are on Appendix C1 and C2, respectively.

Figure 6. Phylogenetic tree of the phosphodiesterases. The tree was
constructed by NJ method (Saitou and Nei, 1987) for the conserved regions
(168 amino acid sites). Filled circle indicates the separation of vertebrates
and insects. The number at each node is a bootstrap probability that the
members diverged from the node make a cluster, which has been estimated
by a standard procedure with 1000 times resamplings (Felsenstein, 1985).
Abbreviations: cGS PDE = cGMP-stimulated phosphodiesterase; cGl PDE =
cGMP-inhibited cAMP phosphodiesterase; CaM-PDE. = calmodulin-
dependent phosphodiesterase. Sequence data are from GenBank Release

77.0 except for bovine CaM-PDE 61kDa which is from NBRF release 36.0.
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Accession numbers of the sequences are as follows: mouse cGMP PDE«
(X60664); mouse cGMP PDEP (X55968); bovine cGMP PDE (M37838);
bovine cGS PDE (M73512); rat CaM-PDE (M94537); bovine CaM-PDE 61kDa
(NBRF, A40282); human cGl PDE (M91667); rat cAMP PDE1 (M25347);
human cAMP PDE2 (M37744); rat cAMP PDE3 (M25349); rat cAMP PDE4
(J04563); Drosophila dunce (X55167); Saccharomyces cAMP PDE (M14563).
Data list and alignment of the phosphodiesterases are on Appendix D1 and

D2, respectively.

Figure 7. Phylogenetic tree of phospholipase Cs. The tree was constructed
by NJ-method (Saitou and Nei, 1987) for the conserved regions (331 amino
acid sites). Filled circle indicates the separation of vertebrates and insects.
The number at each node is a bootstrap probability that the members
diverged from the node make a cluster, which has been estimated by a
standard procedure with 1000 times resamplings (Felsenstein, 1985).
Sequence data are from GenBank Release 77.0 except for bovine 62 (NBRF
release 36.0). Accession numbers: human y1 (M34667); human y2 (X14034,
M37238); rat 81 (M20637); bovine 62 (NBRF, S14113); rat 1 (M20636);
human B2 (M95678); rat B3 (M99567); Drosophila plc-21 (M60452), bovine
retina B (L13935); Drosophila norpA (J03138); Saccharomyces PLC1
(D12738) Dictyostelium DAPLC (M95783). Data list and alignment of the

phospholipase Cs are on Appendix E1 and E2, respectively.

Figure 8. Schematic phylogenetic trees of rhodopsin family receptors and
G-protein a subunits. Major couplings of the receptors and the G-proteins are

indicated by arrows. In the G protein o subunit tree, mammalian q subtype

and the insect counterpart, dgq, are denoted as a branch of q. Tissue specific

subtypes of G protein o subunits are also represented as the branches of

"anisoforms".
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Gene No. —TM-1 TM-2
1- 8 ( 32- 44) G-P-N | L (1 ) —LNYIL-N
opsin{ 9- 15 ( 48- 53) ———M—VW-AS—TN-LV—A—KFKKL (1 ) HPLNWILVNLA--DL-ET—AS TI1S—NQ—
16- 22 ( 34- 58) - (1 ) TP-N——NLA-—-D P——
odorantR. 23- 35 ( 22- 35) L—Y N—I L (1 ) -PMY-FL-—S R
pituitary glycoprotein hormone R.  36- 38 (359-414) —-LR—-W-—LA—GN—-VL—L-TS-YK (1 ) -VPRFLMCNL-FAD-C-G-YLL LIASVD—-T
39- 44 ( 32-101) --W GN-—=V-Wl——lf (7o) TVIN- e o o o N
tachikinin peptide R{ 45- 46 ( 71- 90) ————-Y-—F-4L -GN—VC——-RM (1 ) —T--FI—LA—DI P
47 (40 ) FTLALAYGAVI ILGVSGNLAL | |1 ILKQKEM (1 ) NVTNILIVNLSFSDLLVAIMCL PLTFVYTLM
gastrointestinal hormone R. 48— 50 ( 54- 56) A—--LY-——IFL-SV-GN-L-1-VL-——-R- (1 ) TVTN-FLLSLAVSDL-L—CM PF-L-PNL-
endotheline R.  51- 52 ( 80-101) YINTV-SC——F——-G--GN-TLLRI IY-NKCM (1 ) NGPN-L |ASLALGDL—VID- PINV-KLLA
bombesin-like peptid R. 53— 54 ( 40- 43) -VIP—Y—11—GL-GNI-L-KIF-T-—M (1 ) —-VPN-FIS-LA-GDLLLL-TC- PVDASRY——
neurotensin R. 55 ( 64 ) VLVTAIYLALFVVGTVGNSVTAFTLARKKSL E4 ; STVHYHLGSLALSDLL ILLLAM PVELYNFIW
! A 56- 58 ( 37- 51) —-F-A-l-————————N--VL-AL———— (1-4) ———F—--HL—ADL-VA-FQV LPQL-W—
posienon SliNEHCRaITCNE R{ 59 (35 ) KIRVIVIFFLFLLSTAFNASFLLKLOK WTQ (8 ) SRMKVLLKHLTLANLLETLIVM PLDGMWNIT
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Appendix

Appendix A Alignment of the rhodopsin family receptors.

Sequence numbers correspond to those of table 1.

Appendix B Alignment of the G protein a subunits.

Sequence numbers correspond to those of table 3.

Appendix B' Alignment (a) and phylogenetic tree (b) of exons 7 and 8
region of G protein co1 and 002, alternative splicing products of ao gene, and
the corresponding regions of other a subunits .

1. human o1 (M60165), 2. human 02 (M60165), 3. Xenopus o (X14636), 4.
Drosophila o (M86660, M29731, M30151, M29602), 5. Lymnaea o (Z15094),
6. Caenorhabditis o (M38251), 7. human i1 (M17219), 8. human z (J03260), 9.
human t1 (X15088), 10. human s-1 (M21142, X04408).

Appendix C1 Expression and accession numbers of adenylyl cyclases.
Appendix C2 Alignment of adenylyl cyclases.

Sequence numbers correspond to those of C1.

Appendix D1 Expression and accession numbers of
phosphodiesterases.

Appendix D2 Alignment of phosphodiesterases.

Sequence numbers correspond to those of D1.

Appendix E1 Expression and accession numbers of phospholipase Cs.
Appendix E2 Alignment of phospholipase Cs.

Sequence numbers correspond to those of E1.



rhodopsin family receptor (1)

1. ( 37) SHLAAYMFLLIVLGFPINELTLYVIVOHKKL (1) TPLNYILLNLAVADLFMVLGGF TSTLYTSLH ( 6) PTGCNLEGFFATLGGEIALMSLVLAIERYVWCK (10) HAIMGVAETHVMAL ACAAPPLA GHSRY
5 ( 37) SALAAYMEWLILLGFPYNELTLYVTIQHKKL (1) TPLNYILUNLVVADLFMVFGGF TTTMYTSHN ( 6) VTGCYIEGFFATLGGE | ALKSLWLAVERYVWCK (10) HAIMGVAFSINAMACAAPPLE GWSRY
S { 37) SALAAYMFFLILVGFPVNFLTLFVTVOHKKL (1) TPLNYILLNAUANLFMVLFGF TVIMYTSMN ( 6) PTMCSIEGFFATLGGEVALWSLVLAIERYIVICK (10) HAIMGVAFTHIMALACAAPPLY GHSRY
2 (3% PLVCOYVFFLISTOLPINLLTLLVTFKHKKL (1) OPLNYILVNLAVADLFMACFGF TVIFYTAWN ( 6) PVGCAVEGFFATLGGOVALHSLVVLAIERYIVVCK (10) HAMMGIAFTWWAFSCAAPPLF GHSRY
& (37) KVLSFYNFFLIAAGWPLNGLTLEVTFOHKKL (1) QPLNYILVNLAAANLVTVCCGF TVTFYASHY ( 6) PIGCAIEGFFATIGGOVALKSLVVLAIERYIVICK (10) HAIMGIAFTHFMALACAGPPLF GHSRF
8. ( 44) RAMAAFMFLL |ALGVPINTLTIFCTARFRKL (1) SHLNYILVNLALANLLVILVGS TTACYSFSO ( ) (10) HAVLGCVATWVLGFVASAPPLF GHSRY
o 1 34) YLOAAFMGTVFLIGFPLNAMVLVATLRYKKL (1) GPLNYILVNVSFGGFLLCIFSV FPVFVASCN ( 6) RHVCALEGFLGTVAGLVTGHSLAFLAFERYIVICK (10) HALTWLATWTIGIGVSIPPEF GWSHE
8 ( 32) YLOTAFMGIVFAVGTPLNAVWLWVIVRYKRL (1) GPLNYILVNISASGFVSCVLSV FVWFVASAR ( 6) KRVCELEAFVGTHGGLVIGNSLAFLAFERYIVICK (10) HALLVWVATHLIGVGVGLPPFF OWSRY
3" ( 53) HLTSVWMIFVVTASVFTNGLVLAATMKFKKL (1) HPLMWILVNLAVADLAETVIAS TISIVNOVS ( 6) HPMCVLEGYTVSLCGITGLWSLAIISNERWLWVCK (10) LAIVGIAFSHIKSAWTAPP IF GHSRY
10, ( 53) HLTSVHMIFVV | ASVFTNGLVLAATMKFKKL (1) HPLNWILVNLAVADLAETVIAS TISWNOVY ( 6) HPMCVLEGYTVSLCGITGLWSLAI ISKERWMVVCK (10) LAIVGIAFSHIWAAVHTAPPIF GHSRY
17 (300 NLTSLHMIFVVAASVFTNGLVLVATHKFKKL (1) HPLMWILVNLAVADLGETVIAS TISVINGIS ( 6) HPMCVVEGYTVSACGI TALWSLAI ISHERWFVVCK (10) LAVAGILFSHLKSCANTAPPIF GHSRY
12" ( 30) NLATCHMFFVWVASTVINGLVLVASAKFKKL (1) HPLNWILVNUAIADLLETLLAS TISVCNOFF ( 6) HPMCVFEGFTVATCGIAGLHSLTVISWERWVWCK (10) MATAGIVETHVHSAVHCAPPIF GHSAY
15, ( 28) NVSSLWMIFVY |ASVFTNGLVIVATAKFKKL (1) HPLNWILVNLAIADLGETVLAS TISVINOIF ( 6) HPMCVFEGNTVSVCGITALWSLTI ISHERWVWVCK (10) WAAGGI IFSHVHAI IWCTPPIF GHSRY
12 ( 50) NLASLWMIIVVIASIFTNSLVIVATAKFKKL (1) HPLMNILVNLAIADLGETVLAS TISVFNQVF ( 6) HPMCIFEGHTVSVCGITALWSLTIISWERWVWVCK (10) WAAGG! | FAWTWAL INCTPP I GHSRY
157 ( 22) NLVSFFMI IVVIASCFTNGLVLVATAKFKKL (1) HPLMWILVNLAFVDLVETLVAS TISVFNOIF ( 6) HPLCVIEGYVVSSCGITGLWSLAI ISHERKFVVCK (10) LAIIGIVESHVHARGNSAPPIF GHSRY
187 1 35) YSVCIFIGWG! 1GILGNGYWIYLFSKTKSL (1) TPANME [ INUAMSDLSFSAINGFPLKTISAFM ( 6) KVACOLYGLLGGIFGFMSINTMAMISIDRYNVIGR (11) RAFLMI | EVMS | VHSVGRVE NHGAY
197 1 32) YLCIFIAICC! 1GCVENGWIYLFTKTKSL (1) TPANME I INLAFSDFTFSLVNGFPLMTISCFM ( 6) NAACKVYGLIGGIFGLMSIMIMTMISIDRYNVIGR (11) KAFIMIIFVHIHSTINAIGPIF GHGAY
16, 50) K)LTAYMIMIGMISHCGNGWIYIFATTKSL (1) TPANLLVINLAISDFGIMITNT PUMGINLYF ( 6) PMMCDIYAGLGSAFGCSS|HSMCMISLDRYOVIVK (10) LALGKIAYIWFSSIWCLAPAF GHSRY
19, ( 28) KFLAAYMVLIATISHCONGWIYIFSTTKSL (1) TPANLLVINLAISDFGIMITNT PAMGINLFY ( 6) PLMCDIYGGLGSAFGCSSILSMOMISLDRYNVIVK (10) LAIMKIALIWFMASINTLAPVE: GHSRY
20, ( 57) KILGLFTLAIMI |SCCGNGYWVY IFGGTKSL (1) TPANLLVLNLAFSDFCWMASOS PVMIINEYY ( 6) PLWCDIYAGCGSLFGCVSIWSMCMIAFDRYNVIVK (10) TSINKILF IWMMAVEWTVMPL | GHSAY
51 ( 28) YLLGTLYIFFTLMSKLGNGLY IWVFSAAKSL (1) TPSNILVINLAFCOFWAWVKT PIFIYNSFH ( 6) HLGCOIFGI IGSYTGIAAGATNAF IAYDRFNVITR (10) AIAM I IFIYMYATPHVVACY TE THGRE
52" ( 34) YNLGVFY FLFCASTVONGHVIWIFSTSKSL (1) TPSMMFVLNLAVFOLIMCLKA PIFIYNSFH ( 6) NTWCOIFASIGSYSGIGAGMTNAAIGYDRYNVITK (10) AVIMNI | IWLYCTPWVVLPL TOFWORE
53 ( 22) HLFYALFLVWYLTTILGNLL! IVLVOLDSOL (1) TPMYLFLSNLSFSDLCFSSVTM PKLLONMRS ( 6) YGGCLAQTYFFMVFGONESFLLVAMAYDRYVAICF (11) LCTCLVLLLWMLTTSHAMMHTL LAARL
52 ( 29) OLFFALFLIMYLTTFLGNLLIVVLVOLDSHL (1) TPMYLFLSNLSFSDLCFSSVTM LKLLONIQS ( 6) YAGCLTOIFFFLLFGYLGNFLLVAMAYDRYVAICE (11) LCTCLLLVFWIMTSSHAMMATL LAARL
55, ( 54) LLFYALFLAWYLT] ILGNLL I IVLVRLDSHL (1) MPMYLFLSNLSFSDLCFSSVIM PKLLONMOS ( 6) YTGCLTOLYFFMVFGOMESFLLVVMAYDRYVAICF (11) FCASLVLLLWMLTMTHALLHTL LIARL
56, ( 24) FLFYALFLAMYLTTLLGNLI|IILILLDSHL (1) TPMYLFLSNLSFADLCFSSVTM PKLLONMOS ( 6) YAGCLAQIYFFLFFGDLGNFLLVAMAYDRYVAICF (11) LCVSLVVLSWVLTTFHAMLHTL LMARL
57" ( 54) WFYALFLSMYLTTVLONL |11 ILIHLDSHL (1) TPMYLFLSNLSFSOLCFSSVIM PKLLONMOS ( 6) FAGCLTOLYFYLYFADLESFLLVAMAYDRYVAICF (11) LCVSLVVLSHVLTTFHAMLHTL LMARL
58, ( 24) OLLFLLFLIMYLATVLONLL|ILAIGTDSRL (1) TPMYFFLSNLSFVDVCESSTTV PKVLANHIL ( 6) FSGCLTOLYFLAVFGNWONFLLAVMSYDRFVAICH (11) LCVLLVVGSWVVANMNCLLHIL LNARL
59, ( 95) FLIFALFLSNYLVIVLONLL I [MAI ITOSHL (1) TPMYFFLANLSFVDICFTSTTI PKMLVNIYT ( 6) YEDCISOMCVFLVFAELGNFLLAVMAYDRYVAXCH (11) LCILLLLLSWVISIFHAFIOSL IVLOL
0. ( 52) PLIYGLFLSWYLVIVIGNISI IVAI ISOPCL (1) TPMYFFLSNLSFVDICFISTTV PKMLVNIQT ( 6) YAGCITQIYFFLLFVELDNFLLTIMAYDRYVAICH (11) LCGFLVLVSWIVSVLHALFOSL WMLAL
31" ( 5) VLLFFLSLLXYVLVLTENAL) | IAIRNHPTL (1) KPMYFFLANMSFLE IWYVTVTI PKMUAGFIG (10) FEACMTOLYFFLGLGCTECVLLAVMAYDRYVAICH (11) LCVOMAAGSWAGGFGISUVKVE LISAL
32 ( 57) \GLFLLFLVMYLLTWGNLAI ISLVGARCL (1) TPMYFFLCNLSFLE IWFTTACV PKTLATFAP ( 6) LAGCATOMYFVFSLGCTEYFLLAVMAYDRYLAICL (11) LAMRLALGSWLCGFSAITVPAT LIARL
33 ( 24) NLCYALFLAMYLTTLLONLL | IVLIRLDSHL (1) TPMYLFLSNLSFSDLCFSSVTI PKLLONMON ( 6) YADCLTOMYFFLLFGDLESFLLVAMAYDRYVAICF (11) LCLALVALSWVLTTFHAMLHTL LMARL
3 ( 35) |TLFGVFLALYILTLAGNI I IVTI IRIDLHL (1) TPMYFFLSMLSTSETVYTLVIL PRMLSSLVG ( 6) LAGCATOMFFFVTFGITNCFLL TAMGYDRYVAICN (11) LRIQLVLGACSIGLIVAITOVT SVFRL
35, ( 24) DLFYALFLAMYVTTILGNLL | IVLIOLDSH. (1) TPMYLFLSNLSFSDLCFSSVTM PKLLONMOS ( 6) YAGCLTOMYFFLFFGDLESFLLVAMAYDRYVAICF (11) LCFSLLVLSWVLTMFHAVLHTL LUARL
36, (359) DFLRVLIWL INILAINGNNTVLFVLLTSAYK (1) TVPRFLMCNLSFADFCMGLYLL LIASVDSOT (13) GSGCSTAGFFTVFASELSVYTLIVITLERWHTITY (11) HAILIMLGGHLFSSLIAMLPLY GVSNY
37 (362) NILRVLIWEISILAITGN! IVLVILTTSOYK (1) TVPRELMCNLAFADLCIGIYLL LIASVDIHT (13) GAGCDAAGFFTVFASELSVYTLTAITLERWHTITH (11) HAASVMVMGHIFAFAAALFPIF GISSY
38 (214) KFLRIVVWEVSLLALLGNVEVLL ILLTSHYK (1) NVPRFLMCNLAFADFCMGMYLL LIASVDLYT (13) GPGCNTAGFFTVFASELSVYTLTVITLEFRWYAITF (11) HACAIMVGGHVCCFLLALLPLV GISSY
39, (32) VLWAAAYTVIVVTSVVGNVVVMNI [LAHKRM (1) TVINYFLVNLAFAEASMAAFNT VWNFTYAVH ( 6) LFYCKFHNFFPIAAVFASIYSMTAVAFDRYMAI IH (9) ATKVVICVIWVLALLLAFPOGY YSTTE
20. ( 33) ALWAPAYLALVLVAVTGNAIVINI ILAHRRM (1) TVINYFIVNLALADLCMAAFNA AFNFVYASH ( 6) RAFCYFONLFP|TAMFVSIYSMTAIAADRYMAIVH ( 9) STKAVIAGIWLVALALASPOCF YSTVT
41, ( 85) ALWSLAYGVVVAVAVLGNLIVINIILAHKRM (1) TVINYFLVNLAFSDASMAAFNT LVNFIYALH ( 6) ANYCRFONEFPITAVFASIYSMTAIAVDRYMAIID ( 9) ATKIVIGSIWILAFLLAFPOCL YSKTK
42, ( 60) ALWSLAYGAVVAVAVLGNLVVIWIVLAHKRM (1) TVINSFLVNLAFADAAMAALNA LVNFIYALH ( 6) ANYCRFONFFP|TAVFASIYSMTAIAVDRYMAIID ( 9) ATRIVIGSIWILAFLLAFPOCL YSKIK
45 (101) VLWSILFCGNVIVATGGNLIVWIVKTTKRM (1) TVINYEIVNLSIADAMVSSLNV TFNYYYMLD ( 6) EFYCKLSOF |AMLSICASVETLMAISIDRYVAI IR ( 9) CNLAIAAVINLASTLISCPUMI I YRTEE
a2, (83) TIWAIIFGLMMFVAIAGNGIVLWIVTGHRSM (1) TVTNYFLLNLSIADLLMSSLNC VFNFIFMLN ( 6) SIYCTINNFVANVIVSTSVFTLVAISFORYIAIVD ( 9) KVRIILVLIWALSCVLSAPCLL YSSIM
45, ( 71) ALLIVAYSFTIVESLEGNVLVCHVIFKNGRM (1) SATSLFIVNLAVADIMITLLNT PFTLVRFVN ( 6) KGMCHVSRFAQYCSLHVSALTLTAIAVDRHOVIMH ( 9) KGVIYIAVIWVMATFFSLPHAI COKLF
48 ( 90) |IVYMLYIPIFIFALIGNGTVCYIVYSTPRM (1) TVINYFIASLAIGDILMSFFCE PSSFISLFI ( 7) LALCHFVNYSQAVSVLVSAYTLVAISIDRYIAIMA ( 9) YATFIIAGVWF IALATALPIP| VSGLD
45 ( 40) FTLALAYGAV! [LGVSGNLALI | | ILKOKEM (1) NVTNILIVNLSFSDLLVAIMCL PLTFVYTLM ( 6) EAMCKLNPFVOCVSITVSIFSLVLIAVERHOLIIN ( 9) HAYVGIAVINVLAVASSLPFLI YOWMT
48, ( 56) ALOILLYS!IFLLSVLONTLVITVL IRNKRM (1) TVINIFLLSLAVSDLMLCLFCH PFNLIPNLL ( 6) SAVCKTTTYFMGTSVSVSTFNLVAISLERYGAICR (14) KVIAATHCLSFTIMTPYPIYSN LVPFT
49, ( 34) AIRITLYAVIFLMSVGGNVLI IWWLGLSRAL (1) TVINAFLLSLAVSDLLLAVACM PETLLPNLM ( 6) TVICKAISYLMGVSVSVSTLNLVAIALERYSAICR (11) HAARVILATHLLSGLLMVPYPV YTWVO
50, ( 34) AIRVILYAVIFLNSVGGNVLI IWLGLSRRL (1) TVTNAFLLSLAVSDLLLAVACM PFTLLPNLM ( 6) TVVCKAVSYLMGVSVSVSTLSLVAIALERYSAICR (11) HAARVI |ATWMLSGLLMVPYPV YTAVQ
27 ( 80) YINTVISCTIFIVGMVONATLLRI [YONKCH (1) NGPNALIASLALGDLIYWVIDL PINVFKLLA (11) VFLCKLFPFLOKSSVGI TVLNLCALSVDRYRAVAS (11) VTAIEIVSIWILSFILAIPEAI GFVMY
22" (101) Y INTVVSCLVFVLG! IGNSTLLRI I YKNKCM (1) NGPNILIASLALGDLLHIVIDI PINVYKLLA ( 6) AEMCKLVPFIQKASVGITVLSLCALSIDRYRAVAS (11) WTAVEIVLIWWSVVLAVPEAI GFDI |
25 ( 40) YVIPAVYGVIILIGLIGNITLIKIFCTVKSM (1) NVPNLFISSLALGOLLLLITCA PVDASRYLA ( 6) RIGCKL IPFIOLTSVGVSVFTLTALSADRYKAIVR (11) KICLKAAF W1 ISMLLAIPEAV FSDLH
22 ( 43) CVIPSLYLLIITVGLLONIMVKIFITNSAM (1) SVPNIFISNLAAGDLLLLLTCY PVDASRYFF ( 6) KVGCKLIPVIOLTSVGVSVFTLTALSADRYRAIVN (11) RTCVKANGIWVVSVLLAVPEAV FSEVA
25 ( 6a) VLVTAIYLALFWGTVGNSVTAFTLARKKSL (4) STVHYHLGSLALSOLLILLLAM PVELYNFIW ( 8) DAGCRGYYFLRDACTYATALNVASLSVERYLAICH (11) RTKKFISAINWLASALLAIPULF TMGLO
36, ( 37) RAELALLSIVFVAVALSNGLVUAALAR RGR (4) APIHVFIGHLCLADLAVALFOV LPOLANKAT ( 6) DALCRAVKYLOMVGMYASSYMILAMTLDRHRAICR (11) HMNRPVLVANAFSLLLSLPOLF |FAOR
25" ( 815 KLETAVLAVIFVVAVLONSSVLLALHRTPRK (1) SRMHLFIRHLSLADLAVAFFQV LPOLCWTSP ( 5) DMLCRVVKHLOVFAMFASAYMLVVMTADRY |AVCH (10) RSALMIATSWVLSFILSTPOYF IFSVI
28, ( 39) RVEVAVLCLILLLALSGNACVLLALRTTROK (1) SRLFFFMKHLSIADLVVAVFQV LPOLLWOIT ( 6) DLLCRLVKYLOVVGMFASTYLLLLMSLDRCLAICQ (12) AVLATWLGCLVASAPOVHIFSL REVAD
29" ( 35) KIRVIVIFFLFLLSTAFNASFLLKLOK WTQ (8) SRMKVLLKHLTLANLLETLIVM PLOGWNIT ( 6) EFLCKVLSYLKLFSMYAPAFMMVVISLDRSLAITQ ( 9) LEQSMISLAWILSIVFAGPOLY IFRMI
80, ( 23) WTILLWI ICGLGIVGNIMYVLVVMRTKEM (1) TPTNCYLVSLAVADLMVLVAAG LPNITDSIY ( 6) YVGCLCITYLOYLGINASSCSITAFTIERYIAICH (11) RAKKI | IFVWAFTSIYCMLWFF LLDUN
61. (116) LAIAVLSLTLGTFTVLENLLVLCVILHSRSL (2) RPSYHFIGSLAVADLLGSVIFV YSFIDFHVF ( 5) RNVFLFKLGGVTASFTASVGSLFLTAIDRYISIHR (11) KAVVAFCLMWTIAIVIAVLPLL GHNCE
82" ( 45) KLTSWEILICCF| ILENTEVLLTINKTKKF (1) RPMYYF|GNLALSDLLAGVAYT ANLLLSGAT ( 5) PACWFLREGSMFVALSASVFSLLAIAIERYITMLK (10) RLFLLISACKVISLILGGLPIN GHNCI
Appendix A
rhodopsin family receptor (2)
63. ( 44) NPWDIVLCSSGTLICCENAVWWLIIFHSPSL (1) APMFLLIGSLALADLLAGLGLI INFVFAYLL ( 2) EATK
0 R OIEVL  aLVOPCM VUAVKMOAL (1) DAYCEE | VSLAVADIAVGALY! PLALINIG { 2) ERTCLMVACYL L IORSILALLALADHYLRVE! (1) Eohval a1 o, v oW ol
65. ( 3) SVYITVELAIAVLAILGNVLVCWAYWLNSNL (1) NVINYFVVSLAAADIAVGVLAI PFAITISTG ( 4) CHGCLFIACFVLVLTOSSIFSLLAIAIDRYIAIRI (11) RAKGI IAICWVLSFAIGLTPML
B8 ( 7) ALYVALELVIAALSVAGWLVCAAVETARTL (1) TPTNYFLVSAMDVAVGLFAI PFAITISLG ( 4) FYGCLFLACFVLVLTOSSIFSLLAVAVDRYLAICV (1) RARGYIAVLMVLARGIGLTPPL MK
67. ( 14) | TYVTMEAAIGLCAVVGNMLY INVVKLNRTL (1) TTTFYFIVSLALADIAVGVLYI PLAIAVSLE ( 4) FYACLFMSCVLLVFTHASIMSLLAIAVDRYLRVKL (11) RIWLFLGLCWLVSFLVGLTPMF
8. ( 25) AFIGITIGLLSLATVIGNLLVLISECVNTEL (1) TVANYELLSLACADLIIGTFM NLYTTYLLM ( 6) TLADUWLALDIVASIASVMNLLLISFORYESVTR (1) RAALMIGLAWLVSEVLWAPAIL ATt
] ISM NCFTTYTIM ( 6) NLACDUWLAIDYVASNASVMNLLVISFDRYFSITR (11) RAGVMIGLAWVI SFVL
70. ( 30) ITIAAVTAVVSLITIVGNVLVMISFKVNSOL (1) TVNNYYLLSLACADLIIGIFSM NLYTTYILM ( 6) SLA b sl
D I W e R e
. M NLYTLYTVI PWCDLWL
T 30 VEIATVICOLSLVIWONILVMSIKVABOL (1) TVAMYELESUAGADL ) [CAESH MYTVYIIK { €0 AVWEDLMLALDYWANASVIBLL | |SORVEGVTR. (11) MAdk i AAAMVLOEVL MAALL FOEL
74 ( 42) VEIATVIGSLSLVIWNILWLSIKINOL (1) TYANYELFSLACADLI IGVESH NLYIVYIIK ( 6) AVCOLRLALDYWSNASAALL | ISFORYFCYIK (11) MAGLMI AAAWILSF | LWAPAIL |
. ACADL | |GVFSM NLYSLYI 1K ( 6) PIVCDLWLALDYVVSNASVMNLL | [SLERKFCVTK (11) MAGLMIAA
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odopsin family receptor (3)

NNESFV I YMFVWHETIPM I | | FFCYGALVFTV (
NNESFV | YNFVVHAM I PLAV I FFCYGNLVCTV (
NNESYVVYMFVVHFLVPFV | | FFCYGRLLCTV (
HNESYVLYMFV IHF | IPVWV I FFSYGRL I CKV (
HNESYV | YMF | VHETVPMVV | FFSYGRLVCKV (
HNESYVLFLFTFCFGVPLAI | VFSYGRLL I TL (
RSESYTWFLF | FCF I VPLSL | CFSYTOLLRAL (
RSEYYTWFLF | FCF I VPLSL | IFSYSOLLSAL (
GVQSYMIVLMVTCCI IPLAI IMLCYLOVWLAI (
GVQSYMIVLMVTCCITPLS| IVLCYLQVWLAI (
GVOSYMVVLMVTCCFFPLAI | ILCYLQVSLAI (
GVQSYMIVLMITCCFIPLGI | ILCY IAVWWAI (
GVASYMI TLMLTCCILPLS! | I ICYIFVWSAI (
GVASYMVTLLLTCCILPLSVI | ICY IFVWNAI (
GCOSFMLTLMITCCFLPLF I | IVCYLQVWMAL (
STRSF |LCMYFCGFMLP | | | |AFCYFNIVMSV (
TTRSNILCMY | FAFMCP | VV | FFCYFNIVMSV (
NPRSYL I FYSIFVYY IPLFL I CYSYWF | | AAV (
NPRSYL I FYSIFVYYLPLFL I CYSYWF | | AAV (
NPRSYL | TYSLFVYYTPLFL I CYSYWF | | AAV (
DTRLFVACIFFFSFVCPTTMI TYYYSQIVGHV (
DTRLFVGT | FFFSFVCPTLMILYYYSQIVGHV (
INELMIF IMSTLL I | IPFFL IVMSYARI ISSI (
VNELMIHIMGVI | IVIPEVLIVISYAKI ISSI (
VNELMIYILGGLI | | IPFLL IVMSYVRIFFSI (
DNELAIF ILGGPIVWLPFLL | IVSYARIVSSI (
VNELV | FVMGGLVIVIPFVL | IVSYARVVAS| (
LNELMILTEGAVWMVTPFVCILISYIHITCAV (
PSHL | MNLVPVMLAA | SFSGILYSYFK IVSS| (
LNDLVIYFTLVLLATVPLAGIFYSYFKIVSSI (
TAELTDFVLAIFILLGPLSVTGASYMAI TGAV (
VVELVSFGIAFCVILGSCGI TLVSYAY I ITTI (
VNEWV | F IMGGL | LVIPFLL ILGSYARIVSSI (
VNEILTLI ISVLVLVWPMGLVFISYVLI ISTI (
VNELVIFIMGGL ILVIPFLL | I TSYARIVSSI (
TLSQVY ILTILILNVVAFF| | CACY IKIYFAV (
PLSQLYVMSLLVLNVLAFW I CGCY IHIYLTV (
PLALAY | VFVLTLNI VAFVIVCCCYVKIYITV (
YEKVYHICVTVL I YFLPLLVIGYAYTWGITL (
TLLLYHLVVIAL | YFLPLAVMFVAYSVIGLTL (
QHETYHI IV ILVYCFPLL IMGI TYTIVGITL (
QHFTYHMIVIVLVYCFPLL IMGI TYTIVGITL (
MESLYNIL | [ ILTYFLPIVSMTVTYSRVGIEL (
ADYAYNL | |LVLTTG!PMI VML I CYSLMGRVP (
FWKYLDLATFILLYLLPLF| | SVAYARVAKKL (
QEYYYTLSLFALQFVWWPLGVL IFTYARITIRV (
HRLSY TTLLLVLQYFGPLCF IFICYFKIYIRL (
MOQSWOTFLLL | LFLLPGIVMVVAYGL ISLEL (
VOOTWSVLLLLLLFFIPGVV | AVAYGL I SREL (
VROTWSVLLLLLLFFVPGYVMAVAYGL | SREL (
YODVKDWWLFGFYFOMPLVCTAI FYTLMTCEM (
YKTAKDWWLFSFYFCLPLA | TAFFYTLMTCEM (
HPK | HSMASFLVFYVIPLS | | SVYYYF|AKNL (
HPKIHSVL IFLVYFL IPLAT ISIYYYHIAKTL (
TVKVVI QVNTRUSFLFPMLY | SILNTVIANKL (
GRRTYVTWI ALMVFVAPTLGI AACQVL I FREI (
GTRAYVTWMTSGVFVAPVWVLGTCYGF ICYHI (
GPKAY | TWI TLAVY | VPV VLATCYGL ISFK | (
HOAFYNFFTFGCLF | IPLL IML ICNAK | [FAL (
YYSP | YLMDFGVFYVWPMILATVLYGFIARIL (
HIDETYLMFWI GVTSVLLLF | VYAYMY | LWKA (
LYHKHY [LFCTTVFTLLLLSIVILYCRIYSLV (

rhodopsin family receptor (4)

63. (13) NNAAILSISFLFMFALMLOLY 101 CK|VNRHA
64. (26) SMEYMVYFNFFVWVLPPLLLMVLIYLEVFYLI
65. (26) PMNYMVYFNFFACVLVPLLLMLGVYLRIFLAA
66. (30) PMSYMVYFNFFGCVLPPLLIMLVIYIKIFLVA
67. (20) GLDYMVFFSFITWILIPLVWMCIIYLDIFYI |
68. (16) SQPI | TFGTAMAAFYLPVTVMCTLYWRIYRET
69. (16) SEPTITFGTAIAAFYMPVTIMTILYWRIYKET
70. (16) SEPTITFGTAIAAFY IPVSVMTILYCRIYRET
71. (16) SNAAVTFGTAIAAFYLPV | | MTVLYWHI SRAS
72. (16) SNPAVIFGTAIAAFYLPVI IMTVLYWQI SRAS
73. (16) SNPAVTFGTAIAAFYLPVVIMTVLY IHISLAS
74. (16) SNPAVTFGTAIAAFYLPVVIMTVLYIHI SLAS
75. (16) SNPAVTFGTAIAAFYLPVVIMTILY IHISLAS
76. (17) TNQYITFGTALAAFYFPVT IMCFL YWRIWRET
77. (17) NVTWFKVMTAI INFYLPTLLMLWFYAK | YKAV
78. (16) VNEVYGLVOGLVTFYLPLL IMCITYYRIFKVA
79. (18) TNRAYAIASSVVSFYVPLC |MAFVYLRVFREA
80. (18) TNRAYAIASSIISFYIPLLIMIFVYLRVYREA
81. (18) TNOAYAIASS|VSFYVPLVIMVFVYSRVFOEA
82. (19) SNWMPYVLLSSSVSFYLPLLVMLFVYARVFVVA
83. (11) EEAGYAVFSSVCSFYLPMAV|VVMYCRVYVVA
84. (11) EEPFYALFSSLGSFY IPLAVILVMYCRVY VA
85. (11) EEPGYVLFSALGSFYVPLT|ILVMYCRVYVVA
86. (16) DOKWYVISSCIGSFFAPCL IMILVYVRIYQIA
87. (12) DETWY ILSSCIGSFFAPCL IMGLVYARIYRVA
88. (13) QEAWY ILASS|GSFFAPCL IMILVYLRIYLIA
89. (13) SORGYVIYSSLGSFFIPLAIMTIVYIE|FVAT
90. (12) KDHGYT!YSTFGAFY IPLLLMLVLYGRI FRAA
91. (13) DHILYTVYSTVGAFYFPTLLL |ALYGRIYVEA
92. (13) SQISYTIYSTCGAFYIPSVLL I ILYGRIYRAA
93. (14) DHVIYTIYSTLGAFY IPLTLILILYYRIYHAA
94. (12) ONFAYQIYATLGSFY |PLSVMLFVYYQ| FRAA
95. (14) ODVSYQVFATCCTFYVPLMVILALYWK|YQTA
96. (14) ODVGYQIFATCCTFYVPLLVILFLYWKIY! A
97. (12) NDPNFVLIGSFVAFFIPLTIMVITYCLTIYVL
98. (11) ADDNFVLIGSFVSFFIPLTIMVITYFLTIKSL
99. (14) RFGSFMLFGSLAAFFAPLTIMIVTYFLTIHAL
100. (23) LSATYAISSSVISFYIPVAIMIVIYTRIYRIA
101. (37) LNRTYAISSSLISFYIPVAIMIVIYTRIYRIA
102. ( 7) ANPAFWYSSIVSFYVPFIVTLLVYIKIYIVL
103. ( 7) DNPAFVIYSSIVSFYVPFIVTLLVYVOQIYIVL
104. ( 8) SNPDFVIYSSVVSFYVPFGVTVLVYARIYIVL
105. (10) EDRDYWVYSSVCSFFLPCPLMLLLYWATFRGL
106. (10) RAVIIFIAILSFLVFTPLMLVSSTILVVKIRK
107. (10) KLSGLFHAILSLVMCVSSLTLL IRFLCCS0Q

108. ( 9) LNNDISLGILLFFLFCPLMVLPCLAL |LHVEC
109. (14) AESGDVAFGLLFSMLGGLSVGLSFLLNTVSVA
110. (29) AFASAFACLGLLALVVTFACNLATIKALVSRC
111. (29) MLTARG! IRFVIGFSLPMS|VAICYGL | AAKI
112. (29) MLTVRGI IRF| | GFSAPMS | VAVSYGL | ATK |
113. (29) MAKVFLILHFIIGFTVPMSI I TVCYGI | AAK|
114. (18) RERAVAIVRLVLGFLWPLLTLTICYTFILLRT
115. (21) WLIGMELVSVVLGFAVPFSI | AVFYFLLARAI
116. (20) LPIGLGLTKNILGFLFPFLIILTSYTL |WKAL
117, (19) WRMVLAILPHTFGF | VPLFVMLFCYGFTLRTL
118. (19) WRMLLRILPOSFGF | VPLL |MLFCYGFTLRTL
119. (16) WVVVFQFQHIMVGL ILPGIVILSCYCI | ISKL
120. (22) VPVLIIHIFIVFSFFLVFLIILFCNLVI IRTL
121. (21) YYAYYFSAFSAVFFFVPLI ISTVCYVS| IRCL
122. (20) WEVFTNMLLNVVGFLLPLSVITFCTMQIMOVL
123. (19) WLVGFVLYTFLMGFLLPVGAICLCYVL | | AKM
124. (19) WYTGFI IYTFILGFLVPLTI ICLCYLFI I IKV
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AEKEVTRMV| [ MV | AFL | CAVPYASVAFY IFT (
AEKEVTRMV | |MV | AFL | CAVPYASVAFY IFT (
AEKEVTRMVVLMV | GFLVCWVPYASVAFY IFT (
AEKEVTRMV | LMVLGFMLAWTPYAVVAFWIFT (
AEKEVTRMV | LMVLGFLLAWTPYAATAIWIFT (
ADREVTKMVVVMVLGFLVCWAPYTAFALWVVT (
AEREVSRMVVVMVGSFCVCYVPYAAFAMYMVN  (
AEREVSRMVVVMVGSFCLCYVPYAALAMYMVN  (
AEKEVTRMVVVM| FAYCVCWGPY TFFACFAAA (
AEKEV TRMVVVMVLAFCFCWGPYAFFACFAAA  (
AEKEVSRMVVWMI VAYCFCWGPYTFFACFAAA (
AEKEVSRMVVVM | MAYCFCWGPYTFFACFAAA (
AEKEVSRMVVWMI LAF | VCWGPYASFATFSAV (
AEKEVSRMVVWM | LAF | LCWGPYASFATFSAL (
AEREVSRMVVVM | VAFC | CHGPYASFVSFAAA (
AEMKLAK | SMV | | TOFMLSWSPYA | | ALLAQF (
AEMKLAK I S1VIVTOFLL SWSPYAVVALLAQF (
AEGKLAKVALVT | TLWFMAWTPYLV | NCMGLF (
AEGKLAKVALVT | SLWFMAWTPYT ! INTLGLF (
AEGKLAKVALTT | SLWFMAWTPYLVICYFGLF (
AEIRIAKAAI T|CFLFFCSWTPYGVMSL | GAF (
AEIRIAKAA|T|CFLFFVSWTPYGWMSL | GAF (
0G| CKVFSTCGSHLSVVSLFYGT | IGLYLCPA (
QS IHKVFSTCGSHLSVVSLFYGT | IGLYLCPS (
0D YKVFSTCGSHLSWTLFYGTIFGIYLCPS (
0S | HKAFSTCGSHLSVVSLFYGTVIGLYLCPS (
RG | HK | FSTCGSHLSVVSLFYGT I IGLYLCPS (
RGGWKSFSTCGSHLAVVCLFYGTV IAVYFNPS  (
QGKYKAFSTCASHLS | VSLFYSTGLGVYVSSA (
HGKYKAFSTCASHLSVVSLFYCTGLGVYLSSA (
AGRHKAFSTCASHLTWV I IFYAASIFI YARPK (
RGRHRAFSTCSSHLTWVL IWYGST | FLHVRTS  (
KGICKAFSTCGSHLSVVSLFYGTVIGLYLCSS (
EGRKKAFATCASHLTVV | VHYSCAS | AYLKPK  (
1G) CKVFSTCGSHLSVVSLFYGTVIGLYLCPS (
KDTK | AKKMAI L IFTDFTCMAP | SFFAI SAAF (
SDTRI AKRMAML | FTDFLCMAP | SFFAISASL (
KDTK | AKRMAVL | FTDF | CMAP I SFYALSAIL (
AKRKVVKMMI VWCTFA | CWLPFHIFFLLPY | (
AKKKFVKTMVLWVLTFAICHLPYHLYFILGSF (
AKRKVVKMMI | VWMTFAI CHLPYHIYFILTAI (
AKRKVVKMM | | WVTFAICWLPYHIYFILTAI (
SKRRVVKMM | VWVL | FAI CNLPFHSYF | I TSC (
SKRKVVRMF | A VS| FAI CWLPYHLFF | YAYH (
KKKTTVKMLVLVVVLFALVWNCPLNCYVLLLSS
SKRKMVKMMLTVV | VFTCCWLPFNILOLLLND
ETKRINIMLLS | VWAFAVCWLPLT | FNTVFDW
AKKRV | RML | VI VVLFFLCWMP | FSANAWRAY
AKKRVVRMLLV | VLLFFLCWLPVYSVNTWRAF
AKKRVVRMLLV | VVLFFLCWLPLYSANTWRAF
ORREVAKTVFCLVV | FALCWFPLHLSRILKKT
QRREVAKTVFCLVLVFALCWLPLHLSRILKLT

TRKRLAK | VLVFVGCF | FCWFPNH | L YMYRSF
ALRHGVLVLRAWV | AFVVCHLPYHVRRLUFCY
AVAKTVRATLV I VWVYVLCWAPFFLVOLWAAW
AKIRTVKMTFV|VSAY | LCWAPFF | VOMNSVW
AKIRTVKMTF | | VLAF | VCWTPEFFVOMASVW
ARLRTLKMTVAFATSFVVCWTPYYVLG | WYWF
SRKQVTKMLAVVV | LFALLWMPYRTLVVVNSF
MD |RLAKTLVL ILVVLI | CHGPLLA IMVYDVF
ENVALLKTVI I VLSVF IACNAPLF ILLLLDVG

TTRKGISTLAL | LGTFAACKMPFTLYSL | ADY
KELKIAKSLAL | LFLFALSWLPLHILNCI TLF
KEVHAAKSLA| | VGLFALCWLPLHI INCFTFF
RE | HAAKSL AM| VG | FALCWLPVHAVNCVTLF
REFKTAKSLFLVLFLFALCWLPLS| | NFVSYF
KEKKAARTLSA|LLAF ILTWTPYNIMVLVSTF
KEKKAAQTLSAILLAF | | TWTPYNIMVLVNTF
KERKAAQTLSAILLAF | | TWTPYNIMVLVSTF
REKKVTRTILAILLAF | | TWAPYNVMVL INTF
REKKVTRT | LAI LLAF | | TWTPYNVMVL | NSF
RERKVTRT | FAI LLAF | LTWTPYNVMVLVNTF
REKKVTRT | FAI LLAF | L TWTPYNVMVL | NTF
REKKVTRT | FAILLAF | | TWTPYNVMVL | NTF
QESKAAKTLSAILLSF I | TWTPYNI LVL I KPL
RERKAAKQL GF | MAAF | | CWIPYF | FFMV | AF
REHKATVTLAAVMGAF | | CNFPYFTAFVYRGL
REQKALKTLG! | MGVF TLCWLPFFLANVVKAF
REHKALKTLG! | MGVF TLCWLPFFLVNI VNVF
KEHKALKTLG! IMGTFTLCWLPFF I VNIVHV
REHRALCTLGL | MGTFTLCWLPFFLANVLRAL
REKKAAKTLA | VVGVFVLCWFPFFFVLPLGSL
REKKAAKTLG | VVGMF | L CWLPFF | ALPLGSL
REKKAAKTLG | VVGCFVLCWLPFFLVMP | GSF
LEKRFTFVLAWVIGVFVWCWFPFFFTYTLTAV
REKRFTFVLAVVMGVFVLCWFPFFF 1 YSLYGI
REKRFTFVLAVV|GVFVLCWFPFFFSYSLGA |

KERRAARTLGI | MGVFV | CWLPFFLMYV LPF
RERKTVKTLG! | MGTF | LCWLPFF | VALVLPF
RERKATKTLG! | LGAF | VCWLPFF | | SLVMP |

RERKATKILGI | LGAF | | CNLPFFVVSLVLPI

RERKAAR|LGL | LGAF | LSWLPFF | KEL I VGL
KEKKASTTLG! | MSAFTVCWLPFF | LAL | RPF
) RERKAAKTLAI | TGAFVVCWLPFFVMAL TMPL
RERKAAQTLA| | TGAFV | CALPFFVMAL TMSL
NERKASKVLG | VFFVFL | MWCPFF | TNILSVL
) NEQKACKVLGIVFFLFVVMACPFF| TNIMAVI

NEQRASKVLG | VFLFFLLMWCPFF | TNVTLAL
RETKVLKTLSV IMGVFVCCWLPFF I LNC I LPF
KETKVLKTLSV IMGVFVCCWLPFF | LNCMVPF
KEKKATQMLA|VLGVF | | CNLPFF I THILNIH
) KEKKATQMLAIVLGVF | | CALPFF| |HILNMH
REKKATQMVV | VLGAF | VCALPFFLTHVLNTH

3)
8; RERKAMRVLPVVVGAFLL CWTPFFVVH I TOAL
D

HSSKLY IVIMVTI | IFLIFAMPMALLYLLYYE

0) OKATRVYAVVQISAPMFLLWALPLSVAPL | TD
6) RSAKLNHVVLAIVSVFLVSS|YLG | DWFLFWV

SEVEMMAQLLG | MVVASVCWLPLLVF | AQTVL
ITTETA|QLMG IMCVLSVCWSPLL | MMLKMIF

6) KSSRPLRVLTAVVASFF | CHFPFQLVALLGTV
6) KSSRPLRVLSFVAAAFFLCWSPYQVVAL | ATV
6) KSSRPLRVFAAVVASFF | CWFPYEL | GILMAV
6) RSTKTLKVVVAVVASFF | FWLPYQVTG | MMSF
6) EKHSSRK | | FSYVVWVFLVCWLPYHVAVLLDIF

RNDDIFK | IMAIVLFFFFSWIPHQ I FTFLDVL

)
5; OKHRAMRV | FAVVL | FLLCWLPYNLVLLADTL

OKHRAMRV | FAVVL | FLLCWLPYNLVLLADTL

6) OKRKALKTTVILILAFFACALPYYIGISIDSF

VKRRALWMVCTVLAVF | | CFVPHHVVOLPWTL

9) KKSRALFLSAAVFCIF||CFGPTNVLL | AHYS

) TERRATVLVLWLLLF| | CHLPFQISTFLDTL
) SERK | TLMVMUVVNVFV | CWMPFYVVOLVNVF
) SEKKVTRMVS| VVAVF | FCWLPFY | FNVSSVS

9) FMTIPAFFAKSAAIYNPVIY IMMNK (
9) FMTIPAFFAKSSAIYNPVIY IVMNK (
9) FMTLPAFFAKSSALYNPVIYILMNK (
9) LMAVPAFFSKSSSLYNPI I YVLMNK (
9) FMTIPAFFSKSSSIYNPIIYVLLNK (
9) LASIPSVFSKSSTVYNPV|YVLMNK (
9) LVTIPSFFSKSACIYNPIIYCFMNK (
9) LVTIPAFFSKSACVYNP| | YCFMNK (
9) MAALPAYFAKSATIYNPVIYVFMNR (
9) MAALPAFFAKSATIYNPVIYVFMNR (
9) AAALPAYFAKSATIYNP I | YVFMAR (
9) AAAMPAYFAKSATIYNPVIYVFMAR (
9) AAAMPAYFAKSATIYNP| IYVFMNR (
9) AAALPAYFAKSATIYNPIIYVFMNR (
9) AAALPAYFAKSATIYNPVIYVFMNR (
9) AAELPVLFAKASAIHNPIVYSVSHP (
9) AAQLPVMFAKASA [ HNPMIYSVSHP (
8) NTIWGACFAKSAACYNPIVYGISHP (
8) NTINGACFAKSAACYNPIVYGISHP (
8) TTINGATFAKTSAVYNPIVYGISHP (
9) ATMIPACACKMVACIDPFVYAISHP (
) ATMIPACTCKLVACIDPFVYAISHP (
7) EMVMAMMY TVVTPMLNPF | YSLRNR (
7) GSAMAMMY TVVTPMLNPF I YSLRNR (
7) EIAMAMMYTVVTPMLNPFIYSLRNR (
7) ETVMSLMYTMVTPM NPF I YSLRNR (
7) ETVMAMMY TV TPMLNPF | YSLRNR (
7) DMAAAVMYAVVTPMLNPF I YSLRNS (
7) AASASVMY TVVTPMLNPF | YSLRNK (
7) SATASVMY TVVTPMVNPF | YSLRNK (
7) NKLVSVLYAVIVPLFNP1IYCLRNO (
) TKAITVLNTIVTPVLNPFIYTLRNK (
7) DTVMAMMY TVVTPMLNPF | YSLRNR (
) DOLISVTYTVITPLLNPVVYTLRNK (
) ETIMAMMY TVVTPMLNPF | YSLRNK (
9) SKVLLVLFYPINSCANPFLYAIFTK (
9) AKILLVLFHPINSCANPFLYAIFTK (
) SKILLVLFYPLNSCANPFLYAIFTK (
) VYLAINWLAMSSTMYNP | 1YCCLND (
) VYLALFWLAMSSTMYNP | | YCCLNH (
) VYLASPWLAMSSTMYNP | | YCCLNK (
) VYLASFWLAMSSTMYNP | [ YCCLNK (
) LYLAI YWLAMSNSMYNP | | YCWMNS (
) MYLGEYWLAMSNAMVNPL | YYWMNK (
) LYFAFHWFAMSSTCYNPF | YCWLNE (
) VWFAFHMLAMSHCCYNP | | YCYMNA (
) LFLLCHLTAMISTCVNP | FYGFLNK (
) PISFILLLSYTSSCVNP| I YCFMNK (
) PISFIHLLSYVSACYNPLVYCFMHR (
) PISFIHLLSYASACVNPLVYCFMR (
) MDY IGINLATMNSCINP I ALYFVSK (
) LDY|GINMASLNSCINP [ALYLVSK (
TS| CARLLAFTNSCVNPFALYLLSK (
VTLVARVL SFGNSCVNPFALYLLSE g

(

(

(

(

(

(

(

O—-N—WwWNhwOoOwWwoHwd

)

)

) FYMLTNALFYVSSAINP | LYNLVSA
) PFVLLMLLASLNSCTNPWI YASFSS
) SITITALLASLNSCCNPWI YMFFSG
) AF| I VMLLASUNSCCNPWI YMLFTG
) VNHFFFLFAFLNPCFDPL | YGYFSL
) FLLFCRICIYLNSAINPVIYNLMSQ
) VFAFCSMLCLLNSTVNP| | YALRSK
) RAEYFLVLAVLNSGTNP | | YTLTNK

ADND WHBUDOO NN NNWWO

oOomoL;mo —

TYATLLPATYNS| I NPV YAFRNO (
L1Y1AIFLTHGNSAMNP | VYAFRIH (
LMYLAIVLSHTNSVVNPF | YAYRIR (
AMNMA |LL SHANSVVNP IVYAYRNR  (
AMCLG | LL SHANSMMNP | VYACKNK  (
LWELGYWLCYVNST INPMCYALCNK  (
FWNLGYWLCY INSTVNPVCYALCNK (
LWHL GYWLCYVNSTVNP | CYALCNA (
VWT | GYWLCY | NSTINPACYALCNA (
VWT | GYWLCY INSTINPACYALCNA (
VWS | GYWLCYVNST NPACYALCNA (
VWS | GYWLCYVNST | NPACYALCNA (
| WY | GYWLCYVNST | NPACYALCNA (
LWDFFYALCY INST INPMCYALCNA (
VHMFT IWLGY INSTLNPL | YPLCNE (
LEAIVLWLGYANSALNP ILYAALNR (
LFVFFNWLGYANSAFNP | 1Y CRSP (
LFVFFNWLGYANSAFNP | 1Y CRSP (
VY | LLNWIGYVNSGFNPL 1Y CRSP (
AFLALNWLGYANSAFNPLIY CRSP (
VFKV | PALGYFNSCVNPL | YPCSSR  (
VFKVVFWLGYFNSCLNP| | YPCSSK (
VFK | AFWLGYLNSCINP1 I YPCSSQ (
LFKFFFWFGYCNSSLNPVIYTIFNH (
LFKFFFWIGYCNSSLNPVIYTVFNO (
LFQFFEWIGYCNSSLNPVIYTIFNO (
FKNF | TWLGY INSGLNPV I YTIFNL (
LGA! | NWLGYSNSLLNPV I YAYFNK (
| FDFFTWLGYLNSL I NP1 | Y TMSNE (
LPDFFTWLGYLNSL INP1 I YTVFNE (
VADFL TWLGYVNSL INPLLYTSFNE (
LSSLFLWLGYANSLLNP | | YATLNR g
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20)

VASLFLWL GYFNSTLNPVIYT IFSP
VASLFLWLGYFNSTLNPV | YT I FNP
LLNVFVWI GYVCSG I NPLVYTLFNK
LLNVFVW| GYLSSAVNPLVY TLFNK
LLQIFVWVGYVSSGVNPL | YTLFNK
TFDVFVWFGHANSSLNP | | YA FNA
TFDVFVWFGWANSSLNPVIYA FNA
LYSAF TWLGYVNSAVNP | [ YTTFNI
LYSAFTWLGYVNSAVNP | | YTTFNV
LYRATTWLGYVNSALNPV | YTTFNV
LVSAVTWLGYVNSALNPV | YTVFNA
LHHI SLLFST | NSSANPF | YFFVGS
TSYLISLFL| INSSANP | | YFFVGS
PEYVTDLCI CINSSAKP | VYFLAGR
ELL | YLRVATWNO | LOPWVY | LFRR
SFL | AVRLASLNO | LDPWVYLLLRK
LVNPTSSLAFFNSCLNPMLYVFVGQ
AVDVTSALAFFNSCLNPML YVFMGQ
) LINPTSSLAFFNSCLNP | LYVFMGR
) LDSLCVSFAY INCCINP| | YVVAGQ
8) ALHVTQCLSLVHCCVNPVLYSFINR
7) AMPITICIAYFNNCLNPLFYGFLGK
8) ALDATE |LGFLHSCLNPI | YAF |GQ
8) ALDATE ILGILHSCLNPL | YAFIGQ
8) WIS|ITEALAFFHCCLNP |LYAFLGA
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6) AHQOVTLCLLSTNCVLDPVIYCFLTK
3) AYLLCVCVSSISSCIDPLIYYYASS
7) 1701 ASFMAYSNSCLNPLVYV I VGK
7
1

) VSOLSVILGYANSCANPILYGFLSD
11) MFDFVVVLTYANSCANP | LYAFLSD

e N S N N N A S N N N N NN N N N N N N S o SN S SN N SN P N N N N N N N N NN N NN N N S S S S

OV LLLDLDODLDLD

NLODODO—ORNOD
ol oo oo oo

Appendix A (Continued)

Appendix A (Continued)



G protein o subunit (1)

SGIFETKFQV DKVN FHMF
£ (15) EKATKVODIKNNLKEAIETIVAAMSNL ( 32) FYEHAKALWE DEGVRACYERSN EY OLID  CAQYFLDKIDVIKQADYVPSDODLLRCRVLT
| 3 MRLEEES b ke (9 EmIsEI | 2 B smeis ok conmaboanme i Bl
3. ( 40) ATHRLLLLGAGESGKSTIVKQMRILHV NGFNPE ( 0) EKKOKILDIRKNVKDAIVTI | 4 THOE. StyEL DAVS TIKIFRYTRNERD TLRCHVLTSCIFETREGY QY oy
4. ( 41) ATHRLLLLGAGESGKSTIVKOMRILHV DGFSDS ( 0) EKKQKIDDIKKNIRDAILTITGAMSTL ( 32) FYEHTEELWK DKGVLQOTYERSN EY QLI T e [ e o OuEr TRESY: oKt e
5. ( 35) GTHRLLLLGAGESGKSTIVKQMRILHV NGFSPE ( 0) ERKQKIEDIKRNVRDAILTITGAMSTL ( 32) FYEYTEILWK DKGVOAAFERSN EY OLID
OLID  CAKYFLDKALEVGAPNY I PSEQD I LRCRVLTSGIFETKFSV DKVN FHMF
6. ( 37) STHRLLLLGAGESGKSTIVKOMRILHI DGFSER ( 0) EKKEKIDAIRKNLRDAICSIAGAMGSL ( 32) FFTYCAKLWK DGGIQETFERSN EY
EY OLND  SAAYYLNDLDRIAQPNY|PTQODVLRTRVKTTGIVETHFTF KDLH FKMF
7. ( 26) REVKLLLLGAGESGKSTIVKOMK|IHE AGYSEE ( 0) ECKQYKAVVYSNTIQSIIAIIRAMGRL ( 31) LAGVIKRLWK DSGVOACFNRSR BT o CRaNion ! Aoy ATOORL T A TTE VTR KDL il
8. ( 31) REVKLLLLGAGESGKSTIVKQMKIIHE AGYSEE ( 0) ECKQYKAVVYSNTIOSIIAIIRAMGRL ( 31) LAGVIKRLWK DGGVOACFNRSR EY 5 i PR e il L AU LR o
9. ( 31) KEVKLLLLGAGESGKSTIVKOMKIIHE DGYSED ( 0) ECKQYKVVVYSNTIQSIIAIIRAMGRL ( 31) LAGVIKRLWR DGGVOACFSRSR EY (&L_uo B e A e T VEY TP KBEY iy
10. ( 22) KEVKLLLLGAGESGKSTIVKOMK|IHE DGYSEE ( 0) ECRQYKVVVYSNTIQSIIAIIRAMGRL ( 31) LAGVIORLWE DSGVOACFSRSR EY B AINOLER! ADSDYI PTOGDVERTRVKTTCIVETHET KDLH Bl
11. ( 31) REVKLLLLGAGESGKSTIVKOMK | IHE DGYSEE ( 0) ECRQOYRAVVYSNTIQSIMAIVKAMGNL ( 32) LSGVIRRLWA DHGVOACFGRSR EY AR i e T B e CE T IR KW a8
12. ( 31) REVKLLLLGAGESGKSTIVKOMK|IHE EGYSEE ( 0) DCKQYKPVVYSNTIQSMIAIIRAMGSL ( 31) LAAVMKRLWA DGGVOGCFSRSR EY QLN
D  SAEYYLNALDRISAPGY |PTEQDVLRTRVKTTGIVETHFTF KDLH FKMF
13. ( 31) REVKLLLLGAGESGKSTIVKOMK I IHE KGYSQE ( 0) ECLQYKPVVYSNAIQSMIAIIKAMGOL ( 31) LSGIMKRLWK DVGVOECFSRSR EY OL:D AETLAEL DN AGtiY | PTOCOVLATAVKTTCH IETHFSC. KALH [ne
14. ( 32) SEVKLLLLGAGESGKSTIVKOMKIIHD TGYSOE ( 0) ECEEYRRVVFSNTVOSLMVIIRAMGRL ( 31) IVLLMKKLWA DGGVOOTFARSR EY QLI T T G 2 e A iy
15. ( 31) KDVKLLLLGAGESGKSTIVKOMK I IHE DGFSGE ( 0) DVKQYKPVVYSNT |OSLAAIVRAMDTL ( 32) LLSAMMRLWG DSGIQECFNRSR EY OLND M e AL g T
16. ( 31) KDVKLLLLGAGESGKST IVKOMK|IHE DGFSGE ( 0) DVKQYKPVVYSNTIQSLAAIVRAMDTL ( 32) LLSAMVRLWA DSGIQECFNRSR EY OLND I e TR B ETre VEMMESP KM ER
17. ( 31) KDIKLLLLGAGESGKSTIVKOMK | IHE SGFTAE ( 0) DFKQYRPVVYSNTIQSLVAILRAMPTL ( 32) LLAAMKRLWO DAGVOECFSRSN EY QOLND o R s 2 i N e KB i
18. ( 31) KDIKLLLLGAGESGKSTIVKQMK | IHE GGFTSE ( 0) DNKQYKPVVYSNTIQSLVAI IRAMGTL ( 32) LLAAMKRLWY DSGVOECLGRAN EY OLND R T O T E .
19. ( 31) KDIKLLLLGAGESGKST IVKOMK| IHE SGFTAE ( 0) DYKQYKPVVYSNTVOSLVAILRAMSNL ( 32) LLSSMKRLWG DAGVODCFSRSN EY QOLND LS VL g e
I IHS GGFNLE ( 0) ACKEYKPL!IYNAIDSLTRIIRALAAL ( 32) LLGVMRRLWA DPGAQACFSRSS EY HLED  NAAYYLNDLERIAAADY|PTVE
%(l) E %17% g%\bittttglﬁéggg}:xﬁgil IHQ DGYSLE ( 0) ECLEFIAIIYGNTLOSILAIVRAMTTL ( 31) MSDIIQRLWK DSGIQACFERAS EY OLND  SAGYYLSDLERLVTPGYVPTEQDVLRSRVKTTGI IETOFSSF Egt: Emfg
22. ( 31) KTVKLLLLGAGESGKSTIVKOMKIIHQ DGYSPE ( 0) ECLEFKAIIYGNVLOSILAIIRAMTTL ( 31) LVEVIRALWK DGGVOACFERAA EY OLND  SASYYLNQLERITDPEYLPSEQDVLRSRVKTTGI IETKFS}I: gt e
23. ( 31) RTVKLLLLGAGESGKSTIVKOMK| IHK NGYSKQ ( 0) ECMEFKAVVYSNTLOSILAIVKAMTTL ( 31) LAE|IKRLWG DPGIQACFERAS EY OLND ~ SAAYYLNDLDRLTAPGYVPNEQDVLHSRVKTTGI IETOFDL | i
() mie g S (O Mo mOAlAbY | D S G (a8 pobama il s b
: DKRGFTKLVYON | FTAMOAM | RAMETL YVSAIK
%g E %:73)) ggtﬁﬁttg;gggg}gﬁ&‘g”g gg;SSIE)E E 8; DRKGFTKLVYONIFTAMOAMIRAMDTL ( 30) QVAAIKOLWL DPGIQECYDRRR EY OLSD  SAKYYLTDIERIAMPSFVPTQODVLRVRVPTTGI IEYPFDL ENII FRM\\;
27. ( 31) RELKLLLLGTGESGKSTFIKOMRI IHG SGYSDE ( 0) DKRGYIKLVFONIFMAMOSMIKAMOML ( 30) YLNAIKTLWD DAGIOECYDRRR EY OLTD ~ SAKYYLSDLARIEQADYLPTEQDILRARVPTTGILEYPFOL DGIV FRM
28. ( 40) GELKLLLLGPGESGKSTFIKOMRIIHG AGYSEE ( 0) ERKGFRPLVYONIFVSMRAMIEAMERL ( 30) YAAAMOWIWR DAGIRACYERRR EF HLLD  SAVYYLSHLERITEEGYVPTAGDVLRSRMPTTGINEYCFSV O(Kw tg:x
29. ( 40) EELKLLLLGPGESGKSTFIKQMRIIHG VGYSEE ( 0) DRRAFRLLIYONIFVSMOAMIDAMDRL ( 30) YAVAMOYLWR DAGIRACYERRR EF HLLD ~ SAVYYLSHLERISEDSY|PTAQDVLRSRMPTTGINEYCFSV ﬁKIP S
30. ( 53) RLVKILLLGAGESGKSTFLKOMRI IHG REFDOK ( 0) ALLEFRDTIFDNILKGSRVLVDARDKL ( 34) YVPALSALWR DSGIREAFSRRS EF QLGE ~ SVKYFLONLDRIGOLNYFPSKQDILLARKATKGIVEHDFVI KM
31. ( 46) RLVKILLLGAGESGKSTFLKOMRIIHG QDFDOR ( 0) AREEFRPTIYSNVIKGMRVLVDAREKL ( 38) YLPAIRALWE DSGIONAYDRRR EF OLGE ~ SVKYFLDNLDKLGVPDYIPSQQDILLARRPTKGIHEYDFEI KNVP FK.;!V
32. (130) ROVKLLLLGAGESGKSTFLKOMRIIHG VNFDYE ( 0) LLLEYQSVIYONVIRGMOVLLDAREKL ( 31) YAPPISRLWO DRGIRRAFERRR EF QISD SVSYFLDEI(FLATPDYVPTHKDILHCRKATKGVYEFCVK\; &:S sz
33. ( 29) KDVKLLLLGPGESGKSTIFKOMK | |QEDGGYSVE ( 0) ELLEYRAFVYSNCISQMEALLTASAKL ( 27) LAADIKHLWE DKGIKETYAGKD KHF QLND ~ SAAYFFDNIDRYMREDFVPNEQDVLRCRVRTTGIQESEFT
34. ( 34) GEIKLLLLGAGESGKSTIAKOMKIIHL NGFNDE ( 0) EKSSYKTIIYNNTVGSMRVLVNAAEEL ( 30) LAGDIKALWA DPGIONTFORSS EF OLND  SAAYYFDSIDRISOPLYLPSENDVLRSRTKTTGI IETVFE| ONST FRMV
35. ( 29) NEVKLLLLGAGESGKSTISKQMK | IHQ SGYSNE ( 0) ERKEFKP!ITRNILDNMRVLLDGMGRL ( 36) OGKKIKALWT DPGVKQAMRRAN EFSTLPD ~ SAPYFFDSIDRMTSPVYIPTDQDILHTRVMTRGVHETNFE| I?(G)I(.[S FRL'\!
36, ( 31) NIIKLLLLGAGESGKSTVLKOMK | IHN SGFSQE ( 0) EISNKRNVVCANTVOAMGALLDGMKOL ( 32) MFNALTELWA DKGVOCAYDKRE FF YLHD  SAKYFLDR|ARVHTPNYVPTENDILHTRVPTMGVIEVNFTI FRVI
37. ( 31) RTVKLLLLGAGECGKSTVLKQMRLLTS KOYTDE ( 0) ELLTQAKLVYTNIVIEMDHLVKAMPAA ( 31) AADHVEKLWK DPVVKRLYAERK EL NIRDIGDNTEYFFENLPRISKEDYHPNATDTLLLRTKTTGIVEVGF(E)I‘ KKVK FRVF
38. ( 31) KWKLLLLGAGECGKSTVLKOMRILHD HGFTAE ( 0) EAEQOKSVVFNNTLOAMTAILKGMEAL ( 32) LANAIOALWN DKAVOOVIAKGN EF OMPE  SAPHFLSSLDRIKLPDYNPTEQDILLSRIKTTGIVEVKF ﬁgva FRV'L:
39. ( 72) NDIKVLLLGAGDSGKTTIMKOMRLLYS PGFSQV ( 0) VRKQYRVMIFENIISSLCLLLEAMDNS ( 30) [IYEAVHALTL DTKLRTVOSCGT NL SLLD  NFYYYQDHIDRIFDPQYIPSDQDILHCRIKTTGISEETFLL HT YRF
40. ( 32) NEIKMLLLGAGESGKSTVLKOMKLIHH GGYSDO ( 0) EKDSYKE!IFSNTVOSMRAILDALPAL ( 30) IADAIROLWA DPGLKEAVRRSR EF QLND  SAVYYFNSIDRMSAPGYLPTDQDILRSRVKTTGITETTFKV GEL ‘Y"K{IIE
41. (121) KELKVLLLGAGESGKSTVLOOLK ILHQ NGFSEQ ( 0) EIKEYIPL|YONLLEIGRNL IQARTRF ( 34) IAGVISTLWA LPSTODLVNGPNASKF YLMD  STPYFMENFTRITSPNYRPTOQD |LRSROMTSGIFDTV I DMGSDIK
42. ( 39) NEIKLLLLGAGESGKSTVLKOLKLLHO GGFSHQ ( 0) ERLOYAQVIWADAIQSMKILIIOARKL (141) IAKAIKQLWNNDKGIKOCFARSN EF OLEG ~ SAAYYFDNIEKFASPNYVCTDEDILKGRIKTTGITETEFNI GSSK FKVL
43. ( 39) KGVKLLLLGAGESGKSTVLKOLKLLHK GGFTOO ( 0) ERROYSHVIWCDVIOSMKVLIIQARKL ( 98) [IAEAIHKLWKLDSGIKKCFDRSN EF QLEG ~ SADYYFDNVVNFADTNYLSTDLDILKGRIKTTGITETDFLI KSFQ FKVL
44. ( 36) HIRKLLLLGAGESGKSTIFKQIKLLFO TGFDEG ( 0) ELKSYVPVIHANVYOTIKLLHDGTKEF ( 38) IAEGIETLWK DPAIQETCARGN EL QVPD  CTKYLMENLKRLSDINYIPTKEDVLYARVRTTGVVE | OF SPVGENKKSGEVYRLF
45. ( 37) HIOKLLLLGAGDSGKSTIFKQIKLLFQ TGFDEE ( 0) ELKNYIPVIHANVYQTTKILHDGSKEL ( 38) LVODIEN[WK DPAIQETLLRGN EL QVPD CAHYFMENLERFSDVHYIPTKEDVll:FAglRPgWEIOFSPVENKKSEVYRLF
consensus LLLG &K 0

Appendix B

G protein o subunit (2)

DVGGORDERRKW |QCFN DVTAI | FVWASSSYNMV | REDNOTNRLOEALNLFKS IWNNRWLRT I SV | LFLNKODLLAEKVLAGKSK | E

TA

I-. DYFPEFARYTTP (18) FIRDEFLR ( 0) |STASGDGRHYCYPHFTCAVDTEN|RRVFNDCRD | |0RMHL (6)
2. DVGGORDERRKWIQCFN DVTAI IFVVASSSYNMV | REDNHTNRLOEALNLFKS IWNNRWLRT | SV | LFLNKQDLLAEKVNAGKSK IE  DYFPEFARYTTP (18) FIRDEFLR ( 0) |STASGDGIHYCYPHFTCAVDTENIRRVFNDCRDI |QRMHL (6)
3. DVGGORDERRKW|QCFN DVTAI | YVAACSSYNMV | REDNNTNRLRESLDLFES IWNNRWLRT IS | | LFLNKQDMLAEKVLAGKSK [E  DYFPEYANYTVP (18) FIRDLFLR ( 0) ISTATGDGKHYCYPHFTCAVDTEN |RRVFNDCRD! |ORMHL (6)
4. DVGGORDERRKWIQCFN DVTAIIFVTACSSYNMVLREDPTONRLRESLDLFKS IWNNRALRT IS | | LFLNKQDLLAEK IKAGKSKLS EYFSEFNKYQTP (21) FIRDEFLR ( 0) ISTASGDGXHYCYPHFTCAVDTENIKRVFNDCRD| [QRMHL (6)
5.  DVGGORDERRKWIQCFN DVTAI I FVTACSGYNMVLREDATONRLKESLDLFKS IWNNRWLRT ISV | LFLNKODLLAEKVKAGKSKIE DYFPEYARYQOVP (18) FIRDEFLR ( 0) ISTASGDGRHYCYPHFTCAVDTEN IRRVFDDCRDI |ORMHL (6)
6. DVGGOREERRKWIQCFN DVTAIIFVAACSSYNMVLREDPSONRVKESLELLAS IWNNRWLRN ISV ILFLNKODLLTEKVLAGKSKIE VYFPHYATYQAP (19) FFRDEFLK ( 0) VTSNNNGGRHYCYPHLTCAVDTEN IRRVFNDCRDI |ORMHL (6)
7.  DVGGORSERKKWIHCFE GVTAI I FCVALSDYDLVLAEDEEMNAMHESMKLFDS | CNNKWFTDTS | |LFLNKKDLFEEKI KKSPLT ICYPEYAGSNTY ( 5) YIQCOFED ( 0) LNKRKDTKEIYT HFTCATDTKNVOFVFDAVTDVIIKNNL (6)
8.  DVGGORSERKKWIHCFE GVTAI |FCVALSDYDLVLAEDEEMNRMHESMKLFDS ICNNKWFTDTS | ILFLNKKDLFEEKI KRSPLT ICYPEYPGSNTY ( 5) YIOCOFED ( 0) LNKRKDTKEIYT HFTCATDTKNVOFVFDAVIDVIIKNNL (6)
9. DVGGORSERKKWIHCFE GVTAI IFCVALSDYDLVLAEDEEMNRMHESMKLFDS | CNNKWFTETS | ILFLNKKDLFEEK| KRSPLT  ICYPEYTGSNTY ( 5) YIOCOFED ( 0) LNRRKDTKEIYT HFTCATDTKNVOFVFDAVTDVI |KNNL (6)
10.  DVGGORSERKKWIHCFE GVTAI | FCVALSDYDLLLAEDEEMNRMHESMKLFDS | CNNKWF IDTS | ILFLNKKDLFEEKI SRSPLT ICYPEYSGSNTY ( 5) YIOCQFED ( 0) LNRRKDTKEIYT HFTCATDTKNVOFVEDAVTDVI | KSNL (6)
11. DVGGORSERKKWIHCFE GVTAI |FCVALSAYDLVLAEDEEMNRMHESMKLFDS | CNNKWFTDTS | ILFLNKKDLFEEKI THSPLT ICFPEYTGANKY ( 5) YIQSKFED ( 0) LNKRKDTKEIYT HFTCATDTKNVQFVFDAVTDVI I KNNL (6)
12.  DVGGORSERKKWIHCFE GVTAI | FCVALSAYDLVLAEDEEMNRMHESMKLFDS | CNNKWFTETS | ILFLNKKDLFEEK| TKSPLT ICFPEYTGSNTY ( 5) YIOMOFED ( 0) LNKRKDOKEIYT HFTCATDTNNIQFVFDAVTDV I IKNNL (6)
13. DVGGORSERKKWIHCFE GVTAI |F|VAMSEYDL TLAEDQEMNRMMESMKLFDS | CNNKWFTETS | ILFLNKKDLFEEK| KKSPLT ICFPEYTGANTY ( 5) YIOLOFEN ( 0) LNKKKDTKEIYS HFTCATDTNNVOEVFDAVTDVI IKNNL (6)
14.  DVGGORSERKKWIHCFE GVTAI |FCVALSGYDLVL AEDEEMNRMIESLKLFDSICNSKWFVETS| ILFLNKKDLFEEK| KRSPLT ICFPEYTGTNTF ( 5) YIRMKFEN ( 0) LNKRKDOKEIYT HLTCATDTNNVKEVFDAVTDV I |KNNL (6)
15.  DVGGORSERKKWIHCFE DVTAI | FCVALSGYDQOVLHEDE TTNRMHESLKLFDS ICNNKWFTDTS| ILFLNKKDIFEEKI KKSPLT ICFPEYTGPSAF ( 5) YIOAQYES ( 0) KNKSAH KEIYS HVTCATDTNN | QFVFDAVTDV | IAKNL (6)
16.  DVGGORSERKKWWHCFE DVTAI IFCVALTGYDQVLHEDETTNRMHESLKLFDS ICNNKWFTDTS| ILFLNKKDIFOEK|I KSSPLT ICFPEYTGPNSF ( 5) HTOHQYES ( 0) RNKSEN KEIYT HITCATDTQN | QF VFDAVTDV | IAYNL (6)
17.  DVGGORSERKKWIHCFE DVTAI |FCVAMSEYDQVLHEDE TTNRMOESLKLFDS |CNNKWFTDTS| ILFLNKKDLFEEK|I RKSPLT ICFPEYTGGQEY ( 5) YIQAQFEA ( 0) KNKSTS KEIYC HMTCATDTNN | OFVFDAVTDV | IANNL (6)
18.  DVGGORSERKKWIHCFE DVTAI | FCVAMSEYDQVLHEDET TNRMQESLKLFDS | CNNKWFTETS| ILFLNKKDLFEEKI KKSPLT ICFPEYTGKOMY ( 5) YIOAQFEA ( 0) KNKSSA KEIYC HOTCATDTNN!QFVFDAVTDVI | ANNL (6)
19.  DVGGORSERKKWIHCFE DVTAI|FCVAMSEYDOLLHEDETTNRMHESLKLFDS | CNNKWFTDTS | |LFLNKKDLFEEKI KKSPLT ICFPEYSGRODY ( 5) YIOAOFEA ( 0) KNKSAN KEIYC HMTCATDTTNIQFVFDAVIDVI IANNL (6)
20.  DVGGORSERKKWIHCFE GVTAI | FCVELSGYDLKLYEDNQTSRMAESLRLFDS | CNNNWF INTSL | LFLNKKDLLAEK| RRIPLT ICFPEYKGONTY ( 5) YIOROFED ( 0) LNRNKETKEIYS HFTCATDTSNIQFVFDAVTIDVI | QNNL (6)
21.  DVGGORSEPKKWIHCFE GVTCI IF|AALTAYDMVLVEDDEVNRMHESLHLFNS ICNHRYFATTSIVLFLNKKDVFFEKV KKAHLS ICFPDYDGPNTY ( 5) YIKVOFLE ( 0) LNMRRDVKEIYS HMTCATDTONVKFCEDAVIDI | IKENL (6)
22.  DVGGORSERKKWIHCFE GVTCI | FCAALSAYDMVLVEDDEVNRMHESLHLFNS | CNHKFFAATS I VLFLNKKDLFEEK| KKVHLS ICFPEYDGNNSY ( 5) YIKSOFLD ( 0) LNMRKDVKEIYS HMTCATDTQNVKEVEDAVID! I IKENL (6)
23.  DVGGORSERKKWIHCFE GVTCI | FCAALSAYDMVLVEDEEVNRMHESLHLFNS | CNHKYFATTS IVLFLNKKDLFOEKV  TKVHLS  ICFPEYTGPNTF ( 5) YIKNQFLD ( 0) LNLKKEDKEIYS HMTCATDTQONVKFVFDAVTDI | IKENL (6)
24.  DVGGORSERRKWIHCFE NVTSIMFLVALSEYDOVLVESDNENRMEESKALFRT | | TYPWFONSSVILFLNKKDLLEEK| MYSHLV DYFPEYDGPORD ( 6) FILKMFVD ( 0) LNPDSD KI1YS HFTCATDTENIRFVFAAVKDT ILOLNL (6)
25.  DVGGORSERRKWIHCFE NVTSIMFLVALSEYDOVLVESDNENRMEESKALFRT | | TYPWFONSSVILFLNKKDLLEDKI LYSHLV DYFPEFDGPORE ( 6) FILKMFVD ( 0) LNPDSD KI1YS HFTCATDTENIRFVFAAVKDT ILOLNL (6)
26.  DVGGORSERRKWIHCFE SVTSI | FLVALSEYDOVLAECONENRMEESKALFRT | | TYPWFLNSSV ILFLNKKDLLEEK| MYSHL| SYFPEYTGPKQGD ( 6) FILKLYOD ( 0) ONPDKE KVIYS HFTCATDTENIRFVFAAVKDT ILOLNL (6)
27.  DVGGORSERRKWIHCFE NVTS! IFLVALSEYDOILFESDNENRMEESKALFRT | | TYPWFONSSV ILFINKKDLLEEK| MYSHLV DYFPEYDGPKOD ( 6) FVLKKYLA ( 0) CNPDPE ROCYS HFTTATDTENIKLVFCAVKDT IMONAL (6)
28.  DVGGOKSERKKWIHCFE NV IAL | YLASLSEYDQCLEENNOENRMKESLALFGT ILELPWFKSTSV ILFLNKTDILEEKI PTSHLA TYFPSFOGPKOD ( 6) FILDMYTR (12) KKGARS RRLFS HYTCATDTON | RKVEFKDVRDSVLARYL (6)
29.  DVGGORSERRKWIHCFE NVIAL | YLASLSEYDQCLEENDOENRMEESLALFST ILELPWFKSTSV ILFLNKTDILEDK| HTSHLA TYFPSFOGPRRD ( 6) FILDMYAR (12) RKGSRA RRFFA HFTCATDTQSVRSVFKDVRDSVLARYL (6)
30.  DVGGORSORQKWFQCFD GI TSILFMVSSSEYDOVILMEDRRTNRLVESMN | FET I VNNKLFFNVS | |LFLNKMDLLVEKV KSVSIK KHFPDFKGDPHR ( 6) YLVOCFDR ( 0) KRRNRS KPLFH HFTTAIDTENIRFVFHAVKDT | LOENL (6)
31.  DVGGORSERKRWFECFD SVTSILFLVSSSEFDOVLMEDROTNRLTESLNIFETIVNNRVFSNVSI ILFLNKTDLLEEKV QWVSIK DYFLEFEGDPHC ( 6) FLVECFRG ( 0) KRRDOOORPLYH HFETTAINTENIRLVFRDVKDT ILHDNL (6)
32.  DVGGORTORQKWTRCFDSSVTS| | FLVSSSEFDQOVL AEDRKTNRLEESKN I FDT IVNNATFKGIS| |LFLNKTDLLEQKVCNPETDIR WYYPHFNGNPHS ( 6) FILOMFMS ( 0) VRRSSSISRIYH HFTTAIDTRN INVVFNSVKDT ILORNL (6)
33.  DVGGORSQRRKWIHCFD CVTAVIFVAAMSDYDOVLREDESVNRTRESLALFKE | VNCDYFKETPIVLFLNKKDLFKEKL KRVPLQ SCFSDYTGPNKY ( 5) FIQSOYLA ( 0) QGPSP  RTIYT HATCAVDTENIKFVFRAVROT ILSOAL (3)
34.  DVGGORSERKKWMHCFQ EVTAVIFCVALSEYDLKLYEDDT TNRMOESLKLFKE ICNTKWFANTAMILFLNKRDIFSEKI TKTPIT VCFKEYDGPQATY ( 5) FIKOOFIN ( O) ONENPK KS|YP HLTCATDTNNILVVFNAVKDIVLNLTL (7)
35.  DVGGQRSERKKWLSCFD DVTAVVFCVALSEYDLLLYEDNSTNRMLESLRVFSDVCNS WFVNTPI ILFLNKSDLFREK| KHVDLS ETFPEYKGGRDY ( 5) YIKERFWQ ( 0) INKTEQ KAIYS HITCATDTNN | RVVFEAVKDI IFTOCV (7)
36.  DVGGORSQRKKWIHCFD DAKAM | YVASLSEYDOVLLEDNT TNRMHES | QLFKQV I NNKYFVNTSV ILFLNK | DLFEEK IVTKKRSLG  IAFESFSGPSAD ( 6) FVEKKYRS ( O) MAENKE KNIYC HHTCATDTOQOVQYVLDAVLDTILSTKL (6)
37. DVGGORSERKKWIHCFE DVNAI IF | AALSEYNEVLFEDETTNRM | ESMRLFES | CNSRWFHNTN I |LFLNKKDLFEEK| KKENIH KAFPEYRGEQNY ( 5) FIKTKFEA ( 0) LSNNPK KTFYV HETCATDTNQVQOK | LDSVISM1 1GSNL (6)
38.  DVGGORSERKKWIHCFE DVNAI IF|AAISEYDOVLFEDETTNRMIESMRLFES | CNSRWF INTSMILFLNKKDLFAEK| KRTSIK SAFPDYKGAOTY ( 5) YIEEKFOG ( 0) LNANPE KTIYM HOTCATDTDQOVOM | LDSV IDM1 I1QANL (6)
39.  DVGGORSERRKWIHCFE NVTALLFLVSLAGYDQCLVEDNSGNOMOEALLLWDS | CNSSWFSESAM I LFLNKLDLFKRKG SHFP1Q  KHFPDYQEVGST (20) YFYLKFES ( 0) LNRIAS RSCYC HFTTATDTSLLORVMVSVODT IMSNNL (5)
40. DVGGORSERKKWIHCFE NVTALVFLVSLSEYDQMLYEDESVNRMOEAL TLFDS ICNSRWFVKTS | ILFLNK IDLFAEKL PARRS ~ TYFPDFTGGDNY ( 5) YLLHRFVS ( 0) LNQSAATKQIYA HYTCATDTQOIKFVLSAIODILLOLHL (6)
41.  DVGGORSERKKW IHCFD NVTLVIFCVSLSEYDOTLMEDKNONRFQESLVLFDN IVNSRNFARTSVVLFLNK IDLFAEKL RKVPME NYFPDYTGGSDI ( 5) YILWRFVOQ ( 0) LNRAN LSIYP HVTOATDTSN IRLVFAAIKET ILENTL (7)
42. DAGGORSERKKW IHCFE KSMPIR  KYFPDYQGRVGD ( 6) YFEKIFLS ( 0) LNKTN KPIYV KRTCATDTQTMKFVLSAVTDLIIQONL (6)
43.  DAGGORSVRKKWIHCFE DITAVLFVLAISEYDONLFEDERVNRMHES | VLFDSLCNSKWFANTPF ILFLNKIDIFENKI KKNPLK NYFPDYDGKPDD ( 6) FFETNFLK ( 0) INQTN KPIYV HRTCATDSKSMKFVLSAVTDMIVOONL (6)
44.  DVGGORNERRKWIHLFE GVTAVIFCAAISEYDOTLFEDEQKNRMME TKELFDWVLKOPCFEKTSFMLFLNKFD IFEKKV ~LDVPLNVCEWFRDYOPVSSG (13) KFEELYYQ ( 0) NTAPDRVDRVFK| YRTTALDOKLVKKTFKLVDETLRRRNL (6)
45. DVGGORNERRKWIHLFE (NTAVIFCAAISEYDOTLFEDERKNHMMETKELFEWVLK(PCFEKTSFMLFLNKF%IFEOléV PKVPLNACEWFKDYQSVSTG (13) KFEESYFQ ( 0) CTAPDRVDRVFKI YRTTALDOKLVKKTFKLVDETLRRRNL (6)
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G protein a subunits (a0 subunit exon 7 and 8 region)

TNRMHESLMLFDS |CNNKFF IDTS | ILFLNKKDLFGEK |  KKSPLT ICFPEYTGPNTYED
TNRMHESLKLFDS | CNNKWFTDTS | ILFLNKKD IFEEK|  KKSPLT ICFPEYTGPSAFTE
TNRMHESLKLFDS ICNNKWFTDTS | ILFLNKKD IFQEKT  KSSPLTICFPEYTGPNSFTE
TNRMQESLKLFDS | CNNKWFTDTS | ILFLNKKDLFEEK | RKSPLT ICFPEYTGGQEYGE
TNRMQESLKLFDS ICNNKWFTETS | ILFLNKKDLFEEK|  KKSPLT ICFPEYTGKQMYQE
TNRMHESLKLFDS | CNNKWFTDTS | ILFLNKKDLFEEK |  KKSPLT I CFPEYSGRQDYHE
MNRMHESMKLFDS | CNNKWFTDTS| ILFLNKKDLFEEK |  KKSPLT ICYPEYAGSNTYEE
TSRMAESLRLFDS | CNNNWF INTSL | LFLNKKDLLAEK| RRIPLT ICFPEYKGONTYEE
! VNRMHESLHLFNS I CNHRYFATTS | VLFLNKKDVFFEKY ~ KKAHLS ICFPDYDGPNTYED

10. (262) TNRLQEALNLFKSIWNNRWLRT ISV |LFLNKQDLLAEKVLAGKSK |EDYFPEFARYTTPED
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) Y IQAQFESKNRSPN KEIYC HMTCATDTNNIQVVFDAVTDI | | ANNLRGCGLY
) YIQAQYESKNKSAH KE1YS HVTCATDTNNIQFVFDAVTDV | | AKNLRGCGLY
) HTQHQYESRNKSEN KEIYT HITCATDTQNIQFVFDAVTDV I | AYNLRGCGLY
) Y IQAQFEAKNKSTS KEIYC HMTCATDTNNIQFVFDAVTDV | | ANNLRGCGLY
) YIQAQFEAKNKSSA KEIYC HQTCATDTNNIQFVFDAVTDV | | ANNLRGCGLY
) YIQAQFEAKNKSAN KEIYC HMTCATDTTNIQFVFDAVTDV | | ANNLRGCGLY
) YIQCQFEDLNKRKDTKEIYT HFTCATDTKNVQFVFDAVTDV | IKNNLKDCGLF
) YIQRQFEDLNRNKETKEIYS HFTCATDTSNIQFVFDAVTDV | IQNNLKY IGLC
) YIKVQFLELNMRRDVKE IYS HMTCATDTQNVKFCFDAVTDI | | KENLKDCGLF

10. AT ) FIRDEFLRISTASGDGRHYCYPHFTCAVDTEN | RRVFNDCRD | | QORMHLRQYELL
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Appendix B'(a)

human s-1
human t1
human z
100 '_human o1 _‘
| human o2
63 U Xenopus o
Drosophila o
Lymnaea o
Caenorhabditis o
- human i1
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adenylyl cyclase
1. (306) FNTMYMYRHENVSILFADIVGFTQLSSAC SAQELVKLLNELFARFDKLAAKYHQLRIKILGDCYYCICGLPDYR ( 0) EDHAVCSILMGLAMVEAISY
2. (292) FHK1YIQRHDNVSILFADIVGFTGLASQC TAQELVKLLNELFGKFDELATENHCRRIKILGDCYYCVSGLTQPK ( 0) TDHAHCCVEMGLDMIDTITS
3. (262) FHRIYIQKHENVSILFADIVGFTVLSSQC SAQELVRLLNELFGRFDQLAHDNHCLRIK ILGDCYYCVSGLPEPR ( 0) KDHAKCAVEMGLDMIDAIAT
4. (276) FHNLYVKRHTNVSILYAD |VGFTRLASDC SPGELVHMLNELFGKFDQIAKENECMRIK ILGDCYYCVSGLPISL ( 0) PNHAKNCVKMGLDMCEA IKK
5. (260) FHSLYVKRHQGVSVLYAD |VGFTRLASEC SPKELVLMLNELFGKFDQIAKEHECMRIK ILGDCYYCVSGLPLSL ( 0) PDHAINCVRMGLDMCRA | RK
6. (293) FHK1YIQKHDNVSILFADIEGFTSLASQC TAQELVMTLNELFARFDKLAAENHCLRIK ILGDCYYCVSGLPEAR ( 0) ADHAHCCVEMGMDMIEAISS
7. (378) FHKIYIQKHDNVS ILFADIEGFTSLASQC TAQELVMTLNELFARFDKLAAENHCLRIK ILGDCYYCVSGLPEAR ( 0) ADHAHCCVEMGVDMIEAISL
8. (425) |VIPEPEEYKSCSILCFD|VQFTNMSAKLDSPSRLVDLLTQVFREFDTVVLRNGCQK | KTDGDAY | CACGLKSKK (95) HFEKL IDVAIE IMNLDVLKE

consensus SHIEMDI I ISV [N IK GDYC GL

VREKTKTGVDMRVGVHTGTVLGGVLGQKRWQYDVWSTDVTVANKMEAGG | PGRVH | SQSTMDCLK
VAEATEVDLNMRVGLHTGRVLCGVLGLRKWQYDVWSNDVTLANVMEAAGLPGKVH | TKTTLACLN
VVEATDV | LNMRVG | HTGRVLCGVL GLRKWQFDVWSNDV TL ANHMESGGEPGRVHVTRATLDSLS
VRDATGVD | NMRVGVHSGNVLCGV | GLOKWQYDVWSHDVTLANHMEAGGVPGRVH | SSVTLEHLN
LRVATGVD | NMRVGVHSGSVLCGV | GLQKWQYDVWSHDVTLANHMEAGGVPGRVH | TGATLALLA
VREVTGVNVNMRVG | HSGRVHCGVL GLRKWQFDVWSNDVTLANHMEAGGKAGR |H | TKATLNYLN
VREVTGVNVNMRVG | HSGRVHCGVL GLRKWQFDVWSNDVTLANHMEAGGRAGR IHI TRATLQYLN
TGNTEG | QVAQFRCG | AAGSVYGGV | GSQKYQFD I WGDT | ARSHTLEQL GQPGKVHVGET | MTHKN
consensus RG GV GVG QD W EICIN Gt

GEFDVEPGDGGSRCDYLDEKG IETYL | | ASKPEVKK
GDYEVEPGHGHERNSFLKTHN IETFF I VPS HRRKI
GEYEVEAGHGDERSSYLRDHGVDTFF | VPPPHRRKP
GAYKVEEGDGE | RDPYLKQHLVKTYFV I NPKGERRS
GAYAVERADMEHRDPYLRELGEPTYLV | DPWAEEED
GDYEVEPGCGGERNAYLKEHS I ETFL | LRCTQKRKE
GDYEVEPGRGGERNAYLKEQC | ETFL | LGASQKRKE
HDYEFHKAHGEC | TSYFVDWKDDYREKKKKDLSCDF

P e e e L

N
— O OO OCOOO
N s

ONOOMEWN —

. (407) KRDEELYSQSYDE | GVMFASLPNFADFYTEES INNGG | ECLRFLNE | | SDFDSLLDNPKFRV I TK IKT |GSTYMAASGVTP
. (370) PRNMDLYYQSYSQVGVMFAS | PNFNDFY | ELDGNNMGVECLRLLNE | | ADFDELMDKDFYKDLEK IKT | GSTYMAAVGLAP
. (491) RNNMELYHQSYAKVGV | FASVPNFNEFYTEMDGSDQGLECLRLLNE | | ADFDELLKEDRFRG I DK IKTVGSTYMAVVGL | P
. (400) LKNEELYHQSYDCVCVMFAS | PDFKEFYTESDVNKEGLECLRLLNE | | ADFDDLLSKPKFSGVEK IKT | GSTYMAATGL SA

1 HLADLADFALAMKD
2

3

5. (392) RRNEDLYHQSYECVCVLFAS |PDFKEFYSESN INHEGLECLRLLNE | | ADFDELL SKPKFSGVEK IKT | GSTYMAATGLNA

6

7

8

u

HLSTLADFA | EMFD
HMTAL | EYVKAMRH
HIGTMVEFAYALVG
HLGTMVEFAVALGS
HIKALADFAMKLMD
HITALADYAMRLME
SPSFLEKMSDFALD

DI NN

QWO N ENN
N N N e N S N N

. (405) RRNDELYYQSCECVAVMFAS | ANFSEFYVELEANNEGVECLRLLNE | | ADFDE | | SEDRFRQLEK IKT | GSTYMAASGLND
2 5403) RRNDEL YYQSCECVAVMFAS | ANFSEFYVELEANNEGVECLRLLNE | | ADFDE | | SEERFRQLEK I KT | GSTYMAASGLNA

P T i T L T T

. (437) ETKGIVYVQPHQDVSIMF1QIAGFQEY DEPKDL | KKLND | FSFFDGLLNQKYGGTVEK IKT | GNTYMAVSGLDG
consensus Y Q F E LN I FD KIKT G TYMA G
1. TLTNINNQSFNNFMLR | GMNKGGVLAGV | GARKPHYD | WGNTVNVASRMESTGVMGN | QVVEETQV | LREYGFRFVRRGP | FVKGKGELL TFFLKGR
2. VLDEINYQSYNDFVLRVGINVGPVVAGV | GARRPQYD | WGNTVNVASRMDSTGVQGR | QVTEEVHRLLRRGSYRFVCRGKVSVKGKGEML TYFLEGR
3. SLQEINSHSYNNFMLRVGIN IGPVVAGV | GARKPQYD | WGNTVNVASRMDSTGVPGYSQVTQEVVDSLVGSHFEFRCRGT | KVKGKGDMVTYFLCDS
4. KLDA|INKHSFNDFKLRVGINHGPV I AGV | GAQKPQYD IWGNTVNVASRMDSTGVLDK | QVTEETSL ILQTLGYTCTCRG| INVKGKGDLKTYFVNTE
g. KLGV | NKHSFNNFRLRVGLNHGPVVAGV | GAQKPQYD | WGNTVNVASRMESTGVLGK | QVTEETARALQSLGYTCYSRGV I KVKGKGQLCTYFLNTD
7/
8
u

3
=)
— — O I

QWHONBEEN

. QMKY I NEHSFNNFQMK | GLN | GPVVAGYV | GARKPQYD | WGNTVNVASRMDSTGVPDR | QVT TDMYQVLAANTYQLECRGVVK VKGKGEMMT YFLNGG
. QMKH I NEHSFNNFQMK | GLNMGPVVAGV | GARKPQYD | WGNTVNVSSRMDSTGVPDR | QVTTDL YQVL AAKGYQLECRGVVKVKGKGEMTTYFLNGG
. VKAYTNSVAI SRVVRIGISHGPLVAGC |G| SRAKFDVWGDTANTASRMQSNAQDNE | MVTHSVYERLNKLFYFDDEKE IL  VKGKGKMVTHVLKGK
S N G G AG IG DWG TN SRM S Vv L VKGKG T
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1. (228) DVAYHNSLHAADVLQSTHVLLATPALDAVFTDLE | LAALFAAAIHDVDHPGVSNQFL INTNSELALMY NDESVLEN HHLAVG FKLLQEYNC
2. (227) DVAYHNSLHAADVAQSTHVLLSTPALDAVFTDLE | LAA|FAAAIHDVDHPGVSNQFL INTNSELALMY NDESVLEN HHLAVG FKLLQEEHC
3. (233) DVAYHNNIHAADVVQSTHVLLSTPALEAVFTDLE | LAA|FASAIHDVDHPGVSNQFL INTNSELALMY NDSSVLEN HHLAVG FKLLQEENC
4. ( 97) NVAYHNSIHAADVVQSAHVLLGTPALEAVFTDLEVLAA|FACAIHDVDHPGVSNQFL INTNSELALMY NDSSVLEN HHLAVG FKLLQGENC
5. (242) DNPFHNSLHAADVTQSTNVLLNTPALEGVFTPLEVGGALFAAC |HDVDHPGLTNQFLVNSSSELALMY NDESVLEN HHLAVA FKLLQNQGC
6. (217) KNPYHNQIHAADVTQTVHCFLLRTGMVHCLSE IEVLAI | FAAAIHDYEHTGTTNSFHIQTKSECAILY NDRSVLEN HHISSV FRMMQDDEM
7. (213) KNPYHNL IHAADVTQTVHY IMLHTG IMHWLTELE | LAMVFAAA IHDYEHTGTTNNFHIQTRSDVAILY NDRSVLEN HHVSAA YRLMQEEEM
8. (791) SGFTHGHMGYVFSKTYNVTDDKYGCLSGN | PALELMALYVAAAMHDYDHPGRTNAFLVATSAPQAVLY NDRSVLEN HHAAAAWNLFMSRPEY
9. (554) RITYHNWRHGFNVGQTMFSLLVTGKLKRYFTDLEALAMVTAAFCHD | DHRGTNNLYQMKSONPLAKL HGSSILER HHLEFG KTLLRDESL
10. (552) RITYHNWRHGFNVAQTMFTLLMTGKLKSYYTDLEAFAMVTAGLCHD | DHRGTNNLYQMKSQNPLAKL HGSSILER HHLEFG KFLLAEESL
11. (552) AVTYHNWRHGFNVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHD | DHRGTNNLYQMKSTSPLARL  HGSSILER HHLEYS KTLLQDESL
12. (631) DPPYHNWMHAFSVSHFCYLLYKNLELTNYLEDME | FALF | SCMCHDLDHRGTNNSFQVASKSVLAALYSSEGSVMER HHFAQA | AILNTHGC
13. (260) VNKFHNFRHAIDVMQATWRLCTYLLKDN  PVQTLLLCMAA | GHDVGHPGTNNQLLCNCESEVAQGNF KNVSILENFHRELFQ QLLSEH W
consensus H HD HG N A S E H
1. DIFQNLSKRQRQSLRKMV |DMVLATDMSKHMTLLADL (25) VLRNMVHCADLSNPTKPLELYRQWTDR IMAEFFQQGDRERE RGME | SPMC
2. DIFQNLTKKQRQTLRKMV IDMVLATDMSKHMSLLADL (25) VLRNMVHCADLSNPTKSLELYRQWTDR |MEEFFQQGDKERE RGME | SPMC
3. DIFQNLTKKQRQSLRKMA ID | VLATDMSKHMNLLADL (25) VLQNMVHCADLSNPTKPLQLYRQWTDRIMEEFFRQGDRERE RGME | SPMC
4. DIFQNLSTKQKLSLRRMV IDMVLATDMSKHMSLLADL (25) VLQSLVHCADLSNPAKPLPLYRQWTER IMAEFFQQGDRERE SGLD | SPMC
5. DIFCNMQKKQRQTLRKMV ID|VLSTDMSKHMSLLADL (25) VLENLVHCADLSNPTKPLPLYKRWVALLMEEFFLQGDKERE SGMD | SPMC
6. NIFINLTKDEFVELRALV|EMVLATDMSCHFQQVKTM (14) ALSLLLHAAD | SHPTKQWSVHSRWTKALMEEFFRQGDKEAE LGLPFSPLC
7. NVLINLSKDDWRDLRNLV | EMVLSTDMSGHFQQIKNI (14) TMSL | LHAAD | SHPAK SWKLHHRWTMALMEEFFLQGDKEAE LGLPFSPLC
8. NFLINLDHVEFKHFRFLVIEAILATDLKKHFDFVAKF (20) VCQMC|KLAD INGPAKCKELHLQWTDG | VNEFYEQGDEEAS LGLP ISPFM
9. NIFONLNRRQHEHA IHMMD I A IATDLALYFKKRTMF (29) VMAMMMTACDLSA | TKPWEVQSKVALLVAAEFWEQGDLERTVLQQNP | PMM
10. NIYQNLNRROHEHV IHLMDIA| | ATDLALYFKKRTMF (29) VMAMMMTACDLSA | TKPWEVQSKVALLVAAEFWEQGDLERTVLDQQP | PMM
11. NIFONLNKRQYETVIHLFEVAI | ATDLALYFKKRTMF (29) | MAMMMTACDLSA | TKPWEVQSQVALLVANEFWEQGDLERTVLQQQP | PMM
12. NIFDHFSRKDYQRMLDLMRD | | LATDLAHHLRIFKDL (18) LLCLLMTSCDLSDQTKGWKTTRK | AEL | YKEFFSQGDLEKA MGNRPMEMM
13. PLKLSISKKKFD FISEAILATDMALHSQYEDRL (10) LISLIIKAADISNVTRTLS | SARWAYL | TLEFNDCALLETFHKAHRPEQDC
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1. (322) NNPLSHYWISSSHNTYLTGDQFSSESSLEAYARCLRMGCRC IELDCWDG (4) PVIYHGHTLTTK |KFSDVLHT IKEHAFVASEYPVILSIEDHCSIA QQRN
2. (314) NNPLSHYWISSSHNTYLTGDQLRSESSPEAY |RCLRMGCRC IELDCWDG (4) PVIYHGWTRTTK |KFDDVVQAIKDHAFVTSSFPVILSIEEHCSVE QQRH
3. (298) DQPLSHYLVSSSHNTYLLEDQOLTGPSSTEAY |RALCKGCRCLELDCWDG (4) PI1YHGYTFTSK ILFCDVLRAIRDYAFKASPYPV ILSLENHCSLE QQRV
4. (292) TQPLNHYYINSSHNTYLVGDQLCGOSSVEGY |RALKRGCRCVEVD IWDG (4) PIVYHGHTLTSRIPFKDVVAA |GQYAFQTSDYPV ILSLENHCSWE QQE |
5. (259) TQPLSAYFINSSHNTYLTAGOLAGTSSVEMYRQALLWGCRCVELDVWKG (6) PFITHGFTMTTEVPLRDVLEAIAETAFKTSPYPV |LSFENHVDSAKQQAK
6. (314) TQPLNHYFINSSHNTYLTAGOFSGLSSAEMYRQVLLSGCRCVELDCWKG (6) PIITHGFTMTTD |FFKEAIEAIAESAFKTSPYP | | LSFENHVDSPRQQAK
7. (318) SOPLSHYF INSSHNTYLTAGOLAGNSSVEMYRQVLLSGCRCVELDCWKG (6) PVITHGFTMTTE | SFKEV | EAIAECAFKTSPFP | LLSFENHVDSPKQQAK
8. (320) DQPMSHYF INSSHNTYLTGHQOLTGKSSVE | YROCLLAGCRCVELDFWNG (4) PVIVHGYTFVPE |FAKDVLEAIAESAFKTSEYPVILSFENHCNPR QQAK
9. (151) DHPLAHYF | SSSHNTYLTGRQFGGKSSVEMYRQVLLAGCRCVELDCWDG (6) P I I THGKAMCTD |LFKDVIQAIKETAFVTSEYPVILSFENHCSKY QQYK
10. (321) DQPLAHYY INSSHNTYLSGRQIGGKSSVEMYRQTLLAGCRCVELDCWNG (6) PIVTHGHAYCTEILFKDCIQAIADCAFVSSEYPVILSFENHCNRA QQYK
11. (324) SKPLSYYFINSSHNTYLSGHOLKGLSTSEMYTNTLRQGCKCVELDVWDG (4) PIIFHGNTLTSQIKFSHVCET IKARGFETSPYPVILSLEVHCSVP QQIM
12. (382) SKPLNHYFIASSHNTYLLGKQIAETPSVEGY IQVLOQGCRCVEIDIWDG (3) PVVCHG FLTSAIPLKTVIRVIKKYAFITSPYPLI ISLEINCNKD NOKL
consensus P Y SSHNTYL Q EY L GCCEDWG P HG | FS R SE

1. MAQYFKKVLGDTL ( 8) ADGLPSPNOLKRKILIKH (544) LSRIYPKGQORLDSSNYDPLPMWICGSOLVALNFQTPDKPMOMNOALF ( 5) CGYVLQPSTM (2
2. MAKAFKEVFGDLL ( 8) ADOLPSPSOLREKI | IKH (526) LTRVYPKGQRVDSSNYDPFRLWLCGSQMVALNFQTADKYMOMNHALF ( 5) TGYVLQPESM (2
3. MARHLRAILGPIL ( 8) TTSLPSPEQLKGKILLKG (107) LSRIYPAGWRTDSSNYSPVEMWNGGCQ|VALNFQTPGPEMDVYLGCF ( 5) CGYVLKPAFL (2
4. |VRHLTEILGDQL ( 9) PTOLPSPEDLRGKILVKG (109) LSRVYPSGLRTDSSNYNPQEFWNAGCOMVAMNMQTAGLEMDLCDGLF ( 5) CGYVLKPDFL (2
5. MAEYCRSIFGEAL (12) GTPLPSPQDLMGRILVKN (177) LSRIYPKGTRVDSSNYMPQOLFWNVGCQLVALNFQTLDLPMOLNAGVF ( 5) SGYLLKPEFM (2
6. MAEYCRTIFGDML (12) GVPLPSPEDLRGKILIKN (133) MSRIYPKGTRMDSSNYMPOMFWNAGCQMVALNFOTMDLPMOONMAVE ( 5) SGYLLKHEFM (2
7. MAEYCRLIFGDAL (12) GVPLPSPMDLMYKILVKN (127) LSRIYPKGTRVDSSNYMPOLFWNAGCQMVALNFQTVDLAMQINMGMY ( 5) SGYRLKPEFM (2
8. |ANYCREIFGDML (12) NMDLPPPAMLRRKI | IKN (187) LSRVYPAGTRFDSSNFMPQLFWNAGCOLVALNFQTLDLAMOLNLGIF ( 5) SGYLLKPEFM (2
9. MSKYCEDLFGDLL (12) GRPLPSPNDLKRKILIKK (156) MSRIYPKGGRVDSSNYMPQ|FWNSGCOMVSLNYQTPDLAMOLNQGKE ( 5) CGYLLKPDFM (2
10. LAKYCDDFFGDLL (12) GLPLPPPCKLKRKILIKN (135) MSRIYPKGTRADSSNYMPQVFWNAGCOMVSLNFQSSDLPMOLNQGKF ( 5) CGYLLKPDFM (2
11. MANHMKEIFGEML ( 7) TKELPTLDSLKYKILLKG (126) LLRVYPRGTRFDSSNFDPMPGWS|GCQLAALNQQTSSEPMWINDGMF ( 5) CGYVLKPPCL (2
12. ASLIMREVLAEQL ( 6) TDKLPSPRELKHKILLKS (121) LMRVYPHVLRYKSSNFNP|PFWKAGVOMVATNWQTND | GOOLNLAMF (12) SGYVLKPKKL (2
consensus L LP E2 IRk RYY R SSN P W GO N Q GY L

1. |EVLGARHLP ( 7) CPFVEIEV AGAEYDSTKQ KTEFV VDNGLNPVWPAK (5) (11) LAQATFPVKGLKTGYRAVPL ( 98)

2. VKVLGARHLP ( 7) CPFVEVEI CGAEYGNNKF KTTVV NDNGLSPIWAPT (7) IYDPNLAFLRFVV (11) LAHATYPIKAVKSGFRSVPL ( 85)

3. VRIISGQQLP (10) DPKVIVEI HGVGRDTGSR QTAVI TNNGFNPRWDME (4) VTVPDLALVRFMV (11) 1GQOSTIPWNSLKQGYRHVHL ( 21)

4. LQVISGQQLP (11) DPLVRVEI FGVRPDTTRQ ETSYV ENNGFNPYWGQT (4) ILVPELALLRFVV (11) IGQYTLPWSCMOOGYRHIHL ( 28)

5. VKVISGOFLS ( 4) GIYVEVDM FGLPVDTRRK YRTRTS QGNSFNPVWDEE (6) VVLPTLASLRIAA ( 7) VGHRILPVSAIRSGYHYVCL (410)

6. ITVISGOFLS ( 4) RTYVEVEL FGLPGDPKRR YRTKLSPSTNSINPVWKEE (6) |LMPELASLRVAV ( 7) LGHRIIPINALNSGYHHLCL (403)

7. VKI1SGOFLS ( 4) GTYVEVDM FGLPVDTRRKAFKTKTS QGNAVNPVWEEE (6) VVLPSLACLRIAA ( 7) IGHRILPVOAIRPGYHYICL (440)

8. ITVLSGQFLT ( 4) NTFVEVDM YGLPADTVRKKFRTKTV RDNGMNPLYDEE (6) VVLPELASIRIAA ( 7) IGHRVLPVIGLCPGYRHVNL (470)

9. VOVISGOFLS ( 4) GTYVEVDM YGLPTDTIRKEFRTRMV MNNGLNPVYNEE (6) VILPDLAVLRIAV ( 7) IGORILPLDGLOAGYRHISL (374)

10. VKVIAGQFLS ( 4) GTYVEVDM FGLPSDTVKKEFRTRLV ANNGLNPVYNED (6) VVLPDLAVLRFGV ( 7) LGQORILPLDGLOAGYRHVSL (309)

11. VNVISARQLP (11) DPYVTLSI VGTHFDOKVE KTKVI| DNNGFNPHWGEE (4) LYNSOLSMLLIRV (10) IGHHCIRVENIRPGYRILKL ( 21)

12. IRILSTQLLP (24) EPTMPISIDKGTRISATEA STKSS OGNGFNPIWDAE (4) LKDTDLTFIKFMV ( 6) IASVCLKLNYLRMGYRHIPL ( 20)
consensus L G T N P G L
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